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OUBNKO-MATEMATHYECKHUE HAYKH / PHYSICS AND MATHEMATICS
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OUBUKO-MATEMATUYECKAS IIOCTAHOBKA 3A/IAYA O HECTAITUOHAPHOM INEPEHOCE TEILJIA B
BETOHHBIX U JKEJIE30BETOHHBIX KOHCTPYKIUSAX ITPH PA3JIMYHOM YPOBHE TEILIOBOI'O BO3JIEMCTBUS
AnHomauyusn
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Polytechnic University
PHYSICAL AND MATHEMATICAL FORMULATION OF THE PROBLEM OF UNSTEADY HEAT TRANSFER IN
CONCRETE STRUCTURES AT DIFFERENT LEVELS OF EXPOSURE TO HEAT

Abstract

The article considers analytical solution of boundary value problems, the process of cooling a heated structure, obtaining a
mathematical model of heating concrete products in depth.

Keywords: concrete, temperature, and construction.

®du3rKo-MaTeMaTHIECKas 33/1a4a COCTOUT B ONPENICIICHUN H3MEHEHUS TEMIIEPATyphI ¢ (X,7) ¥ TEIUIOBBIX IIOTOKOB ¢ (X,7) BO BPEMEHH (7)
U TPOCTPAHCTBE IO TOJIIMHE MaTepuana (x). TOYHOCTh TEIIOTEXHMYECKOrOo pacdeTa JUlsi CTPOUTEIbHBIX KOHCTPYKLHUI 3aBHCHT OT
MIPaBUIBHOCTH BHIOPaHHBIX 3HAUSHUI NX TEIUIOQU3MIECKUX XapaKTepHCTHK. [Ipy pacyeTax oOBIYHO HCIOIB3YIOT ABa OCHOBHBIX MOKA3aTels
- K03 pHUIMEHTHI: TETUIONPOBOIHOCTH (4) 1 00BEMHOH TEIIIOEMKOCTH (¢ *p). s TMHEWHOro ypaBHEHUs! TEILUIONPOBOAHOCTH, IPH A U (¢ *p)
= const BBOIAT KO3 GHULIUECHT TEMIIEPATYPOIPOBOAHOCTH (a).

a=2/(cp)
B obuem citydae ypaBHeHHE HAauaJIbHBIX YCIOBUI UMEET BUJL:
tuau = t(%,0)

YpaBHeHHE TEIUIONPOBOAHOCTH B OOILEM Cllydae UMEET HeJIMHEHHbIH BUA:
ot(x, 1) 9%t(x,7)
=a T (@>0,0<x<9)
ot ox
rzie mapamerp (a) U3MEHsIETCs OT CJIOS K CIIOIO M 3aBHCHUT OT BPEMEHH U TeMrieparypsr [1].
VY 106H0 3anucats JuHelHHoe IuddepeHImanbHoe ypaBHEHHE C IOCTOSHHBIMU KO(QHUIIMeHTaMu:
ot 3 0%t +a0uD)
cp—=As=+tqlx7
ot~ 0x? ’
JInst perieHus 3a1a4u ¥ JUlsl JAIbHEHIIero uccieloBanus, noaoepeM:
- HayaJIbHBIC YCIIOBHUS:

t;(x,0) = t(x),t,(x,0) = t(x)
- CI/ICTeMy ypaBHeHI/Iﬁ TeHHOHpOBOZ[HOCTI/II
ot (x,7) 0%t (x1)

,(T>0,0<x<4;)

at ! ,.0x?
at,(x,7) 0%t,(x,7)
e =a, ox2 ,(>0,-6,<x<0)

- IpaHMYHBIE YCIOBHSA BTOPOTO POJa:
0t,(=63,7)
A———

qn - ax
0680 _
ox
- FpaHI/I'-IHLIe yC.HOBI/Iﬂ quBepTOFO pO}:[aZ
L9607 06(0,7)
oax Tt ax

t;(0,7) =t,(0,7)

Cucrema ypaBHeHI/Iﬁ paaualilnOHHO-KOHBEKTUBHOI'O Termioo0OMeHa MEXAY u3iaydaTrelieM Hu HeOFpaHH‘{eHHOﬁ TOHKOH l'IJ'IaCTHHOﬁ,
MOZ[GJ'[prK)U.Ieﬁ TIOBEPXHOCTH 6eTOHa, HUMECT BUI:
dta(7)

aacb(T) [tu(T) — ton (T)] - qT(T) = prmcrmgrm dt
b= ty
u - T*
rae t;;, tg - MakCuMallbHasl 1 HadallbHas TEMIIEPATypbl HU3J1ydaTelisd, T* - BpeMs pasorpesa HpH60pa oT tg a0 t;;, by - TeMIeparypa
TIIOBEPXHOCTU 6eTOHa, a3¢ - 3(1)(1)GKTHBHBIﬁ KO3(1)(1)I/H_II/ICHT TCIUIOOTAa4H, qm(‘l.') - TCIiora, OT HpOTHBOHOJ'IO)KHOﬁ CTOpPOHBI INIACTHUHBIL, Py, -
IIOTHOCTD IUIACTUHBI, C; - TCIIJIOEMKOCTD INIAaCTHUHBI, 5”’, - TOJIIIMHA IJIACTHHBI.
<[tu(r) t [tm ©) )
100 100
ty (T) — tan (T)
rae a3¢ - 3(1)(1)6KTHBHBH>1 KO3(1)(1)I/H_II/ICHT TCIIOOTJa4H, 8/1/7_ IpUBEACHHAs CTCIICHb YCPHOTHI, &) - CTCIICHb YEPHOTLI [TIOBEPXHOCTHU 66TOHa,
t, - TeMIIEpaTyphl U31ydaTelis, by - TEeMIIEpaTypa INOBEPXHOCTHU OeroHa
B nNpuBENEHHBIX BBIPAKEHUAX Obp(T) - SQPEKTHBHBIA KOO()(DHUUMEHT TEMIOOTAauH, ONpPEENIOMUNA CyMMapHyl MHTEHCHBHOCTh
TEIUIOOOMEHA B paCCManHBaeMOﬁ CUCTCMC: KOHBeKHHeﬁ OT rasa K HarpeBaeMoﬁ TIOBEPXHOCTU W JIYYUCTBIM TEIJIOM IIOCPEACTBOM
paauanoHHOro oOMeHa MEXY U3J1yJaTeIeM U OETOHOM.
ypaBHCHI/IH SIBJISAROTCA HeﬂHHeﬁHBIMH, T.K. BCE BXOAIMC ITapaMETpbl, MEHAKOTCS BO BPEMCHHU.
B T0 xe BpeMs (1)H3I/I'-IGCKI/I€ XapaKTEPUCTUKU OeToHa (p,”, C,u) MOYHO CYMTaTh C1abo 3aBUCAIIIUMUA OT TEMIICPATYPHI. CrenieHb YEPHOTHI
B3aHMOZ[eﬁCTBy[OH.IHX TEJI U NIpUBEACHHAs CTCIICHb Y€PHOTBI eﬂp OIPEACIIACTC TOJIBKO FeOMeTpI/Ieﬁ H3JIydaTeiid U IOBEPXHOCTHU OeToHa.

tu—ty

T

T+t

aa(b (T) = aK(T) + gognp

Bripaxenue t, (1) = - T + t0 sABIsETCS XapaKTEPHCTHKON M3JTydaTels U OTPAKAET 3aKOH HU3MEHEHHS TEMIIEPATYPhl BO BPEMEHH.



Benuuuna qT(‘L') XapakKTepUsyeT CTOK TCIUIOTHI OT HpOTHBOHOJ'[O)KHOﬁ IOBEPXHOCTHU IUIACTUHBI B CpeAy IIOCPEACTBOM CIIOKHOI'O
TeMI000MeHa, W TEMIONPOBOIHOCTBIO, €CIIH IIACTHHA HAXOIUTCS B KOHTAKTE C TBEP/BIM TEJIOM.

B coorBercTBUH C METOAOM «MHUKPOIIPOLECCOB», UCIIOIB3YEMBIM JUI PEIICHUS MHOI'MX 3a/1a4 TCIIJIOMACCOIIEPEHOCA B CTPOUTECIIBHBIX
TEXHOJIOI'MAX, BpEMs BCETO IIpoLeccca T06u4 NpeACTaBIsACTCA HerepBIBHOﬁ LCIIbIO «MHUKPOIIPOLECCOB» 7;, B NPEACIaX KaXA0ro U3 KOTOPBIX
TeHJ'[Oq)I/I?;I/IquKI/Ie 1 ApYrue€ XapakKTepUCTUKU B CUCTEME MOXKHO CUUTATh INOCTOSTHHBIMH, HO JUCKPETHO U3MCHAIOIIUMMUCA IIPU IEPEXOJAC OT
OJTHOTO «MHUKPOIPOLECCA» K APYrOMY:

[ee)
Lopm = z T

i=1
Loy - OOIIIEE BPEMS TIPOLIECCa, #; - BPEMS i-TO «MHKPOIIPOIIECCay.
B aTOM ciiydae, VIS i-TO «MUKPOIPOLIECCay YpaBHEHHE UMEeT BU:

dtq, (1)
aa(b,i[tu,i(T) - trm (T)] - qT,i(T) = prmcrmé‘rm #

I[aHHOG BBIPAXXCHUE — €CTh JIMHEWHOE Z[I/I(i)(i)epeHLII/IaJ'ILHOG YpaBHCHUE IIEPBOro NopsaKa:

1

dt(t
—)+A-tm(r)=B-T+C

. dt
a Aty +q
e A=—>2— =221
pl'lllcl'lllsl'lll pl'lllcl'lllsl'lﬂ
ITpu ycnosuw, 4to t,,,(T) = U * z, ypaBHEHHE IIEPBOrO MOPSAKA IPUMET BUI:
dz (du
u—+(—-+A-u)-z=B-7+C
dr \drt
[IpenBapuTenpHO MONYYHM YACTHOE PEIIEHUE YPABHEHHS
du +A 0
= ‘u =
dt
ITyreM pa3sneneHus IEPEMEHHBIX, MOTYIHM:
u=e4°
IoncTaBuM MoONy4eHHBIH PE3YIIBT:
_4r 92
e "—=B1+C
dt

Pa3ﬂeﬂﬂﬂ W UHTETPUPYS NOCIIEAHEC BbIPAXKCHUE, TTOTYUNM:
Z=BJ’T'9_ATdT+CJ’e_ATdT+C1

rze C;- KOHCTaHTa HHTETPUPOBAHHSI.
IMoncrasisis B ypaBHEHUE t,,,(T) = U - Z HOIyYCHHBIC BHIPAXKSHHS, IIOIYIUM OOlIee PEIeHHe YPaBHEHMs IEPBOro MOPsIIKa:
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HOZ[CTaBI/IB TNIEPEMEHHBIC ITIOJIYICHHOEC YPaBHCHUE 6yﬂeT BBITISIACTH KaK:
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rJ€ f,, - TEMIIEPATypa NOBEPXHOCTH OETOHa, L), ; - HaYallbHas TEMICPATYPa Ha [IOBEPXHOCTH GETOHA i-I0 «MHKPONPOLECCay, ag,; -

> heKTHBHBIH KOIDPHUIUEHT TEIIOOTAAUH i -TO «MUKPOIPOLIECCa, tr, t0 - MAKCUMATbHAS M HAYalbHas TEMIEPATyphl U3IIydaTels, T* -

BpeMs. pa3orpesa npubopa ot t 1o t;;, qr; - TEIUIOTa, OT NPOTUBOIOIOKHON CTOPOHBI IUIACTHHSBL, Pp,; - IIOTHOCTH IUIACTHHBL, Cp; -

TCIJIOCMKOCTHD IIJIACTUHBI, 611,1 - TOJIIIWUHA IIJTIAaCTHUHBI.

MaTeMaTquCKaﬂ MOJCIIb HeCTaHHOHapHOFO TeHﬂOHepeHOCa B HOHyOFpaHquHHOﬁ INIACTHUHE MOXET 6LITL HpeI:[CTaB.HeHa B BUJC
HeCTa]_H/IOHapHBIX L[I/I(l)(i)epeHuI/IanLHLIX ypaBHeHI/Iﬁ Hapa60.HI/IquKOFO THUIIA C FpaHI/IlIHLIMI/I yCHOBI/IﬂMI/I TpeTLeFO pOZ[a.
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Hauanensre ycnopus:

t;(x,0) = t(x)
I'paHnuHbIE yCIOBHS:
- HAaJIeBOW IrpaHHMIE:
0t;(=6,,7)
q=—1  ox
- Ha IpaBoOH rpaHuIlE:
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TJie: t - TeMIleparypa, T - BpeMs, J - TONIINHA Closl, a=A/(c*p) - K03 HUIMEHT TEIIONPOBOAHOCTH, A - TEIUIONPOBOIHOCTh MaTepHUala,
(c*p) — 0OBbEMHas TEINIOEMKOCTB, #(X) - HAYAJIbHOE pacIipeelieHue TEMIIEPaTyphl B clloe OeToHa.
JlomycTuM, YTO HPOrpeB ClIosi MaTtepHraia OETOHa MPOMCXOMUT PABHOMEPHO IO TOJNIIMHE, & KMHETHKA HarpeBa TOHKOIrO ciiosi GeToHa
ompe/esseTcsi 0alaHCOBBIM ypaBHEHHUEM:
dty, (1)

s [tu(T) —ton (T)] —qr = prmcrmsrm dt
L€ Pry,Crip, Oy~ TWIOTHOCTD, TEIUIOEMKOCTh M TOJILMHA IUIACTMHBI OETOHA, ¢r — IUIOTHOCTh MCTOYHHKA TEIUIOBBIX MOTEPb, (g —
s dexTuBHBII KO3 PUIMEHT TeII00TAaYY, t;,; U t;,, — TEMIIepaTyphl INIACTHHBI OETOHA U U3ITydaTels.

Ilpu 3TOM mpolLecc NporpeBa OETOHHOTO H3METHS MOXKHO CMOIENUPOBATH 3ajadyeil HEeCTAlMOHAPHOW TEIUIONPOBOAHOCTH IIPH
CMEIIAHHBIX TPAHUYHBIX YCIOBHUSIX; YCIOBHH BTOPOrO poOJia:



0t, (81, 7)
ox x=8,
Y IPaHUYHBIM YCIOBHEM IEPBOrO Poja Ha rpaHuIle KOHTaKTa (x=0)
£ (% D=0 = ta

Pemienue 3T0ii 3agaun uMeeT ciexyromui BU:

t, 1) —t — 2

oD =t _ D (—1)™ cos(un ) exp (—iFo)
tO - trm = HUn

rae fy, = g (2n — 1) - KOpHY XapPaKTEPUCTHYECKOTO YPABHEHHSL.

OcTbIBaHHE U3ITy4daTelst HPOUCXOIUT 110 TOMY 7K€ MaTeMaTHYECKOMY 3aKOHY, YTO M HarpeBaHHe, HO B COOTBETCTBHU ¢ (hOPMYJIOi:
H0) = e = 2.
TII€ Lyay 1y - MAKCHUMAJIBHOE M KOHEUHOE 3HAUCHUS TEMIIEPaTypbl OKPYXKAIOILIEH Cpe/ibl; 7* - BpeMsl HarpeBAHMS U3IIYdaTelIsl OT ¢4y 10 £
[poriecc OCTHIBaHUSI CHUCTEMBI, IIPOUCXOMUT HECKONBKO HHade, 4eM HarpeB. OTIW4YME B TOM, YTO CHIDKEHHE TEMIEpaTyphl
3aKpUCTAIIM30BAHHOTO TIOKPBITHA OyIeT NPHUBOAUTH K TOMY, 4TO (M3HMYECKH 3ajada TEIUIONPOBOAHOCTH Iepelaer B 3ajgady ¢
HEpaBHOMEPHBIM Ha4YaJILHBIM YCIIOBHEM U PEIICHHE B 9TOM CiIydae IPUMET BUIL:
(™) = tan + Dy 05 (n ) 5 Sy 168) = taal - cos (n 3) X x d€ - exp (~1i3 + Fo)
3neck: t(§) - pacupezeneHue TEMIEPaTyp B U3IEIHI B MOMEHT BPEMEHH, IPEIIIECTBYIONIMI pacuyeTHOMY.
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rOCYAapCTBCHHBIH MOJINTEXHUYECKHI YHHBEPCUTET
AJITOPUTM PACYETA MOJEJIMPYEMOT'O MPOITECCA TEIIVIONEPEHOCA B BETOHHBIX 1
JKEJE30BETOHHBIX KOHCTPYKIASX [TPU BO3AEACTBUU HA HUX IMIOBBILIEHHBIX TEMIIEPATYP
AnHomauyusn

B cmamve paccmompeno — aneopumm pacuema npoyecca Hazpesanus NO8ePXHOCMY OEMOHHBIX U JHCene300emMOHHbIX KOHCIMPYKYUT npu
6030€liCmEUl HA HUX NOBLIUEHHBIX MEMNEPAMYD, ANCOPUMM PACyema npoyecca pacnpeoenenus memnepanypsl 6emona npu Hazpeeaniu.

KroueBble ci10Ba: 5xene300€TOH, TEMIIEPATYPa, CTPOUTENIBCTBO.
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University
ALGORITHMS FOR CALCULATING THE SIMULATED HEAT TRANSFER PROCESSES IN CONCRETE AND
REINFORCED CONCRETE STRUCTURES WHEN EXPOSED TO HIGH TEMPERATURE
Abstract

The article considers the algorithm of the calculation process of heating the surface of the concrete and reinforced concrete structures
when exposed to elevated temperatures, the algorithm for calculating the distribution process temperature of concrete when heated.

Keywords: concrete, temperature, and construction.

Jlyist monmy4eHust pacrpeeieHust TeMIlepaTypsl 1o TIIyOnHe OSTOHHOW KOHCTPYKIIMH, HEOOXOIMMO CHayaja CMOJAENUPOBATH IPOLECC
HoXkapa.

Ecnm paccmaTtpuBare nmokap, Kak (U3MIECKOe SIBICHHE Iepeiaddl TeIlla B ONPEISNICHHBIX YCIOBHSIX €r0 Pa3BUTHS, MOXKHO HONYYHTh
MozeNnb noxapa B moMemeHn. CyIiecTByeT 1Ba METOAA MOJCIMPOBAHUS IMOXKapa, B 3aBHCHMOCTH OT CIIOCO0A OIMMCAaHHS H3MEHEHUS
rapamMeTpOB COCTOSIHUS IPOIIecca, HHTETPaJIbHBIN U MU epeHIIHATBHEIH.

VHTerpaibHplii METOJ JaeT NPaKTHYECKH BaXKHBIC Pe3YJbTaThl, M NPUMEHSCTCS I[PH ONHMCAHWH IOXKapa CpeIHeOO0bEMHBIMU
rapamMeTpaMy COCTOSIHUSL. DTOT METO MOKHO HCITOIb30BaTh, KOT/a B IOMELIEHUH CYIIECTBYET XOpOIllee CMELIeHHe IPOAYKTOB TOPEHHs, a
CaMo TOpeHue MPOUCXOINT 110 BceMy 00beMy HoMereHus [1].

JuddepenipansHoe MOIETUPOBAHIE JaeT BO3MOXKHOCTD ITOJTYYUTh HanOosee MOIHYI0 HH(POPMAIUIO O BETMYMHAX XapaKTEePHU3YIOIIIX
nokap (CKOpoCTh, TeMIepaTrypa, KOHIIEHTpalus NPOIYKTOB, TEIUIOBBIX ITOTOKAax) B JIIOOOM TOYKe NpocTpaHCcTBa W BpeMeHH. Orinune
JTAaHHOTO METO/a, 3TO BO3MOXKHOCTH IOIYIEHHS JIOKAIbHBIX 3HAYSHHH TEPMOANHAMHYECKHUX ITapaMeTPOB MOXKapa.

MaremaTH4eckre MOJENH, MPE/ICTABIIONINE MPOIECCHl HAarpeBaHMsl M OXJIKASHHS pPacCMaTpUBAEMOH HCCIEIYeMOH CHCTEMBI
TEIUIONIEPEHOCa B OETOHHBIX M JKENE300€TOHHBIX M3IEIHAX IIPH CBOEM PACCMOTPEHHH IO3BOJIIIOT IIOCTPOUTH pa3IUYHbIC TpaduKu
3aBUCUMOCTEH paboTHl OETOHA OT CTENEeHH M BPEMEHH HArpeBaHMs WIH OXJIAXJEHUS KOHCTPYKUIHMHA. Tak jke Ui MoiydeHHs rpaduKoB
3aBUCUMOCTEH TpeOyeTcsl COCTaBJICHHWE aITOPUTMOB pacyeTa, KOTOpHIE IO3BOJISIIOT PEaM30BaTh MAaTEMaTHYeCKHE MOJENIH C HOMOIIBIO
IIPOrpaMMHO-BBIUHCIIUTEIBHBIX CPEJICTB, HanpuMep, Takux kak MathCad u MathLab.

ANTOpPHUTM pacyera Ipolecca HarpeBaHUsI IIOBEPXHOCTH OETOHa, MPE/ICTaBICHHBIH Ha pHC. 1, HAUMHASTCS C BBOJIA HAYaJIbHBIX YCIIOBHI
JUISL pacdeTa cUcTeMbl. TpeOyeTcss OTMETHTh, YTO MEHsISI HCXO/IHBIE 3HAYCHUsI YCIIOBHH MOJKHO JOOUTHCS PEIICHUS] MICXOJHOW CUCTEMBI IS
pa3IMuHBIX BUJIOB MAaTE€pHAJIOB C OTHOCHUTEIBHOM TOYHOCThIO. K HayajabHBIM YCIOBHSM JUISi CHCTEMBI TEIUIONEpPEHOCa B OETOHHBIX H
JKeJIe300€TOHHBIX KOHCTPYKLUSX OTHOCSATCS IUIOTHOCTH OETOHA, HadaJlbHash TeMIepaTypa IIOBEPXHOCTH W HarpeBaTels, MaKCHMallbHas
TEeMIlepaTypa HarpeBa, a TaKKe BpeMsl HarpeBa HM3JydaTelsl 10 3aJaHHOW TeMmeparypbl. VI3MeHssl BpeMsi HarpeBa HarpeBateis 10
MaKCUMAJIBHOM TeMIlepaTyphl (33JaHHOH B HAYAIBHBIX YCIOBHSX) MOXKHO H3MEHSTH CKOPOCTh HArpeBa IIOBEPXHOCTH OETOHA, TEM CaMbIM
MOJTY4aTh pa3jInyHbIe TEMIIEPaTypHbIE HATPY3KH Ha OETOH.

Janee paccuntbiBaercs 3¢ (GeKTUBHBIH KOI(PQUIMEHT TeIUI00TAa4N, KOTOPHIH ONpeneiseT CyMMapHyl0 HHTEHCHBHOCTh TEIUIO0OOMEHa B
paccMaTpuBaeMoOi cucTeMe: KOHBEKIMEH OT ra3a K HarpeBaeMoi HOBEPXHOCTH M JYYHCTBHIM TEIUIOM HOCPEACTBOM PaJMalliOHHOrO OOMeHa
MEXIy n3inydareneM u 6eroHoM. Crenyer 3aMeTUTh, 9TO Ha JaHHOM JTane pacdyeT Kod(dUIMeHTa IPOUCXOANT IPH HAYIbHBIX YCIIOBHSX,
T.€. B MOMEHT BPEMEHH PaBHOM HYITIO.

3areM BbIOpaHHAs MporpaMMma pacCUMTHIBACT TEMIEpaTypy IIOBEPXHOCTH OeToHa B HayalbHBIH MOMEHT BpemeHH. [locne
paccuuThIBacTCA TeMIIeparypa M3iydarels, Kodp@UUUeHT TemnooTnayu B MOMEHT BPEMEHH paBHbIM ofHOH cexyHne. M nanmee mporecc
TIOBTOPSIETCSI C 38 JaHHBIM BPEMEHHBIM HHTEPBAJIOM, JI0 BPEMEHH, B TEUSHHUE KOTOPOTO IIPOUCXOAUT MPOLIECC TEMIIEPATYPHOTO BO3ICHCTBHSI.



IToce Inpocuera ﬂaHHOﬁ MOJCJIN ITporpaMmMa BbIAA€T MHTCPECYIOINE COUCKATEISI 3aBUCUMOCTH. ITonoxurensHO TO, YTO PE3YJIbTAThI
MOZACIMPOBAHUA HE OI'paHUYUBArOTCA BPEMEHHBIMH paMKaMU, U UHTEPECYIOIINE 3HAUCHHSA MOXHO IIOJIYYUTH B 11000 MOMEHT rpounecca

Harpesa.
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Puc.1 - Briok-cxema pacdera 3aBUCHMOCTH TEMIIEPATYPBI TOBEPXHOCTH OETOHA OT BPEMEHH. (Ol,g, — IPPEKTUBHBIH KOdPDHUIIEHT
Terootaauy, T,,, — TeMIeparypa usiydareins, Tns — TeMIeparypa MOBEpXHOCTH OETOHa, T, — BpeMs JISHCTBHS TEIUIOBOH Harpy3KH).

[pencraBnenHas Ha puc.2 cxema ONKCHIBAET aITOPUTM pacdeTa paclpeselieHus] TeMIlepaTypsl 1o riryonHe 6etona. U B orimume, ot
TIPEABIIYIIET0, TPOCUYNTHIBAET HE TOJIBKO TMHAMUYECKOe H3MEHEHUE TEMIIEPaTyphl Ha IOBEPXHOCTH OETOHA, HO H I10 €T0 IITyOHHe.

/ HaganbHele ¥ QIOBHA /
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Puc.2 - Briok-cxema pacdera pacnpeieieHus TEMIIEpaTypsbl 1o TiryouHe 6eToHa. (0,¢ — 3 PekTuBHEIN K03 Puuuent Temiooraauu, Ty,
— TeMneparypa usirydarens, T,s — TeMIeparypa HOBEpXHOCTH O€TOHA, T, — BpeMs JeiCTBUS TEIIOBOH Harpy3ku, T(X) — Temneparypa 1o
riyouHe O0eToHa, X, — IIyOHHa II0OBEpXHOCTH OeTOHA)

AJ'[FOpI/ITMBI pacuera, NpeACTaBJICHHbLIC HA pI/ICI n pI/IC.Z, NPAaKTUYECKU UACHTUYHBI 1 UMCIOT pa3sHULy JIMIIb B TOM, YTO:
- B UCXOHBIC YCJIIOBHSA BXOAUT PACIIPEACIICHHUE TEMIICPATYPHI 110 FJ'Iy6I/IHe 0eToHa B HAYaJIbHBIH MOMEHT BpPEMCHU,



- OJIHOBPEMEHHO C PacyeTOM M3MEHEHHS TeMIIepaTypbl Ha MIOBEPXHOCTH OETOHA MPOCUMTHIBACTCS HOBOE 3HAYCHHE PACIIPE/ICICHHS
TEMIIepaTypsbl 0 IIyOuHe Ul JAHHOI'O MOMEHTA BPEMEHH.

PesyabratoM paboThl POrpamMMBbI [0 JaHHOMY aJICOPUTMY OYJET 3aBUCHMOCTH, XapaKTepHU3YIOLINE paclpe/eieHue TEMIepPaTyphl o
riyouHe 6eToHa B JIF000i MOMEHT BPEeMEHH, HHTEPECHBIH /IS Hac.

IpencraBieHHble OIOK - CXEMbl aJirOPUTMOB HArpeBa IOBEPXHOCTH OETOHA M PACIpPE/CNICHHS TEMIIEpaTypbl MO €ro riyOHHe
MO3BOJISIFOT, PH MOZICIIMPOBAHHUH JJAHHBIX ITPOLIECCOB, OIPEICISATH ClIeYFOLINE:

- 3aBHCHMOCTb TEMIICPATyphl HArPEBATEISI OT BPEMEHH,

- 3aBHCHMOCTb TEMIICPATYPhl IOBEPXHOCTH OETOHA OT HHTEHCUBHOCTH TEILIOBOIO BO3/ICHCTBHS,

- 3aBHCHMOCTb TEMIICPATYphl IOBEPXHOCTH OETOHA OT BPEMEHH JICHCTBUS TEILIOBON HArpy3KH,

- pacmpelesieHHEe TEeMIIeparypbl 10 riyOuHe OeTOHa, B 3aBHCHMOCTH OT BPEMEHH BO3JCHCTBHS M HHTCHCHBHOCTH TEILIOBOI
Harpys3KH.
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Kocapes H.H.
Jlokrop ¢pusznko-maTemarndeckux Hayk, Cubupckuii ropunnueckuii uacrutyr ®CKH Poccun, 1. Kpachospck
UCCJIEJOBAHUE KOHKYPEHIIMU TYIHAIIMX A MOHU3UPYIOIIMX SJIEKTPOHHbIX CTOJIKHOBEHUIA B
MPOLNECCE ®OPMHUPOBAHUSA ®OTOIIJIAZMbBI ATOMOB IIEJJOYHBIX METAJIJIOB
AnHomauyusn
IIpogedeno pacuemnoe uccnedoganue npoyecca UOHU3AYUU NAPO8 OApusi U HAMPUsL NPU TA3EPHOM HOMOBO30YAHCOCHUU PE3OHAHCHBIX

nunuii na Onumax eonn A =553.5um. u A =589um. Ceoboouvie 21eKmponbl, NOAGAAOUUECS OLAL00APS MEXAHUSMY ACCOYUAMUBHOL
UOHUBAYUU AIMOMO8, HADUPAIOM SHEPSUI0 6 YOapax 8Mopoco pood u Gbi3bl@alOMm NAGUHHYIO DAEKMPOHHYIO UOHU3AYUIO cpedbl. Hucienno
noayuen agpexm onmuyeckozo «NOMeMHEHUs» Cpedbl, UMO BbI36AHO KOHKYDEHYuell UOHUBUPYIOWUX U MYUAwux CMOIKHOSEHUl
2NEKMPOHOB C 8030YHCOCHHBIMU ATNOMAMU.
KioueBble c10Ba: hOTOIIa3Ma; HOHU3ALMOHHOE IPOCBETIICHHE; CIIOHTAHHBII pacnal; Bo30OyXAeHHe; 1eB030YxaeHNe; KOOQOUIHEHT
HOIJIOLICHYIS.
Kosarev N. 1.
Doctor of physical and mathematical sciences, The Siberian law institute of The Federal Drug Control Service of Russia, Krasnoyarsk
INVESTIGATION A COMPETITION OF THE QUENCHING AND IONIZING ELECTRON COLLISIONS IN THE
FORMATION OF PHOTOPLASMA OF ALKALI METAL ATOMS
Abstract
Using the mathematical modeling methods the ionization of barium and sodium vapor process at laser photoexcitation of the resonance

lines at wavelengths N =553.5nm. and \ = 589nm., consequently, has been numerically investigated. A free electrons, appearing through
the mechanism of associative ionization of atoms, gain an energy in superelastic collisions and cause an electron avalanche ionization
environment. The optical “darkening” effect of the medium under competitive conditions of ionizing and quenching collisions of electrons
with excited atoms has been numerically obtained.

Keywords: photoplasma; ionization transparency; spontaneous decay; excitation; de-excitation; the absorption coefficient.

ITna3ma, popmMupyeMast TPy BO3/ICHCTBUM Ha r'a3 Pe30HAHCHBIM JIA3EPHBIM M3ITydCHHEM, MOMy4ria Ha3BaHue (oromiasmel. JIykaTopTo
1 Makuiipas [1] HepBbIMH 3KCIEPHUMEHTAIBHO MONYYHIH HOYTH TOJHYIO MOHM3ALMIO TAPOB aTOMOB HATPHS B YCIIOBHSX BO3/ICHCTBHUS Ha

PE30HAHCHBIN aTOMHBIN IIEpexo] (A =589um) JIa3epPHBIM M3JIydeHUEM. DTH Pe3ylbTaThl ObUIH OOBSICHEHBI B paboTax [2-4], aBTOPBI KOTOPBIX

TOKA3aJIH, UTO MPH HACHINICHHH Ja3ePHBIM H3JTydCHHEM PE3OHAHCHOTO Mepexoia B aToMe Harpus (A =589HM.) CBOGOMIHbIE DIEKTPOHI
HOSIBJISAIOTCS. Oyarozaps accolMaTHBHOW HMOHM3aMU. OHHM OBICTPO HArpeBarOTCH, JE3aKTUBHPYS BO3OYXKICHHBIE aTOMbI M BBI3bIBAIOT
JIABUHHYIO MOHM3alMIo ra3a. Kpome atomoB HaTpus ¢ororasma Obuia monydeHa M UCCIeJoBaHa Ul aToMOB Oapus [5], a Takke u s
HEKOTOPBIX JAPYrUX XMMHYECKUX JIEMEHTOB.

B paGotax [6 - 14] npoBeneHO YHCICHHOE HCCIENOBaHUE IpoLecca JIa3epHOW PEe30HAHCHOW MOHHM3AIMU ONTHYECKH IUIOTHBIX MapoB
HaTpusi. Pe3ynbpTaThl YHCICHHOTO MOJEINPOBaHKs (popMHUPOBaHHS IUIAa3MEHHOTO KaHaJIa B Iapax Oapusi onMcaHbl B cTaTbsx [15 - 16]. s
¢ororuta3Msl napoB Harpust B pabore [12] nomydeHo sBieHue kosebanus GPOHTA HOHU3ALMOHHOrO pocBeTIeHus. Ero cyrb cocrout B ToMm,
4TO 00BIYHOE JIA3EPHOE IIPOCBETJICHUE CPE/ibl, BEI3BAHHOE HACHIIEHUEM IIOIJIOICHHS, B MOCIEIYIOIEM epeXoauT B noreMHeHue. JInbo
Hao0OpOT, NMOTEeMHEHHE NEepPeXOAuT B IpocseTiieHue. [loreMHeHHe cpenbl 0043aHO JOMOJHUTENPHOMY KaHATY SHEPreTUYECKHX HOTEpb,
CBSI3aHHOMY CO CBEPXYIPYI'MM TYIICHUEM PE30HaHCHBIX aTOMOB, a IIPOCBETIICHHE BbI3BaHO YMEHBIICHHEM KOHLIEHTPAllUM aTOMOB M3-3a UX
noHm3auu. TakoMy KoOJI€OAHMIO MOHM3ALMOHHO HPOCBETICHHOrO (POHTA, IPOSABIAIOLIEMYCS B HEMOHOTOHHOH 3aBHCHMOCTH
ko3 unreHTa npoIycKaHus J1a3epHOro M3JIy4eHHUs B I1apax HaTpus U Oapus, yJeleHo IJlaBHOe BHUMAHHE B IIPEICTABICHHOH CTaThe.

Kunernka 3aceneHuss aTOMHBIX YPOBHEH ONHMChIBAJIaCh CKOPOCTHBIMHM YypaBHEHMsAMM Oananca. MonenupoBajiock Bo3JeicTBHE
HMITYJIBCHOTO JIa3€PHOT0 M3JIy4EeHUsI HA Pe30HAHCHBIN Iepexo]] B aroMe HaTpus ¢ A=589HM 1 B atome Gapust ¢ A=553.5am. [Ipu mMeneHnn
3aCeJICHHOCTEH COCTOSHUI YUUTBIBAIMCH CIEAYIOLIME 3JIeMEHTapHbIe IPOLEcchl: (POTOBO30OYXIeHHE, (POTOTYIIeHne U CIIOHTaHHBIN pacna;

Ip0
BO30Yy)XI€HHE U eBO30Y)KIEHHE IEKTPOHHBIM YIapoM; aCCOIMAaTHBHAS MOHHU3AIHS YPOBHS 3P] o VI aTOMA HATPHsL U Pl JUIsL aTOMOB
0apus; MOHU3ALMS aTOMOB DJIEKTPOHHBIM yIapoM; (OTO M TpeX4acTH4Has peKoMOWHaluH. YpaBHeHWs OajlaHCca aTOMOB JOITOJHSUIOCH

YPaBHEHUEM Ul TEMIIEPATYPbI Te 1 KOHLIEHTPALUH JJIEKTPOHOB N o Jlns aroma Hatpusi BEIOMpanach 8§ — MU ypoBHeBasi Mojenb [12].

YuuteiBanuck 3S] o 3P] o 3P3 /25 4S,3D, 4P, 5S - YPOBHH W MOHHM3AIIMOHHOE cocTosiHKe. KommuecTBO aTOMHBIX YpOBHEH utst Gapus,
WUTBIBAEMBIX B MOJEIH, BBIOMPaJIOCh Ha OCHOBE pabor [17 - 26], B KOTOpPBIX pemanack 3amada O (OTOMOHHM3AIWU W CBCUCHUH
2 2

y L1 10
HCKYCCTBEHHBIX 0apUeBBIX 00JIAKOB I10]1 ISHCTBHEM CONHEUHOro cBeta. B urore Mozens Brmouana 11 - yposreii: S, - ocHosHoe u P,
1 3ny 3 3 y
BO30YXKICHHOE COCTOSHUE PE30HAHCHOro nepexoza; meracrabunsibie D, u "D, "D,, "D, ypoBuu; rpynna BosGyxkaeHHbIX ypoBHei,

CBS3BIBAIOLINX METAacTaOMIN JIPYT C IPYTOM U C OCHOBHBIM YPOBHEM: 656 P 3Pl , 5d6p 102 , 5d6p ! Pl , 6S7p ! P1 W MOHU3AI[MOHHOC

cocrosiHUe [15 - 16]. IlocTpoeHHBIE MOJENM CKOPOCTHBIX ypaBHEHHMH OajlaHca MHOTOYPOBHEBBIX aTOMOB JOINONHSUINCH HadaJ bHBIMH
YCIIOBHSIMH JUTSI HACEJIEHHOCTEH YpOBHEH, 3JI€KTPOHHOU TeMITepaTyphl M SJIEKTPOHHOW KOHIEHTpaluu. [Ipeamonarainock, 4To B HAYaIbHBINA
MOMEHT BPEMEHHU BCE aTOMbI HaXOAWINCh B OCHOBHOM COCTOSIHHH, @ JIa3ePHOE MMITYJIbCHOE U3JIydeHUE 00JIydalio JIEBYIO CTOPOHY ra30BOH
KioBeThl. KpoMe Toro Moziesnb yquThIBaIa MIEPEeHOC PE30HAHCHOTO M3JIYdEeHUSI B IMIMHIPUIECKH CHMMETPHYIHOM Ira30BOM 00beMe Ha OCHOBE



YUCJICHHOI'O PEHICHUS YypaBHECHHS IIEPEHOCA U3JIIYUCHHS, JOIOJHEHHOI'O COOTBETCTBYIOIUM I'PAHUYHBIM YCJIOBUEM. CprKTypa ypaBHeHI/Iﬁ
pa[[I/IaI_II/IOHHO-CTOJ'[KHOBHTCJ’[BHOﬁ KHMHCTHKH JI1 aTOMOB 6ap1/15{ U HaTpus 1'[0}:[06HLI Apyr JApyry, a OTJIMYaJIMCb TOJIBKO KOJUYECCTBOM
Y4YUTBIBAEMbIX B MOZICIIN ypOBHeﬁ. I[e’TaJ'lBHBIﬁ BUJ IIOJYUYCHHBIX CHUCTEM I/IHTerO}Z[I/ICbeepeHLII/IaJ'IBHBIX ypaBHeHHﬁ, CIOCOOBI pacucTta
CKOPOCTHBIX pauallMOHHO-CTOJIKHOBUTECJIbHBIX K03(1)(1)I/H_II/IGHTOB 1 MCETOJbI YUCIICHHOI'O PCUICHUS 3a/ladu OITMCAaHbl B pa60TaX []0-12, 15,
16] PaccunThiBanach KMHETHKA 3aCEJICHHOCTEH MHOI'OYPOBHEBBIX aTOMOB, JJICKTPOHHAas TEMIIEpaTypa W IUIOTHOCTH, YaCTOTHO-YI'JIOBBIC
XapaKTEPUCTUKHU PACCEAHHOr0 IIapaMu BTOPUYIHOI'O UBJTYUCHUS I Ha6opa IIPOCTPAHCTBEHHBIX Y3JIOB B JII000H SaZ[aHHBIﬁ MOMCHT BpEMCHHU.
Pe?,yJ'[BTaTBI MOJACIMPOBAHUA KUHETHUKU (1)0pMI/IpOBaHI/I$[ (1)p0HTa HMOHU3ALIMOHHOI'O ITPOCBETIICHUA ISl I1IapOB HATpUsl IMOBOAMIIUCH IIpU
OHOPOAHOM pacCIpe€ACICHNN Ha3€pH0ﬁ HWHTCHCUBHOCTHU B IIOIEPEYHOM CCUYCHUHU JIy4a. )'Ia3epHoe H3IIy4YCHUEC o6nyqan0 HWINHAD BBICOTOMU

4

Ho = 1, Ocmu paauycom Ro = 0,5 cM. JITUTENBHOCTD JIA3€PHOTO UMITyJbca cocrapisuia T, =~ = 2MKC, HHTCHCHBHOCTH IO =10
14 -3 .

Br/cm®. HauanbHas KOHLIEHTpalusi aToOMOB N0 = 3,56-10 CM ', nansd KOTOpOH OITHYecKas TOJILMHA Cpelbl BIOIb JUaMeTpa

OCHOBaHHSl Ha LEHTPAJIbHONW 4YacTOTe PEe30HAHCHOro mepexoma 7T, = 2880. Puc.l mnoxasblBaeT MOBEICHHE OT BPEMEHH BJIEKTPOHHOH
TEMIIepaTypbl, 3aCeJIEHHOCTE OCHOBHOTO M PE30HAHCHOro ypoBHeH. CIUIONIHBIE KPHUBBIE IOTYYEHBI JUIS OOIYYEeHHOrO TOpLa LIIMHAPA B
TOYKE COOTBETCTBYIOIIEH ocu Z= 'Ho /2 , yHKTUPHBIE — ISl OCEBOM TOYKU HA TEHEBOM TOpLE LMIMHApa Z= Ho /2 . Unrencusnoctn
HMITYJIbCa JOCTATOYHO ISl OOeCHeUeHusl J1a3epHO-UHIYIIUPOBAHHOW IPO3PaYHOCTH HAKAYMBAEMOro O00beMa II0TOMY, YTO 3aCEJICHHOCTH

OCHOBHOTO N] U BO30YK/IICHHOTO N2 yposHeii 3a koporkoe Bpems (< 0,5Mkc) mocturaror 3HaueHHMil GIM3KMX K HACHIIAKOMMM (
N] = N2 =~ (,5). DueKTpoHbI, MOABUBIIMECS GIArOAPS ACCONMATHBHOMY MEXAaHH3MY, OBICTPO HAGHPAIOT SHEPTHI0 B CBEPXYMPYrHX

nporeccax /10 BEJIMYHHBI Te ~ 1,27 3B. Takoe cocTosHHE, ¢ YCTAHOBHBIIMMHCS 3aCEJIEHHOCTSMH YPOBHEHl M SHEprueil dIeKTpOHOB
JUIUTCS JI0 TeX T10p, T10Ka HE MHULUHUPYETCsl JTaBUHHAS IEKTPOHHAS MOHU3a1Ms aTOMOB. [IpH 3TOM HOHU3ALMSA Cpe/ibl PE3KO BO3pacTaeT Ipu
t > 2,0 mxc, kpupas 2, puc.2. C pasBUTHEM JIEKTPOHHOI JABHHEI 3aCEIICHHOCTH PE30HAHCHEIX (pHc. 1), BO3GYKIeHHOrO 3 2P3 /> (kpuBas
3 puc.2), a Tak >ke U BCEX OCTAJILHBIX YPOBHEH MaJaloT U3-3a OOLIEro yMEHBLICHUS aTOMOB. Temreparypa 3JeKTPOHOB PACTET /10 BEJINYUHBI
1,46 5B. Crammonapuoe 3HaueHHe Te ~ 1,27 3B omnpenensercss GanaHCOM NPAMBIX H OOPATHBIX BO3OYKNAIOUIMX CTONKHOBEHHIl
3NIEKTPOHOB ¢ aroMaMH. KOHIIEHTpauust MociefHuX B MEPEXOAHOM PEXKUME YMEHBIIACTCs, a Pa3orpeB AIEKTPOHOB OCYIIECTBIISACTCS IPU
TYIIEHUH MMM BO3OYXKICHHOTO YPOBHA 3 2Pl /2 » 3ACENICHHOCTb KOTOPOrO, MNOUIEPXKMBAEMAs JIA3EPHBIM H3JTY4EHUEM, 3HAYMTEILHO

HpeBOCXOZ[I/IT 3aCCJICHHOCTH BCEX OCTAJIBHBIX ypOBHeﬁ. }Ianee, Korjia BCEC aToMbl MOHU30BaHbI, TeMHepaTypa 3J'I€KTpOHOB OIATH BBIXOJWUT Ha
CTallMUOHAPHOC 3HAYCHHC.
Ni/N, ,i=1,2 T., 9B
1,5 1,5
_ Te > _

1,0 I - 1,0

) ]
] U\ N, /N, i

0,5 0,5
] | \ | ]
N, /N
10 ,’ 2 \ g
1, \ ]
0,0 T T T T T Ll T 0,0
0,0 2,0 4,0
t, MKC

Puc. 1 - HOBCZ[GHI/IG OT BpEMCHU 3HeKTp0HHOﬁ TeMIIEpaTyphbl, INIOTHOCTU aTOMOB B OCHOBHOM U BO36y)KI[eHHOM 3P]/2 COCTOSAHUAX.
OcBelIeHHON rpaHUILC COOTBETCTBYIOT CIUIOIIHBIC KPUBBIC, TEHEBOH — IIYHKTUPHBIC KPUBBIC.

B Hauane mepexomHOro mpouecca, Korja MHHLMUPYETCS JAaBUHHAS JICKTPOHHAs MOHM3ALMSA aTOMOB, CpPella CTAaHOBUTCSA ONTHYECKH
Goree IIOTHOM ISt U3IydeHUs — «MyTHeeT». OO 3TOM CBUIIETENIBCTBYIOT AaHHbIe puc.3. Ha Hem n300paskeHbl 3aBUCUMOCTH KO3 GHUIIIEHTa
MPOITYCKAaHMs NapaMy Ja3epPHOT0 M3Iy4eHHS OT BPEMEHM I Pa3iM4HbIX 3HAYCHUH HA4YaIbHOM KOHLEHTPALMU aTOMOB.

Ig (N) , em™ J 13y%15,7
15 15
10 10
5 5
0 " . . : . . . 0
0,0 2,0 4,0

t, MKC
Puc. 2. BpemeHnas ¢opma j1a3epHOro UMITy/bca — IMyHKTHPHast KpuBast 1. lnHaMMKa yCpeHEHHBIX 110 BBICOTE HO HJTAHIpA

KOHLICHTPALIUK JIEKTPOHOB — KpUBasi 2 ¥ aTOMOB B cocTostHuu 2P3, — 3. Macmrab norapudmudeckuii. ITapamerpsl Mozies COOTBETCTBYIOT
puc.1.
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Puc. 3 - 3aBUCUMOCTE OT BpPEMCHU K03(1)(1)I/IL[I/IGHT8. TIpOITyCKaHUs T I1apoOB HATpus, NPEACTABIIAIONICTO Cc000i1 OTHOLIEHUE HpOXOL[S[HIeﬁ K

o o " - 14
TNajaromeu JJasepHou HHTCHCUBHOCTH, IS PA3JIMYHBIX HaYaJIbHBIX KOHIEHTPAllUUM aTOMOB HaTPpU NO B CM 3: KpuBas 1- 3, 56 : 10 5 2-—

1, 96 - 10]4 ;3-1, 424 . 10]4 34— 6, 76- 10]3 . [TapameTpbl UMITyJIbCa COOTBETCTBYIOT pUC. 1.

Bunno, uro yem Ooibllie BeIUYMHA N0 , TEM paHbllle HAYMHACTCA HOHM3ALMA U Oonblue 3¢ eKT moMyTHeHus cpenpl, kpusas 1. [Ipu

MAJICHbKUX KOHICHTpALMAX aTOMOB IIPOLECC MOHH3AalMU 3a BPEMs JIa3€PHOI'0 BO3Z[€I>1CTBH$I HC YCIIEBA€T Ha4aTbCs BOO6H.I€, KpuBas 4.
YMeHblIeHHE KO3(1)(1)I/II_II/IGHT3 IIpOITyCKaHusA 34€Ch BbI3BAHO ocjiabjieHHEM HHTEHCHBHOCTH UMIIyllbCa TIIOCJI€ HPOXOXACHUS WM

MaKCHMAJbHOro 3Hauenus npu t =7 . Dddexr moremuenus 6bu1 npenckasan B pabore [27], aBTOPOM KOTOPOii MOKA3aHO, 4TO NpHU

Hi
BO3/ICHCTBUM Ha HEHTpaJbHBII a3 pe30HAHCHBIM M3ITydeHHEM POXKAAIOTCS 3aTPABOYHBIE AIEKTPOHBI. VX TeMmepaTypa yCTaHaBIMBAeTCS, a
JanpHellee yBEIMYECHHE OJIEKTPOHHOH IUIOTHOCTH O0S3aHO HMOHM3AaLMM aTOMOB OJIEKTPOHHBIM YAapoM. B yCIOBHMSX HapacTaHHs
KOHIIEHTPALMH JIEKTPOHOB, €CIM CKOPOCTh TYIIAIIMX IEKTPOHHBIX MPOLECCOB OONBIIE CKOPOCTH HOHU3YIOIIMX CTOJIKHOBEHUM, JIa3epHOE
U3Iy4eHUE CHIBHEH Iorjomaercs. 3aTeM, KOrZJa CKOPOCTh HMOHM3AaLMU OSJIEKTPOHHBIM YAApOM IPEBOCXOAMT CKOPOCTH TYIIAIIHX
CTOJIKHOBEHHIA, Cpesia NPOCBeTIsseTcsl. BOIHA HOHU3AIMHY, B YCIOBHHU YCHIICHHS MOIJIOMICHNS J1a3ePHOr0 H3IydeHus, GpopMupyeTcs OImKe K
00JTy4eHHON OBEPXHOCTH IAPOB. 3aTeM OHA PAaCIPOCTPAHSIETCS BITyOb Cpelibl, BBI3bIBAS €€ ONMOIHUTEIBHOE IPOCBETIICH e, 'a3 Ipu 3TOM
MOXET OBITh HOHH30BaH IOJHOCTEIO.

T (%)
80 - 1
60 -
40 -

20 -

0 | | | |
0 2 4 6 8 ¢ {MKC)

Puc. 4 - Ilunamuika npornyckanus T mapoB Oapust Uit HaualbHBIX KOHLIEHTPALUH aTOMOB N, =4.59x 1013 1), 6.13x 1013 2);
poITy p p p 0

7.68x10" (3).

3
Ha puc. 4 nmokasana ITUHAMHKa TPOITYCKaHUs Ul IApoB Oapusl NpH CICAYIONMX MapaMerpax Momenu: T ap = 3 Mk, 10 =10

2 — o
Br/cm N TO - 4000 . HOBGZ[GHI/IG KPHUBBIX Ka4€CTBCHHO COBIIAA€T C KPUBLIMU pI/IC.3 JUI ITapOB HATpUsL. B YaCTHOCTH, Ha pI/IC.3 JIa3epHbIU

UMITYJIbC pa3[esseTcsl Ha JBa MOAMMIIYJbCa: OAMH A0 Havaia JIABUHHOM HOHH3alMH, KOTJa TYIIAIUEe SJICKTPOHHBIC CTOJKHOBCHHS
[PEBATUPYIOT HOHM3YIOLIME YIapbl; BTOPOW IMOAUMITYJILC HAOIOJAETCsl MOCe PasBUTHS JIABUHHOW SJICKTPOHHOW HMOHM3ALMH TIPU
IPOCBETICHNUH Ia30Boro o0bema. st 6apueBbIX IapoB 3TOT 3 HEKT Tarke HNPosBIIETCs, HO B Oonee cinadoit Gpopme. OCHOBHAS NpHUYMHA
9TOrO 3aKJII0YACTCS B CIICAYIOMIEM. Y aroMa HaTpUsl HeT METacTaOMIIbHBIX COCTOSIHUI ONTHYECKH CBSI3aHHBIX C BO30Y)K/ICHHBIMU YPOBHSIMHU

pesonancHbix niepexonion ¢ ymHamu BoH A = 589.6 v umn A = 589 K . Tlosromy, npu doToBosGysnenHu M0G0I U3 FTHX JTHHUIT

JIa3epHBIM IOJIeM, UL BO3OYXKICHHOIO yPOBHE HET pe3epByapa IONOJIHHUTENBHOrO PAaMAllHOHHOrO CTOKAa YacTHL. IIpM TyIIeHHH
BO30YXK/JCHHOI'O COCTOSIHHSI DJICKTPOHAMH B TIEPEXOIHOM PEXKHUME HEIOCPEICTBEHHO 0 Pa3BUTHS JIABUHHOW HOHH3AIMH, aTOMbI HATPUS
CBaJIMBAIOTCS B OCHOBHOE cocTosiHHE. C pOCTOM €ro HaceleHHOCTH, COOTBETCTBEHHO, IPOMCXOANT YMEHBIICHHE KOHICHTPAMH aTOMOB B
BO30YXK/ICHHOM COCTOSHUH U 3HAYHTEIILHO yBEJIHYUBaeTC KO3 (UIMeHT moromnieHns. B arome Oapus Hanure MeTacTabUIbHBIX YPOBHEH

1 D 3 D 3 D 3 D 1 PO
2 u 1» 2 3 CBA3aHHBIX C BOS6y)KI[eHHLIM 1 COCTOSIHUEM IIPUBOAUT K IIEPEPACIPEACIICHUIO aTOMOB U3 BO36Y)K}IGHHOFO

1p0
Ha 3TH MeTacTaOUJIbHbBIE YPOBHHU. CJ'ICI[OBaTeJ'ILHO, TYIIEHUE 3JICKTPOHAMU B036y)K}IeHHOFO COCTOAHUSA Pl , KaK U BCCX OCTaJIbHBIX
ypOBHeﬁ, BO36y)KZ[aeMI>IX IpSAMBIMU  DJIEKTPOHHBIMU CTOJIKHOBCHHUSAMU C aTOMaMM, HE€ IPUBOAUT K 3HAYUTCIBHOMY YBCIUYCHUIO

KO3(1)(1)I/II_II/I€HT3 TIOI'JIOUICHUS Ha PE30HAHCHOM IIEPEXOaE B 6apI/H/I C JUIMHOW BOJTHBI 2.« = 5535 HM. U3 3TOr0 o0CTOsTENBCTBA U ClIeayeT
TAKOC HE3HAYUTCIIbHOC YMCHBIIICHUEC K03CI)(1)I/II_II/IGHT8. TIPOITYyCKaHMUs, IIOKa3aHHOI'O Ha pI/IC.4, KpHBOﬁ 2.
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B 3aK/II04EHHH OTMETHM, YTO OTJINYHE IIOBeJCHUS KOO HUIMEHTa IPOIYCKaH!s LISl IapoB 6apust OT IAapOB HATPUsI BEI3BAHO HAIMYUEM

y IEPBOro METAaCTaOWIBLHBIX YPOBHEH, KOTOPHIE SBILIIOTCS Pe3epByapoM JOMOIHUTEIEHOTO PaJHalMOHHOIO CTOKA BO30Y)KICHHBIX aTOMOB.
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1KaH;[Isz[aT TEXHUYECKUX Hayk, NOLeHT, Humkeropoackuii rocynapcTBeHHbIN TexHudeckuil yausepeurer uM. P.E. AsnekceeBa; 2KaH;[H;[aT
(U3MKO-MaTeMaTHIECKHX HayK, JTOLEHT, HibKeropoackuii rocyapcTBeHHbIH TeXHUUeCcKui yHuBepeuteT UM. P.E.AnekceeBa; “kanauaaT
(U3MKO-MaTeMaTHIECKHX HayK, JTOLEHT, Hipkeropoackuii rocyapcTBeHHbIH TeXHUUeCKUi yHuBepeuteT UM. P.E.AnexceeBa
PACIHIEILIEHME OCHOBHOI'O COCTOSIHUSI SKCUTOHA, CBA3AHHOI'O HA HEMTPAJIBHOM AKIEIITOPE
AnHomauyusn

B pamkax npubnuosicenuss dpgpexmusHoll maccel, 8apUAYUOHHLIM MEMOOOM GbIYUCTIEHA IHEPSUS C6A3U IKCUMOHA HA HeUMpAanbHOM
akyenmope Onsi pasHuiX 3HaueHull norno2o momenma J. Obcyscoaemcs Genuvuna pacujenienus IHepeUu OCHOBHO20 COCMOAHUA
00ycnosnennas j-j cesasvio u npunyunom Iaynu.

KioueBbie cjioBa: DKCHUTOHHO-TIPHMMECHBIE KOMIUIEKCHI, JHEPrusl CBS3H, NPHOMIKEeHHE S(PQEKTUBHBIX Macc, chepruueckoe
pUOIIKEHNe, YHCICHHOE MOJICIINPOBAHHE.

Latuhin A.Yu.!, Lobaev A.N.%, Yakunin Yu.L’

!Candidate of Sciences in Technics, assistant professor, Nizhny Novgorod State Technical University n.a. R.E. Alekseev, “Candidate of
Physico-mathematical Sciences, assistant professor, Nizhny Novgorod State Technical University n.a. R.E. Alekseev, *Candidate of Physico-
mathematical Sciences, assistant professor, Nizhny Novgorod State Technical University n.a. R.E. Alekseev.

SPLITTING OF THE GROUND STATE OF AN EXCITON ASSOCIATE WITH NEUTRAL ACCEPTOR
Abstract

The binding energy of exciton in the neutral acceptor for different values of the total angular momentum J within the effective mass
approximation is calculated by variational method.

The value of the ground state energy splitting due jj coupling and the Pauli principle is discussed.

Keyword: Exciton-impurity complexes, binding energy, effective mass approximation, spherical approximation, numerical simulation

W3ydeHne onTHYeCKUX CBOWCTB MOJIYNPOBOJHUKOB IIPH OOJNBIIMX YPOBHSX BO3OYKIEHHs HOCHUTEIEH 3apsa, IPHUBENO K TOHUMaHHUIO
TOro, 4TO B MOJYIPOBOIHMKAX MOTYT CYIIECTBOBAaTh JOCTATOYHO HIK30THUECKHE CHCTEMBI, KOTOpBIE HA3BIBAIOTCS MHOIOYACTHYHBIMU
9KCUTOH-IIPUMECHBIMU KoMILIekcamu [1].

DKCUTOH-IPUMECHBIE KOMIUIEKCHI, ITOX0XXH Ha aTOMBI, CTOM JIMIIb pa3HHIEH, YTO B HHUX €CTh KaK DJIEKTPOHHBIE TaK W JBIPOYHBIE
o0omoykn. Tak )Ke CyIIeCTBEHHBIM OTIMYHMEM MX OT aTOMOB SIBIISIETCS OoJiee IIyOOKOe BBIPOXK/ICHHE JIBIPOYHBIX YPOBHEH, 3a CUET 30HHOI
CTPYKTYPHI HOJIYIPOBOIHUKOB.

B Hacrosieil 3aMeTke MBI PacCMOTPHM paclleIUICHHEe OCHOBHOT'O COCTOSIHUSI SKCHUTOHA, CBS3aHHOIO Ha HEHTpalIbHOM aKIenTope
(4oX1). OcHOBHOMY COCTOSIHHIO KOMILTEKca 4opX| C IOJHBIM MOMEHTOM J COOTBETCTBYET COCTOSTHHE JIBIPOK C IPOEKLMIMI MOMEHTa j, + 3/2 1
JIEKTPOHA C MPOEKIUEH CIIMHA §, = 72. DHEPIrUsi OCHOBHOI'O COCTOSIHUS A¢X| pa3indHa sl pa3inudHbIX J. YUIUTHIBAS j-j CBS3b U NPHUHINII
[Maynu, MOXKHO ITOKa3aTh, 9TO IIPU CIIOKEHUH MOMEHTOB JIBIPOK PaclIeIlieHs! cocTosiHus ¢ J=0, 2. BennunHa sHepriyr OCHOBHOTO COCTOSTHHS
9KCUTOHA, CBSA3aHHOI'0 Ha HEHTPaJIbHOM aKIENTOpe, CYIIECTBEHHBIM 00pa3oM 3aBUCHUT OT 30HHOW CTPYKTYpHI IOJYIPOBOAHHKOB W THIIA
MIPUMECH, Ha KOTOPOH CBSI3aH IKCUTOH (TITyOOKast WiIH MeJikast). Tak kak 0OOMEHHOE pacIieIUIeHHe JIbIPOYHBIX COCTOSHUI HE 3aBHCHT OT THIIA

NPUMECH, TO 3HAYHTEbHbIN HHTEPEC MPEICTABIAET ONpEIeleHHe PACIIeIUIeHHs OCHOBHOrO coctosrus A £ 7y Kommiexca AoX,
AEy = Ey— E». Y]
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IocnenoBaTenbHbIN y4eT 30HHOH CTPYKTYPBI JAENAET PACUET SHEPTUHM OCHOBHOTO COCTOSIHUS 3aTPYAHUTENBHBIM, TI09TOMY OIPaHUYUMCS
paccMOTpeHHeM 3ajaud B cdepuueckoM npubmwkeHud [2], npeHeOperas aHU30TponMed M ropupoBKOIl BaJleHTHOH 30HBI. Torna
ypasuenus Hlpenunrepa juit ApX; B npubinxeHnn 3 EeKTUBHBIX MacC IPHMET BUJL

AN VAN 1 1 1 -> > - -> > -
H1+H2+H3+ 55 -5 |VYu | 15 :EJ‘PJM K11y |, 2)
n-nl h-nl |n-n

- -
rae I"l — pamyc BekTop IbIpku (I =1, 2), a 1’3 — paanyc BEKTOp 3JIEKTPOHA.
H; (i =1, 2) — raMWIBTOHHAH OJJHOKpATHOTO akuenropa [3].

i i

o} c , A 12 1
Hy,, :EFOWO“I’J,.m,. —Egraddzvy/Jimi Y Yim —1 OV, —ZI//J!m! =E,y, . 3)

1, 1
Hyp(r3) =~ 5 A3 o(rs) + 57 0(r3). “
&
—
3nech J;, m; — MOJHBIAH MOMEHT M €ro HpOEKLHs Ha ocb Z (i-moti) ObIPKH, o - BekTop Marpuil Ilaynu, A — criMH-opOUTanbHOE

pacueIuieHue, a 6 u O — OIIPEACIIAOTCS COOTHOLICHUSIMA

m = m3(, m,
m, 2 3M,

c= , O
M,

rze m, — 3pdexTrBHas Macca dMEKTpoHa, a M), u my;, — 3p(eKTUBHBIE MacChl TSDKEJIOH U JIeTKOW IbIpoK. Kpome Toro Mel monb3yemcst

KYJIOHOBCKOH CHUCTEMOH €IMHHUIL

2
e

m=— =h=1. (6)
X
€ — 3aps/ DJICKTPOHA, X — CTaTUYECKast AUDJICKTPHUICCKas IIPOHUIIAEMOCTb, h — mocrostauas ITnanka.

®)

V4uThIBas, KaK yKa3aHo BBIIIE, j-/ CBA3b U CuuTas A >> |E;], j; = 5 BbIOEpeM 1pobHyto QyHkimio Wy, (1, 12, 13) B BUIE

W (r1, 12, 13) = @ (11, 12) 0(r3), )
rzie ¢(r;) IMeeT BU
32
Z -z 2
o(r3) = € [l +x(zr)], 3

Jr

a @, (ry, 1), NCTIONB3YS TIpaBHIIa BEKTOPHOTO CIIOKEHHMs [3] 3amiceiBaeTcs Kak

JM
Dy (71, 12) = > C " '/ ,
Jjmjm - Jm ] m
M=m +m 1122 11 2 2
1 2

rze C JM . — ko3¢ ¢punments! Knebma-I'onana [4].
1 2772

ej .
PemeHHe . JUIA aKLCIITOPOB MCKAJIOCh B BUJIC PA3JIOKCHUS 110 HIaPOBBIM BEKTOpaM Y J JUIA J: = —
im P v /

i

3 3
0= 2 /2 2=
— 2 2 —zr 2
Wi = 20,2°% Y. +—F—a0,r% Y s )
, N

2 2
I 04, O, Z — BAPHALUOHHBIE TAPAMETPEI, IPHIEM al + a2 = 1, BCI€ACTBUM HOPMUPOBKH .

3Hepl"l/lﬂ OCHOBHOI'O COCTOSIHHSL E/ OIPEACIIACTCA CICAYIOIINUM BbIPAXKCHUEM
2

1 1 1

EJ:J.\IIJM(VI,VZ,VS) H1+H2+H3+ "S5 S S S \PJM(rlarbrS)'
1n-nl ln-nl [n-n
. d3r1d3r2d3r3' (10)

> o o
Beipaxenue (10) nocie HHTErprupoOBaHUs IO I"l , I bR 1”3 MHHUMH3UPOBAIIOCH IO O, Oy, X, Z JUI ITOJTHBIX MOMEHTOB J =0 nJ = 2.

YucieHHbIC PacYeThl [TOKA3bIBAIOT, YTO SHEPreTUUESCKHI TepM ¢ J = 2 JISKHT 10 SHEPIHH HIKE, YeM dHepreTiudeckuit tepm ¢ J = 0, 4ro
COrJIacyeTcsl ¢ NpaBUIIOM XYHIa IS CIOKHBIX aTOMOB. JTOT (DaKT SBIISCTCS HETPHBHAIBHBIM, TAK KaK B OTJIMYHME OT CJIOXKHBIX aTOMOB
9KCHUTOHHO-TIPUMECHBI KOMILIEKC COCTOUT M3 [[BYX COPTOB YACTHII C Pa3HBIM 3HAKOM 3apsiga. Beipaxenue (10) mo3BOJISIET ONPEACIUTS 110
¢dopmye (1) oOMEHHOE pacIIeruIeHHe OCHOBHOI'O COCTOSTHUS ApX|
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327 .7 ) r<2
AEy = Er ja’r1 ) a’rzf(rz)g(rl)r1 " gg(rl)f(rz), (11)
0 0

31ech r- min(ry, 12), ¥~ = max(ry, r»)
fr) =20, 2%

3nauenus  AEj Ul OMYNPOBOJHUKOB CTPYKTYpBI alMa3a U IMHKOBOH OOMaHKHM IpUBeJeHbI B Tabmuue 1.
Kax BuHO 13 Tabnuupl Bennuunbl AEy) 11t OONBIIMHCTBA PacCMATPUBAEMBIX IOIYHPOBOAHUKOB HaXOAATCS B XOPOLIEM COTJIACHHU C

OKCIIEPUMEHTOM. OI[HaKO, B HCKOTOPLIX ClIydasX SKCIHEPHUMEHTAJIbHOC 3HAYCHUE AEZ() CTAHOBUTCS OTPpULATCIIBHBIM, YTO I'OBOPUT O TOM,
TEPM EO HaXOJAUTCA I10 DHEPIruu HUKE TEpMa Ez. I[aHHOG O6CTO$IT€J'[BCTBO, INO-BUAUMOMY CBS3aHO C BJIMSAHUEM BHYTPUKPHUCTAJIIINYECKOI'O
T10JIs1 Ha KOMIIJIEKC A()X], YTO HE YYUTBIBAJIIOCH B pacueTax.

Tabauia 1 - 3HayeHus sHeprud jj pacueruieHuss AE,) OCHOBHOIO COCTOSIHHSL SKCHTOHA, JIOKAJIM30BaHHOTO Ha HEUTPAJIbHOM aKIIENTOpe
Si Ge GaAs CdTe ZnTe GaSb InP
AE,, M5B 0,69 0,18 0,42 1,04 1,02 0,16 0,44
(teop.)
AE»yMbB -1,4/4/ - 0,43 - - - 0,5/5/
(3kcm.)
JluTepartypa
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IIpoxoposa O.B.
JIOKTOp TEXHHYECKUX HAyK, OLeHT, CaMapCKuil apXUTEKTYPHO - CTPOUTEIIBHBII YHUBEPCUTET.
CHHTE3 OIITUMAJIBHBIX YIIPABJIEHUI JJIA BATJAHHBIX OB BEKTOB
Abstract
B cmamve paccmampusaiomes 086a no0xXo0d K peuieHuro 3a0ay ONMmuMaibHo20 YRpasienus: Ha OCHO8e pewienus ypagrenus Pukkamu u
HA OCHO8E MOOETUPOBANUSL NPOYECCO8 8 KOMNIEKCHOU obnacmu. Ha npumepe 001020 06vekma 6blnonHel NOUCK ONMUMATbHBIX YNPAGIEHUll
U noKazambl CUNbHLIE U CLAGble CHIOPOHBL PACCMAMPUBAEMBIX NOOXOO0B.
KiioueBble cJI0Ba: ONTHMAJbHOS YIPABICHHE, ypaBHEHHWE PHKKATH, CHCTEMa aBTOMAaTHYECKOTO PEryIMPOBAHUS, NEepenaTodHast
(bYHKIWS, XapaKTePUCTHIECKOE YPaBHEHYE.
Prokhorova O.V.
Dr.Sci.Tech, docent, Samara state university of architecture and civil engineering.
SYNTHESIS OF OPTIMAL CONTROLS FOR GIVEN OBJECTS
Abstract
The article describes two approaches of the optimal control tasks solution. First of that is based on the solution of the Rikkati
equation. Second one is based on the processes modelling in the complex field. The optimal control by two methods was determined for the
one object. Powerful and inefficient sides of both approaches were shown.
Keywords: optimal control, Rikkati’s equation, automatic control system, transfer function, characteristic equation.

PaCCMOTpI/IM 00BEKT YyHpaBJI€HHUs, BOSMYIIEHHOC ABHXKCHNUE KOTOPOT'O, OIUCHIBACTCS B IICPBOM l'IpI/I6J'II/I)KeHI/II/I YpaBHCHHUEM [1 ]Z
(= 4% * _ 0 (1)
x(t)=A*x(t)+ B*u(t), x(ty)=x",t,=0.

3necb A u B — 3ajaHHble MaTpuibl 4Mcesl pa3MEpOB NXN M NXm COOTBETCTBEHHO; X(t) — BEKTOp COCTOSHHUSA (BEKTOp (ha30BBIX
KOOPJMHAT) pa3MEpHOCTH nX 1; u(t) — BEKTOp ynpasieHus pa3sMepHocTH mx 1. PaccMOTpUM KpuUTepHid:

J = T[xf (O)* R *x(t)+u" (1)* R, *u(t)]dt. @)
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rae R1 u R2 — nonoxurensHO onpezeneHHble CUMMETPUYECKHE MAaTPULBI pa3MEPOB N X N M M X M COOTBETCTBEHHO. Torna 3amaua
omnpexneneHus u(t), t0 <t < oo, Ipu KOTOPOM KPUTEPUIl MUHMMaJIeH, Ha3bIBaeTCs 3aavyeil IeTepPMUHUPOBAHHOTO JINHEIHOTO OITHMAJIBHOTO
YIIpaBJIEHUS sl PEryIIsTOpa C IOCTOSHHBIMH apaMeTpaMH.

3aKOH yNpaBIIEHUs OMPEAEIAETCS COOTHOMIEHHIMH:

u(t)=-F*x(t), F=-R,'*B"*pP 3)
YcranoBuBIeecs peuieHnue P sBistercst peuIeHNEM anre6pa1/1qem<oro YpaBHCHUA Pukkaru:
0=R —-P*B*R,'*B" *P+ A" *P+P*4 )

PaccMOTpHUM MPUMEHEHHUE BBIIIE W3JI0KEHHOTO JUISl PEILICHHS 3a1a4H CTaOMIM3aIHU YIIIOBOW CKOPOCTH.
[TycTh 0OBEKT COCTOUT M3 JBUrarTelisi HOCTOSIHHOTO TOKA, YIIPaBJIIEMOro BXOAHBIM HalpspkeHHeM [(t) ¢ YIIIoBOH CKOPOCTHIO Bama &(t).
Cucrema ONUChIBACTCS CKAISIPHBIM U epeHIIHaTbHBIM ypaBHEHHEM COCTOSIHUS [2]:

En=-a*EO+ru),  Et)=o-0,  E®)=0, 5

a, B —const.
B kauectBe KpUTCpus OITUMAJIbHOCTU 6yz[eM paccMmaTpuBaThb KpI/ITepI/Iﬁ BUaA:

J = [ @* 1)+ p* (1) ©

)
[poBenem mapamiens B od6o3HaueHusx (1) — (6) u (5) — (6), momydanm:

XM =&@t); u®)=pt); A=-a; B=F ; R1=1; R2=p. 7
[oncraBum (7) B (4), momydum:

ﬁZ
0=1-—*P>-2a*P 8)
Jo,
M3 (8) onpenennm P, Kak KOpeHb KBaJpaTHOTO ypaBHeHHs. bynem UMeTs:
2
_P » B
B,=—-ax |a"+— | ©)
B P
JUts nayibHEHIINX pacueToB BO3bMEM OJIMH U3 KOPHEH:
2
P= ﬁz —a+ o’ + B
Jo,
Ompenenum mMarpuny F u3 (3). Bynem umers:
1 2
F:——[v’*ﬁ2 —a+ a2+ﬁ— (10)
p P P

I

B

Feetl ot a2+ 22| (an

B P

Taxum obGpazom,

ﬁZ

() =—F*E@) =~ —a+ Jo? + 2 |+ eq0) (12)
B P

Ioxncraum (12), (11) B (5). Bynem nmers:

£ =—a*et)+ Br | a— Ja?+ B e, wm
B P

. ﬁz
E(t)=-2% |a® +Z—*&(1). (13)
Jo,

Cucrema, NOBEJIEHHE KOTOPOH omuchIBaeTcs ypaBHeHueM (13),  sBiseTcs aCHMITOTHYECKH YCTOHUYMBOM, T.K. MOJYYEHAa C Y4eTOM
MHHHMYMa (QyHKIHOHANA (2).

PaccMOTpuM ZIpyryr0 METOOMKY pEIICHHMs 3a/Jauyd CHHTE3a ONTHUMAJIBHOTO YIPABIEHMS U 33aJaHHOrO OOBEKTa Ha OCHOBE
MOJICITUPOBAHUS TIPOLIECCOB B KOMIUIEKCHOH 001acTH, MpPEeUIOKEeHHYI0 aBTopoM [3] u cpaBHMM 00a moaxoza Mexay co0oi. 3amuiiem
ypaBHeHus (5), (12) B craHmapTHOM BHJE:

x(t) =~ * x(£) + B *u(t), .
u(t) =—F*(x(1) - g(?)),

rae g(t) — 3amaromiee BO3AeHCTBHE I ynpasisiemoro mapamerpa. O0ozHaumM pasHocTh  g(t) — x(t) wepes e(t), uro
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HpeJcTaBiIseT coooil omubKy B paboTe yCTpOHCTBA, KOTOPYKO HEOOXOAUMO KOMIICHCHPOBATh BEIPA0aThIBAEMBIM YIPABIIAIOLINM
BozzeiicTBueM. IIpumenum k pyHkImAM npeodpas3obanue Jlamiaca, monydum:

s*X(s)=—a*X(s)+ p*U(s), (15)
U(s) ==F*(E(s)).

W3 nepsoro ypaBHeHus Bbipa3uM X(s). bynem umers:
*U(s
x(s5) =22V

s+
IpencraBum cxeMy cucreMbl aBToMaTnueckoro peryinuposanus (CAP) B Buze:

!

Puc. 1 - Crpykrypnas cxema CAP

IMepenarounas GyHKIHs 00bEKTa PEryIMPOBaHUS UMEET BUL:

B kauectBe peryisaropa BO3bMEM 6€3HHepHI/IOHHOC 3BCHO C Hepel[aTO‘IHOﬁ q)yHKL[HeﬁI
P
W(s)=k.

3ajaya cuHTE3a CTAOMIIM3UPYIOLIEro YIPABJIEHHs Ipejanonaraer onpesieieHue 3HaueHus k1, mpu KOTOpOM BBINOJHSETCS MepBas
teopeMa Jlsmynosa. Ha atom u Oyzer crpourscs peruenue. s aToro HaiieM nepenarounyto ¢pyaknuo CAP, nomydnm:

“r B k*B|__ k*P

W, (s)=k * 1+ = .
g&—x *
s+o st+a | s+oa+k*p
Jliis acumnroruueckoit yeroituuBoctd CAP He00X0oauMo, 4TOOBI KOPEHb XapaKTepUCTUIECKOI0 YPaBHEHHSI:
sta+k*p=0

6I>IJ'I OTpI/II_IaTeJ'lBHBIM. 9T0 BBIITIOJIHUMO, €CJIN
a
a+k*p>0, h>—ﬁ3 a,p>0. o,pB—const. (16)
IMockonbKy O XapaKTepUCTHYECKOMY YPABHEHHIO YKe ObLIO NPUHATO peleHue uist obecneuenus ycroiunoctu CAP Bocrionb3yemcst

(04
uM 1 nofgcrasuM Bmecto k1 Benmmumay —— B U(t), OyzeM uMerhb:

U(t) =~k *e(t) = —%* e(t). (17)
Moxncrasum (17) B (15), momyanm:
X(£) = —a *x(£) + B *u(?),

18)
a (
lzl(f) = —E*e(t).
OTKyna ciemyer, 4To Ul CTAaOWIM3alUK YIPaBJICHUS 3aJaHHBIM OOBEKTOM JIOCTAaTOYHO, NMPUMEHHB cxeMmy ympasineHus (Puc.l) c
perynsTopoM B Bujie Oe3bIHEPIIMOHHOrO 3BeHa ¢ kKodddurnmentom nepenauu k1, obecrieynBaTh ypaBHEHHE IMTHAMHUKI BUJIA!

.

x(t)=—a*x(t)—a*e(t)=—-a*(2*x(t)—g(t)). (19)

Cucrema, NoBeJieHUE KOTOPOIl onuchIBaeTcst ypaBHeHHEM (19), sBisieTcs acCUMIITOTHYECKHM YCTOMYMBOM, T.K. ypaBHEHHE IOJIY4EHO C
y4eTOM BBIBOZIOB IepBoi Teopembl JIsamyHoBa. CpaBHEHHE PE3y/IbTAaTOB ABYX HE3aBUCHMBIX METOIMK CHHTE3a ONTUMAJIBHOTO YIPABJICHUS
Ha JJAHHOM IIPUMepe M0Ka3aJlo, YTO METO/MKA Ha OCHOBE MOJICIMPOBAHUs IIPOLIECCOB B § - 00OnacTu He TpeOGyeT anrebpandecKux onepanui
C MaTpULIAMU U BEKTOPAMH, YTO SBJISETCS TPYIOEMKUM IIPOLIECCOM, KPOME TOT'O PACUETHI BBITJIAAAT HAIVISIHBIMH U IIPOCTBIMH.
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Crapoxniosa O.B.
Kanauiar TeXHUYECKUX HAyK, AOLEHT, [TOBOIKCKHIT TOCYIapCTBEHHBIH YHHBEPCUTET TEIEKOMMYHUKAIMI U HHPOPMATHKI
MOJAEJINPOBAHUE HAITPA’KEHHO-IE®OPMHUPOBAHHOI'O COCTOSIHUSA THBKUX MHOTI'OCJIOMHBIX
OBOJIOYEK
AnHomauusn
Hccnedyemes mamemamuieckas Mooenb 0ehopMuposanuss MHOSOCIOUHbIX 0000YeK Npu NPOCMOM U CROICHOM HASPYICEHUU,
no3gonAwas eOuHo00pasHo Npeocmasisims Ha ochoge Oegopmayuonnoi meopuu A.A Hnviowuna nanpsiscenno- oeghopmuposannoe
cocmosnue. Modenv yuumsigaem peanbhulil GUO OUASPAMMbL U NO360JIAEM UCCLE008aMb 0epopMUposanie 2UOKUX HeoOOHOPOOHbIX 000N0UeK
NepeMeNHOU JHCeCMKOCHU NPU NONEPEYHOM, NPOOOTLHOM U KOMOUHUPOSAHHOM Hazpyscenuu. Pazpabomansl memoowl pewtenus 60nbuiux
cucmem HenuHelHbIX YPAGHEHUll, OCHO8AHHblE HA npoyedype obwjell umepayuu, NOCMpoOeHbl aI2OPUMMbL, UCHOTL3YIOUUEe KOMOUHAYUU
PABIUYHBIX MEMOO08.
KiioueBble €j10Ba: MAaTeMaTHYECKOE MOJEIHPOBAHUE, YIPYro- IIaCTHYECKoe nedopMUpOBaHUE 000I0YEK, BTOPHYHO IUIACTHUECKUE
nedopMariii, HanpsHKeHHO-1epOPMHUPOBAHHOE COCTOSIHIE THOKHX 000JI0UEK.
Starozhilova O.V.
PhD Sciences, assistant professor, Povolzhskiy state University teleclmmunications and Informatics
MODELING OF THE STRESS-STRAIN STATE OF THE FLEXIBLE MULTILAYER MEMBRANES

Abstract
Paper, the mathematical model of deformation of laminated shells under simple and complex loading, allowing uniformly present on the
basis of the deformation theory A. A. Ilyushin stress - strain state. The model takes into account the real appearance of the chart and allows
you to explore the deformation of a flexible heterogeneous membranes of variable rigidity, longitudinal and combined loading. Developed
methods for solving large systems of nonlinear equations based on the General procedure iteration algorithms were constructed using
combinations of different methods.
Keywords: mathematical modeling, elastic - plastic deformation of shells, recycled plastic deformation flexible membranes.
MaremaTiyeckasl MOJICNIb PELICHHS BBl HEIUHEHHBIX 3aj7a4 Ae(OpPMUPOBAHUS T'MOKHX HEOMHOPOIHBIX OOOJNOYEK HCIOIb3YET
[SITHMEPHOE JIEBUATOPHOE MPOCTPAHCTBO C MOCICAYIOIIUM HTEPALMOHHBIM MPOLIECCOM. PaccMaTpuBarOTCsl HEOIHOPOIHBIE MHOTOCIIOMHBIC
000JIOUKH TIEPEeMEHHON TOJIIMHBI U KPUBH3HBI, YIOBJICTBOPSIOIINE YCIOBHUAM TeKydecTH Mu3eca B KaxIoM U3 cioeB mozenu. Ipomecc

HArPY)KEHHUs PEAIU30BaH KOMIIOHEHTAMU B JICBUATOPHBIX MPOCTpaHCTBax A.A.WNbIOIMHA: IPOCTPAHCTBA HANPSHKEHU O , nedopmartuii

3, nedopmanuii cpenuuHON MoBepxHOCTH ) , M3MEHEHMH KPUBM3H CPEJMHHON MOBepXHOCTH Y . HanpsikeHHO-edopMUpoBaHHOE

COCTOsSIHUE ONPEACIIACTCA CUMMETPHUIHBIMU TEH30paMU Hapr{)l(eHHﬁ.

CBs3b MesKy BEKTOPaMH HANpPSDKEHMH 1 Aeopmaumii Juis NPUMEHSEMOH TEOpHH ILIaCTHYHOCTH nMeeT Buj O = N9 + ¢, rae

— — E
N =2G, q= 0 wm N= 2Gs, q= 0 - coorHomenns Teopuu MabIX yupyro-miacrmueckux pedopmammii, G =——— -

2(l+u)

MoAyJsib ¢ABUTra, E - MOAYJIb YIIPYIroCTH, Gs - CeKle_II/Iﬁ MOAyJlb K fuarpaMmme Z[eCpOpMHpOBaHI/IH.

B TEOPUU TOHKUX 00oJ10ueK HarpspKeHUs, ﬂeﬁCTBy}OHIHe B HOPMAJIbHOM CC€YCHHH, 3aMCHSAIOTCS CTATUYCCKU 3KBUBAJICHTHOW CHUCTEMOM
yCI/IJ'lI/Iﬁ 1 MOMECHTOB, IIPHUJIOKEHHBIX K Cpe[[PIHHOﬁ TIOBEPXHOCTH.

Pacuer YHOpyro-rraCTU4eCKux ;[e(i)opMauHﬁ B 000JI0YKAX BBIMTOJHACTCS I0CJIC10BAaTCIbHBIMU HpI/I6J'II/I)KeHI/I$lMI/I 110 BBIYHMCIISICMBIM B
CCUYCHUAX IMEPEMCUICHUAM U YCUIHSM. CuitoBbie CI)aKTOpLII ycuiiigs 1 MOMEHTBI, - OHPEACIIAIOTCSA UHTECIPUPOBAHUEM Hal'[pf{)KGHI/Iﬁ 1o
TOJIIIHUHE.

C yuaeToMm HpHHf{TOﬁ CXEMbI JTUCKpETU3aAlUU II0 ITPOCTPAHCTBEHHLIM IIEPEMEHHLIM CHCTEMa Pa3sHOCTHBIX ypaBHe]—mﬁ IpeacraBuM B
BHJIC:

Lyu, =f,
rae Lh = L]h + L2h N L]h N L2h - ManI/H_H)I - pa3HOCTHI>II/I aHaJIoI' IMHCUHBIX U HCJIMHCHUHBIX YJICHOB ypaBHeHI/ISI paBHOBeCI/Iﬂ,

u, = {ul., X, € Q h} - BEKTOP Pa3MEPHOCTH 3N, s N j - UHUCIIO Y3II0B cerounoit obmacru 2 ho fh - U3BECTHBIH BEKTOP.

Hpouecc HaXO0XXACHUS PCIICHUS CBOAUTCS K ABYXCTYIICHYATOMY UTEPALITUOHHOMY METOAY, pa3pa60TaHHOMy aBTOPOM!

B, (wy'—uy) ==y, (L, uj-1,)

-1 -1 -1
rie B, =A, (E—Tml) ,B,=A, (E—Tmz) ,B, = A, (E_Tm3) , E - Toxnmecrennsiit omeparop, ka - onepaTop

COKpAIEHNs [OrPEIHOCTH 32 111, MTEpaLyii B METO/IE IEPEMEHHBIX HATIPABIICHUH NPH PELICHUH yPaBHEHHUSA A enZk =9 k=12,3.

B nByXcTyneHYaToM METOIE HCIOIb3YeTCsl ONTUMHU3ALMA HMTEPALlMOHHOIO IIPOLEcca, OCHOBAaHHAs HA CIIEKTPAIBHBIX  CBOMCTBaX
OJJHOMEPHBIX PA3HOCTHBIX ONEPATOPOB. ['paHUIBI CIEKTPa HAXOAATCA 1O CIEHAaNbHOMY anroputmy [1,c.368].

BrIsiBIICHBI OCOOEHHOCTH  yNPYTO-IUIaCTHYECKOro IOBEAEHUS 000JI04YeK, CBA3aHHbIE C HECUMMETPUEH HAarpys3Ku, IPaHUYHBIX YCIOBHH,
pacnpeznesieHueM TOMIHUH. ITocTpoeHHas MareMarhyeckash MOJENIb YYMTBHIBACT CXKUMAEMOCTb MaTepHana M PealbHbIH BHUJ HarpaMMbl
nedopmupoBanys. JlaHO pellleHHe LIMPOKOro Kjlacca HECMMMETPMUYHBIX 3ajay YIPYro-IJIaCTHYECKOro M3ruda HEOJHOPOIHBIX 000JIOUEK
[IEPEMEHHOM KECTKOCTH.

HccnenoBaHo BIMSHUE HAa HANpPsHKCHHO-IE(OPMHUPOBAHHOE COCTOSHHE O0OJIOUEK MapaMeTpoB I'€OMETPHH, NEPEMEHHOCTH TONIIMHBI,
I'PaHUYHBIX YCIIOBHH, XapaKTepa Harpy)KeHHs, CBOHCTB MaTepHalla, MEXaHMIECKUX CBOICTB CJI0€B B MHOTOCIIOMHBIX 000JIOUKAX.
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MopenupoBanue 3a1a4 e OpMUPOBAHUS HEIMHEHHBIX 000JI04EK MOKa3aIH XOPOIIYI0 CXOIUMOCTh JBYX CTYIIEHYaTOr0 HTEPAMOHHOTO
METO1a, pa3paboTaHHOI0 aBTOPOM, IIPH pacyeTe yIpYromIacTHIeckoro 1epopMHUpPOBaHUS THOKHX HEOIHOPOIAHBIX 000JI0UEK.

Pa3paboraHHBIi TakeT IpOrpaMM IO3BOJSIET €IMHOOOPAa3HO MPOBOJHUTH pacdeT TMOKUX MHOT'OCIOHHBIX O0OJNOYEK C y4eTOM YIPYro-
IUIACTUYECKUX AedopMalii, NpPOCIEKHBATh pPAa3BUTHE 30H IUIACTUYHOCTH, pas3rpy3Kd, BTOPUYHBIX IUIACTHYECKUX JAe(OpMALIHA.
VYCTaHOBIIEHO, YTO HEOJHOPOJHOCTH CBOWCTB MaTepHana IO TONIIMHE OOOJOYKHM MOXKET IPHBOJUTH K KadyeCTBEHHOMY H3MEHEHHIO
pacrpeesieHusl HalpspKeHUH.

Jlutepartypa
CrapoxmioBa O.B.Merton MoznenupoBaHMsi HEIMHEHHBIX 3ala4 Ae(pOpMUPOBAHHMSA TOHKHMX obosodek. [Ipobnemsl HenuHeHHON
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Tkaués B.H.
Bupckuii ¢punuan bamkupckoro rocy1apcTBEHHOro yHUBEpCHTETa
YIIPABJIEHHUE ITPOLHECCOM OXJUIA’KJIEHU A PI3,Z[EJ'[I/H71 B DJEKTPHUYECKOM ITEYN
AnHomauyusn

Mooenupyemcs npoyecc ynpasienusi memnepamypoil neuu 6 npoyecce OXJAAMHCOeHUs KEPAMUHECKUX U30eNUll UMEIOWUX CLONACHYIO
2e0MempuyecKkyio opmy, ¢ yuémom OcpaHudenull Ha mepmudeckue Hanpsdicenus. Pedcum ynpaeienus cmpoumcs HA OCHOGe aHANU3A
MEPMUYECKUX HANPANCEHUL 8 08YMEPHBIX MOOENAX MeMOOOM KOHEYHbIX INEMEHMO08, 8 MOYHOCU HOBMOPAIOWUX ceomemputo usdenus. Ha
npumepe Kepamuyeckoz2o U30JAmopa UcCie008ana OUHAMUKA MEPMUYECKUX HANPANCEHUL U NOMYHEH DedCUM OXJANCOEHUs, C YUEMOM
02panudenull Ha mepmMoynpy2ue HanpsiceHus..

KuoueBble ciioBa: TeMnepaTypHoe I0JIe, yIpaBIeHHe, TEILI0O0OMEH, TePMIYECKIE HAPSHKEHNS, METO/ KOHEUHBIX 3JIEMEHTOB.

Tkachev V.I.
Birsk Branch of Bashkir state university
PRODUCTS COOLING MANAGEMENT IN ELECTRIC FURNACE
Abstract

The furnace temperature controlling of ceramic products with complex geometry cooling process, taking into account the constrains on
thermal stresses is modeled. The control mode is based on the analysis of thermal stresses in the two-dimensional models that mimic the
geometry of a product with the finite element method. The thermal stresses dynamics is investigated and the cooling mode taking into
account the restrictions on the thermoelastic stresses is received on the example of ceramic insulator.

Keywords: Temperature field, control, heat transfer, thermal stresses, finite element method.

3HAYHTENBHYIO YaCTh BPEMEHH IIPOM3BOJICTBEHHOIO [IMKJIA KEPAMHUUYCCKHX H3/ICINi 3aHUMAET dTall TepMooOpadboTki. Bo Bpems o0xura
U3J/ieie MPUHUMAET OKOHYATENIbHYI0 GopMy, cOpMUPOBAHHBINH MaTepHal MpuoOpeTaeT CBOWCTBA, HAa KOTOpPhIC U3MECHEHHE TeMIepaTyphl
BIUseT yxe He cymecTBeHHO [1]. ITocime oOxura ocTaéres TONBKO OXJIAmuTh H3fenue. [IPOIOoKUTENBHOCTh HpoLecca OXJIaXICHUS
OPHEYIOPHBIX KEPAMHYCCKHX H3/ICNIHH B IEe4YaX HE PEIKO MPEBOCXOIHUT 10 BPEMEHHM MpOIecC HarpeBa W obkura usienus [2]. Peskoe
CHI)KCHHE TEMIIePaTypbl MOJKET IPHUBECTH K HEOOPAaTHMbBIM AedopMallisM WIH Jaxe pa3pylieHHo u3aenuil. Ha BelnunHy TepMHUYECKUX
HAIPSDKCHUH CHIIBHOE BIIMSIHHE OKa3bIBaeT reoMeTpryeckas hopma H3aesusl.

PaccMOTpUM JMHAMHKY HECTALMOHAPHBIX TEMIIEPATYpHBIX TIOJCH M JMHAMHYCCKHX TEPMOHANPSHKCHUH BO3HHUKAIONIMX IPU
OXJIQXKIICHUH H30JIATOPA CYXOro TIHA B IIPOLIECCE TEIUIOOOMEHA B JIEKTPHUSCKON Ieur. IIpyu MOASIMPOBaHHUY TEIUIOOOMEHA YIUTHIBAIOTCS
KOHBEKTHBHAsI U PaJHallMOHHAs KOMIIOHCHTA TEIUIOoNepeaynd Ha MOBEpXHOCTH mu3zienus [3, 4]. JlnuHa M301sTOpa 3HAYUTENIBHO OOJIBIIE
JMaMeTpa, MPU 3TOM OH HMMEET OJMHAKOBBIM MpOo(HIb MO BCEH [UIMHE, IIOITOMY PaCyeT TEPMHYCCKHX HAIPSOKCHHH MPOBOAUTCS B
MONEPEYHOM CCYCHHH.

2 . . .
Iycrs (2 € R™ — nonepeunoe ceuenne u3onsropa (puc. 1). ¢ rpanumeit F] , Fz € 0C2 . TIyHKTHPHOM TMHHEH Ha PUCYHKE MTOKA3aHa

peiele
O 0 O
QQQ

Puc. 1 - Ilonepeunoe ceueHne KepaMUUECKOro U30JISITOpa

rpaHuna F] 5 CILJIOLTHOM

JIMHAEH rpaHuna FZ . Pacnpez[eneHHe TEMIIEPATyphbI B objacTu Q OITUCBHIBACTCA YPABHECHUEM TCILJIONIPOBOAHOCTHU

8T 82 82T
c =A ,
pK K 82‘ ( 6_)}2 )

rne T’ (x , V.t ) , X,V € Q. te [0, T ] , P — IIOTHOCTh Marepuana usaeiusi, C, — TCIUIOEMKOCTD U3/IeIHs, ﬂK — k03 durment

TCIIJIONPOBOAHOCTH HU3ACIIUSL.
HauaneHeie TpaHUYIHBIC YCIOBUSI UMECIOT BUJ

8T X, aT X,
T(x.y)| =T, 2 y)|r|=a<Tn—T>,(a—ny)

|r2:0’
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rae & — xko3hdumeHT TermoooMena, 1 — BEKTOp BHEIIHE HOPMaIIi K I'PaHuLe 00JIacTH, Tc — TeMmIeparypa fneuu.
ypaBHeHI/Iﬂ PaBHOBECHS, OIMMCBIBAIOIINE HAIIPSHPKEHHOE COCTOSIHUE B obJlactu Q , OITUCBIBACTCsI CHCTEMOM ypaBHeHI/Iﬁ

oo
00, , 9% _

ox oy

oo

Xy

—=+
ox oy

31€Chb (byHKLII/II/I Gl/ — KOMITOHEHTBI T€H30pa HAIIPSHKEHUU [5, 6] rpaHH‘IHBIe ycioBus Ui YpaBHEHUU PaBHOBECHUS UMEIOT BUL

2

do,, _

0,

o.n.+o,n =0,

+ =0.
o,n +o,n =0
Pacuérter IIPOBEJACHBI C ITOMOIIBIO KOHEYHO-3JICMEHTHOMN MOACIIH TOYHO HOBTOpf{IOHIeﬁ q)OpMy TIIONEPEUHOI'0 CEUCHHUA KEPAMHUICCKOIo
o o [
H30JTOpAa. TeMnepaTypa u3aeaust v TeMIieparypa I€4dud B HadaJbHbIM MOMEHT BPEMCHHU II0JIaracrcsd paBHOU ]—;) = 1500 C .
HpI/IHI/IMaeTCH JAOIYIICHUE, YTO TEMIIEpAaTypa BO3AyXa BHYTPH II€YU paBHA TEMIIEPATYPE CTEHOK. MaxkcumainbHast CKOPOCTb OXJIQXKACHUSA

ne4yu V0 =60°C/min , MaKcUMallbHasi CKOPOCTb Harpesa Iedu VH =60°C/min. [Ipouecc oxnaxkaeHus: MOAEIUPYETCs, MOKa

o
MaKCUMaJIbHast TEMIIEpaTypa U3ACIIHS HE NOCTUTHET 3alaHHOI'O 3HAYCHUS T; = 50 C . KpI/ITI/I'-IeCKI/Ie TEPMOHAIIPSDKEHUST OLICHUBAIOTCS,

corjiaCHO nepBoﬁ TEOpHU IIPOYHOCTH, HpI/IMeHHeMOﬁ JUIA XPYIIKUX MaTE€pHaIoB.

Ha puc. 2 IpeacTaBj€Ha IUHAMHUKA MaKCUMAJIbHBIX paCTArUBarOIINX HaHpH)KeHI/II‘/'I BO3HHUKAIOIIUX B U3JCJINU B IIPOLECCE OXJIAXKACHUS.
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Puc. 2 - Jlunamuka MakCUMaJbHBIX PACTATUBAIOILUX TEPMOHAIIPKEHUH

III/IHaMI/IKa MaKCHMaﬂLHOﬁ, MUHUMAITBHON TeMIIEPaTypbl U3ACIIUA U PEIKUM YIIPABJICHUA TeMrlepaTypof/'I I1€4U IOKa3aHbl Ha pUC. 3.
1600 —

T,°C 4

1200

1 ! | ! 1 ! |

0 40 80 tmum 120

Puc. 3 - JIluHamyka MakCUMaJIbHON TemIiepaTypsl u3zenus(1), AMHaMHKa MUHUMAJIbHOM TeMIIepaTyphl u3zieius (2), AMHaMuKa
TemIeparypsl neuu (3)

B pesynbTraTe BBIYMCIMTENBHOIO 3KCIEPUMEHTA YCTAHOBIEHO, YTO CKOPOCTb OXJIAJKICHHUS II€UH OrPAaHUYMBACTCS PACTATUBAIOLIMMU
TepMOHANpPsHKEHUAMH. K BO3HHKHOBEHUIO OONBIIMX TEPMUUECKUX HAIPSDKEHUH NPUBOASAT OOJBIINME TEMIIEpaTypHbIE I'PAaJUEHTbI, KOTOPbIE
SBJISFOTCS CJICJICTBUEM HMHTEHCHBHOIO TEIUIOOOMEHa Ha HAayajbHOM JTane OXJaxIeHWs. IIoinydeHHBIH peXKUM YIpaBieHUs I03BOJISET
OXJIAZNTh U3Jenue MeHblle yeM 3a 110 muH, u3beras npu 3ToM HeOOpaTUMBIX AedopManuii U pa3pyIIeHus.

Jlnist mpoBeleHHs TEOPeTHUYECKMX HCCIEOBAaHMH M pacuéra pexuMma YIpaBleHUs pa3paboTaHO IHporpaMMHoe oOecHedeHue.
IIporpamMHOe oOecriedeHHe OCHOBAaHO Ha METOJIe KOHEYHbIX 3JI€MEHTOB [7], 4To 1aéT BO3MOXKHOCTD YYUTHIBATh BIUSAHUE I€OMETPUUECKON
(dopMBbl Ha pacrpesielieHHe TEMIIepaTypbl M TEPMHYECKUX HAIPsDKEHWH, a Takoke JAeTalbHO MOJEIMPOBATh YCIOBMS TEIUIOOOMEHa Ha
MOBEPXHOCTH U3JIeIIHS.
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IuBepcknii A.B.', Topoxos A.FO.2
1]3::11(::1)1::113p, ZCTame/Iﬁ npenojasareib, [lepMckuii HaLMOHAIBHBIN HCCIIEI0BATEIbCKIIA ONUTEXHUUECKUH YHUBEPCUTET
O PEIIEHUH HEKOTOPBIX KPAEBBIX 3AJIAY AHU30TPOITHOM BSI3KOYIIPYTOCTH
AnHomauyusn
IIpoussedeno uucnennoe peuienue 3a0ay 0 60IbULOT OPMOMPONHOU TUHEHO-6A3KOYNPY 20U NIACIUKE ¢ OMEEPCMUeM NPy PA3iuyHbIX
eudax Haepysicenus. 3aoauu nocmasnieHvl 6 MHO200nepamopHol popme. Peuwienue npouzso0unoce npuOIUNCEHHLIM MEMOOOM
K6A3UKOHCIMAHMHbBIX ONEpamopos. Y Cmanoeneno Hanuiue 3amMemHol 360I0YUL HANPAAICEHUN y KPOMKU OMEepCmus. 0adice npu NOCMOAHHOU
sHewinell nazpyske. Tlpouzsedena oyenka pocma KodIPhuyuenma KOHYEeHMpayuy HanpadCeHull co peMeHeM.
KuroueBbie c10Ba: aHW30TPOIHSI, MHOTOOIIEPATOPHAst 3a/1a4a, JINHEHHAS! BA3KOYIIPYroCTh, METO/] KOHEYHBIX JICMEHTOB.
Shiversky A.V.', Gorohov A. Yu.?
'Student; *PhD in Technical Science, associate professor, Perm National Research Polytechnic University
ABOUT THE SOLUTION OF SOME BOUNDARY PROBLEMS OF ANISOTROPIC OF VISCOELASTICITY
Abstract
There was produced the numerical solution of the problem of large linear-viscoelastic orthotropic plate with a hole with different types
of loading. Tasks are set in a multi-statement form. The decision was made by the approximate method of quasiconstant operators. There
was established existence of the appreciable evolution of the stresses at the edge of the hole, even at a constant external load. There was
produced assessment of growth of coefficient of concentration of tension over time.
Keywords: anisotropy, the task multi-statement, linear viscoelastic, finite element method.
HUccnenyroress GoJblIne JHHEHHO-BA3KOYNPYrHe OPTOTPONHBIC UIACTHHKH C OTBEPCTHEM MPH Pa3jIMYHBIX YCIOBHSX HArpPYKCHHSL.
PaccMarpuBaroTCsl CHEYIOIINE BapUaHThl HArpyxeHus: 1) BCECTOPOHHHE IMOCTOSHHBIC PACHPEICIEHHBIC PACTAMBAIOIINE YCHIHS, 2)
MOCTOSIHHOE BHYTPEHHE J[aBJICHHE 110 KPOMKE OoTBepcTHs. B kauecTBe Matepuana Oyner paccmorper crexioriactuk KACT-B, nmapamerpsr:

E1 = 2,6-10101'[a, E2 = 1,52-10101'[::1, Vv, = 0,2, G=0, 45.10" 1. CunTanoch, 4TO0 Marepuan o0JagaeT HECKOIbKHMH

HE3aBUCHMBIMU BS3KOYHNPYTHMMH XapaKTepUCTHKaMH. s pelleHus MHOTrOONEPAaTOPHBIX 3aJaud HCIONIb30BaH MPUOIIIKEHHBIN MeTox
KBa3MKOHCTAHTHBIX OIepaTopoB. Pelenne ynpyroil 3aauu B KaXiblii MOMEHT BPEMEHH IIPOU3BOJMIOCH METOZOM KOHEUHBIX IEMEHTOB C
nomomtsro makera ANSYS. MccnenoBana cXoQMMOCTb YHCIEHHOTO PEIIECHHUS.

B cuny cumMerpuu IOCTaBIICHHBIX 3ajad OyleM paccMaTpuBaTh TOJBKO YETBEPTH IUIACTMHKM. [IpM peIIeHUM MCIONIb30BaHbI
4eThIPEXY3/I0BbIE KOHEUHBIE DIIEMEHTBI C JIMHEHHOH anmnpokcuManuei. BOnusu KoHIeHTpaTopa ceTKa Cryanach.

IMocTaHoBKa 33241 B paMKaX TEOPUH YIIPYTOCTH:

VpaBHEHHS paBHOBECHSL:

90, + or,, —0 or, + 90, —0
ox 0y ox 0y
I'eomeTpuyeckue COOTHOIICHUS:
ou ou ou. ou
Fod :_x78 :_y’yxy:_x+_y

T ooox Y oy oy ox
dusnueckue coornomenus s [THC mnacTuHKT:
b= (0n-v0,). 2, = (0, ~v,0.). 7, ==t |
xx El ™ ]ny >y E2 ny 20 ) yxy G xy* (1
I'paHnuHbIE yCI0BHS OYyAYT UMETH CIISTYIOIHH BHI:
e  Ciydail BCECTOPOHHEIO paCTsHKEHUS IIACTUHBI

Oy = p(), Ty = 0, Gw‘y:iw = p(1), Ty _— =0.Ipu¢e=0)
(Gxxnx +1xyny) et 0, (z‘yx ‘n,+0o, -ny) Gyt 0.

e  Cmydail JaBieHUs IO KOHTYPY KPOMKH

O-xx x=to0 - 0 ’ Tx}/ x=1o0 - 0 ’ GW‘y:ioo - 0’ TXy y=%00 - 0 ’ (HpH = 0)

(axxnx +T N )

xy "y 2_p2 :p(t) (Tyx .nx +O-yy .nJ/)

¢ — YToJ MeXIy OCSIMH YPYTOCTH U ocsiMu XY

X

e = PO

Xz +)

PaCCManI/IBaeMBIe yrpyrue 3agadd UMEIOT aHAJIMTHICCKUE BBIPAXKCHUS UIST OKPYXXHOI'O HAIIPSHKCHUS 69 N HpI/IBeZ[éHHBIe B pa60Te [1]
B X0o4€ pCIICHUS IIpU YMCHBIUICHUU CETKU l'IpI/I6J'II/I)KéHHOG peUICHUE CTArMBACTCS K TOUYKaM C MAaKCHUMAJIbHbIMU HAIIPSDKCHUSIMU, B

o
JaHHOM cCJiyda€ 3TO TOYKHU IpHU yrjiax i90 . Beraucimm IOIrp€HIHOCTE B 3THUX TOYKax. HOI[ TNIOrp€HIHOCTBIO ITOHUMACTCSA MOLYJIb
OTHOLICHHS pa3HULIbL 3HAYCHHUH TOYHOT'O U YUCIICHHOT'O peH.IeHHﬁ K 3HAa4YCHUIO TOYHOI'O PECUICHUS.
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Tabauna.1 - JleMOHCTpalys CXOAMMOCTH (U151 Cllydasi BCECTOPOHHET'O PaCTsKEHHs)

IorpemHocTs B TOYKAaX MpH Yriaax MakcumaneHoe 3HaYECHHUE
YUCIIO pa3OueHui y +90° [%] MOTPELIHOCTH 110 BCEMY KOHTYPY. [%]
OTBEPCTHS -
30 8.7196 11.3568
80 1.4586 4.70455
120 1.3989 3.71749

I[J'lﬂ peuieHus ITOCTaBJICHHON 3a/1a4u BOCIIOJIB3YEMCd METOAOM KBA3MKOHCTAHTHBIX OIIEpaTOpPOB. Pemrenne BHSKOpryFOﬁ 3ala4uun
IOJIYy4YrM U3 PpCUICHUSA yl'[pyl"Oﬁ ITYTEM 3aMEHBI YIIPYTUX INOCTOSAHHBIX BA3KOYIIPYIMMU OII€pAaTOPaMU. Vnpyme XapaKTCpUCTUKH MaTepuajia

E] s E2 s G , V| 3aMEHSIOTCS Ha MHTErpajibHbIe ONepaTopsl. B aTom ciydae ¢usngeckue cootHomeHus (1) nmpumyTt BUI:
1 x 1 x 1
gxx— *(GXX—V]UW),EW—F(UW —VZGXX),}/W—ETW,
2

# Ed
* E V * * * *
2Y1
re VvV, = 7 ,a El s E2 , G , V| — MHTErpajbHbIC OIlepaTopbI:
1

~

ty

E f (1)

Il
St N O~ O~

(t=7)df (v),

E;f(t) REz (t—r)df(r),

2)

G f(t)=|R;(t—7)df (7),

V()= jR (t=2)df (<)

. - -1
3amaaum KIAIO CKOPOCTH CIBHT'OBOM peJIaKCallii B BHC ki A.P. Pranunaa 1 t)= Ae b e
YH Y p yH Eys

_ —pit 4o -1 _ —Pat Lo, -1 _ — Bt a1 _ —Pat g0t -1
U (1)=Ae ™ Ty ()= de ™1™ T, (t)=Ae ™™ T, (1)=Ae ™™ )
OKcIepuMEeHTalIbHBIE 3HAYEHUS TapaMeTpoB (GyHKImii ckopocreil penakcauuu it marepuana KACT-B onpenensttores n3 paborst [2]:

a,=0,1, B=0,001, 4=0,009: a,=0,1, B,=0,00166, 4,=0,0104; a,=0,1, B,=0,00166,
4,=0,0208; o, =0,1, B, =0,001, 4, =0,0197.

Onpeaemzm; T1I0Ka3aTeJIM KBa3UKOHCTAHTHOCTHU OIIEPaTOpPOB:

i, (1 r
uy :m%x : El( ) =0,0168; M, :m%x ,t E, (t) =0,0167;
l—J.l"El (7)dr l—J.l“E2 (r)dr
0 0
T, (t r
b, = a0 | 0a00. 4, =max i —0,0407:

l—J.l"E45 (7)dr " l—J.l“Vl (r)dr
0 0

IlokazaTenn KBa3MKOHCTAHTHOCTH OIepaTopoB MHOIoO MCHBIIC CAWHUIBI, II03TOMY OTH  OIE€paTOpPbl MOXXHO  CUHTATh
KBa3UMKOHCTAHTHBIMMU.

Crnenys MeToly KBa3MKOHCTAHTHBIX ONEPAaTOPOB, MBI UMEEM IPABO, C HEKOTOPOH MOrPENIHOCTHIO, CUNTATh PELICHHEM BA3KOYIPYroi
3aJja4d B JIAaHHBI MOMEHT BPEMEHHM PEIICHHE YNPYroH 3aJadd, B KOTOPOH yNpyrue mapameTpbl MaTepuasa ONpeessatoTcs 3HAUYeHUsIMHU
COOTBETCTBYIOIMX BS3KOYIPYTUX ONEPaTOPOB, JEHCTBYIOIMX Ha (DyHKLHUIO BHEIIHEH Harpy3Ku:

Ilpu narpyske B Buje GyHkuun Xesucailna p = h (Z‘ ) , IOJTydaeM:
t t
Eh(t)=R, (t)=E| 1= [T, ()dt |, Esh(t) =R, (t)=E,| 1- [T, (r)dz |,
0 0

*

Eh(t)= Ry, (1)= Ey| 1= [T (2)dz |.vin(t) = R, ()=, 1-[T, (r)ar |

R, (1), ()R, (1




O
ITpuBeném smropbl nepepacnpeeneHns BO BpEMEHH OKPY)KHBIX NPHUBENEHHBIX HAIPSKEHUH —2 Bosne KPOMKH KPYTJIOTO OTBEPCTHS,

Do

JUIST BHYTPEHHEI'O aBJICHUE 110 KPOMKE OTBEPCTUS, pUC. 1.

»-

Ansys t=0c
=0.001 ¢
t=Tac.
=3000c.

Sigma/P0

%)

W

4 90

180

270

Puc. 1 - DBonmronus HanpsHKEHUH Y KPOMKH KPYTJIOro OTBEPCTHS,
IIPY BHYTPEHHEM JIaBJIEHUE 110 KPOMKE OTBEPCTHS
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Puc. 2 - VI3meHeHne ko3¢ GUIMEeHTa KOHIEHTPAN HaPSDKSHUH

BO BPEMCHHU BO3JIE KPOMKH KPYIJIOrO OTBEPCTHSA IPU BHYTPEHHEM JAaBJICHHE 110 KPOMKE IIpU YIJIC 90

Ha puc 2 npencrasnes rpadguk n3MeHeHUs BO BpeMeHU K03 duineHTa KOHIEHTPAUU HAPSDKEHUH Y KPOMKH KPYIJIOro OTBEpPCTHS
Y INIACTHHKH C OTBEPCTHEM, 33 PACCMOTPEHHEIH IEPHOI BPEMEHH, KOHIEHTpALMS HATIpsuKeHmi ysemuuunach Ha /,3%0 .To ecth

MOKHO TOBOPHUTH O POCTE BO BPEMEHH KOHIEHTPAIMH HANPSUKEHUH B TAHHOM BA3KOYIIPYTOM CTEKJIOIUTACTHKE MPH BO3JAEHCTBHM HA HETO
MOCTOSHHONW BHENIHEH HAarpy3KH.

PaccMoTpeHO peleHHe KpaeBbIX 3alad TEOPUM YIPYrOCTH ULl aHM30TPOIHOIO MaTepuana. Tak e ObUIM IIOIy4eHbl SIIFOPBI
MIPUBEIEHHBIX OKPYKHBIX HAMPLHKEHUH [UIS IBYX BUJIOB HArPY)KEHMS M JIIs PA3JIMYHBIX CIIydaeB OTBEPCTHSI.

PemeHue mocTaBlIeHHBIX 3aa4 JMHEHHOH BA3KOYNPYTOCTH HAIVIAAHO IOATBEPXKAACT HPEAIONIOKEHHE 00 3BONIOLMH HANPHKEHHOrO
COCTOSIHUSI CUCTEMBI JIaXKe IIPU NOCTOSIHHOM BHELIHEM Harpy)KeHUH. BbUIM yCTaHOBJICHBI 3aKOHOMEPHOCTHM M3MEHEHHs Kod(duuueHToB
KOHIIEHTPALUK BO BPEMEHH, a TAKKE JAHA NX KOJIMYECTBEHHAS OLICHKA.
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XUMUNYECKHUE HAYKH / CHEMISTRY

Adanbkos A.H.', Konbmun B.B.%, Beymesa O.C.%, Bonogoxosa M.B.*
IACHI/IpaHT, 2)IOKTOp XUMHUYECKUX HAYK, JOLEHT, 3K::le[Isz[aT TEXHUUYECKUX HAYK, JOLEHT 4CTyL[eHT, Autaiickuil rocy1apcTBEHHbII
TexHuuecknid yansepentet uM. M. IonsyHosa
Paboma evinonnena 6 pamxax npoexma Ne261 « Pazpabomxka pecypcocbepezaiomux uHHOBAYUOHHBIX NOOX0008 K NOLYYEHUIO
NONUPDYHKYUOHATLHBIX MAMEPUANOBY 8 PAMKAX DA30601 HACMU 20CYOAPCMEEHHO20 3A0AHUS
HN3IrOTOBJEHUE KOMITIO3ULAOHHBIX IIVMIMTHBIX MATEPUAJIOB U3 OBOJIOYEK OBCA
AnHomauyusn

B cmamve paccmompena 803MONCHOCbL U320MOGNEHUS KOMNOSUYUOHHBIX NAUMHBIX MAMEPUAN08 HA OCHOBE OMXO0008 CENbCKO2O
xo3aticmea — 060104eK 08Ca.

KitioueBble cj10Ba: B3pbIBHON aBTOIMAPOIIN3, 000JI0UKA OBCA, IUIUTHBIE MaTepUaIIbL.

Afankov A.N.', Konshin V.V.%, Beusheva 0.S.”, Vododohova M.V ¢,
'Graduate, Doctor of Chemical Sciences, *Candidate of Technical Sciences, 4Student, Polzunov Altai State Technical University
MAKING THE COMPOSITE PLATE MATERIALS FROM THE SHELLS OF OAT
Abstract

The article discusses the possibility of manufacturing the composite plate materials based on agricultural waste - shells oats.

Keywords: explosive autohydrolysis, shell of oat, plate material

B mocnennee BpeMst panoHaIbHOE HCIIONB30BaHIE PECYPCOB IPHOOPETAaOT HOBOE 3HAYEHHE BBHY BO3MOXKHOCTH ITOJTYYSHHUS IIEHHBIX
MIPOAYKTOB W3 OTXOJOB PACTHTEIIFHOIO NMPOHCXOXIeHUs. ONHUM M3 TakWX IMPUMEPOB SIBISCTCS TEXHOJIOTHS ITOTYYSHHUS LIEJUTIOJIO3BI
THAPOTPOIHBIM CIIOCOOOM U3 0005104eK OBCa, NpeiokeHHas poccuiickumu yuénsimu UITXOT CO PAH (r. Buiick) [1].

OpHUM U3 BapHaHTOB (P (PEKTHBHON KOMIUIEKCHOH IepepadOTKU PacTUTENBHOTO CHIPHS SIBISIETCS METOJ B3pBIBHOTO aBTOTHIPOJIH3a,
CYIIHOCTH KOTOPOrO 3aKJIIOYaeTcsi B 00pabOTKe CHIPhSI MEperpeTbiM BOSHBIM HapoM C Iociexyrommeil nexommpeccuei [2]. Ilpu atom
00paboTKe MOT'YT IMOABEPraThCs Pa3iIMYHBIE OTXOABI W MOOOYHBIE MPOMYKTH AEpeBOOOPaOaTHIBAIONMIEH NPOMBIIUIEHHOCTH U CEIBCKOTro
xo3stiicTBa. TakuM 00pa3oM, B YaCTHOCTH, OBUIN ITOTY4IEHBI TIOPHCTHIE IUTUTHBIE MaTepUaiIbl HA OCHOBE KOPHI COCHBI U COJIOMBI IMIIEHHITHI [3-
4].

OpHUM U3 KPYIMHOTOHHAXKHBIX OTXOJIOB CEJIBCKOTO XO3SHCTBA PACTHTEIHLHOIO ITPOUCXOXKICHUS SIBISTIOTCS 000JIOUKH OBca. B cBsi3m ¢
9THM LEJBIO0 TPOBOIUMBIX MCCIIEIOBAHUH SBUJIOCH H3Y4EHHE BO3ZMOKHOCTH MOTYYEHHUSI KOMIO3MIMOHHBIX IUTUTHBIX MAaTEPHUAJIOB METOJOM
rOpsIYero MPECCOBaHUs N3 000I0YEK OBCa.

O6oouka oBca mozBeprajiack 00padoTKe 10 METOy B3PBIBHOI'O aBTOTHPOIIN3a, BPEMs BBIACPKKH B PEaKTOpe COCTaBILUIO 10 MUHYT.
B nmanpHelimeM monydeHHass M BBICYIIEHHAss Macca IOABEprajach TropsdeMy IIPecCOBaHHUIO (YCIOBHS IPECCOBaHUS: TeMepaTypa
npeccoBanus — 120 °C, mapinenue npeccoBarust 400 Kre/cM’, MPOIOIKHTENBHOCTD TPECCOBAHMS — 5 MUHYT). OCHOBHBIC XapaKTEPHCTHKH
IUTUTHBIX MaTepHaJIOB B 3aBUCHMOCTH OT JIABJICHUSI [1apa B peakTope MpeACTaBiIeHbl B Tadume 1.

Tabnuna 1 - Yenous 00paboTku 0007104eK 0BCA M CBOMCTBA IOTYYEHHBIX IUIMTHBIX MaTepPUAIIOB

JlaBnenune napa B peaktope, | CBOiCTBa MOJNy4EHHBIX IUINTHBIX MaTEPHAIIOB
MIla
ILmoTHOCTB, Kr/M° Boponornomenue, % Pa3byxanwue, %

1,01 960+20 HE BBIJIEPKAJIM UCIIBITAHUI HE BBIIEPXKAIU
UCITBITAHUI

1,22 1210+40 HE BBIJIEPKAJIM UCIIBITAHUI HE BBIJIEPXKAIU
UCITBITAHUI

1,52 1250440 5,75+0,2 10,0+0,2

1,82 1200420 4,4+0,2 10,0+0,2

2,03 1250+40 11,7+0,3 11,6+0,3

IIpenBapuTensHO YCTAHOBJIEHO, YTO MPOBOAUTL 00PabOTKy 000/I0YeK OBCa IPH JaBJIEHHH BojsHoro napa mexee 1,01 MIla u Gonee
2,03 MIla HeuenecooOpa3HO: IPU HU3KKX JABJICHHUAX HE MPOUCXOIUT PA3BOJIOKHEHUS MaTepHalla, IpU BbICOKHX JaBJICHHUAX YBEIUUHBAOTCA
SHEPro3aTparbl M IPOUCXOJUT TEPMOOKUCIHMTENBHAS JECTPYKIHA IOMy4eHHOro Martepuana. [lomydeHHbIe O MeETOLY B3PBIBHOTO
aBTOrMAPOIH3a O0OJOYKM OBCAa IPEACTABIUIM COOOH MacCy KOPMYHEBOro LBeTa (BCJIEACTBHE KOHJCHCALMM JIMTHUHHBIX BELIECTB Ha
MOBEPXHOCTH BOJIOKHA) PA3/IMYHOMN CTEIIEHU Pa3BOJIOKHEHHUS.

Kax crnemyer W3 npeicTaBleHHbIX JaHHBIX, 00pabOTKa NPHM HU3KUX JABJICHMSAX BOISHOIO Iapa HE IO3BOJISET IIONY4aTh IUIMTHbIE
MaTepuabl yIOBIETBOPUTENBFHOIO KauecTBa. Marepuansl He BBIIEPKUBAIN 3aMaYNBAHUE B BOJIE B TEYEHHE CYTOK. ¥ IOBIETBOPUTENBHBIMU
MOKA3aTeIIMU 110 BOJONOIVIOLIEHHIO M pa3OyXaHUIO 00JIaJaloT IUIMTHBIE MaTepuaibl, MOJydeHHblEe NMpPH 00paboTke 000NOYeK OBCa
MEPErPETHIM BOISHBIM IIapOM B MHTEpBae fasnenuit 1,52-2,03 MITa.
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Puc. 1 — IIpenensl NPOUYHOCTH IUIUTHBIX MAaTEPUAJIOB, IIOJIYYCHHBIX U3 000JI0YEeK OBCa

Ipenensl MPOYHOCTH IUIMTHBIX MAaTEpHANIOB, IPEACTABICHHbIC HA PUC.l, CBUIETENBCTBYIOT O TOM, YTO Haubolee ONTHMalbHbIM
JIaBJIeHHEM IIpU 00paboTke 000sI0ueK OBCa BOIIHBIM HapoM sBisierca 1,52 MIla. [TomydeHHble B JaHHBIX YCIOBUSX IUIMTHbIE MaTepHalIbl
obnananu MaKCHMAalbHBIMU IIPOYHOCTHBIMH Xapakrepuctukamu (Oomee 45 MIla). BeposTHO npu JaHHBIX YCIOBHUAX, IPOUCXOAUT
o0pa3zoBaHue HaUOOJIBIIEr0 KOINYECTBA PELYLUPYIOIIUX BEIIECTB, YUACTBYIOIIMX B IIPOLECCAX KOHACHCAIMH C JIMTHUHHBIMU CTPYKTYPaMHu.
CornacHo 1aHHBIM aBTOPOB [2-4] Mpolecc MOKHO BBIPa3UTh CIIEIYIOIIEH CXeMO:

[ \
[
H
+ O:C§C5H7(OH)5 \
L ?—OH
HsCO Hs;CO
O—H : O—p CsH7(OH)s

OOpa3syromuiics (eHOIOCHUPT BHINOIHSIET POJIb CBA3YIOLIETO IIPU I'OpsSYeM IPECCOBAHMHU IUIUTHBIX MAaTEPUAIIOB:

_?_ —?— —C— —C—
- —&— —— —c—
I I [ I
—C— HO—C— —C— —C—
H
\ — \
C\)—OH + H.0 C
H4CO OCH;  ?H.cO \
o‘H C5H7(OH)5 O‘H 3 O_H C5H7(OH)5 o_R R1

Ipu Gonee HU3KMX 3HAYEHUAX IABICHUS BOASHOIO Iapa 00pa3yeTcs HeJIOCTATOYHOE KOJIMYECTBa CBA3YIOLIEro, pH 0oJiee BBICOKUX —
MIPOUCXOUT JECTPYKIHUSI OCHOBHBIX KOMIIOHEHTOB PACTUTEIHEHOTO CHIPHSL.

Taxum oOpa3om, B pe3yabTaTe NPOBENEHHBIX HCCIEAOBAHUN ITOKa3aHa MPUHIMITHAIBHAS BO3MOXKHOCTD MONTYYESHUS] KOMITO3UIIMOHHBIX
IUIMTHBIX MaTE€pUaIoB U3 000JIOUEK OBCA.
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KEJE3OCEJEKTUBHBIE XAJIBKOI'EHUJIHBIE 3JIEKTPOIbI
AnHomauusn
Hccneoosana uyscmeumenshocms xanbkoceHuoxicenesnvix anekmpooog (FeS, FeSe, FeTe;) xk uonam ouceneza (II) u ocenesa (I10).
Onpedenensl yenosole kod(puyuenmol 21ekmpoousix Gyukyuti 6 ouanasone konyenwmpayuii om 10° 0o 107 monw/n. Paccuumans
KO uyuenmol cenekmusHoCmu YKA3aHHbIX JJ1eKMpoo08 K UOHAM Fe’*, F&** u Cu?*. Yemanosneno enusnue npucymemeus uornog meou (1)
6 COUBMEPUMBIX C OnpedensieMbiM UOHOM KOHYEHMPAYUAX HA NOKA3AHUS XATbKOLEHUOICENE3HBIX DNIEKMPOO08 6 PACEOpAx Colell dcenesd.
KiroueBble c/10Ba: XalnbKOreHUIbI XKeJIe3a; IOTEHIIMOMETPUS; HOHOCEIICKTUBHBIE DIIEKTPOJIBL.

Makarow A.G.!, Razdobreev D.A.%, Sagida M.O.}
!Candidate of Chemical Sciences, 2Candidate of Chemical Sciences, 3Postg,,rr.':ldu.':lte Student, Orenburg State University
IRON SELECTIVE CHALCOGENIDES ELECTRODES
Abstract

The sensitivity of chalcogenides electrodes (FeS,, FeSe, FeTe,) to ions of iron (II) and iron (IIl). Defined angular adjusted placement of
the electrode functions in the concentration range from 10° to 107 mol/l. Calculated selectivity coefficients of these electrodes to ions Fe*",
Fe** and Cu**. The effect of the presence of copper (II) ions on comparable with defined ion concentrations on the testimony chalcogenides
electrodes in solutions of salts of iron.

Keywords: chalcogenides of iron; potentiometry; ion-selective electrodes.

OmnpeneneHne KOHIEHTPAIMM JKejle3a — BaKHAs YacTh CTAaHJAPTHOTO aHaJM3a IHTHEBOM, CTOYHOM W IPUPOIHBIX Boh. Takke
HEOOXOJUMOCTD B IIOJOOHBIX MCCIIEIOBAHNSIX BO3HUKAET Ha MPENPUITHIX IIPH KOHTPOJIE COCTaBa TEXHOIOIMYECKUX PacTBOPOB.

Camble pacnpocTpaHEHHBIE METOABI — 3TO (OTOMETPHYECKHH; TUTPUMETPHIECKHH, JIIOMUHECIEHTHBIH, arOMHas CIEKTPOMETpPUS,
BOJIbTAMIIEPOMETPHS, Macc-CIIEKTPOMETpHsl U Tpouee. M3 mepedrcieHHbIX METOIUK TOJNBKO HEpBBIE BE HE TPEOYIOT JOPOrOCTOSIIEro
000pyI0BaHus, OCTAIbHBIE, OECCIIOPHO, PUEMIIEMBI, HO BBICOKasi CTOMMOCTD — UX OCHOBHOH HEJJOCTATOK.

Jliist Hanboree TyBCTBUTENBHBIX METOJIOB, U3 TIEPEUNCICHHBIX, HIKHHUHN IIpe/ies onpeiessieMbIx KoHneHTpanuii pasex 0,03-0,04 MF/L[MS.
OmnpeneneHust MEHBIINX KOHIIEHTPAU BO3MOXKHO C HCIIOJIb30BaHUEM HOHOCEIIEKTHBHBIX JIEKTPOJIOB.

B 90-x rogax 20 Beka Ha Teppuropun Poccuu ObLI 3aaTeHTOBAH )KeNIE30CEICKTUBHBIA IEKTPOA HA OCHOBE MOHOKPUCTAJLIA ITHPUTA
(FeS,), oroxxoxennoro npu temneparype 300-350°C [1]. DTuM ke KOIIIEKTUBOM, TOJJOM paHee, IPEIOKEH AIEKTPOJ, CEICKTHBHBIM K HOHAM
xenesa (I1I) ¢ MeMOpaHo#i 13 MeTaBaHajata xenesa FeV,04 [2]. B 060ux cilydasx quana3oH u3smepseMsix koHuentparuii Fe(IIT) or 107 1o
107 Mons/n. JIpyroii nekTpox /I onpeesneHus HoHos xenesa () B npucyrcTsun m3bbTka noHoB pryrH (1) n cepe6£)a (D) B BomHBIX
pactBopax [3], 3anaTeHTOBaHHbII HECKOJIBKO IT03Ke, NMEeT MHTEPBAJI OlpeesIeMbIX KOHIIEHTpaluii noHoB xede3a (I1I) 10 -10°° Mons/in.

Lens pabGoTsl cocTostia B MPOBEPKE BOZMOKHOCTH MCIIONB30BAaHMS XalbKOICHUIIOB jkene3a cocraBa FeS,, FeSe,, FeTe, (nmpupoxnsie
aHaJIOTH, COOTBETCTBEHHO, IUPUT, (eppocenuT, GpoOpepruT) Mpy CO3TaHUHU KENE30CEIEKTHBHOIO JIEKTPoaa ¢ Oolee HU3KUM IpelesioM
oOHapy>KeHHUsI.

OKCITEPUMEHTAJIBHAS YACTDH

YyscrBuTenBHOCTS K HOHY Fe?' onpenensiiy o rpaayupoBounsiM pacTBopam cymbdara xenesa (I). [J1st yCTAaHOBIGHHS MEKTPOIHOI
dyHKIE oTHOCHTENbHO HoHoB Fe® neronp3opamu pacreops! murpara xenesa (I1T). Tak Kak HCCIEIOBAHHS IPOBOXHIIH TIPH KOHIIEHTPALHSX
107 Monb/11 1 MeHee, M3MeHeHHeM K03((GHIHEHTa AKTHBHOCTH IIPEHeGPEray H HCIONB30BATH B PACIETAX KOHLEHTPALMIO ONPEIEIIIeMOro
HOHA.

J1J1s1 BEIYUCIIEHHST KOHCTAHT CEJIEKTUBHOCTH ITPUMEHSUTH METO]] OT/ICNBHBIX PAaCTBOPOB, I'/Ie B KAUeCTBE MEUIAIONIEr0 HOHA HCIOJIb30BAIIN
noH menu (II).

Hccnepyemple 251eKTPOIbI OTHOCSITCS K THITY HOHOCEJIEKTUBHBIX JIEKTPOIOB C KPHCTAUIMYECKUMHI MeMOpaHaMu.

B pabore mpHu W3roTOBIEHHM YYBCTBUTEIBHBIX 3JIEMEHTOB HCIIONB30BAM HPUPOAHBIN KPHCTAUI IUPUTA W CHHTE3HPOBAaHHBIE
JICENICHNT ¥ TUTEILTYpHT JKele3a. Bo Beex cirydasix MCIONIb30BIIH PEaKTUBBI KBATN(HUKAIMN HE MEHEe X. 4.

®deppocenut nonydann HarpeBanueMm (~500°C) cenena c cenenuaam xeinesa (FeSe) B xBapreBoil npoOupke B COOTHOUICHHH
1:1. FeSe u ¢pobeprur (FeTe,) momyuanu narpeBanuem (400-600°C) cTeXMOMETPUYECKHX KOJIHYECTB COOTBETCTBYIOIMIMX
HCXOJHBIX 3JIEMEHTOB.

[ToaroToBKy MOBEPXHOCTH 3JIEKTPOJIOB IIPOBOIMIIN OJJMHAKOBO JUIS BCeX n3Mepenuid. [leper cepueli OnbITOB OIMPOBAIM MEMOPaHBI Ha
nacre 'O, 3arem Ha MgO no 3epkanbHOro Oisecka. [lepemernnBaHue pacTBOPOB B siMEHKE OCYLIECTBISUIM C IOMOLIBIO MAarHUTHOH
Memanky. Temreparypa, Kak BayKHbIH IapaMeTp, BIUSIOMINI Ha HAKJIOH 2JIEKTPOIHON (YHKIMHU, 9eTKO (HKCHPOBAIach U YYUTHIBAIACH B
pacuerax.

3HaueHHs1 HOTEHIMAJIOB Ha BCeX rpadukax NPUBEAEHHI 110 [IKajie HOPMaJIbHOI'O BOIOPOIHOrO MIEKTPOAA. DIIEKTPOIOM CPaBHEHUS IIPH
HU3MEPEHMUSIX CITY)KIIT XJIOPHICEPEOPSIHBIN IEKTPOI.

OBCYXXJIEHUE PE3VJIbTATOB

[Ipn noHOCENEeKTUBHBIX H3MEPEHMSIX B pacTBopax cynbgara sxenesa (II) na mupuroBom (1), peppocenuroBom (2) u ppodepruroBom (3)
3IEKTPOaAXx ObLIH TOTyYeHb! 3aBrcuMocTH rotermmana (E) ot norapudma koruentpammit Fe?” (Ig(Cr,™)), MpeacTaBieHHble Ha PUCYHKE 2.

B narem cirydae HaKJIOH 3aBUCUMOCTH — OY€Hb Ba)KHAsI XapaKTEPUCTHKA IPOLIECcca, OTpakaromasi I3MEHEHHUsI MEXaHH3Ma U KOJTHIECTBO
YYacCTBYIOILMX 3apsDKEHHBIX 4acTHLl. TeMieparypy pacTBOpOB BO BpeMs dKCIIEpUMEHTa MojiepxkuBaiu B uurepsaie 297+0,5K. Venopusimu
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npueMiIeMocTH (GDYHKIMU Ul JaibHeineld paboTsl ¢ Hel ObUIM BHIOpaHBI HAJIMYME JIMHEWHOTO yJacTKa, OXBATBHIBAIOIIETO HE MeHee 5
2
HOpAIKOB KOHIEHTparuu 1o ocu 1g(C[Fe’']), u naknon ne menee 0,02.
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Puc. 2 — I'paduk 3aBucumoctu norenimana FeS, (1), FeSe, (2), FeTe, (3) anexrponoB ot norapudmMa KOHIIEHTPALMK BOJAHOTO PacTBOpa
cynbdara xenesa (1)

Ha mupuroBoM anekTpose rHelHast 001acTh JISXKUT B JHara30He KOHIIEHTPALUi OT 107 0 107> MonB/1 ¥ ONHMCHIBAETCS ypaBHeHUeM 1
(B mpuONIMXEHUN METOIa HANMEHBIINX KBaIPaTOB):

E =0,0481g(Cr.) + 0,775 (1)

Haxson pasen 0,048, uro npu Temrieparype H3MEpeHHs] COOTBETCTBYET YIAaCTHIO OHOM (TouHee 1,22) 3apsuKeHHOM YacTHIIbL.

VYpaBHenus 2 u 3 oTpakaroT 3aBUCUMOCTH, NostydeHHble Ha FeSe, u FeTe, anekrponax cooTBETCTBEHHO:

E =0,0541g(Cr.") + 0,604, 2)

E=0,021lg(Cr) + 0,619 (3)

WuTepsan nuHeiiHOl 3aBucHMocTH st deppocenuta or 107 1o 107 moms/n, a ams dpobepruta or 10° 10 107 Mons/1. B nepsom
cirydae yriioBoi kodQuimeHT pyHKIMN COOTBETCTBYET OIHOM, @ BO BTOPOM — MPAKTHYECKH TPEM 3apsDKCHHBIM YaCTHIIAM.

HawnGonee Giuskie kK HEpHCTOBCKOMY 3HaueHHWs] HakiIoHa nomydeHsl Ha FeSe, snekrpone. @ynkuuio FeS, anexrpoma Taxke MOXHO
CUUTATh MPUEMIIEMON JUIS ONIpeNeNIeHNs] KOHCTAHThl CEeJIEKTUBHOCTH M JajJbHeWInedl paboThl B JaHHBIX pacTBopax. 3aBucuMmocts FeTe,
JIEKTPO/IA HE YOBIETBOPSIET NPEIbSIBICHHBIM BBIILIE YCIOBHUSIM.

VMeHblleHHe KOHLEHTpaluy 10 107 Momb/1 NPUBOIUT K YMEHBLICHHMIO HAKIOHA 3aBHCHMOCTH NPAKTUYECKH HA OJMH HOPSIOK JUIS
MIEPBBIX JIBYX DJIEKTPOJOB, a B CIIydae JUTEIUIYPHDKENIE3HOTO JIEKTPoa U3MEHSETCs Jae 3HAK YIriIoBOro Kod(p¢uuueHTa QYyHKIMH, YTO
TOBOPUT O U3MEHEHUH MeXaHH3Ma dJIEKTPOJHOIO IpoLecca.

Omnpenenenne KOHCTaHTHI CEJIEKTUBHOCTH BBITIONHSIM METO/IOM OTENBHBIX PAacTBOpPOB. B kadecTBe Melmaroliero noHa BeIOpaHa Mellb
(ID). CriepBa m3MepsuTi MOTEHIMA JIEKTPOJAa B PacTBOpe ornpenessieMoro MoHa (E,) B OTCYTCTBHE MEIIAIONIEro, a 3aTeM B PacTBOPE
Memaromniero nona (Ep) B OTCYTCTBHE OIPENesieMOro, IpH UX OIMHAKOBOM KOHIEHTpAIWu. J{J1si IpOBEpKH yCIOBUSI IPHMEHUMOCTH HOHA
Cu®' B KauecTBe MEIIAONIEro, CTPOMIIH 3aBHCHMOCTH MOTEHIMANA OT JorapudMa KOHUeHTpariu noHos Meau (IT) Ha aucyTbUDKeIe3HOM
U TUCENICHHUDKEIe3HOM JIeKTponax rnpu temmeparype 297+0,5K (Pucynok 3).

CorylacHO TONy4eHHBIM JIAaHHBIM, 3HAUCHHMS MMOTSHIMAIOB Il 00OMX MOHOB ONMCBHIBAIOTCS ypaBHeHHeM HepHcra, cienoBaTelbHO,
KOHCTaHTY CEJIeKTUBHOCTH (K /5) PACCUNTHIBAIM U3 3aBUCUMOCTH 4:

_ _Ep-E4 z4
leKum = S50srtser (1 * zB) lgay @
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Puc. 3 — I'pacuk 3aBucumoctu norenimana FeS, (1), FeSe, (2) anexrponos ot norapudma KOHIEHTPALMK BOIHOTO pacTBOpa cyibpara
menu (II)
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3HayeHus K03(1)(1)I/II_II/IGHTOB CCJICKTUBHOCTH ISl pa3/IMIHbIX KOHL[eHTpaLU/Iﬁ JIMHEWHOT'O ydacTKa (byHKL[I/IH IIpUBCJCHLI B Ta6J'lI/II_Ie 1.

2+
Tabumua 1 — Paccunrannslie KOHCTaHTHI cenekTuBHOcTH FeS, n FeSe, anexTponoB no orHomeHuo K HoHy Fe

IgCp 2+ -7 -6 -5 -4 3 2
FeS, 3,710 3,110 3,3:107 2,2:10°% 6,2:10°
FeSe, 1,2:107 2,3-10° 1,710 5,010° 2,4107

UyBCTBUTENBHOCT HCCIEAYEMBIX SMEKTPONOB K HoHy Fe'™ usyuamn B pactBopax murpara senesa (IIT). 3aBHCHMOCTH [IOTEHIHATA OT
noraprmMa KOHLIEHTPALN Fe®* ma FeS, (1), FeSe, (2) u FeTe, (3) UIEKTPOZaX NPECTaBICHbI HA PUCYHKE 4.
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Puc. 4 — I'pacuk 3aBucumoctu norenimana FeS, (1), FeSe, (2), FeTe, (3) anexrponos ot norapudmMa KOHIIEHTPALMK BOJAHOTO PacTBOpa
Hurpara xenesa (1)

Jluneitnpie yaactku 3aBucumocteil E- 1g(Cg."), Kak U B IIpeIpIAyIieM cliydae, JieKaT B HHTepBase KoHueHTpanuii xxenesa (I1I) or 10
10 102 moms/n npu Temneparype 297+0,5 K. Cpasy MOXXHO HCKIIOYHTH M3 aHAIM3a (YyHKOWIO (pOOEpPrUTOBOIO DJIEKTponIa H3-3a
MaJICHbKOI'O HAKJIOHA U, KaK CIEJCTBUE, HEJOCTOBEPHO OONBILIOrO YUC/IA YYaCTBYIOIIMX YaCTHLL, YTO MAJIOBEPOSTHO. DIEeKTporHas (QyHKIHS
MTUPHUTOBOTO JIEKTPOA ONHCHIBACTCS YPAaBHEHHEM 5:

E =0,0981g(Cr.) + 1,039 (3)

VrnoBoit ko3 duLEeHT, B 3TOM cilydae, IPU TEMIIEPaType 3KCIEPUMEHTa COOTBETCTBYET YYAaCTHIO B 3JIEKTPOIHOM IIPOLECCE OAHOM
3apsDKEHHON YacTUIBI (IIPU OKPYIJICHWH NOoMydeHHoro 3HaueHus z; = 0,60 no nenbix). C ydeToM BBIIECKAa3aHHOIO JUIS PaCTBOPOB JKejle3a
(II), MOXHO OTMETUTh, YTO MOHBI Fe ' ompemensioTcs B KOHIEHTPALMAX HA MOPAIOK GOJNBIIMX, YeM HOHBI Fe’': Tak, ecnu B Touke C
KOOPJMHATOM 110 0CH a0cIuce -2 JIMHEHHOCTh 3aBUCUMOCTH, B IIEPBOM CIIy4ae, COXPaHAETCs, TO BO BTOPOM CIIydae 3TOr0 He MPOUCXOAHUT.

VpasHeHue 6 orpaxaet 3aBUcUMOCTb E- 1g(Cp,”), monyueHHyto Ha (heppoceIMTOBOM JIEKTPOLE:

E =0,0391g(Cg.") + 0,557 ()

3HaueHHe HaKJIOHa COOTBETCTBYeT ABYM (TouHee 1,51) ydacTByrommMm B Iporiecce 3apsDKeHHBIM dacTHiaMm. CrepyeT NMOT4epKHYTh
CYLIECTBEHHYIO Pa3HMILy MEXIY YIJIOBBIMH KO3((dHUIMEeHTaMU 3aBUCHMOCTEH Ha JIMCEICHHKENIE3HOM 3JIEKTPOJE, OOYCIOBIMBAIOLIYIO
pa3IMuyHOE KOJIMYECTBO YIACTBYIOIINX B AJISKTPOIHBIX Ipoeccax 3apspKeHHBIX YacTHI, B pacTBopax skenesa (II) u (I1I).

C npyroil CTOpOHBI, KaK W B INPEIbIAYyIIEM Cllydae, YMEHbBIICHHE KOHLEHTPAIMU ONPEIeIieMOro MOHa IPHBOJUT K YMEHBIICHUIO
HAKJIOHA JIMHEHHOM 3aBMCHMOCTH TOYTH HA OJXMH HOpsIok (10 3Hauenus 0,0048) B nmamasoHe kouuentpauuii or 10™° 10 10" moms/m.
Pe3ynpTathl onpeneneHust KOHCTaHTBI CENEKTHBHOCTH IIPEJICTABICHBI B TaOuIe 2.

3+
Tabuuua 2 — Paccuntannble KOHCTaHTHI cenektuBHocTH FeS, n FeSe, anexTponoB 1o orHomeHuro K Hony Fe

IgCp i+ -6 5 4 3 2
FeS, 8,110 5,210 8,010 1,510 7,510
FeSe, 5,910 4,7-10° 3,1:10° 2,210 42107

Mo cyru, uem MeHblIe KOIDPUIMEHT CEIEKTUBHOCTHU, TEM BbIIE N30MPaTEIbHOCTh JIEKTPOJIA K OlpeieseMbIM HoHaM. To ecTb, eciu
K03()(ULIMEHT CeNeKTUBHOCTH COCTaBISIET, HAIpUMep, 1-107, 10 onpenenseMslii MoH ¢uxcupyercs B 100 pa3 dyBCTBUTENIbHEE, 4eM
MEIIArOIHI HOH.

VHTEepecHO OTMETHTD, YTO B LIEJIOM 3aBUCHMOCTH [TOTEHIIMANA OT Jorapudma koHueHTpauuu noa Meau (II) aHanoruuHo 31eKTpoHbIM
DYHKIMAM T HOHOB JKesie3a JuHeiiHbl. TakuM 06pa3’oM, paCcCUNTaB KOHCTAHTBI CEIEKTHBHOCTH MCCIEIyeMBIX IEKTPOaOB K HoHy Cu’’
OIPE/IENINIIN, KaKOM M3 HMOHOB IPH MX COBMECTHOM NPHCYTCTBUH JOIDKEH UyBCTBOBATHCSA DIIEKTPOJIOM B TIEPBYIO 09EPEsh. B kauectse
MEIIAIOIMX HOHOB JIs ONpEe/IeHHs KOHCTAHThI CEJEKTHBHOCTH 3yekTpono kK Memu (II) 6bumn BoiGpans Fe' u Fe’'. Paccuurannbie
3HaUeHMST KO3 PHUIMEHTOB CEICKTUBHOCTH IPHBE/ICHEI B Tabuie 3.
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2
Tabumua 3 — Paccunrannblie KOHCTaHTHI cenektuBHOcTH FeS, n FeSe, anexTponos 1o orHomenuro K nony Cu *

lgCCu2+
DnexTpon -7 -6 -5 -4 -3 -2
Meraromnmmi
HNOH

FeS FeZ 2,7-107° 3,210 3,010 4,5107 1,6:10°
2 Fe* 1,2.10™ 2,810 2,7:10° 2,05 6,2:10°
FeS FeZ 8,610 44100 5,910 2,010 4,1-107
o€ Fe' 1,7-107 3,1-10™ 6,9-10"7 1,4107 1,I-10°

W3 TabnuI1 BBIIIE MOXKHO 3aMETHUTD, YTO KOA(PHUIIMEHTHI CeeKTHBHOCTH K Fe3+, Fe?* u Cu®' s

FeSe, otnuyarorcs Ha 1IecTh NOPSAAKOB

u Gosiee B TONB3Y MENH, 4TO OOBSCHSIET HEYCTOHYMBOCTH MOTEHIMATA HPH HU3MEPCHHUSX B PACTBOpPAaX IMPH COBMECTHOM IPHUCYTCTBHH
YKa3aHHBIX HOHOB B OJIMHAKOBBIX KOHIICHTPALIMSIX.

Paznnune xoHcrant cenektuBHocTH FeS, anekrpoma k memu (II) m xenesy (III) Ha HecKONbKO MOPSAKOB B IONB3Y Keiesa,
06 YCITOBIMBACT HECKOMBKO GOIBIIIYIO YyBCTBHTEILHOCTH JAHHOIO anmekTpoa k Fe'', uem k Cu®’.

TakuM 06Pa3’oM, COTTIACHO MONYYCHHBIM 3HAUCHHSAM KOHCTAHTHI CEIEKTHBHOCTH, HAHGOIee YyBCTBUTENBHBIM K HoHy Fe®' okasamcs
[TUPUTOBBIN AIIEKTPOJI, HECMOTPS Ha TO, YTO AIEKTPOAHAs HYHKIMS (eppOCeNUTOBOro 3IeKTpoa OrKe K HEPHCTOBCKOM.

IIpu usMepeHusix B pacTBopax Fe’' mydrume pe3ynbTaThl MOKasajl omATh xke FeS, o1eKTpos, N0 CPaBHEHHIO C JHCEJIEHH KENE3HbIM.
PacyeTHBIM IlyTeM YCTaHOBIIEHO, uto Biusaue nonos Mexu (II), B comsmepumbix ¢ Fe®* KoHLeHTpamsx, BHOCHT CpaBHUTEIIBHO HEGOIBLION
BKJIa/1 B U3MCHEHHUE TTOTCHIHANIA.

DpoOGepruToBbIi MEKTPO PAKTHIESCKU HE JaJl OTKIMKA HAa W3MEHEHHE KOHLICHTpaluu Kak noHoB jxene3a (II), Tak ¥ MOHOB xene3a
(1), gTO mEenmaeT ero HEMPUTOAHBIM YISl HOHOCEIEKTHBHBIX U3MEPEHUH B pacTBOpax CoJel jkernesa.
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PA3PABOTKA CITIOCOBOB NOJYYEHHUSA CYJb®ATHOI'O JUTHUHA MOAUPULTUPOBAHHOI'O
APOMATHYECKUMHU KUCJIOTAMUA
AnHomauyusn

Hccnedosana 603MOMCHOCHb  XUMUHECKOU MOOUPUKAYUU  CYTbPAMHO20 TUSHUHA aPOMAMUYECKUMY  AMUHOKUCIOMAMU 6 cpede
«MUOHUNXIOPUO - MORYoNy. Paccmompenvl kKunemuueckue 3aKOHOMEPHOCIU peaKyuu ayunupoBaHus u onpeoenenbl. mepmMoOUHamuyecKue
napamempul AKMUSUPOBAHHO20 KOMNIEKCA PeaKyuu ayuiuposanis u 0uas snepaus akmueayuu npoyeccad.

KuroueBble ci1oBa: nuenun, npoOykmel TUSHUHA, AYUIUPOBAHUE

Protopopov A.V.!, Klevtcova M. V.z, Voroshilova A.V.3, Bobrovskaya S.AS
!Candidate of Chemical Sciences, “Aspirant, *Bakalavr Altai State Technical university
DEVELOPMENT OF OBTAINING SULFATE LIGNIN MODIFIED AROMATIC ACIDS
Abstract

Studied the possibility chemical modification of sulfate lignin aromatic amino acids in the environment "thionyl chloride - Toluene." The
kinetics of the reaction of acylation and the thermodynamic parameters of the acylation reaction of the activated complex and the overall
activation energy.

Keywords: lignin, acilation .

JIUrHUMH SBIISICTCS OCTYITHBIM M BaKHBIM CHIPHEM ISl OPIaHMYECKOro CHHTE3a, CTOYHUK KOTOPOT'O IOCTOSIHHO BO30OHOBIISIETCS B
nporecce GpoTocuHTe3a. TeM He MeHee, BO3MOXKHOCTH €TI0 UCIOIB30BaHMs H3YYEHBI SIBHO HEIOCTATOYHO U OIPaHUYMBAIOTCS HECKOJIBKIMH
npumepamu. B Poccun, B pesynbrare nepepaboTKH IPEeBECHHBI, Ha JIOMIO JIMTHUHOBBIX OTXOIOB MpUXoauTcs Oonee 1,5 miH. ToHH/TOA. U3
9TOr0 KOJWYECTBA HCHOJNb3yercss nmpumepHo 20-25 %, riaBHBIM 00pa3oM Kak TOIUIMBO, M B KadecTBe ynoOpenmil. HesnauntensHoe
KOJIMYECTBO JIMTHHWHA IO/IBEPraeTcsi XUMUYECKOW IepepadoTKe, B YaCTHOCTH, JUIS TOJMyYeHHs] BAHWIMHA, HUTPOJIUTHUHA, B TIPOM3BOJICTBE
(eHon-popManbieruIHeIX cMoll. MccnenoBanue myreid ero MOAU(UKAIMY U MPUMEHEHHS SIBIISIOTCS aKTYaJbHBIMH JUISL. HCIIOJIb30BAHUS B
CTPOMTEINBCTBE, B IIPUTOTOBJICHHUH JIAKOKPACOYHBIX M3JIENHUIL, B IPOU3BOACTBE yIOOpEHHUI, COPOSHTOB Pa3IMYHBIX HAIIPABICHUM, U T.JI.

[IpoBeneHHbIe paHee ncciienoBaHMs [2] MoKa3aii BeCbMa 3HAUYUTENBHYIO PEAKIOHHYIO CIIOCOOHOCTH JIMTHHMHA, TPH alINPOBaHUI
apoOMaTHYeCKUMH aMHHOKHCIoTaMH B cpexe TpudpTopykcycHoil kuciotel (TOVYK). Opmnako wcnonb3oBanme TOVK npusomur x
MIOBBIIIIEHHBIM TPeOOBaHUsAM 0€30IIaCHOCTH IPHU CHHTE3€ W 3aTPyAHSETCS €€ BBICOKOM CTOMMOCTBIO. JInsl ympolieHHst mporecca
AIWIMPOBAHKS JIMTHUHA, HAMHU ObliIa PacCMOTPEHa BO3MOXKHOCTH €r0 B3aMMOJIEHCTBHS B JAPYTUX cpenax. B kadecTBe cpenpl ObUT BHIOpaH
TOJIyOJ1, KAK MHEPTHBIN B JaHHOH cUCTEMe pacTBOPUTEIb.
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JUis M3ydeHus KHHETHYECKHX 3aKOHOMEPHOCTEH MPOTEKaHUs PEakUWH MPOBOIMIICS PsJI CHHTE30B IPH PAa3HBIX TEMIEPaTypax ¢
BapbUPOBAHUEM BPEMEHH PEAKLIMH aHAJIOTMYHO MeTouke [3]. Huske npejicraBiieHa cxemMa peaKkLum:
0) OH 0 cl

1
\ tol. \
T SOk — o ha
R// 2> R//
11
X . X
n +  Lignin-(OH), ?

e N

ConeprkaHue CBSI3aHHOW apOMaTHYECKONH aMHHOKHCIOTHI OIPEAEISUTH METOJIOM MOTEHIIMOMETPUIECKOr0 THUTPOBAHMS, ONPENEIISUTH 10
METOJIMKE IpHBeeHHOH B padote [3]. Pe3yabraThl pacueToB npecrasieHs! B Tabmune 1-3.

X

Ta6nmua 1 — KonryecTBo npopearnpoBaBIIMX T'HAPOKCHIBHBIX TPYIIT B IUTHHUHE, arpmupoBanHoM nABK

Bpews Temmeparypa nposezerus cunresa (°C)
MPOBEICHUS
cuntesa (1) 25 35 45 55 65
2 0,44 0,55 0,66 0,73 1,05
3 0,83 1,24 1,39 2,03 2,12
4 0,88 1,35 2,61 2,88 2,76
5 2,49 2,89 2,93 3,15 3,18
Tabauna 2 — KonuecTBo npopearupoBaBIIKMX THIPOKCHUIBHBIX TPYII B JIMFHUHE, alMiInpoBaHHOM MABK
Bpewms
IPOBEJCHUS Temneparypa nposenerus cuaresa (°C)
cuHTe3a (4)
35 45 55 65
2 1,76 2,14 3,49 5,22
3 1,80 3,16 4,69 6,90
4 2,45 3,69 6,69 7,51
5 2,46 4,06 6,83 8,35
Tabauna 3 — KosmyecTBo npopearupoBaBIIMX THIPOKCHIIBHBIX TPYIIN B JIMTHUHE, aliinpoBanHoM 0ABK
Bpewms
MPOBEJICHUS Temneparypa nposenerus cuaresa (°C)
cuHTe3a (4)
35 45 55 65
2 0,53 2,07 3,37 3,61
3 1,43 2,22 3,76 4,14
4 2,22 2,68 3,84 4,49
5 2,53 3,85 4,56 4,87

IIpuBeneHHBIE NaHHBIE MOKAa3bIBAIOT, YTO C YBEIMYEHHEM TEMIIEPATYphl M IPOAOIKMTEIFHOCTH CHHTE3a BO3PAcTaeT KOIMYECTBO
CBSI3aHHBIX TUAPOKCHIBHBIX TPYNI B AalMIMPOBAHHOM JHTHMHE. KONMYecTBO CBA3aHHBIX TMIPOKCHIIBHBIX TPYHI HE MPEBBIIIAET
9KCIEPUMEHTAIIBHO YCTAHOBJIEHHOIO MakcUMalibHOro konudecrsa OH — rpynm B cynb(haTHOM JIMTHUHE. DTO CBUETENIBCTBYET O TOM, YTO
AIWIUPYIOTCS TOJIBKO annu(aTHISCKUe TPYIIbI JIUTHUHA.

B xoze mpoBeneHus aHanM3a Ha coAepxaHHWE ATU(aTHUECKHX M apOMAaTHYECKUX THMIPOKCHIBHBIX I'PYII, ObLIO YCTAHOBJIEHO, YTO
obl1ee KOJIMYECTBO THUIPOKCUIIBHBIX I'PYNI B Cyilb(paTHOM JUrHUHE paBHO 11,8, mpu 3roM nepBuusblx (anmudarudeckux) OH — rpynn B
cpefiHeM cocTaBisIeT 9,1, a apOMaTUYECKUX THIPOKCHIIBHBIX TPy — 2,7.

C npumenenueM ypasHenus EpodeeBa-Konmoroposa paccuntansl KOHCTaHTBI CKOPOCTH peakiuu auuiauposanus (tabmuua 4) [4]. ITo
YPaBHEHHIO OWpWHra IOCTPOEHA TEMIIEPATypHas 3aBUCHMOCTh JUIl PEAKIMHM ANWIMPOBAHUS W ONpEJETeHbl TEPMOANHAMHYECKHE
IapaMeTpbl Peakly aluInpoBaHus (Tabmuna 4)
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Ta6nHua 4 — 3HaycHUs TEPMOAVMHAMUYCCKUX U KNHETUYCCKHUX IMapaMETPOB PECAKIIMU allJIMPOBAHU JIMTHUHA apOMaTUIECKUMU

AMHHOKHCIIOTaMH

HanmenoBanue Koncranra CKOPOCTH peakuuy, | TepMmoauHaMuueckne napaMeTpbl
apOMaTHYECKON K-10%, ¢! AKTUBUPOBAHHOI'O KOMILIEKCA
aMHHOKHUCIIOTHI

AH, AS, AG,

k/Jx/Moib JIx/(monb-K) KJx/Moib

25 35 45 55 65

nABK 1,88 4,01 4,57 4,97 5,34 -38,7 —449,7 120,3
MABK - 8,13 8,34 13,07 22,91 -12,7 —366,0 1145
0ABK - 3,96 7,22 26,59 168,87 - 60,5 —-506,9 160,6

Ananu3 anunupoBanHoro quranHa meronoM VK — criekrpockonuu (pUCYHOK 1) Mokasal HaIM4YKe 110JI0C HOrIIomeHus B odimactu 3600-
3400 cm™' XapaKTepHBIX JUIS TIONOC MOIJIOMEHHS BaIEHTHBIX KomeGammii NH, u OH - Ipynm, HpH 3TOM JaHHBIE MOJIOCHI TOTIOMEHHS
cMemarTcs B 60j1ee BBICOKOYACTOTHYIO 00JIaCTh, OTHOCHTENLHO II0JIOC IOIJIOMIEHHs YHCTOrO JIMTHUHA, YTO TFOBOPUT O HPEoOnaJaHuu
aMMHOTPYIIT BBEIECHHBIX KHCIOT. [Tosoca morsomenns B obmact 1730 — 1750 M xapakTepHa /uis BaJeHTHBIX Konebaruii CO — rpymm B
CIIOJKHBIX 3(Upax, U MOATBEPXKIAeT 00pa3oBaHNE aMUHOOEH30aTOB JIMTHUHA C BBICOKHM COJICP)KAHHEM B CBS3aHHOM BHJE O- , M- WIHU N-
aMHUHOOEH30MHOMH KHCIIOTHI, IIPU 3TOM €€ MHTEHCHBHOCTb BO3pPAacTaeT IPH YBEIMYEHHH TEMIIEPAaTypbl M HPOJIOJDKUTEIBHOCTH CHHTE3A.
TpucyTcTBHE TIONOC MOTJIONIEH)s B 06macTsaX 1610 — 1450 cM™', OTBETCTBEHHBIX 32 KONEOAHHS apOMATHUECKOTO KOJIBIIA, 0GOCHOBBIBACTCS
MIPUCYTCTBUEM CTPYKTYPHBIX €IMHHI] JUTHUHA, YBETMUMBAIOT CBOKO HHTEHCUBHOCTD B CBSI3U C BBEJCHHEM apOMATUYECKON KHUCIIOTHI.
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Puc. 1 — UK-cnekrpsl cynbdarHoro smranHa (1), ampmposanaoro nABK (2), MABK (3), oABK (4).

B xozne mpoBeneHHBIX 3KCIEPHUMEHTOB IOKa3aHa BO3MOXKHOCTb IIONYHYEHHS XMMHYECKH MOAU(MHULIMPOBAHHBIX HPOIYKTOB JIMTHUHA,
collepKaluX B CBOEM COCTaBE CBS3aHHbIC apOMAaTHYECKHE aMUHOKHCIOTBHI C IPUMEHEHHeM auuiumpyromeil cmecn «AAK — Tomyon —
THOHWIXJIODU]», C YBEJIMYCHHEM TEMIEpaTypbl M HPOJOJDKUTEIBHOCTH CHHTE3a YBEJIMUYMBAETCS CTENEHb NMPEBPALCHHs B IMOIYYCHHBIX
MPOAYKTax peakiyy anunuposanus. Crenens npespamenus no nABK cocrasnser or 0,04 1o 0,27, mo oABK ot 0,15 1o 0,70, mo mABK or
0,004 no 0,38. Ananusupys IONYYEHHbIC IaHHbIE, MOXXHO PACIOJOXKUTh apOMAaTUYECKUE aMUHOKHCIOTHI B PsAl 10 BO3PACTaHUIO
peakuuonHoi ciocobnoctu: MABK — mABK — 0ABK.

Jlntepatypa

1. Ky3neuos b.H., Ky3nenosa C.A., Tapabansko B.E. HoBble MeTOzbI NONYy4eHUs] XUMUYECKHUX TIPOJAYKTOB U3 OHMOMACCHI JIEPEBbEB
cubupckux nopon// Poccuiickuii xumudeckuii xxypHai. 2004. T. 48. Ne3.

2. A.B. Ilporonomnos, S.B. ®ponosa, O.B. Pagkuna. AunwimpoBanue cyiab(aTHOrO JIMTHUHA O-aMHHOOSH30MHON KHCIOTOH //
INon3zynoBcknii BectHUK. — baprayn: M3n-so Ant I'TY, 2013, Ne 1.- C. 222-224

3. AB. IIporononos, B.B. KonpmmH, M.M. UYemepuc. M3yuyeHne KHHETHYECKHX 3aKOHOMEPHOCTEH pEaKIMH alMINPOBAHUSA
npesecunsl // [Ton3ynosckuil Bectauk. — bapHayi: M3n-so Ant I'TY, 2006, Ne 2 T.1.- C. 129-131.

References

1. Kuznetcov B.N., Kuznetcova S.A., Taraban'ko V.E. Novy'e metody' polucheniia himicheskikh produktov iz biomassy' derev'ev
sibirskikh porod// Rossii'skii’ himicheskii® zhurnal. 2004. T. 48. Ne3.

2. A.V. Protopopov, la.V. Frolova, O.V. Radkina. Atcilirovanie sul fatnogo lignina o-aminobenzoi'noi" kislotoi® // Polzunovskii
vestneyk. — Barnaul: Izd-vo Alt GTU, 2013, Ne 1.- S. 222-224

3. A.V. Protopopov, V.V. Kon'shin, M.M. Chemeris. Izuchenie kineticheskikh zakonomernostei" reaktcii atcilirovaniia drevesiny' //
Polzunovskii® vestneyk. — Barnaul: Izd-vo Alt GTU, 2006, Ne 2 T.1.- S. 129-131.

Xpawmos B. F0., Xpamosa T.B.2
3amecrurens mpekropa MOY Jluneii r. Mictpsl o 6e301macHOCTH, KaHAWIAT HeJarornueckKix HayK; quHTem) ucropun MOY Jluneit
r. McTpsr
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THE USE OF ACTIVE METHODS OF LEARNING THE LESSONS OF LIFE SAFETY
Abstract

Active learning methods have in comparison with traditional methods numerous features. When using active learning methods in the
course of life safety is necessary to allocate naimisharanya and simulation active learning methods, which determine, respectively, and view
classes.

Keywords: teaching Methods. Active learning methods. Naimisharanya teaching methods. Simulation teaching methods.

B Hacrosmiee Bpems pa3iMYHBIMH - ABTOPaMH JOCTATOYHO MHOTO MOATOTOBIEHO MHOr0OOpa3sHOW HAay4HO-TIPAKTUYECKOH U
METOIMYECKOH JIUTEPaTyphl PaCKpBIBAIONIECH TEXHOIOTHH, (POpMBI 1 MeTobI IipeniogaBanus kypca OBXK. Ilpuuem crpemiieHre HEKOTOPBIX
MIeIaroroB sIBJSIETCS HE aHalIM3 HCIHOJIB3yeMOro METOAMYECKOro MaTepualia WM pa3paboTka HOBOrO, a Ipocroe InepedpasupoBaHHe
JIOCTATOYHO W3BECTHBIX PadOT WIM MX KOMIWIIMA. Bwmecre ¢ Tem HEOOXOUMOCTh B MOHCKE U (HOPMUPOBAHHE METOIHIECKOTO
conpoBoxaeHus yaeOHukoB OBJK B CBsI3M ¢ IPHHATHEM HOBBIX CTaHIAPTOB SIBIISIETCS BayKHEHIIIEH 3a1aueil BCceX yqauTenei.

B nenarornueckoil Hayke MOHSTHS METOJ U METO/IMKA UMEIOT JOCTaTOYHO MHOTO Pa3HOOOpa3HBIX onpeneneHuil. Memoo obyuenus —
IyTh K 4eMy-JIM00, 0003HAYAIOIINI CIIOCO0 NEeSITENIFHOCTH yJUuTelIs W 00ydaeMoro, HalpaBJICHHBIH Ha JOCTIDKEHHE LEIH 3aHATHS VI
ypoka. MHOXECTBO onpezeieHni MeTona OOydeHHsT He H3MEHSIOT CYIIeCTBA JAHHOTO IOHSATHs, KOTOPOE XapaKTepu3yeTcsl OoOmuMHu
MPU3HAKaMH: COOTHECEHHOCTh B MeETOIaX OOYYEHHs JesATeNbHOCTH IperojaBaTellsi W 00ydaeMoro, CBsi3b C IeIsIMH OOydeHwUs,
Pe3yIbTaTUBHOCTD B IpUMeHeHNH. Kak 11000 CIIOXHBIA CHCTEMHBIH 00BEKT METO 00Y4eHUs] MHOTOYPOBHEBBIN.

B npenmere oCHOBBI 0€30MaCHOCTH KHU3HENESTEILHOCTH I10J] METOIOM O0YYEHHs IIOHUMAETCsl COBOKYITHOCT IIPHEMOB U CIIOCOOOB, C
MOMOIIBI0 KOTOPBIX OCYIIECTBIISICTCS Iepefada ¥ YCBOSHHE 3HaHHMH, (opmMHpoBaHHE yMEHMH M HABBIKOB, a TaKKe JOCTHUTAIOTCS
panuMoHaNbHbIE KOJUIEKTUBHBIC W UHIWBHUIyallbHbIE JIEHCTBUS B PA3IMYHBIX CUTyalusx. Kakaplii METOX COCTOMT W3 MHOXKECTBA IPUEMOB,
OpraHWYecKH CBS3aHHBIX MEXTy co00i. BmecTe ¢ TuM MeTox He cymMMa OT/ENBHBIX IPHEMOB, a eIMHAs CTPOIHAs CHCTeMa.

B y4eOHO-TIO3HABaTENBHON JESATEIFHOCTH, Hapsy C HCIIONL30BAHWEM TPAJAUIMOHHBIX METOIOB OOYYCHHMS IIHPOKO HMPUMEHSIOTCS
METOJIBI, KOTOpBIE 0 CBOEMY COIEP)KaHWIO M CII0CO0aM INPHMEHEHHS] HEBO3MOXKHBI 0€3 BBICOKOI'O YPOBHSI BHEIIHEH M BHYTpPEHHEU
aKTHBHOCTH ydJammxcs. Hexoropbie aBTOpPBI, BBIAEISI TaKMe METOABI B OCOOYIO TIpYIITy, Ha3bIBAaIOT MX aKTHBHBEIMH. Bmecte ¢  Tem
HEOOXOMMO OTMETHUTbH, YTO HE AKTHUBHBIX METONIOB OBITH He MOeT. JI00ol meaarornueckuii MeTon o0s3aH HECTH HOBBIE 3HAHUS WU
yMeHus1 o0ydaeMbIM. BOT 3l1ech M JIEKUT TJIaBHBIM BOIPOC NMPUMEHSIEMOI METOAWKH — €CIIM I MPUMEHEHUH TPaJULHOHHBIX METOIO0B
Melaror JOHOCHT HEOOXOAWMBIE 3HAHWS WM YMEHHS JI0 OOyJaromUXcsi, TO IPH HCHOJIB30BaHHU AKTUBHBIX METOJOB OOydaeMmble MX
JIOOBIBAIOT CAMOCTOSITENIFHO C IIOMOIIBIO IIe/1arora.

IToo axmuenvimu memooamu 00yueHus  OCHOGAM 0O€30NACHOCMU JICUSHEOCAMENbHOCMU  NOHUMAIOMCA CHOCOObL yUeOHO-
NO3HAGAMENbHOU 0eAMENbHOCIU NPEenooasamensi, NO360AIOUUE YUEHUKAM CAMOCHOAMENbHO U WHUYUAMUGHO RpUodpemamy
3HAHUA, DPA36UEAMb MEOPHECKoe MbleHue u Gopmuposams He0OX00UMble yMeHU, C6A3aHHbBIE C  0e30NACHOCHbIO
HCUBHEOCAMENILHOCINU 6 X00€ PeieHUA PA3TUYHbIX NPAKMUYECKUX 3A0aHUll 6 KOJL1eKmuge.

Axmugnule memoovt 06yuenus 061a0aom nO CPABHEHUIO ¢ MPAOUYUOHHBIMU CEOYIOWUMU OCOOEHHOCAMU:

- «IPUHYIUTEIBHONW» aKTHBHOCTBIO MBIIUICHHS, T.€. KaKAbIH 00ydaeMblii HENpPEephIBHO IMOOYKNAETCS K aKTHBHOH, TBOPYECKOMH
JIeSITEIIEHOCTH;

- BOBJICUCHHEM BCEX B aKTHBHOE OOy4EHHE, T.€. 3aNHTEPECOBAaHHOCTh YIEHHKOB B X0Ji¢ 00y4eHHs 32 Pe3ylbTaT;

- COIIOCTaBUMOCTBIO aKTHBHOCTH 00Y4aeMBbIX C aKTHBHOCTBIO YIHUTEILS;

- HAJIMYUEM ITPENIOCHIIOK IT03TAITHON OLEHKH AesATeIbHOCTH 00y4aeMbIX U IIOJTHOTHI YCBOGHHS MaTepuaa;

- IOBBIIICHHEM CTETICHH MOTHBAIMHU U SMOIMOHAIBHOCTH;

- CPaBHHMOCTH Pe3yJIbTaTOB M &ITOPUTMA Y4eOHOW IEesITebHOCTH C AEHCTBHAMH BO BpPEMsI pEabHBIX COOBITHIL.

- TOCTOSIHHBIM B3aMMOZIEHCTBUEM IIPEIoiaBaTelisi U 00ydaeMoro.

[pn ncnons3oBannu AMO B kypce OBX HeoOXomumo BEIIEISTH HEUMUTALMOHHBIE 1 MMMUTAIMOHHbIE aKTHUBHbIE METOJIbI
O0y4eHHUs, KOTOpBIE OIPENEISIOT COOTBETCTBEHHO M BHJ 3aHATHS: HEMMHUTAIMOHHOE WJIM MMUTALOHHOE. XapaKTepHOW dYepToi
HEMMUTAIIMOHHBIX METOJIOB SIBJISICTCS. OTCYTCTBHE MOJIEIHM HW3y4aeMOro Ipolecca WM JSSTEIbHOCTH. 3]IeCh TJIaBHBIM CTaHOBUTCS
MIPaBUIBHBINA O100P MPHEMOB ISl OCYIIECTBIICHHS LIEJIN 3aHATHS U aJeKBaTHOCTh OLEHKHU IperoaBarelieM 3HAaHUH U YMEHUH ydamuxcs.
AKTHBU3aLUsI 00YUeHHUS OCYIIECTBILIETCS Yepe3 YCTAHOBJICHHE IPSMBIX M 00pPaTHBIX CBS3EH MEXIy IpenoiaBareieM 1 00ydaeMbIMHL.

OTNMYUTENPHOH YEpTO HMHTAIMOHHBIX METOJOB SIBISIETCS HajlWM4due MOJenu (IpuMepa) H3ydaeMoro Iporecca (MMHTAIus
WHJIMBHAYaIbHOH WM KOJJIEKTUBHON JIeSITENIbHOCTH). VICIIONb30BaHUE 3THX METOIOB MO3BOJSIET MIPUOIM3UTH YIEOHBIH IPOIECC MO KypCy
0€30MaCHOCTH KU3HEESTEIBHOCTH, K SKCTPEMaJIbHBIM COOBITHSIM HCIIONB3YsI BCE NX MHOTrooOpasue.
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Abstract

The purpose was to study the effect of 10-day daily exposure of epididymal adipose tissue of mice to repetitive pulsed microwaves
(RPM) with a pulse repetition frequency of 8~25 Hz and peak power density of 70, 700, and 1500 W/em?’. The RPM effect was judged from
changes in adipocyte sizes.

Keywords: repetitive pulsed microwaves, adipocyte sizes.

The effect of electromagnetic radiation (EMR) on biological objects is defined in many respects by the degree of radiation penetration
into an object. The estimates of EMR energy absorption by Schwan [1] demonstrated that the absorbed radiation passes successively through
skin, hypodermic fat layer with a low water content, and deeper tissues with a high water content. Because the electrical properties of skin,
subcutaneous adipose tissue, and muscles differ greatly, the pattern of EMR penetration into a body is rather complex. The adipose tissue is
thus considered as a passive element which allows penetration of more or less energy into a body depending on the EMR frequency and
adipose tissue thickness. In particular, the EMR penetration depth for adipose tissue at a frequency of 10 GHz varies between 2 and 4 cm.
The so large, though relatively, radiation penetration depth ensures that the radiation can reach the tissues and organs beneath the adipose
tissue and affect their state. In the adipose tissue as such, up to 35% of the electromagnetic energy is thus absorbed and converted to heat [2].
Hence, it is not improbable that this tissue can also experience the action of EMR the result of which can be functionally important for the
whole organism.

Adipose tissue is a type of connective tissue which has a complex structure and vital functions [3]. Previously, it was thought that
adipose tissue cells (adipocytes) form merely passive tissue for energy storage as fat. However, recent studies show strong evidence that
adipocytes can act as endocrine and paracrine secretory cells. According to [3, 4], adipose tissue lies in the center of a network of autocrine,
paracrine, and endocrine signal systems which cooperate with neuroendocrine regulators. The paths of signal transduction in adipose tissue
are formed on a hierarchical principle and represent an important mechanism allowing an organism to adapt to various adverse conditions:
starvation, stress, infections, and large excess of energy delivered with food substrates [4, 5, 6]. Epididymal adipose tissue is one of the much
used model objects in studies of various properties of adipose tissue, because it makes up the largest portion (45 + 3%) of the total adipose
tissue of an abdominal cavity [7] and allows more accurate weighing due to easy extraction. The morphology of this fat depot is more
homogeneous than, e.g., inguinal fat which contains much brown adipose tissue. The superficial localization of epididymal fat, due to its
direct accessibility for irradiation and microwave energy absorption, provides a clear advantage in studying the response of adipose tissue to
RPM irradiation.

By now, there have been developed new repetitive pulsed microwave sources based on electron accelerators with a short (several to tens
of nanoseconds) pulse duration and high peak pulse power. This type of radiation is capable of producing a variety of biological effects in
different cells and tissues. In particular, repetitive pulsed microwaves can change the electrical conductivity of hepatocytes and hepatocyte
mitochondria [8], affect the level of reactive oxygen species (ROS) with subsequent oxidative modification of lipids and proteins [9], and
change the activity of mitochondrial antioxidant enzymes [10]. The irradiation influences the functional state of mitochondria; in particular,
some irradiation modes stimulate respiration against the background of reduced coupling of oxidation and phosphorylation and increased
expenditure of oxidation substrates [11]. If these processes are possible in adipocytes, they can cause enhanced utilization of fats with
respective volume changes in adipose tissue [12].

In the context of the foregoing, it was worthwhile to investigate the effect of nanosecond RPM on epididymal adipose tissue of mice.
The main indicator from which to judge the state of fat cells was chosen to be their linear dimensions. This choice was dictated by the
possibility of clear and easy observation of the changes occurring in the cells under the action of external factors [13, 14, 15] and by the
functional significance of this indicator. As shown earlier [15], the size of adipocytes is an important factor in the production and secretion of
adipokines. Moreover, the fat cell size redistribution is closely associated with a change in adipose tissue mass [25]. Reasoning from the
above, the objective of the present study was to examine the morphometric characteristics of adipose tissue irradiated by nanosecond RPM.

Materials and methods
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Laboratory animals. In the experiments, 108 inbred white male mice of line S57B1/6 weighing 25-30 g were used. The mice were
purchased from a nursery of the Institute of Pharmacology (Tomsk Scientific Center, SB RAMS). The animals were kept under standard
conditions at constant temperature and humidity with food and drinks available at any time; the light conditions were 12:12. The study was
conducted according to the ethical standards for laboratory animals and sanitary rules for facilities, equipment, and maintenance of
experimental biological clinics [16]. The animals were divided into two groups: a sham-irradiated group and an irradiated group, with 6
animals for each used irradiation mode.

RPM irradiation. In the study, the sham-irradiated group was subjected to the same manipulations as the irradiated group, except that
the microwave generator was off. The experimental animals were daily exposed to 4000 RPM pulses of duration 100 ns with a repetition
frequency of 8, 13, 16, 22, and 25 Hz for 10 days. The irradiation was realized at the same time (from 9 to 11 a.m). During the irradiation,
the mice were in plastic containers placed at an open waveguide end (of cross-section 10 x 33 mm) to ensure irradiation of their groin where
the bulk of epididymal adipose tissue was concentrated. The rest part of their body was covered with radio-absorbing materials to eliminate
possible irradiation of the whole body. The exposure time was varied from 3 to 9 min depending on the pulse repetition frequency. The RPM
source was a laboratory generator based on a MI-505 magnetron (Russia) with a carrier frequency of 10 GHz, pulse duration of 100 ns at half
power level, pulse repetition frequency of 825 Hz, and peak power density of 70, 700, and 1500 W/cm®. The peak power density was
estimated by the procedure described in detail elsewhere [17]. The intensity of exposure with 70, 700, and 1500 W/cm?® at 8-25 Hz was
chosen due to high biological effectiveness of radiation at these parameters, as evidenced earlier by the studies on wound healing [18],
mitochondrial respiration [11], and mitochondrial antioxidant enzyme activity [10].

Adipose tissue preparations. Euthanasia of the animals on completion of the full irradiation cycle was by cervical dislocation. For
morphometric studies, adipose tissue slices were fixed in 10% neutral buffered formalin (Biovitrum, Russia), dehydrated in IsoPrep
isopropyl alcohol solution (Biovitrum, Russia), and immersed in paraffin (Histomix, Russia) according to the procedure [14]. Sections of
thickness 5-7 um were prepared on a MZP-01 microtome (Technom, Russia), mounted on glass slides, and stained with hematoxylin and
eosin. The obtained slides were examined on a computer-compatible Biomed-3M transmitted light microscope (Russia). Images of the slices
were digitized for subsequent evaluation of adipocyte sizes. The digitized images with clearly defined cell boundaries were subjected to
morphometric processing with the ImageJ 1.46 computer program [19]. The sizes of adipocytes were estimated using the point counting
method [14, 20] which consisted in measuring the minimum and maximum diameters of cells and finding their half-sum. In total, 324 images
were analyzed (18 images per group of 6 mice). For each irradiation mode, the average diameter of 400 fat cells was determined.

Statistical analysis. The RPM effect on adipose tissue was evaluated from variations in the average diameter of adipocytes and their
size distribution. The obtained results were subjected to statistical processing in which the arithmetic average of an indicator and its standard
error were calculated. The statistical significance of the difference between the indicators of the irradiated and sham-irradiated animals was
determined by the Mann-Whitney U-test [21]. In all cases, the P values less than or equal to 0.05 were considered to be statistically
significant.

Experimental results

The experiments show that the daily exposure of adipose tissue to 4000 RPM pulses within 10 days affects both the average size of
adipocytes and their size distribution. The effect thus depends on the pulse repetition frequency and intensity of exposure.

Average adipocyte size after RPM irradiation. The irradiation causes the average size of adipocytes to change si%niﬁcantly compared
to the average size of sham-irradiated cells. The RPM exposure with a peak power density of 70 and 700 W/cm” at pulse repetition
frequencies of 13, 16, 22, and 25 Hz significantly decreased the average adipocyte size (Table 1). The irradiation of adipose tissue with a
peak power density of 1500 W/cm? at a pulse repetition frequency of 22 Hz also decreased the average adipocyte size, whereas that at 13 and
16 Hz increased this parameter (Table 1).

Thus, the change in the average cell diameter was due to the cell size redistribution with attendant increase or decrease in the percentage
of both larger and smaller cells (Fig. 1).

Table 1 - Average adipocyte diameter after RPM irradiation of adipose tissue.

Pulse Average adipocyte diameter, um

repetition RPM, W/cm®

frequency, Hz 70 700 1500
Sham 47.6+1.58 47.6£1.58 47.6£1.58
8 45.242.05 45.1£2.05 49+£1.59
13 42.6+1.05* 45.4+1.27 54+3.26*
16 42.£1.21% 42.£1.20% 52+1.61*%
22 42.9+1.46* 38.9+0.32* 41.2+1.89*
25 44.3+1.37* 44.3+1.36* 45.1£1.57
Note: the presented values are arithmetic mean values + error of mean; an asterisk stands for a statistically

significant difference, p < 0.05, compared to the data for the reference (sham) group.

to their diameter: A — sham-irradiated group — from 41 to 50 um; B — increase in the number of small cells — less than 41 um (after exposure
with a peak power density of 70 and 700 W/cm?); C — increase in the number of big cells — greater than 50 pm (after exposure with a peak
power density of 1500 W/cm?).

Adipocyte size distribution after RPM irradiation. The adipocytes of sham- irradiated animals featured the size ranging from 11 to
100 pm with a clearly defined average of 41-50 um, which agrees with the available data [22].

The adipocyte size distribution was found to be a more sensitive indicator of the RPM effect than the average cell size. In particular,
after irradiation at a frequency of 8 Hz with any peak power density used, a statistically significant difference was observed in the amount of
adipocytes of one or another size compared to that in the sham-irradiated group, which escaped detection in estimating the average cell size.
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The irradiation with a peak power density of 70 W/cm? at all pulse repetition frequencies caused an increase in the number of small cells and

a decrease in that of large cells (Fig. 2).
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Fig. 2 - Adipocyte size distributions for sham irradiation and irradiation with 70 W/cm? at 13 Hz. * — statistically significant difference,

p <0.05

A similar change in the cell size distribution was observed on RPM exposure at a peak power density of 700 W/cm? and pulse repetition
frequencies of 16 and 22 Hz. However, the irradiation at 8 Hz decreased the cell percentage with a size of 51-60 um, whereas that at 13 Hz
increased the percentage of cells of average size compared to their percentage in the sham-irradiated group (Fig. 3).

50

Adipocyte percentage, %o

700 W/cm?

11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 91-100

Adipocyte size, pm

mSham 0O13 pps

Fig. 3 - Adipocyte size distributions for sham irradiation and irradiation with 700 W/cm® at 13 Hz. * — statistically significant difference,

p <0.05

The irradiation at 1500 W/cm® caused the adipocyte size both to increase and to decrease compared to the cell size in the sham-
irradiated group. The irradiation of the mice at 8 Hz decreased the cell percentage with a size of 31-40 um and increased that with a size of
71-80 um. On irradiation at 13 Hz, the cell percentage with average size decreased and that with a size of 71-80 um increased (Fig. 4).
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Fig. 4 - Adipocyte size distributions for sham irradiation and irradiation with 1500 W/cm?” at 13 Hz. * — statistically significant

difference, p < 0.05

The irradiation at 16 Hz also caused a decrease in cell percentage with a size of 31-40 and 41-50 um and an increase in that with a size
of 61-70 and 71-80 um. In contrast, the irradiation at 22 Hz increased the cell percentage with smaller and average sizes. The irradiation at
25 Hz decreased the cell percentage with a size of 31-40 um and increased that with a size of 51-60 pum.

Discussion

The experimental results suggest that nanosecond RPM irradiation affects adipose tissue. The response of the tissue shows up as
variation in the average size of adipocytes and their size redistribution. On exposure to nanosecond RPM, the adipose tissue reveals five
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types of reactions: a shift of the adipocyte size distribution curve toward higher values (70%) and lower values (10%); an increase in cell
percentage with a size (average size) characteristic of sham cells (8%); a decrease in cell percentage with an average size (6%); and a
decrease in cell percentage with a size smaller than 40 um (6%). The character of the response depended on the peak power density. At a
peak power density of 70 and 700 W/cm?, the response was dominated by a shift of the cell distribution toward smaller sizes (70%). At 1500
W/em?, the cell size distribution shifted toward both increasing and decreasing sizes. By and large, the variation of the cell size in all
exposure modes fit in the variation of the average adipocyte size (Table 1).

The effects of microwave radiation can be both thermal and non-thermal [23]. For this reason, the obtained results were compared with
the research data on temperature effects in human fat cells [24]. On heating, adipose tissue cells decrease greatly in size and then die [25]. In
view that the response to RPM was dominated by the decrease in cell size, one could admit microwave-induced overheating of fat cells.
Therefore, the increase in fat tissue temperature on nanosecond repetitive pulsed irradiation was estimated. Let us consider the electric
intensity in a fat layer in air at a power density S = 1500 W/cm? = 1.5 - 10’ W/m? (in SI units) for complex relative permittivity at /= 10'" Hz
[1]. In this case, we have g = 4 and g, = 1. Compared to muscular tissue, the reflection coefficient for a normal plane incident wave
decreases from = 50% to = 10%. Because of the continuous tangential E field component, the electric intensity £ approximates the intensity
in air: E =27 - 5"~ 10° V/m. The incident microwaves decrease to 1/e =0.368 (i.e., 63% absorbed) with penetration depth D, which is
roughly estimated as:

1/2
Ag,

2re,

where A = c/f = 3 c¢m, c is the velocity of light in vacuum. It is significant that D, is much (about 8 times) larger than the penetration
depth for muscular tissue. In fact, a few millimeters of the entire fat layer may be considered as an optimum thickness to avoid
inhomogeneous field distribution. At the same time, deeper penetration means lower values of the specific absorbed rate (SAR) and specific
absorbed energy (SAE) per microwave pulse duration T

ol

SAR=——, SAE=1-SAR.

2p

Here 6 = 2msysyf is electrical conductivity (go = 8,8510"% F/m), p is density (= 800 kg/m’). The calculation gives the following
maximum specific absorbed rate and energy: SAR = 3 - 10° W/kg and SAE ~ 0.3 J/kg. So, the increase in temperature for the upper layer is no
more than 0.0002°. For a typical repetition frequency of 10 Hz, the average SAR (3 W/kg) hardly looks as thermal exposure. We suppose that
the intense microwaves produce an excess number of electrons, protons, and ions near the developed surface of mitochondrial membranes,
thus impairing some of the key activities. The specific size of mitochondria measures a few microns. The additional potential can reach
several hundreds of millivolt, which seems to be a critical level capable of breaking the normal energy status of membranes. It is conceivable
that nanosecond RPM initiates similar processes. As shown earlier, the RPM exposure changes the ROS level (superoxide anion and
hydrogen peroxide) in hepatocyte mitochondria and the antioxidant enzyme activity. There is evidence that dysfunction of mitochondria
affects the size and differentiation of adipocytes by changing the level of ROS which participate in modulation of the amount of white
adipose tissue and inhibition of lipogenesis, thus limiting the development of adipose tissue [26].

In addition, it was demonstrated that secretion of adipocytokines depends on adipocyte sizes [27]. Increasing the adipocyte size
increases the production and secretion of anti-inflammatory adipokines by adipocytes. This response of adipose tissue to nanosecond RPM
can provide an appropriate change in the body state.

Conclusion

Thus, results of our study suggest that nanosecond RPM irradiation affects adipose tissue. The response of the tissue shows up as
variation in the average size of adipocytes and their size redistribution. Undoubtedly, studying the reactions of adipose cells to nanosecond
repetitive pulsed microwaves is important for understanding the general principles and mechanisms of the RPM effects. The obtained results
can be of practical significance in terms of hygienic standardization of nanosecond repetitive pulsed microwave radiation and its use in
correction of redundant adipose tissue.

D =~

., ~lcm,
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MATEPHAJIBI K ®JIOPE OOINT «<HAJEXIUHCKASA JIECOCTEIIb» (CAMAPCKAS OBJIACTD)
AnHomauyusn

B cmamve npusoosimcs ceedenus no ananuzy @aopsl 0ocobo oxpausemoil npupoonou meppumopuu «Haoesxcouncrkas necocmensvy
pacnonodcennoii 8 Kowkunckom patione Camapcekoii obracmu.

Kurouesble ciioBa: ananus ¢iopsl, 0co60 oxpaHsiemas mpupoHas Teppuropus, Hapexxnunckas necocrens, Camapckast 0071acThb.

Ohotnikova V.A.
Student, Samara State Academy of Social Sciences and Humanities
MATERIALS TO THE FLORA PROTECTED AREAS «NADEZHDINSKAYA FOREST-STEPPE» (SAMARA REGION)
Abstract

The article provides information on the analysis of the flora specially protected natural territory «Nadezhdinskaya forest-steppe»
located in Koshkinsky district Samara region.

Keywords: analysis of the flora, specially protected natural territory, Nadezhdinskaya forest-steppe, Samara region.

OnHoOll M3 TeM Hay4yHO-HCCIEAOBATENbCKON paboTel Kadenpsl OoTaHMKH, OOIEH OWMONOrHMH, 3KOIOrMM M OHOIKOIOrMYECKOro
obpazoBanust [II'CTA sBisteTcst (uiopucTHYECKUi MOHUTOPUHT TaMATHUKOB Tpupoasl Camapekoii obnacru [1, 2, 3, 4, 5].

Lens Hamreidt pa®oTbl — mpoBecTH (HIOPUCTHIECKMH MOHHTOPUHT [6] M ONpPEAENIHTh COBPEMEHHOE COCTOSHHE 0C000 OXpaHsIeMOH
npupofHoi Tepputopun «HanexxnuHckas necocrenb». OTOT NAMATHUK MNPHUPOIBI, Iuomanbio 188,10 ra, yTBepxkIeH pelIeHHEM
UCIIONHUTENBHOTO KomuTeTa KylOpimesckoro odnactioro Copera HapoaHbIX AermyraTos oT 03.11.1987 r. [7]. Pacnonoxen B 3 KM ceBepHee
¢. Hapexxnuuo Komkuackoro paiiona Camapcekoii oonactu. ['eorpaduuaeckne xoopauHater: N 54°8 13 E 50°22 31" Bricora Hax YPOBHEM
Mops 88 M [8]. Oxpansiemast TEpPUTOPUS IPEACTABISIET COO0M MPUPOAHBIN KOMIUIEKC, B KOTOPBIi BXoxsT oBparu [lonutoB u byneHoBckuil.
Bo3BBbIIICHHBIE YYACTKU COCTOAT M3 THIMYHOH CEBEPHOH JIYrOBOM JIECOCTENM HA TYYHBIX UEPHO3EMaxX M IPEJCTABICHBI Pa3HOTPABHO-
KOBBUIBHO-TUITYaKOBBIMHU cOOOIIECTBaMH. B pacragxax Mex/y XoaMaMH U 110 JHHUIIAM OBParoB paclpoCTPaHEeHbl Pa3HOTPABHO-311AKOBBIE U
OCTPOOCOKOBBIE JIyI'd, BCTPEUAIOTCS OJIbXOBbIE KOJIKH.

IpoBeneHHsle HccaenoBaHus (IIOpPHI MOKA3alW, YTO HAa TEPPUTOPUU NaMITHUKA NpouspacraeT 249 BHIOB BBICIIMX COCYAHCTBIX
pacTeHuii, koTopble oTHOcsATCA K 3 ornenam, 49 cemeiictBam u 168 pomam (tabn. 1). [ orpanuueHHON Teppuropun (HIOpUCTHYECKOe
pasHooOpasue noBoibHO 3HaunTenbHO. Otnen Equisetophyta nipencrasnen Equisetum arvense, Polypodiophyta — Dryopteris filix-mas n
Pteridium aquilinum. Tlo uucny BunoB nomunupyer Magnoliophyta. Knacc Magnoliopsida npencrasien 217 Bunamu ¢uopst (87,15%),
kinacc Liliopsida — 29 (11,65%).

Tabumua 1 - TakcoHomuueckoe pasnoodpasue puopsl OOIT «HamexauHcKas 1eCOCTEnb

Cucremarndeckas rpyrma ducno ITpouert or omero
Ponos CewmelicTB Bunos 4yucia BUJIOB

FEquisetophyta 1 1 1 0,4

Polypodiophyta 2 2 2 0,8

Magnoliophyta, B Tom uucie: 165 46 246 98,8

Magnoliopsida 146 39 217 87,15

Liliopsida 19 7 29 11,65

Bcero: 168 49 249 100

B necsaTky Bemymmx cemeilcTB (uiopsl BXomst: Asteraceae — 48 BunoB, Rosaceae — 19 Bunos, Fabaceae n Poaceae mo 16 BuioB,
Lamiaceae, Caryophyllaceae w Scrophulariaceae o 14 Bunos, Ranunculaceae — 10, Apiaceae — 9 v Rubiaceae — 8§ (Tabn. 2). B cymme x
HUM OTHocsiTcs 154 Buna pactenuid, uto cocrasisteT 61,8% ot ux obmero uucna. OcranbHble 39 ceMelcTB npecTaBiieHsl oT 1 10 7 BUIOB,
YTO CBHIETENBCTBYET CUCTEMAaTHIECKOH I'eTepOreHHOCTH (PIIOPHI U3ydaeMoro o0beKTa.

Tabnmua 2 - Begymme cemericta ¢utopst OOIT «HamexauHCKas JIECOCTEb)

Ne CewmelicTBa Yucno ponos Yucno BUIOB
1 Asteraceae 28 48
2 Rosaceae 15 19
3 Fabaceae 11 16
4 Poaceae 11 16
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5 Lamiaceae 11 14
6 Caryophyllaceae 9 14
7 Scrophulariaceae 7 14
8 Ranunculaceae 8 10
9 Apiaceae 7 9
10 Rubiaceae 1 8

AHanu3 ¢IIopsl 10 OCHOBHBIM KPHUTEPHSAM IOKa3all, YTo, B OMOJIOrMYECKOM CIIEKTpe >KH3HEHHbIX (opM 1o PayHxuepy nmpeobianaror
kpunrodputst (101 Bux; 41%) u remuxpuntodurst (70 Bunamu; 28%). @anepodurst npencrasiens! 27 Bunamu (11%), xamedurst — 8 (3%)
u Tepoutsl — 43 Bunamu pacrenuii (17%). ITo sxonorndeckum rpymnnaM JOMHUHUPYIOT Me3odutsl 127 (51%) Bunos. OnHako kcepoduTh
(56 BunOB; 23%) 1 nmpomexyrounsle — Kcepome3odputsl (35; 15%) u me3okcepoduts (23; 9%), Taxke HTparoT BO (IIope 3HAUUTEIHHYIO
ponb. JlaHHBIE LIEHOTHYECKOrO aHalM3a IIOKa3bIBAIOT: HamOoJee MHOTOYMCIEHHBI MPEJCTABUTEIM JIECOCTEIHOrO ()UTOLEHOTHUIIA,
cocraisrome 74 Buma (29,7%). CyOnoMUHUPYIOIMMY SBISIOTCS JiecHO# (43 Buna; 17,3%) u crenHoii (42 Buna; 17%) GUTOLEHOTHITHL.
Takoe coOTHOIIEHHE Npu aHau3e (GIopbl H3ydaeMoro 00bEKTa CTPOro COOTBETCTBYET 30HAJIBHBIM YCIIOBHSAM JIECOCTEITHON 30HBI.

B pesynbrare NpoBeICHHBIX HCCIENOBaHMI HaMH OBbLIO BBIABICHO, YTO CPEIM XO3SHCTBEHHO-TOJE3HBIX TPYHIl JOMHHHUPYIOT
nexapcrBeHHble pactenus (113 BunoB). bompmast pons npunamiexut MegoHocHBIM (111 BHIoOB), KopMOBBIM (77 BHIOB) M IEKOPAaTUBHBIM
(60 BuzoB). OcranbHble IPYIIIBI IPEJICTABICHB MEHBIIMM KOJIUYECTBOM BHJIOB.

Ilpy m3ydenun ¢opbl NMaMATHUKA HPUPOIbI BbIsBIEeHO 11 penkux Bunos: Adonis vernalis, Adonis wolgensis, Pulsatilla patens,
Euphorbia uralensis, Campanula wolgensis, Galatella angustissima, Fritillaria ruthenica, Tulipa biebersteiniana, Iris pumila, Stipa pennata
u Stipa pulcherrima, oxpansiembix Ha ypoBHe Kpacusix xaur [9, 10].

Ha ocHoBe npoBeneHHOro (NIOPUCTHYECKOrO0 MOHHTOPHUHIA MOXHO CHIEJaTh BBIBOJ O TOM, YTO coBpeMeHHoe cocTostHue OOIIT
«HanexxauHcKas 1ecoCTelb) MOKa HaXOAUTCS B CTAOMIIBHOCTH, T.K. OTJIMYAETCS BBICOKOH CTENEHbIO COXPAHHOCTH PACTHTENBHOIO IIOKPOBa
1 (hrropucTHYECKOi HACBIILIEHHOCTBIO.

X03sHiCTBEHHOE MCIIOJIB30BAHUE TEPPUTOPUH 3aKIIFOYAETCS B pacralike e€ rpaHull, CEHOKOcax U pekpeauuy. HanpspkeHHOCTD JeicTBys
aHTPOINOreHHOro (hakTopa MOKAa HE BBIXOAUT 3a INPEAENbl, BbI3bIBAIOIIME JETPAJalMI0 PAaCTHTEIBHOIO MOKPOBA M PE3KOr0 CHIIKCHUS
¢buropasHooOpazus.

Hamu cdopmynupoBaHbl HEKOTOpbIE PEKOMEHIALUU IO MEPCHEKTHBHOMY HCIOJIb30BaHUIO JIAHHOW TEPPUTOPHU B 0Opa30BATEIIBHBIX
LeIAX C ydeToM OJIM30CTH K HACEeNICHHBIM ITYHKTaM: — pa3pa0oTKa TeMaTHKH M3y4eHHUs NaMATHHKA MPHPOIbI B paMKax OOTaHHYECKOro
kpaeseznenust Camapckoit obstactu [11]; — opraHu3aims Hay4HO-UCCIIEA0BATEIBCKOM PabOThI CO CTYCHTaMU U LIKOJIBHUKAMH, B TOM 4UCIIE
9KCIEANLUH paMKax reo0OTaHUUECKOH HaydHOH 1IKoibl [T0BOMKCKOI rocy1apcTBEHHOM COLMalIbHO-I'YMaHUTapHO! akagemum» [12, 13]; —
IpOBeJeHHE Y4eOHBIX 3KCKYPCHI CO CTYICHTaMU M IIKOJIbHUKAMHU [14]; — pa3paboTka 3KO0I0ro-TypHCTHUECKUX MapIIPYTOB; — OpraHU3aLis
U IIPOBEJICHHE OMOPKOIOrMYEeCKUX MEPOIPUATUI C HACEICHUEM.
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PEOJMHAMUYECKHUM ®AKTOP APTEPAAJIBHOI'O JABJIEHMSI KPOBU U BOSHUKHOBEHM S 3BYKOB
KOPOTKOBA
AnHomauyusn

TIpumenumenvHo K UCCIe008aHUI0 NPOYECCO8 NEPEHOCA 8 MHCUBLIX CUCEMAX CIPOUMCS MOOeNb 63AUMOOEiCIEUs HEeUHEUHO-633K020
HOMOKA KPOGU C JOKATbHO - HEPABHOBECHOU DNACMUYHON CMEHKOU KPOBEHOCHO20 cOCY0d 8 YCIOBUAX €20 OUHAMUYECKOU HAspy3Ku.
Buisienenvt  peoounamuueckue 3aKOHOMEPHOCMU YCMAHABIUBAIOWUE GAUAHUE HETUHENHO-6A3KUX CGOUCME KPOBU, OUHAMUYECKOU
AHU30MPONUU 8 COCYOUCMOU CMeEHKe, ee DelaKCAYUOHHbIX CE0UCME HA HANOPHO-PACXOOHble XapaKmepucmuky meuenus. Bevidensiomces
2eomMempuyecKue u QusuyecKue napamempubl no360A0UWUe YIPAGIANMb PeOOUHAMUYECKUMY XAPAKMEPUCTIUKAMY INACTIUYHOU CIMEHKU U
HOMOKOM KpO8U.  Ycmanosnena poib S1acmutiHOCMy CIMeHKU KPOBEHOCHO20 cOCY0d 8 803HUKHOseHUY 36yKos Kopomkosa. Obcyacoaemcs
MexaHuzM BO3HUKHOGeHUs 36yKoe Kopomkoea, Komopwvle npossenalomcs u3-3a HepasHO8eCHO20 Xapakmepa YCMAHOGLeHUs CKOPOCu
pacnpocmpanenus nyIbCoBOU BONHbL 0A6NIeHUs 8 KPOBEHOCHOM cocyoe (U3-3a DenaKcayuy HAnpAICeHHO20 COCMOAHUA 6 DAACHUYHOU
cmenKe) npu nPOMeKAHUU HeCHCUMAEMOU HCUOKOCIIUL.

Kirouesble c10Ba: peonorus KpoBu, aprepHalibHOE JaBlICHNUE, 3I1acTHYHAst TpyOKa, colmpoTuBieHue, 3Byku Koporkosa.

Popov V.I.
Doctor of technical Sciences, Institute of Thermophysics them. S. S. Kutateladze, SB RAS, Novosibirsk.

READNAMETEST.I FACTOR OF ARTERIAL BLOOD PRESSURE AND THE OCCURRENCE OF KOROTKOYV SOUNDS

Abstract

With regard to the study of transport processes in living systems a model of the interaction of nonlinear-viscous flow of blood with
locally non-equilibrium elastic wall of a blood vessel in his dynamic loads. Identified redynamics laws establishing the influence of
nonlinear-viscous properties of blood, the dynamic anisotropy in the vascular wall, its relaxation properties on pressure-flow rate
characteristics of the flow. Highlights of geometrical and physical parameters allow you to control redynamisee characteristics of the elastic
wall and the blood flow. The role of the elasticity of the walls of the blood vessel in the emergence of Korotkov sounds. Discusses the
mechanism of Korotkov sounds that occur due to the nonequilibrium nature of the establishment of the velocity of propagation of pulse wave
pressure in the blood vessel (due to relaxation of the stress in an elastic wall) during the flow of an incompressible fluid.

Keywords: blood rheology, blood pressure, elastic tube, resistance, Korotkov sounds.

BBenenme. B pannunx paborax [1] momoOHBIE — HCCIENOBaHMS NPOBOAWIINCH NPSMBIM IEPEHOCOM KIIACCHUECKHX Mozeiel
THIPOANHAMUKH ITYJIbCHPYIOIIETO TEYSHHUSI HBIOTOHOBCKHX JKHIKOCTEH B )KECTKUX TPyOax.

ITpobiemMa AMHAMUKK CTEHOK KPOBEHOCHBIX COCYIOB IPH B3aMMOJICHCTBUH C JIMHEHHO-BS3KON (HbIOTOHOBCKOM) JKMIKOCTBIO B pasHOE
BpeMs pelaiach ¢ MO3ULUU TEOPUH OAHOPOIHOIO 10 TONIIUHE JIMHEHHOYIPYTroro U BA3KOYIPYTOoro MaTepuaa CTCHKH.

B paborax [2,3,4-6] st onmcaHUsT TEYESHUs JKUIKOCTH HCIIOIH30BAJIMCh JIMHEAapu3oBaHHble ypaBHeHHs Haebe - CTokca, a Juis
CTEHKU TPYOKH — OJJHOMEPHbIE YPaBHEHMS TE€OPHHM YIpyroctu. B mccnenoBanuu [7] npemsiokeHa IMHaMHUYECKast MOJIEIb HEOAHOPOIHOM,
YeTHIPEXCIOHHOH 000JI0YKH KPOBEHOCHOI'O cocyna Ae(OpMUPYEMOro IPOTEKAOIIeH B HEM HBIOTOHOBCKOH >KHIKOCTH. M3yuas TeueHue
HBIOTOHOBCKOH JKMIKOCTH B TOHKOCTEHHOW OpPTOTPOINHON ynpyroi TpyOke, aBTopsl [5,8,9, 10] omnpenenunu cymecTBOBaHHE MPOAOIBHON
(cnBUroBO) M HONEPEYHON BOJHBI AABJICHUS, @ TAKXKE BBIABUIIH, YTO IOJIHOE CONPOTHBICHHUE B YIIPYrol TpyOKe MEHbIIE, YeM B JKECTKOH.
B nanbHelimem nosiBUIIKCH pabOThI, B KOTOPBIX YUUTHIBAIN Peoorndeckue ceoicrsa kposu [11,12,13].

Hecmotps Ha Bo3pacraromuii MHTEpec K IpobiieMe PEeofMHAMUKHM B CHUCTEME KPOBOOOpPAILCHUs, BKIIOYAs aKTyaJbHBIE BOIPOCHI
ONTUMAJIBHOTO HMCKYCCTBEHHOrO (MMIUIAHTAaHTA), 3aMEHUTENs ee IeMeHToB [14], MHOrue 3ajaud Bce elle OCTAlOTCA HE PEIICHHBIMH.
OTKpbITHE SBICHHS BEChbMa BBICOKOH YyBCTBUTEJIBHOCTH M AWIATATOPHOH (nuddy3HOH) peakiuu auamerpa 3/1aCTHYHOH aprepuil K
CKOPOCTH KPOBOTOKA M BSA3KOCTU KPOBH (0E30THOCHTENIBHO K M3MEHEHHIO IPOZOJIBHOIO Heperana JaBlIeHUs), a TakKe K HATDKCHHIO
aprepun [15,16,17,18,19], mocTaBuiy HOBBIE BOIPOCHI K OMHMCAHUIO PEOJHMHAMUKH B PYCIIE apTEPHU M HANPSHKEHHOTO COCTOSHHS B CTEHKE.
Hx pemieHue CBA3aHO C aJEKBATHBIM OIMCAHUEM YCIOBMIl CONPSDKEHMS Ha TpaHMIE pa3jiella KPOBb-CTEHKa (IedopMaliuy, CKOPOCTH
neopMaliy, CKOJIBKEHHS XKUAKOCTH HAa CTEHKE, YBEIMUCHHE KMHETHYECKOH SHEpPrud B CIOsIX, OJIM3KHMX K CTEHKaM U T. IL), a TaKKe
Y4YETOM BJIMSHHS PEOJIOTHUECKUX, BSI3KOYIPYrUX (AMHAMHUUYECKOH aHM30TPOINH) CBOMCTB CTEHKH HA NPOQMIN CKOPOCTEH, CONPOTUBIICHUS
U T.OI. HalOpPHO-PACXOIHbIE  XapaKTPUCTHKH TedeHWs. bonbllloe 3HaYeHHe MMEIT HCCIEAOBaHMs IO mpobiieMe  YIpaBlICHHS
COIPOTHUBIICHHEM (apTEPHUAIIbHBIM JIABJICHUEM) [IOTOKA B 3aBUCHUMOCTH OT JJIMHBI TPYOKH, PEOIOrHYECKUX CBOMCTB KPOBU M MEXaHHUUYECKUX
CBOWCTB CTEHKHM TPYOKM 3IIACTHYHOro cocyza (Bo3MoxHO mMmiutantadra) [20]. IlomoOHoro copra HepelleHHbIE BOINPOCHI BO MHOIOM
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SIBIIAROTCSL HpH‘-IPIHOﬁ HECOAHO3HAYHOI'O Cy)KI[eHI/IH (6] BO3HHKHOBCHHUHN SByKOB KOpOTKOBa HpI/I I/I3MepeHI/II/I apTepI/Ia.]'II)HOFO JABJICHUS
[2,21,22].

Bimnsinne HeJIMHEHHO-BSI3KHX CBOMCTB KPOBH HAa XaPAKTEPHCTHKH TEYeHHsl B KeCTKOH TpyOe. [l cpaBHUTENBHONW OLEHKU
BIIMSIHUSA PEOAMHAMUYECKOro (akTopa Ha XapaKTepUCTHKH TEUYEHUs KPOBM B COCyJaX C IACTHYHAMHM  CTCHKAMH, PacCMOTPUM
XapaKTEPUCTHKHU €€ TEUEHUSI B COCY/IaX C 5KECTKUMHU CTEHKaMHU.

UzsecrHo [11,12,23,24], 4To KPOBH MMEET CIIOXKHBIA COCTaB. AHAJIN3 MHOTOYHCIICHHBIX 3KCIEPUMEHTAIBHBIX JAHHBIX (POTAI[MOHHEIE,
KalWULSIpHbIE BUCKO3UMETPBI, KOHYC-TUIOCKOCTB | T.11.) [11,12,23,25] mo peonoruyeckiM cCBOWCTBaM KPOBH, Kak B HOPMe, TaK U MaTOJIOTUH
IOKa3bIBAIOT, YTO B 00JacTU ckopocTel ciasura Menbiie 100c™ ee MOXKHO XapaKTepU30BaTh HEJIMHEHHO-BA3KOH cpenoil ¢ yObIBaromen

BA3KOCTBIO. [IpH 3TOM CBSI3b MEX/Iy HAIPSIKEHHEM CIOBHra — T (NIEperaj oM JABIEHHS B TPyOKe) H cKopocThio nepopmammu G ~ W/ R
(pacxomoM) C TOCTaTOYHOM CTEIEHbI0 TOYHOCTH MOYKHO aIllPOKCHMHUPOBATh I'HIlepOoIndIecKy yosiBatomei GyHkuuei Buaa = v/G=f(G).
B CBs3M ¢ 5THM 00paTHAs BEIMUHHA BA3KOCTH — TEKyUecTh ¢ = [ =f(T) HMeeT OueHb yIOOHYIO [l OCTPOCHHS MOIEIH U JalbHEMIIIX
pacdeToB JIMHEIHYIO 3aBUCHUMOCTD. [109TOMY HelIMHEHHO-BsI3KHUE (PEOJIOTHIECKHe) CBOMCTBA KPOBH IIPU aHATIM3E €€ TEUEHHS B TPYOe MOXKHO
MIPE/ICTaBUTh B BUJIE:

v, -l .
i—t)==+t . (D).
dr ( xr ¢ ¢0 xr
av
3HaK + WK — 3aBHCHT OT BbIOOpA CHCTEMbI KOOpAHHAT. Bennunna p - ckopocTb Jeopmanun; T - KacaTeJIbHOS HalpsDKEHHE
v Xr

cBura, ¢0 - HyJIeBas TEKYy4YE€CTb IIOTOKa KpOBH, ITOJIydaeMas 3KCTpaHOJTHHHeﬁ B obiacte T — 0 (cnez[yeT 3aMCTUTh (bHSquCKyIO
Xr

OTPaBIaAHHOCTh TAKOH MPOIELYpH, TAK KaK Ha oc TpyOosl T = 0); O — peonormueckuii kodpduument; V- ckopocTs B HampasieHUH
Xr X

OCH KPOBEHOCHOI'O cocyza. BepTukanbsHas cocrasisitornas ckopoctu V. = 0.
W3 Gananca cunt (puc.l) B 3j1eMeHTe IOTOKA JII000H cpeabl B TpyOe Cienyer,
aro Apmr” = 2mrtl

T =1 . 2
Xr cm 5
r ApR
B coorHomenunu (2) é = E - 6e3pa3MepHslil paauyc Tpyoku, T cm = - KacaTeJIbHOE HANPsUKEHUE CIIBUTa Ha €€ CTeHKe. B
2L

paccmarpuBaeMoM citydae R; — R = /i - TonmuHa creHky, d =2R- nuamerp, Ap = P; — P, - nepenaj jaBieHus (IoTepst peoANHAMUYECKOro
Haropa) B TpyOke JummHod L u pamuyca R

T —— - I P .:..:T.-.-‘ ' s l,_
] by | \ o :fl"\-: r-v'-rl vl p:'v i‘___\ ‘..:- __:'. _E' "y
L Fg |—=W P1 PO s 1 0
- T e L p '
o r ) B nomoke -

Puc.1 - ®usnyeckas MOI€CIIb, I10JIE cxopoc*ref/'l, HaIpsKEHHOC COCTOSTHNUE U KOOPAUHATBI CUCTEMbL

W3 (1) 1 (2) ¥ rpaHUYHOrO YCIOBHS UL KECTKHX CTeHOK V= 0 npu & = 1 nMeeM BbIpaskeHHe ULl HPO(UIIS CKOPOCTH MOTOKA KPOBU B
TpyOKe:

1 o) 2 O’Ecm 3
=R =0.5R |—gs4=—cm(y_ .
Vo =-RI(gy+7,, &), Ede=05RgT  1-E7+ T (1-&) )
0 0
ITpu sTOM pacxojHas CKOPOCTh W noroka KpOBH paBHa
_ 1 R eTcm
W=——=[2arV dr=025R¢ 1 1+0.8—<% | . 4)
TR2 0 X 0 cm ¢0
B coorsercrBuu ¢ (3) u (4) Ge3pazmepHbIii MPoHIIb CKOPOCTH 0€3 yueTa BIMAHUS 3IaCTUYHOCTH CTEHKH MOJKHO IPEICTaBUTh B BHIE:
-1
5 01 0t
o =2 |1-g? 2 emfy_ 3|1 og—cm | )

3 ¢0 ¢0

Ha puc.2 B cootBeTcTBHH C (5) NpencTaBieHsl Ge3pa3MepHEIe npodum ckopocteil (O =V, / W) npu TedeHmy kpoBH ¢ TMHEHHBIM

0t
cm

0

3aKOHOM TE€KY4€CTU B prl"J'lOﬁ pr61<e C )KECTKUMH CTCHKaMHU ISl pa3JINIHbIX 3HAYCHUI Ilapamerpa
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Puc.2 - [Ipodunu ckopocTeil pu Te4eHUH KPOBHU B KPYIJIOH TPyOKe € HECTKUMH CTCHKaMH I Pa3IMYHbIX 3HAYCHUH MapaMerpa

%

Ot
o cm o o
Cnaygyaii ————= (0 COOTBETCTBYeT TEUCHHIO OOBIYHON HBIOTOHOBCKOH >XHAKocTH. CiemyeT oOpaTWTh BHUMAaHHE HA HaJlMiHe
TIOJIIOCOB B ceMeHCTBe Npoduiiel CKopocTh Juist KoopauHaThl & = 0.55, B 00:1acTH KOTOPOH JIOKaJIbHASI CKOPOCTH MPAKTUYECKU HE 3aBUCHT
Ot
cm . .
or BenmmunmHel ——— . ClielyeT HAllOMHUTB, YTO B 00JaCTH OJM3KOW K 3TOH KOOPAMHATHI YCTAHABIMBACTCSI BHICOKAsl KOHIIEHTPALIUS

IPUTPOLUTOB KpoBU (n3BecTHBIH a3 dexT Cepre-3mnpdepdepra). 10T 3¢ PeKT BO3MOXKHO CBS3aH C MONEPEYHON MUTPAIMeil SpUTPOLUTOB B
3Ty “pEOIOrHYECKH PaBHOBECHYIO 00J1aCTh KOOPIUHAT IIPU UX JBIXKEHHUH 110 KDOBEHOCHOMY COCYILY.

8t
Omnpenensist KO3POUIMEHT COMPOTHBIICHUS IOTOKA B TPYOKE OOBIYHBIM  00pa3oM C f = % [26], nmeem
P
0.5
5Re, 1288,
C fReO = 1+ R -1 (6)
e
B0 0
0 -2 —
3nech B 0 =— plW , Reo = Wd¢0p1 - yucyo Pelinonb/aca noToka KpoBU INIOTHOCTH p1 B TpyOke Juamerpa d.
Ha puc.3 npencrasiieHa 3aBUCHUMOCTb, paccuuTaHHas 1o ¢popmyie (6).
CRe, 60
50
40
30
20
T T T T T T T T T T 1
0,0 0,2 04 0,6 0,8 1,0
B
Re

0

Puc.3 - Bausaue peopuHamMuueckux ( ) cBoiicTB kposu Ha conporusienue (C fReO) IIPY TEUCHUH B TPYOKE C KECTKOH CTEHKOH

ReO
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CTEHKOM CYIECTBEHHO CHU)KAETCSL.

CrnenyeT OTMETUTb, YTO BbIJICJICHHBIE BBIIIE PEOAMHAMUYECKUE ITapaMeTpbl CUCTEMbl OTHOCUTEIIBHO JIETKO u3Mepstores [23,27,25] u
HX MOYKHO MCIOJIb30BaTh KaK AMAarHOCTUYECKUE IIOKa3aTelu.

Yder BIUSHUS HEJMHEIHO-BSI3KHUX CBOMCTB M 3J1aCTMYHOCTH CTEHKH HA pPeoAMHAMHYeCKHe XapaKTepPUCTHKU Te4YeHMsI
KPOBH.

CocyaucTble CTEHKU apTepuy B HaYaIbHOW CHCTEME KPOBOOOPAIIEHHS COCTOSAT B OCHOBHOM M3 JJIACTUYHBIX BOJIOKOH (RJIACTHHA)
[11,16,17,18]. Teno uenoBeka Ha 60% OT €ro Macchl COCTOMT U3 BOABL, @ MEXIy KPOBEHOCHBIMHU COCYAaMH M OKPYKAIOIIHMMH €r0 TKaHAMHU
TIPOUCXOANT TOCTOSTHHBIN TEIUIO - 1 MaCCOOOMEH IKHIKOCTH.

Wmeercss 3HaumrensHoe wymcno pabor [3,4,7,15,16,18,20] o BIMAHMM YIPYro-BsI3KMX CBOWCTB COCYIUCTOH CTEHKHM Ha
XapaKTepUCTHKN TeYEeHHs KPOBH I0CIIE BBIXOZa U3 reHeparopa naeieHus (cepaia). OIHaKo BOIIPOCHL, CBSI3aHHBIE C BIMSHUAEM HJIACTHYHOTO
COIPOTHUBIICHUSI CTEHKU KPOBEHOCHOI'O COCyJa NpH IyJAbCHPYIOIIEM TEUEHHWU KPOBM WM NPU M3MEHEHUM HAIPSDKEHHOTO COCTOSIHUS
CTEHKU B OTBET Ha BHE3AIHOE YBEIMUYCHHUE BHYTPUCOCYAUCTOrO JABICHUS U PEIaKCallMOHHBIM BBIXOJOM Ha KBa3UCTALIOHAPHBII pexum
TEUYEHHUs], BCE €Ile JAJIEKU OT 3aBEPLICHUS.

I'panuieHT naBieHHst B KPOBEHOCHOM COCYI€ CO3JaeT HANpPsDKEHHOE COCTOSHHE B €ro CTEHKE (CIBUIOBBIC, HOpPMAaJIbHBIC
Hanpspxenus [28], puc. 1). B orcyrcTBHM BO3MYyIIEHHIT KPOBOTOKA CTEHKA OCTASTCsl OPTOTPOIHOM. B CBs3M ¢ ManocThio /1 IO CpaBHEHHUIO C
d, KpUBH3HOM CTEHKH MOXXHO NpeHeOpeds U MOMEHTHI HAIPSHKEHHOT'O COCTOSTHHS B Hel He yduThIBaTh. [lomaraem, 4To sjacTHYHAs CTEHKa

BI/IZ[HO, 49TO € POCTOM 4YuClIa PEOAMHAMUYECKOE COIPOTUBJIICHUE ITIOTOKa KpPOBU (nepenaz[ Z[aBJ'[eHI/ISI) B pr61<e C JKECTKOM

COCy/la TONIIMHOM /i OTKIMKAETCS Ha CKOPOCTH KPOBOTOKA IocpeacTBoM ckopoctr pedpopmarn G (T ,o0)=Wh. lpn r=R, W=

cm ’

0, a Ha MOBEPXHOCTH KOHTAKTa JBYX CPEJ UMEET MECTO HEHPEPBIBHOCTH CKOPOCTH JBWXEeHHUS () €O CTOPOHBI 3JIACTHYHOH CTEHKH U
X
r

BEJIMYMHA MOXeT ObITh paBHa h, korma npu » =R, , W =0.

CKOPOCTH CO CTOPOHKI KpoBH B BHae ) =- A ( )r=g- 3mech A - K03 GUIMEHT B3aUMOJCHUCTBUS Ha rpaHulle paszena cpen. Ero
Xr

Ipu Takux rpaHudHbX yenoBwsx semmunny G (T , 61) = W/h MOXHO paccMaTpuBaTh Kak OJHOPOAHYIO (JIMHEHHYI0)
cm

aNIMPOKCUMAIMIO TPaJiieHTa CKOPOCTH CIBHIA B CTEHKE DIIACTHYHOH TpyOkH. OJHOPOIHOCTH IpajJreHTa CKOPOCTH JedopMaluu B CTEHKE
KPOBEHOCHOT'O cocyza (pOpMHUpYeTcsl n3-3a HeOOonbIIolW BelMuuHbl . OObI9HO 3T0 1/20 OT BENMYHMHBI CPETHEro JHaMeTpa KPOBEHOCHOTO
cocyma [11,17].

Bripaxkenue [uist cpeziHeii (pacXoaHOM) CKOPOCTH ITI0TOKA KPOBHU B JIACTUYHOM COCY/Ie TIPE/ICTABIISIEM B BHIE:

_ 0t
W= O.25R¢Orcm 1+ 0.8% +hG (T, o) (7

0

HanpskeHHOE COCTOSIHUE B 2JIaCTHYHOM CTEHKE (BaXKHEHIas XapaKTepHCTHKA IPOLECCOB IIEPEHOCA B KMBBIX CUCTEMAX ), HAXOIUTCS B
COOTBETCTBHM C MOMEHTHOH Teopuel siBneHumil mepeHoca [29,30,31], B ocHOBE KOTOPOH JEXKHUT CTPYKTYPHO-KUHETHYECKHH MOAXOX C
JIOKaJIbHO-HEPAaBHOBECHBIM TEPMOIMHAMUYECKHM IPHHIIUATIOM.

B ornnune or 00BIYHOrO JIOKAJIBHO-PABHOBECHOTO TEPMOAMHAMUYECKOTO MOAXO0/a, IIMPOKO HCIOIb3YEMOro B MEXAHHMKE CIUIOLIHBIX
cpell, KOrja ypaBHEHHE COCTOSHHMS cpeibl uMMmeeT u3BecTHbI Bup F(P,p,7)=0, 3TOT NpUHIMI YTBEpXKAaeT HAIMYUE PElaKCalMOHHOH
HEPAaBHOBECHOCTH J]AX€ B MAJIbIX (CUMTaeMble OOBIYHO KaK JIOKAJIbHO PaBHOBECHbIE) 0ObeMax cpenbl. HepaBHOBECHOCTH 00ycCaBIIMBaeTCs
PEIAaKCAllMOHHBIMU  SIBJICHMSIMH ~ HAIPSDKEHHOTO  COCTOSHMSA — Cpelbl  (JIaCTMYHOM  CTEHKH), BEPOATHOCTHBIMU — M3MEHEHUSIMU
KOH(UTypallMOHHOTO COCTOSIHHS €€ 3JIaCTUYHON MHKPOCTPYKTYpPBI B PE3y/bTaTe BHEIIHUX (BBIHY)KICHHbBIX) BO3/ICHCTBUI HA COCYIHCTYIO
CTEHKY. YUET JIOKaJbHOM HEPABHOBECHOCTH B MHUKPOCTPYKTYPE COCYAMCTOM CTEHKH, MOCPEJICTBOM BBEIEHHS B ypPaBHEHHE COCTOSHHS
BHyTpeHHero napamerpa F(P,p,T, <x; X;>)=0, y)xe NpUBOIUT K BOSHUKHOBEHHIO B TEH30P€ HANPSKEHHUS, HAPSY C Ty = Ty, JOIOJHUTEIHHO
aHM30TPONMHM HOPMAaJbHBIX HampsokeHWd ©=P,, — P, W OpUCHTallMOHHBIX SBJIEHMH B MHKPOCTPYKTYPE 3IIACTUYHOM CTEHKH.
MHUKpOCTPYKTypa COCYAMCTOH CTEHKM B MOMEHTHOH TEOPHH MPEJCTaBIIAETCS KaK CTATHCTHYECKH PacHpeseNieHHas COBOKYIHOCTH Y3JIOB
CETKH (€CTECTBEHHBIX KOHIIEHTPATOPOB HAIPSKEHMUIT), IPOCTPAHCTBEHHO COWICHEHHBIX MEXKILy COOOH 371aCTUUHBIMU CBA3SIMU.

B coorserctBun ¢ [11,26 ,29,30 ,31,32] cucrema ypaBHEHMH Ui HAXOXICHHUS HAIPSHKEHHOTO COCTOSIHUSA B COCYAUCTOH CTEHKE,
00ycI10BIEHHOrO J1e()OpMalMOHHBIM BO3JEHCTBHEM KPOBOTOKA B M30TEPMHYECKOM HPHOMMKEHHH (OTCYTCTBHE TEILUIOBBIX IOTOKOB),
MIPE/ICTABIISAETCS B BUJIE:

- YPaBHEHHE CIUIOIIHOCTH

div V=0, ®)

- YpaBHEHHE COXPAHEHHS HMMIIYJIbCA C ONpPECIIIOIINM COOTHOLICHHEM I KOMIIOHEHT TEH30pa HaIpsDKeHUH (B NpeHeOpe)KeHUU
CIIBUT'OBOH BSI3KOCTBIO CDEJIbI)

ov. ov. | OoP.
p| —L+v, —L|=—L ©)
oo Jox. ox .
J J
Py:—p0+g <Xixj>_6;'j ) (10)

YpaBHeHHe JABMDKCHUST IJIE BHYTPEHHEI'O IIapaMerpa <Xj Xj > TIOJIY4YCHO H3 YCJIOBUSI COXPaHCHUS IJIA (1)yHKI_II/II/I pacnpeaciaeHus

IUIOTHOCTH BEPOSTHOCTH VVZ (xl.vl.t ) Y3JI0B CETOUYHOH MHKPOCTPYKTYPBI COCYIUCTOH CTEHKH

ow. _
—l+div(W.V.):0 , (11
ot 11
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HUMECT BUA:
d(x X.)

De—-J —we (xx >D +<x X

s k>Dkl - <szj>_6ij (12).

B coornomenusx (11) Bemmumna V. - cpenmectatHcTHeckas cKOPOCTb BBIGDAHHOTO y3Na OTHOCHTENBHO CHCTEMbI KOODIMHAT,
1

KOTOpBIIl TOMEIIEH B ILIEHTP MAacC AaHAJIOTMYHBIX Y3JI0B €ro ONKalIIero OKpYKeHHs. OTa CKOPOCTb HAXOIUTCA U3 YCIOBHS
6e3bIHEPIIMOHHOr0 OaaHca MEXaHWUECKHX, SHTPOIMIHBIX (YIpyrux) u audQy3sHOHHBIX CHII, IEHCTBYIOLIMIT HA BBIACJICHHBIN IS aHAIN3a
y3eqL.

. *
Bemmumba V.. - cHMMeETpHYHAs 4acTh TpamMeHTa ckopoctw; e = )K/ ! - gucno JleGopbl — COOTHOLICHHE MEXIY BPEeMEHEM
1

peJlakcalMy HANIPSUKEHHS B CPejie M XapakTepHbiM BpemeHeM mnponecca; We = G - uucno BeiicenGepra — Mepa HANpsSKEHHOrO

COCTOSIHMSI, XapaKTepH3yIoLas CIIOCOOHOCTh Cpe/ibl 3allacarh IIO/BOAMMYIO H3BHE MEXaHHMYECKYyHO 3Hepruio. Bpems penakcaimu 2K -

BpeMs IIepexojia CTPYKTYpbI cpelbl K Haubolee BEPOATHOMY KOH(UIYpalMOHHOMY COCTOSHMIO (BpeMs pelakcaluM HalpsHKeHHOro
*

COCTOsIHUSI CTCHKHU KPOBEHOCHOI'O COCYZ[B.). Bennunna t - XapaKTE€PHOEC BpEMSA PEOAMHAMUYCCKOI'O IIporecca (HaanMep, rnepuong

0 s

NyJbCalliu IOTOKAa KpoBU wiIHu K KOTOpOC OnpeacsiCrCsa M3 OIbITa IIpU G — 0 5 - U30TpOIIHaA 4acCTh ITIOJIHOI'O TCH30pa
0

HarpsHKeHUH Pij ; P - WIOTHOCTB; &€ - MOMYIb 3IACTUYHOCTH CTEHKH KPOBEHOCHOIO COCYIa; <X X > —0.. |- OTKIOHEHHE MOMEHTOB
i ij

(byHKLII/II/I pacnpeaciaeHus IUIOTHOCTU BEPOITHOCTH OT COCTOSIHUS JIOKAJIbHOIO TEPMOAMHAMUYECKOI'O PpaBHOBECHUS, 6 - CHUMBOIJ
1

Kponexkepa.
Ilepenoc mmmynbca BO3HHKAET TOJNBKO B HEPABHOBECHBIX COCTOSTHHMSX CHCTEMBI, KOTJa OHA OTKIJIOHSETCS OT COCTOSHHS

TEPMOJMHAMIYECKOTO paBHOBecHs. [IpHOIIKe e BHYTPEHHEr0 MapaMeTpa K paBHoBecHOMY coctosrmio (X.X .) —> 0 .. ompenenser
L y

XapaKTeP JOKAJIbHO-HEPABHOBECHOI'O IIpoLecca NMEPEHOCa U COOTBETCTBYIOIINE MAKPOCKOIIMYECKUE ITOTOKHU.

CootHorenne (12) onuceIBaeT BOIIONMIO HEMIPEPHIBHOIO BHYTPEHHETO MapaMeTpa <X X > CETOYHBIX Y3JIOB 2JIACTHUYHO CBA3aHHOM
LJ

o0

TIOJIMMEPHON CTPYKTYPBI, 00YCIIOBIICHHYIO U3MEHEHHUEM €€ MUKPOCOCTOSIHHS - MOMEHTOB (xl.xj> = I xl.x VVld 356’1 oT QyHKIMHN

pacnpeaciaeHus INIOTHOCTU BEPOATHOCTU B PE3YJIbTaTaX OTKIIOHEHUSI CUCTEMBI OT COCTOSAHUSA TEPMOAUHAMHUYIECKOI'O PaBHOBECH .
3aBHCﬂ[HHﬁ OT BpEMCHHU BHyTpeHHI/Iﬁ CprKTypHO-KI/IHeTI/I‘-IeCKI/Iﬁ apaMeTp CUCTEMBI OTPAXKACT ITPOSBJICHUC PEIIAKCALIMOHHBIX CBOICTB

COCY/ICTOli CTEHKH Yepe3 HEMOKATbHOCTh ACHCTBHS ONMpE/IENSIOIX npolecc muHamudeckux cui. Iox neitcreuem G (T , 61) =W/h
cm

MAaKpOCKOINYECKHE NIepeMEHHbIEe (MOMEHTBI M CBSI3aHHBIC C HUMM KOMIIOHEHTBI TEH30pa HAINPSHKCHUH) IEePeXoiIT K HOBBIM PaBHOBECHBIM
COCTOSIHMSIM HE MIHOBEHHO, YTO XapaKTEPHO I OObIUHBIX, HE IOJIMMEPHBIX Cpell, @ 3BOJIOLUOHUPYIOT B COOTBETCTBHH CO BPEMEHEM
BHYTPEHHHX CTPYKTYPHBIX (KOH(UI'YpPallMOHHBIX, OPUEHTAIIMOHHBIX ) IEPECTPOCK — BPEMEHEM PellaKCalliu.

W3 (12) cnexmyer, 4To CTPYKTYpHBbIE IpeoOpa3oBaHus, KOH(DUIypallMOHHbIE H3MEHEHHS B CTPYKTYPE COCYIUCTONH CTEHKH HOCTOSIHHO
HOJICTpanBaroTcs (BcieAcTBue i y3MOHHO-PENAKCALMOHHBIX SBJICHUH) IOJl YPOBEHb HOBBIX MEXaHMYECKMX BO3MylleHMil. B mokoe
CTPYKTYpa CTEHKH KPOBEHOCHOIO COCyJa XapaKTEPU3YeTCsl CPENHEKBAJPATUYHBIM PaJdyCOM HHEPLHH, ONPENEISEMBIM TOIBKO

. 2
(DH3MIECKIMH CBOHCTBAME — BPEMEHEM pesakcaruy i koddummentoM uddysmn { X~ ) ~ KD [31].

0

*
Coornomenue (12) s BHyTpEHHEro napamerpa <Xixj> He uckTouaer (B 3aBucumoctu ot uncna JeGops De = )K/ )

HECTAllMOHAPHBIC, IEPEXOAHBIC, OCHWIIINPYIOIINE, SJIOHTALIMOHHBIC U T.II. pEKUMBI, KOTOPBIC B TaHHOM COO6H.[BHI/II/I HE pacCMaTpUBarOTCs.
I[J'lﬂ TIOHUMaHUA @HSHQCCKOI’I CyTH SBJICHUSI paCCMOTPHUM BHa4aJIC HpOCTeﬁH.IHﬁ THIT MEXaHUYECKOI'0 BO3MYIICHUS COCyL[HCTOﬁ CTCHKH,

OP..
i

HaIpuMep, Korja ee BO3MyILeHus (Juist =0, npu ¢ = 0) npoBoasTcs rpaguenToM ckopoctu mopsaka G (T , 61) =W/h. Takue
X . cm

MCXAaHUYCCKUE BO3MYIICHUSI Ha CHCTEMY Kp03006pau1em/m MOr'yT BO3HUKHYTL, KOI'/la OpraHu3M 4Ye€JIOBCKA IIOABEPIHYT CTPECCOBBIM

CUTYyallsIM WM BHE3AITHbIM IIE€PETPYy3KaM, HAIIPUMED, B KOCMHYECKON (i)I/ISI/IOJ'[OFI/II/I.

Jlist sroro cinydas u3 (12) nmeeM cucTeMy ypaBHEHHH JUII MOMEHTOB

d d{x,x
< >+2 -l <x> 1|=2G(xx,) M+2>1<'1<x1x2>=G<X§>
d 2 d{x x
) 2y 1) =0 N5 s e x ) =0
dt 2 dt 23
dixx) dx3) (2
%+2>{< 1(x1x3>=G<x2x3> T;+2>K1 (X)-1]=0 a3
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W3 cucremsr HEOAHOPOAHBIX ypaBHeHPIfI (13) METOAOM Bapualluu ITPOU3BOJIBHBIX ITOCTOSHHBIX HAXOAUM COOTBETCTBYHOIIIME MOMEHTHI

<XZ_X],> . IIpn 3TOM HCMIOIB30BaHO HAYaNbHOE ycioBue =0: <x12> = <x§> = <x32> = 1; <x3xl> = (xlx2> = <x2x3> =0.
- 2y _ 2\ 1.
oclIeJ0BaTeIbHOE peleHue cucteMsl (13) NPUBOAUT K CIISYIOIIUM BbIPaXKEHUSIM [UIsl HEHYJIEBBIX MOMEHTOB <x2 > = <x3 > =1:

<x1x2>:% 1—exp(—2>1<'1t) ;

2.2

<x12> =1+ GTH( I1—exp(— 2>1<'1t)-2>1<'1

texp(—2>1<'1t : (14)

XapakTep W3MCHCHHUs KacaTelbHbIX M HOPMAlIbHBIX HANpPSHKCHUH B CTEHKE KPOBEHOCHOTO cocyla (ee peakuus Ha BHEIIHUE
BO3MYIIEHHS) BO BPEMEHM IIOJIydaeTcsl IOACTaHOBKOH COOTBETCTBYOIMX 3HaueHuil (14) B coorHomenue (10). IIpencraBnenus o
BEJIMYMHAX U XapaKTepe M3MEHEHHs HAIPSHKEHHOTO COCTOSIHUS BEChMa BaYKHBI JUIS MCCIIE0BAHUS SBJIEHUH TEILIO - U MACCONEPEHOCA YEPE3
CTEHKY KPOBEHOCHOT'O COCY/Ia, BKIII0Yasi HHTEHCH(UKALIMIO POLIECCOB CUHTE3a aKTMBUPYIOIINX CTEHKY Betuects [11,15, 17,19].

W3 (14) mst ycraHOBUBILETOCS IOTOKA (t— 00) UMeeM

2.2
O ox
4 2
Gx
0 0 1

CootBerctBeHHO U3 (10) HAXOMUM MATPHUILy [T TEH30pa HANPSDKEHUH, OIPEAEIIONIYI0 TOHYC CTEHKH KPOBEHOCHOI'O COCYy/Ia:

_p +8G2)K2 eGx 0
07 4 2
eGxk
Pg'j == -P0 0 (16)
0 0 -P0

13 (16) CJICAYCT, 4YTO B PE3YJIbTATE BbIHYXACHHBIX BO3My[HeHHI>1 HaIpsDKEHHOE COCTOSIHUE B COCyI[HCTOﬁ CTCHKC XapaKTEpUusyeTcs

TCH30pOM HAIIPSDKCHMS C KacaTCJIbHBIMH Ty~ Ty, ¥ HOpMaJIbHBIMKM KOMIIOHCHTaMH (P —P ) B ombiTax u TEOPUU HAIIPSHKECHHOI'O
XX rr

cocTOsiHUSL JoKasbiBaercs [27,28,29,30,31], uTo HOpMaslbHBIC HANPSDKEHUs B OJJIaCTUYHBIX Cpelax, AaXe B YCIOBHUAX IPOCTEHIIMX

C/IBHTOBHIX JIe)OpPMAIHiA, peaTn3yroTCs B BHIE TIEPBOH pa3sHOCTH HOpMalbHBIX Hanpsokermit P — P =o,. U3 (16), kak cnencTsue,
XX rr

BBITEKAET, YTO MPU MyJIbCUPYIOIIEM, OCIJUTHPYIONMM TEUSHUSX, T MEHSIET 3HaK, B TO BPEMsI KaK G| OCTaeTCs BCETa MOJIOKHUTEIBHON (Tak
Kak GZ) U 3a nepuox (kak Tokazanu BeruucieHus [28,33]) OCLMJUIMPYET C 4acTOTOM B J1Ba pa3a IPEBBILIAIOLICH KacaTelbHbIe
HarnpspKeHus. Bciencrsue 3Toro 6 yBenM4YMBaeT MPOCBET B KPOBEHOCHOM COCYJIE NPH BO3PACTaHMM MECTHOTO comportuBieHus. U3 (16)
TaKXkKe CIeIyeT, YTO IPH IPOYMX PaBHBIX YCIOBHSX C M3MeHeHHeM G KacaTelbHbIe HAIPsDKEHHS! PEJIAKCHPYIOT K HOBOMY PaBHOBECHOMY
COCTOSIHUIO MHTEHCHBHEE HOPMAIIBHBIX HampshkeHHd. Bpems penakcamuy 3aBUCHT OT ypoBHs G, ¢ KOTOPOro Hadanach pernakcanus. Yem
Oonbiie G, TeM MEHBIIE BpeMs penakcaiuu. J[Jsi JaHHOrO MIHOBEHHOTO BO3MYILIEHHS G M MajbIX BpPEMEHaX Pa3BHTHSI HAIIPSHKEHHOTO
COCTOSIHUS, KaK IOKa3bIBaeT ONBIT [27], Ty, NPEBBIIACT IO BEJIMYMHE G; 3aTeM OHM BBIPABHMBAIOTCA. B nanpHeillieM T, CTaHOBUTBCS
3HAYUTENIFHO MEHBIIIE G.
IMocpencTBoM OpTOroHaNBHEIX Mpeodpa3oBanuii MaTpub! (15) u (16), Haxomum
XX _Prr _ <x12> —(x%)
21 2(x,x)
xr 172
CootHorenne (17) onpenensier BEpOSITHOCTh TOr0, KaK TJIaBHBIE OCH AJUIUIICA BPALICHHS ISl HANPSHKEHUH (CTPYKTYPHO-KHHETHYECKHIX
MOMEHTOB) B 3JIACTUYHOM COCYMCTOI CTEHKE OPHEHTUPOBAHEI 10 HarpasieHuto G.
Takum 00pa3oM, HaIpsDKEHHOE COCTOSHHE B COCYAMCTOH CTEHKM B cooTBeTcTBHM C (16) Xapakrepusyercs KacaTelIbHBIMH
HaINpsDKSHUSMH, aHH30TPONUEH HOPMAIbHBIX HANPsHKEHHH W OPUEHTALMOHHBIMH SIBJICHHSIMH B €€ MHKPOCTPYKTYpE:
XK ex>G?
T =—@G; clzP -P =—; (18)
xr 2 xXx rr 4

= Gx = ctg2y (17)

U3 (18) oueBuIHO, UTO KacaTelIbHbIC HANPSDKEHUS PEIAaKCUPYIOT HHTEHCUBHEE, YeM aHU30TPOITHS HOPMAJIbHBIX HAlPSDKEHHUI.
B cootBerctBum ¢ (17), uckitodast Hem3BecTHyro BenuuuHy G, u3 (7) HaXOAUM COOTHOLICHHE MEXKIY PAacXOJHOH CKOPOCTBIO MOTOKA
KPOBH ¥ HAIPsDKEHHBIM COCTOSIHUEM CHCTEMBI (KPOBb-CTEHKA).

W=0.25Rgyr (14080t /4) + K T ctg2y (19)

Bunso, 4to cpenHss pacxoiHas CKOPOCTb IOTOKa KPOBU 3aBUCUT HE TOJIBKO OT €€ BSI3KO-TEKYyYHMX CBOWMCTB, HO M OT HaIPsIKEHHOTO
COCTOSIHUS (pellaKcalliOHHO-OPUEHTAIIMOHHBIX SBJICHHI) B 2JIACTUYHON CTEHKE KPOBEHOCHOT'O COCY/a.
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U3 coorHorrenust (19) nmeem:

0.5
5Re 25.6p
ReoC = 01+ r 0 1—3% ~1 (20).
Po “ x
hoctg2y  ctg2y KW }
3mech ———— = , We=——- uncno Beiicenbepra, opeaeneHHOE Yepe3 CPEIHIO CKOPOCTh IOTOKA KPOBH,
x W We h
0 - -
BO _¢_plW , Reo = Wd¢0p1 - YUCJIO

Pelinonbaca noToka KpoBH.

CfReO
60 -
40 4
20
0 .
0,0

y y ctg2y
Puc. 4 - BiiusiHue HelTMHEHHO-BSI3KMX CBOMCTB KPOBH ( ) W 3IAaCTHYHOCTH CTEHKH KpPOBEHOCHOT'O COCyIa (—) Ha
e
0
COIIPOTUBJICHUE CfReO II0TOKa KpOBU
By cte2
Ha puc.4 mnpencraBnensl pesynbratel pacdera mo ¢opmyne (20). 3aBucumocTH C .Re, = f i,ﬂ
/S0 ReO We

YCTaHaBJIMBArOT B3aMMHOEC BJIMSHHUC PEOAUHAMUYCCKUX CBOWCTB KpOBH, PEJIAKCAIITMOHHBIX U CTPYKTYPHO-OPUCHTALIMOHHBIX XapPaKTCPUCTUK
COCyZ[HCTOﬁ CTCHKH, paauyca pr6KI/I 1 €€ TOJIIHUHBI Ha COIIPOTHUBJICHUE (nepenaz[ Z[aBJ'IeHI/IH) B KBa3UCTAlIMOHAPHBIX YCIOBUAX TCUYCHUSL.

BO ctg2y

BumHOo, 4TO C pOCTOM HENMHEHHO-BS3KMX (———)  CBOKMCTB KpOBM M CBOHCTB (
‘0

PECOAMHAMUYECKOE COIIPOTUBIICHUC (CfReO ) II0TOKa YMEHBIIACTCS. IlocnenHee 3akI0YeHNE HAXOAUTCS B KAYECTBEHHOM COOTBETCTBHH C

) CTEHKH KPOBEHOCHOIO COCyna
e

o

naHHBIME pabot [5,18,20]. Bennunna C; Rey cHmxaeTcs BecbMa CyIIECTBEHHO, KOrja —1. B srom cllydae yIupyroe o

TUX
paccessHue MEXaHHYECKON OHEPIruv B DJIACTUYHOM COCYIC 3a BPEMs pEilaKCallud & HaMHOI'O OoJibllie €€ Z[HCCHHpreMOfI qacTtu - TG .

BGHI/I‘-II/IHy Ctg2\|l MOXHO pacCMaTprBaTb KaK XapaKTECPUCTUKY YYBCTBUTCIBHOCTH CTCHKU K MEXAHUYECKUM BO3MYIICHUIM.

B obnactu G~W/R >100c”, Kak IOKA3BIBAIOT MHOTOYHCIICHHBIC peosiornueckue usMepeHus kposu [11,12,23,24,25],
koapumuent 6~ 0. Bcaencrue storo u3 (20) nmeem

hetg2y
S0 ( KW j -
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Jlnist sxecTkux TpyO, Korma We — «, umeem usBecrsiii pe3yabrar C .Re. =64 [26] . B arom cnydae B ypaBaenuu (10)

%

BCIIMYMHa <XZX]>_6U npeHe6pe>1<HMO Majia, a COIIPOTHBIICHUEC ITIOTOKY KPOBU ONPEACIISACTCS TOJIBKO CABUI'OBBIMU HAIIPSHKECHUSAMU.

Wk

B cryuae, xorja uncio Beiiccenbepra We = —— & 1, 1.e. ckopocTh penakcaiy HanpskeHHOTO COCTOSHHS B COCY/IMCTOM

CTEHKe TOJNIIMHOM h paBHa cpeaHeil (PacXOMHOM) CKOPOCTH mMOTOKa KpoBW, To BemmumHa — C fReO Oyner oOmnpenensThes
OPUEHTALIMOHHBIMU SBJICHUAMH CTPYKTYPBI, OTPAXKAIOLUIMMH YyBCTBUTEIBHOCTD (pellaKCalliOHHbIE SIBICHHUS Ha MaciuTade /) cocymucToi
CTEHKU Ha MEXaHHYECKHE BO3MYILCHHUS.
*
JUIsl MynabCHPYIOIIEro TEUEHHs KPOBM B 3JACTHYHOM COCYAE C IEPHOAOM IyNbCAlUMM TIpajieHTa JaBiieHus [ = 2mo,

*
OTHOCHTEJIBHO BIHSHHS KOPPETUPYIOUIMX BPEMEHHBIX NapaMeTpoB BHEIIHero Bosaeiicteus (Re,= p h?/exgf — KomeGaTebHOro ymcia

%
PeitHONb/Ca CTEHKH KpOBEeHOCHOTO cocya U uucna Jleboper Dey = &)/f ) BOSMOXKHBI IIECTh PEOAMHAMHYECKIX PeXUMOB [ 34]:

mstE>>1,
a) I<<Re,<<Dej, 6) Re,<<1<<Dej, B) Re,<<De;<< 1;
ms E <<1,
r) 1<<Dey<<Re,, nm) Dey<<l<<Re,, e) Dej<<Re,<<I1.
KonebarensHoe umcno PeifHonbaca XapakTepu3yeT OTHOIICHHE BPEMEHH IPOXOXKIASHMS CIBUIOBOM BOJNHBI Ha Macmrabe h x
DeO em%
MIepUOLY ITyJIbCAIMH I'PaJMeHTa AaBieHns. Yncio anmactuaHocT E = ——— = ——— MO)XHO HHTEpPIIPEeTHPOBaTh KaK OTHOIICHHS] BpEMEHH
Re h2
w P

penaKcaly HanpsDKEHHsT KO BPEMEHH NPOXOK/ISHNST CIIBUT'OBOIM BOJIHBI Ha MaciuTade /i 3a Mepuoj IyJbcaluii rpaieHTa JaBiIeHus. JTo
yIOOHBIA Juisi aHanmm3a Oe3pa3sMepHBI KOMIUIEKC, COCTOSIIMA  TONBKO M3 (U3MYECKUX CBOMCTB CTEHKHM M €€ TeOMETPUYECKOMN
xapakrepucTHKU. [1o3TOMy OH MOXKeT OBITH BHIOpaH 3apaHee. Tak Kak IpH IYJIbCHPYIOIIEM TEUEHHH KPOBH C 4acToToi mopsaka 200
3 PEeKTUBHBIN CTATUYECKUH MOAY/Ib YIPYTOCTH OTJIMYAETCS OT AMHAMHYecKkoro Bcero B 1,5 pasa [15,19], To momaraem, 4to peXuMBI
JIBIDKEHUSI KPOBH XapaKTEPU3YIOTCSI  MAJIBIMU YaCcTOTaMH M aMIUIMTY/IaMH IYJIbCAIllMU TpaJyieHTa JaBieHus. B stoil cBsasu ¢ yaetom E
BO3MOXHBI cranmonapusie (Re, - Dej - 0), nokansHo paBHOBecHBIe (Dey—0) u nokansHO - HepaBHOBecHbIE (Dey >> 0) peoquHamuueckne
PEKIMBI TEUCHHSI.

VHepunoHHbBIE CHIIBI CYIIECTBEHHBI B peXWUMax a, I, O. llyabcaumy TrpajndeHTa NaBJCHUs KPoBH OyAyT S((EKTHBHEI B

OE3BIHEPIIIOHHOM peXUMe TedeHus O, B, e. B ciaydae E >> 1 pellaKCalluOHHbIE IIPOLIECCHl B CTEHKE HE YCIIEBAIOT 3aBEPLUUTHCS 3@ MEPUOL
MIPOXOJK/ICHHST CIBUTOBOM BOJHBI BHEITHETO BO3MYIICHHS. DJIaCTHYHAsl CTEHKA apTepHy IPHOOpPETaeT 4acToTy COOCTBEHHBIX KOJEOaHW,

onpezensteMbix unciamu E, W@ B Bume ynpyrux BOJNH, KOTOpas MOMKET PE3OHAHCHO B3aMMOJCHCTBOBATH C YACTOTOI BHEIIHEro
BO3JIEHCTBHS (OT CEpACYHOrO IyIbCHPYIOLIEro IMOTOKA MMIIyibca), ompexpensemoro umcioM Deg [34]. Ilpu E ~ 1 penakcanmoHHbIe
IIPOLIECCHI 3a MEPHOJL MPOXOXKACHUS CABUIOBOM BOJHBI HE YCIIEBAIOT IOJMHOCTHIO 3aBepnthes. Ilpu E << 1 penakcanmoHHbIE NPOLIECCH
MIOJTHOCTBIO 3aBEPILAIOTCS 33 MEPUOJI HPOXOXKICHHUS CIIBUTOBOM BOJIHBI, 8 MHEPLHOHHBIE CHIIBI HHTEHCHBHO I'acsT COOCTBEHHBIE KOJIeOaHUs
CTEHKH.

[Ipu u3MepeHUN KpOBSHOIO IABJICHMA, INEPEKHUMAas MAHXXETOH KpOBEHOCHBIM COCyZ, MBI T€M CaMblM yMeHblIaeM Re, u
yBennuusaeM E. 3arem, mo nponeaype, yMeHbIIas MaHKETHOE JABIEHHE B COCYJIE, CO3JAEM YCIOBHUs JUIS PEJIAKCAL[MU HAINPS KEHHOrO
COCTOSIHHS B CTEHKE cOCyfa. Tak Kak KacaTelbHbIE HANpPsKEHUs PEIaKCHPYIOT MHTEHCHBHEE PA3HOCTH HOPMAJIBHBIX HANPSDKEHUH G) TO
OHH B Ooyiee paHHMH MOMEHT BpPEMEHH IPHXOIIT B  PAaBHOBECHOE COCTOSHHME M TacsATCs HMHEPIHMOHHBIMU cwiamu. [Ipu sToMm
HeAucCcUnpyemMasl 4acThb UI:PXX —Prr HAIpPsDKEHHOTO COCTOSHMS JIOKAaJbHO HEPaBHOBECHOM KPOBEHOCHOW CHCTEMbI IPONODKAET
pelaKcupoBaTh K CBOEMY PABHOBECHOMY COCTOSIHMIO. BO3HHMKaeT pe30oHaHCHOE, C MpeBHIIEHHMEM pacxoma [34], B3ammopeiicTBHe
BBIHY)KJICHHOW 4acTOTHI U COOCTBEHHOW 4YacTOTHI KOJEOaHUH CTEHKH KPOBEHOCHOI'O COCYZa C COIPOBOXKICHHEM XapaKTEPHOH 3BYKOBOM

BOJIHBI CO CKOPOCTBIO IOpsAAKa (S/p) ) (3ByKI/I KOpOTKOBa). Haugano peakcalli G| COOTBETCTBYET CUCTOJINYCCKOMY NaBJICHUIO; KOHCIT

peirakcalluu oy (rameHHe HWHCPIUOHHBIMU CHJIIaMHU pryFOﬁ BOJ'IHBI) COOTBETCTBYET AUACTOJIUYCCKOMY TaBJICHUIO.

Pabora umeer TNIEPCIECKTUBY PAa3BUTHUA B CBA3H C BO3MOXKHOCTBIO Ha €€ OCHOBE HCCJICIOBAHUA SIBJICHUI IIEpEHOCA B )KUBbIX CUCTEMAX B
0oJjiee CIIOKHBIX YCIOBUAX TMPOTCKAHUSA PEOAMHAMUYCCKOI'O IIpoLecca, BKIIIOYass HaJIU4ue Tel'IJ'IOMaCCOO6MeHHBIX, (1)I/I3I/IKO-XI/IMI/I‘-IGCKI/IX,
OHOJIOrMYECKUX IIPOLECCOB, KaK B IIOTOKE, TaK U Ha I'paHULIaX pa3/jeiia Cpea.

BeiBoasl. B pamkax cTaTHCTHYECKOH TEPMOJMHAMUKH MOCTPOEHA PEOJAMHAMHUYECKAs MOJEIb B3aHMMOAEHCTBHS HEIMHEHHO-BS3KOTO
IIOTOKA KPOBH C AIIACTUYHBIMHU CT€HKaMU TpyOku. HenuHeiHO-BsI3Kk1Me CBOMCTBA KPOBU AINPOKCHMHUPYIOTCS JINHEHHBIM 3aKOHOM TEKY4eCTH,
a DIACTHYHbIE CBOMCTBA CTEHKM OIpPEIENCHbl HAa OCHOBE MOMEHTHOM TEOpUM SBJICHUH IepeHoca (JI0KaJIbHO-HepaBHOBECHAsS
TEepPMOJMHAMHKA). BBIABICHBI peoguHAMHYECKHE 3aKOHOMEPHOCTH, YCTaHABIIMBAIOLIME BIIMSHUE HEJIMHEHHO-BA3KHX CBOHMCTB KpPOBH,
JTMHAMWYECKOH AHM30TPOIMU B COCYIHMCTOH CTEHKE, €€ PEIaKCAHOHHBIX CBOWCTB Ha HAIOPHO-PACXOJHBIE XAPAKTEPHCTHKH TEUYCHHS.
Peopnnamuyeckoe COMPOTHBIEHHE KPOBH YMEHBHIAETCS C POCTOM €€ HEIMHEHO-BSI3KMX CBOWCTB M YHCNIA 3JIACTUYHOCTH CTEHKH
KpPOBEHOCHOTO cocyza. Bbinenensl reomerpuueckue ¥ (U3MUECKHE IapaMeTpbl, II03BOJISAIOLINE YHPABIATH PEOAMHAMHUYECKUMU
XapaKTEPUCTHKAMH JJIACTUYHOM CTEHKM M IOTOKOM KpOBH. YCTaHOBIEHA pONb 3JIACTHYHOCTH CTEHKH KPOBEHOCHOIO COCylda B
BO3HMKHOBeHHH 3BYKOB Koporkosa. Iloka3aHo, uro 3Byku KoporkoBa Moryr ObITh 00YCIOBIEHBI HEPABHOBECHBIM XapaKTepoOM
YCTaHOBIIEHHSI CKOPOCTH PAacHpOCTPAHEHUS ITyJIbCOBOW BOJIHBI JaBJICHUs (M3-32 HEJIOKAJIbHOH pellaKcallid HAIpPsHKEHHOIO COCTOSHHUS B
3IIACTUYHON CTEHKE TPYObI) P MPOTEKaHUU B HEH HECKMMAEMOH JKUIKOCTH.

O06o03HaYeHUS
P;; — dactb TeH30pa JaBIeHUs, KOTOpasi 00YCIOBIICHA 3JIaCTHIHOCTHIO CUCTEMBI M XapaKTepU3yeT IOTOK KOJIMYecTBa JABMKeHus, [la;

o -1 _
G — NOCTOAHHBIHA rpaguent ckopocTd, ¢ ; C; — K03)(QUIMEHT PEOTMHAMIYIECKOrO COMPOTUBIEHUS; V.. - IPAJUEHT CKOPOCTH, C Lop-

y
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paBHOBecHoe  mapienme, Ila ; W, (x,V,,t) koHQurypanmonHas (GYHKIMS paclpeleieHus] IUIOTHOCTH BEPOATHOCTH CIIydaiHOro
1 1

377 *

napamerpa; <x; x> =I xiijVid K - TEpBBIIl MOMEHT OT KOH(QUI'YPallMOHHON (DYHKLIMHU PACIPEASNICHUS UNIOTHOCTH BEposiTHOCTH; [ -

-1 o
6e3pasMepHOe BpeMs; T, — KacaTelbHOe HANpPsHKCHHE C/BHTa B MOTOKe, Ila; @) — Tekydects npu T,— 0, (ITa-c)”; 6 — peoquHaMuYecKuii

KO3 PHULUCHT, (l'[az-c)'l; h= R; - R — TONIIVHA 3JJaCTUYHOH CTEHKH, M; p| -IUNIOTHOCTH KpOBH, Kr/M>; p — IUIOTHOCTb 2J1aCTUYHON

CTEeHKH, KI/M’; 0; = Py - P, — nepBas pa3sHOCTb HOPMalbHBIX Hanpsokenud, Ila; J; — cumBon KpoHekepa; & — MOIydb yNpyrocT

dnmacTHUHOl creHku, Ila; @ — Bpems penakcamum, c; ¥ — yron opuentammu; D — xoddumment muddysun, m/c; @ — yactora

Kkonebanwmii, ¢'; De — uncio Jlebopsi; We — umcio Beiiccenbepra; Re, — umcrmo PeiiHombica, ONpesieieHHOE IO HYJIEBOI TEKYUECTH @,

Re,, - xonebatenbHOe ymcio PeiHonbaca »nacTHYHOM CTeHKH; E- 4nCiIo 21acTUYHOCTH ; cm — 3HaYe€HHe BEeIWYMHEI Ha CcTeHke; 7,/ = 1,2,3.
Jlutepartypa

1. T'pomexa W.C. K Teopun aBMKEHHUS KUIKOCTH B Y3KUX LIMIMHIpUYecKux Tpyokax. Mocksa: AH CCCP, 1952.

2. Omnnaiikep M., Paman K. P. 3Byku KoporkoBa mpu mucrosie Kak siBICHHE AMHAMUYECKOH HeycToWumocTH obomouek. CO.
I'upponunamuka u kpoBooOpaienue. Mocksa: Mup, 1971. C. 61-88.

3. Kuchar N.R. Ostrach S. Unsteady Entrance flows in elastic tubes With Applioation to the vascular system. Paper No 70-786 3rd fluid
and Plasma Dynamics conference. Los Angeles. - 1970. - No 1.-P.780-786.

4. Mirs kyl. Wave propagation in a viscous fluid contained in an orthotropio elastiotube.//J.Biophys.-1967.-V.7,No2.-P.165-186.
5. Womersley I .R. Osoillatory flow in arteries: the constrained elastic tube as a model of arterial flow and pulse transmission. // Phys. Med.
Biol. -1957. - No2. - P. 178-187.

6. Womersley L.R. Osoillatory flow in arteries. // I1. The reflection of the pulse wave at junotions and rigid inserts in the arterial system.//
Phys.Med.Biol,-1958. -V.2, No4. - P.313-323.

7. Bonsmup A.C., I'epurreiin M.C. IlpoGnems! auHamMuku 000J109€K KPOBEHOCHBIX cOCynoB // Mexanuka nonumepos.-1970. -No2.-
C.373-379.

8. Kokc P. I'. CpaBHeHue Mozieneii apTepHanbHOro ABUKEHHUS KPOBH, OCHOBAHHBIX Ha JIMHEAPU3UPOBAHHBIX TEOPUSIX PACIPOCTPaHEHUS
BoJH // B ¢6. 'maponuaamuka KpoBooOpamieHus. - M.:Mup.-1971.-C.43-60.

9. Iberall A.S. Attenuation of osoilla -tory pressures in instrument linss. // J. Res. Nat. Bur. Standards.—1950.—V.45,No1.-P.85-108.
10. Womersley LE. Osoillatory flow in arteries. // IIl. - Flow and pulse velosity formulae for a liguid whose viscosity varies with freguency.
// Phys. Med. Biol. -1958. - V.2, No4. - P.374-382.

11. JTaitirdyr 3. SBneHus nepeHoca B )KUBbIX cucTeMax. Mocksa: Mup, 1977.

12. Jlesro B.A., Perupep C.A., lllanpuna H.X. Peonorus xpoBn. Mocksa: Meaummna, 1982.

13. ®upcos H.H., Beimnosa M. A. HoBoe B MozienpoBanuu peonorudeckux cBoiicrs kposu. //MDXK. —2003.-T.76, No3.C.188-198.

14. Kappanen O. C. DkcnepuMeHTanbHast MOJEINb JUIsl ONPEAENICHUs YIPYroneopMaTUBHBIX CBOMCTB COCYIUCTBIX TPAHCIUIAHTATOB. //
MexaHnKa KOMIIO3UTHBIX MaTtepuanos. - 1984.-Nol. - C.110-116.

15. Kapo K., ITemm T., HIpotep P., Cun V. Mexanuka kpoBooOpamenusi. Mocksa: Mup,1981.

16. Menbkymsann A.M., banamos C.A. MexaHO4yBCTBUTENILHOCTb apTepUaibHOro suorenus. Teeps: U3n-so “Tpuana”, 2005.

17.Me nnuT. T'moponuHaMuKa KpynubIX KposenocHbix cocydos. Mocksa: Mup, 1983.

18. Cmuemko B. Xatorun B.M., I'eposa M, I'epo ‘I, Poroza A.H. UyBcTBUTENBHOCT MaJIOl apTEPHU MBILIIEYHOTO THIA K CKOPOCTH
KpOBOTOKA: PEaKIMK caMolpucrocobierus npocsera aprepun. // Gusunonornueckuii xxypran CCCP um U.C. Cevenosa.- 1979.- LXV, No2.
- C.291- 298.

19. Yurrepuc K. /lunamuka kpoBooOpamenus. Mocksa: Menununa, 1957.

20. ®dwunarosa O.B., TpeGyxos A.B., Kucenes B.Jl. B3aumopneiicrBue laBieHust M IOTOKa B DPEry/sIMHM JUaMETPa KPYIHBIX
apTepuanbHbIX cocynoB. bapHayn: M3n-Bo Anraiickoro yH-Ta, 2003.

21.I'puropsr C.C., Caaxsn 10.3. Hatypsn AK. O mexanuszme reHepanuu 3BykoB Koporkosa. //JJAH CCCP.-1980.-T.251, No3. -
C.570-574.

22. Kopotkos H.C. K Bonpocy o MeToznax uccienoBanus KpossiHoro nasinenust. // U3secrust Umnep. Boen. - Men. Axan. - 1905. -T.11,
No4.- C.365-366; K Borpocy 0 MeTonax onpezeneHus KpoBsiHoro aasienus. //M3sectus Mmnep. Boen. - Mexn. Akan. - 1905.- T.12, No2.-
C.254-256.

23. Cemenosa C.B., Jlyuenkos B.B., Kupuuyk B.®. u np. Peonorudeckue cBoiicTBa KpoBU U arperaius TpOMOOLMTOB Yy IAIIUEHTOB C
HeliponupkysaTopHoi acreHueil. // Bectauk Cankr-IlerepOyprekoro yausepcurera. -2008. Cep.11, Beim4. - C. 14-23.

24. Mo Donald D.A. Blood flow in arteries. — Baltimore,1968.

25. Mapdenor A.C., ITemkoB A.B., [loopoBonbckuii H.A. Ananuszarop kposu peonormdecknii AKP-2. Onpenenenue peosornaecKinx
CBOMCTB KpoBU. MockBa: Meauuuna,1994.

26. Jlolsackuit JI.T'. Mexanuka sxuznkocty 1 raza. Mocksa: Hayka,1973.

27. benxkun H.M., Bunorpanos I'.B., JleonoB A.J1. Poraunuonusie npubopsl. M3mepeHue BsS3KOCTH M (QU3UKO-MEXaHHUUYECKHE
XapaKTEepUCTHKU MaTepuanoB. Mocksa: MammHocTpoenue, 1968.

28. Jlomx A.C. Dnactuussle xxuakoctu. Mocksa: Hayka, 1969.

29. Tlonos B.U. PeoxuneTnka nepeHoca BEIIECTBA U UMITYJIbCAa B XUMHUUYECKH aKTHBHBIX CpellaX ¢ MUKPOCTPYKTYpoH. // Temnodusuka n
aspomexanuka. - 2001. - T.8, Ne2. - C.268-281.

30. ITonoB B.1 Ponb 3dhexroB HenokaabHOCTH W 3ama3/bIBaHUA B IIpoleccax IEPEeHOca B Cpelax ¢ MUKPOCTPYKTYpoi. // JKypHan
I[IMT®. - 2002. - T. 43, Nob6. - C.151-155.

31. Tlonos B.UM. DBomtornus XUMHUYECKH aKTHBHBIX IOJIMMEPHBIX CTPYKTYP B IOJIC CIBUTOBBIX, SHTPONUHHBIX U AU(QY3HOHHBIX CHIL
/MKypnan TOXT. - 2011. - T.45, No5. - C.519-528.

32. Tapr C. M. OcHOBHBIE 3aJa4Hl TEOPHUH JTaMHHAPHBIX TeueHnil. — M.: ['ocrexusnar, 1954.

33. Ilonoe B.M., Kexanos A.H. Peonorumueckue moTokd B YCIOBUSIX MTHOBEHHOTO NPHIOKEHHS TOCTOSHHOM M OCLMJUIMPYIOIIEN
ckopoctu cisura // C6. Peognnamuika u TeruioooMeH. - HoBocubupcek, 1979.- 126¢.

34. Tlonos B.M., AntyxoB 0. A. O pe30oHaHCHOM pexXHUMe TEUCHUs M TEIUI00OMEHa HEJIMHEHHOW BA3KOYNpYroW »xuakocrtu //
Cubupcknit pus.-texH. xxypH. 1992. B4, C. 22-26.

References

1. Gromeka L.S. K teorii dvizhenija zhidkosti v uzkih cilindricheskih trubkah. Moskva: AN SSSR, 1952.

2. Jenlajker M., Raman K. R. Zvuki Korotkova pri distole kak javlenie dinamicheskoj neustojchivosti obolochek. Sb. Gidrodinamika i
krovoobrashhenie. Moskva: Mir, 1971. S. 61-88.

3. Kushar N.R. Ostrach S. Unsteady Entrance flows in elastic tubes With Applioation to the vascular system. Paper No 70-786 3rd fluid
and Plasma Dynamics conference. Los Angeles. - 1970. - No 1.-P.780-786.

4.Mirs kul. Wave propagation in a viscous fluid contained in an orthotropio elastiotube.//J.Biophys.-1967.-V.7,No2.-R.165-186.

46



5. Womersley I .R. Osoillatory flow in arteries: the constrained elastic tube as a model of arterial flow and pulse transmission. // Phys.
Med. Biol. -1957. - No2. - R. 178-187.

6. Womersley L.R. Osoillatory flow in arteries. // I1. The reflection of the pulse wave at junotions and rigid inserts in the arterial system.//
Phys.Med.Biol,-1958. -V.2, No4. - P.313-323.

7. Vol'mir A.S., Gershtejn M.S. Problemy dinamiki obolochek krovenosnyh sosudov // Mehanika polimerov.-1970. -No2.- S.373-379.

8. Koks R. G. Sravnenie modelej arterial'nogo dvizhenija krovi, osnovannyh na linearizirovannyh teorijah rasprostranenija voln // V sb.
Gidrodinamika krovoobrashhenija.- M.:Mir.-1971.-S.43-60.

9. Iberall A.S. Attenuation of osoilla -tory pressures in instrument linss. // J. Res. Nat. Bur. Standards.—1950.—V.45,No1.-R.85-108.

10. Womersley LE. Osoillatory flow in arteries. // III. - Flow and pulse velosity formulae for a liguid whose viscosity varies with
freguency. // Phys. Med. Biol. -1958. - V.2, No4. - P.374-382.

11. Lajtfut Je. Javlenija perenosa v zhivyh sistemah. Moskva: Mir, 1977.

12. Levtov V.A., Regirer S.A., Shadrina N.H. Reologija krovi. Moskva: Medicina, 1982.

13. Firsov N.N., Vyshlova M.A. Novoe v modelirovanii reologicheskih svojstv krovi. /IFZh. — 2003.-T.76, No3.S.188-198.

14. Karvanen Je. S. Jeksperimental'naja model' dlja opredelenija uprugodeformativnyh svojstv sosudistyh transplantatov. // Mehanika
kompozitnyh materialov. - 1984.-Nol. - S.110-116.

15. Karo K., Pedli T., Shroter R., Sid U. Mehanika krovoobrashhenija. Moskva: Mir,1981.

16. Mel'kumjanc A.M., Balashov S.A. Mehanochuvstvitel'nost' arterial'nogo jendotelija. Tver': Izd-vo “Triada”, 2005.

17.PedliT. Gidrodinamika krupnyh krovenosnyh sosudov. Moskva: Mir, 1983.

18. Smieshko V. Hajutin V.M., Gerova M, Gero Ja, Rogoza A.N. Chuvstvitel'nost' maloj arterii myshechnogo tipa k skorosti krovotoka:
reakcii samoprisposoblenija prosveta arterii. / Fiziologicheskij zhurnal SSSR im L.S. Sechenova.- 1979.- LXV, No2. - S.291- 298.

19. Uiggeris K. Dinamika krovoobrashhenija. Moskva: Medicina, 1957.

20. Filatova O.V., Trebuhov A.V., Kiselev V.D. Vzaimodejstvie davlenija i potoka v reguljacii diametra krupnyh arterialnyh sosudov.
Barnaul: Izd-vo Altajskogo un-ta, 2003.

21.Grigorjan S.S., Saakjan Ju.Z. Caturjan A.K. O mehanizme generacii zvukov Korotkova. /DAN SSSR.-1980.-T.251, No3. - S.570-
574.

22. Korotkov N.S. K voprosu o metodah issledovanija krovjanogo davlenija. // Izvestija Imper. Voen. - Med. Akad. - 1905. -T.11,
No4.- S.365-366; K voprosu o metodah opredelenija krovjanogo davlenija. //Izvestija Imper. Voen. - Med. Akad. - 1905.- T.12, No2.-
S.254-256.

23. Semenova S.V., Luchenkov V.V., Kirichuk V.F. i dr. Reologicheskie svojstva krovi i agregacija trombocitov u pacientov s
nejrocirkuljatornoj asteniej. / Vestnik Sankt-Peterburgskogo universiteta. -2008. Ser.11, Vyp.4. - S. 14-23.

24. Mo Donald D.A. Blood flow in arteries. — Baltimore, 1968.

25. Parfenov A.S., Peshkov A.V., Dobrovol'skij N.A. Analizator krovi reologicheskij AKR-2. Opredelenie reologicheskih svojstv krovi.
Moskva: Medicina,1994.

26. Lojcjanskij L.G. Mehanika zhidkosti i gaza. Moskva: Nauka,1973.

27. Belkin N.M., Vinogradov G.V., Leonov A.l. Rotacionnye pribory. Izmerenie vjazkosti i fiziko-mehanicheskie harakteristiki
materialov. Moskva: Mashinostroenie, 1968.

28. Lodzh A.S. Jelastichnye zhidkosti. Moskva: Nauka, 1969.

29. Popov V.I. Reokinetika perenosa veshhestva i impul'sa v himicheski aktivnyh sredah s mikrostrukturoj. // Teplofizika i
ajeromehanika. - 2001. - T.8, Ne2. - S.268-281.

30. Popov V.IRol' jeffektov nelokal'nosti i zapazdyvanija v processah perenosa v sredah s mikrostrukturoj. // Zhurnal PMTF. - 2002. -
T. 43, No6. - S.151-155.

31. Popov V.IL Jevoljucija himicheski aktivnyh polimernyh struktur v pole sdvigovyh, jentropijnyh i diffuzionnyh sil. /Zhurnal TOHT.
-2011. - T.45,No5. - S.519-528.

32. Targ S. M. Osnovnye zadachi teorii laminarnyh techenij. — M.: Gostehizdat, 1954.

33. Popov V.L, Kekalov A.N. Reologicheskie potoki v uslovijah mgnovennogo prilozhenija postojannoj i oscillirujushhej skorosti
sdviga // Sb. Reodinamika i teploobmen. - Novosibirsk, 1979.- 126s.

34. Popov V.1, Altuhov Ju. A. O rezonansnom rezhime techenija i teploobmena nelinejnoj vjazkouprugoj zhidkosti // Sibirskij fiz.-tehn.
zhurn. 1992. Vyp.4. S. 22-26.

Tponun H. 0.2 Illypranosa I. B., Bosorosa H. JI.*
lMaFI/ICTpaHT, Hiokeropoackuii rocynaperBennsiii yausepeutet uM. H. . JIobauesckoro, *Bomnorozckuit roCyJapCTBEHHbIN
YHHBEPCHTET, “IOKTOp GHONIOrHYecKHX HayK, npodeccop, Hrkeropogckuii rocynapersennsiii yausepeurer um. H. 1. JToGaueBckoro,
4}:[0KTOp OHOIOrHUeCKNX HayK, podeccop, Bororoackuii rocyjapcTBEHHBIN YHHUBEPCHTET
Asmopbl cmamvu evipadicarom baazooaprocms Doy KOHKYPCHOU NOOOEPICKU CHYOEHMO8, ACNUPAHNOS U MOLOObIX HAYYHO-
neoazoeuyeckux pabomuuxos HHI'Y um. H. . Jlobauesckozo 3a 6cecmopoHnIon nOMOub U NOOOEPIHCKY 6 OP2AHU3AYUU U NPOBEOeHUU
uccnedo8anusl.

OCOBEHHOCTHU HAKOIIVIEHUSA PTYTHU B 300IIJIAHKTOHE U B MOJIOAU PbIb B PASHOTHUIIHBIX BO/IHBIX
OBBEKTAX YPBAHU3UPOBAHHBIX 1 OCOBO OXPAHSEMBIX ITPUPOJHBIX TEPPUTOPUIA HH)KEFOPO)ICKOI?I
OBJIACTH

AnHomauusn
B cmamve paccmampusaromes ocobennocmy akKyMyAsyuw pmymu 6 nuujesoli yenu «300NIaHKMOH — MOJ00b pblO» 8 PAZHOMUNHbIX
B00HBIX 00BEKMAX HA YPOAHUUPOBAHHBIX U 0COOO OXPAHAEMbIX NPUPOOHBIX meppumopusix Huoicezopoockoil obracmu.
KiroueBble c10Ba: pTyTh, aKKYM YIS, 300IUTaHKTOH, MOJIO/b PBIO
Tropin N. Y.'%, Shurganova G. V., Bolotova N. L.*
'Master, Lobachevsky State University of Nizhny Novgorod, *Vologda State University, *Doctor of Biological Sciences, professor,
Lobachevsky State University of Nizhny Novgorod, *Doctor of Biological Sciences, professor, Vologda State University
FEATURES OF ACCUMULATION OF MERCURY IN THE ZOOPLANKTON AND JUVENILE FISH IN DIFFERENT
TYPES OF URBAN WATER BODIES AND PROTECTED AREAS OF NIZHNY NOVGOROD REGION
Abstract
The article examines the features of accumulation of mercury in the zooplankton and in the juvenile fish in different types water bodies
of urban and of Protected Areas of the Nizhny Novgorod region.
Keywords: mercury, accumulation, zooplankton, juvenile fish
BBeaenue. AHTPOIIOrCHHOE 3arpsi3HCHHE OKPYKAIOIIECH CPEeJibl, B TOM YHCIIC U BOAHBIX OOBEKTOB TSHKEJIBIMHU METAILIAMH MIPOMCXO/IUT B
3HAYMUTEIILHON CTEIICHH 3a CYET MX arMOC(EPHOro MepeHoca Ha OONbLINE PACCTOSHUS OT MCTOYHHKOB dMHCCHH. K YHCITy TaKUX BEILIECCTB
OTHOCHTCS U PTYTh, 00JIa/Iaf0IIasi BBICOKOH MUTPAIIMOHHON aKTHBHOCTHIO, 00ECIICUHBAIOLICH el r100aJIbHBIIl XapaKTep pacnpocTpaHeHHs.
PTyTh sIBISETCS OJHMM M3 HauOOJee OIMACHBIX IUIs KUBBIX OPraHM3MOB TOKcHueckux BemiecTB [1]. ITocTyluieHHe TOKCHKaHTa B BOIHBIC
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00BEKTBI IPOUCXOOUT U3 aTMOC(Eepbl, TOHHBIX OTJIOKEHUH, a TAaKkkKe C IOBEPXHOCTHBIM CTOKOM. B BomHOI cpezne mox BosieicTBHEM
COBOKYIHOCTH MUKPOOHOJIOTMYECKHX, (PU3MYECKHX M XUMHYECKHX (HaKTOPOB PTYTh TpaHCHOPMHUpYETCSs B TOKCUYHBIE METHIIMPOBaHHbIC
COCZIMHEHHUS, KOTOPble HHTCHCUBHO HAKaIUIMBAIOTCS I'MAPOOMOHTAMU M MEUICHHEE BBIBOIATCSA M3 UX OpraHm3Ma. JTO NPUBOIAMT K Ooee
3¢ PexTUBHOMY NEPEHOCY TOKCHKAHTA MO0 BOJHOH TPOGUUYECKON eI 110 CPABHEHUIO C MPSAMBIM IIOTJIOLIEHHEM MeTalla F’HAPOOHOHTaMU U3
BOJIbI U JIOHHBIX OTJIOXKEHU [2].

B 0030pax, MOCBSIIEHHBIX UCCIIEI0BAHUSIM COJIEPKAHUS PTYTH B Pa3HBIX 3BEHbAX BOAHBIX SKOCHCTEM, OTMEUACTCS €€ HE3HAUUTEIbHOE
coziepKaHle B BOJE, TJi€ OHa MHTPHPYET B JBYX OCHOBHBIX (Da30BBIX COCTOSHHSIX — B PacTBOPEHHOH (opme, b0 B cocraBe B3BecH. [3].
ITosToMy pTyTHBIE COSIMHEHHS, HECMOTPS Ha HU3KOE COIEP’KaHHUE B BOIHOH cpelie, B NEPBYIO Ouepeib KOHLEHTPHPYIOTCS B INIAHKTOHHBIX
OpraHu3Max, KOTOpbIe MOI'YT CIIY)KUTb a[ICKBaTHBIMH MHIMKATOPaMH 3arpsA3HEHMS BOJHBIX O0OBEKTOB JAaHHBIM TOKCHKAaHTOM. OCHOBHBIMU
(axkropamy, BIMSIOIIMMHU Ha paclpelielieHne PTyTH B aOHMOTHUYECKMX M OMOTMYECKUX KOMIIOHEHTaX BOIHBIX OOBEKTOB, SIBIACTCA Kak
aHTPOIOreHHas! HArpy3Ka, TaK U MX NPUPOJIHbIE OCOOCHHOCTH, Yepe3 KOTOPbIe HPENIOMIISIOTCS MUTPALMOHHBIE MPOLECCH! IOCTYNAOMNX
TOKCHKAaHTOB. DTO MOATBEPMIN U UCCIIEIOBAHMS KPYITHBIX MEJIKOBOAHBIX 03¢p Bonoroxckoii obnacru: benoe, Kybenckoe u Boxe [4, 5, 6,
7].

CrenoBaTenbHO, M3y4eHHE HAKOIUICHUS PTYTH B TUAPOOMOHTAaX, OOMTAIOIIMX B PA3HBIX THUIAX BOAHBIX OOBEKTOB, BKIIOYAs
ypOaHU3UpPOBaHHbBIE U 0CO00 OXpaHseMble IPUPOIHBIE TEPPUTOPHH (KaK POHOBBIE) NMO3BOJISET BBIABUTD CHELM(HKY 3TOr0 Iporecca.

VYCTaHOBIIEHO, YTO 110 MEpe POCTa, Kak IPaBHIIO, B 3arpA3HEHHBIX BOIOEMax, IPOMCXOAUT 3aKOHOMEPHOE YBEJIMUYEHHE COIEpIKAaHHUE
PTYyTH B cTapiuieBo3pacTHbIX rpymmax peid [8]. CoOoTBETCTBEHHO, YCHJIMS HCCIIENOBATENICH COCPENOTOYEHBI B OCHOBHOM Ha H3y4YEHHU
KPYITHBIX 0cO0€ii IIPOMBICIOBBIX BHIOB, 8 3aKOHOMEPHOCTH HAKOIUIEHUS PTYTH Ha PAaHHHUX CTAIMAX OHTOr€He3a NPaKTUYECKH HE M3y4YEHbL.
IMTosToMy B HaleM HcCiIe0BaHUM OCHOBHOE BHUMaHHE 00paleHO Ha MOJIOb Pa3HbIX BUIOB PbIO, B TOM YHCIIE HEIPOMBICIIOBBIX.

EnuHu4HBIE HCClIeIOBaHUS KACAIOTCS HAKOIUICHUS PTYTU B 300IUIAHKTOHE, XOTS OCOOEHHOCTH MHUI'PAllMK TOKCHKAHTA MO TPOYUUECKUM
CeTsIM, JIAI0T BO3MOXKHOCTH IIPOJIOHI'MPOBAHHOM JMAarHOCTUKM HE TOJBKO B IUIAHE MOHHTOPHHIA KadyecTBa PHIOHOM MPOAYKIMH, HO U
COCTOSIHMSL DKOCHCTEMBl B I€JOM. TakuM 00pa3oM, MCCIIEIOBAHHE HAKOIUIEHHS PTYTH B 300IUIAHKTOHE, MOMHMO BBISBICHHS €ro
OGMOMH/IKAIIMOHHBIX BO3MOXKHOCTEH, I03BOJISAET HPOCIENUTh JadbHEHIIMI MPOLECC MUTPALMU TOKCUKAHTa Ha CIIEIYOMUH TPOhUUECKUi
YpOBEHb. DTO BO3MOXKHO P U3Y4EHUH OMOAKKYMYIIALMHU PTYTH B INIAHKTO(Arax, K KOTOPbIM OTHOCATCS HE TOJIBKO MHOTOYMCIICHHBIE BUJIBI
MHPHBIX PbIO, HO ¥ MOJOIb XHMIIHUKOB. I103TOMY IIe/bl0 HAIIMX MCCIIEOBAHUN OBIJIO YCTaHOBIJICHHE OCOOCHHOCTEH MHIPAlMU PTYTH B
TPO(HUUECKOH 1IN «300IUIaHKTOH-MOJIOZb PhIO» B PA3HOTHITHBIX BOJIOEMA B YCIIOBUSAX Pa3HON aHTPONOICHHON Harpy3KH.

Paiion uccienoBanus. Boibop paifoHa nccneoBaHus Uil CPaBHUTEIBHOIO aHAIM3A COAEPIKAHUS PTYTH B 300IUIAHKTOHE U B MOJIOAU
PBIO ONpENeNsuICs C y4EeTOM YPOBHS aHTPOIOr€HHOH HArpy3KH, a TakKe THUIIOJIOTMH BOIHBIX dKOCHCTEeM. B KauecTBe BOIHBIX OOBEKTOB,
TpaHC(OPMUPOBAHHBIX CHIIBHBIM aHTPOIIOI€HHBIM BO3ZIeHCTBHEM, ObIIIN BbIOpaHBI BOJOTOKH Pa3HOH npoTshkeHHOcTH ropozaa H. Hosropon,
KOTOpbIC OTJIMYAINCH II0 CTENCHH 3arpA3HEHUst M HPOTOYHOCTH. Tak, kK Haubosiee 3arpsA3HEHHBIM TOPOJCKMM BOJOTOKaM OTHOCSTCS
IlyBanoBckuii kaHan u peka PxaBka, a pexa YepHas uMeeT CpPeHUH YPOBEHb 3arps3HEHHs, OCOOCHHO B BEpXHeM TeueHuHu [9].
[lyBanoBckuii kaHal npeacraBisieT coboil cucreMy nporok mupuHoi 10 — 15 M u riy6unoit 0,4 — 0,9 M, COeIUHSIOINX MEXy COOOH
HeOonbiue o3epku. [Ipu 3TOM OOlEcaHUTapHbIe XapaKTEPUCTUKU BOZBI CBUIETEIBCTBYIOT O JIOCTATOYHO BBICOKOH CTENEHH 3arpsi3HEHHS
9TOro Bo#oTOKAa. Peka UepHast HPOTSHKEHHOCTBIO 19 KM siBisercs mpaBbIM HPUTOKOM p. Bonrn. Ilo koMIuieKcy KOHTPOJIMPYEMBIX
nokasarenei Bofa pexu coorsercTByeT VII kmaccy kauecta. Pexa Pxxapka mnnHol 10 kM sBIs€TCS IEBBIM IPUTOKOM . OKH.

B kauectBe ()OHOBBIX MOJEINIBHBIX IIOJUTOHOB OBUIM BBIOPAaHBI BOJHBIE 3KOCHCTEMBbI 0CO0O OXpaHSAEMOH IPUPOIHOH TEPPUTOPUN
IMycTbiHCcKOrO 3aKa3HMKA, a Takke peka Kepxenen Ha rpanuue ¢ Kepxenckum OuocdepHbIM 3aroBeHUKOM. lccnenyemblil yqacTok p.
Keprxenen pacrionoxkeH B HauMeHee 3arpsisHeHHOM bBopckom paiione Huskeroponckoil 001acTé M 1O T'MAPOXMMUYECKHM I10Ka3aTeNsM
XapaKTepu3yeTcsl KaK OTHOCUTENIbHO 4uCThIil. B mpenmenax IlycThIHCKOro 3aka3HMKa I M3Y4€HUs 3aKOHOMEPHOCTEH MMIpAlUM U
HaKOIUICHUs PTYTH B 300IUIAHKTOHE W MOJIOJM pBIO ObUIa BEIOpaHa 03epHO-pedHast cuctema peku Cepexu ¢ ozepamu Cesitoe 1 Benukoe, a
TaKKe NMPOTOKOH Mexay HUMH. Takum 00pa3oM, UCCIIeJOBaHHBIE BOJIHbBIE OOBEKTHI PAa3IMYaAINCh 10 THIIOJIOTUH (03epa U PEKU), CKOPOCTH
TeueHus (IIPOTOYHBIEC U CIA0OPOTOYHBIE), & TAKXKE I'MAPOXUMHUYECKIM I10Ka3aTeIsIM U yPOBHEM aHTPOIOICHHON HArpys3Ku.

MarepuaJ u MeToauKa uccaenoBanuii. Coop npod 300IU1aHKTOHA M MOJIOIM PBIO JUIsl TaTbHEHIIEro onpeiesieH!s COAepKaHus B HUX
pTyTH npoBoxuics B jaeTHui nepuox 2014 rona Ha 8 pa3sHOTHIHBIX BOAHBIX 00BEKTAaX. JTO BOJOTOKH YPOAHU3UPOBAHHOH TEPPUTOPHH, TO
ectb B npezienax ropona Hwxnero Horopoana (p.p. Yepnas, Pxaska u IllyBanoBckuil kaHal), a Takoke BbIOpaHHbIE B KauyecTBE (POHOBBIX
sKocucTeM — peka Kepxxenen Ha rpanune ¢ Kepxenckum OnocdepHbIM 3al0BEIHMKOM M BOAHbIE 00BeKTbI ITycThIHCKOrO 3aka3Huka (p.
Cepexa, o3zepa Cesitoe n Bennkoe u mpoToka MexIy HHMH). 300IDIAaHKTOH OTOHMpaiu ¢ momolnbio cetd J[xean nuamerpom 18 cm,
pacmonaras ee NPOTHUB TEUCHHS — B BOJOTOKAX, a B O03epax — MPOJMBAaHUEM OONBIIOr0 o0beMa BOIBI 10 (HOPMHUPOBAHUA
KOHLICHTPHPOBAaHHOM NpoObl. B KaMepanbHBIX YCIOBHSX OCYILECTBILSUIOCH OTCTaMBaHHUE, NPOMBIBAHME M BBICYIIMBaHME. Bcero ObuIo
cobpano u obpaborano 12 mpob6 3oomrankToHa. OTIOB MOJNOAM PBHIO OCYIIECTBILSUICS B MeCTaX OTOOpa 300IUIaHKTOHHBIX IPOO C
UCHOJIb30BAHUEM MXTHOJIOTMYECKOH JIOBYILIKH, a TakKe BOAHOro cauka. IToliMaHHast ppiOa 3aMOpa’kMBalach, a B KAMEPAIbHBIX YCIOBHAX
omnpeJessnack €e BHAOBas INPHHAIIIEKHOCTb, JUIMHA M Macca Tena o obwmenpuHarsiM Mmeromukam [10, 11]. Comepxanue pryru B
300IUIAHKTOHE M B TKaHAX PBIO ONpPEAENSUIM METOIOM aTOMHO-abcopOIMOHHON crekTpodoromerpun ¢ ucronszoBanueM KBAHT-2A ¢
npuctaskoil I'PT-107 [12]. [lns o30neHus ucnonb30Basiach MUkpoBosHoBas neus IUITT-01 M [13].

Bcero 3a BpeMms moneBBIX HCCIEIOBaHUH ObLIO coOpaHO M 00paboTaHo 155 SK3eMIUIIPOB MOJIOAW PBIO, OTHOCSIIMXCS K 7 BUIAM:
ykneiika (Alburnus alburnus L., 1758), twiorBa (Rutilus rutilus L., 1758), kpacnonepka (Scardinius erythrophthalmus L., 1758), nem
(Abramis brama L., 1758), ronasns (Leuciscus cephalus L., 1758), okyns peunoii (Perca fluviatilis L., 1758), ronosemka-porat (Perccottus
glenii D., 1877),

Pe3ysabTaThl ucciienoBaHuii M o0cy:kaeHHe. Pe3ynpTaThl MCCIeNOBaHUI COLEp)KaHUS PTYTH B 300IUIAHKTOHE IIOKA3ald B LIEJIOM
JIOCTaTOYHO 3aMETHBII ypOBEHb PTYTHOI'O 3arpsi3HEHUsI BOJHBIX 3KocucreM Himkeroposckoit obmactu.

Tak, MakcHUManbHOE COIEp)KaHME DPTYTH B 300IUIaHKTOHEe Ha ypoBHe 0,11 MI/kr 3adUKCHpPOBaHO B TOPOACKHX BOJOTOKAX Ha
ypOaHU3MpOBaHHON TeppuTopuu. 310 B 1,5 pa3a mpeBbllIacT TaKOBOM MoKa3arelb i o3ep JapBUHCKOro OMoc()epHOro 3anoBeiHUKA Ha
Teppuropun Bonoroackoil obnactu, rie copepikaHue pTYTH B 300IUIaHKTOHe Konebanock B mpenenax 0,01-0,07 mr/kr [8]. OmHako
Collep)KaHHe PTYTH B 300IUIAHKTOHE BCEX HCCIECJOBAaHHBIX BOJHBIX OOBEKTOB B Hinkeropoackoil o0iiacTd, HOIBEPHKEHHBIX Pa3HOU
aHTPOIIOreHHOH Harpyske (ot roponckux teppuropuii 1o OOIIT) cunpHO BapsupoBano ot 1,1 mo 95 pa3 (0,00115 no 0,109 mr/xr). Tak, B
o3zepax IIycTBIHCKOrO 3aKa3HMKa HAaKOIUICHHE DPTYTH B 300IIaHKTOHe Obwio 0,0039 Mr/kr, 310 MeHbIIe B 5 pas, 10 CPaBHEHUIO C
BOJIOTOJICKUMH 03e€paMH B JJapBUHCKOM 3allOBEIHUKE.

CpaBHEHHE CPEIHUX BEINYMH aKKyMYJISILIUU PTYTH B 300IUIAHKTOHE B IOPOACKMX BOAHbIX 00bekTax (r. H. HoBropon) ¢ nokasarensmu
ee CoIepXaHMS B 300IUIAHKTOHE (HOHOBBIX BOAHBIX 00bekToB (OOIIT) BBIABMIO 3aKOHOMEPHOE YMEHBIIEHHME MOKa3aTenel
ypOaHU3UPOBAHHBIX U 0CO00 OXPaHAEMBIX TEPPUTOPHH. ITO COOTBETCTBYET IKCIHEPUMEHTAIIbHBIM paboTaM, B KOTOPBIX YCTAaHOBJICHO, YTO
IUAPOOMOHTHI HAKAIUIUBAIOT PTYTh B MPSAMO IPONOPLIMOHAIIBHON 3aBUCUMOCTH OT €€ coepxaHus B Boze [2]. B cpennem coneprkanue pryru
B 300IUIaHKTOHE BomoTokoB Hwkaero Hoeropoaa cocrasmsuio 0,029 (0,0011-0,109) mr/kr, uto Bhimie B 7,4 pa3a 3HaueHHs MOTOOHBIX
rokasareseit Ha 0co60 oxpansieMbIx Teppuropusix — 0,0039 (0,00127-0,0133) mr/xr (puc. 1).
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Puc. 1 — HakoruieHue pTyTH B 300IUIAHKTOHE (MI/KT) B TOPOACKHUX BOZOTOKAX U BoAHbIX oObekrax OOIIT (2014 r.)

CreztyeT OTMETHTb, YTO HAJIMYKE PTYTHU B 300IUIaHKTOHE BOAHBIX 00bekToB OOIIT, ynaieHHbIX OT NPOMBILIIEHHBIX LIEHTPOB, KOCBEHHO
CBHZIETENBCTBYET 00 a3POTEXHOI€HHOM IIEPEHOCE, 3aBUCSIIEM, KaK H3BECTHO, OT HAXOXKICHHUS TEPPUTOPHUH B 30HE NPe00IalafoluX BETPOB.
Bo3MOXKHO, BBISIBIEHHOE HaIM4ue PTYTH B THMIPOOMOHTaX BOIHBIX OObeKTax IIyCTBIHCKOrO 3aKa3HMKa M OTCYTCTBHE HCCIEAYeMOro
TOKCHKaHTa B 300IJIAHKTOHE peke KeprkeHel oTpakaeT MX pa3sHOe MOJ0KEHHE OTHOCHTEIBHO pO3bl BETPoB. Kpome Toro, uccienoBaHHbIH
yuacrok p. Kepxenen pacrionaraercss Ha rpaHuie ¢ KepxeHckum O0nochepHbIM 3a10BEAHUKOM, KOTOPBIN YlIaJdeH OT KPYIHBIX HCTOYHHKOB
PTYTHOTO M MHOTO 3arps3HEHMS, a 3allOBEIHBIN PEXXUM TEPPUTOPHU IPEJOTBPALIAET IOCTYIUICHHE B PEKy OBITOBBIX M XO3SHCTBEHHBIX
CTOKOB.

B To ke Bpems, BomoeMbl B BOAOTOKH IIyCTBIHCKOrO 3aKa3HMKa XapaKTE€pPHU3yeTCsl pa3sHbIM, HO JOCTATOYHO 3aMETHBIM HAKOIJIEHHEM
TOKCHUKAHTa B 300IUIaHKTOHE. Tak, Oosee BbICOKasi KOHIIEHTPALUs PTYTH perucrpupoBaiack B ozepe Csrom — 0,0133 mr/kr, a HauMeHblIast
Habmoznanace B p. Cepexa — 0,00127 mr/kr.

Pe3ynbraThl McCIe0BaHUS Pa3HBIX TUIIOB BOAHBIX 00bekTOB (hoHOBOM Teppuropuu (OOIIT «IlycThIHCKUI 3aKa3HUK») IOKA3allH, YTO
Ha MUTPALMIO PTYTH BIMSIOT IPUPOJHBIE 0OCOOEHHOCTH BOJIHOM SKOCHCTEMBI. B 1epByt0 ouepeib, 3TO CBA3aHO C BOZOOOMEHOM, OT KOTOPOro
3aBHCHT BbIHOC pTyTH. [losTomy B pexe Cepexa conepxanue pryrd B 3oomiankrone 0,00127 mr/kr, 4ro MeHblue modtd B 9 pas, uem
cpenHee 3HadeHue 1o ozepam — 0,0113 mr/kr (puc. 2).

OOGHapyxeHHOe B 03epax Ooibliee, YeM B PeKe, COIEpKaHUe PTYTH OTpakaeT 3aKOHOMEPHOE BIIMSHHUE UX 3aMEUICHHOI0 BOLOOOMEHa
Ha aKKyMYJIALHIO TOKCHUKaHTa. 3aBUCUMOCTb MUIPALIMHU JIEMEHTOB OT MOP()OMETPHUUECKUX OCOOCHHOCTEH BOJOEMOB HAIJISAIHO MOKA3bIBACT
CpaBHEHHE COJEpKaHUs PTYTH B 300IIaHKTOHE 03epa Cesroro — 0,0133 mr/kr u o3epa Benmkoro —0,0093 mr/kr (puc. 2).

HauGosnbinast KOHLEHTpalus PpTYyTH oTMedeHa B o3epe CBATOM, KOTOpOe MEeHbIle B 2 pa3a IO IUIOMAIu o3epa Benukoro u spisercs
MPaKTUYECKH OECCTOYHBIM BOJOeMOM. Kpome TOro, JOIOIHUTENIBHOE KOIMYECTBO PTYTH MOXKET IOCTYNAaTh C BOZAMH IIPOTOKH, KOTOpas
BIIaJaeT B 03epo CBATOE.
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Puc. 2 — Hakomienue pTyTy B 300IUTaHKTOHE (MI/KT) B peke u o3epax [TycreiHckoro 3aka3nuka (2014 r.)

IpoBeneHHoe uccnenoBanue camoil pexku Cepexu IOKa3alo HAIUYME PTYTH B 300IUIAHKTOHE Ha Y4YacTKe, KOTOPBIH IOJBEpIKEH
aHTPOIOreHHON Harpyske (OKOJIO aBTOMOOMJIBHOIO MOCTa) Ha OCBOGHHOM BozocOope. Ha Hmkenexamiem yuacTke BOAOTOKa ¢ Oonee
BBICOKOM CKOPOCTBIO TEUEHUSI PTYTh B 300ILUIAHKTOHE He OOHapy)keHa, HO B pblOax OHa 3a()MKCUPOBAHA, XOTS M B MEHBILEM KOJINYECTBE
(0,016 mr/xr), yem Ha BbIenexanieM yyactke (0,024 mr/kr). 3to mokassiBaer BKiIaa pekn Cepexu B MUTpAIMIO PTYTH B 03epo Bemukoe,
YTO CHOCOOCTBYET COOTBETCTBEHHOMY YBEJIMUCHHIO COAEPIKAHUS PTYTH B 036PHOM 300ILIAHKTOHE, 110 CPABHEHUIO C PEUHBIM.

B npotoke, BrITeKaromei u3 o3epa Bennkoro (coenunstomerd ero ¢ 6eccTodHbM 03epoM CBSITBIM), PTYTh B 300IDIAaHKTOHE He ObLIa
oOHapyxeHa. JTO OYEBHAHO OBLIO CBSI3aHO C HE3HAYUTENIFHBIM COAEP)KAHHEM TOKCHKAaHTa B BOJIE M COOTBETCTBEHHO C OYEHb MallbIM
HaKOIUICHHEM B 300IUIAHKTOHE 3a T'PaHbI0O YyBCTBHTEIIFHOCTH MeEToZa ompeneneHus. Jloka3aTeabCTBOM HajM4Hsl BCE )K€ PTYTH B BOJIE
npoToku ciryxut ee HakoruieHue (0,005-0,008 Mr/kr) B MBIILIEYHONH TKAHU MOJIOJH PbIO, KOTOpbIE OBLIH OTJIOBJIEHHI B JaHHOM OHoToIe. JT0
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OTpakaeT OOJIbLINE, 0 CPABHEHMIO C 300IUIAHKTOHOM, aKKYMYJSTHBHBIE CIIOCOOHOCTH DBIO, BCIEJICTBUE HMX IPHHAUIEKHOCTH K Oonee
BBICOKOMY TPO(HUECKOMY YPOBHIO.

B pesynbrare, 03epo CsATOE 4epes3 MPOTOKY MOJNYYaeT JONOJHUTEILHOE KOIMUECTBO PTYTH U KaK OECCTOYHBIH BOIOEM aKKYMYIIHPYeT
ee Oonee uHTeHCHUBHO. [lonTBepXKAEeHNEM sBIsteTcst Gonblnee B 1,4 pa3a copepkaHue PTYTH B 300ILUIAHKTOHE, 110 CPABHEHHIO C IIPOTOYHBIM
o3zepoM BennkuM. AHanoruyHast KapTuHa OOJIBIIET0 HAKOIUICHUs PTYTH OTMEUeHa U i pbl0, oOuTaromux B o3epe CBATOM.

Takum 00pa3oM, CPaBHUTENILHOE MCCIIEJJOBAHHE HAKOIUIEHMS] PTYTH B 300IUIAHKTOHE O3€P M PEK I[10Ka3aJl0 3aMETHOE pPasjIMuue B
COICpP)KAHMM TOKCHKaHTa. B crodumx Bomoemax (OpMHpPYIOTCS ONarolnpusTHble YCIOBHS Ul AKKYMYJIALMH M HOCIEIYIOIIEro
JICTIOHUPOBAHUS B JIOHHBIX OTJIOKCHHSAX IMOJUIIOTAHTOB, B OTJIMYKME OT BOJAOTOKOB, I Oylarozapsi TEUEHHIO JaHHBIE IIPOLECCHI IPOUCXOJT
MeJUICHHEE.

IMo cpaBHEeHUIO ¢ POHOBBIMU BOJHBIMH OOBEKTAMHU, HCCIIEOBAHIE COIAEPKAHUSA PTYTH B 300IUIAHKTOHE BOJIOTOKOB ypOaHU3UPOBAHHOMN
TEPPUTOPUM  OTPA3UIIO 3aKOHOMEPHOE YBEIMYEHHE COAEPIKAHUS PTYTH B YCIOBHSX MHOIO(GAKTOPHOW aHTPONOI€HHOW HArpy3ku. DTOT
IOKa3aTeNb PTYTHOIO 3arpsi3HEHUs IOPOJICKHMX BOJOTOKOB yBenauumics B cpexHeM a0 0,034 mr/kr, To ectb B 28 pas, 110 CPaBHEHHIO C
peunsIM 3o0o0m1aHkToHOM B mpenenax OOIIT (0,00127 mr/kr). Ecnim yduThIBaTh MaKCUMalIbHBIE 3HA4YEHMS, TO HAKOIUIGHHE PTYTH B
300ILUTIAHKTOHE B BOJIOTOKAX Ha ypOaHU3UPOBAHHON TEPPUTOPHH IIPEBBIIAET TaKoBbIe 11 peku Ha Teppuropur OOIIT B 86 pa3 (puc. 3).
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Puc. 3 — Hakomenue pryTy B 300Iu1aHKTOHE (MI/KT) B peke [IycThIHCKOro 3aKka3HuKa U B TOPOJICKHX BofoTokax (2014 r.)

HeobOxoqumMo OTMETHTH BBIPRXCHHOE BIMSHHME HA IIPOLECC HAKOIUIEHHWS PTYTH B 300IUIAHKTOHE TOPOJCKUX BOJOTOKOB HX
aHTpororeHHoi Tpancdopmarmu. Tak, peuka PkaBka B mpesienax ropopa NMpakTHYECKH IepecTaysa ObITh €CTECTBEHHBIM IIPHTOKOM H
OoIbIIIel CBOEH YaCThIO IMPOTEKAET B TpyOax, Ky/a HOCTYNAIOT JIMBHEBBIE CTOKH. B moqnpyxeHHOM yJacTke BOIOTOKA COJCpIKaHUE PTYTH B
300r1aHKToHe cocTaBisuio 0,0047 mr/kr.

B ortnmune or peuku PkaBku, pexa UepHas ¢ aHTPOIIOr€HHO M3MEHEHHBIM BOIOCOOPOM HMMeEET OOJIBIIYIO NMPOTSDKEHHOCTh M Oonee
BBICOKYIO CKOPOCTh TEUECHUsL. B cBsi3u ¢ 9THM, ObLIa MpociexeHa MHaMIKa U3MEHEeHHs KOHIIEHTPAIMH PTYTH B IUIAHKTOCTOKE: OT BEPXHETO
— K CpeTHEMY TEUECHHIO U JI0 yCThsl peku. ClielyeT OTMETHTbh, YTO B BEPXOBBAX peKH UepHO B 300IUIaHKTOHE PTYTh OTCYTCTBOBaJa, 3aTEM
TIOSIBIISUTACh B He3HaUNTENbHBIX KonudectBax (0,00115 mMr/kr) B cpexHeM TeueHHH U Bo3pacTaia B 35 pa3 B ycrbeBoM yudactke 110 0,04 mr/kr.

HanGonpmmmy nokasarensiMi HaKOIUICHHS PTYTH B 300IUIaHKTOHE XapakTepu3oBaics lllyBanoBckuii kaHal, 10 CPaBHEHHIO C PEKAMHU
PxaBka u Uepnas (puc. 4). [llyBanoBckuii KaHaJl MO>KHO OTHECTH K IIpe0Opa30BaHHBIM BOIHBIM O0BEKTaM, IIPEJICTABILIIOIIM COO0H CHCTEM
MIPOTOK C 3aMe/UIEHHBIM BOJJOOOMEHOM, YTO CIIOCOOCTBYET aKKyMYJISSTUBHBIM IIPOIECCaM B MUTPALIMH ITOCTYIAIONIIUX 3JIEMEHTOB, BKIIIOYAs
pTyTh. TeM He MeHee, CpaBHEHHUE COZIEPKAaHMS PTYTH B 300IUIAHKTOHE B IPOTOKE CPEIHETO YIacTKa C YCTHEBOW IT0Ka3ajio €ro YBEeJIHMYeHUE C
0,02 o 0,109 mr/xr, To ecTb B 5,5 pas.

W3ydyeHne pa3HBIX Y4acTKOB BOJOTOKOB Jaj0 BO3MOJKHOCTh YCTaHOBUTH 3aBUCHMOCTH HAKOIUICHHS PTYTH B 300IUIAaHKTOCTOKE OT
CTEIIeHN aHTPOIIOr€HHOH TpaHC(OpMAlUMK W TOATBEPAWTH BIHMSHHE CKOPOCTH TEUSHHS, HApsAy C AKKyMYISTHBHBIMH SBJICHHSAMH B
YCTBEBBIX M IOJIPYKESHHBIX yJacTKax, Ha 9TOT IPOIIecc.
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Puc. 4 — Cpenuue nokasatesy coiepykaHusl pTYTH B 300IUIAHKTOHE (MI/KT) B Pa3HBIX FOPOACKUX BojoTokax (2014 r.)
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Taxum 00pa3zom, pe3yinbTaThl NCCIIEIOBAHNI HAKOIUICHUS PTYTH B 300IUIAHKTOHE B Pa3HOTHIIHBIX BOJHBIX 00BEKTax B YCIOBHAX Pa3HON
aHTPOIIOI'eHHOM HArpy3KH ITO3BOJIMIIM BBISBUTEH cienyromiee. /s Boqubix 00bekToB OOIIT XapakTepHbl HU3KHE ITOKA3aTEIH COIECPIKAHUS
pryrtu B 3oomiankToHe (B cpemnem 0,0039 wmr/kr). HamGonee BbICOKMMH KoHIEHTpauusiMu pryrd (B cpemnem 0,029 wmr/kr)
XapaKTepU30BAINCH aHTPOIIOICHHO M3MEHEHHbIE BOJNOTOKHM B mpexnenax Hmxuero Hosropoma (p. p. Pxaka, Uepnas u IllyBanoBckuii
kaHai). O4eBUAHO, YTO JAaHHOE OTJIMYME OOYCIOBJICHO BBICOKMM YPOBHEM 3arpsi3HEHHs TOPOJICKHX BOIOTOKOB IPOMBIIUICHHBIMH M
OBITOBBIMU CTOKaMH, KOTOPBIE COZEp)KAaT PTYTh U €€ COSJAMHEHHs, NPUTOM, YTO COJEp)KAaHHWE NPYrUX TSDKEIBIX METaJUIOB B JAHHBIX
BOJIOTOKAX TAK)Xe BEJIHKO.

BrisiBiIeHHE YpOBHSI aKKyMYISIIMM PTYTH B 300IUIAHKTOHE XapaKTepPHU3yeT TOKCHYECKHMH (OH Ui IUIaHKTO(AroB, CBS3aHHBIA C
MUTpaIyeil 3JIeMEHTOB N0 TpoduUuecKoi 1er. Monoap MUPHBIX M XHUIIHBIX PBIO, KOTOpast MOTPeOIIsIeT 300IUIaHKTOH, MOXKET HaKaluIMBaTh
PTYTh B OONBIINX KOJIMYECTBAX, YTO JEJIaeT €€ YSI3BUMOH, 0COOCHHO Ha PAaHHMX CTa/IUsIX OHTOTreHe3a, K TOKCHYECKOMY 3arpsI3HEHHIO BOTHBIX
00BEKTOB.

B nenom, copepkaHie pTyTH B MBIILIEYHOH TKAHU MOJIOAU PBHIO B BOAHBIX 00bekTax Hmkeroponackoil obmacti ObUIO MEHbIIIE 3HAYESHHS
ITOK mns B3pocnbix MUpHBIX pbi6 (0,3 Mr/kr). Tak, B MOJIOIM BCEX IIECTH BHIOB PbIO (MUpHBIC U XHIIHBIC) B BOAHBIX 00BEKTAX C Pa3HOU
aHTPOIIOr'eHHOM Harpy3koi (0T ropozackux tepputopuii 1o OOIIT) conepxkanne pryru Bapsuposao ot 0,005 mo 0,06 mr/kr (B 12 pa3). 310
B LIEJIOM COIIOCTaBUMO C Pe3y/IbTaTaMK aHAJOTUYHBIX HCCIIEI0BaHUH, KOTOpBIe OBLIM IPOBENICHBI Ha TeppuTopun Bomoronckoit obnacru [4,
5, 7]. OnHako, BBISIBIICHHOE COAEP)KaHUE PTYTH y Moiiogu pbi6 B Hipkeroponckoil obmacTé Ha MOPSIOK MEHbBIIE, YeM Y XHIIHOTO OKYHS
(0,02 — 0,99 mr/xr) m3 o3ep [apuHckoro 6uocdepnoro 3anoBennuka Ha Ceepo-3amane Poccun. Otmerim, uto npessimenue 1K mo
pryru (0,6 MI/KT JUTS XUIIHBIX PIO) JUTS MBINIEYHOH TKaHU pHIO [8] 0cOOEHHO oracHoe SIBJICHUE IS PHIOOX 035 ICTBEHHBIX BOIOEMOB.

JIJs1 cpaBHHUTENHHOTO aHAJIM3a BIIMSHUS aHTPOIIOICHHOM HAarpy3KH Ha MPOLECC aKKyMYIISIMM PTYTH B MOJIOAW PBIO (Takke Kak M I
300IUIAaHKTOHA) UCIIONB30BAJIH JaHHBIE, [IOTyYeHHbIe Ha (POHOBBIX OOBEKTAaX.

PesynpraTsel MccnenoBaHUS Pa3HOTHITHBIX BOAHBIX 00BEKTOB Ha (oHOBO# Teppuropum (p. Kepxenenm um IlycTeiHCKHMiT 3aka3HHK)
MOKa3aJik, 4TO CoAepkaHue pTyru B peidax B pexu Kepkener (0,005 mr/kr) B 4 pa3a MeHbIIe ee KOHIEHTPAIMH B BOIHBIX OOBEKTax
[Tycreiackoro 3akasuuka (0,019 mr/kr) (puc. 5). Huzkue KOHIEHTpaliK TOKCUKaHTa B pbiOe pekn KeprkeHel MoKa3bIBaroT He3HAYUTEBHBIN
YPOBEHb PTYTHOIO 3arps3HEHUS] TEPPUTOPHUH, IPUMBIKaromeil Kk KepykeHCKoMy 3aloBeTHHKY, Y9TO MOATBEP)KAAETCS OTCYTCTBHEM PTYTH B
300ILUIAHKTOHE BOJOTOKA.
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Puc. 5 — Conepxanue pryru B pproe (Mr/kr) B Bogubix oosekrax OOIIT (2014 r.)

Ha comepxanue pTyTy BIUSIOT IIPUPOIHBIE OCOOSHHOCTH BOIHOM KOCHCTEMBL. B mepByro odepenh 3TO CBSI3aHO C BOIXOOOMEHOM, OT
KOTOPOro 3aBHCHT BBIHOC PTyTH. Tak, B peke Cepexxa M B IPOTOKe Mexay o3epoM Bemukum u CBSTBIM comep)KaHHE PTYTH B phiOe B
cpenHeM coctaBiisuio — 0,0153 mr/kr, yro MeHbIne B 1,5 pasa, ueM cpenHee 3HaueHue 1o o3epam — 0,023 mr/kr (puc. 6.).
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Puc. 6 — Conepxkanue pTyTH B ppi0e (MI/KT) B BOZHBIX 00BbekTax [lycreiHckoro 3aka3nuka (2014 r.)
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BrisiBiieHHOE B 03epax Oosiee BBICOKOE, YeM B peKax, COfIepKaHHe PTYTH B phIOax, OTpakaeT aKKyMYJSITUBHBIH XapaKTep MHUTPaIliu
PTYTH TIpH 3aMeJUICHHOM BOZOOOMEHe. DTO OTpakaeT KOCBEHHOE BIHMSHHE Ha HAKOIUICHWE PTYTH B pBIOaX Mop(oMeTpHYecKrx
ocoOeHHOCTEH 03ep, UX IUIOMAAN U IIPOTOYHOCTH. Tak, Hanboublas KOHLEHTPALMs PTYTH B ppiOe oTMeueHa B OGeccTouHoM o3epe CBATOM
(0,028 wmr/kr), MEHBIIMM IO IUIOMAJX B 2 pa3a, IO CpaBHEHMIO ¢ o3epoM Bemmkum. Kak u mist 300mI1aHKTOHA, OOCTOSTEIHCTBOM,
CIIOCOOCTBYIOIINM YBEJIMUSHHUIO COJEPKaHUS PTYTH B 03€PHOI SKOCHCTEME, SIBIISETCS €€ JIOIOIHUTENILHOE TIOCTYIDIEHHE C BOAaMH IIPOTOKH,
KoTopast Bramaet B 03epo Cesroe. XoTs pTYTh OTCYTCTBOBaJIa B 300IUIAHKTOHE JTAHHOI NMPOTOKH, OHa ObLIa OOHapy)KeHa B MOJIOAU PHIO B
kommdectBe 0,005-0,008 mr/kr. Ilo cpaBHeHHIO ¢ 03epoM CBATHIM B IPOTOYHOM 03. BemmkoM, depe3 kotopoe mpotekaer pexa Cepexa,
coziepKaHle PTYTH B pbibe MeHsbIne B 1,5 pasa u cocrasisier 0,018 mr/xr.

3HaunTeNbHAs NMPOTSHKEHHOCTh pekn Cepeka M pa3Has OCBOGHHOCTH BOZOCOOpa OOYCIaBIMBAET pasiMyHe YCIOBUI 0OMTaHUS pHIO,
BKJIIOYAst ¥ Pa3HbI ypoBEeHb TOKcHM(UKaimu. Ha ydacTke, HOIBEp)KEHHOM aHTPOIIOr€HHON Harpyske (OKOJO aBTOMOOMIBHOI'O MOCTa) Ha
OCBOSHHOM BO/IOCOOpe OTMEUeHO Ooiee BBICOKash KOHIEHTparws pryrd B pbibe — 0,026 mr/kr. Ha Hipkenexaruem ydacTke pekd, rje
CKOPOCTh T€YEHHS MOBBIIIANIACE, COAEPIKAHUE PTYTH B pblOe cHIDKaiock 10 0,016 Mr/kr. Dto mokaspiBaeT BKiaz peku Cepekd B MUTpaLUIo
pTyrHu B 03epo Bennkoe, a uepe3 nporoky u B 03epo CBATOE, YTO CHOCOOCTBYET YBEIMUCHHUIO COZIEPKAaHUS PTYTH B phI0ax, OOUTAIONNX B
oboux o3epax. [Tokasarenu akKyMyJsIu pTyTH y Moioau pei6 ommuaniock B Boporokax OOIIT, a Taxke Ha pa3HBIX ydacTKaxX PeKd
Cepexu (gx]c. 7).

Hg, Mmr/kr

-

Puc. 7 — Coneprkanue pryru B pbibe (mr/kr) B pekax OOIIT (2014 r.)

B 1enoM, uccieioBaHNe CONEPKAHHUA PTYTH B MOJIONH PHIO TTOKa3ai Ooee HHTEHCHBHOE HaKOIUIEHHE TOKCHKAHTa B BOJHBIX 0OBEKTaxX
oxpaHsieMbIx Teppuropuii (puc. 8). Tak, comepxaHue pTyTH B Monoau peld ropozckux Bogorokos (H. Hosropon) cocrasisuio 0,005 mr/xr,

YTO MOYTH B 4 pa3a HIKEe cpefHuX rokasareneil B [IycreiHckoM 3aka3Huke u pexe Kepxxenen — 0,0136 (0,005-0,028 mr/xr) (puc. 8).
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Puc. 8 — Hakomenue pryru B Mooau peI0 (MI/KT) B TOPOJCKHX BOZOTOKaX M BogHEIX o0bekTax OOIIT (2014 r.)

OOGHapyxeHHast Oolyiee BBICOKAs CTEIEHb AKKyMYIALMH PTYTH MONoAblo peld B BoaHbIX oObekrax OOIIT, a takke MeHbllee U
MPaKTUYECKH OJMHAKOBOE €€ COZep)KaHUe B PbIOaX, OOMTAIOIIMX B TOPOJCKHX BOJOTOKaX, BO3MOXHO, CBSI3aHBI C BHIOCHELM(UIHOCTHIO
uccnen0BaHHbIX pbl0. [Io GHOAKKYMYJIATHBHON CIIOCOOHOCTH B OTHOLIEHMH PTYTH BHZBI PbI0 MOXKHO PaHXMpPOBAaTh IO YOBIBAIOIICH:
OKYHB>IUIOTBA >TOJIaBJIb> JICIL> yKIIeHKa™> KpacHONEpKa> potaH (puc. 9).

IIpyMeHeHNe 3TOro paH)KUPOBAHUS MO3BOJIMIO BBISBUTH NPUYMHY YCTAHOBICHHBIX OTJIMYMM IOKa3aTeNel B PasHBIX THUIAX BOIHBIX
00BbEKTOB Ha ypOAaHU3UPOBAHHBIX U OXPaHAEMBIX TEPPUTOPUSX. [I0Ka3aHO, YTO ypOBEHb CONEPIKAHMS PTYTH HAIPSMYIO 3aBHCHT OT Habopa
BUJIOB pbIO B HccieqyeMbIX 1podax. Tak kak HanOobllee KOMMYECTBO PTYTH HAKAIUIMBAIOT B MBIIICYHOH TKAHM OKYHb M IUIOTBA, TO UX
IPUCYTCTBUE B aHATM3UPYEMBIX I1Pp00aX IOBBIIIACT BhISBIsIEMbIE NTOKa3aTeId. B To ke Bpemsl, ucciieioBaHue 1peobiialatoIei B ropoiCKuX
BOJIOTOKaX M B HXTHOJIOrMYeCKHX Ipobax u3 peku Kepkenen ykieiikn (KoTopas OTJIMYAaeTCs HEBBICOKOH OMOAKKYMYJIATHBHOM
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CIOCOOHOCTBIO TI0 OTHOIICHHIO K PTYTH) JAJI0 HU3KHE MOKa3aTeNH, XapaKTepHU3YIOLIUEe YPOBEHb PTYTHOIO 3arpsi3HCHHs JAHHBIX BOIHBIX
00BLEKTOB.
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Puc. 9 — Conepkanue pTyTH B MOJIOIH PBIO pa3sHBIX BUIaX (MI/KT) B UCCIIEIOBAaHHBIX BOAHBIX 00BbekTax (2014 1.)

TakuM oOpa3oM, 6e3 KOHKpPETH3allMi BUIOBOIO COCTaBa MOJIOAU PbIO B Ka)KZIOM BOZHOM OOBEKTE HEBO3MOMXHO KOPPEKTHO IPOBECTH
OUOMH/IMKAIMIO PTYTHOro 3arpsisHeHus. Kpome Toro, He0OXOZMMO YUMTHIBATH MacCy pblO, TaKk Kak C POCTOM IIPOUCXOIUT HAKOILUICHUE
TOKCHKaHTOB. Hanpumep, NoBbIIIEHHE COlEp)KaHUE PTYTH C yBEIMYEHUEM MacChl TeJla OTMEUEHO Yy OKYHs U 1u1oTBbl. [Ipu Macce okyHs 45 T
conepkanue pryru cocrasisuio 0,008 mr/kr, a mpu 56 ¢ gocturano 0,06 mr/kr. Ocobu mIOTBEI npu Macce 11 r coumepkainu pryTh B
komuuectse 0,018 mr/kr, npu macce 38 T — 0, 024 mr/kr, a npu 53 v — 0,034 mr/kr. [TosToMy pe3yinbTaThl MCCIIEIOBAHHS KPYITHOTO OKYHS U
IUIOTBBI, KOTOpbIE ObLIM BBUIOBJIEHBI B 03epax IIyCTBIHCKOro 3aKa3HUK, IOKa3aiu Ooiee BHICOKMH YPOBEHb PTYTHOI'O 3arpsA3HEHUs, YEM B
TOPOJICKUX BOJIOTOKAaX, KOTOPBIE XapaKTEPU30BAIMUCH I10 MaTepHallaM U3YUECHHs MEJIKOH YKICHKH.

Ha npumepe ykieiiku MOXKHO HarJIsiZHO NIPOJEMOHCTPUPOBATH 3aBUCUMOCTD HAKOILUICHHS PTYTH OT MAcChl MOJIOAH, KOTOpast B IIpodax
U3 TOPOJACKHMX BOJOTOKOB M peku KeprkeHel, OTiIMYayach MO Macce HE3HAUMTEIbHO U IOKA3aTeNM aKKyMYJSALMM TOKCHKaHTa ObUIM
oZIMHaKOBbIMU. BblnoBieHHbIe B peke Ceperxe KpyIHble 0co0U YKIICHKH, KOTOpbIe MMeIH Maccy Oomblie B 3 pasa, 4eM B JPYIHX BOLOTOKAX,
COOTBETCTBEHHO XapaKTePU30BAINCh YBEIMUYCHUEM B 3,2 pa3a colepKaHUs PTYTH B MblIIeYHOH TKaHH (puc. 10).

Hg, Mmr/kr
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Puc. 10 — Conep:kanue pTyTH B YKIISHKe pa3HOH Macchl (MI/KT) B HCCIIEIOBaHHBIX BOIHBIX 00bekTax (2014 r.)

[Mpumeuanue: 1 cTonOUK — ropoaCKIe BOZOTOKH, 2 cTonbuk — pexa Keprkerery, 3 cronouk — pexa Cepexa

B TO e Bpems cpaBHEHHE CaMbIX MEJIKMX PbIO pa3sHbIX BHJIOB IOKA3aJI0 HE3HAYMTEJNIbHBIC OTIMYMS B HAKOIUIGHMHM MMU PTYTH B
MbIIIEYHOH TKaHU. CaMblif NOKa3aTeNbHBIH BMJA, C TOYKH 3PEHHS AKKyMYJSILMM PTYTH — MEJIKUH OKyHb HEHaMHOIO OTJIMYAICA II0
coziepkaHuio TokcukanTa ot ykieiku (0,008-0,005 mr/kr, coorBercTBeHHO). CiielyeT NOJUEPKHYTh, YTO CPaBHEHUE COAEPIKAHUS PTYTH y
MOJIOZIY PBIO C Y4€TOM BHAOCHEIM(UIHOCTH HAKOIUICHHS U €r0 yBEJIMYEHHs ¢ POCTOM PBIO IIOMOIIIO Oojee aleKBaTHO OLEHUTh YPOBEHb
PTYTHOT'O 3arpsi3HEHMS BOAHBIX 0OBEKTOB Ha ypOaHu3upoBanHoi Tepputopuu u OOIIT.

Kpome Toro, cpaBHUTENIbHBIH aHAIM3 CONEPXKAHMA PTYTM B 300IUIAHKTOHE M MOJOIM PHIO IMO3BOJIMI BBIABUTH 3aKOHOMEPHOE
YBEJIMYEHHE HAKOIUICHUs] TOKCHKaHTa 1o Tpoduueckoi nenu. Tak, ypoBeHb COIEp)KaHMA PTYTH B pbl0ax MpeBbla]l TaKOBOH B
3oomtaHkToHE B p. Ceperka B 12 pas, a B o3epax Csaroe 1 Benukoe, cooTBeTcTBeHHO, B 2,3 1 B 2,5 paza (puc. 11).
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Puc. 11 — HakomeHue pTyTH B 300IUIaHKTOHE U MOJIOAM PbIO B 03epax u pekax [lycrbiHckoro 3akasHuka (2014 r.)

3akmouenne. TakuM o0Opa3oM, uccieoBaHUS BOAHBIX 00bekToB Hinkeroponckoil o6i1acTu nokasanu, 4To HauOoIblIee CoAepiKaHue
PTYTH OTMEUaeTCcs B 300IIIAHKTOHE TOPOJICKUX BOJIOTOKOB ¢ MAaKCUMAJIbHBIMH 3HAYEHUSIMH B YCTHEBBIX YJaCTKaX, YTO IPOMIIIIOCTPUPOBAIIO
3aBHCHMOCTb 3TOrO IIpoliecca OT aKKyMY/SITUBHBIX siBieHMi. IlocienHee MMeeT 3HAYMMOCTb M U BOIHBIX 3KOcHCTeM (DOHOBOM
teppuropun (OOIIT), rie oTMedanoch MOBBHIMIEHHE COIEPXKAHWS PTYTH O CPaBHEHHIO C PEKaMH B 300IUIAHKTOHE 03ep, OCOOCHHO B
YCIIOBUSIX HU3KOTO BOZLOOOMEHA.

W3yueHne u cpaBHEHHE COZIEP)KAHUA PTYTH B MBILIEYHOH TKaHU MOJOAM PbIO B Pa3sHOTHIHBIX BOIHBIX oObekTax Hupkeroponckoit
00J1aCTH TO3BOJNMIIO BBIABUTH Psii (paKTOPOB, BIMSIOIIMX Ha JIAHHBIC NOKa3aTeldd. K HUM OTHOCHTCS BHAOCHELM(PHUIHOCTD aKKyMY/ISLHU
PTyTH, KOTOpas Hanbosiee BbIpaXKEHa Y OKYHs U IUIOTBBI, @ TAK)KE YBEJIMYEHHE MACChl PbIO C BO3PACTOM, UTO CIIOCOOCTBYET HAKOILICHUIO
ToKkcuKaHTOB. Cpenu abHOTHYeCKHX (PAKTOPOB, CIIOCOOCTBYIOIIMX HAKOIUICHHIO DPTYTH B pbIOaxX, CleayeT BBIACIUTh yMEHbIICHHE
MPOTOYHOCTH, YTO XapaKTEPHO U Ul yBEIMYEHHUs II0Ka3aTesied HAKOIUIEHWS PTYTH B 300IUIAHKTOHE. YCTAaHOBJIGHHOE, 110 CPaBHEHHIO C
TOPOJICKUMH BOJOTOKAMH, INOBBIIICHHOE, COAEPKaHUE PTYTH y pbIO, oburarommx B BoAHbIX oObekrax OOIIT, oObsacHAeTCS OTIMUMAMU
aHaIU3MpyeMoro B IpoOax Ha0Gopa BHIOB, MMEIOIIMX APYrod pa3MepHO-BECOBOM cocraB. IIpu aHaim3e TONBKO OcoOeH yKieHKH,
HE3HAYMUTEIBbHO OTIMYAIOIIUXCS IO Macce, I0Ka3aTelI MUHUMAIILHOTO COZIEPIKaHus PTYTH B MBILIEYHONH TKAaHU MOJIOZMU PbIO, OOUTAIOIIHX B
BogHBIX 00bekTax OOIIT, cpaBHUMBI ¢ TOPOACKUMHU BOJOTOKaMH, 3a UCKIIoYeHHeM pekn Cepexxu. BosmoxkHON npuuuHON G0IbIero, yeM
Ha ypOaHM3MPOBAaHHOW TEPPUTOPUH, COAEPKAHUSI PTYTH B BOAHBIX oObekrax mccinenoBaHHbix OOIIT ciyxur ee mocrymieHue 3a cuer
a3pPOTEXHOI€HHOT'0 IIEPEHOCa M Yepe3 IIOBEPXHOCTHBIIM CTOK ¢ BO0cOopa.

B 3awitoueHuu ciesyeT OTMETUTh, YTO Oosiee afeKBAaTHBIM OMOMHIMKATOPOM [UIsl OLEHKH PTYTHOTO 3arps3HEHHs BOIHBIX OOBEKTOB
CI’)KUT 300IUIaHKTOH. Mcrnonb3oBaHue IUIaHKTO(AroB B KayecTBe OMOMHAMKATOPOB JOKHO YYMTHIBATH OCOOEHHOCTH OMOAKKyMYJISILUM
PTYTH IIPU NEPEXozie Ha CIeIYIOUH TPOPUUECKUi ypOBEHb, BIMSHHE BUAOCHELM(PUIHOCTH, CTaUil OHTOreHe3a, TeMIa pocra U obpa3a
JKHU3HU PBIO.
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! TIoKTOp Te0MOro-MHHEPaNOrHuecKuX HayK, AMYPCKHil FOCY/IapCTBEHHBI YHUBEPCHTET, IHCTHTYT T€OIOrHH H TIPHPOJIONOIT30BAHMS
JIBO PAH, 2}IOKTOp reoJI0ro-MUHEPATIOrMYECKUX HayK, MIHCTUTYT reosorun u npuponononssosanus JIBO PAH, *Kammar reornoro-
MHUHEpanorndeckux Hayk, Mucrutyr I'eonorun u munepanorun CO PAH, 4AC]‘II/IpaHT, WnctutyT reonorun u npupoponons3opanus JJBO
PAH
PACHPEJIEJIEHUE JIEMEHTOB IJIATUHOBOM I'PYIIIIBI B ABTOHOMHBIX AHOPTO3UTAX IOI'O-
BOCTOYHOI'O OBPAMJUIEHUS CEBEPO-ABUATCKOI'O KPATOHA
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Pacnpedenenue OIII" 6 anopmozumax apxeicKux mMaccugog 00yciosneno “3akonamu’’ KpUCMAaniu3ayuu 6blCOKOMeMnepamypHvix mss,
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DISTRIBUTION OF THE PLATINUM GROUP ELEMENTS IN THE AUTONOMOUS ANORTHOSITES OF THE SOUTH-

EASTERN RIM OF THE NORTH-ASIAN CRATON
Abstract

PGE distribution in anorthosites of the Archean massifs is caused by the “laws” of crystallization of the high temperature mss which
lead to the concentration of Ni, Fe, S, Ru and Rh in the solid phase and Cu and Pd concentration in melts. The character of the PGE
distribution spectra in the Paleoproterozoic anorthosites is associated with the lower temperatures of mss crystallization and is close to the
rocks from the ophiolite complexes. At the same time the absolute PGE contents are typical to those in basalts of island arcs.

Keywords: anorthosite, PGE, distribution spectra, models of the formation, ophiolite, island arcs.

Problem Formulation

Within the Dzhugdzhur-Stanovoy and Selenga-Stanovoy superterranes of the south-eastern rim of the North-Asian craton two stages of
development of the autonomous anorthosites [1, 2] are established: the Neoarchean (2.63-2.62 Ga) [1, 5, 10] and Paleoproterozoic (1.86-1.74
Ga.) [2, 8]. The Kalar association and the Khorogocha massif belong to the first stage and the typical representatives of the second stage are
the Dzhugdzhur and Kengurak associations and the Baladek massif. Recently there appeared a numerous publications interpreting
mineralogical, petrologic-geochemical and geochronological features of the above formations [1, 2, 5, 8 etc.]. The results of those
publications made it possible to reconstruct the probable geodynamic environments and to establish the models of the formation of
intrusions. At the same time the peculiarities of PGE distribution in the sulphide free occurrences of the autonomous anorthosites of the
south-eastern rim of the North-Asian craton are not studied.

Peculiarities of PGE distribution in anorthosites

It should be noted that a behaviour of all macro-and microcomponents in melts depends on the environments of the intrusions' formation
and models of their crystallization. A crucial role in the formation of the autonomous anorthosite massifs [14-17] is played by the processes
of interrelation between the mantle Fe-Ti melts of the tholeite composition generated over the plumes of the first generation [13] and the
matter of the lower crust. It should be noted that in the composition of the lower crust no PGE with the exception of Pd were identified [12].
These data allow to consider that the contents and peculiarities of PGE distribution in anorthosites of the autonomous massifs are due to the
composition of the initial mantle melts.

According to the presently existing concepts [7] the magmatic melt consists of two immiscible “liquids”-silicate and sulphide and
crystallization of each liquid proceeded according to their proper “laws”. The earliest product of the sulphide melt crystallization is the
mono-sulphide solid solution [(Fe,Ni)1+,S]mss). Thus, high temperatures at its crystallization promote the concentration of Ni, Fe, S, Ru and
Rh in a solid phase and Cu and Pd are driven into a melt [11]. The presence of troilite (mss) in the composition of the ancient mantle is due
to the high reducing conditions of its existence corresponding to F,, values being close to the equilibrium conditions with a contribution of
the metallic Fe-Ni phase [3, 4].

According to experimental data [6] the high temperature series of platinoids are established which are listed in the order of increase of
their ability to enter the composition of pyrrhotite (troilite) - Pt-Os-Ru-Pd-Ir-Rh. It should be noted that PGE form a stoichimetric compound
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with sulphur and, therefore, they easily substitute iron in the composition of troilite and pyrrhotites. With a strengthening of the oxidation
environments a potentiality of PGE dispersion in pyrrhotites is reduced and this favoures their separation in the native form [7].

For anorthosites from the autonomous massifs of the south-eastern rim of the North-Asian craton the following PGE seiries were
established in the order of a decrease of their normalized concentrations: the Khorogocha -Pt-Os-Pd-Ru-Ir-Rh, the Kalar -Pt-Os-Pd-Rh-Ir-Ru,
the Kengurak -Pt-Os-Pd-Ir-Ru (Fig.1). Listed series of the elements are almost consistent with the experimental data [6] with the exception
of Pd which is due to the concentration of the latter in residual melt [11]. It should be noted that the most ancient Archean “coarse-grained
anorthosites” are characterized by higher Pt, Os contents and by lesser Rh,Ir contents which is related with their entering in the composition
of troilite (pyrrhotite).

In contrast to the Archean anorthosites the spectra of PGE distribution in their Paleoproterozoic “massif type” analogues are different.
(Fig.1) First of all it is associated with the abrupt uneven alteration of the composition of the mantle melts and the character of geodynamic
prosseses (2.3-2.0 Ga) on the scale of the whole Earth [13] Besides, the formation of the initial melts of this type autonomous anorthosites is
related to a considerable contamination of them with the matter of the lower crust and this must result in the decrease of temperatures in the
magmatic chamber. It should be noted that in the course of time the mantle became more and more oxidized [3, 4].

The PGE contents in anorthosites of the Kengurak massif are at most close to those in basalts of the island arcs for which the enrichment
in Pt, Pd and Re [9] was established. At the same time the character of their distribution spectra mostly corresponds to the ophiolite
formations (Fig.1) and this confirms the accepted models of the formation for the “massif type” anorthosites [14-17].
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Fig.1 - Distribution of platinum group elements normalized on chondrite C; [18] in the autonomous anorthosites of the south-eastern rim
of the North-Asian craton. Conventional signs: 1-2- the rocks of the Khorogocha massif of the “coarse-grained anorthosites™: 1-ultrabasites,
2- anorthosites; 3-4- the rocks of the Kalar massif of the “Archean coarse-grained anorthosites”: 3- ultrabasites, 4- anorthosites; 5-6- the
rocks of the Kengurak massif’massif type anorthosites”; 5-gabbroids, 6-anorthosites.
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Conclusion

Within the Dzhugdzhur-Stanovoy and Selenga-Stanovoy superterranes of the south-eastern rim of the North-Asian craton two stages of
development of the autonomous anorthosites are established: the Neoarchean (2.63-2.62 Ga) and Paleoproterozoic (1.86-1.74 Ga.).

The contents and peculiarities of PGE distribution in anorthosites of the autonomous massifs are due to the composition of the
initial mantle melts.

For anorthosites from the autonomous massifs of the south-eastern rim of the North-Asian craton the following PGE seiries were
established in the order of a decrease of their normalized concentrations: the Khorogocha -Pt-Os-Pd-Ru-Ir-Rh, the Kalar -Pt-Os-Pd-Rh-Ir-Ru,
the Kengurak -Pt-Os-Pd-Ir-Ru.

PGE distribution in anorthosites of the Archean Khorogocha and Kalar massifs is caused by the “laws” of crystallization of the
high temperature mss which lead to the concentration of Ni, Fe,S,Ru and Rh in the solid phase and Cu and Pd concentration in melts. The
character of the PGE distribution spectra in the Paleoproterozoic anorthosites of the Kengurak massif is associated with the lower
temperatures of mss crystallization and is close to the rocks from the ophiolite complexes.
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EXTRACTION OF HYDROCARBONS IN THE RUSSIAN AND ARCTIC CONTINENTAL SHELF AND RELATED RISKS
Abstract

This article discusses the basic problems of hydrocarbon production in the Russian and arctic shelves, as well as their solutions.

Keywords: shelf, resources, risks, Arctic, problems.

Hedtp 1 ra3 oTHOCATCA K HEBO30OHOBISIEMBIM PECYpcaM, MECTOPOXKACHUSI KOTOPBIX CTPEMHTENBHO HCTOIIAFOTCS, MOMCK HOBBIX
aJITEPHATUBHBIX MCTOYHUKOB HEPrHH I0Ka HE JIaeT CYLIECTBEHHOro pe3yipTara. Hanbosee akTyalbHBIM C TOUKH 3PEHHUS IPOMBIIIIIEHHOTO
IIPOM3BOICTBA 3aMEHUTEIIEM ChIPOi He(TH sABIIseTCA CUHTeTHYecKas HeTh. CHHTeTHUEeCKHEe HEQTEPOLYKThI IPOU3BOAATCS U3 IIPUPOIHOTO
rasa, CylmecTBYOT 3G (eKTUBHbIC TEXHOJIOTMHU ITPOU3BOICTBA U3 YIJIS U OTXOIOB.

HecmoTps Ha BbICOKME ITOKa3aTeIM KauecTBa CHHTETMYECKHX IPOJYKTOB, HPEJIIONArarh MOJHYI 3aMEHY ChIpOH HE(TH HEBO3MOXHO.
Ilpu 3TOM He crezmyeT 3a0bIBaTh, YTO ChIPbEM JUISl CHHTETUUYECKUX IPOAYKTOB SBILIIOTCS TAKXKe MPHPOIHBIC Pecypchbl — ra3 u yrois. Ilpu
COBPEMEHHOM YPOBHE TEXHOJIOIMI LMBMIIM3AIMA OOpeueHa HA DHEPreTHYECKYI0 3aBHCHMOCTh OT IIPUPOMHBIX 3ajexeld HedTH, raza u
JIPYroro SHepreTH4eckoro coipbs. 1o 3TMM M MHOrMM JIpYrUM HNpPUYMHAM IIEpell HaMH IMOSBMIIACh IPOOJIeMa IOMCKOB JOMOJHUTENBHBIX
HCTOYHUKOB YIJICBOJOPOIHOIO CBIPBSI, KOMM SBJISCTCS LIENb.

lens¢ — obnacts, 3aToIIEHHAas MOPEM, HaxoJulasics Ha nepudeprn KOHTHHEHTA, T.€. O0IMpPHAs MaTepUKoBast OTMelb[1].

OcBoenue mmenbda sBISETCS CIEAYONMM IIaroM Ha IyTh ocBoeHus Hexp 3emun. Ilepsas Hedreruiargopma Obuia momenieHa B
npudpexnyro obnmacte mrara Jlynsuana B 1938 r. Ona Obuia moctpoena kommanwmeil Superior Oil. IlepBas ke Mopckas HedTsiHAS
miatpopma, Hedrsansie Kamuy, Obl1a moctpoeHa Ha MeTayutM4eckux dcrakanax B 1949 rony B Kacrimiickom Mope, Ha paccTosHuM okono 40
KM K BOCTOKY OT AIIIEPOHCKOrO MOIYyOCTpoBa Ha Teppuropun AsepOaiiivkana. Konsenmms OOH mo mopckomy npaBy or 1982 rona
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HPEJIOCTABNIACT NPUOPEIKHBIM TOCYIAPCTBAM IPABO KOHTPOJS HaJl KOHTHHEHTAJIBHBIM MOpPCKUM Iuenb(oM (MOpCKoe IOHO M Heapa
TOJIBOJIHBIX PAaliOHOB, HAXOAIIUECS 3a MPeJiesIaMHi TEPPUTOPUAIIBHBIX BOJ rocyapeTsa). Jljis peanuszanny 3Toro npasa CTpaHe HeoOX0auMOo
0JIaTh 3asBKY B CHELMAIIbHBIA MexayHapoaHblid oprad — Komuccuro OOH 1o rpanuiiaM KOHTHHEHTAIBHOTO 1Ienbda.

ITo mporHozaM y4eHbIX, BeCbMa BBIFOZHBIM MOXKET OBITH OCBOGHHME apKTHYECKOro MHiesb(a MO IPUYUHE COCPEIOTOYEHMS TaM
OrPOMHOI0 KOJIMYECTBA YIJIEBOJOPOAHOIO ChIpbsl - 00bEMbl HEpa3BeJaHHON HE(TH cocTaBiseT NpUMepHO 83 Muumapia Oappeneil u
TPUPOIHOTO raza okosio 1550 Tprmu. M.

C TOYKM 3peHHS HEAPOIOJIb30BAHMS, KOHTHMHEHTAIbHBIH POCCHHCKMH MHIenb() HpeacraBisier co0od 6.5 MIIIMOHOB KBaJpaTHBIX
KWJIOMETPOB aKBAaTOPHHU, M3 KOTOPbIX 4-4.4 MWIIMOHA NpPU3HAHBl NEPCIEKTUBHBIMU KAcaTEIbHO COAEP)KaHUS B HHUX YIIEBOLOPOIOB.
OGHapyxeHbl 25 MecTopoxkieHuid HedTu u 44 ra3oBeix MectopoxkaeHuid. Haunbonee kpynubie — oo IllToxkmanosckoe, IlpupasnomHoe,
Mypmanckoe Mmectopoxienus. Ha mensgpe banruniickoro mopst oxono nobepexsss Kanununrpaackoir obiactu noObiBaercss He(Th, Ha
weinbde Kacrmiickoro mops — HedTh, ra3 u Ipyrue nojie3Hsle UcKonaeMsle, y 6epero Caxannna nodeiBaercs HedTh U ra3 // MHreprer
suiuknonenus ru. Wikipedia.org, 2014. URL: http://ru.wikipedia.org/wiki/%D8%ES5%EB%FC%F4 (nata obpamenus 27.02.2014) [4].

Otrinune OCBOCHUS IENb(OBBIX MECTOPOXKICHHH OT KOHTHHEHTAJIBHBIX, B IIEPBYIO OUYEpellb CUUTAI0 IKOHOMHUYECKYIO CTOPOHY.
BesycnoBHO, 310 coBceM Apyroil mopspok nudp, uHas skoHoMmuka. B 3amagnoit Cubupu ceropHs, Hampumep, noObua ogHOro Gappens
HeTH 0OXOmUTCSA B cCpelHeM B 5-7 HONIApoB, a Ha LISNb(OBBIX MECTOPOXKICHUAX, 3a MCKIoueHneM Kacmus, ecrectBeHHo, - 13.7- 27
JIOJUIapoB. BBUIO MONCYMTAHO, YTO NPH HBIHEIIHEM YPOBHE HAJIOrOOOJIOKEHUS BCEro0 YeThIPE KOHTHHEHTAIBHBIX INEIb(HOBBIX
MECTOpOXJIeHHs: Poccuu MOXKHO cuutaTh SKOHOMHYECKH 3¢ dekTuBHbIMU. Ho naxe OHM, MOXKHO CKa3aTh, Y3(Q(EKTHBHBI TOJIBKO YCIIOBHO.
Eciu rocynapcTBoM MM He HPENOCTaBAT HAJIOTOBbIC JIBIOTBI HIIM BAPYT 3HAYUTENBHO KAYHETCS MUPOBAsk KOHBIOHKTYPA, OHH TOXE CTaHYT
HepeHTalOenbHbIMU. Poccuiickuil menbd CHIbHO HEOAHOPOAHBIN. IMeI0TCs MeCTOpOXKIeH! s, Ha KOTOPBIX IIPH JIFOOOM JILFOTHOM HAJIOI0BOM
00JI0’KEHUH 3aTpaThl HAa J0ObIYY HE OKYIIATCA.

Cpenu SKOHOMMYECKUX PHCKOB IPH pealu3allud IPOEKTOB IO NoOblue HeTH M Tra3a Ha Ienbde, sBISETCS BBICOKAs CTEICHb
(MHAHCOBBIX PHUCKOB IIPH BEIECHUHU TI'e0J0ropa3BelOdHbIX PadOT, BBICOKHE 3aTpaThl HA OCBOGHME MOPCKHX MECTOpOXaeHui. Tak xe
poOneMol  SIBISIeTCS OrPaHUYCHHOCTh DBIHKOB COBITA YIJIEBOIOPOJOB JOOBITHIX Ha Mienb(e pOCCHICKUX MOpeil M3-3a BBICOKOM
ce0eCTOMMOCTH, CBSI3aHHBIC, BO-IIEPBBIX, C TPAHCIOPTUPOBKOH 3THX YIJICBOIOPOIOB A0 PHIHKOB COBITAa, O INPUYUHE TOrO, YTO
MECTOPOXK/ICHHsl TeorpadMyeckl CHIBHO YIaleHbl OT HOTpeOuTeNeidl, a Tak >e CIOKHbIE YCIOBHSA HOOBIYM CHIBHO HOBBILIAIOT
ce6eCTOMMOCTb FOTOBOT'O POJIYKTA.

Jlnst srama pa3paboOTKH XapaKTEPHbI TAKKE IKOJIOIMYECKUE DHUCKH, CBSI3aHHBIE C BO3MOXKHOCTBIO HAHECEHHUsI CEpbEe3HOro yuepba
OKpyXKalolleil cpelie M INOCICIYIOIIUMH 3aTPaTaMH Ha €ro JMKBUIALMIO M KOMICHCaluio. JIs WX CHWJKCHHS B MHPOBOH IpaKTHKe
UCHOJIB3YeTCsl CTPaXOBaHUE OTBETCTBEHHOCTH 3a NPUYMHEHME Bpella M BO3MEILIEHHE MHBECTOPY PAacXOJOB HAa CTPAXOBaHME IIPU pa3Jiele
npoxykiuu. B Poccun npakThka cTpaxoBaHUs SKOJIOTMYECKOH OTBETCTBEHHOCTH HE IOIY4MIIA LIMPOKOrO IMPUMEHEHHs, BO MHOIOM H3-3a
HEPa3BUTOCTH POCCHICKOr0 PhIHKA CTPaxoBaHMA. B 1esioM i cTpaxoBaHusi pUCKOB IIPU pa3paboTKe 1Ienb(oB, BEPOSITHO, JOIDKEH Oyner
CO3/1aBaThCsl TPAHCHALIMOHAJIBHBIN Iyl CTPAXOBBIX KOMIAHWH, KOTOpbIE CMOTYT OOECIEUMTb CTpaxoBoe OOecIeYeHHE BBICOKO3aTPAaTHBIX
1eJIb(OBBIX IIPOSKTOB.

Ko BceM 3THM IIyHKTaM pPUCKOB M HpoOJIeM MOXXHO 100aBUTH €Il OJHY — HEKeJaHHe KOPEHHBIX HapoJoB ceBepa IoObIuy
YIII€BOZOPOIOB. BOT HekoTopble ciioBa M3 COBMECTHOIrO OOPAIlCHUsI YHaCTHUKOB MeEXIyHapoaHOH KOH(epeHIHH «ApKTHdecKkas He(Th:
IocnencrBust st KOpeHHBIX HaponoB», (Ycuncke, P. Komu, P®, 14-16 asrycra 2012 r.) (OOpamienue momuepkaHo Accoupanuei
KOpeHHbIX HaponoB Assicku, Cotozom oneHeBoioB HAO, Komurerom criacenus Iledops! u ip. opraHu3aysaMu): «Mbl BEICTYIIAEM 32 3aIIpeT
Ha n00bl4y HedpTH Ha ApKTHueckoM Iunenbde. Mbl HE COMIACHBI MHPUTBCS C CYLIECTBYIOIIMMHU OKOJIOTMYECKHMMH DHUCKaMH U
Pa3pyLIUTEIBHBIMU HOCISICTBUAMU HE(TAHBIX Pa3IMBOB IS HalleH cpeapl oOuTaHus. be3oTBercTBeHHas mpakTHKa HedTe00bIBAIOIINX
KOMIIAaHUH BO BCEM MHpPE CBHJCTEIILCTBYET O HEHM30€KHOCTU aBAPUHHBIX DPa3IMBOB Ha ApPKTHYECKOM Miesbde, i IMOJHOLEHHOH
JIUKBUJALMK KOTOPBIX B YCIOBMSX 3aMEp3aOIIMX MOpell ApPKTHKM B MHpE IIPOCTO HE CYIIECTBYET anpoOMpOBaHHBIX 3(P(HEKTHBHBIX
texHonoruil. HedrsiHoe ocBoeHHEe apKTHYECKOro mmeibda Hen30eKHO MPUBEAET K YHHUTOKCHUIO ADKTUKI»[2].

Ceiiyac apkrudeckuil menbd 11 Poccun - 310 Hambosiee NepcleKTHBHOE HANpaBieHHE paspaborke Hedru u rasa. Ho He Hamo
3a0bIBaTh M O CTpaHaX, YbM HCKIIOYUTEIbHbIE SKOHOMHUYECKHE 30HBI pacrionaraiorcs B Apkruke. Oto CIIA, Kanamga, Hopserus [lanws,
IIBeuns, Ounnsaaus, Mcnanmus.

B 2001 romy Poccus chenana mombITKy noxpaTh 3asBKy B Komumccmio OOH Ha 3akpervieHwe IpaB Ha ydacTok mienbda. Dtomy
MOCIIOCOOCTBOBAJIO  OTPOMHBIC OTKDBITHS — ObUIM OOHapyxeHbl XpeOTbl JlomoHocoBa M MeHzeneeBa, KOTOpPbIE MOIJIM CIIYXKHTb
JIOKa3aTeNbCTBOM, YTO OHH SIBJIAIOTCS CTPYKTYPHBIMH NpPONOJDKCHUAMH CHOMPCKON KOHTHHEHTANIbHOH IUIAaT(OPMBI, T.e. POCCHUIICKOro
KOHTHHEeHTanbHoOro mesnsda. Onnako uHcnektopsl OOH 3asBKy OTKIOHMIM, Tak Kak ObUIO mpejcraBieHo Mano uHpopmauuu. OOH
3a1pocuia JOMOIHUTENbHbIE JOBOABI, YTOObI IPUHATH pemeHue. OnpeeneHre Xxapakrepa JHa mensda onpenenserca Oypenuem. B ciyuae
€CIM B pe3yibTaTe HCCIEAOBaHUs YUCHbIC OOHAPYXKaT TPAaHUT, TO 3TO 3HAYUT, YTO LIeNb() KOHTHHEHTAJIBHBIH, a eclIy HalyT 6a3aibT, TO
3TO 3HAYMT - TEPPUTOPHUS ABIIsAETCS MOpCKO. PaboTa Ha 1menbde OCIOKHACTCSA TeM, YTO TaM OONBILIOH nepenas riryouH, no3ToMy OypeHue
JIOHHO-KaMEHHOT'0 MaTepHalla IpUAeTcsl BecTu Ha riryouHe ot 350 m mo 2,6 Teicstan MeTpoB. [IpexcTont HaiiTh Mecta BbIXOJa KOPEHHBIX
IIOPOJL Ha TIOBEPXHOCTH JIHA, 4 3TO HE IpocTast 3a1a4a. OCBOEHHE apKTUUECKOro 1eIbda MOKET PELINTh HE TOJIBKO PECYPCHBIE 3a/1aul, HO U
TpynoycrpoiicrBo. OmbiT ocBoeHuss Hopserneir mecropoxaennii CeBepHOro Mops IOKa3bIBaeT, YTO IIPUBICUEHHE OJHOrO paboyero B
HedTerazoByto orpacib obdecreunsaeT paboroil 10-12 denoBek B CMEXHBIX OTpacisX (METaLTypIusl, MalllMHOCTPOECHHE, CBSI3b, TPAHCIIOPT,
IUIIEBAst IPOMBIIUICHHOCTh U T.A.). [IpH OCYyIIECTBICHNH IPOEKTOB JAOOBIYM YIJIEBOLOPOAOB, MOSABSITCSA THICSYM HOBBIX PaOOYMX MECT Ha
BCIIOMOTaTeIbHBIX, CEHCMOpa3BeI0YHbIX paboTax, Ha MOPCKUX OYpOBBIX ycTaHOBKax M T.A. [Ipupona poccuiickoit ADKTHKH BECbMa CypoOBa,
U 3TO 00CTOATEIBCTBO IUKTYET HEOOXOANMOCTD COKPAILCHUs BpEMEHH IPeObIBaHUS 00CIIy)KHBAIOLIEr0 IepCOHaIa Ha OypOBBIX YCTAHOBKAX,
aBTOMAaTH3aLMY TIpoLiecca HeTera3oqo0bIut, a 3T0 03HaYaeT HeOOXOAUMOCTD BIMBAHHS JIOTOJIHUTEIbHBIX (PUHAHCOBBIX CPEICTB.

OnBIT OCBOCHHS aPKTUYECKUX TEPPUTOpHH 1 KoHTHHEHTanbHOro menbga CIIA n Kanansl cBunerenscTByeT o O0JIbIION 1OTAMOHHOM
MOJUIEPIKKE TOCYIapCTBOM BCEX MPOEKTOB. YacTHbIE KOMIIAHUH, Bedylre Hedrera3ono0bIdy, IOMy4aoT HAJIOrOBbIE JIBIOTHI, TOCYapCTBO
(buHaHCUpYeT YCTPOHCTBO MHMPACTPYKTYPHI YXKE Ha CTaJUU MOMCKOBO-OLEHOUHBIX PaboT, CO3AAI0TCS ClELUAIbHbIE IIPOrPaMMBbl ITOMOLIN
YaCTHBIM KaMIIaHUSIM, HAIIPABJICHHbIE HA KOMIIEHCALIMIO BEICOKOTO PUCKA U CTOMMOCTH IIOMCKOBO-pa3Beno4HbIX pabor Ha Cesepe. [Ipu sTom
rOCyAapCTBO JKECTKO KOHTPOJIMPYET JeaTelbHOCTh Komnanuidl. Ho ocBoeHue menbha HEBO3MOXXKHO 0e3 pelleHus NpoOiieMbl pa3BUTHS
UHQPPACTPYKTYphl, B KOTOpYt0 BXxoauT CeBepHbIi MOPCKOH IyTh, 3HeproobecneueHue. Ho B mepByro odepenb HEOOXOIMMO OUEPTHUTH
9KOHOMMYECKUE I'PAHUIIbI POCCUHCKON YacT APKTUKH, IPOCTUPAIOIIEHCS HA COTHU MIJIb OT HAIIUX TEPPUTOPUAIIBHBIX BOJI.
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CONVERGENCE OF INFORMATION TECHNOLOGIES IN CATERING
Abstract
The issue of restaurant business organization based on computer technologies improvement is raised. The necessity and opportunity to
information technologies’ convergence in modern business are reflected in the article.
Keywords: mobile technologies, automation, convergence, information technology.
Buenpenue VT B opraHu3alyio 1 TEXHOJIOTHU OOIIECTBEHHOTO MUTAHUS — 3TO IYTh K COBPEMEHHOM, ) (HeKTHBHOM, PHBIIEKATEIBHOM
U, TJIABHOE, KOHKYPEHTOCIIOCOOHON NEeATENbHOCTH Ha phIHKE [1]. JlesATenbHOCTh COTPYAHMKOB JMHAMUYHBIX KOMIIAHUH JaBHO CBsI3aHA C
KOMMYHHKALUSMY, U KOTOPBIX IPUMEHSIOTCS MOOWIBHBIE YCTPOWCTBA, PEIICHWH JUIsi BHPTYaJbHOIO B3aMMOACHCTBHSA, a TAaKKe
«o0MavyHBIX» TMPWIOKEHUH Kiacca «IporpaMMHoe oOecliedeHHe Kak yciyra» M MHOrux apyrux [2, 3]. Bce aTo crano moctymHOM
PEaIbHOCTBIO BO MHOI'OM 0J1aroziapst KOHBEPreHTHBIM IIPOLieccaM, KOTOpble NpoTeKaroT 1oj BoaeiicrBueM M T-unHoBamuii [4 - 7].
KoHBepreHmuss — 3TO HOBBI KIAacC TEXHOJOTWH, [JOCTHraeMbli IIOCPEACTBOM HX OOBEIMHEHHS, HMHTErpalluy, COIMDKSHUS
(YHKIMOHAJIBHBIX CBOHCTB CHCTEM Pa3HOOOPa3HbIX Ki1accoB U ciekTp UT-uHbpacTpyKTypHl.
Konseprenrasie UT perennst MoxHO ki1accuuuupoBarh:
®  CUCTEMBI, KOTOpble NpEeIHA3HAYCHbl Il PEIICHHs KOHKPETHBIX 3aJad M ONTHMHU3ALMH U JOCTHIKCHHS MAaKCHMAJIbHON
3¢ (heKTHBHOCTH NPEAPHHAMATEIBCKOM ASITEIBHOCTY;
®  CHCTEMBI, ONTHMH3UPOBAHHBIE JUISl IPOCTOTHI MCIIOIb30BAHHS;
®  CHCTEMbI, KOTOpbIC HE ONTHMH3HUPOBAHBI N0 PELIEHHE KaKOH-TO OJHOM 3a/1aui, HO IO3BONISAIOT HOJIb30BATENIO BBIIIOIHATH JTI00bIC
npuioxeHus. [TonoGHbIe cucTeMBI coepKaT Bce He0OXOAUMOE ISl ATOTO.
Pe3ynbraTaMy KOHBEPICHIIUH MOTYT ObIT:
e SoLoMo: cmnaB TeXHONOrMH COLMAIBHBIX CeT€H, TeOMH()OPMALMOHHBIX CEPBUCOB (CBSI3aHHBIX C MECTOIOJIOKEHHEM
HOTpeOUTENs) U MOOWIIBHBIX YCTPOHCTB U TEXHOJIOTHH;

®  OU3HEC-TIPWIOKEHHSI C MHTETPUPOBAHHBIMU QYHKIMSAMHU TeslepOHUH - OOILIEHHE C KIMEHTAaMH W IapTHepaMH IPOHCXOAUT C
OITOPOIi Ha JIErKOJOCTYITHbIE BO3MOKHOCTH OM3HEC-TIPHIIOKEHUSL.

[TyreM kOHBepreHIMHM TEXHOJIOTHH, YCTPOMCTB, NPWIOKECHUH WIH PecypcoB, HamOoiee 3((EeKTHBHO M B TO )K€ BpeMs HanMeHee
3aTpaTHO JIOCTUTAETCsl IOJHOE B3aUMOJICWCTBHE NpHIOKeHHH. Tak HasbiBaeMble OOJIauHBIE TEXHOJOTHH TAaKKe IPEICTaBILIIOT COOOM
KOHBEPI€HTHBIH IIpHeM, B KOTOPOM OOBEIUHEHBI KIACCHYECKHE TEXHOJIOTMM MOOMIBHBIX InIaThopMm (moctyn B MHTepHer, cereBas
uHdpacrpykrypa, orwmmHr u T.1.) 1 UT (peannzauus Ha cepBepe QyHKIHOHANA TIPHIOKEHUH, ITO/Iep)KUBAIOLINE CEPBHUC TEXHOJIOI MU JaTa—
LEHTPOB, MHTEepHeT npoTokons! U T.1.) [8, 9].

Konseprenuust T ¢ pasnuyHBIME TEXHOJIOTHSMH CITY)KUT ITOBBIIICHHIO 'MOKOCTH KOMITAHWH, ITO3BOJSIET 3HAYMTEIBHO COKPATHTh
3aTpaThl U ONTHMH3HPOBATH OIOKETHI, MTOBBICUTH 3()(HDEKTHBHOCTH YIPABICHUS MIPEAIIPUSITHEM, 00ECIICUNTh CBOEBPEMEHHYIO aJJalTalllio K
MEHSIIOIIUMCSI YCIIOBUSIM U ITOTpeOHOCTSIM OH3Heca.

[puBenem npuMep KOHBEpreHIMH. MOOWIBHOE MPWIOKEHHE U aBTOMATH3aIl[MN KIIMEHTCKUX 3aKa30B B OOIIECTBEHHOM IUTAHUH C
HCITOIb30BaHIEM OOJIaYHBIX TEXHOJIOIHMH, KOTOPOE HAXOAWTCS HA CTaJUM Pa3pabOTKU, UMeeT Takhe (YHKIMH KakK: CIIOCOOHOCTH KIMEHTa
YIIPaBJISATh CBOMM 3aKa30M, BO3MOXKHOCTB Kae-pecTopaHa OTCIeKUBATh BpeMst pUObITHs KireHTa 1o GPS, 1, CooTBETCTBEHHO, COKpaIaTh
BpeMs Ha oopMIIeHHE 3aKa3a 1 ero oxunanue. Ha pucynkax 1 1 2 mokasaHa cucTeMa aBTOMaTU3MPOBAHHOTO 3aKa3a Julsl KIIMEHTOB U Kade.
Puc. 1 mumoctpupyer odpopMileHHE U TTOTydEeHIE 3aKa3a Il KINeHTa.

Ilepeuens
kade B
IPHIOKEHHH

OcVyIIecTBIE HHIE
3aKa3a ¢ B I IMonyueHme
HECEHHE EpEMELIEHHE B
Bribop kadge »  yrazaHmem M Lyl P B —»  3axasa be3
: €IOIITATEL xade
EpPEMEHH P 0K HAAHIA
npubsiTia B Kade

Puc. 1 — ABToMaru3aIus 3aKka3a KJIMEHTa

Ha puc. 2 moka3aHa cxema peajin3anuu IOJTy4CHHOI'0 3aKasa.

MouuTopHHT IlpuroToeneHue
TlomyueHue 1 BpEMEHH EIBI ¢ VISTOM Ilomaua bmon mo
MIOOTBCPHOCHHE pHOBITHA - BpEeMEHH - TIPHOBITHH
3aKasa KIHEHTA ¢ ITPHOBITIA KIHEHTA
nomome GPS KIIHEHTA

Puc. 2 — Peanuzanus 3akaza

59



IpennaraeM B 3TO NPUIOKCHUE BKIIOUUThH Y)KE CYIIECTBYIOIIEE NPUIOKEHHUE, [0 COCTABJICHUIO NOJIE3HOIO PallMOHA KIMEHTa. JTO
OKakeT OJ1aronpHATHOE BIMSHUE HAa KIMEHTOB, OOPMIISIOIIMX OH-NAMH 3aKa3 yepe3 NPUIIOKEHHE, KOTOPbIE BEAYT 3/I0POBbII 00pa3 KU3HU
U CIIeNIT 33 CBOMM IUTaHueM. IIpu BBOJE CBOMX JIMYHBIX NApaMETPOB NPUIIOKEHUE IOJCKAXKET, Kakoe Ooz10 JiydIie BbIOpaTh, B KaKOM
KOJIMYECTBE, IIOMOXKET ITOA00paTh ONTUMAIBHBIN PAIHOH.

KonBeprenuus nHpOpMaIMOHHBIX TEXHOJIOTHUI CIY)KUT IOBBIIIEHUIO THOKOCTH KOMITAaHHH, POCTY YPOBHS OOCITY)KUBAHHS KIMEHTOB U
VAYYIIEHHIO Ka4decTBa IPOM3BOJMMBIX €l0 TOBapoB M yciyr. VH(opMmarMoHHBIE TEXHOJIOIMH, NPU HX HCHOJIB30BAHUH, OKAa3bIBAIOT
HETIOCPE/ICTBEHHOE BIMSHME Ha 3((EKTUBHOCTH JEITEIBHOCTH OpraHM3alliy M Ha OTAENBHBIE €r0 HAIlPaBICHHUS, YTO B MTOTrE MPHUBOAUT
OpraHM3alMI0 Ha BEICOKUH, COBPEMEHHBII U KOHKYPEHTOCIIOCOOHBIH ypOBEHB.
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PERIPHERAL CONTROLLER WITH PROFIBUS DP - INTERFACE
Abstract
Modular structure, algorithm and circuit solution for constructing a controller allowing connect various types of peripherals with low
delay with network environment are proposed.
Keywords: FPGA, PROFIBUS DP, UART, SPI, 12C, RS-485, controller.
Beenenne
Tema paboTbl OTHOCHTCS K 00JIACTH OpraHU3allMy BEIYMCICHUIH B PaclpeelIeHHbIX cUcTeMax yrnpasieHus. CoBpeMeHHas JJIeMEHTHas
6a3a MO3BOJIAET OTKA3aThCs OT NMPSMOMH Nepejayn aHAJIOrOBBIX U IU(POBBIX CUTHATIOB MEX/LY yIaJICHHBIMU y3JIaMU CUCTEMBbI YIPABICHUS.
Ha cMmeHy nepBUYHBIM, NPSMBIM, HMAapaJUICIbHBIM CBSI3IM IIPUIUIM ceTeBble MHTepdelichl, nHOrga o0O3HauaeMble TEPMUHOM «CeTeBas
nuH(popMaIoHHas cpefa». B pabore Oyner paccMoTpeHa pa3paboTka KOHTPOJIEpa C ONTUMU3UPOBAHHBIMOOBEMOM YIPaBIISIOILEH JIOTHKH,
KOTOPBI MO3BOJIUT IOJKIIIOYATh B CETEBYIO HH(POPMALIMOHHYIO Cpely: IIEPBUYHBIC IaTYUKK aHAJIOTOBBIX HHTEP(EHCOB - U3MEPUTEIIb TOKA,
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U3MEpUTeNb TeMIepaTypsl, 1 ToMy nopobHoe — yepe3 ALIII, npyrue RUCKpeTHbIE YCTPOKWCTBA BBOZA — BBIBOJA, TUIIMYHBIC JUIS CUCTEM
ympaBieHus. B kadecrBe cereBoro mHTepdeiica B paboTe HCIOJIB30BAH IIMPOKO PACIPOCTPAHEHHBIH B IPOMBIIUICHHOCTH HHTEpQeic
PROFIBUS DP[1].
Jliis1 pemaeMoli 3a1aul OCHOBHBIE, CYIECTBEHHBIE CETEBBIE TAPAMETPBI CIIETYIOLIHE:
e PROFIBUSDP ontumMusupoBaH st ObICTporo OOMEHa IaHHBIMH CIHENUaIbHO JUIsI KOMMYHHMKAIMH MEXIy CHCTeMaMu
aBTOMATH3ALMH U JACLICHTPAIN30BAaHHON nepudepueii Ha II0JeBOM YPOBHE;
e K mmHHOMY cermMeHTy MOXXHO 10 crangapry RS-485 noxwitounts 10 32 aboHeHTOB. lcronp3oBaHue MOBTOPUTENEH MO3BOISET
YBEJIMYUTH YHCIIO YYACTHHUKOB.
Peann3oBaHHBI KOHTpOMUIEP OOECIEUMT BO3MOXKHOCTH HOIKIIOUCHHS K CETH OOJNBIIOrO KOJIMYECTBA TAaKUX Pa3HOCKOPOCTHBIX
nepuepuiiHbIX YCTPOICTB, KaK KOMIIBIOTED, IATYUKU TeMieparypsl, fatunku Bnaxsoctu, ALITT, EEPROM, u romy nono6Hoe (puc. 1).

A PROFIBUS DP JIuxnug
Pern THAMHIYECKHIT
EEPROM | 5P0 < CII; HLLIHJILﬂ{aTOP
25LC160 | " |KoHTpo.iep
UART N
SPI nepupepun «—>» KommbioTep
ADC 104S101{e—» P
«—5 GprO

A¢

[12C JIiaus ¥

$ A4 ¢ y
EEPROM 1 EEPROM 8

Puc. 1 - Cxema coeuHeHHIEPHEPUIHHBIXYCTPOUCTB ¢ KOHTPOIEPOM

Peanuzanus

Ipu pa3paboTke KOHTpOIEpa U Pealu3aliy AIrOpUTMA €ro (YHKIMOHUPOBAHUS MCIIONB30BAH BBICOKOCKOPOCTHBIN MPOMBIIIIEHHbIH
unrepdeiic PROFIBUSDP, ckopoctb nepenaun koroporo gocruraer 12 merabur/c npu mmne cermenra 100 merpos. Cers PROFIBUS DP
HE OJIHOpaHroBas, Ucroibdyercst meron «Master-Slavey. Pa3paboraHHbl KOHTpOJUIEp SIBISETCS BEJOMBIM ceTH. Bemyumii ornpasiser
KOHTpOJJIEPY MaKeT YIPaBJICHHs, U IMOIy4aeT OT HEro IakeT COCTOSHUS B eIuHOM Iwkie ooMeHa[l]. CTpykTypHas cxema pean3aliii
KOHTpOJIJIEpa MOKa3aHa Ha PHUC. 2.

.l

PROFIBUS DP JIunua A

»
_/

1 1 1
1 1 1
EEPROM| Prxd || YcrpoiicTBa BBOJa-BbIBO/IA :
25L.C160 | ! I s s :
1
: PROHBUS : ‘fpgo GPJ;O + data[S]
1 | HpaeMHHK|: AL A '
| P | - EEPROM 24LC64 |- EEPROM 24LC64 | |
1 1 1
v | Packet_cor [ start | '
Start
I | >|data[8] ' par TOOP [
1 1 ‘ 1
Done [y Start ! VerpoiictBa :] ' | PROFIBUS
EEPROM ! data|8] ‘>  pBhpIBODA ! ' | IlepenaTunk
3 PAR i - Quuavuveckuti |, i
KOHTpOJLIEP | | | uHduKamop ! :
| . |-utx P par|! |
! ! I 1 [PAR
! 1 * L L1
1 1 |
1 1 1
Brox 1 | brok2 '+ Bmok 3 .1 bmok4 ', Bmok5 _
) » K > x y

Puc. 2 - O61mas cTpyKTypHasi CXeMa CETEBOro KOHTpoIiepa nepudepuu
O6wast CTPYKTYpHas CXeMaceTeBOro KOHTPOIepa nepudepuu COCTOMT U3 CIELYIOIIHX OJI0KOB:
®  Gok 1 — koudurypauuu (5K);

Brnok 2 — nmony4enus nanueix u3 ceru PROFIBUSDP (BIT[);

®  [iiok 3 — 06paboTku naketa ynpasienus (BOITY);
®  Biok 4 — Gpopmuposanus nakera cocrosuus (BPIIC);
® B0k 5 — mockLTkK AaHHEIX B ceth PROFIBUSDP (BITJ).
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ITpunyun padomuer Konmponnepa

IMocne BritOUeHMs NUTaHKs 3aryckaercs npouecc koHgurypauuu. BK cuntsiBaer u3 namsatu (EEPROM) napamerpsl u coxpaHseT ux B
perucrpax koHpurypamum momyneil. ITocne mpouenyper kondurypampm BIIJl mepexomut B cocrostaue oxupanus. BOITY naumnaer
paborate mocie nomydyeHus mnakera ymnpaeieHuss n3 ceth PROFIBUSDP. BOIIC cocrouT W3 HECKONBKHMX MOAYJEH YIpaBICHHS
nepuepuiHbIMU yCTPOHCTBAMY, OONBLIMHCTBO M3 KOTOPHIX PabOTaeT IOCTOSHHO, HE3aBUCHUMO OT CETeBOro MHTepdeiica, a MoyyeHHbIe
JTaHHBIE, BCETJIa TPUCYTCTBYIOT B BBIXOIHBIX PETUCTPAX M TOTOBBI I MepechulkU. VICKIroueHne npeicrasisieT MOoylb «koHTposiep 12C» -
unrepdeiic ¢ namarsro EEPROM 24L.C64. Konrpomiep 12C axkruBusupyercs 3amnpocom u3 ceru PROFIBUS DP, a roroBHocTh maxera
COCTOSIHHS BO3HMKAET IOCNIE YTE€HHs JaHHBIX W3 namsTy. [lomydns npusHak rorosHocTd BIIJ] mocknaeT makeT cOCTOSHHUSA TOMY BELYIIEMY,
KOTOPBI 3anpociil HHPOPMALHIO U3 y3J1a.

Ocobennocmu pewienus

Kaxnoe mnepudepuiiHoe ycTpOHCTBO YNpaBisAeTCd HE3aBHCHMO, WHIMBHIYalbHbIM KOHTpouiepoM. KoHrpomnepel paboraror B
LUKJINYECKOM PEXKUME HE3aBUCHMO OT CKOPOCTHBIX IApaMETPOB KOHKPETHOro nepudepuiiHoro ycrpoiicrsa. ITonydeHHbIC OT HUX JaHHBIE,
BCET/a IPUCYTCTBYIOT B BEIXOAHBIX PETUCTPAX M FOTOBBI VIS MIEPECHIIKH C «HYIIEBOI» 3a€PKKOIL.

AOOHEHTHI ceTH HIDKHero ypoBHs (cetb 12C) He Moryr paboTaTh B LIMKIMYECKOM PEXKHME M OOCIY)KHBAIOT 3aIllpOCHl M3 CETH
PROFIBUS DP B pexxume 3anpoc — orBeT. MakcumabHas 3a/iepikka Moy «koHTpoiiep 12C» ¢pukcupoBaHa 1 HAXOAUTCS B JIOIYCTHMOM
Jarna3oHe, corjiacoBaHHoM ¢ TpeboBanueM cet PROFIBUS DP.

ITpumepot nooknrouennbIX nepudepuiinbix ycmpoiicme

Kongueypayuonnas EEPROM

DakTHYECKH, Y KaXIOH CHCTEMBbl yIPaBICHUSMMEECTCS KOH(QUIypallMOHHAs MaMATh, KOTOpas paboraeT mpu crapre. B aroii pabGore
HCHOJIb30BaHa 3HepronesasucuMas namars EEPROM 25LC160, paboratomas no unrepdeiicy SPL

Ananozo-yugposoii npeobpazosamens

K koHTpomiepy MOIKIIOYEHO THIIMYHOE YCTPOMCTBO sl cucteM obOpaborku curHanoB — ALl B xauecrBe mpumepa BeiOpan ALIT
ADC104S101, paboraromuii o untepdeticy SPI, umeromuii yacrory npeodpaszosanust ot 500 TeICSY BHIOOPOK B CEKyHIy 10 1 MUIUIMOHA, U
paspsinHoctb 10 6ut. IpuHuun paborsl BeiOpanHoro ALIIT 3aximrouaercs B TOM, YTO JUIS OJHOTO M3MEPEHHMS HY)KHO JIBa LMKIIA, IPUIEM
(buKcays ypoBHS aHAJIOrOBOIO BXOJA U IPeoOpa3oBaHKE €ro B IU(POBOEC 3HAYEHHE MPOUCXOAAT B CMEXKHBIX IMKiIax. Lluki m3Mepenus
TeKylieil BHIOOPKM COBMEIIAeTCs C LUKIOM (DUKCALMU IIOCIEIYIOMeH, TO eCThb W3MEPeHHUs 10 Pa3HbIM KaHajlaM KOHBEHEpHU3OBaHbI U
MEePEKPBIBAIOTCS HA IIOJOBUHY IIOJHOrO IepHoja u3MepeHus. [l yBeNMuYeHUs HPOIYCKHONW CIOCOOHOCTH BBIOpaH KOHBEHEpHbIi
NPUHIINILT.€, UL N3MEPEHUs 3HaUSHUI CUT'HAJIOB BO BCEX YETBIPEX KaHAJaX, HYXKEH OAUH M30bITOUYHBIH UKL

Iepughepuiinas EEPROM

B NmpOMBINUIEHHBIX CETAX IMUPOKO HCIONB3YFOTCS y37Ibl SHEPrOHE3aBUCUMOW NMaMATH, JAaTYMKH TEMIIEPATYphl, JATYUKH BIAKHOCTH,
paboraromue no unrepdeiicy 12C. st obecrieuenuss paboToCIIOCOOHOCTH LIMPOKOro HabOpa MEePEeUUCIICHHBIX YCTPOUCTB PEaln30BaH y3ell
12C Benymero B pa3paboraHHOM KOHTpoiuiepe (puc. 3).

SCL A Cetn 12C
SDA A A >
) 4
P
R start ready‘
O» PRX > data[8] Y Y Y
N ;dia), Koutpomwrep || Peruetper | {0 o EEPROM 8
I Foop 12C ves
B < data[8]
vI€1PTX |
S ~ PRX - PROFIBUS npuemHuk

PTX - PROFIBUS nepenataik

Puc. 3 - Cxema coemunaenus nepudepuitnoro EEPROM c¢ xoHTpomiepom

B kauectBe npumepa, K KOHTpoOJUIepy HOKII0YeHb] 3Heprode3asucumMble namsatu EEPROM 24L.C64, coxpanstonye JaHHbIE KaKUX—TO
IPOLIECCOB, HY)XHbIE 11 00padorku. Hecmorps Ha To, uTo 12C mmpoko ucnonb3yercs Kak BHYTpUOJIOUHbIH U BHYTPUIUIATHBIN HHTEp(EiiC,
12C nmeer ceresoil xapakrep. @akTndecku, kontpomiep [12C apasercs nurozom mexay cetsimu PROFIBUS DP u 12C.

IMocne nmomydeHus TakuX napaMeTpoB OT MAKeTa YIpaBlieHus, Kak aapec onpamusaeMoii EEPROM, anpec unraemoro 6aiita 1 pesxum
paboThl ¢ MaMATbIO, KOHTPOJIEP O0paIlaeTcst K MaMATH 3a JaHHBIMH, 3aTeM 3aHOCHT IIOJIy4eHHbIC JaHHble B Oydep sl MOChIIKU B CETh
PROFIBUS DP.

lmo3 cern 12C nosBomster oOpabaThiBaTh JaHHbIC C JIPYrHX THUIIOB YCTPOMCTB, padoraromux no uHrepdeiicy 12C: narumkon
TEMIIepaTyphbl, JATYUKOB BIAKHOCTH U TOMY I1OZ00HOE.

3akmouenne

Pa3paboranHa TexHONOTrMs HOAKIIOYEHHS K IIHUPOKO pachpocTpaHeHHoM B mnpombinuieHHocTH cett PROFIBUS DP 6 tumoBbix
nepudepuiinbix ycrpoiicts ¢ pasusiMu uHTepdeiicamu (UART, SPI, 12C, peructpsi). IIpemioxeHHoe peleHue 001anaeT CBOHCTBOM
OTKPBITOCTH, IO3TOMY IIPH HEOOXOMMOCTH HCHOJIb30BaHUS APYTHX THIIOB IIePU(EPUIHBIX YCTPOHCTB MM KOMIUIEKCUPOBAaHUS APYrOH CeTH
HIDKHET0 ypOBHs, 00luasl armapaTHas Mzesl pelieHus coxpansercs. KoHTpoiuiep, MMeroluii MUHUMAJIBHOE BpPeMsl PEaKly Ha 3alpochl
peanuzosas B FPGA.
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AnHomauyusn

B cmamve ¢ nomowwio npomoxona Fast Ethernet npeonodicen aneopumm noCmpoenus: SUOKOU cucmembl KOMMYMayuu ¢ MUHUMATbHOU
3A0epIACKOII.

Kumouessle cioBa: Fast Ethernet, IEEE 802.3, PHY, 4B/5B, MLT.

Preobrazhensky N.B.!, Kholopov Yu.A.2, Dam Trong Nam®
'Candidate of Technical Sciences, “Leading engineer, Lebedev Institute of Precision Mechanics and Computer Engineering
*Master student, Moscow Institute of Physics and Technology
FEATURES OF APPLICATION OF ETHERNET IN THE INFORMATION ENVIRONMENT OF CONTROL SYSTEM
Abstract

Algorithm for constructing a flexible switching system with minimal delay is proposed via Fast Ethernet protocol.

Keywords: Fast Ethernet, IEEE 802.3, PHY, 4B/5B, MLT.

B pacmpenenénnpix cucremax ympasieHus: (CVY), KOMHOHEHTHI MOT'YT HaXOAWTHCS B yHAJICHHH OT IIEHTPAJBHOI'O BBIYHCIUTEIS,
MO3TOMY aKTyallbHa HpoOiieMa MHHUMH3ALMU 33/IeP)KeK BO BHYTPEHHHMX KaHanax cBsi3M. Jns moajepxaHus KOPOTKOro IMKIa
pEryaupoBaHUs, HYKHA BBICOKAas CKOPOCTb OOMEHOB M CyIIECTBYET HpoOieMa BbIOOPKM IIPOTOKOJIA II€pefaud JaHHbIX. 3anada
BBICOKOCKOPOCTHOrO OOMEHA JIaHHBIMH B CHCTE€Max YIPABJICHUS PEaJbHOIO BPEMEHH MOXKET DELIaThCs C IMOMOIIBI0 COBMECTHMOIrO
HCHOJIb30BAaHMS Pa3HbIX MPOTOKOJI0B, HO npuMeHeHue Ethernet xaxeTcs npeanodTHTENbHBIM Oilaronapst IIMPOKOMY CIEKTPY alIapaTHBIX
PELICHHUT JUTsl Pa3HOTUITHBIX KOMITOHEHTOB CETH U MOICPIKKE PA3IMYHBIX (PU3MYECKUX Cpell Mepe/iauy JaHHbIX.

B yHuBepcanbpHbIX ceTsX, mporokon Ethernet mocrpoeH Ha mpuHIMIIE ClydaifHOro JOCTYHA K Cpele Iepeladd JaHHBIX, Ul 9TOro
paspaborans! Ethernet—kommyraTopsl, oOecriedrBaloIie TOMOJIOIHIO0 ToUKa—Touka ¢ nomoisio MAC-anpecoB. KommyraTop BBITIONHSET
3a7a4y BHIOOPKH HAIPaBICHUS IIOTOKA JTAaHHBIX M3 MOIYISI BEPXHEro ypoBHs. IIprMeHeHne TakiuxX KOMMYTaTOPOB B CHCTEMax yIpaBIICHHUS
MOXKeT ObITh He Bceraa 3(h(eKTUBHBIM, B CBSI3U C H30BITOYHOCTHIO MX (hyHKIMI 1uist 3anad CY.

Oco6eHHOCThIO MH(OPMALMOHHBIX 00OMEHOB B MH(OPMAIIMOHHOH Cpe/ie CUCTEM YIPABICHUS SBJISACTCA LMKINYHOCTD, NO3BOJISAIOIIASL
YMEHbBIIATh 3a/IePIKKy IYTEeM COKpAIlEHUs M30BITOYHOCTH CTaHAAPTHOrO CETeBOro mnporokona. B pabore paspaboraH koMMyTaTop c
MHUHHUMAaJIbHON 3aJIep’KKOH, KOTOpBI OOMEHMBAETCA JAHHBIMU C HECKOIBKMMH Yy3JIaMH 4epe3 cTaHnaprTHelii nporokon Fast Ethernet, u
cokpauieHHbIi porokoin Fast Ethernet. B kauecTse y310B Moryt ObITh KOHTpOIuIeps! nepudepun (KIT) mam Bemyle KOMIOHEHTBI CUCTEMBI
BepxHero yposHst (BKCBY) (puc.1).

BKCBY

Fast Ethernet

CoxkpamienHsiii Fast Etheret
L

KIT3

s 7 ~

Hatunk| |Axryarop| | Jaruux Axtyarop| | Harumk | [Axryarop| |Marumk | [Axryarop

Puc. 1 - Cxema coeiuHeHUs: KOMMYTATOpa C y3J1aMu
Ipu peanuszanuu kommyraropa ucnonssyercst Gopmar nakera IEEE 802.3 na ypoBHe cBs3u Mexay kommyraropom 1 BKCBY. Ha
ypoBHe cBsizu Mexay kommyraropom U KII, maker oOMeHa Obll COKpAILEH IyTeM YAaJICHUsl HEKOTOPBIX M30BITOYHOCTEH CTaHAAPTHOrO
[aKeTa s yMEHbLICHMS 3aJepKKM. MUHMManbHas 3aJepiKka MHoiydaercs Onarojaps ammapaTHOMY IpeoOpas3oBaHuio makerop CY
BEPXHEro ypOBHS B HECKOJIBKO IIAKETOB JUIsl HIXKECTOALMX Y3JI0B, C a/ipecalieii ocIeHUX o noaxiodeHuto. O6patHoe npeodpa3zoBaHue
MTAKETOB, TAKXKE MPOM3BOIUTCS B KOMMYTATOpPE amllapaTHO, ¢ MUHHMMAJIbHOW 3aiepikKoil. KoppekTHOCTh NMakeToB KOHTPOIMPYETCS IO

CRC32. O6as cxema peanu3alii KOMMYTaTopa I10Ka3aHa Ha puc. 2.
BKCBY |

A
Y

-
{

PHY

adr_sw[48] —p»
FPGA |adr master[48] . KommyTaTop
EEPROMPND 41 _y | start

PHY || PHY| |PHY (| PHY

A E
Y
RJ45 RJ45 [R5 RI45
A A A A
Y ) 4 ) 4 )4

KII1 KIT2 KII3 KIT4
T cycle T cycle| [T cycle| [T cycle
h h h 4

Puc. 2 - Cxema kOMMyTalMH1 y3/1a CUCTEMBbI
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Ipu pa3paboTke KOMMYTaTOpa U peaau3aliy alropuT™Ma ero QyHKIHOHUPOBAHUS PELIAIMCH CIEIYIONHE 3a1auu:

- Olpe/eIeHNE JIUTEIBHOCTH LIUKIA (QYHKIIMOHMPOBAHUS CUCTEMbI I PacieT HMHTEPBAIOB OIPOCa Y3JIOB;

- 3a1a4a KOH(UIYpHPOBaHUS CUCTEMBI M 3arpy3KH NapaMeTpoB B KoHpUrypauuonnyto namsarts (EEPROM);

- 3a/1a4a YTeHHs - 00pabOTKH KOH(UTYPALOHHBIX TAPAMETPOB B LMKIIE (DYHKIIMOHUPOBAHUS CHCTEMBI;

- 3aJa4a nomydeHus nakera ynpasieHus o BKCBY n nepenaun nakera cocrostuust BKCBY;

- 3aa4a nepenaqn naket ynpasienus KII n nonmydenus nakera cocrosHus ot KII;

- 3a1aua peanuzanus pusndeckoro unrepdeiica i N+1 Ethernet - noproB mexny kommyratopom ¢ N KIT u BKCBY.

ITpunyun padomer Kommymamopa

Ipu BKIIOYEHMH CHUCTEMBI, HAUMHAeTCs mnpouece kKoHpurypamuu. Kommyrarop u KII nonydaror koHurypauuoHHsle napamerpsl U3
EEPROM. Ilocne 4ero, KOMMYTaTop NEPEXOIUT B COCTOsSHUE OxunaHus. Kommyratop HaGmonaer ymnuio cssu ¢ BKCBY. Tlomyuus
3a1poc U NPOBEPHB UCTHHHOCTD IOJYYCHHBIX JaHHBIX, KOMMYTAaTOp paccbulaeT BceM nouiitodeHHblM KIT maker ynpasnenus. IMomyuus
IIaKeT ynpasiieHust 0T komMmyraTtopa, KIT o6pabaTbiBatoT 3anpoc U B IMKIIE YIPABIEHUS IEPEChlIaloT 00paTHO 00pabaThiBacMble JJAHHBIC.
KII sBnsroTcs caMOaKTUBHBIMU YCTPOWCTBAMH, T.€, OHH HEPHUOIMYECKU IEPEJal0T JaHHbIE 4Yepe3 MHTEpPBAI BPEMEHH OJHOrO IMKIA
obpallieHust, NOJMy4eHHbIH U3 KOHUrypanmonHoil namsru. [locie nomydenus nakera cocrosHust ot KII, komMyraTop ¢opMupyer naker
COCTOsHUS A7l 0TBETa Ha 3anpoc o BKCBY.

B ornano4Hoii mnare He xBaraet HeoOxoxuMbIx Ethernet—nopros. bsuio peanusoban 610k pusnueckoro unrepdeiica — «monyns PHY»
(puc. 3). Ilockonbky Fast Ethernet MokeT HCIONB30BaTh pPa3iMYHbIA THII Kalens, TO UL KaXIOH cpelbl TpeOyercs YHHKaJIbHOE
npeaBapuTeNbHOe NpeobpazoBaHue curHana. IIpeoOpasoBanue Takke Tpebyercs s 3(GQEKTUBHOH mNepefaud J@HHBIX: CHeNaTh
nepeziaBaeMblii KOJ YCTOMYMBBIM K IOME€XaM, BO3MOXKHBIM IIOTEpsIM, JIMOO HCKa)KeHHSAM OTJIEIBHBIX €ro 3JIeMeHTOB (00moB), s
obecrieueHus 3 PEeKTUBHON CHHXPOHU3ALUK TAKTOBBIX TEHEPATOPOB Ha IepeatoIel M IpUeMHol cropose [1].

PMD | R¥ +
—»Kogep 5B/4B—m —»
a MTL-3 102 1 5lpx.-
MAC BryTpeHHHR

urTEphefic
Ethernet |mEeE 023 M RJ45

PMD | | opop [€ 11X

MTL-3 IX-

| ———————— TTexonep SB/4B |€—

Puc. 3 - Biiok pusnueckoro naTEepdetica

Ha mongypoBHe KomupoBaHMS, KOAMPYETCS/IEKOAUPYETCS NaHHbIE MmocTynaronme o1/K ypoBHI MAC ¢ HCIOIB30BaHUEM aITOPUTMOB
4B/5B[1]. Ha nomypoBHe (pHU319ecKoro MpHCOeIMHEHHMS, OCYIeCTBIsIeTcs prsudeckoe koxupoBanne MLT-3[1].

Bpewmst opHOro muikia obpamieHus y3inoB — Bpems, yepe3 koropoe Bce KII nepuonndecku nepenarot nanueie. OHO COCTOUT M3 BPEMEHH
repeiauy MakeToB B OHOM OOpalieHNy, BpeMeHH moAroToBku faHHbIX B KII 1 Bpemenn oxwupanus HoBoro 3arnpoca u3 BKCBY. O6braHO
BpeMst moAroToBkr AaHHEIX B KII ecTh BpeMsl MOArOTOBKM NaHHBIX MEUICHHEWIero KOHTpoulepa mepudeprnu. Tak kak TeMi paboThl
YCTPOMCTB HU3KOTO YPOBHS 3apaHee HE M3BECTEH, [UIST OTKPBHITOCTH 3aJadd BHIOpaH pPEXHM, KOTJa BpeMs OIHOrO IUKJIa OOparieHus —
BpeMs TIepeiauy IIaKeTOB B OJTHOM OOpAICHUH U BPEMsI OXKHJaHUsI HOBOT'O 3aIIpoca U3 BEIYIIEro BEPXHEro ypoBHS. JIpyruMu ciioBaMu 3TO
TEMII 3aIIPOCOB U3 BEAYIIEr0 BEPXHEr0 YPOBHS. JTOT MapaMeTp MOXKET OBITh PACCUNUTAH IIPH TIOCTPOSHUY CHCTEMBI YIIPABICHHS.

Kommyrarop Obut peammzoBan B FPGA. Kommyrartop mo3BoisieT MHOMYYUTH MakKCHMAIBHYIO CKOPOCTh CHUCTEM YIIPaBJIECHHS C
MHUHUMAJIBHOH 3aIepKKOH ¥ yIOBIETBOPSIET TEHICHIMN PAaCIINpeHus cnonb3oBanus Ethernet—ycTpoiicTB B cucTemMax ynpaBiieHHSI.

Jnst pa3sBUTUS pacCMOTPEHHOIO pPELICHHS MOXKHO clelaTb KOMMYTaTop JOCTYnHbIM HeckonbkuM BKCBY B 3aBucuMoctu ot
MOTPEOHOCTH, TPU STOM COXpaHsAeTCsl oOIIas JOTMKa, YTO O3HAa4aeT OTKPHITOCTh pEIIeHHs 3aJadd CBepxy. [Ipm HeoOXomumocTH
ucronb30Banys Apyroid Momudukanun Ethernet, To oOmast uaest arnmapaTHOro pemIeHUsl COXPaHsIeTCs IIyTeM W3MEHEHHUs TeMIla paboThl U
MexaHu3Ma «Moxyinbs PHY ».
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PA3BPABOTKA ITPOEKTA «YCTPOMCTBO MOHOJIMTHOI'O OYHJIAMEHTA CTAKAHHOI'O TUITA»
AnHomauyusn
B cmamve paccmompenvl 0cHO8HbIE NPUHYUNBI MEXHON02ULU CHIPOUMETbHO20 NPOU3BOOCMEA YCIMPOUICMBA MOHOIUMHO20 PYHOAMEHMA
CMAKAHHO20 MUNA U HeOOX0OUMOCMb CREYUANLHO20 000PYOOSAHUA Ol MOHIMANCA, d MAKJICe ONEPAYUOHHDBLI KOHMPOLbL Kauecmed padom 6
COOMBEMCmeUY ¢ HOPMAMUSHLIMU OOKYMEHMAMU.
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THE DEVELOPMENT OF THE PROJECT «MONOLITHIC GLASS TYPE FOUNDATION »
Abstract
The article considers the main principles of construction technology of monolithic glass type foundations and the need for the special
equipment for the installation, and also the operational quality control of the works in accordance with the regulations.
Keywords: solid foundation, concreting, quality control.
Foundation is the most laborious and the most important part of the work during the construction of any building. The strength and the
stability of the base directly affects the durability of the building.
Installation of glass type foundations is not complicated in technical terms, however, it requires the compliance with a number of
different state standards. Because most of these designs are mounted on the objects of industrial values, their installation is done by
professionals who know all the nuances of the performance of such work.
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Before concreting the casting section, the following works should be performed:

- 1. all fittings and fixtures installed,;

- 2. all the elements of the formwork assembled;

- 3. the scaffolding supporting the formwork installed;

- 4. the installation and the reliability of the fastening of casing elements verified,;

- 5. the presence of the grease on the boards verified;

- 6. the surface, which will be arranged monolithic slabs moistened;

- 7. the tools and the equipment prepared.

Installation of the grid frame is made with the use of a crawler crane
MKG-10. Concreting of the slab is performed by using the concrete pump C-296A (capacity 10 m3/h).

Before starting concrete work in the design position collapsible-permutation are set elkoshite metal shuttering panels brand SCHS-1,2-
0,6; SCHS-1,2-0,5; SCHS-1,8-0,4; SCHS-1,8-0,5; SCHS-1,8-0,6;

The formwork must meet the following requirements:

- to be durable, resistant;

- do not change shape under the stresses arising in the production process;

- the contact edges lining the formwork panel must be dense, there should not be cracks;

- to provide high quality surfaces, eliminating the appearance of waves, shells, curvatures;

- to be scientific;

- to have a turnover.

Under the formwork must be installed supporting scaffolding of pillars, slanted girders, braces and lag.

The place of installation of the formwork forms and the scaffolding should be cleared of trash, snow and ice. When installing formwork
special attention should be paid to the vertical elements, the rigidity and immutability of all structures in general.

The concrete mix is poured onto the prepared substrate and spread so that its top was slightly above the level of the screed (it depends on
the degree of compactibility of a concrete mix with a vibrating beam). After that the screed is pulled along the guide rails. The concrete
under the action of vibration settles to the desired level and is leveled. It is needed to ensure that the screed is constantly glided over the
surface of the concrete. In those places where the concrete mix is deposited below the level of the screed, the concrete mixture as added
using the shovel in required quantities.

The signs of the final seals are: the cessation of subsidence of the concrete mixture, the appearance of the concrete milk on its surface
and the termination of the allocation of air bubbles.

It is especially necessary to compact carefully the concrete mix directly from the wall formwork.

Concreting of floors accompanied by entries in the log where they record the following data:

- the date of commencement and completion of the concreting of the hook;

- the specified brand of the concrete, working the composition of concrete mixtures and the results of its motion (stiffness);

- the date of manufacture of the control samples of concrete, their number, marking, timing and results of the samples testing;

- the outside temperature and the concrete mix when laying in winter conditions;

- the type of formwork and the date of replublican design;

- the volume weight concrete mixture in a compressed state for a concrete mixture with a filler.

During curing the concrete base in the initial period of hardening it is required:

- to maintain temperature and humidity conditions, providing increased

strength of the concrete;

- to carry out, if necessary, heat treatment of the laid concrete in order to accelerate its hardening and turnover casing;

- to protect the hard concrete from bumps, shock and other mechanical action;

- to perform periodic watering of the concrete during the first days of hardening.

Operational quality control of works on installation of monolithic foundations are carried out in compliance with SNiP 3.03.01-87
"Bearing and Enclosing Structures".

The concrete slab must be drawn from the act of examination of the hidden works in accordance with the established form.

At work, you must comply with the safety notes in Chapter SNiP III-4-80 "Safety in Construction" and SNiP 2002 part 2 “Labour
Protection. Construction Production".

All workers, while on the construction site, must be in protective helmets. When cleaning formwork to use the protective goggles. It is
forbidden to drop from a height of tooling, fixtures and etc. Temporary stairs leading to the work areas should be adequately secured.

The need for special equipment for installation, large items and the price works virtually exclude the use of such foundations for the
construction of any private buildings. However, in industries such foundations are used quite often.
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ONUMENbHOU IKCATLYAMAaYUlU.
Kurouesble c10Ba: 1edeKTbl, EMKOCTb JUIS XPAHEHHs MHEPTHOT'O T'a3a, JJaO0paTOPHbIE UCCIICOBAHMUSL.
Malikov V.A.!, Pavlov S.B., Kuzmin A.S.
'Ph.D in Technical Sciences, JSC «Neftekhim-Balty (St-Petersburg)
DEVELOPMENT OF MANUFACTURING DEFECTS DURING CONTINUOUS OPERATION OF THE EQUIPMENT
Abstract
The article presents the results of research into the causes of defects in the storage vessel inert gas for long term use.
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Omnpenenenne TPUYUH BO3SHUKHOBEHHUS M Pa3BUTHS Je(pEKTOB 00OPYIOBaHMsS, MPUMEHSEMOrO Ha OIACHBIX IPOM3BOICTBEHHBIX
00BEKTax, MOXKET pacCMaTpPHBATHCS B KaYECTBE OHOTO M3 OCHOBHBIX HANpaBIIeHHWH oOecredeHHs NMPOMBINUICHHOH Oe3omacHocTH [1-3].
BeiBomsl 0 XapakTepe, NpHYMHAX W CKOPOCTH pPa3BHTHS Je(PEKTOB MO3BOISIOT OTKOPPEKTHPOBATH IPOrpaMMBbl TEXHHYECKOTO
JIMarHOCTHPOBAHMS aHAIIOTHYHOT0 000pyRoBaHust [4-6].

Ha HedyrenepepabaThiBaiomeM 3aBojie KCIUTYaTHPOBANACh €MKOCTh Ul XPAHEHHsS MHEPTHOTO ra3a obbéMoM 200 M’, M3roToBjeHHas
Ha YepHOBUIIKMH MaIIMHOCTPOUTENBHOM 3aBoJe B 1968 rony. Pacuérnble mapaMeTpsl skciutyaTanuu: aasienue — 1,8 MIla, remneparypa —
450°C, cpena — uHepTHBIH ra3 (a30T). OCHOBHBIE AIIEMEHTHI KOPITyca eMKOCTH u3rorosieHsl u3 craneit 09T2C u 16I'C, natpyOku mrynepos
u3 cTany Mapku 20.

Ipu npoBeseHNH IIAHOBOTO HAPYKHOTO M BHYTPEHHETr0 OCMOTpa Oblia OOHapyXeHa TpEeIIMHa B 30HE BBAPKU JPEHAXKHOrO IITyLEpa
Jly25 B obeuaiiky anmnapara. I[To 1aHHBIM BU3yaJIbHO-M3MEPHUTEIBHOIO KOHTPOIIS OBLIO YCTaHOBJIEHO, YTO CHAPYXKU KOPITyca, B 30HE BBAPKH
npeHaxHoro mryrnepa [y 25 B oOewaliky Kopityca, TpeIIMHa HUMEeT HPOTsDKEHHOCTh 120 MM; TpellMHa HPOXOIWT 10 CBApHOMY LIBY
MIPUBApKH INTYLEpa ¥ II0 OCHOBHOMY MeTajuly o0edalku KOpITyca; TPeIldHA HUMEeT NPEIIIOYTUTEIBHYI0 OPUEHTAlUIO 10 IEepUMETPY
obeuaiiku (puc.l.). 3HyTpu Kopiyca, B 30He BBapKH ApeHaxxHoro mrynepa ly 25 B obeualiky kopiryca, 3a(uKCHpOBaHHasl IPOTSHKEHHOCTD
tpemmHbl 200 MM. BrimonHeHHas kanmwuisipHast 1edekTocKomusl MoATBEpAHIa, YTO TpellMHa B obedaiike KOpIlyca CKBO3HAsl — IIEHETPAHT
HAHOCHUJICA U3HYTPH KOpITyca anmnaparta u pukcupoBaicst Ha HapyKHOH 1moBepxHocTH. ITo pe3ynpTaTaMm yiabTpa3ByKOBOMH TOIIIMHOMETPUH B
obnactu oOpa3oBaBLIelics TPEIMHbBI YTOHEHHS MeTaJula 00edaiiky Kopiryca U natpyoka mrynepa y25 He oOHapy»KeHo.

Jedexrueiii y3en BBapku mrynepa Jly25 Obul 3aMeHEH M ()parMeHT C TPEIIMHOMN, ObUT HCIIOIb30BaH YISl IPOBEICHHS JIa00paTOPHBIX
HCCIIEI0BAHUM.

Pe3ysbTaThl J1a00paTOPHBIX MCCJIEA0BAHUI.

PackpsiTast TpemyHa 00HaXM1a KOHCTPYKTHBHBIN 3a30p €O CleaMH METalIa 3JIeKTPoJd, 3aKPUCTAJUIM30BaBIIerocs B HeM. JlaHHbIi
(baKT CBUIETENBCTBYET O TOM, YTO JUAMETP OTBEPCTHUs B KOPILyCe €MKOCTH 3aMETHO NPEBbIIIAN AUAMETp NaTpyOKa ITyLepa, B pe3ysipTare
4ero MpOYHOCTh CBAPHOIO y3/1a 00ecreunBalach HCKIIIOUUTEIBHO POYHOCTHIO (M TOJIIMHOM) BaJIMKOB HAIUIABKU BOKpYr maTtpyoka. Ongna
4acTh BCKPBITOTO y3j7a OblIa WCIIONB30BaHA JUISl M3TOTOBJICHUSI 00Opa3loB, NMpeIHA3HAUYEHHBIX ISl MEXaHWYECKUX HCHBITaHUH. [lpyras
(oTBeTHasT) YACTh MCIIOJIB30BAHA IS IPOBEICHUS PpaKTOrpadhuecKux 1 MeTaJuIorpaUueCKuX UCCIIeIOBAaHUH.

[To pe3ynbraTaM XUMHYECKOro aHau3a ObUIO YCTAaHOBIIEHO, YTO MeTa/ul obedaiiku kopiyca coorBeTcTByeT cranu tuma Ct3cn (IOCT
380). MuKpocTpyKTypa MeTajIa KOpIyca eMKOCTH IIPE/ICTaBIsieT cOOOH MEIKO3EPHHUCTYIO (DepPHTO-IIEPIUTHYIO CMECh, XapAKTEPHYIO JUIS
YIIIEPOOMCTHIX cTalleld. Tak B KOpIlyce eMKOCTH MaJloyriiepoucras JedopMupoBaHHas craib Xapakrepusyercs 3epHamu 6 6amna (TOCT
5639) n HeonHopoxHbIMU 1O BesmuuHe (2 Gamn 3 psanx no FOCT 5640) ydactkamu nepiura, UMEIOLMMH CTPOYEYHOE paclpelieeHue.
Merayu maTpyOKa IITylepa Takxke IpelcTaBisieT coboil deppuro-nepiutHyio cranb ¢ 3epHamu § 6amta (TOCT 5639) u HeGonpmmm
KOJIMYECTBOM y4acTKOB copouToodpasznoro nepiuta (1-2 6amr 2 psx no OCT 5640), opueHTHpOBaHHOIO B HAIIPaBICHUH Jie(hOpMarlHiL.

Pe3ynpTaThl NpPOBENCHHBIX HUCIBITAHWMA OOpa3loB Ha PacTsDKEHHE W yHapHBIH H3rM0 NIpH KOMHATHOH TemIlepaTrypea XOpOIIO
COIJIACYIOTCS C JJaHHBIMH XMMHUYECKOr0 aHaJIN3a U MeTauiorpaduu o TOM, YTO MaTepuall odedaiiku kopiyca — yriaepoaucras ctans (Cr3).
ITo pesynpraTam ucnbITaHuil 00pa3LOB Ha yHapHbIH M3ruO ObUIO OTMEYEHO, YTO H3JI0OM O00pa3lloB HEOIHOPOIHBIH, U MOMUMO BS3KOIO
M3JI0MA YETKO BBIJENSAIOTCS YYaCTKHU C XPYIKUM pa3pyLIeHHeM, Taloke ObT OTMEUEeH 3aMETHBIH pa30poc pe3ysibTaToB UCIIBITAHUIL.

Ipu paccmoTpennn u3iioma JIeeKTHOro y4acTka OblsIo 00HApYKEHO, YTO [IBETOBAsl OKPACKa W3JI0Ma pa3Hast. Tak yuacTOK HOBEPXHOCTH
TPELIMHBI, KOTOPBI 00pa30Bajcs MPH €€ MCKYCCTBEHHOM PAacKPBITHH, ObUT OJECTAIINM M OTJIMYAJICS TEMHOTO y4acTKa CYIeCTBOBABILCH
Tpewmunbl. I1o oTHOLIEHHIO KO BCeil TOBEPXHOCTH BCKPHITOrO M3JI0Ma IUIOLIAb HCKYCCTBEHHOI'O J0JIoMa cocTaBuia okono 41%. JlaHHbli
¢dakT u Oonee TEMHBIH [BET IOBEPXHOCTU PACKPHITOM TPEIIMHBI IO3BOJSIOT YTBEPXKAaTh, YTO B 30HE CBAapHOTO COEAWHEHHS
MOBPEXIAEMOCTh METaJlIa Pa3BUBAJIaCh B TEUCHHUE HEKOTOPOro BpeMeHH. OO0 3TOM e CBHAETENbCTBYIOT MaKpOr€OMETPHIECKUE NPU3HAKU
Ha [MOBEPXHOCTU BCKPBITOW TPEIMHEI: BOIOKHUCTOE CTPOEHHE U pyOLsl. OHM yKa3bIBalOT HA MECTO BO3HHKHOBEHUS 04ara IoBPeXIaeMOCTH
COCZIMHEHHUS, B KauecTBE KOTOPOro Oblia ONpejelieHa HaIulaBKa Ha BHYTPEHHEH IOBEPXHOCTH CTEHKM ammapara (puc.2). B 3oHe ouara
MOBPEXKIAEMOCTH MOPGOJIOTHsl TOBEPXHOCTH H3JIOMA KIACCU(UIMPOBAHA KaK ACHIPHUTHAs, C y4acTKaMH IPyOO3EpPHHCTOrO CTPOSHHS,
(aceTKkaMl MEX3EPESHHOTO pa3pylleHHs U MeNKuMH (1-2 MKM) dacTHIAMK OKCHIOB. Ha MOBEpXHOCTH pa3pylIeHHS] IEepeXol OT ydacTKa
JICH/IPUTHOH MOP(ONIOrHH K OCHOBHOH 30HE M3JI0Ma C BOJIOKHHUCTBIM CTPOCHHMEM OOHApY)KMBAETCS 110 M3MEHEHHIO TPAaeKTOpHU (POHTA
MOBPEXAEMOCTH (CTYIICHbKE C HAKJIOHOM ~40 rpaaycoB) M MOCIEYIOIEMY Pa3yIUIOTHEHUIO C MHOXKECTBOM HOp JHaMeTpoM 5-50 MKM B
Ipejienax IMoiockl MUpUHOH okoso 1 MM (puc.3). MecrononokeHne yka3aHHOM IOJIOCHI COBHANAaeT C 30HOM TEPMHYECKOTO BIIMISTHUS
CBAapHOro 1Ba, COPMHUPOBAHHOTO HA BHYTPEHHEH IOBEPXHOCTH KOPIIyca €MKOCTH. Ba)KHO OTMETHTB, YTO TOJBKO B IIpeiesiax IOJOCHI
pa3yIUIOTHEHUsI OOHAPYKEHBl YJacTKM HaQTAIMHUCTOH MOpP(OJOTrHH, KOTOPHIE XapaKTepH3YIOTCS TIJIAJKUMHU IUIOCKUMH (haceTKamu
BHYTPU3EPEHHOI0 XPYNKOro paspymenus. OOHapyxeHHass 0COOCHHOCTb XapaKTepHa I PaspyLIeHHS IIeperpeTbix aedopMHpOBaHHBIX
craneil. Hanmnume y3koro (~1 MM) ydacTka ¢ XPYNKMM BHYTPU3EPEHHBIM Da3spyLIEHHEM M IOCIEIYIOIIeH OOIMpHON 30HOH H3iioMa
BOJIOKHHUCTOIO BHJIAa C MEX3EPEHHBIM pa3pylICHHEM XapaKTepH3YIOT KWHETHKY Ppa3BUTHS ITOBPEXKIAEMOCTH KaK IIPOJOIDKHTEIBHBINA
IpoLece MoJ ASHCTBUEM CTaTHYECKUX HArpy3ok. ToT (akT, 4TO KaK BCKPBITas TPEIMHA OPHEHTHPOBAaHA Iapajule]bHO OCH IaTpyOKa,
CBHUJICTENIECTBYET O HAJIMYMU BBICOKHX TAHT'CHIIMAIBHBIX PACTATHBAIOIINX YCWINH, HPHJIOKEHHBIX CO CTOPOHBI BHYTPEHHEro o0beMa
anmnapara.

Ha oGpa3suie, B3STOM U3 30HbI ZI0JI0Ma CBAPHOT'O COEAMHEHUS ObLII IIOAT0TOBJIEH MeTauIorpaduuecKuil Ut B IIIOCKOCTH, IPOXOJIIIEit
4epe3 och narpydka u yepe3 30Hy cBapku. Ha numde B ycTbe KOHCTPYKTMBHOIO 3a30pa MEXly KOPILYCOM €MKOCTH M MaTpyOkoM Oblia
oOHapy)eHa Mex3epeHHast TpemuHa. [Ipu paccMOTpeHNH TPaeKTOPUH TPELIMHBI YCTAHOBJIEHO, YTO OHA IPOXOAUT BIOJb I'PAHULIBI MEXITY
30HOH TEPMHUYECKOr0 BIUSHUSA U 30HOH KpUCTAJUTM3alMU MeTaia. [1o HarpaBiIeHHIO JBHKEHUsI TPEIUHBI OOHApYXeHa 30Ha IUIoIabio 1X5
MM2, B IIpeJiesiax KOTOpPOi CTpyKTypa umeeT BuamanmrerToBei (3akanoynsiid) Bug (1-2 6amn psg b mo FOCT 5640) B kpymHbIX (~4 6amt
o 'OCT 5639) 3epHax (puc.4). OHa XapakTepu3yeTcs HaIUYueM KPHCTALIOB (heppHUTa OCKOIbYaTod (hOPMBI M (MIIN) WIJI, OTXOASAIINX OT
cetku Qeppura no rpanunam 3eped. 1o cpaBHEHHIO C OCHOBHBIM METAIIIOM OOHAPYKEHHAs CTPYKTYpa MMEET NOHMWKCHHYIO [IPOYHOCTD U
MOBBIIIEHHYIO CKJIOHHOCTb K XPYIIKOMY MEX3€PEHHOMY Da3pyLICHHIO.

BruiBOADI.

Mo pe3ynbraraM J1abOpaTOPHBIX UCCIENOBaHUII YCTAaHOBJIEHO, YTO IIPUYMHON 00pa30BaHUS CKBO3HOHM TpPELIMHBI ObUIO HAKOIUICHUE U
pa3sBUTHE MHKPOIIOBPEXJCHNII B HEKAUECTBEHHO BBHIIIOJHEHHOM CBapHOM COEIMHEHHWH BBapku matpyoka mrynepa [ly25. Csapnoe
COCIIIHEHHE BBINTOJIHEHO C HECKOJBKUMH HEJIONMYCTUMBIMH Jie(eKTaMU: BO-NIEPBBIX, IHAMETP OTBEPCTHSI MOJ IITYHEp MpeBbHIIal
TpeOyeMBblii, YTO NPHUBEJIO K HEIOMYyCTHMBIM 3a30paM B CBapHOM COEIMHEHHH, BO-BTOPBIX, CBapka IPOBOAMJIACHE C HapYyLICHHEM
TEMIIEPaTypHbIX PEXUMOB, YTO IIPUBEIO K OOpa30BaHUIO B MeTajule OOeualiKi KOpIyca 30H C HW3MEHEHHOH MUKPOCTPYKTYPOH, ¢
OCTAaTOYHBIMH HAIPSHKEHUSAMHE, CKIIOHHBIX K XPYIKOMY paspymenuto. Ha rpanuie 5Tol pa3ynpodHEeHHOM 30HBI M IIPOXOMIO 3apOKACHUE U
HaKOIICHHE MUKPOTPEIINH.
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Puc.1 - OOmwmit BUI TpeIMHBI B 30HE BapKH JIpeHaXxHoro mrynepa [y 25 B obeuaiiky
KOpITyca eMKOCTH.(BU/I CHAPYXH)

e R

Puc.3 - Tonoca (0003Ha4YeHa CTpeNIKaMu), B Ipeiesiax KOTOPOoi 00HApyKEeHO U3MEHEHUE TPACKTOPUH (PPOHTA TPELHHbI U
Pa3yIUIOTHEHHE IIPU NEPEX0/e K U3JI0MY BOJIOKHUCTOI'O CTPOCHUS
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Puc.4 - Kpynnsle 3epHa ¢ peppuToM BuamMaHIITETTOBOrO THIIA Ha IPaHULIE 30HBI KPUCTAUIN3ALUH U 30HBI
IIYTH NIPOABWKECHHS TPELLHHBI.
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Magpun IB., IMapemuposa P.M.%, Mamncyposa AN}, Coxonon M.IL*
'KanauaaT XMMHYECKHX HayK, JIOLEHT,” CTApIIHii PeoaBaTellb, "MIa Il HAyUHbIi COTPYIHUK, TOKTOP XHMHUECKHX HayK,
npoteccop Kazauckmii (IlpuBomxckuit) Genepanbhblit yausepeutert, r.Habepesxusie UenHs
AHAJIM3 ®UJIBTPATA MOJIMTOHA OTXO/I0B C IEJIbIO JAJBHEMAIIETO UCIOJIb30BAHUS
AnHomauyusn
B yenax usyuenus cocmasa u MOKCUYHOCMU OMOOPaHbl 00pasybl GuUibmMpama NOIUSOHA NPOMBIUIEHHBIX U MBEPOO-OblMOBbIX
omx0006. Onpedenenvl nepsuuHble NOKA3amMenu. MUHepanu3ayus, 6000pOOHbIIL nokazamens, ysemuocmo. IIposeden ananus cooepacanus
MANCENLIX MEMANos, onpedenen psao npuopumemuocmu. Bviaenrena ocmpas mokcuunocmv no cmepmuocmu Oaguuti. Pesynvmamoi
noxaszanu, 4mo Oanvheliuiee UCNONb306aH e UILMPAmMa Ol OPOUEHUS NOUSOHA 68 NOHCAPOONACHDBLI NEPUOO BOZMOICHO NOCTIE OYUCTIKU U
YMeHbULeH U MOKCUYHOCI CIOKA.
Kirouesble c10Ba: MoMUroH, GUIBTPAT, TOHKEIbIE METAILIbI, TOKCHYHOCTb.
Mavrin G.V.!, Pademirova R. M.%, Mansurova A. L3, Sokolov M.P.*
!Candidate of Chemical Sciences, assistant professor of, Zsenior Lecturer,’ junior research assistant, 4 doktor khimicheskikh nauk ,
professor, Kazan (Volga Region) Federal University, Naberezhnye Chelny
ANALIZ FIL'TRATA POLIGONA OTKHODOYV S TSEL'YU DAL'NEYSHEGO ISPOL'ZOVANIYA
Abstract
In order to study the composition and toxicity of landfill leachate sampled and industrial solid waste. Defined primary indicators:
salinity, pH, color. The analysis of heavy metals, identified a number of priority. Revealed acute toxicity to Daphnia mortality. The results
showed that the continued use of leachate for irrigation range in fire-risk period possible after cleaning and reduce effluent toxicity.
Keywords: polygon, filtrate, heavy metal, toxicity.
IIpoGnema yTUIM3alMK OTXOIOB HYEJIOBEUECKOH JKU3HEIESTENBHOCTH Bce OoJiee OCTPO BCTAeT MEpes BCEM UEIOBEYECTBOM.
CyecTByYIOT pa3Hble CIOCOObI YTHIIM3ALMU OTXOJ0B, HO C YYETOM CPABHHUTEIBHO HEBBICOKMX KAITMTAJBHBIX M 3KCIUIyaTallMOHHBIX 3aTpaT
TOJIMTOHBI OTHO3HAYHO OYYT OCTaBaThCs CAMbIM PACIPOCTPAaHEHHBIM METOIOM YTHIIM3alMK O0TX00B Ommkaiimme 10-15 ner. 3axopoHeHue
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Ha HOJIMI'OHAX, KPOME TOr0, OCTaeTCsl HEOOXOMMBIM METOJIOM JUIS OTXOJIOB, HE NOANAIOLINXCS BTOPUUHON I1epepaboTKe, HECTOPAOIIMX M
CroparoIluX C BbIAEICHUEM TOKCUYHBIX BemecTs([1].

Oco6eHHO 0cTpo HpoOIIeMBl U MOCIEACTBYS HEPALMOHAIBHOH OpraHu3anuu cOopa, BbIBO3a U 3aXOPOHEHMS OTXOJOB HPOSBILIIOTCS B
KpymHbIX ropozax Poccun. Tak, sxurenn Habepexnbix UeHOB HAacIbIIAHbI 00 yIpydaroleM COCTOSHUM ToraeBcKoro IojauroHa, KOTopbli
3a 30 seT cylecTBOBaHMs OKOHYATEIbHO BbIpaboTall cBOi pecypc. CKIaIMPOBAHUIO Ha 3TOM IIOJIMIOHE IOJBEPraroTcs MPOMBIIIICHHbIE 1
OBITOBBIE OTXOZIBI, KOHTPOJIL OE30M1aCHOCTH He ocylecTBisieTcs. Kak ciencTBue, ¢ KaXKIbIM roloM YXYILIAeTCsl CAHUTapHO-TUTHeHUYecKast
00CTaHOBKA, a M3-32 HAKOIUICHUSI CBAJIOYHOIO ra3a, (GUIbTPATa Ha MOJIMIOHE.

OCHOBHBIM (haKTOPOM, ONPEIENSAIONINM HETATHBHOE BO3ZEIHCTBUE IIOJIUIOHOB 3aXOPOHEHUS, SBISIETCS MH(UIBTPALMA B Hpenenax
IUIOIAM CKJIAJMPOBAHUS OTXOOB OT’KMMHOH BOZBI, BBIJICISIONIEICS U3 CBAJIOYHOrO Tela B IPOLECCEe CKIAJANPOBAHMSA, YIUIOTHEHHS U
pa3loXKEeHUs OTXOMOB — CBalO4YHOro Quibrpata. Ha NpOTSHKEHMM JXKM3HEHHOrO LMKIA IOJMIOHa (WIBTPAT SBIAETCS IIOCTOSHHBIM
HCTOYHUKOM 3arpsA3HEHUs IOJ3EMHBIX BOJ, TO €CTb, MCTOYHMKOM IIOCTOSIHHOW IOTEHLIHMAJIBbHOW OMACHOCTH JUIS 310POBbSl HACEICHUS
6M3IIeXKAalIero paioHa.

Ilenbto paboThl sBiIsiETCS NpOBEAEHHE JIAOOPATOPHBIX MCCICIOBAHMN MO M3YYCHHIO Ka4e€CTBEHHOI'O M KOJIMYECTBEHHOIO COCTaBa
MHQUIBTpPATa, a TAKXKE OIPEJEICHUEe ero TOKCHYECKHX CBOMCTB Ul JalbHEHIIEro HCIOIb30BaHMS, C IIPEABAPUTEIBHOW OYUCTKOH M
HOJIrOTOBKOM, B 60pb0€ ¢ BO3ropaHUsAMH Ha IOJIUTOHE.

OKCIIepUMEHTAIIbHBIE UCCIIEIOBAHUS 110 N3YUSHUIO KaUeCTBEHHOTO COCTOSHUS BOJHOTO PEXUMa MOJIMIOHA, KaK 110 XUMHUYECKUM, TaK U
[0 MHUKPOOMOJIOTMYECKMM IapaMeTpaM BBINONHSUIM Ha ToraeBckoM momuroHe. IIpoOsl Box oToOpaHbl U3 (DUIIBTPALIOHHOIO
MPYJOHAKOMUTENS OCeHbto 2014r.

OuibTpaT UMEET BBICOKYIO IBETHOCTb, OOYCIIOBJICHHYIO B OOJBIICH CTENCHH COZICPIKAHHEM B HEM TI'YyMYCOBBIX COCIWHEHMH, U
crabolienoyHyro peakuuo cpezisl. Obias MuHepanu3anus GuiibTpata cocTaBiseT 41/11, 4TO XapaKTepu3yeT JIaHHbIe BOJABI KaK TPA3HbIC C
BBICOKHM COJIEP’KAHUEM COJIeH Pa3IMuHOr0 MPOMCXOMKICHUS.

Onpenenunu coJieprKkaHue TSDKEJIBIX METaJIOB u MOCTPOMIIH psn MIPHOPUTETHOCTH:
Zn(730)>Pb(717)>Fe(604)>Cu(165)>Cr(15)>Mn(9). Pacuet KO PUIMEeHTa KOHLEHTpaUuii NpoM3BOMiIM OTHOcuTenbHO [IJIK
PBI00X035CTBEHHBIX BOJHBIX OOBEKTOB, T.K. aHHBIH (UIIBTPAT INIAHUPYIOT UCIIOIBb30BaTh B JaJIbHEHIIEM ISl IIONUBA pelibedha MECTHOCTH
OJIMT'OHA B JICTHUH NEPHOJ, a CIIEN0BATEeNIbHO BCE 3arpsI3HAIOIINE BEILECTBa, COoAepiKalecs B puibTpaTe Momnaayr B IPYHTOBBIE BOMIBL, &
nanee B Maible pekH, KoTopele B PecmyOnukn TarapcraH oTHeceHBI K OOBEKTaM pblOOXo3siicTBeHHOro 3HaueHus[2]. IIpeBbimieHus
HOpMaTHBa MMEET MECTO Ul BCEX MCCIICIOBAHHBIX THKEIBIX METAUIOB, NPUYEM Ul HEKOoTOpbix Oonee yeM B 700 pa3, 4To CBS3aHO C
3aXOpOHEHHEM Ha JAHHOM IOJIMTOHE MPOMBIIUIEHHBIX 0TX0A0B npeanpusaTuil ropoga 1 OAO «KAMA3».

OCHOBHBIM CaHUTapHBIM YCIOBHEM SBIISIETCS TPEOOBAHKME HE MPEBBILICHNS TOKCHYHOCTH CMECH IIPOMBIIIEHHBIX OTXOIO0B C OBITOBBIMU
[0 CPABHEHHIO C TOKCHYHOCTHIO OBITOBBIX OTXOJOB II0 JaHHBIM aHAlIM3a BOAHOHW BBITSDKKM [3]. B oOpasmax ¢uibrpara Hamm Oblia
oIpezieNieHa ocTpasi TOKCHYHOCTh 110 cMepTHOCTH nadHui [4]. B oOpa3uax ¢ pasHoii crenensio pasdasienus (ot 2 1o 100 pa3) cMepTHOCTH
nacdHuit B onbiTe cocraBmiia 70%-100%., 4To MO3BOJISIET IPUCBOUTH CBAJIOYHOMY CTOKY OCTPYIO TOKCHYHOCTb.

BrIBOABL:

- Ha OCHOBAaHMM IIONYYEHHBIX PE3YIbTATOB aHAJIN3a COICPXKAHMS TDKENIBIX METauioB B (uibTpaTte TOraeBCKOro IIOJMIOHA
MPOMBILIJIEHHBIX U TBEPJO-OBITOBBIX OTXO/IOB, MOXKHO CIENAaTh BBIBOZ O TOM, 4TO 3a 30 JieT CyIecTBOBaHUS IOJIMIOH HAKOIMII OIPOMHOE
KOJIMYECTBO ONACHBIX OTXOAOB U TpPeOYeT DPEKOHCTPYKIMH, BO BCSAKOM ClIydal CO CTOPOHBI cOopa M 00€3BPEXHBaHUS CTOKOB,
00pa3yroIMXCsl B TeJIE MOJIUIOHa;

-JlajbHeHIee HCIONb30BaHUe (GUIBTpaTa Ul OPOLICHHS IOJIUIOHA B II0XKAPOONACHBIH IEPHOJ BO3SMOXKHO IIOCIE OYUCTKH U
YMEHBIIEHUS TOKCUYHOCTH CTOK3, B IPOTHBHOM Cllydae, MOXKET IIPUBECTHM K JalbHEHIEMY paclHpOCTPaHCHUIO M 3arpsA3HEHUIO
aTMoc(epHOro BO3/IyXa, IOUBbI U IPYHTOBBIX BOJI B paiioHe Kapbepa.
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roCcy1apCTBEHHBIN TeXHUYecKHil yHuBepcuteT uMm. M.1.ITonsyHosa
HUCITOJIb30BAHUE AJIBBYMHUHA JJIS1 CO3JAHUA MOJIOYHO-PACTUTEJIBHBIX ITPOAYKTOB
AnHomauusn
B nabopamopmbix ycnogusax usyuena 603MOMCHOCMb CO30AHUA MOIOYHO-PACIMUMENbHBIX NPOOYKMO8 HA 0CHo6e anbOymuna. Onucanvl
pe3yibmamyl ONbIMos no NOOOOPY NAPAMEMPOS NOJYHEHUs ANbOYMUHA U3 MOJIOYHOU CbIGOPOMKY, pA3pabomKe MexXHON02UU U peyenmyp
NPOOYKMO8 HA OCHOBE CLIBOPOMOUHBIX OENK08 ¢ 00DasIeHUEM PACUMENbHBIX KOMNOHEHMOE.
KiroueBble c10Ba: ais0yMUH, MOJIOYHBIC IPOYKTHI, CHIBOPOTKA, OEIIOK.
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THE APPLICATION OF ALBUMIN FOR DEVELOPMENT DAIRY-VEGETABLE PRODUCTS
Abstract
In laboratory conditions the possibility of creating dairy-vegetable products based on albumin have been studied. The experimental
results of the development of albumin from whey are described. The technologies and formulations of products based on whey proteins with
added vegetable ingredients are given.
Keywords: albumin, milk products, whey protein.
Our authorship studies cheese whey and curd whey, ways of whey proteins separation and its application as the basis of dairy-vegetable
products [1, 2].
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It is established that the albumin for the dairy-vegetable products manufacturing should be produced from cheese whey. Cheese whey
has not to be desoxidated and the albumin has a good organoleptic quality. The best way to produce albumin is by the thermoacid method.
As the coagulant you may use acid whey or hydrochloric acid. Thus, as the basis for dairy-vegetable products we encourage to use albumin
from cheese whey. Albumin had been pre-treated in vacuum-pulse disperser for homogeneous gentle consistency.

The way of stabilizing the dairy-vegetable product’ consistency by adding semolina into ingredients has been studied. If we make a
dairy-vegetable product with raw semolina, the consistency of the product has a graded structure. If we make a dairy-vegetable product with
pre-swollen in water or milk semolina, the consistency of the product is softer, more gentle and has less graded structure. Finally, if we make
a dairy-vegetable product with pre-heated in milk semolina, the consistency of the dairy-vegetable product is soft, creamy, tender, not graded
and not crumbled. The introduction to the recipe of semolina in the amount of 5.6-5.9 % gives a dairy-vegetable product stable structure.

To extend the range of dairy-vegetable products it was proposed to include in the recipe flavoring additives (table 1): cocoa or vegetable
puree (from apple, carrot or pumpkin).

Table 1 — Formula of dairy-vegetable products

Ingredient \?llilt?lncthE): S pmii;lifltl vegetable puree
Milk albumin 39,7 37,0

Alkalescency cocoa powder 0.8 _

Apple, carrot, pumpkin puree _ 74

Sugar 5,9 5,6

Milk, fat content of 2.5 % 43,7 40,7

Cream, fat content of 20.0 % 4,0 3,7

Semolina 5,9 5,6

Hroro 100 100

It is found that dairy-vegetable product with cocoa less inclined to allocation of moisture on the surface than product with vegetable
puree; moreover dairy-vegetable product with cocoa has a stable consistency and has a large storage capacity.

As a result of the research we have developed the technology and composition of dairy-vegetable products based on albumin. The
products are provided regulatory and technical documentation. Innovation protected by a patent [3].
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OCOBEHHOCTH PABPABOTKH YHUBEPCAJIbHOI'O ITPUJIOKEHU A 1JIS1 YCTPOMCTB HA BA3E
ONEPALIMOHHOMN CUCTEMBI 10S
AnHomauyusn

B cmamve paccmompeno — smanvl 01 peanuzayuil YHUSEPCANbHO20 MOOUTLHO20 NPUNONCEHUS, KPAMKOe ONUCAHUE BAMCHbIX
MEXHON02UYECKUX petenuti 0N MOOeNUPOBAHUA MUHUMATLHBIX 00A3AMeNbHbIX MPedo8aHul PYHKYUOHANLHBIX 603MONCHOCMEN, NPUMEHEHUe
U AHANU3 YHUBEPCATLHO20 NPULOMCEHUS HA YCMPOLCcmEe.

KiroueBrbie ciioBa: pa3paborka Ha i0S, yHHBepcaIbHOE NPHIOKEHUE, MOOHIBHBIE TEXHOIOT UL,

Nekhai Y. L.
Master, Belarusian State University of Informatics and Radioelectronics
DEVELOPMENT FEATURE UNIVERSAL APPLICATION FOR DEVICES BASED ON THE OPERATING SYSTEM I0S
Abstract

In the article - steps to implement universal mobile application, a brief description of important technological solutions for the
simulation of minimum mandatory requirements of functionality, implementation and analysis of a universal app on your device.

Keywords: development for iOS, universal application, mobile technology.

B Hacrosiniee BpeMst MOOHIBHBIE YCTPOHCTBA MMEIOT BHICOKHIT ypOBEHb PacpOCTPaHEHHMs U JOCTYITHOCTH Cpeay HaceneHus. Kommanus
Apple BbimyckaeT psj MOOWIBHBIX ycTpoiicTB iPhone u nmHeliky mnanmeroB iPad. Bce onm paGoraror mon ynpasieHHEM OIHOH
ornepanroHHo# cucreMbl 10S. Tak ke ecTh BO3MOXKHOCTh Pa3pabOTKH €IMHOr0 IPUIIOKEHHS, KOTopoe OyneT paboTaTb M IOJHOLICHHO
UCIIONB30BaTh BCE BO3MOKHOCTH YCTPOHCTBA, Ha KOTOPOM 3allyllCHHO. OJTO MO3BONSET MAaKCUMalbHO 3((EKTHBHO 3aHMMATh
3aMHTEPECOBAHHBII PHIHOK CPE/H IIOJIB30BATEIICH U SIBIATHCS HE3aBUCHMO IUIAT(OPMEHHBIM IIPUIIOKEHUEM.

JlaHHbIe BO3MOXKHOCTH SIBJISIIOTCS HCKJIIOYHTENBHO Ba)KHBIMH (pakTopamMu Ha LU(POBOM CErMEHTE, TaK KaK B IIOCIEIHEE BPEeMs
KOMIIaHHsT Apple HayMHAeT BBINYCKAaTh YCTPOMCTBA KOTOPBIE II0 BCEM MapaMeTpaM OTJIMYAIOTCS OT HPOLUIBIX MOZeNei H3-3a 4ero
IPHIOKEHHUST KOTOPBIE HE PEalM30BaHBl 110 OCHOBHBIM TEXHOJOTMYECKUM OTallaM, HYXKIAIOTCS B JOpabOTKe IS KaXKIOro HOBOI'O
yCTpoiicTBa, TeM caMbIM (haKTUUECKU yHasACh U3 U(pPOBOro MarasuHa U sIBISETCs] HepaboIHM JUIs HOBOTO YCTPOMCTBA.

Bo n3bexaHue KpUTHYECKUX CUTYalHsl HEOOXONMMO Pean30BhIBATH TAKHE TEXHOIOIHYECKUE OCOOEHHOCTH

- 10S Human Interface Guidelines. [laHHas TexHIYeCKast 0COOEHHOCT TpeOyeT MHAUBU/IYaIbHOTO MOBEJICHUS pabOoThI IPHIIOKEHUS HA
pa3fenbHBIX YCTPOHCTBaX. B YaCTHOCTH HCIIONB30BaHHE KOMIIOHEHTOB paszeneHus dkpaHa npucymux s iPad (UIPopoverController,
UlSplitController), s iPhone — monansnoe npencrasinenue (UINavigationController, UlActionSheet).
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- TOJIePKKa OpUCHTAIMI (TopTpeTHas U nanamadTHas). OTa 0COOEHHOCTD TTO3BOJISIET H3MEHATh MHTEP(EHC MPIIOKEHHS [IPH CMEHE
MO3MIMH YCTPOKCTBA B MPOCTPAHCTBE.

- AutoLayouts TeXHOJIOTHsI aBTOMaTHIECKOT0 PACIIONIOKEHMsI ClIoeB. JlaHHas TEXHOJIOTMs O4eHb Ba)KHA, TaK KaK HMEHHO Onaromapsi ei
MOKHO 33/1aBaTh €IMHBIE AJITOPUTMEI 110 OTOOPayKEHUIO MTOJIb30BATEIBCKOr0 HHTEp(deiica, KOTopble padOTalOT HE3aBHCHMO OT IPOIIOPIIAI U
pa3mepa skpaHa ycrpoiictB. Hampumep iPhone6 u iPhone6+. Tak ke CTOMT OTMETHTH, YTO JAHHASI TEXHOJOTHS JOCTYIIHA KaK B BHIE
BU3YaJIbHOTO s13bIKa (HOPMATHPOBAHUSI, TAK U B BapHaHTe Xib MoKara.

- Grand Central Dispatch (GCD) mexanu3M pacrnapauienBaHus 3anad. JlaHHas TEXHOJOIHs IMO3BOJNSAECT HE IPOCTO PaclpeleNuTh
3a/1a4¥, HO U CTaBHUTh B OUEPE/IH, BBLICIAThH IPHOPUTETHI M BBIHOCHTH B OT/ACIIBHBIN IOTOK, pas3rpyxast PH 3TOM LEHTPAIBHBIN MPOLECCOp.
JlaHHast TEXHOOTHS He3aMEHUMa JIIS BBITIOJTHEHHUS! UIABHOCTH paboThl rpaduueckux HHTEpGHEHCOB 1 aHUMALHH.

- Memory Managment HeoOXomuma JUisl ONTHMHU3HPOBAHHOTO MOTPEOJICHUS ONEPaTHBHOW MaMsATH YyCTpoicTBa. B oTinmumm ot
JIECKTOITHBIX MPOrpaMM, MOOWIIbHBIC MPUIIOKCHHUSI O'PaHHYCHBI B 00bEME ONCPATHBHON IMaMSITH U €€ HCIOIb30BaHUE JOKHO OBITh MOJ
YETKUM YIPABJICHUEM M 00s3aTENbHBIM €€ BBICBOOOKIAECHHEM IIOCIE HCIIONB30BaHMA. JlJIsi OTCIE)KUBAHUS IOTPEOJICHHs OIepaTHBHOM
IaMsATH CcileayeT Hcronb3oBaTh Instruments-Leaks B cpeme paspaborke Xcode mimm AppCode. ITo ymonmuaHuio pa3paboTka HOBOTO
MIPWIIOKEHHST HauuHAeTCsl ¢ mojuiepkkoii Automatic Reference Counting (ARC), B HeKOTOpOM poje aHayor «cOopiyka Mycopay s Java
[1].

- CoreData ¢paiiMBOpkOM [Uisi pabOTBI C JaHHBIMH, KOTOpas IMO3BOJISIET paboTaTh C CYI[HOCTSAMH M HX CBSI3SIMH, aTpHOyTaMH.
Texnonorust CoreData 1mo3BossieT MakCHMaJIbHO THOKO paboTath ¢ qaHHBIMH BJ] kak ¢ 00beKTaMu 1 IIpH 3TOM HMEET BO3MOXKHOCTH PaboTHI
B HECKOJIBKO TIOTOKOB.

CylecTByeT MHOXECTBO JIOMONHUTEIBHBIX U J[A)KE aIbTePHATHBHBIX BAPHAHTOB PEATH3aI[MH HEKOTOPBIX OCOOCHHOCTEH, HO BCE B UTOTe
CBOJUTCS K €JAMHOMY OIMCAHWIO M WMEET JIMIIb TEXHUYCCKHH MOAXO[. AHaau3 pa3pabOTKH pa3iMYHBIX MOJENCH MOBEACHUS U HX
MPEICTaBIICHHUSI OJBEJ MEHSI K TAKAM OCHOBOITOJIATAFOLINM TIPUHIAIIAM.

OcHoBHas cpena pa3paboTku siBisiercss Xcode padoraromias Ha onepannoHHoi cucreme MacOS. SI3pik nporpammuposanus Objective-C
wm Swift. Tem caMbIM MOXHO ITOABECTH, YTO pealn3alysl YHUBEPCAJIHHOrO MOOHMJIBHOTO IPHIOKEHUS HECOMHEHHO OoJiee CII0KHBIN
BapHaHT, ero NPHUMEHEHHUS U MOJICIUPOBaHUs TpeOyeT HAMHOrO GOJIbLIIe ACTAIBHOM MpopaboTku. PakTHYECKH BBIMISICTh U paboTaTh OHO
U TOXE NPHIOKEHHS JOJDKHO MMO-Pa3HOMY Ha Pa3HBIX THIAX YCTPOMCTB. TeM He MeHee JaHHbBIH BapHaHT HEOOXOAWM Il MPHIOKCHHH,
KOTOPBHIM HEOOXOIMM MAaKCHMAJIbHO IIHPOKHH [HANa30H MOJIb30BATENbCKOrO MOTPEOICHHMs, OOpaTHOW OTJa4d HAa TOM WM HHOM
TEPPUTOPUATIBHOM CErMEHTe, HE3aBUCMMO IUIaT(OPMEHHBIM B CIydae BBIXOJAa HOBOTO YCTPOWCTBa 0€3 MOTepH HOBOTO IPOLIEHTa
10J1b30BaTeNeH.
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ON THE DEVELOPMENT OF SCIENTIFIC BASES OF STRENGTHENING
Abstract

The article describes the main stages of development and the basic beginning of the scientific basis of strengthening tire rubber.
Issledovaniya role of carbon black in the formation of structure grids, methods of its evaluation and the ways in which changes in the
direction of improving the properties of rubber
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Beenenne

VYcunenue Hauanoch B 1912 rony, xorzia amepuxasus! T 1 O3Hcnarep NOBBICHIM M3HOCOCTOMKOCTD IIPOTEKTOpa U3 Opasuinbekoro HK
MMUTMEHTHON caxkel; B 20-X rofax MOSBUIICS KaHAJBHBIA Texyrnepon, B 1943 romy — neunoit [1]. MupoBbie BOWHBI YCKOPHIH CO3JaHUE
KPYITHBIX IPOM3BOACTB CUHTeTHUeCKUX 3aMeHureneil HK 11 BoeHHOI TexHUKH [2], 1 TeXyriepos Chirpai KIIOUEeBYIO POJb B UX BHEAPCHUN
W IPEBPALICHUN PE3UHBI B YHUKAJBbHBIA KOHCTPYKIHOHHBIA Marepuan [3]. KadecrBo Texyriepona onenusaroT no crangapram ASTM, a
JIUCIICPTUPOBAHUE OOBACHSIOT CKAJIbIBAHUEM €I'0 arperaToB Kay4yKoM I10 «TyKOBUYHOMY» MexaHu3My [4]. Hayka o mommepax Bo3HHKIIA B
30-x romax, korga I'. Ilraymunrep paspaboran Teoputro ux crpoeHus, a ¢usuxku B. Kyn, E. T'yr u X. JlxeiimMc - MonexyiaspHo-
KUHETHYECKYI0 TEOPHIO BBICOKOIACTUYHOCTH, IOJIOKUB HA4alo MCCIEOBAHMSAM DIACTOMEPHBIX CeTok [5]. M3ydeHsl moka ceTku
HEHAIOJIHEHHBIX PE3UH C XUMUUYECKHMHU CBSI3AMHM, & B3aUMOJICHCTBUS TEXYIJIEPOiad YCIOXKHSIOT UX CTPYKTYPY U 3aTPYIHSIOT NPOJOJIKEHUE
uccienoBanui [6, c.28].

B 70-e ronp! kpynaomaciitabueie pabotsl B CCCP no 3amene CKb na Oyraanen-ctuponsasie kayayku (BCK) Bkirroyanu u GeccepHsie
crocoObl ByJIKaHM3alUMKM UX cMeceil ¢ kaHanbHbIM TexyraeponoM. Kayuyk CKMC-30APK cumBanyu C-C-CBSI3AMH TUKYMHJINIEPOKCHL WIIH
CKC-20I1-10 ¢ 10% nepokcuanbix 3BeHbeB, Kayayk CKC-30I1-2 cmmBancsa cam, a kayayk CKC-250AD-5APK cmmBanu monspHbIMU
y3namu ankwipenondopmanpaernanas (AODPC) wim snokcuaHas cMmona 1o (eHmwIaMuHodpUpHBIM 3BeHbsiM [7,8]. TlonsipHble pe3uHBI
66t Ha 20-30% npoyHee HEeMONSAPHBIX, YTO YKa3blBAJIO HAa y4acTUE TeXyriepoaa B (OpMHPOBaHMH Y3II0B M HOATBEP)KAAIOCH PE3KUM
YXYIILIEHUEM TEXHOJIOIM4ecKux cBocTB kayuykoB [9]. Ilpu BBemenun 40 macc.u. texyriepozna Ha 100 macc.u. kayuyka CKMC-30APK
CKOpPOCTB €ro IINPHIEBaHNs CHIKAJIACh B TPU pa3a, a yca/lka MOBBIIIATIACH IOYTH B JBa pa3a IPU 3HAUYUTEIBHOM POCTE €ro KECTKOCTH.
Cna6o cumrelii Mukporesns BCK (amacTu4HbIA HamomHUTeNb) yXyAIlall yKa3aHHbIE CBOKMCTBa MeHee yeM Ha 10% wu3-3a HaOyxaHus B
CErMEHTaxX Kaydyka ¢ 00pa30BaHHMEM HEPEXOIHOro ClIOs, KOTOPbIH IpeBpalall ero rio0yisl B ciadble NOMU(YHKIMOHAIBHBIE Y3JIBI CO
crpykrypupyromuM dpdexrom [10-12]. OueBuaHO, Yriiepoa-KaydyKOBbIE Y3JIbl CETKH C CETMEHTaMH CBSI3aHHOTO Kaydyka [13,14] cunbHee
CTPYKTYPUPYIOT KaydyK, 4yeM HaOyxmme rioOyisl pbIxyioro Mukporess. IINIOTHO CHIMTBIH MHUKpOreib B OTCYICTBHE TEXyriepoia JlaxKe
yIydllad TEXHOJIOIMYECKHE CBOMCTBA KaydyKa, a B €ro INPUCYTCTBHM 00a MHKpOreys YIydllald HX, YTO SIBIAETC el OJHUM
CHHEPrU4eCKUM HPOSIBIICHUEM y4acTHsl 00OMX HAIOIHUTENEH B (JOPMUPOBAHUU CTPYKTYpPbI CETOK.

INpennokeH penakcalMOHHBIA MEXaHU3M JUCTICPTUPOBAHUS TeXyriiepona [3], KOTopblii 0OBsACHIET OTCYTCTBHE B3aHMOCBSI3H MEX/LY €r0
pe3ynbraTaMd U MOJIEKYISIPHOM Maccoil ucxomHoro kaydyka [15,16] u cormacyercsa c¢ npezncrasienusmu ['.B. Bunorpanosa o mpupone
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aHOMaJIMH ero Bsi3KocTH [17]. CBs3pIBaHME KaydyKa CHIKAET €ro CerMEHTaIbHYIO ITOIBIYKHOCTH BILIOTH JI0 PEJIAKCAI[OHHBIX MIEPEX0I0B B
30HE CABHIOBBIX HAIPSDKEHUH B COCTOSHHE MEXAaHHYECKOrO CTEKIOBAaHMsS, OTBETCTBEHHOE 32 PACTACKMBAaHHE arjloMEepaToOB TEXYriepona
MIPOXOIHBIMU LIETISIMH Ha YIIIEpO-KaydyKOBBIE YaCTHIBL. B mocienyronmx yKiax CBS3bIBAHUS M CTEKJIOBAHUS YaCTHUIIBI PACTaCKHBAIOTCS
Ha Ooiee MeNKHe, YTO MOBBIMIAET JOTI0 CBSI3AHHOTO KaydyKa W MPOYHOCTh MX 1O YPOBHS NPOYHOCTH camux Lemnei. [lanee pa3phIBbI
MepeHANpPsDKEHHBIX [IeNeld Ha MaKpopaluKaibl WHHULMHPYIOT IIPOLECCH CIIMBAaHMS, KOTOpBIE JONOJIHHTEIBHO YIPOUYHSIIOT YaCTHIBI
9JIACTOMEPHBIMU NTEPEXOAHBIMH CIIOSIMU.

C pa3BUTHEM acCOPTUMEHTA IEYHBIX MapOK TeXyrieposia PaciIMPHINCh BO3MOKHOCTH U3y4YEHHs CTPYKTYPhI HAIlOJHEHHBIX CETOK, HO
MOSIBIJIMCH 3aIlpeThl Ha MyOimKanuio pe3ynsratoB [3]. Huoke M3I0KeHBI pe3yabTaThl HCCIEIOBAHMN CTPYKTYPHI M CBOWCTB CETOK PE3UH,
HAITOJTHEHHBIX [IEYHBIM TEXYTIIEPOIOM.

IJKCNepUMEHTAJILHAS YaCTh

[Neunoii Texyriepos oTaMYaeTcs OT rpadura MOTUMEPHON MPHPOIOH, YTO MOATBEPKIACTCS HAJHIMEM apOMaTHYECKUX OJUTOMEPOB,
aKIENTHPYIOINX 3JIeKTPOHBI TpadurononodHerx riockocred [18,19]. IMopucras pasHoBugHocTh 12670 mpM OIHM3KOH AUCIIEPCHOCTH
OTJIMYAeTCsl OT cepuifHoro texyriiepoga [1245 BBICOKMMH 3HAa4YEHHSMH YAEIBGHBIX MOBEPXHOCTEH, OTCYTCTBHEM  alIKHJIAPOMATHKU
(Hepa3IoXKMBIIIETroCs! ChIPBS) U EPUIIUTOM OJIMrOMepHbIX (pakiumii (Tadn.1). Beicokas snexrponpoBonHocts 12670 (HU3KOE py) W HU3KAs
MIPOYHOCTh PE3HMHBI CBS3aHBI C YKPYIHEHHEM TI'paQUTONONOOHBIX IUIOCKOCTEH IPH €ro IOJIYYeHHWH, HO IIPH ero TepMmooOpadoTke
OJIMTOMEpHBIE (DPaKIMU BBIXOISAT Ha ITOBEPXHOCTH ¥ 3aIONHSIIOT HOPHI, IMOBBINAS MPOYHOCTH pe3uHbl. Y Texyriepoxa [1245 B sTmx
YCIIOBHSIX HAYT MPOLECCH PA3JIOKEHUsI OCTATKOB CBHIPbS M YKPYIHEHHS TPadUTONONOOHBIX IUIOCKOCTEH, NPUBOMASINNE K CHIDKEHHIO
MIPOYHOCTH PE3UHBI.

Tabnuua 1 - BnusiHue TepMooOpaboTKy IEYHOro TEXyriieposa Ha ero MUKPOCTPYKTYPY M CBOMCTBA CTaHAAPTHBIX PE3UH IPH CTEIICHN
HanosHeHus 40 macc.u. Ha 100 macc.u. kayayka CKMC-30APK:

. 112675 11245

HanmenoBanue rnoka3zateneit

HCXOJTH. TEPM. | UCXOIH. | TEpM.
VY nenpHast o01as MOBEpXHOCTH, Mz 329 240 118 121
VY nenbHas BHELIHAS IOBEPXHOCTbD, M2 157 138 115 118
Jlorapudm nokazarens py, Om'm -2,37 -2,58 -1,82 -2,05
Mukpo- AIKIIAPOMaTHUYECKUE YTIIEBOIOPOABL, %o HET HET 3,25 HET
CTpYyKTYypa onuromepHast ¢ppakims (3xcrpakT B JIMDA), % 2,12 5,23 3,72 3,63
TeXyriaep. ieitHomepHas pakiws, % 2,85 4,86 1,39 1,39
CroiicTBa MIPOYHOCTh NPH pacTshkeHun, Mlla 23,6 25,5 27,0 23,4
pesuH norapu¢m nokasareis py, Ovw'm 0,13 -0,56 1,28 -0,32

Ilpu oxHOCTaIMITHOM M3rOTOBJIEHUH cMecell yriepon-kaydykoBblid resb (YKI) pactér ObicTpee ¢ yBenuueHueM cozpepkanus 112670,
obnaaromero Gojee BBICOKOH CTPYKTYPHOCTBIO, dyeM cepuiiHoro [1324 (ta6im.2) [20]. [Ipu mByxcTaauitHOM CMEIISHHH, KOT/a TOTOBMIIN
MaTO4YHYIO0 cMech ¢ 60 Macc.4. Texyriiepoaa U pa30aBisuid e€ HeHAloMHEeHHOH cMechlo, 12670 Heckonbko yBemuumi konmdectBo YKI, a
11324 u3meHsn ero 1o KpuBoi ¢ MakcumymoM. JlononHurensHoe BajiblieBaHue cMecu ¢ 20 macc.u 1324 B Teuenue 10 mun ymensimmno YKI'
10 5-7%, a NOBBIIICHHBIH ONTUMYM HAIIOJIHEHHS I10 NPOYHOCTH pe3uHbl (45-60 Macc.u) yka3plBall Ha pOCT (DYHKIMOHAIBHOCTH Y3JIOB.
OueBuzHO, paspylleHHe 4YacTHl[ MaTo4yHOW cmecu ¢ I1324 ¢ oOpa3oBaHMEM MaKpOpajUKalOB M IIPUCOEAMHEHHE K HHM Kaydyka
HEHAIOJIHEHHOH cMecH yBenuuuBaroT konuuecTBo YKIT u cHmkaroT nmpouHocTs pe3unsl. Texyrnepon I12673 ¢opmupyer Gonee npounsie
YrIIepo-KaydyKOBbI€ YacTHLbI, HE Pa3pyIIAIOIINecs IIPU CMELICHUH.

Tabnuna 2 - 3aBucumocts komuecTBa YKI' B pe3sHHOBBIX CMECAX OZHOCTAMITHOrO M IBYXCTAIMIHOIO U3rOTOBJICHUS U ONTUMYyMa
HanoJHeHus 1o npodHocTu pesusbl Ha ocHoBe CKMC-30APK ot conepskaHusi TeXyrieposa:

HanmenoBanue nokasareseit 112673 (yacc.4 11324 (yacc.4)
20 30 40 60 20 30 40 60
0 OJIHA CTaaus 40,1 45,8 1 50,2 | 69,9 | 37,0 | 41,6 | 49,4 | 63,6
Komaaectso VKT, % JIBE CTaHH 432 | 50,1 [ 552 |- | 465 | 69.8 | 674 |-
HquHOCTB IIpU PACTSHKEHNH, O00JHa CTagus 12,7 19,2 20,0 1 8,5 12,4 23,2 25,2 24,8
MIlla JIBE CTaJIUU 14,3 20,3 | 20,5 | - 12,2 | 18,2 | 23,5 | -

Bynkanusanus npeBpamaer yriaepoi-KaydyKoBble 4YacTHIbI B XHMHUYECKHE Y3JIbl, COXPAHSIOIIME CIOCOOHOCTh K (U3UUECKHM
B3aMMOJICHCTBUAM, KOTOPBIC UYBCTBUTENBHBI K MOKA3aTENI0 Py MCXOIHOW PE3HHBI M OTHOLICHWIO IOKa3aTesel p, e€ nedopMUpOBAHHBIX
00pasloB - pacrsHyroro M orasixatomero [21-23]. IlepokcuaHble M CEepHbIE PE3UHBI IPU LETIOYEYHOM B3aMMOJCHCTBUU Y3JIOB
XapaKTepU3YIOTCS HU3KUMHU 3HAYEHHUSIMH Py, MaJIbIM MX pocToM (B 3-3,5 pa3za) npu nedopmanun u 6onbmmm (B 12,0-13,5 pa3) — npu otsixe,
[IO3TOMY OTHOILIEHHE IIOKa3aTesied MeHblue exuHuIpl (Tabn.3). Penakcaiuu p, B neOpMHUpOBaHHOH pe3uHe HIET TakKe B TPU pa3a
MeJUICHHee, 4eM B oTapixatonieil. B pesune ¢ AODC 1 HaMPUTOM py U €ro YBEINUCHUE NPH PACTSDKEHUH U OTIbIXe 00pa3loB HanOOIbIINE,
a OTHOLICHHA P, Ne(OPMHUPOBAHHOIO M OT/IBIXAOIIEr0 OOPa3LOB M CKOPOCTEH MX penakcaluu ONM3KM K €IMHUIE, YTO yKa3bIBaeT Ha
CETMEHTANBHBIIl MEXaHU3M B3aMMOIEHCTBHA Y31I0B ¢ MaTpuuei. J[Byxnopucroe onoBo npu BeaeHun ADDC mepen Texyriepomnom
YMEHbIIAET TOJIIMHY NEPEXOIHBIX CIOEB M Py PE3HMHBI, a OTHOLICHHE MOKa3aresiel p, NehOpMHUPOBAHHBIX O0OPa3LOB OONbIIE €MHULIBI
CBHZIETENBCTBYET O OJIOYHO-LIETIOYEHUHOH CTPYKTYPE Y3110B, CIIOCOOHOH OBICTPO BOCCTaHABIMBATBH CBOIO AJIEKTPOIPOBOAHOCTB. PocT py mpu
PACTSKEHUH 3HAYMTEIBHO BBIIIE, @ POCT Py TOCIE CHATHUS HATPY3KH U €ro cHukeHue depe3 100 wacoB oTIbIXa - B [JBa pa3a HIKE, YEM Y
MEPOKCUIHOM U cepHOi pe3uHbl. O4eBUIHO, HPU3HUECKIE B3aUMOICHCTBUSA XUMUUECKUX Y3JI0B CETKH PE3HHBI HAYT 0 TEM )K€ MEXaHU3MaM,
YTO U Y3JIOB CETKH PE3MHOBOH CMECH, U 5TH MEXaHU3MbI HOIAI0TCA H3MEHEHHIO PELIENITYPHBIM CIIOCOO0M.

Ta6nuua 3 - BiusiHue cocTaBa ByJIKaHU3YIONMIEH TPYIIIBI HA Py M3MEHEHHE Py TIPH ¥ TOCiIe Ae(OpMalliy PACTSDKEHUS M peIaKcaluio py
pe3uH ¢ 50 macc.u. Texyrinepoaa 12673 na 100 macc.u. kayuyka CKMC-30APK:

IMokazatens py 00pa3uoB, Onwm OTHOCHT. yMEHBIIEHHE Py
Byskanusyromas rpyrma sa 100 mac | wc- yepe3 1 mun nocne | mocne cusitust | 3a 20 u penakcanuu
y Kaydyka, (mac.u) X0[I- pagmme-}mﬂ Ha | Harpysku qepes pacTsHYyT. OT/IBIXAIOIIL.0

HBIT 30% Lone 1100 % o0pasibl Opasibl
Cepa(2)+cynbpenamun 11 (1) 0,49 1,68 6,62 1,56 24 .4 74,0
Juxymmmepokens (3) 0,54 1,67 6,52 1,68 234 72,7
ADDC(8)+nanpur KP-50 (5) 2,73 61,2 57,5 9,82 57,3 51,5
ADDC(4)+SnCl;2H,0 (2) 0,51 4,53 2,97 0,81 43,3 67,0
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MexaHu3M (QU3MHYECKHX B3aUMOJISHCTBHI U ()yHKIIMOHAIBHOCTD y3JIOB CETKH BIIMSIIOT HAa ONITHMYM HAIIOJHEHHS PE3MHBI TEXYTIIEPOIOM
[20,24]. Masble KOMMYECTBa CEPhl CO3/IAIOT Y3JIbI OONBINOH (hYHKIIMOHAIBLHOCTH, HAOYXIIHE B CETMEHTAX MaTpPUIbl U MPUJAIOLINE PEe3VHE
HU3KYIO IIPOYHOCTH C MAKCHMYMOM TP OOJIBIIOM HanoiaHeHu! (Tabi.4). C yBenndeHHeM coslepKaHHs Cephl CHIDKACTCSI CTENIeHb Ha0yXaHUs
1 (DYHKIMOHAJIBHOCTD M PEaN3yeTCsl IeTOYeYHBI MEXaHI3M B3aUMOACHCTBYS Y3JIOB, YTO YMEHBIIAET ONTUMYM HAIIOJTHEHHS U HOBBIIIAET
MaKCUMaJIBHYIO IPOYHOCTH pe3uHsbl. Jlaee HaunHaeTCst pocT (HyHKIIMOHATIBHOCTH Y3JIOB M3-32 XMMHUYECKOI'O CBSI3BIBAHMS MX B OJIOKH, YTO
TMIOBBIIIACT ONTUMYM HAITOJHEHUSI M MaKCHMAIIBHYIO IIPOYHOCTh Pe3UHBI. M30BITOK cephbl CcriocoOeH NpHUBSA3aTh BECh KaydyK K y3JlaM CETKH,
CHIDKAsi MAKCHMaJIbHYIO TPOYHOCTH PE3HMHBI IIPU PACTYIIEM ONTUMYyMe €€ HAIIOJTHEHMSI.

Tabnua 4 - 3aBHCUMOCTb IPOYHOCTHBIX CBOMCTB CepHO-CYyIb(eHAMHUIHBIX pe3uH Ha ocHoBe kaydyka CKMC-30APK c texyriieporom
112679 ot conepxaHus cepbl:
ConepkaHue cepel, Macc. u.

HaumenoBaHue nokasarenci

1 2 3 4 6 9
OnTuMyM HanoJIHEHHs 10 TPOYHOCTH, Macc. 4. 60-70 | 30-35 | 40-45 | 50-55 | 60-65 | 70-80
MaxkcuManbH. IPOYHOCTH IIpU pacTshxeHuu, Mlla 10,0 19,8 25,8 26,2 24,7 24,4

Texyrnepon I1399D BcnencrBue Oosiee BBICOKOH ITOPHCTOCTH Ha MOPSIOK mpeBocxoiuT [1267D 1o 371eKTpornpoBOIHOCTH CEPHO-
cyabpeHaMuaHbIX pe3uH Ha ocHoBe BCK, HO ycTymaeT eMy 1Mo CKOpOCTH BYJIKaHU3auK cMmeceit [24]. Dnexrpopasorpes 10 300°C okucisier
TEXYIJIEPOl, YTO YBENMYMBACT BPEMEHA Hadyana W ONTHMyMa BYJIKAaHHM3alMHM CMECEil W CHWKAeT HPOYHOCTH pesuH, a a0 900-1200°C -
nepepacrpesiessieT olUroMepHble (ppakiuu Ha TOBEPXHOCTh arperaroB W CHIDKAeT ypOBEHb MeEXKarperatHoro B3ammoneicreus [25]. Oto
TMOBBIIIAET JI0 YPOBHS CEPUIHOr0 BYJIKaHH3YIOL[YI0 akTHBHOCTE 113990, B TpH paza amekTponpoBoaHOCTh U Ha 12-13% Npo4HOCTH PE3UHEBI C
HHM, a IEKTPOIIPOBOAHOCTH pe3uH ¢ [12673 nosslaeT 6oee 4eM Ha nopsioK (Tadi.s).

Tabnuua 5 - BnusiHue TemepaTypbl 2JIEKTpOpa3orpeBa B Macce MOPHUCTHIX Pa3HOBUIHOCTEH TEXyrJiepo/a Ha CBOWCTBA CTAHAAPTHBIX
KOMIIO3ULMHI IpH cTeneHy ux HanonHeHus 50 macc.y. Ha 100 macc.u. kayayka CKMC-30APK:

. 112679 113999
Hanmenosanue nokasarenei N 300°C | 1200°C N 300°C 1200°C
Bpewmst Hauana Bynkauusauuu (160°C), mun 11 14 9 24 30 8
OnrtumanbHOE BpeMsl ByJIKaHU3A1HU, MUH 39 44 33 62 75 27
[Ipounocts npu pactskenuu, Mlla 19,8 18,8 22,1 20,8 19,5 23,6
[lokazarens py, Om'm 3,04 3,02 0,27 0,37 0,33 0,13

PenentypHslii CrIoco0 CHI)KEHUsI MEKAarperaTHoro B3auMOZICHCTBUS B TEXyrJiepoJie IyTéM J00aBKH aHTpalleHa IPH JAUCIePrUpOBaHUN
B BCK noBbICHII IPOYHOCTB, CONIPOTHBIICHNE Pa3UpPy U AJIEKTPOIPOBOJHOCTD CEPHBIX PEe3HH Jaxe ¢ cepuiiHbIM [1324, 6mu3kum k 113999
nmo mucnepcHoctr (tabm.6) [19]. KommuecrBo VKI, nanpspkenme npu ymwmHeHnn 300% wu tBEpmocts pesuH c¢ I1399D anrpaunen
yBennuuBaert, a ¢ [1324 — cHmkaer npu OJHOBPEMEHHOM IOBBIIIEHHH MX MPOYHOCTH. [IpencraBisieT MHTEpEC MOBBIIIEHHE YCTaIOCTHOM
BBIHOCIMBOCTU pe3uH ¢ [1324, a Hekoropoe cHmkenue e€ y pe3uH ¢ [12673 MOXKHO UCKIIIOUUTh KOPPEKTUPOBKON BYIKAHU3YIOLIECH I'PYIIIIbI.

Tabnuua 6 - Bnusiaue no6aBku aHTpareHa Ha conepykanne YKIT B cmecsx ¢ 50 macc.u. rexyraepona Ha 100 macc.u. xayayka CKMC-
30APK u cBOIiCTBa MBYIKaHH3aTOB!

[loka3zarenu 112679 113999 11324
KonunuectBo anTpaneHa, macc.y - 1 - 1 - 1
Coneprxanue YKI', % 53,97 55,46 69,82 70,20 59,56 58,70
Hanpsoxenue npu ymus. 300%, Mlla 10,9 12,8 10,5 12,9 12,0 9,7
IIpounocts npu pactsokenuu, Mlla 16,6 20,4 18,3 19,5 26,4 28,1
OTHOCHUT. YJUIMHEHKE TIpH pa3psiBe, %o 420 390 450 430 440 480
Tsépnocts 1o lopy, ycn.eo. 68 70 72 73 63 62
Conporusnenue pasaupy, KH/m 57 65 59 67 53 59
Ilokazarens py, Ov'm 0,47 0,25 0,047 0,042 735 335

MaxkcumManbHast IPOYHOCTh CMOJISIHBIX PE3HH PACTET C MOBBIMIEHHEM CTPYKTYPHOCTH TEXYIJIEpoa U JOCTUraeTcs IpH OoJiee BHICOKOM
HAIOJIHCHUU 110 CPABHEHMIO C CEPHBIMU PE3UHAMU, YTO YKa3bIBA€T HA BAJKHYIO POJIb OKKJIIOAMPOBAHHOIO KaydyKa B AUCCUIIALIUU
NIepeHANPSDKEHUN ¢ MeX(a3HOI rpaHuIBI IpH AedopManun y3ioB (1admn.7) [26]. Mi3MeHeHneM CTpYKTYPHOCTH TeXYTiepoa 1 HOSIPHEIMU
J100aBKaMH MOXKHO YIIPABIISITH CIIOCOOHOCTBIO Y3JIOB CETKH K Je()opMaliy Ha 3aKJIIOUUTENBHBIX CTaHsX pa3pyIIeHNs] PE3HHEI.

Tabnuia 7 - 3aBHCUMOCTb IPOYHOCTHBIX CBOMCTB pe3uH Ha ocHoBe kKayuyka CKMC-30APK 0T cTpyKTYpHOCTH HOPHCTOrO
TEXYTJIEPOJIA M COCTaBa BYJIKAHU3YFOMIEH IPYNIIBL:

. Mapka nopucToro Texyriepona
HanmenoBanue nokasareeit
113665 112679 113995
VY nenbHas BHELIHAS IIOBEPXHOCTbD, M/2 112 157 310
VY nenpHast o01as MOBEpXHOCTH, M/ 165 275 498
Ab6copbuust ABD, mn/e 1,50 1,86 2,40
Bynkanusyromuii areHt cep | ADDC cepa ADDC | cepa ADD
a C
OnTuMyM HanoJHEHHs 1O TPOYHOCTH, Macc. 4. 50 85-90 55-65 | 80-90 40-100 | 80-100
MaxkcuM. IpOYHOCTH NpU pacTsvkeHuu, Mlla 23,8 | 20,3 20,1 22,3 21,9 24,8

Pe3unam Ha ocHoBe Hampura KP-50 camyro Bbicokyro npoynocts npuznator 113993 u 1324, a camyro Huskyro — [12673 (ta6u.8) [19].
JloGaBkM aHTpalleHa MOBBIIIAIOT MIEKTPOIPOBOAHOCTh U IPOYHOCTH BCEX PE3MH, IPH 3TOM HaHOONBLINK POCT IPOYHOCTH JOCTUraeTCs B
pesunax ¢ 12673, a naumenbmmii — ¢ [13993, 4ro MeHseT Ha OOpaTHbIH HOPSIOK PACIONOKEHUsI PEe3UH IO HpouHOCcTH. OueBHAHO,
MexarperarHoe B3aumozeiictsue B texyriepoze 11324 cHukaercst myTéM BBITECHEHUS aHTPALIGHOM aJIKWIAPOMATHKH C €r0 OBEPXHOCTH.
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Ta6nuua 8 - Biusitaue no6aBku aHTpareHa Ha conepkanne YKI B pe3unoBbIx cMmecsx ¢ 40 macc.u. rexyrnepoaa Ha 100 macc.u.
Hauputa KP-50 1 Ha cBolicTBa MX BYJIKaHH3aTOB:

ITokazaTenu 112675 113995 11324
KonunuectBo anTpaneHa, macc.y - 1,2 - 1,2 - 1,2
Coneprxanue YKI', % 50,2 54,3 59,5 61,7 47,7 44,5
IIpounocts npu pactsokenuu, Mlla 26,2 28,9 27,8 28,1 27,4 28,3
Jlorapudm nokazarenst py, Ov'm 0,62 0,31 -0,78 -0,96 2,9 2,3

CHI)KEHUE HEHACBHIIEHHOCTH KaydyKa CMEIIaeT HPOLECChl CHIMBaHMA ¢ MeX(a3HOH IpaHUIBI Ha BeCb O0BEM Y3JIOB CETKH, YTO
TMIOBBIIIACT MIPOYHOCTH pe3nH ¢ 13990 u npunaér eit npenmyIiecTBo 1o npodHocTH nepen pesunoi ¢ N330 (ta6in.9) [27,28]. [lepokcuansie
PE3MHBI TUIPHUPOBAHHOIO Kaydyka npu HeHachkimeHHocTH 0,9% c 13990 mnpesocxomsar cepHele pesunsl ¢ N330 Ha ocHOBE CepHIHOrO
kaydyka Ha 20-25% 1o npouHocTH, a Gosee CIIMThIe Pe3UHbI IPUOIIKAIOTCSA K HUM U T10 3JI€KTPOIPOBOIHOCTH.

Tabauna 9 - CeoiictBa pe3uH ¢ 40 macc.y neynoro texyrnepozaa Ha 100 macc.u OyrajiieH-HUTPUIBHBIX KaydyKOB:

Mapka Bynxanusyromas rpynmna Ha Mapxka IIpo4ynocTs npu INokasarens
Kaydyka 100 macc.u. xayayka (macc.4) Texyriepoaa pactsbxenuu, Mlla Py, OMm
Cepa (1,5), N330 29,5 294
BHKC-33 cynsdpenamup L1 (0,7) 113995 27,4 0,165
AMH Cwiona SP1045 (3), N330 288 147,0
(72,6% Hawuput KP-50 (5) I 7 B
N30 X 0.0
cBsi3eil) > ,
[Mepokcumon (4,5) 13995 253 0.16
Cepa (1,5), N330 35,5 88,3
TepGan cynsdpenamur L1 (0,7) 113995 37,7 0,832
C 3446 Cmona SP1045 (8), N330 35,1 168,0
(4%  nmsoit- | Hampur KP-50 (5) 13992 35,8 0,20
HBIX CBI3Ci) Heporcmion (4.5) N330 271 4630
CPOKCHMOH 1, 113999 31,1 0,32
- 3 N330 26,4 -
TepGa epokeioi (3) 113999 339 1,80
A 4307 N330 27,8 -
(0,9% nBoii- [Mepokcumon (4,5) 13999 343 0,74
HBIX CBs3€i) Heporcrmron (6 N330 20.9 .
P 113999 34,0 0,18

Cetuartble Kapkachl u3 arperaroB 13993 crnocoOHBI OKKIIFOJMPOBATH arperatsl HU3KOCTPYKTYPHOrO Texyriiepona [29], a koiiouHble
YaCTHIBI KPEMHEKHCIIOTHI SIBIISIFOTCSA CHIIBHBIM aKLENTOPOM 371eKTpoHOB Texyriepoza [30]. Ilpu 3amene 10% 13990 Hu3KOCTpyKTYpHBIM
N330 BpemeHa Hauasia ¥ ONTUMyMa BYJIKAHU3ALMK CMECe yMEHbIIATCs, a KpeMHeKUca0Toi 3eocun 1165MP - yBenuuuBarorcst 10 ypoBHs
X MaTO4YHBIX cMeceil mpu coorHomeHuu 1:1. B mepBom ciydyae KpyTsiime MOMEHTbI CMECEH YMEHBIIAIOTCS, W IPOYHOCTH PE3UH
U3MEHSACTCS 4epe3 MaKCHMyM IIPH COOTHOIICHUM HamoiHuTeNel 1:1, a BO BTOPOM - IPOYHOCTH PE3HMH MOHOTOHHO CHmkaercs (1adi.10).
ITpouHOCTH PEe3UH HAa OCHOBE TMIPHPOBAHHOIO OyTaJUEH-HUTPUIBHOIO KaydyKa ¢ KOMOMHAIMEeH YriepoqHbIX HAIIONHUTENeH nocTurana 45
MIla. Beenenue Gonee 25% KpEeMHEKHCIIOTHI IPUBOIUT K PE3KOMY POCTY Py, YTO yKa3bIBaeT Ha ()OPMHPOBAHHE KPEMHHCTOYIJIEPOAHBIX
KapKacoB, aKTHBHO OKKJIIOJUPYIOIINX KaydyK M yBeauuuBarolux konuuectBo YKI' no makcumyma npu cozpepskanun 25% texyriepopa.
OueBH/IHO, TAKOE €r0 COJEPIKAHUE YIyUIIaeT IUCIIEPrUpOBaHUEe KPEMHEKUCIIOTHI B KaydyKe, CHIKAeT CIOCOOHOCTh Y3JI0B K JiehopMaliu 1
TOBBIIIAET AUHAMUYECKYIO BEIHOCIUBOCTD MPOTEKTOPA <«3EIEHBIX)» JIETKOBBIX IIKH.

Tabnuna 10 - Bnustaue coorHowmenus Texyriaepoaa [13993 co BTopbIM HaNOMHUTENIEM Ha CBOMCTBA KOMIIO3UIIMI IIPU CTENICHU
HanoiaeHns 40 (N330)u 50 (3eocmin) macc.w Ha 100 macc.w xkayayka CKMC-30APK:

Hoxasates CoorHomenue I13993:BTopoil HanonHUTEINB, MAC. Y.

100:0 [90:10 [ 7525 [50:50 [25:75 [10:90 [ 0:100
Cepuiinbiii Texyriepon N330
Bpewmst Hauana BynKaHU3ALUU, MUH. 20,1 17,1 13,9 10,3 10,0 9,8 9,8
MaxkcuManbHbIi KpyTSIIMHA MOMEHT, Hm 3,52 3,43 3,32 3,20 3,05 2,95 2,85
[Ipounocts npu pactskenuu, Mlla 21,1 22,5 27,1 30,00 29,9 27,0 25,2
Jlorapudm nokazarens p,, Ovwm 0,75 1,00 1,22 1,54 2,14 3,10 3,32
KpemHekuciora, B €€ MaTOUHOH cMecH yBelmdeHo cof.cepsl (3) u yckopurens (1,5)
Conepxanne YKI',% 61,56 | 60,61 65,11 72,02 74,80 | 69,74 65,24
Bpewmst Hauana BynKaHU3ALUU, MUH. 5,0 6,7 8.4 10,0 10,0 10,0 10,0
OnrtumanbH. BpeMs BYJIKaHU3alWHU, MUH 45 51 65 81 82 82 82
Kpyrsamuy MoMeHT, H'm: MUHUMAaJIbHBIN 1,50 1,36 1,23 1,10 1,25 1,76 2,20
MaKCUMAaJIbHBIN 3,5 3,2 2,6 2,2 2.4 3,2 3,7
[Ipounocts npu pactskenuu, Mlla 21,8 21,2 20,8 18,00 17,7 18,2 17,5
Jlorapudm nokazarens p,, Ovwm 0,33 0,70 1,94 596 - - -

O0cyxneHHe pe3yJibTAaTOB IKCIIEPUMEHTA

Hpe[[CTaBJ'leHHHﬁ 0630p L[OCTI/I)KGHI/Iﬁ TIO3BOJIACT CACJIATh BBIBOJ, YTO YCHUIICHUC - 3TO HC JIOKAJIbHOC SIBJICHUE Ha Me)l((l)a?,HOﬁ rpaHule,
a CIIOXKHBIHN KOJ'IHOI/II[HO-XI/IMI/I‘-IGCKI/Iﬁ Tponecc (1)0pMI/Ip0BaHI/I$[ Me)Kq)a?,HOﬁ objacTu u BYJIKaHU3AIIUOHHBIX CTPYKTYpP B YIJICPOA-KayIYKOBbLIX
y3j1aX 3J1aCTOMEPHBIX CETOK. Dusnueckne Y3J1bI (bOpMI/Ipy[OTCSI IIpy JUCIICPrupoOBaHuMN TEXYIJIEpOaa U SABJISIOTCA CIa0BIMH 1 J'Ia6I/IJ'ILHBIMI/I,
TO €CTb YaCTHYHO pa3pylaroTcsa IIpu nepepa60T1<e cMmecei HepeHal‘Ipﬂ)KéHHHMI/I IPOXOAHBIMU LECIISIMHU, KOTOPBIC BbLIPHIBAIOT CBOU
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CBSI3aHHBIC TEXYIJIEPOLOM CerMEeHTHI. TeyeHue cMeceil TOCTHraeTcs IepeMeIeHHEeM Y3II0B 32 CYET MOTEPH YacTH CBS3aHHBIX CETMCHTOB U
CBS3BIBAHMSI BMECTO HHMX HOBBIX CErMEHTOB. ByiIKaHM3alMs IpeBpallaeT MX B XUMHYECKHE Y3Jbl, COXPAHSIOLIME CIOCOOHOCTH K
(U3MYeCcKIM B3aMMOJEHCTBUSAM, KOTOPBIE OTBETCTBEHHBI 32 JIOCTH)KEHHE BBICOKOH CTEIICHH OPUEHTALMU M NMPOYHOCTH PE3HHBI B YCIOBHSX
BBICOKODJIACTUYECKOH ehopManuu.

IMonuMepHas IPUPOZa TEXyrIeposia M PesIaKCallMOHHBII MEXaHU3M ero JUCIepPrHPOBaHUs 000CHOBAaHbI KaK 0a30BbIC Hayala Hay4HbBIX
OCHOB ycuieHHs] pe3uHbl. COBOKYHIHOCTb CIIOCOOOB YIPaBiIEHUsS HPOYHOCTBIO Y3JIOB, HX (YHKIHOHAIBHOCTBIO U CIIOCOOHOCTBIO K
nedopManyy, ypoBHeM MexX(pa3HbIX B3aUMOIEHCTBHI BHYTPU HUX, TOJIIMHOMN U IDIOTHOCTBIO CLIMBAHUS YJIACTOMEPHBIX IIEPEXONHBIX CIIOEB
Y MEXaHM3MaMU UX (pU3MYECKHX B3aMMOJEHCTBHII COCTABIIIOT HAy4YHbIE OCHOBBI YCHIICHHUS PE3UHBL.

OCOOEHHOCTBIO CTPYKTYPhI YCHIICHHOH PE3HHEI SBJISETCS BEICOKast (hYHKIMOHAIBHOCTD U Ha TMOPSIOK OoJiee BBICOKAst IPOYHOCTD Y3JI0B
[0 CPAaBHEHUIO C TeTpadyHKLIHOHAIBHBIMU Y3J1aMH IPOCTPAHCTBEHHBIX CETOK HEHANONHEHHBIX pPe3uH. OCOOCHHOCTBIO IOBEICHHUS
YCHICHHOH pe3uHbl Npu JehopMalvyl sIBISIETCS HeoOpaTMMOe YMEHbIICHWE (YHKIMOHAIBHOCTH Y3JI0B B pe3ylIbTaTe pa3phbiBa
HepeHaNpPsDKSHHBIX IPOXOIHBIX LeneH, npospisiomeecs B d¢ddexre cmsrdenns Hanpspkenus Ilarpuxeesa-Mammiaza. Jedopmarms Takoi
PE3UHBI HAYMHACTCS C IEPEIUCIOKALMH y3JIOB NMYTEM IPEONONICHHS X (DU3MUECKHMX B3aMMOICHCTBUH B IEIOYEYHBIX CTPYKTYpax H C
MAaTpHIICH, COMPOBOXKIAIOIICHCS YaCTUYHO Pa3phIBAMH IEPEHANPSDKEHHBIX LEeNeil M XUMUYECKUX CBSA3el MEXIy HUMH M BBIPHIBAHHEM
CBSI3aHHBIX CerMeHTOB. Ilepen paspylieHHEM MOTYT Ie(OpMHPOBATHCS U Y3IbI CETKH 32 CYET M3MEHCHMsS B3aUMHOIO PACIHOIOKEHUS
arperaToB C BBIHY)XICHHBIM CKOJIBXEHAEM CEIMEHTOB CBS3aHHOI'O KaydyKa U AUCCUIIALMeH NepeHanpsuKeHuil ¢ Mesk(ha3HOM MpaHuULbL.

VeuneHHas! pe3uHa 10 MOJIEKYJIIPHO-KOJUIOUIHOM OpraHH3alMy CTPYKTYpPBI OXOKa Ha HcclieqoBaHHbIe A.A. JIOHIIOBBIM IPOXYKTHI
IPUBUTON BYJIKAQHU3ALMH 3JIACTOMEPOB MOJSIPHBIMH MOHOMEPaMH, KOTOpBIE Takoke NeGOopMHPYIOTCS 3a CYET HepeHCIOKAalUy Y3JI0B M3
3aI0JIMMEpU30BaHHOr0 MoHoMepa [12]. B ycuneHun MHOro oOIIero Takke C CaMOYHNPOYHEHHEM HpH jAedopManiy HEHAIOIHEHHBIX
BynkaHmzatoB HK kpucrammuramu BeiTsiHyTHIX Ieniedl (KBLI), konmuecTBO KOTOPBIX ONperenseTcsi KOHIEHTpanue XUMHYEeCKHX CBs3el
[31]. Mdanee y noBepxuocti KBII dopmupyloTcs nepexomHsle CIOM M3 BHITSHYTHIX Y4acTKOB MAaKpOMOJIEKYI M 3aXBAaUCHHBIX HMHU
CEerMEHTOB, YBEJIMYMBAIOIIIE B HUX KOJIMYECTBO U JIMHY 3aKPHCTA/UIM30BAHHBIX ydacTKoB. ITo Mepe pocta pa3MepoB U (hyHKIHMOHAIBHOCTH
y316l KBIJ ynpouHSIOTCS OO YpOBHS, NPEBBIIAIONIEr0 NPOYHOCTh NMEPEHANpPSDKEHHBIX Lemeil. Pa3sBuTHe TeXHONOTMH MomudHKaiyy
TeXyrjieposia ¥ NPUMEHeHHe HAaHOKOMIIO3UTOB Ha €r0 OCHOBE CTAHOBHUTCSI HAHOOJIee EePCIeKTHBHBIM HAIPaBJICHUEM IOBBIIICHHS KauecTBa
IIIMH U MOIIHBIM CTUMYJIOM JaJIbHEHINEro pa3BUTUs HAYYHBIX OCHOB YCUJICHHS IIHHHBIX PE3HH.
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O6yxos U.C.!, Baxenos E.E.
! Marucrpanr, 2 JIOKTOp TEXHMYECKUX HAYK, Y pallbCKUH roCyAapCTBEHHBIN 1€COTEXHMYECKUIH YHUBEPCUTET
TPAHCIIOPTHBIE CPEJCTBA C IIAPHUPHO-COUYJIEHEHHOM KOHCTPYKIIUEN PAMBI
AnHomauyusn

B pabome paccmompenbl O0OCMOUHCMBA NPUMEHEHUA  WAPHUPHO-COYNEHEHHON KOHCMPYKYUU pambl  CHEYUAIU3UpOBAHHBIX
MPAHCROPMHBIX CPEOCME NO CPABHEHUI0 ¢ O0ObIYHOU «IHCECMKOUY KoHncmpyKkyuel. IIpeumywecmeo maxoi KOHCMPYKYuu O04eguoHo,
HOCKONbKY 8 COWIeHeHHOU Maulune Jyduie cOOMHoueHUue 2py30n00beMHOCIU U MACChl Mawunbl. Takas KOHCMPYKMUBHAS 0COOEHHOCMb
npeooxpansem pamy om nepezpy3oK u ooecneuusaen Hao0elCHoe CYenIeHue Ha CLOHCHbIX YUacmKax 00pou.

KiioueBble ¢JI0Ba: apHUPHO-COWICHEHHAS KOHCTPYKLMSA, IIPOXOAUMOCTb, Fa0apUTHBIH KOPHIOP.

Obukhov L.S." , Bazhenov E.E.?
'Undergraduate, Doctor of Technical Sciences, Ural state forest engineering university
VEHICLES WITH ARTICULATED FRAME CONSTRUCT
Abstract

The article discusses the advantages of using articulated frame construct of specialized vehicles compared with conventional "hard"
construction. The advantage of this construct is obvious, as articulated in the car better value for load capacity and weight machines. This
construct feature prevents the frame from overload and provides a secure grip on the difficult sections of the road.

Keywords: articulated construct, passability, dimensional corridor.

IlpoBeneHue omnpeneneHHbIX BHUIOB pPabOT B CTPOMUTENBHOH, JIECHOW, TIOPHOAOOBIBAIOLIEH OTpacisax, WM B 0OOPOHHOM
HPOMBIIUIEHHOCTH MPEIOIaraeT MCIOIb30BAHNE PA3IMYHON CIENTEXHUKH. A IOCKOJIBbKY paboTa HPOUCXOIUT B JOCTATOYHO HEIPOCTHIX
YCIOBMSIX, TO W CIENTEXHUKA TaM JOJDKHA HPHMEHSThCS HanekKHas M Oe30TKas3Has, oOJiaJarolas IIOBBILICHHON HPOXOAUMOCTBIO U
MaHEBPEHHOCTEIO.

Bomomast B JKH3Hb MACIO CO3IAHUS IIOZOOHOro 6e30TKa3HOro odopynoBaHus, B 1966 roxy mBenckas KoMIaHus Volvo BBITycTHIA
HepBbIi IapHUpHO-cowIeHeHHbIH camocBan (IIICC), XOTs cama KOHLENLHS COSOUHUTh TPAKTOP-TArad C aKTHBHBIM HOJYIPULEIIOM
MOSIBUJIACH 3a710J1r0 J10 3Toro [1].

B Hacrosiee BpeMs HPOU3BOACTBOM TaKUX YHHBEPCAJBHBIX MAIIHMH 3aHUMAeTCs HECKOIBKO KOMIIAHUH CHELHMaTH3HPYFOIIUXCS, KaKk
[IPAaBIJIO, HA BBIIYCKE CTPOHMTENBHOH U JOPOXKHO-CTPOMTENBHOH TEXHHKH. DTO Takue KOMIaHWH, kKak Volvo, Caterpillar, Bell, Komatsu,
John Deere, Terex u Doosan.

C MOMEHTa BBIITyCKa IEPBOro o0pasia KOHCTPYKLHS COWICHSHHOI0 CaMOCBajla CYIIECTBEHHO He W3MEHIJIACH: paMa BBINOIHACTCS U3
JIBYX CEKLMH, COSIMHEHHBIX Mexay coboil mapaupamu (Puc.l). Takas HiapHUpHAs KOHCTPYKLMS COWICHEHHS IIO3BOJNSET CEKLMSIM
JIBUTaThCsl OTHOCUTEILHO APYr APYra, 4TO yMEHBIIAET HArPy3Ky Ha MEXaHH3M U 00ECIeYNBAET IIOCTOSHHBIH ¥ HAJCKHBII KOHTAKT KOJIEC C
JIOpPOroif.

Lo P - » .
Puc. 1 — lllapanpHO-couneHEHHBIN camocBal komnanuud «VOLVO»

KoHcTpyKuus cowsieHeHHs 03BOISIET CEKIMSIM CKJIabIBaThCSI Ha BEJIMYMHY yriia 10 45 rpa/ycoB M BPalIaThCs O OTHOLICHHIO JPYT K
npyry Ha 360 rpamgycos.

[pu sToM ynaercst n30eKaTh OrPOMHBIX HAarpy30K Ha Hecyline KOHCTPYKLHUH IIPH Iepee3zie depe3 Oonbire HepoBHOCTH. Kpome Toro,
JTaHHAsi KOHCTPYKIMSI TEXHUKH IO3BOJISIET ITOCTOSIHHO COXPAHSTH KOHTAKT KOJEC ¢ TPYHTOM M MaHEBPUPOBATh B y3KOM IPOCTPAHCTBE
(paanyc MOBOPOTa COWIEHEHHBIX CAMOCBAJIOB MEHBIIIE 110 CPABHEHUIO C OOBIYHBIM caMocBaioM). [Ipu 3ToM pajiycsl MOBOpoTa HepenHel u
3amHeil ceximu oxmHakoBbl, uro mno3oisier LIICC ykmanpiBathcss B Oonee y3kuid rabapurHel xopumop Sr (Puc.2) [2], B oTinmumu ot
0OBITHOTO «OKECTKOPaMHOI'0» CaMOCBaJIa, TIe Parychl HepeIHel 1 3aHeil ocell pasnmuaHbl. OTa ocodeHHocTs aenaeT LIICC oyeHs jgerkum B
YIpaBJICHUU.
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Puc. 2 — T"abapurHsie kopunopst: ciesa — LIICC; cripasa - 00bIHOT0 caMocBaia

HauGornee yacTo caMOCBaJIbl C IAPHUPHO-COWICHEHHON PaMoOil IPUMEHSIOTCS IPH TPAHCIOPTHPOBKE CBHIITYYUX I'PY30B MO CIOXKHOH HITH
HepeceyeHHOH MECTHOCTH, a TAKKe B PaliOHaX C CypOBBIM KIMMAaroM. TeM He MeHee, IepeMEIleHHEe IPyHTa He SBILIETCS OCHOBHOM
GyHKIMel NaHHOrO BHIA CHELTEXHHKH, IIOCKOJIBKY crenuanbHo obopynoBanubie IIICC oTIMYHO 3apeKOMEHIOBAIM cebs U IIpH
BBITIOJTHEHUH JIPYTHX PaboT: [PH MepeBO3KE KOHTEHHEPOB, INIMHHOMEPOB, BAXTOBBIX JOMHKOB U MPOYEro 000pyAOBaHHS, B IKCTPEMAIBHBIX
ycnoBusix. OcoOBIM CIIPOCOM TONB3YETCs 9Ta CETEXHUKA M NP TOOBIYE TIeCKa WIM JPYroro ChIpbs B Kapbepax U IaxXTax, IOCKOIBKY ee
UCIIONB30BaHUE 3a4aCTyI0 peHTa0ebHee, YeM HCIIOJb30BaHHE OOBIYHEIX CAMOCBAJIOB, OYJIbJ03EPOB WM SKCKaBaTOPOB.

IIpenMyInecTBO MIAPHUPHO-COWICHSHHOI0 CaMOCBaja Iepef OOBIYHBIM aBTOCAaMOCBAJIOM OYEBHIHO, IOCKOIBKY B COWICHEHHOI
MallliHEe Jy4Ilie COOTHOILICHHE I'PY30MOJbEMHOCTH M MAaCChl MAIHMHBI, & 3TO HANPSIMYIO BIHMSCT Ha CPOK JKCIUTyaTallMd TEXHHUKH U ee
MaHEBPEHHOCTb.

KOHCTPYKTUBHBIE OCOOCHHOCTH IaHHOH CHELTeXHWKH HNPEIOXPAHSIOT ee OT Heperpy3oK, o0eclednBalOT HAJEKHOE CLCIUICHHE Ha
CIIOXKHBIX yJacTKax JIOPOTH, TapaHTHPYIOT 0€30I1acHOe OIPOKHIBIBAHNE Ky30Ba.

Ho npexxze 4eM pelnThes Ha IPHOOPETeHNe COWIEHEHHOr0 caMocBalia, HEOOX0AUMO YETKO MPOCUUTATh 00BEM MPEACTOSIIKX PadoT U
HOHMMATbh, HACKOJIBKO IOJIOCPOYECH HPOEKT, HOJ KOTOPHIH MOKyHaeTcs MaimuHa. OOBIYHO CPOK OKYIIAEMOCTH IIapHUPHO-COUWICHECHHOTO
caMocBalia COCTABJISET, [10 CAMBIM ONTHMHUCTHYHBIM [IPOrHO3aM, JIBa T0fIa MPH MOJIHOM 3arpy3Ke MallliHbI.

VIMEHHO 1O 3TOi NpPHYMHE MEPEBO3YMKY 3a4acTyl0 ObIBACT BBITOJHEE B3ATh CICLTCXHUKY B apeH/y, COKPATHB TEM CaMbIM CBOIO
HPHOBLIB, HO 3aKPBIB 00beM paboT. CeayeT MOMHHTB, YTO, €CIIH Y KOMIIAHHH-Pa3paboTINKa MECTOPOXKACHHS ITOJIE3HBIX HCKONAEMbIX €CTh
BO3MOXKHOCTb IIOCTPOHTH NOPOIHM, TOIZa M IpHOOperaTh OHa Oyner Oosee JelIeBbIe PaMHBIC CaMOCBaJbl, TaK KaK OHM JeLIeBIe B
aKcIuTyaTauy. TeM caMbIM IpUOOpeTeHne JAHHOTO BUA CAaMOCBAIA JJOJDKHO OBITH SKOHOMIYECKH OIpPaBIaHo.
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'KaummuaT TexHHYeCKHX HAYK, JOLEHT; “ACCHCTEHT, “KAHIMIAT TeXHHYECKHX HayK, moueHt; ‘acrmpant Ceepo-Kapkasckuii ropro-
METaUTyprHYeCKHil HHCTUTYT (TOCYIapCTBEHHbII TEXHOIOTMIECKUI YHUBEPCHTET).
AHAJIM3 PE3YJIBTATOB MOJAEJIMPOBAHUS PACITPOCTPAHEHU A 3ATPSI3HEHUM B TPYHTAX PA3JIMYHBIX
TUITIOB
AnHomauusn
Ilpu pewienuu 3a0au  C6A3aHHBIX C PACNPOCMPAHEHUEM BDEOHBIX GEUjeCNE NOOZEMHBIMU 600AMU, A MAKJICE BONPOCO8 KACAIOWUXCS
HAOEJCHOCIU NPOCHO3A UBMEHEHUs. OKPYJcalowell cpeobl C Yenbio 3aujumvl U COXPAHEHUs ee CMAOUTLHOCIU YHEHbIM NPUXOOUMbCs]
CMANKU8AMbCsl ¢ BONPOCOM ONpedeNetlsl GeUUUHbl KANULIAPHO2O0 NOOHAMUS Jcuokocmu. B pabome npeonoosicen cnocob moodenupoganus
HQ OCHOBE VHUBEPCATLHO20 Memood, NpU UCHOAb308AHUU KOMOPO2O 8 pe3yabmame 0emanu3ayuu nory4aemcs: Cemounblil U0 yY4acmKog
HPOMBIUTIEHHO-MEXHOLEHHOU CUCTEMbl, KOMOPbIU MOJICHO ONUCHLIBAMb MAMEMAMUNECKUMU MEMOOAMU C UCNOTb308AHUEM MEOPUU MAMPUY
U meopuu INEKMPUYECKUXx yenet, NPeonondzas, HYMo YHACMKU NOOCUCHIEMbl U UX AHANO2U - YYACMIKU INEeKMPUHecKou yenu
Xapaxmepuzylomcst 83auUMHO OOHOZHAUHBIMU NAPAMEMPAMU.
KiroueBbie cjioBa: CHCTEMHBI aHalM3, MOJCIUPOBAHKME pACIPOCTPAHCHUS 3arps3HCHHl, KalWULSIPHOS IIOJHSITHE, TPYHTHI,
(bUIBTPALOHHBIE MIPOLIECCHI.
Sokolov A.A.", Sokolov of O.A.%, Sokolova E.A. *, Kochiev G.D. *
!Candidate of Technical Sciences, associate professor; “assistant, *candidate of Technical Sciences, associate professor, *postgraduate
student, North Caucasian mining and metallurgical institute (state technological university).
THE ANALYSIS OF RESULTS OF MODELLING OF DISTRIBUTION OF POLLUTION IN SOIL OF VARIOUS TYPES
Abstract
At the solution of problems of the harmful substances connected with distribution by underground waters, and also the questions
concerning reliability of the forecast of change of environment for the purpose of protection and preservation of its stability by the scientist
to have to face a question of determination of size of a capillary raising of liquid. In work the way of modeling on the basis of a universal
method at which use as a result of specification the net type of sites of industrial and technogenic system which can be described by
mathematical methods with use of the theory of matrixes and theories of electric chains turns out is offered, assuming that sites of a
subsystem and their analogs - sites of an electric chain are characterized by biunique parameters.
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Keywords: system analysis, modeling of distribution of pollution, capillary raising, soil, filtrational processes

Beenenne.

BricoTa KanmUIsIPHOTrO MOIHATHSA >KHIKOCTH 3aBHCHT OT MHOXKECTBA Pa3JIMYHBbIX (HaKTOPOB, TAKMX KaK: pa3sMepbl IOp- KaIWILIAPOB,
(OpMBI 4acTHIL, INIOTHOCTH ¥ OJHOPOAHOCTH MX CIOXKEHMS, IPaHyJIOMETPUUECKOrO0 COCTaBa IOPOJ, CTENCHH MHHEPAIU3AMU U COJIICBOIO
cocraBa Bozibl. I10CKOJNBKY BBILIEIIEPEUUCIICHHbIE (haKTOPbl MHAMBULYaNbHBI U KaXKIOH IPOMBIIUICHHO-TEXHOICHHON CHCTEMBI (Ianee
IITI'C), To nnst yckopeHust npouecca aHanu3a 1 00paborku nHpopMaiuu B LUppoBoi GopmMe xKemaTeabHO UMETh I'OTOBBII TEXHUUECKHI
anrnapar BKI04as HHPOPMaIMOHHO-aHAIUTHYECKYIO CUCTEMY C OJIOKOM IIOCTOSIHHO JEHCTBYIOIIMX MOJIeNIel CIIOCOOHBIX B pEKUME OH-JTaiiH
OCYLLECTBIIATH HaJIe)KHBIC IIPOrHO3bI PACIPOCTPAHEHUs] TEXHOTCHHBIX 3arPs3HEHUH B IPyHTaX pa3InyHbIX TUIOB [1,2].

Heap ucciaenoBaHuii, 1 ee MpaKTHYeCKoe JocTH:KeHHe. llenblo mcciieoBaHU aBTOPOB SBILUIACH pa3pabOTKa YHHBEPCAJIBHOTO
MeToJla MOJIEJIMPOBAHUS HAa OCHOBE IPOrpaMMHOro odecnedeHust B yactHocTH nporpammel Electronics Workbench. /st BeIBoma HOBOro
criocoba MozAeNUpoBaHUS (PUIIBTPALMOHHOTO IIOTOKA, COZEPIKAILEro TeXHOreHHble 3arpsasHeHus ydactku IITI'C, uepe3 koTopble
OCYLIECTBIACTCS. (DUIBTPALMs, NPEeUIaraeTcsl pasieNsaTh Ha IOACHCTEMbI 10 KO3(PQUIMEHTY (HUIBTPALUU M Pa3HOCTH T'MIPABINYECKUX
YKJIOHOB. B pesynprare neranuzanuu mnomnydaercd ceTouHblii Bua ydacTkoB IITI'C, xoTopblii MOXKHO ONUCHIBATH MAaTE€MAaTUYECKUMHU
METOIaMHU C HCIIONB30BAHMEM TEOPHU MATpPULl M TEOPUM JIEKTPHMYECKUX LIETeH, Ipeiroaras, 4To y4acTKH MOJICUCTEMbl U UX aHAIOTHU -
YUYaCTKHU NIEKTPUUECKON LIETN XapaKTePU3yITCs B3aUMHO OJJHO3HAUHBIMH I1apaMeTpaMHu.

[lonydeHHble 3HaUCHHS BBICOTHI KAIMUIIPHOI'O IOIHSITHA Hk JUISL HEKOTOPBIX HCCIENYeMbIX IECYaHO-TJIMHUCTBIX T'OPHBIX IOPOX
1

a’
K03 GHUIHEHT NOPUCTOCTH, JOJIHM EANHUIEL, a d — AeHCTBYIOMMI quamerp, CM ) ¥ JTaHHBIMHU JPYTUX JINTEPATYPHBIX HCTOYHUKOB.

1-n
IIpe/ICTaBiIeHbl B Tabiuie 1 BMecTe C pacdeTHBIMHU 3HaueHWsIMU (omnpeneneHHbIMU 1o ¢opmyne Kozenn Hy = 0'446T X rae N -

Tabnuma 1 - Pe3ynbTaThl pacueTHBIX 3HAUCHHUH BBICOTBI KAITMILUIAPHOIO MOAHSTHSA Ul HEKOTOPBIX TUIIOB T'OPHBIX IIOPOJ, M JIaHHbBIE
11a00paTOPHBIX dKCIEpUMEHTOB, (Hy, M).

Ner\no Buy iopoyer PacuerHsie 3HauenHus o popmysie Pe3ynpraTel MozenupoBaHus
Kozenu

[lecox KpynHO3epHUCTHII

1 0,045+0,12 0,05+0,10
Iecok cpeHe3epHUCTBIN

2 0,18+0,54 0,01+0,42
Iecok MenKO3epHUCTHIN

3 0,64+1,76 0,61+1,55

4 Cynechb 1,42+2,90 1,32+3,18

5 I'nuna 2,30+8,91 2,18+8,49

W3 tabmuusl 1 ciemyer, 4To OJIOK NOCTOSHHO-ACHCTBYIOIIMX MOJIENEH CIIOCOOEH TOCTOBEPHO ONPEACIIITH BBICOTY KAaIMLLIPHOIO
TIOHSTHUS, W BIIOJHE TPHUIO/ICH, VISl JAIbHEUIIEro MCIIONb30BaHus coBMecTHO ¢ mporpammoii Electronics Workbench, B xotopyro Opuia
BHECCHA COCTABJICHHAs HA OCHOBE JKCIEPUMEHTOB 0a3a JaHHBIX II0 CBOWHCTBAM IPYHTOB pa3iMuHbIX TuUnoB [3,4]. J[lanee Ha ocHOBe
peabHOro B3aUMOPacIooKeHust TpyHToB uccneayemoit IITI'C Gblia cocTaBieHa cxeMa BUPTYaIbHOTO MOJIEINPOBAHMUS HA PUCYHKE 1.
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Puc. 1 - CKpHHIIOT CXeMbl BUPTYaJIbHOI'O MOZICTMPOBAHNUs (DHIBTPALIMOHHBIX TpoleccoB uepes rpyHTel IITTC.
IMo pe3ynpraTam MOJEIMPOBAHUS B IIPOrpaMMe ObLIM HOCTPOCHBI THCTOrPaMMBbI, IIPEACTABICHHbIC HA PUCYHKE 2, KOTOPbIE I103BOJISIOT

OCYIIECTBIIATE d(P(PEKTUBHYIO BU3yaJIU3aNIO KAIMUIIPHOTO TOJHSATHS )KHUAKOCTH B TPYHTaX PA3IMYHBIX TUIIOB, a CIIEI0BATEIEHO
OIPENeIIATh U PACIPOCTPAHEHUE TEXHOI'€HHBIX 3arpsi3HeHui rpyHToBsiMu Bogamu B ITTI'C.
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Puc. 2 - T'ucrorpamma 1o onpeeneHuo BEICOThI KAIMIIISIPHOTO MOAHATHS KUIKOCTH B rpyHTax [ITI'C

CreioBaTenbHO, IPETIOKEHHbIE TEXHIYECKUE CPEICTBA U METOIMKU MOJICIIMPOBAHUsI 00/1a/1at0T JOCTATOUHON HAJIeXKHOCTBIO U MOT'YT B
JlalbHEHIIIEM COKPATHUTh 3aTPaThl HA POBEJECHHUE ONBITHO-KOHCTPYKTOPCKUX pabOT U HATYPHBIX UCIIBITAHHMA.

Pe3ysbTaThl Hcc/Ie10BaHMIT U X 00cy:KAeHHe. B 3aKiIi0ueHny 1oJBeeM UTOrM M HaMETUM HepelleHHble 3anaul. [IpeuiokeHHble
TEXHUYECKHE PEIICHUs] 1 HaydHble METOIMKH I10 SKOJIOTMYECKOMY MOHHTOPHHIY MOXKHO HCIIONB30BATh, JJIs NMOBBILICHUS 3(Q(EKTUBHOCTH
JIOKAJIM3aLUK U JINKBU/IALIMH HETaTUBHBIX TEXHOTCHHBIX BO3/ICHCTBHI Ha OKpYXkKarolyto cpeny [5-9]. OnHako, BOpoc 0 KOMOMHUPOBaHHOM
MOHUTOpHUHTe ¢ npuMeHeHneM GIS- TexHonoruit co crenuaibHbIM IPOrPpaMMHBIM 00€CIIeYeHNEM U MHIUBUYaJIbHBIMH 0a3aMH JAHHBIX 110
ITI'C anst ycToiYMBOro pa3BUTHSA MaKpPOPErHOHA MOKA OcTaeTcs OTKpBIThIM [10, 11].
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OU3NKO-XUMHAYECKHAE ®AKTOPHIL, BJIUSIIOINIUE HA AKTUBHOCTH MOJIOKOCBEPTBIBAIOIINX
®EPMEHTOB: YACTbD 1. AKTUBHAS KUCJIOTHOCTDb BY®EPHBIX PACTBOPOB
AnHomauyusn

IIposedeno uccrnedosanue GIUAHUA AKMUBHOU KUCIOMHOCMU HA MOLOKOCEEPMbIEAIOUYI0 AKMUSHOCHb (DEPMEHIMO8 IHCUBONHOO
NPOUCXOACOEHUA.  YCmanoenenvl ONMUMaibhble NAPAMEmpbl AKMUBHOU KUCIOMHOCU OYQEepHbIX pacmeopos, UCNOb3yemMblx O
PACmeopeHus MOIOKOCEEPMbIBAIOUUX (hePMEHMHBIX NPENapamos.

KitioueBbie cj10Ba: MOJIOKOCBEPTHIBAIOIIAS aKTUBHOCTH (DEPMEHTHBIX IIPETIapaToB, CHITY)KHBIN (pepMeHT.

Sturova Y.G.!, Kriger A.V.?
! PhD in Engineering, Altai state technical University; >PhD in Engineering, Senior Researcher, Siberian research Institute of
cheesemaking RAAS.
PHYSICO-CHEMICAL FACTORS AFFECTING THE ACTIVITY MILK-CLOTTING ENZYMES:
PART 1. ACTIVE ACIDITY OF THE BUFFER SOLUTIONS
Abstract

The investigation was carried out on the influence of the active acidity effect on milk-clotting enzyme prerarations of animal origin. The
optimal parameters of the active acidity are established for the buffer solutions used for dissolving milk-clotting enzyme prerarations.

Keywords: milk-clotting activity of enzyme preparations, rennet.

CBépThIBaHNE OCIIKOB MOJIOKA CHIYY)KHBIM (PEPMEHTOM SIBIISICTCSI OIHUM M3 HauOoJiee Ba)KHBIX IPOLECCOB NPH BbIpaboTke chipa. OT
CKOPOCTH TOJNY4EHHS, CTPYKTYPHO-MEXaHHYECKUX M CHHEPETHUECKUX CBOWCTB CBHITY)KHOI'O CI'YCTKa 3aBUCAT CTPYKTYpa, KOHCHCTEHIIVS,
PHUCYHOK U APYTUe MOKa3aTelu ChIpa.

CyImiecTByeT psizi TEOpHi, OOBSCHSIONMX MEXaHU3M JISHCTBHS CBIYY)KHOTO (hepMeHTa Ha MULE/LTy KazenHa. OJTHaKO eTMHBIM MHEHHEM,
KOTOpOE MPHU3HAIOT HCCIEAOBATENH, SIBISIETCS TO, YTO CHIYY)KHAsI KOAryJsilUs HOCHUT HeoOpaTHMBI XapakTep W BKIIOYaeT JBe (as3bl —
(epMeHTaTHBHYIO U KoarymsiuuoHHyro. [lepBasi, pepmenTaTnBHas (asa, MPUBOIUT K IOTEPE YCTOWYMBOCTH Ka3eHHATKaIbIMii(ochaTHOro
KOMIUIEKCA, OJHAKO INPH 3TOM SIBHOW Koarymsiuu He HaOmomaercs. Bropas, koarynsmuoHHast ¢a3a, COINpPOBOXIAeTcs 0Opa3oBaHUEM
CTyCTKa B NMPUCYTCTBHU MOHOB KalbIHs. TakuM 0o0pa3oM, ChIYY)KHas KOaryisius IPOXOIMT B JIBA dTala, M3 KOTOPBIX TOJIBKO MEPBBII
ocyIiecTBiseTcs Onarogapst ysactuto pepmenra [5,8].

CeromHs Ha pBIHKE IPEICTaBICH NIMPOKUH acCOPTUMEHT OTEYECTBEHHBIX M 3apyOe)KHBIX MOJOKOCBEPTHIBAIOIINX (hEPMEHTHBIX
npenaparoB (M®II). CeiponenaM 4acTo CIOKHO pa300paThCs B ©X MHOT000pa3uK M Ka4eCcTBe U CAeNaTh MPaBIIbHEIN BEIOOp. [loaToMy st
MHOTHUX TPEIIPUSITHI OCHOBHBIMHU KPHTEPHSIMH BHIOOPA CTAJIN OIBIT pabOTHI € ONpeieleHHBIM (hepMEHTOM U ero IieHa [7].

Ha ocHoBe nuTepaTypHBIX JaHHBIX, CTAHOBHUTCS SICHO, YTO HanOoJiee MOMYIIPHBIMU B Poccuu, HECMOTps Ha pa3BUTHE COBPEMEHHBIX
TEXHOJIOrMH 1 pacupenue accoprumenta MOII, sBisitorest hepMeHTHI )KUBOTHOT'O TIPOHCX OKICHHS.

Jisi modydeHUsT BBICOKOKa4EeCTBEHHOTO TOTOBOTO IIPOIYKTA, IPOBOIATCS HCCIENOBaHUS (DHU3MKO-XMMHYECKHX cBolcTB MOII
JKHBOTHOTO TIPOMCXOK/ICHHUS, ONPEAEIAIOTCS ONTUMAaIbHBIE 3HAUEeHHs TeMreparypbl u pH i pasnnuHbIX cMeceBbIX kKommozuimid MOIL
[Totomy dro 5TO Hambosiee CyIIECTBEHHbIE (AKTOPBI, KOTOpPHIE BIMSIOT Ha OOpa3oBaHHE CryCTKAa B CHIPOAENBHOW BaHHe. [lpm
HCITOJIb30BaHIK HEKa4eCTBEHHOW BOBI JUIS MpUroToBieHus pactBopa M®II Ha npenpusaTHy IPOUCXOIUT 3a/iepKKa 00pa30BaHusI CI'yCTKa
U CHIDKAeTCsl KayecTBO npoxykuuu [1,7].

Ha npennpusitusix st mpurorosieHus pacrBopa M®II ncronb3yercs nacTepu3oBaHHast BOAA WU IOJCHIPHAS CBIBOPOTKA. ChHIBOPOTKA
MOXKeT OBITh UCTOYHHKOM OakTeprodaros. MckitounTensHO OBICTpOe pasMHOXKEHHUE (haroB MPeICTaBIsieT HAHOOIBIIYIO OTACHOCTh U MOXKET
MIPUBECTH K 3HAYUTEIBHOMY 3aMEUICHUIO MOJIOYHOKHMCIIOTO Tpolecca M HapYIICHUIO MPOLecca HapacTaHUs KHCIOTHOCTH B CBIpE IOCTe
npeccoBanusi. CoyieBOl cocTaB BOABI MOXET Pa3iIM4aThCsl B 3aBUCUMOCTH OT WCTOYHMKA ITONYYEHHS, M €€ aKTHBHAs KHCIOTHOCTh
n3mensiercst ot 6,0 110 8,0 ycroBHBIX eIMHHUIL. DTO CHM)KAeT aKTUBHOCTh (PEPMEHTOB, U CKa3bIBAETCS Ha BBHIXOZE CHIPOB [2].

JlanHble KoneGaHWS B NPUTOTOBJICHHH PAcTBOPOB OTPHUIIATEIIHHO CKA3bIBAIOTCS Ha KadyecTBE IOTOBOrO nponykra. [lostomy menbio
HCCIIeIoBaHMI OBLTH BEIOPAHBI CIIEAYIOIINE TEXHOJIOIHIECKHE apaMeTphl, BIHSIONINE Ha ChIYY)KHOE CBEPTHIBAHUE: MOJIOKOCBEPTHIBAIOIIAS
AaKTUBHOCTb, KauecTBeHHbIH cocraB M®II, akTuBHAsI KUCIOTHOCTh BOJHBIX PacTBOPOB Julsd purorosiaeHus MOII.

MorokocBEpThIBaOIIas aKTUBHOCTh, a TaKKe KAdeCTBEHHBI COCTaB, TO €CTh COOTHOIICHHE [BYX OCHOBHBIX (DEPMEHTHBIX
KOMIIOHEHTOB: TOBSDKBETO IIETICHHA W XUMO3WHA; SIBISTIOTCS OCHOBHBIMH TEXHOJIOIMYECKHMH ITOKa3aTeIsIMH, KOTOphIE HEOOXOIMMO
YUYUTBHIBATh ISl IPaBIIIEHOTO BEIOOPa MOJIOKOCBEPTHIBAIOIIETO (PEPMEHTHOTrO Iperapara )KUBOTHOTO MPOUCX ok aeHus. CleyeT OTMeTHTb,
YTO MOJIOKOCBEPTHIBAIOIIAsI aKTHBHOCTh M KaYECTBEHHBIH COCTaB (PEPMEHTHBIX MPENapaToB, SIBIISIOTCS JACKIapUPOBAHHBIMY MOKa3aTeIsIMU
[2,8].

Ji1s mpoBeIeHUsE ICCIIeJOBAaHNH UCIIONIB30BAINCH 00pa3Lbl (PepMEHTHBIX IIPENapaToB, COCTaB KOTOPHIX NPHUBEIEH B Tabmue 1.

Tabauna 1 — CocraB MOJIOKOCBEPTHIBAIOIINX (DEPMEHTHBIX [IPENapaToB

Cocras, %
HaumenoBanue npenapara MapkupoBka [IpousBoauTens
[lencun
XuMO3UH .
TOBSDKHI
OtpacieBoii ~ KOHTPOJIBHBIH  oOpasert OKO C® 2011/2012 ) ) OAO «M3CD»,
CBITYXKHOTO (pepmeHTa r. MockBa
. 3A0 «KCIl», T.
ChI4yXXHbIH (hepMeHT Co 70 30 ST
[lencun ropsoxuit [lencun ropsoxuit 0 100 OAO M3CD», .
HBanoBo
ChIuyKHO-TOBSKHI BHUHMC CI'-50 50 50 3A0 «KCID, r
OHrensc
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Knaccudeckuii CbluyXHbIH (EPMEHT IIMPOKO HUCHOIB3YETCS B ChIPOJEIBHON IPOMBIIIIEHHOCTH, OCOOEHHO, IPH BBIPAOOTKE CHIPOB C
BBICOKOH TEMIIEpaTypoil BTOPOro HarpeBaHus.

[Iupokoe NmpyMEHEHUE B CBHIPOACIMU M, TJaBHBIM 00pa3oM, HPH BHIPAOOTKE CHIPOB C HM3KOH TEMIIEpaTypoil BTOPOrO HarpeBaHHsA
Hallla CMeceBasi KoMIo3uIus, cojepskamas 50 % xumosnuna u 50 % nencuna. [IpuMeneHne 3Toil cMecH MO3BOMSET MOMYYUTh PE3YIbTAThI
HAMHOT'0 JIy4llINe, YeM IIPU UCIIOIb30BaHUM YUCTOrO MENCHHA.

Ilpy ¥Mcnonb30BaHUM YKMCTOrO TOBSKBEIO IENCHHA BHIXOX cbhipa Ha 0,25 % HukKe, 4eM B cilydae HNPUMEHEHHsS XMMO3MHA. JTO
9KOHOMMYECKHU 3HAUMMasl Pa3HUIIA, CPABHUMAS C JIOJICH CTOMMOCTH MOJIOKOCBEPTHIBAIOIIETO ()EPMEHTHOrO IpernapaTa B 00Ield CTOMMOCTH.
IMosToMy u1s CBIPOB C IJIMTEIBHBIMU CPOKAMH CO3PEBAHUS PEKOMEH/IOBAHO MPUMEHATH MOJIOKOCBEPTHIBAIOLINE PENAPAThI C COJEPIKAHUEM
xumo3uHa 6omnee 50 % [6].

Ha nHauanbHOM JTame MccienoBaHMH y Bcex o00pasnoB Obuia oHpeleneHa MOJIOKOCBEPTHIBAIONIAS AKTUBHOCTb IPU CTAaHIAPTHBIX
yenoBusix 1o OCT 10 288-2001. IIpemaparsl  (epMeHTHBIE  MOJIOKOCBEPTHIBAIONIME. TEeXHHYECKHE YCIOBHS. Pe3ympraThl 3THX
HCCIIeIOBaHUI TIPEJICTaBIICHBI B TAOIHIIE 2.

Tabauia 2 — MonokocBEPTHIBAIOILAsE AKTUBHOCTh 00pa3inoB MOIT

CBEpTHIBaOIIAst aKTHBHOCTH, YCIIOBHBIX €IUHUIT
HaumenoBanue npenapara

3azexnapupoBaHHas ITo OKO
CD or 105 000 mo 115 000 109 095
BHUUMC CI'-50 or 105 000 o 115 000 104 858
I'm ot 95 000 no 105 000 98 186

B pesynbrate npoBenEHHBIX MCCIICIOBAHMM, HAaMOOJbIICH MOJIOKOCBEPTHIBAIOIIEH AKTHBHOCTBIO 00JIa/lan ChIYYXKHBIH  (pEpPMEHT.
JlaHHBIN pe3ynbTaT MOXKET ObITh 00YCIIOBIICH IIOIPEIIHOCTHIO BBITIOIHEHUS MeTo/1a 3MepeHui. Takoke, 3T0 MOXeT ObITh CBA3aHO C TEM, UYTO
OH COAEPXKUT HauOoubllee KOIMYECTBO XUMO3HHA, ONTHUMYM AEHCTBHS KOTOPOrO HPHOIMKEH K CTaHIAPTHBIM YCIOBUSIM CBEPTHIBAHUS
Moroka: pH = 6,0 ycroBHbIX equnmuil, t = 35 °C; IMEHHO MOSTOMY OH 00ECTIeYnBAET MAKCHMAJIBHBIH BBIXOI CHIPOB. KpoMme Toro koneGanust
aKTUBHOCTH IIPEIapaToB MOIYT HM3MEHATHCS B pa3lIMYHblE CTOPOHBI B 3aBUCUMOCTH OT KHCJIOTHOCTH, KadyecTBa U COCTaBa
nepepabaTbIBAEMOr0 MOJIOKA, OT KOJIMYECTBAa BHECEHHOIO XJIOPUCTOro Kanblus. JlaHHas uH(OpManus Ha ChIPOAEIBbHBIX MPENIPUATHAX
MOXKET CIIOCOOCTBOBATh Hanbojee ONTUMAIEHOMY Pacxoy npenapaTos [3,6,7].

Ha nannOM 3Tamne ucciaeqoBaHUN IPOBOIMIOCH M3MEPEHHE MOJIOKOCBEPTHIBatoled akruBHocTH M®II npu nM3MEHEHHMM aKTUBHOM
KHCJIOTHOCTH BOIHBIX pacTBOpoB OT 5,0 10 8,0 yCIOBHBIX €IUHMII, C JUCKPETHOCTBIO 1,0 ycioBHbIX enuHUL. Ha OCHOBaHMM IONY4EHHBIX
JIAHHBIX ObUI TOCTPOEH rpadyK 3aBUCUMOCTH YPOBHS MOJIOKOCBEpThIBaroled akTuBHOCTH MOII OT ypoBHS aKTHBHON KHCIOTHOCTH
BOJIHOTO PACTBOpPA, IPEICTABICHHBIH Ha PUCYHKE 1, M rpaduk BIMSHMSA KOHLEHTPALMM HOHOB BOAOPOZA HAa IPOAOKUTENBHOCTD
CBEPTHIBAHMS MOJIOKA, M300paXKEHHBII HA PUCYHKE 2.

- 140000
s 135000
g = 130000
Z o E 125000
= 5 E 120000 0\
23 2 115000
2B & 110000
25 2 105000 \
S 2 & 100000 —
S 5 95000
(2]
S = 90000
= 85000 - |
5 6 7 8
AKTHBHAA KHCJIOTHOCTD, YCJIOBHBIX € IHHUIY
== CpruyxHbiii pepment =#=BHUNMC CI'-50 ['oBstxunii nerncun

Puc. 1 — 3aBUCHMOCTB YpOBHSI MOJIOKOCBEPTHIBAIOIICH aKTUBHOCTH (DEPMEHTHOrO TIperapara OT ypOBHs aKTUBHOM KHCIIOTHOCTH
BOJIHOT'O PacTBOpa

W3 pucynka 1 BUIHO, 4TO N3MEHEHHE KHCIOTHOCTH BOIHOIO PAacTBOPA B KHCIIYIO MM IIEIOYHYIO CTOPOHY MPUBOAMIIO K YBEJIUUEHUIO
WA CHWKEHUIO MOJIOKOCBEPThIBarolel akrTusHoctd MOIL

Haunbosnbmas akTuBHOCTH HaOJoanach y (hepPMEHTHBIX MIPENaparoB, MPUTOTOBICHHBIX B PacTBOPAX C aKTUBHOHW KHCIOTHOCTHIO 5,0
ycnoBHbEIX equHun. C yBennueHneM 3HaueHnil pH MoiiokocBEpTHIBarOIash aKTHBHOCTB IPENapaToB CyLIECTBEHHO CHIXKanack. Hampumep,
IPY CHWKEHWH aKTHBHOHW kucioTHoctH OT 7,0 no 8,0 yCIOBHBIX €IMHMI] aKTMBHOCTb ChIYYXKHOro (epmenTa cHukanack Ha 4,7 %,
BHUUMC CI'-50 — Ha 5 %, roBsbkbero nerncuHa — Ha 5,2 % OTHOCHUTENIBHO KOHTPOJIBbHOM TOoUkM 6,0 ycinoBHBIX enuHul. Vcrnons3oBaHue
pactBopoB ¢ pH 5,0 ycIOBHBIX €IMHHI] TOBBIIIANO aKTHBHOCTh IOBsbKbEr0 nerncuHa Ha 39 %, BHUMMC CTI'-50 — na 25 %, C® —na 10,9 %
OTHOCHUTEIILHO KOHTPOJIBHOW TOYKH, 3TO 3HAaYMTEIbHAS PAa3HHIA IO CpaBHEHHIO ¢ mokasarensmMu MA npu pH 8,0 ycnoBHbIX enunui. OT0
MOJKHO 00BSICHUTB TeM, 4To M®II oTHOCATCS K KMCIIBIM IIPOTEa3aM, OITUMYMOM UX JICHCTBUS SIBIACTCS KUCIas Cpejia, a B IENOYHOIt cpele
OHH HaYMHAIOT TEPATH CBOKO aKTUBHOCTb.

Cyns 1o npuBeEHHBIM Ha PUCYHKE | JTaHHBIM, IIPEnapaThl C BHICOKMM COZEpIKaHUEM HelCHHa 0ojee UyBCTBUTEIBbHBI K 3MEHEHUSIM
AKTUBHOM KHMCIOTHOCTH PAacTBOPA B KUCIIYIO CTOPOHY. DTO OOBICHIETCS TEM, UTO B COOTBETCTBHU C OCT 10 288-2001 mpenapatsr
CBITY)KHOTO (hepMeHTa cozepikar oonee 85 % XuMo3nHa, a TOBSHKUI TericuH Ooee 72,5 % mercrHa, a ONTHMYM JSHCTBHS METICHHA PAaBEH
ot 3,0 o 4,5 ycinoBHbIX enuHHUL [4,6].
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HpaKTI/IKa IIOKa3bIBacT, 4TO HA OOJIBIIIMHCTBE npe;[r[pmrmﬁ YPOBE€Hb AKTUBHOM KHCIIOTHOCTH BOI[OHpOBOI[HOﬁ BOJbI, HC]'IOJ'[BSyeMOﬁ JUIsL
PpacTBOpPCHUA (bepMeHTOB, an6nH>Kaercx K 3HA4YCHHIO 8,0 YCJIIOBHBIX C€AUHMUIL B sTux YyCJI0BUAX MOJ'IOKOCBépTBIBa}OHIaﬂ AKTHBHOCTb
(bepMeHTOB CHMIXKXACTCH, YTO OTPULATCIIBHO CKa3bIBACTCs HA Z[aJ'[BHeﬁHIeM IIPOBEACHNUHN TEXHOJIOIMYECKOro rpouecca, KOTOpLIﬁ MOJKET OBITH
O6YCJTOBJ'IGH IIOpOKaMHU I'OPbKOr'o, CaJIUCTOro BKycCa, IIOJIYUCHHUS PBIXJIOro CTyCTKa. D10 B Z[aJ'lBHeﬁ].HeM CKa3bIBACTCsA Ha Ka4CCTBE IroTOBOI'O
IpoOAYyKTAa. JlonycxaeTcx HUCIIOJIb30BAHUEC JTaHHBIX TOKa3aTeei U1 IIPOU3BOZICTBA CBHIPOB 0e3 CO3peBaHusd, I'I€ HET HCO6X0}II/IMOCTI/I
HCIIOJIB30BATh IIPOTCOIUTHICCKUEC @epMeHTBI.
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Puc. 2 — Biusiane KOHICHTpallM HOHOB BOAOPO/Ja Ha IMPOAOIKUTEIIbHOCTD CBépTBIBaHI/IH MOJIOKa IIpU Z[eﬁCTBPIPI CbI1Y)KHOI'O
(bepMeHTa, TOBSDKBEI'O TICTICMHA U ChIYYKHO-T'OBSIKBETO (bepMeHTa

Ilpn cHmwxenun pH Monoka, Bpems KOarylsilMM 3aBHCHT HE TONBKO OT akTMBHOCTM MOII, HO M OT 3JIEKTPOCTATHYECKUX U
ruapooOHBIX MapaMeTpoB MHULEIUIBI Ka3enHa. [Ipu cHmwkenun pH Mooka IPOMCXOAUT yMEHbBIICHHE OTPHLATEIBHOrO 3apsaia Ka3eHHOB,
3TO YMEHBIIAET CUJIBI IEKTPOCTATUYECKOTO OTTAIKUBAHMSA MEXAYy MHLE/UIAMH ¥ OJHOBPEMEHHO YCHJIMBAET Ka3eHH-Ka3eHHOBbIC
ruapodoOHbIE B3aMMOJICHCTBHS, YTO YCKOpSeT 00pa30BaHHE CI'yCTKa IPH ChIUY)KHOM CBEPTBIBAHMM MOJIOKA. M3 pUCYHKa 2 BHJHO, 4TO C
YBEJIMYEHHEM aKTHBHOM KMCIOTHOCTH NPOUCXOIUT YBEIMYEHUE NPOAODKUTEIBHOCTU CBEPTHIBAHUS MOJOKa BceMH (epMenTamu. Cruenyer
3aMeTuTh, 4T0 CD MeHee MoABEPKEH JaHHBIM KOJIeOaHUAM, IIPOJOIKUTEIBHOCTD €ro CBEPThIBaHUS B uHTEpBaie oT 5,0 1o 8,0 ycioBHBIX
enuHUL u3Menserca or 178,5 no 220 c. Oro nenaer ero Gosnee YHUBEPCAIbHBIM IPH MIPOU3BOACTBE ChIpOB. CaMbIM YyBCTBHUTEIBHBIM K
KoJIeOaHUsIM aKTHBHOH KUCIOTHOCTH okasaics ['T], cBepThiBaHHe, KOTOpOro B JaHHOM MHTepBaiie pH n3menmnock ot 158 no 242 ¢ [5,7].
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HNPAMEHEHME ITOJIMMEPHBIX ITOKPBITUM JJIs1 CHUKEHHA S HAJTUIIAHUSI TPYHTOB TP
OTPULATEJBHBIX TEMIIEPATYPAX
AnHomauyusn

B cmamve paccmompeno npumenenue noIuMepHix IUCIOE 6 Kayecnee NOKPbIMUs 6HYMPEHHUX CIMEHOK KOBULA C Yelbl0 YMeHbUIeHUS
aozesuu epynma, npugeoenvl O0arHvie IPDEKMUgHOCmU NoO pe3yTbmamam KCNEPUMEHINO8 HA COBUL0BOM CHieHOe, a MAK Jice npumep
peanuzayuu na kosuie sxckasamopa EK-18.

KroueBble ci10Ba: ajresus, NOIMMEPHbIE JIUCTHI, 3eMJIEPOIHbIE MAIIUHBI.

Zen'kov S.A.", Balakhonov N.A.%, Surovkin A.O.*
!Candidate of Technical Sciences, docent, “Magister , *Magister, Bratsk State University
APPLICATION OF POLYMER SHEETS FOR REDUCE ADHESION GROUND AT NEGATIVE TEMPERATURES
Abstract

This article deals with the application polymer sheets as a coating the inner walls of the bucket in order to reduce the adhesion ground,
data on the effectiveness of the results of experiments on shear stand, as well as example of realization the excavator bucket EC-18.

Keywords: adhesion, polymer sheets, earthmoving machinery.

Ilpu pa3paboTke BIIaKHBIX CBSI3HBIX IPYHTOB HNPOMCXOAMT MHTGHCHBHOE HAJIMIIAHUE I'PYHTA K BHYTPEHHHM CTEHKaM KoBIIeH. IIpu
pabote B JieTHee BpeMs yke depe3 45 MUHYT paboThl 00BbEM HAIMIIIETo TpyHTa yMeHbInaeT o0beM koBmma Ha 10...11 %. [Ipu pabore 3umoit
MPOLIECC HAJIMIIAHUSA IPYHTA O0JIee MHTEHCHBEH M 3aBUCHUT OT TEMIIEPATYpPbl, @ 00bEM HAJIUIIIIETO IPYHTA COKPAIllaeT BMECTUMOCTb KOBILIA HA
25...30 %. T'pyHT 0COOEHHO MHTEHCHUBHO HAJIMIIAET HA HEPEHIOI0 M OOKOBbIE CTEHKM KOBIIA, OCOOCHHO B MECTax MX Iepexona. ITo
SIBJICHUE BBI3bIBACT YXY/ILCHHE YCIOBUH HAIOJHEHUs KOBIIA, YBEJMUYCHHE CONPOTHBICHHS KOMAHUIO, YBEJIMYEHHE BPEMEHH pasrpy3Ku
KOBIIIa, YMEHBIICHHIO TOJIE3HOr0 00beMa KoBIIa. Bee 910 mpuBOAUT K yMEHBIIEHHIO TpOoM3BoxuTeNsHOCTH [1-20].

OneIT SKCIUTyaTalldd Pa3iIM4HOTO TEXHOJIOIMYECKOro OO0OpYIOBaHUA B OTPAciAX IPOMBIIUICHHOCTH, 3aHATHIX J00bIUeH U
nepepaboTKOMN TIIMHOCOIEPIKAIINX TIOJE3HBIX HCKONIAaeMbIX, I10Ka3bIBaeT, YTo Hanbosnee 3QPEeKTUBHBIM CPEACTBOM OOpPBObI C HAIUIIAHUEM U
HAMEP3aHUEM BJIQKHBIX TOPHBIX MacC, MHUHEPAJIBHOIO ChIPbsl HA KOHTAKTHPYIOLME C HUMH Y3Ibl pabouero o0OpynOBaHHMS, SBISCTCS MX
3amura (GyrepoBKa) NOIMMEPHBIMH TOKPBITHAMM, 001a1aF0IUMU T'HAPO(OOHBIMY, aHTHAI€3NOHHBIMU CBOHCTBaMU [4].

Mapku nonuMepHsIX nporuBoHanunaromux aucros (IIU):

[IUI-OU (um3HOCOCTOMKOCTE - 400 exm.; ymapompodHOCTh - 9 en.; SKCIUTyaTallMOHHBINH MHTepBan Temmeparyp — (- 45 - +90°C);
IPUMEHEHHUE: VISl KOHTaKTa C TOPHBIM ChIpbeM ¢ Koadduimentom f 1o 5 exn.;

MIUI-Y (u3HOCOCTOWKOCTL - 350 e€n.; yaapompodHOCTh - 9 ei.; IKCIUTyaTalllOHHBIN uHTepBan Temmeparyp — (- 45 - +90°C);
MPUMEHEHHUE: VISl KOHTaKTa C TOPHBIM ChIpbeM ¢ Ko duimentoM f 110 6 ex.;

[IUI-VYU (BM) (m3Hococroiikocts - 200 en.; yaap....OHpOYHOCTH - 25 €A.; SKCIUTyaTallMOHHBIM MHTepBal Temmeparyp — (- 80 -
+100°C); npuMeHeHue: U1l KOHTaKTa C TOPHBIM ChIpbeM ¢ koddduirenToM f 1o 8 e

Kpome 3Toro cymecrByroT nonuMepHsle nporuBoHanunaromye Gyreposounsie miactusl (ITTIPII), npeaHasHadeHble B OCHOBHOM IS
60pb0BI ¢ mpuIMIIaHueM (IIPUMEP3aHUEM) TOPHBIX MOPOJ K paboYMM MOBEPXHOCTSIM TEXHOJIOIMYECKOro 00OpYLOBaHUSA, a HE C U3HOCOM,
CBSI3aHHBIM C IOBBIIIEHHON a0pa3MBHOCTBIO JJOOBIBAEMOr0 MIIM IepepadaThiBa€MOr0 TOPHOIO MUHEPAIBLHOIO ChIpbsi. OCHOBHBIM (haKTOPOM
skoHomuueckor 3¢ ¢dexrusHoctr IIIPDIT sBAAOTCS HMX COBMECTHBIE OIPENEIAIONME CBOHCTBA - TIMAPOPOOHOCTH IOBEPXHOCTH H
JIOCTaTOYHAs! K3HOCOCTOMKOCTB. [5]

Marepuansl Polystone Matrox SBISIIOTCS IUIACTMAcCaMM, IONYYEHHBIMH C IOMOIIBIO HOJIMMEpHBIX TexHomoruid. HoBblid cocras
Polystone Matrox Obul pa3paboTaH CHELHAIBHO JUIS NOTPY3KHM — Pasrpy3KH ChITYYHX MaTEpPHUalloB U TOPHOW NPOMBIIUICHHOCTH C LEIbIO
YMEHBIICHHS THIIMYHBIX IIPOOJIEM, CBSI3aHHBIX C TEKy4eCTBIO CHIIIyYHX MAaTepHUalloB B KOHTEHHepaX, OyHKepax, JIOTKaX, xkejnobax, Ky30Bax
aBromoOmneit u T1.n. Pupma Rochling paszpaborana 3TOT yHMKalnbHBII HPOAYKT Il OOECHEYEHMS] HAWIYYIIUX (QPUKIMOHHBIX
XapaKTepUCTHUK U aOpa3UBHOH M3HOCOCTOHKOCTH HOBEPXHOCTH.

PaspaGorannsiii HUMOI'Pom nonumepHslii MaTepualn rpauToulacT YCHENIHO BHEAPACTCS Ha HpeanpuATHsx MusromsHepro PO B
KauecTBe NPO(UIAKTHIECKOr0 CPeJICTBA, IPEJOTBPAILAIOIIErO 3aBUCAHUE YTOJIBHOIO OTCeBa B OyHKepax. YCTaHOBJICHO, YTO Haubolee
MOJIHO TEXHUYECKHM TpeOOBaHMSIM OTBEYAIOT MarepHansl Ha ocHoBe snokcumublx cmon: OITAH, DKC, KOH, momudunmpoBaHHBII
nonuyperas, ¢proporutact mapku O-3M [6].

W3 BbIIIE NEPEUMCICHHBIX MOJIMMEPHBIX IPOTUBOHAIMIAOIIMX JIMCTOB HanbOomnee 3()(EKTUBHBIMHU SBISIIOTCS (YTEpOBOUHBIE JHCTHI
IT1JT pa3nu4HBIX BUJIOB B 3aBUCUMOCTH OT PEXHMa paboThlI.

Ha crenge cxsurosoro tuna [7] ObUIM MPOBEEHBI 3KCIEPUMEHTHI UL onpeneneHus 3()(eKTHBHOCTH HCHOIb30BaHUS IOTUMEPHBIX
MPOTHBOHAIUIAIOIINX [UIACTHH IIPU OTPHLATEIBHBIX TEMIIEPATYPaX.

Ha pucynke 1 mnpencraBieHbl 3aBUCHMOCTU IPOYHOCTH INPUMEP3aHHMs I'PYHTOB K TBEPIOH MOBEPXHOCTH OT 3KCIUTyaTalMOHHBIX
(baxTopoB: Temreparypsl okpyxatomieii cpenst T, BraxkHocTH rpyHTa W, nucnepcHoro cocrasa rpyHra D. Temneparypa rpyHTa B MOMEHT
CONPHKOCHOBEHHMs ¢ moBepxHocThio 5°C. Ilpu Temmneparype okpyxaromieit cpenpl ot -10°C qo 0°C 3HaYeHUs HaNpsKEHUH ClIBUTa IPyHTa 'y
TpeX HCIBITYeMbIX IOBEPXHOCTEH W3MEHAIOTCA HE3HaYMTeNnbHO (pUCyHOK a, 0). C moHmwkeHHeM TemiepaTypbl oT -15°C 3HaueHus
HaIpsDKeHUH cBura rpyHra 1o rnosepxaocty II1J] 3HaunTensHo MeHsble, 4eM 110 MeTaJUINYeCKOH.
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Puc. 1 — 3aBrcuMOCTh IPOYHOCTH IIPUMEP3aHHS TPYHTOB K TBEPJIOH MOBEPXHOCTH B 3aBHCHMOCTH OT IKCIUTYaTallHOHHBIX ()aKTOPOB:
1-craine 3, 2-mmactuna [ITUI-VU (10mMm), 3-rutactuna [ITUJT-OU (6mm)

OddexruBrocts 0T ucnons3oBanus [T nocruraercs 3a cyer CieiyrOUX CBOWCTB: HU3KHI U3HOC, XOPOIIME CBOHCTBA CKOJBXKEHHUS,
BBICOKAsl yJapHas BA3KOCTb, OonbIIOil uHTEpBan Temneparyp or -50°C no +90°C, BbICOKas IPOYHOCTH IIPU YKa3aHHBIX TEMIEpaTypax,
BOJJOOTTAJIKHBAIOIIE CBOMCTBA (TMAPO(POOHOCTH), HE ITO3BOJLIONIME BIIArOCOJACP)KAIIMM MaTephajaM HAJIMIATh WIM HaMep3aTbh Ha
MOBEPXHOCTH HOJIMMEPHOT'0 TTOKPBITHS.

TexHUYeCKUM pelIeHHEM SIBISIETCS 3aKpEIUICHUE ITOIMMEPHOr0 NMPOTHBOHAIIMIIAIOIIETO JIMCTa Ha KOBII dKckaBaTopa EK-18 oGbemom
0,65M° nocpenctBoM OonroBoro kperienus: (Pucynox 2). Jlns nmanHOro Bupa KoBma HeoOxomumo 2,1 M2 MIOJMMEPHOI0
MIPOTHUBOHAIUIIAIOIIETO JIUCTa. Mozienb KOBIIa ¢ MPOQHIaKTHIECKIM CJI0eM Oblila BhIOIHEHa B rpadudeckoM pepakrope KOMITAC 3D.

Puc.2 — Mopnens koia sxckaBaropa EK-18 ¢ nporuBoHanunarommMy miacTHHaMU

Kpemnenue INTUT k paGounM MOBEPXHOCTSAM KOBIIA OCYILECTBIISICTCS C HOMOILBIO METH3HBIX KpeIuleHHi (OO0JITbI, BUHTBI, IINUIBKU U
Ip.), @ TAKXKE IyTeM (HUKCALMH IUIACTUH B HAIIPABIIAIOIIMX HJIM HAKIAJAHBIMY [UIAHKAMH.

IpyMeHeHNEe ONMMEpPHBIX NPOTUBOHAIHMIIAIOIINX JIUCTOB CYLIECTBEHHO YHPOILIAaeT pabounii UK Ipu paboTe SKCKaBaTopa Ha IPYHTAax
C BBICOKMMH aJIr€3MOHHBIMHU cBoiicTBamH. HamOonee panoHanbHbIM sBisieTcs moimuMmepHoe nokpeitue mapku IIIIJI-OM co cpennum
3HaueHneM ycuus cpeiBa 5...11 Klla.
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VHHOBaIMy SBISIOTCS HEOOXOZMMBIM 3JIEMEHTOM JIF000H Ou3Hec cpexbl. ['N1aBHONW OCOOEHHOCTBIO MHHOBAlMil SBISIETCS TO, 4TO B
Ou3Hec BHexpsieTCA Takas pa3paboTka, Kakoi elle HHUKOTZa paHee He CyIecTBOBaio. VIHHOBaLMM SBIIOTCA Hauboliee CIIOXKHBIM
3JIEMEHTOM IIPEANPHHUMATENBCTBA, IIOCKOJIbKY HE HMEETCS HMCTOPUYECKOro OIbITa (DYHKUMOHMPOBAHUS TOW WIM HMHOH pa3paboTKu.
OueBH/IHO, YTO B JJAHHOM Clydae Ba)kKHEHIee COOTHOIICHUE PUCKA U JOXOJHOCTH KaKOH-IM00 OU3HEC H/IeH UMEET CBOM XapaKTEPUCTHKH,
KOTOpbIE MPHUCYIIHU TONBKO HHHOBALIMOHHOMY IPEIIPHHUMATENBCTBY.

BHenpenre HHHOBAIMHU TPOXOIUT B HECKOIBKO ITAIOB:

1. TlepBslii 3Tan xapakrepu3yercs pa3padboTKoi uaeu. IIpuaymaTs 4TO-TO HOBOE JOBOJIBHO TPY/IHO B HAIllEM MUpE, Te, Ka3alnoch Obl,
MpUAYMaHO yxe Bce. Yamie Bcero MIeH BO3HHUKAIOT CIIOHTaHHO. ['opas3io pexe B XOAe aHanm3a Cpelbl MHHOBAIIOHHOTO
BHEJIPEHMS.

2. Ha BropoM 3Tane NpOUCXOOMUT UCCIENOBaHHE MOTPEOHOCTH B 3TOM MHHOBauUMM. [Ipy 3TOM HPOBOAATCS COLMAIBHBIC OMNPOCHI,
U3Yy4aroTCsl BEPOATHOCTHBIE COCTAaBILIOILNE TTOBEICHU nToTpeduTeneil. Kpome Toro, cocraBistoTcs nepBOHavalIbHbIC (PMHAHCOBbIC
pacyeThl MHHOBAIHN.

3. TpeTeuM 3Tanom sIBISETCS HEMOCPEACTBEHHAs peann3allisl HHHOBALMH HA PBIHOK. [IpOM3BOIMTCS TECTOBBIN 3aITyCK, YCTPaHEHHE
omuboK, TexHH4Yeckue HucnplTanus. CaMbIM BaKHBIM Ha JJAHHOM JTale sBIISeTCS TO, 4TOOBI pa3padaTbiBaeMble WHHOBAIMH
HOJTYYHIIM KOHKPETHYIO (POPMY € XapaKTepHBIMHU JUIS OLPEJIEIIEHHOrO POYKTa CBOHCTBAMHU, KOTOPBIE B JJAJbHEHIIIEM, BO3MOXKHO,
OyIyT COBEpIICHCTBOBATHCS.

4. Jlanee npoBOAATCS pa3jIMYHbIE KAMIIAHUH I10 TIPUBJICUEHHIO TOTpeduTeneil. Pexiiama oueHp BaXkHa BO BHEJPEHUN WHHOBALMH, T.K.
HY)KHO 3aHHTEPEeCOBAaTh NOTPEOUTEIs], MHaYe MHHOBALMS HE OKYITHTCA.

5. Ha 3axmrounTeNpHOM STale WHHOBAIlMM BBIXOIAT Ha pPBIHOK. IlepBoe Bpems ompefensercss CTENEeHb 3aUHTEPECOBAHHOCTH
notpedutenei Ui yCTaHOBIICHUS LI€HBL.

B nanHoii pabote OyayT paccMOTpEHbI HepBble 2 3Tara BHEPEHUs] HHHOBALUH.

B nocnennee Bpems B Poccun crpemurensHo paszBuBaercsa cdepa mpepocraBieHHs ycuyr oOmecTBeHHOro nuranus. CymectByer
MHOXECTBO Ka)e, pecTOpaHOB, CTOJIOBBIX M APYrHX NOAOOHBIX 3aBeiieHMH. KoHKypeHIms B 3Toi cdepe NoBOIBHO xecTokast. IloaTromy
BHEJIPEHHE MHHOBAIUI BHITOAHO CKaXKETCS Ha (PYHKIIMOHUPOBAHUH 3aBEICHHS TAKOI'O TUIIA.

INpennaraemMast MHHOBALMS NPEICTaBIAET co00H MH(POPMAILMOHHYIO CHCTEMY Ul 3aKa3a HMIILBI, COCTaB KOTOPOH OIpelelseT cam
nokynatens. [IpennonoxumM, 310 Oyner caliT (eciau uaes BOCIPUMET OfOOpEHHE MOKynaTeneil, BO3SMOKHO M CO3/aHHE MOOMIIBHOIO
NPUIOXKEHHS, HO B PaMKaX JIaHHOW CTaThM OrPaHUYMMCS caiiToM). BbIOOp muIIBI 4acTO OKa3bIBAETCS CIOXKHBIM B OONBIIMX KOMIIAHUSX,
WIIN K€ IJIs1 JIIOAEH ¢ alyieprueil Ha HEKOTOPhIE IPOIYKTHI.

MeTonoM HCCllelOBaHysl, UCIIONb30BaHHBIM B paboTe, SIBIACTCS ONpallMBaHUE MOTEHLUHUAIbHBIX morpedurenei mumusl. s cOopa
JIAHHBIX UCIOJIb30BAIMCh dJIeKTpoHHbIE aHKeThl Google Docs. Pa3paGorka BOIpOCOB NMPOM3BOAMIACK TAKUM 00pa3oM, YTOObI PECIIOHIECHT
MIOCTEIICHHO MOHMMAJI aKTYaJIbHOCTh IHOIHATOW npoOnemsl. Llenbto ompoca sBiisieTcs BBIABICHHS HEOOXOAMMOCTU pPa3pabOTKU JaHHOH
CHCTEMBI.

Ompoc 6b11 poBeieH cpeau cryaenros HUY BIID Ilepmb, B koTopom npussiio ydactue 140 uenosexk.

Jlnst Hadauta, BBISICHUIIOCh, JIFOOSIT JIM JIFoH UILy. [IpakTuuecky Bce pecIiOHISHTbI OTBETIIIN IOJIOXKUTEIBHO (pHC. 1).

Bonpoc 1.

aa 137 98%
HeT 3 2%

Puc. 1

IMocne 3Toro ObUT 3a7aH BOIIPOC O HAJIMYMK AIEPIUH U MPOAYKTOB, KOTOPbIE HE JIFOOST pecrionaeHTsl. Eciu Ha Bonpoc 00 amiepruu
MOJIOKUTEIIBHO OTBETHIIA 1/5 4acTh onpamnBaeMsIX (puc. 2), To okoino 90% uMenu NpoyKThl, KOTOpbIE OHU He 00T (puc.3).
Bonpoc 2.

na 29 21%
y11]— HeT 111 79%

—

Puc. 2
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Bonpoc 3.

na 123 88%
HEeT 17 12%

—wet [17]

na[123]

Puc. 3

I[anee CIIpallnBaJIOCh, 6y,£[y'[‘ JI1 pECIIOHACHTDBI 3aKa3bIBaTh IMULIY, C IIPOAYKTaAMH KOTOPbIE OHU HE J'IIO6$IT, WJIN KOTOPBIC BBI3bIBAIOT
amepruto. boee 80% 1 OLICHTOB OTBECTUJIM, YTO 3aKa3bIBaATh HE 0 YT Ta TTALIL nc.4).
el

Bonpoc 4.

Aa. u Gyay ecTe MONHOCTRIO 11 8%
Na.Ho TakWe nNpolykTel He Oyay ecTb 13 9%
HET 116 83%

Het [116]—

f—naa, v Byay e [11]

‘——gaxo Takue [13]

Puc. 4

Crnenyrommue BOIpOCk! ObLIN HABOJAIMMY Ha 0CHOBHOM. Ha Bonpoc «HpaBuTcs 1 BaM rOTOBUTH ULy ?>» MOJIOKUTEIBHO OTBETHIIHN Y4
ompanmBaeMsIxX (pUc.5). A SKCIIEPUMEHTHUPOBATH C COCTABOM MMIILBI HPABUTCS 4yTh OOJIbIIE MOJIOBUHE PECHOHAEHTOB (pHC.6).

Bonpoc 5.
aa 1083 74%
HET 37  26%
na [103]
Puc. 5
Bonpoc 6.
——HoT [60] aa 80 5S7%
HeT &0 43%
aa [80]

Puc. 6

CeznpMOiT BOIPOC OBLT ONMPEAENSIONM LIelb AaHHOrO orpoca. 60% oTBeTwmin, 4To BHIOpaiy OBl MULIYy O COOCTBEHHOMY COCTaBY
(puc.7).
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Bonpoc 7.

Gbl 1o [84] ————— BbIOpan Obl CTaHAAPTHYIO MWLLY U3 NPEANOKEHHOTO CIMCKA 56 40%
BBIGpAn Gkl NIOGUMEIE MHTPEAUEHTE ANA NUUULI. W 33K33an Okl cBOl0 84 60D%

Puc. 7

W, HakoHell, 3aBepIIAONIMI BOIPOC ObLI O JKelaeMoi cToMMocTH Takod muuisl. bonee 60% orserunu, yro nmpennowin Obl, eciu Obl
CTOMMOCTb TaKOH NMULIbI Obli1a ObI 'TMOKOM, M MCXOAMIIA U3 CTOMMOCTU MHIpeaueHToB (puc.8). s npuMepa GUKCUPOBAHHON CTOMMOCTH
ObLIa B3siTa cpeHsis IeHa nuie! B [Tepmu 3a 2014 rox.

Bonpoc 8.

MUKCHPOBaHHYI (350 pyE) 53

MMEKYH, UCXOAA W3 CTOMMOCTHM WHIPMOWEHTOB 87

Puc. 8

B xo071¢ orpoca GbLUI0 BBISBICHO, YTO GOIIBIIE TOJIOBUHBI PECIIOHICHTOB BOCIIOIB30BAIHCH OBl pa3pabaThiBaEMOi B CTATHE CHCTEMON.

Temnepb paccMOTPUM HPEUMYILECTBA BBEICHUS JAHHON CHCTEMBIL.

e  PaspaboTka caiiTa 1 IPOU3BOJCTBO IMHIIBI B SKOHOMUYECKOM CMBICIIE HE OTIIMYAIOCH ObI OT TPAIHUIMOHHOTO BHIOOPA PEIICHHSI.

e MoxHO OyzeT OTCIIeIUTh HanboIee MOMY/SPHBIC U HETIOMYJIAPHBIC TIPOLYKTHI ISl ONITUMU3ALINH 3aKYIIOK.

e TIlo nganHbIM ompoca, Oojiee MOJOBHHBI MOKYMATENeil Hpeanow Obl 3aKa3plBaTh MHILY B 3aBEACHUH C JAHHOW CHCTEMOM

[POM3BOICTBA THUIILBL, YEM C TPAJUIHMOHHOM.

PacxomamMu Ha pealu3aliio MOKET CTaTh PEOPraHM3al|sl CYIIECTBYIOIIErO caiiTa, HO JUIS 3allycka HOBOTO IIPOU3BOACTBA BHEAPEHUE
JTAHHOM CHCTEMBI HE MPUHECET SKOHOMHYECKUX 3aTpar.

TakuM 00pa3oM, BBEACHHE CHCTEMBbI BbIOOpa COCTaBa MUILIIBI B MPOU3BOJCTBO MPUHECIO Obl OONbIINE BBINOAbL KIHEHTOB cTano Obl
GoJibliie, 8 3HAYKT, U MPHOBLIH, MOBBICKIACH ObI KOHKYPEHTOCIIOCOOHOCTH, OOJNIErdmiics Obl MPOLECC ONTUMHU3ALMH [IPOM3BOJCTBA, U, MPH
HaJIMYMH 3aTPAT, BHEAPEHUE JAaHHOW CHCTEMBI OKYITHIIOCH Obl 38 KOPOTKHE CPOKH.
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PEI'EHEPAIIVS IPUPOJHBIX HEOJIMTOB
AnHomauyusn
IIpeonocena cxema pezenepayuys RPUPOOHBIX YEOTUMO8, NO3BOIAIOUAS MHOSOKPAMHO UCHONb306AMb PeceHepUPOSAHHblE YeoIUmbl 6
npoyeccax o4UCmKU CMOYHBIX 600 OM UOHO8 WANCENbIX MEMANN08, A NONYYEHHble NPU pe2eHepayull IN0amol UCHOIb306amMb NOGMOPHO 6
npou3eo0CmeEe 8 Ka4ecmee COCMASHbIX KOMNOHEHMO8 DNEKMPOIUMOE, UCHONbIYEMbIX OISl HAHECEHUS 2aNb8AHONOKPLIMULL
KiroueBble ci10Ba: pereHeparus, NpupoAHbIE LIEOIUTBI, COPOLHS, HOHBI TSKENIBIX METaILIOB.
Pozhidaev Y. N.', Filatova E. G.”, Pomazkina O. 1.
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REGENERATION OF NATURAL ZEOLITES
Abstract
A scheme for the regeneration of natural zeolites allows you to reuse the regenerated zeolite in wastewater treatment from heavy metal
ions, as obtained in the regeneration eluates reused in production as components of electrolytes used for electroplating
Keywords: regeneration, natural zeolites, sorption, heavy metal ions
CopOLUMOHHAsT OYKMCTKA CTOYHBIX BOJ HApsLy ¢ BBHICOKOH 3((EKTHBHOCTBIO, OTHOCUTCS K HaHOONee SKOJOTHYECKH YHCTBIM METOZaM.
OKOHOMHUECKasl 1e71eCO000pa3sHOCTh U IPAKTHYECKOE INMPUMEHEHHE 3THX METOJOB ONpaBJAHO JIMIIb IPHU YCIOBUM MHOIOKPATHOI'O
UCHONIB30BaHUS copOeHToB. Ilocie pereHepaumu HPUPOIHBIX M CHHTETHYECKMX COpOEHTOB oOpa3yercs OOJBIIOE KOIHYECTBO
BBICOKOTOKCUYHBIX M BBICOKOKOHILIEHTPUPOBAHHEIX 3JII0aTOB, KOTOPbIE HEOOXOMMMO IOIBEPraTh IONOIHHTEILHOMY OOE3BPEIKHBAHUIO H
yrnzauuy. OTpaboTaHHbIe COPOSHTHI TAKXKE HEOOXOIMMO YTHIM3HPOBATD.
Ilenbto HacTosAImel paboOThI ABUIOCH pa3paboTKa OE30TXOIHOH TEXHOJIOTMH PEreHepaly IIPUPOHBIX LEOIUTOB, HCIIONIB3YEMbIX IPU
OYHCTKE CTOYHBIX BOJ[ COAEPIKAIINX HOHBI TSHKEIBIX METAJIIOB.
Ilpu perenepanyn OTpaOOTAHHBIX LIEOIUTOB B KAUECTBE IIFOCHTOB UCIIONB30BaIN pacTBopbl H,SO,4 pasnuuHoii konuenTpauu 0,005-1
M.
Honoodmennsrit Mexannsm copoimyn noHoB Ni (II), Cu (II) u Zn (II) npuponHBIM LEONIUTOM — I'eIIaHIUTOM KaJIBIUS ITOJATBEPIKICH
pe3ynbTaTaMi PeHTreHo(}ha30BoOro aHaIM3a M NIEKTPOHHOH MHUKpockonuu. Tak Hampumep, npu copOuuu uoHoB Cu (II) B uccinenyemom
LeosuTe 3ahMKCUPOBaHO MOHIKEHHE cofepskanus kaipius ot 0,46 no 0,23 atom. % [1].
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Ilpu pereHepanuio LEOIUTOB NPOBOAWIN (HPaKUMOHHBIH 0T6Op uroaroB. Beusseneno, uro monsl Ni (II), Cu (II) u Zn (II) moxHO
JlecopOUpoBaTh CepHON KUCIOTOH Oonee HM3KOH KOHIEHTpaluel, B orimune or pekoMmennosanHoi B CIT 32.1333.2012 (Kananusarms.
HapyxHble cetn n coopyxkeHus. AxryanusupoanHHoi pepaxumu CHulla 2.04.03-85) xonuenrpanuu — 0,7-1,0 M. HaubGonee momHo
necopoupyet monsl Ni (II) — 0,04 M H,SOy, nonst Cu (II) — 0,15 M, nonst Zn (1) — 0,30 M.

Ha pucyHke 1 npuBeneHsl pe3yabTaThl MHOTOKPATHOIO MCIIONB30BaHUS PEreHepUPOBaHHbBIX LeosnToB uis ynaineHus noHos Ni (1), Cu
(I) u Zn (II) 13 CTOYHBIX BOA.

a) 0)
" R
100 Ilepeag 100
H [Ieprag
80— pETeHEparmA 80 i
PETeHEpaTis
60 i R BTOpEUI 60 i lBTOpa}I
401 pereHepaLiis 40 ~ pereHepars
20 7 . 20 Tpetna
0 - Tpetpa 0 ‘ ‘ pereHepartis
20 40 60 80 100120  PeICHepaIlia 20 40 60 80 100120
T, T,
B) R
120
100 B [Tepsad
20 pereHeparni
60 B Bropas
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PI/ICyHOK 1 — Crenenb zlecop6um/1 HOHOB IIPU MHOTI'OKPAaTHOM HCITI0JIb30BaAHUU LIEOJIUTOB!:

a) Ni (II); 6)Cu (II); B) Zn (II)

IMpoBeneHue Tpex LMKIOB COPOLMA-IECOPOIMS, CBUIECTENIBCTBYIOT O TOM, YTO COPOLMOHHAs CIIOCOOHOCTb DPEreHepHPOBAHHBIX
LIEOJIUTOB NPH JAJIbHEHIIIEM UX UCIIOIb30BaHUY MPAKTHYECKU HE CHIIKACTCSL.

Ipu uccnenoBanuy 1ecopOMy B JMHAMUYECKUX YCIOBHAX M3YYEHO BIMSHHUE CKOPOCTHU IPOITYCKAHUS PEreHepHPYIOIIEro pacTBopa Ha
MOJIHOTY M3JICYEHMS UCCIICLyeMbIX MOHOB TSDKEIBIX METaJUIOB, IPU CKOPOCTH IporyckaHus 3,0 MJI/MHH YCTaHOBIEHO HauOoliee MOJIHOEe
n3nedenre Ni (II), Cu (1) u Zn (1), uTo cooTBeTcTBYeT NMHHEHHOI ckopocTH 1,0 M/ dac.

B pesynbraTe nmpoBEeJEHHOrO KOMILIEKCa PabOT IO JECOPOLUM HMOHOB TSDKEIBIX METaJUIOB, IPEIIOXKEHAa TEXHOJIOrMYeckas cxema
pereHeparuy pUPOHBIX LIEONUTOB. BHauasne yepe3 oTpaboTaHHBI reinanauT nporyckaoT B kauectse itoeHta 0,04 M pactBop cepHoit
KHUCJIOTBI CO CKOpocTbio 1,5 M/uac. B pesynbrare uero obpasyercs aumoar, cozpepikaumuii cyinbdar Hukens. Jlanee yepe3s reinanaut
nporryckatot 0,15 M pacTBop cepHOI KHCIOTHI cO CKOpocThio 1,2 M/gac. Ilpu aTom obOpasyeTcs aimoaT, coxepxkamuii cynsdar meau. [locue
4ero yepe3 pereHepupyMsblii neosut npomyckaror 0,3 M pacTBop cepHOIl KHCIOTBI co ckopocTbio 1,0 M/yac. B kauecTe amroarta nosydaror
cynbdar IrHKa.

Hcnonb3oBaHue pa3pabOTaHHOM CXEMbI Ha IIPAKTHKE T03BOISAET MHOIOKPATHO HCIIOIb30BaTh PEreHEPUPOBAHHBIE LICOIUTHI B IPOLIECCAX
OYHCTKH CTOYHBIX BOJ{ OT MOHOB TSDKEJIBIX METAJUIOB, @ MOJIyYCHHbIE IIPU PpereHepaluy 31r0atTsl (Cynabdar HUKens, cyibdaT Menu U cyabgar
LIMHKA), UCIOJb30BaTh IOBTOPHO B IPOU3BOJCTBE B KAYECTBE COCTABHBIX KOMIIOHEHTOB 3JIEKTPOJIMTOB, HCIHOJb3YEMbIX Ul HAHECCHHS
raJIbBaHOIOKPHITHIA [2].
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COMPUTER COMPLEXES RECOGNITION ARTIFACTS IN DIAGNOSTIC IMAGING
Abstract
The paper deals with methods alloy images of different functionality of the object. To improve the quality of multimodal images using
pre-processing of the image using band-pass filters and frequency conversion in false color.
Keywords: recognition of artifacts, frequency filtering, image processing, ray images.

Ha ceropnsimHuii 1eHb METOABI CIMSHUS M300paXKEHUH pa3HOH (QyHKIMOHAIBHOCTH OAHOrO oObeKTa Hanbosnee 3P PEeKTUBHBI B YaCTH
pacnosHaBaHust apredakroB u uaeHTuukanuu naronoruil. CyTb CIUSHHMSA CBOJUTCA K B3aMMHOMY COIOCTAaBICHHIO H300paXKeHHH,
c)OPMHUPOBAHHBIX C MOMOILBIO JIATYNKOB PABIUYHBIX (PU3MUECKUX MOJICH.

W300paskeHus, NOMy4eHHbIE METOJAMU peHTreHorpaduu u CuMHTHrpaduu, Hecyr B cebe pasnuuHyto MH(opmanmoo o6 obbekre
uccnenoanus. Hanpumep, peHTreHorpadus mpoenupyer MOrjolaolly0 OpraHaMi 4acTh PEHTTCHOBCKOTO U3JIy4eHHUs Ha M300pa’keHHe.
Crounrurpaduueckuii MeTon oToOpakaeT MHOJble YacTH BHYTPEHHErO OpraHa, 3aIloJHEHHbIE JKHIKOCTBIO M MCITyCKaeMbIM H3Iy4€HHEM
U30TOIOB, KOTOPbIE (PUKCUPYIOTCS NaTYUKAMU U3IydEHHS U, B KOHEUHOM CUETe, JIOCTATOYHO YETKO BU3YAIU3HPYIOTCSL.

B pabore mpemaraercs MeTOx HOIY4EHHs MYJIbTHMOJAIBHOIO M300pa)KeHUs C IOBBIIICHHOW PacHO3HaBAE€MOCTBIO, C NPUMEHEHUEM
KOMIIBIOTEPHOM 00pabOTKH U MPOLIELYPBI CIUSHHS.

Ilpy cnusHMM PEHTreHOrpaMMbl M CLUMHTUIDAMMbl BO3HUKAIOT HPOOJIEMbl HPHBSA3KM CHHMKOB JPYr OTHOCHTEIBHO Ipyra M HX
B3aHIMHOH TI€OMETPHYECKON KOoppeKiuu. TpebyeTcs yCTaHOBIEHHE COOTBETCTBUSI MEXIY 3JIEMEHTAMH MCXOIHBIX HM300paKeHUH ¢
BBIJICJICHUEM PENEPHBIX TOYEK, I10 KOTOPBIM OCYIIECTBIISICTCS KOOPAMHATHAS NIPUBSA3KA CHUMKOB € F€OMETPHUECKUMHU NPe00pa30BaHUAMU.

CnustHre U300paKeHUi IPOBOAUTCS € UCHIOIB30BAHUEM IIOTYIIPO3PAYHOH MAaCKU M COBMEILEHUEM H300paskeHHUIl [0 PerepHbIM TOUKaM.

JlanpHeiilee MOBBILICHHE pa3pelICHHE U YBEJIUYCHHE HHGOPMATHBHOCTH BBISBICHHS apTe)akTOB COCTOUT B MHCIIOJIB30BaHUM
npeodpa3oBanus Oypbe B I10J0CE OIPAHUMUYEHHBIX YaCTOT, TO €CTh IPUMEHUM I1OJIOCOBYIO (hHIIBTPALHIO.

IMonocoseie GpuibTpsI, OCHOBaHHBIE Ha IpeoOpazoBaHusix Dypbe, MPOCTh B NPOrpaMMHBIX PEATU3ALHAX, HO BMECTE C TEM yHAJISIOT WU
0CIIabIISIOT YaCTOThI BHE KOJBLIEBOM 00JIaCTH BOKPYT Hadyasla KOOpAKMHAT npeodbpaszoBanust Pypoe [2].

IMepenarounas GyHKUIMS TOIOCOBOro rayccoBa (GUIbTpPa 3a1aeTCsl BBIPAXKEHUEM:

l-D"rLu.s'} D%
H@,v)=e L 2=V J
(1

rne D(u,v) — paccrosiHue, n3MepseMoe OT LIEHTPa YaCTOTHOrO HPSIMOYrojlbHUKA, W — mmMpuHA Konbla, Dy — paguyc OKpYKHOCTH
MPOXOALIEH Yepe3 ero CepeiuHy.

Pe3ynpraToM Takoi (MIBTpaLMy SBISETCS YITydIIeHHe W300paKEHUS M BBLICICHYS KOHTYPOB BIOJHE OYEBUIHBI. VICIONB3yeMBIil
MeTo[ (HIBTPALMH ITO3BOIII (D (HEKTHBHO BOCCTAHOBUTH KOHTYPBI MEJIKUX JeTajleil i TeKCTYphl Ha PEHTTEHOrpahHueCcKOM CHUMKE.

IpuBenenHoe Pypbe—TpeoOpa3oBaHUE XOPOLIO MOAYEPKHBAECT KOCTHYIO TKaHb, YTO MO3BOJSET YIIYYIIUTh BU3YaJdbHOE BOCIPUSATHE
N300paKeHUsI CITMSHHS.

AHanu3 pe3ynbTUPYIOIMX N300pa)XeHUH CITMSHUS 10Ka3al, uTo rnonocosas Oypre—huibTpanus pacmmpseT IMHAMUYECKUI AUaNa30H
U Jaet Oonee AeTalbHYIO0 THCTOrPaMMHYIO 00paboTKy U300paXKeHHUil, BMECTE C TeM YIydlllaeT BU3yalbHOE PACIIO3HaBaHUE apTe()aKToB.

Pa3paGoTaHHbIi METOZ HCIHONb3YeTCs Ul OLEHKH COCTOSHMS II03BOHOYHHMKA y IALMEHTOB C OCTEONOPOTHYECKUMH IEPEeIOMaMH,
CKOPOCTH U HAIIPaBJIEHHOCTH PEMOJEINPOBAHMS KOCTHOM TKaHU B IIPOLIECCe MEANLIMHCKON peaOUIUTaIIH.

Takxum 00pa3oM, IPUBEICHHBIE BBIIIE IPEOOPAa30BAHM ITIO3BOJIMIIH IOTYYUTh Ka4eCTBEHHbBIE PEe3YyIbTaThl ¥ BEISIBUTH HEOXHOPOIHOCTH B
HOTCHUMANBHBIX YPOBHAX maroiorud. OOpMHPOBaHHME MYIbTHMOIAIBHOIO HW300pPKEHHS IIyTeM CIUSHAS PEHTTCHOTPaMMbI U
CLMHTUIPaMMBI, NIPeoOpPa3OBaHKE B IICEBIOLBET, HOBBICWIM YyBCTBUTEIBHOCTh CHUMKOB, OTPA3HIM MaKpOCTPYKTYPY U aHATOMHUYECKHE
0COOEHHOCTH OOBEKTOB.
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SERVER VIRTUALIZATION FOR SMALL AND MEDIUM BUSINESSES
Abstract
The analysis of potential of virtualization of work of an automation equipment of the enterprises of small and medium business is made.
Overall performance of virtual information and technological infrastructure is shown.
Keywords: information infrastructure, business, virtual, efficiency.
B Hacrosiiee BpeMsi BO MHOTOM OJ1arofapsi ObICTPOMY PaCIpOCTPaHEHHIO 00JIa4YHBIX BBIYUCICHHH [1 - 5] M 3KCIAaHCHHU IIIAHIIETHBIX
KOMITBIOTEPOB MOTYYHIIa MOIIHBIA UMITYJIbC K PAa3BUTHIO TEXHOJIOTHSI BUPTYaIU3alliK B 00JACTH CHCTEMHOrO MPOrpaMMHOI0 00eCIICUEHHUSL.
BupTryanusaius B JaHHOM CIIy4ae - 3TO BO3MOXKHOCTb 3allyCKaTh OJHY MJIM HECKOJBKO Pa3HBIX ONEPAIMOHHBIX CHCTEM BHYTPH APYrou
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ornepanuoHHol cucremsl (Harmpumep - Windows 8 u3-mox Android wimn Mac OS X nox Windows 7), a Taxke paboTa Ha OZHOM cepBepe
Cpa3y HECKOJIbKUX ONEPALOHHBIX CHCTEM, UCHOJb3Ys CHELHAIBHYIO IIPOrpaMMy — FHIIEPBU30P.

Hauarno pa3pabGoTok B cepe BUPTyalIn3alii OTHOCUTCS K CEMHUJIECATHIM ToaM (OHH IPOBOIMIINCE B OCHOBHOM koMmanueir IBM). B
1997 rony xommnanueit Connectix Obuta BblnylieHa nepsas Bepcust Virtual PC na nnardopme Macintosh, a B cienyromem rogy KoMnaHus
VMware nony4usia nepBble aTEHTHl HA CBOM TEXHUKHU BUPTyaau3aluu. B HacTosee BpeMs U3 BCEro NepeyHs IIporpaMMHOro 00ecreueH s
JUISL OpPraHU3allMK CePBEPHOH BUPTyalnn3aluK HauOonee nomyispHbl Takue nporpammsl, kak Citrix XEN, VMwareESXi, KVM, Microsoft
Hyper-V.

MOXHO BBIJICIIUTD CIIE/lYIOIINe HHHOBALIMOHHbIE BAPUAHTHI UCIIOIb30BaHUS TEXHONOTHH [6 - 8] BUpTyanu3anuu:

=  KoHconunanus cepBepos.

Kax npaBui10, GONBIIMHCTBO NPUIOKEHUH, paboTaroux Ha cepBepax B [T-MH(pacTpyKType KOMIAaHUM, B CPEJHEM UCHOJIb3YIOT JIUIIb
5-15 mpoueHTOB HMMEIOLIErocsi pecypca cepBepoB. BupTyanmzammsi obecrniednBaeT MUTPAIMIO MOTOKOB 33/1a4 B CHCTEME BHPTYaJIbHBIX
CEepBEpOB, IMO3BOJSAS YMEHBIIUTH YUCIO (U3MYECKUX cepBepoB. [Ipu 3TOM 3arpy3ka ammapaTHBIX pecypcoB yBenmuuuBaercs 1o 60-80
IPOLIEHTOB, & 3TO — CYIECTBEHHAsl 9KOHOMHUS Ha alIaparype, 3KCIUTyaTalluy U IOTPeOIIieMbli 3IeKTPOIHEPrUH.

= Co3pmaHue IPWIOKEHUH (C TECTUPOBAHUEM).

MHOXecTBO pa3pabaTblBacMbIX MPOAYKTOB BUPTYAIN3ALUHM MOXKET OBITh 3allyIIEHO B HECKOJIbKHUX OINCPALOHHBIX CHCTEMax
OZIHOBPEMEHHO, IO3BOJISIA pa3paboTyMkaM M TecTepaM IporpaMM IIPOBEpATh  IPWIOKEHMS cpa3y Ha pasHbIX IUIatGopMax M
KOH(HUTyparusx.

=  Hcnonb3oBaHue MEPCOHANIBHBIX BUPTYAIBHBIX Pa00UMX CTAHLIUMH.

Co31aB CBOIO BUPTYaJIbHYIO MAllMHY ¢ HEOOXOZMMOI paboyeil cpezoi, MoIb30BaTelb MOKET PEaln30BaTh €€ U Ha JAPYrux MOZIENAX
KOMIIBIOTEPOB.

=  Co3zpaHue eIMHOro paboyero MpOCTPaHCTBA.

Bbrnarogapss coueTaHHI0 COBPEMEHHBIX TEXHONOTMH BHUPTyalM3allMd M AKTHBHO DPa3BUBAIOIIMXCS OOJAYHBIX TEXHOJOTHH CTalo
BO3MOJKHBIM OPraHU30BaTh €MHOE padouee MPOCTPAHCTBO Ul Pa3iInMuHbIX paboumx rmiardgopm: Windows, Linux, Mac, Android, iOS.
Oco6eHHO U3BECTHA TAKUMU HHTEIPUPOBaHHBIMU HpoyKTamu koMnanust 2X Software Ltd.

= IIpenocrasnenune UT-uHDpacTpyKTyphl KaK yCIyru.

BuptyanusupoBaHHble LEHTPbI 00paOOTKH JaHHBIX U XOCTHHIOBbIE IPOBaii/iepbl crany npeiarats U T-uHppacTpykTypy KOMIIaHUSAM B
apenny: Infrastructure as a Service (IaaS). Uepe3 manens ynpaBiieHUs apeHIYeMbIMH PECYpCaMM MOXHO BECTH MX MOHHUTOPUHI U
MacIITaOupOBaHKUE, OTKIIOYATh BUPTYaJIbHBIX MaluHbl. MMeercs HaGop (yHKIMII 0€30maCHOCTH M H3OJSALUM: BHPTYaIbHbIC MAIIUHBI
Pa3HBIX KOMIIAaHMI-apEeHIaTOPOB OCTAIOTCS IOJHOCTBIO H3O0JIMPOBAHHBIMM, JI@XK€ €CIM OHM (DU3MYECKH XPAHATCA HAa OJHOM CepBepe.
3aka3uMKy HPeJOCTaBIACTCS IONHOCTBIO BUPTyalu3upoBaHHas cpena WT-uHpacTpykTypbl, LieHa apeH/ibl AMHAMHUYECKH CBs3aHa C
00BEMOM HCHOJIb3YEMBIX PECYPCOB.

B Hacrosee Bpemst B OOJIBIIMHCTBE KPYITHBIX 3apYO€KHBIX KOMIIAHUH OTHOLICHUE K TEXHOJIOTHAM BHPTYaJIM3alUH ONpeNelseTcs UX
HKEJIAaHUEM ONTUMU3MPOBATh CBOM MHBECTUIMY B BBIYUCIUTENILHBIC MOIIHOCTH U CUCTEMbl XPaHCHUS IaHHBIX. BUpTyallbHbIC MAIIMHBI TAKKE
IIUPOKO TNPUMEHSIOTCS B FOCYJapCTBEHHBIX OpraHM3allMsAX, IKOIaX, yHuBepcuTerax. B Poccuu 3T TeXHOIOrMM MOKA 4TO IO JOCTOMHCTBY
OLICHEHBI JIMIIb B KPYNHBIX KommnaHusx: [TuBoBapenHas xommanus bantuka, Coepbank Poccuu, Anbpa Bank. Mexny TeM cymecTByroT
JIOTIOJIHUTEIIbHBIE TIPEeUMYIIECTBA IPUMEHEHHS TEXHOJIOTMH BupTyanu3almun uMeHHO B MT-uHdpacTpykrype  MalbIX M CpeaHHX
MIPEANPUATHIL:

=  BO3MOXHOCTb NOANEPKKU YCTAPEBAIOIIMX ONEPALUOHHBIX CHCTEM.

JIist MaJIbIX M CpeiHUX KOMIIaHUH ObIBaeT 0COOCHHO Ba)kKHA B3aHMMOCOBMECTHMOCTb UX TEKYILIErO IIPOrPAMMHOr0 00€CIeYeHHUs C IaBHO
pa3paboraHHbIMH NpUIOKeHHAMH. CepBepHas BUpTyalnu3auus Mo3BoisieT 3()(GEKTHBHO MOINEPKUBATH CTApble KPUTHUECKH Ba)KHbBIE UL
KOMIIaHUM TIPUIIOKEHUSI B COOTBETCTBYIOIIMX BUPTYaIbHBIX MalllMHAX.

*  MuHuMH3aLnUA BPEMEHHBIX U KaJPOBBIX IIOTEPb IIPU NIEPEXO/IE K HOBBIM ONEPALIOHHBIM CHCTEMaM.

Hcnonb3oBaHKe BUPTYalbHBIX MAIMH IIPU 00Y4E€HHH HEpCoHasla paboTe ¢ HOBBIMHU OINEPALMOHHBIMU CHCTEMAaMH II03BOJISET CHEIaTh
IPOLIECC Nepexo/ia IIaBHbIM U 0e300/1€3HEHHBIM.

=  Bo3MoxHOCTH Hcrionb30Banus koHnenuuy BYOD npu Haiime Ha paboty.

Konmnernmms BYOD (Bring Your Own Device — «mprHOCH ¢ c000if TBOE BEIYHCIUTENEHOE YCTPOUCTBOY») BBITOAHA pabOTONATEIIO TEM,
YTO OH HE TPATHUTCS M3HAYaIbHO Ha MOKYIKY pabOuMX CTaHLMiA, a laeT BO3MOXKHOCTb PabOTHHUKY caMoMy c(OpMHpPOBaTh CBOe pabouece
mecto. [lnsa paborauka BYOD ynoOHa TeM, 4TO OH HCIOJIb3YeT CBOMCTBEHHbIE MIMEHHO €My MHCTPYMEHTBI: IIaHIIeT, CMapT(OH, HOYTOYK,
HACTOJIBHBIH KOMIIBIOTEp ¢ KOHKPETHOH OIepalMoHHON cucreMoi. IIpu 3ToM B3auMonelicTBHe Pa3HOPOAHBIX PabOUMX CTAHIMI KOMIIaHUU
OCHOBaHO HAa IPHUCYTCTBUM B e¢ paboueM IpPOCTPAHCTBE BCEX HEOOXOAMMBIX OIEPAllMOHHBIX CHCTEM, YTO IOCTUraercs IyreM HX
BUPTYaJIU3aLMH.

B mnocnennee Bpemst B cpele POCCHIICKMX MalblX M CPEIHMX KOMIIAHMH OTMEYEHbl Cllydad YCHEHIHOrO BHEIPEHHUsS TEXHOJIOIHi
CEepBEpHON BHUpTyanu3aunuu, nosBwinch WT—KkoMmIaHum, npeulararoliye psji TOTOBBIX PEIICHUH B OOJACTH ONTHMM3ALMU CEPBEPHOH
uHppacTpykTyphl. IlepcrnexTuBbl cepBepHOi BUPTYaM3alMi B COYETAHHU C OOJAYHBIMU TEXHOJIOTMsMH B Poccuu BecbMa OOLIMPHBI, W,
BUJIIMO, CKOPO I10JIb30BaTeJIb CMOJKET B paMKax JIF000H OIepalioHHONW CHCTEMBI 3aIlyCTHTh JIF000e MPUIIOKEHHE, HE 3aJyMbIBasACh, T Ha
CaMOM JieJIe HaXOJUTCs cepBep ¢ padoTrarolieil IporpaMMon.
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Kanauiar TeXHHYECKUX HAyK, JOLUCHT, BeepoccHiickuii HaydHO-HCCIe0BAaTEIbCKUI HHCTHTYT MCIIONb30BAHMUS TEXHUKH U
HE(DTEPOLYKTOB B CEIILCKOM XO35IHCTBE
OB YPOBHE UCITIOJIB30BAHUSA ITPOU3BOAUTEJBHOCTHU 3EPHOYBOPOYHBIX KOMBANHOB
AnHomauyusn
Paccmompen memoo onpedenenusi ypogHs UCHONL308ANUSL NPOU3BOOUMENbHOCMU 3ePHOYOOPOUHbIX Kombatinos. [Ipuseden npumep
OYeHKU OAHHO20 YPOGHS NO Pe3VIbMAmam pabomul KOMOAUHO8 34 CYMKU.
KiroueBble c10Ba: 3epHOYOOpOUHbIH KOMOaiTH, IPOM3BOANTEILHOCTD, HCIIOJIB30BAHUE, CEIIbXO3MPEAIPHUATHE
Erokhin G.N.
PhD in technical Sciences, associate professor, All-Russian Research Institute for Use of Machinery and Petroleum Products in
Agriculture
ON THE LEVEL OF THE USE OF PERFORMANCE COMBINE HARVESTERS
Abstract
The method of determining the level of use of the performance of combine harvesters. An example of this level of evaluation for
performance combines per day.
Keywords: Combine Harvester, performance, use, agricultural enterprise
ITpropuTeTHOM 3aa4eil pa3BUTHSI CEIILCKOTO XO3sIHCTBA SIBISCTCS. POCT HPOM3BOJCTBA 3¢pHA. B peleHnu 9Toi 3a/1auil BaKHasi POJb
NPUHAUICKHUT TOBBILICHAIO  3((EKTUBHOCTH HCIOIb30BaHUS 3€PHOYOOPOYHBIX KOMOaiHOB. B 0000IICHHOM BHE HAmpaBlICHHS
MOBBIMEHHsT 3(P()EKTUBHOCTH MAIIMHOKCIIONB30BaHMsT H3J0keHbl B [1, 2]. UroObl Iie/ieHANpPaBICHHO BBINONHATH PabOThl MO STUM
HAaIPaBJICHUSAM, CEJIbXO3MPOU3BOUTEII0 HEOOXOAMMO 3HATh HamOolee 3HAYMMBIC MPHYMHBI, MPEMATCTBYIOIINE IIONHON peatn3anuu
MOTCHIMAIBFHBIX BO3MOKHOCTEH 3epHOYOOpOUHBIX KoMOaitHoB [3,4,5]. B paccMaTpuBaemoii paboTe IUisi 3TOro IpejiaraeTcs OLEeHUBATh
YPOBEHb HCIIOJIB30BAHHS TPOU3BOUTEIILHOCTH 36PHOYOOPOUHBIX KOMOAHOB B CEIbXO3MPEIIPUATHH.
VpOBeHb HCHONB30BAHUS NPEACTABIAET COOOIl OTHOIIEHHE (DAKTHUECKOro IKCILTYaTAalMOHHOIO IOKa3aTels K 0a30BOMY IOKa3aTelo
[6]. Toraa ypoBeHb HCIONB30BAHMS POU3BOIUTEIBHOCTH 36PHOYOOPOUHOr0 KoMbaiiHa onpeaensercs GopMyoii:
_ 100w o {
Yw = wp Q)
rae W, - dpakruueckasi IpOM3BOAUTENBHOCTh 110 OCHOBHOMY BPEMEHH, T/4;
WS - 6a3oBas npoM3BOIUTENBHOCTH O OCHOBHOMY BPEMEHH, T/4.

PaccmorpuM npouenypy omnpezesieHus pakTHIeCKON Npon3BoaAUTeIbHOCTH. COBpEeMEHHbIE 36pHOYOOpPOUHbIe KOMOAHHBI OCHAIIAIOTCS
GOPTOBBIMH KOMITBIOTEPAMHU, KOTOPbIE MOTYT (PMKCHPOBATh HApaOOTKY MOJIOTMIIKH B 33/IaHHOM BPEMEHHOM IIEPHOZE, HAIIPUMED, B TEUCHHE
CYTOK WM ce30Ha. Ha ocHOBaHHMHM 3TOM MH(pOpMaIUK ITOTYYal0T YMCICHHOE 3HAaUeHHEe BpeMeHN OCHOBHOM pabotsl T;. Torna daxrudeckas
[IPOM3BOIUTENBHOCTh KOMOaiiHa 3a | yac OCHOBHOI'O BPEMEHH paBHA:

N

w; = T T/q 2)

1
rae N — HaMoIoT 3epHa 3a epuoj| HaOJIroIeH s, T;
T;— BpeMst OCHOBHOH paboThl KoMOaiiHa, u.
Jlnst Toro, 4roObl IOKa3aTeslb «YPOBEHb MCIIONB30BAHMS HPOM3BOIMUTENBHOCTHY» ObLI MH()OPMAaTHBHBIM, HEOOXOAUMO B KauecTBe
6a30BOI POM3BOJUTEIBHOCTH IPUMEHATh I[OTCHIHAIPHO BO3MOXHYKO [UI [JAHHOM Mapku KomOaliHAa M A JAHHBIX YCJIOBHH
[POM3BOAUTENIBHOCTb.

IMonyueHne Takoi OLIEHKU NPOU3BOJUTEIBHOCTH KOMOAaiiHAa OCHOBBIBA€TCS HA IACIIOPTHON IPOIYCKHOH CrocoOHOCTH KoMOaiiHa 1

ydeTe ycI0BUi yOOPKHU 3epHOBBIX KyJIBTYP B CelbX03NpenpusTuu [7,8]:
5 _ 3,6GnKuyKycn
WP =———7", 74 3)
(1+¢)
rae Gy - macmopTHas MPOITYCKHAas! CIIOCOOHOCTH 3epHOYOOpOYHOro KoMbaiiHa, Kr/c;

£ - OTHOIIECHHE MACChI COJIOMBI K €ANHULIE MaCChl 3€pHA,

Kyy - k03 unmeHT, yauThIBaroIui BIMSHUE TEXHOJIOTMN YOOPKH HE3EPHOBOM 4acTH ypokas;
Kycn - koo duumenT ycinoBuii ydopodHsIx padboT.
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KoaddummenT yenoBuit yoOopouHBIX paboT, MPEACTaBIseT co00i NPON3BEICHNE YaCTHBIX K0d((PHUIMEHTOB, YUUTHIBAIOIINX BIAXKHOCTh
COJIOMUCTOH MacChl, 3aCOPEHHOCTb COPHAKAMH, IOJIETJIOCTh W BHUJ 00MONIauMBaeMoil KyiabTypsl. OlpesienieHue YUCIeHHOro 3HaueHust Ky
u Kycy moapoOHO m3noxkeHo B [7].

Hcnonb3ys ypaBHeHHe (3), MOXKHO CMOZAEIMPOBATH 0A30BYIO IIPOU3BOAUTENILHOCTh 3¢€pHOYOOpOUHOro koMOaitHa 3a 1 4ac OCHOBHOTO
BpeMeHu. [y 3TOoro HeoOXOIMMO pacrioyaraTb MAacIOPTHOM MPOIYCKHON CIIOCOOHOCTBIO HMPHMEHSIEMOro KoMOaiiHa M XapaKTePUCTUKOH
ycioBuid yOOpKH 3epHOBOH KyIbTYphl. B nccrnemoBanmsix [9] mpormyckHast cHOCOOHOCTB OIIEHMBAeTCs JJIsl Hauboee pacrpocTpaHEeHHBIX B
LenTpanpHo-UepHO3EMHOM pETHMOHE 3€pPHOYOOPOYHBIX KOMOAWHOB Ha OCHOBE MOHHUTOpPHHTa HMX paborsl. OAHAKO MHONYYHTH TaKYIO
IKCIIEpPUMEHTAIBHYIO OIL[EHKY 10 BCEM MapKaM BBIITyCKaeMbIX KOMOAHHOB MPaKTHYECKH HEBO3MOXKHO. B cBsi3u ¢ 3TUM, ai1si KOMOAiftHOB ¢
HEH3BECTHOH IIaCIIOPTHOI HPOIYCKHOW CHOCOOHOCTBIO — LIENecOOOpasHO HCIONb30BATh PE3YNbTaThl HAYYHBIX HCCIENOBAaHUH IO ee
MozenupoBanuio [7]. B HuX mpemokeHa Hambonee ynoOHast Ui NPAaKTHYECKOrO IMPUMEHEHWs] CTATHCTHYECKas MOJeib pacdyera
MIPOITYCKHOW CHOCOOHOCTH B 3aBHCHMOCTH OT OOOOIIEHHBIX ITapaMeTpOB: MOIIHOCTH JBUTaTels KoMmOaiiHa, IUIomaas mondapabaHbs
MOJIOTHJIBHOTO YCTPOHCTBA, IUIOMIA/Ib COJIOMOCENapaTopa 1 INIOMab PeLeT OYUCTKH.

B wutore ypaBuenmst (1)...(3) MO3BONSIOT OLEHHTH YPOBEHb HCHONB30BAHMS IPOM3BOAWTEIBHOCTH KaXXIIOr0 3epHOYOOPOYHOTO
KOMOaiiHa CeNbXO3MpPeANpUsTHs. PacCMOTPEHHBIH METOIMYECKUH ITOJX0 B 3aBHCHMOCTH OT pPEIlaeMBIX 3a/1a4 MOXET MPUMEHSTHCS 10
pe3yabTaTaM pa3iIMYHBIX BPEMEHHBIX HNEPHOJOB. Tak OIEHKAa YPOBHS NPOM3BOAUTEIBHOCTH 3€pHOYOOPOYHBIX KOMOAWHOB IO BPEMEHH
HaroJHeHHs1 OyHKepa Haubosiee OlepaTHBHA W HO3BOJISIET KOPPEKTHPOBATh TEXHOJIOTMYECKHE PEXUMBI paboThl KomoOaiiHa. OueHka 1o
pe3ynpTaTtaM pabOThl Ha OJHOM IIOJIE€ 3a CMeHy (Cyrku) Oosee TOYHA, HO MeHee omneparuBHA. OLEHKAa YPOBHS MCIIONB30BAHUA
MIPOU3BOAUTEIHLHOCTH 32 CE30H YOOpPKH 3E€pHOBBIX KYNBTYp MO3BOJISET CIENaTh BHIBOA B IEJIOM 00 HCIIONB30BAaHUM IPOITYCKHOM
crocoOHOCTH KoMOaiiHa, KBan(pUKaIyu koMbaliHepa 1 paboTe arpoHOMHYECKON CITYXKOBI.

PaccmoTpyM npuMep onepaTHBHOM OLEHKH YPOBHS IIPOM3BOIUTEIFHOCTH 3€PHOYOOPOYHBIX KOMOAHOB IO pe3yibTaTaM padoThl 3a
cyrku. B cembxosnpeanpustuu ocyuecTBisercss yoopka mineHMIBbl (0e30CTOH) HpH CIeNYOIIUX YCIOBHAX: ypoxaiHocTh 33 1/ra;
cosomucroctb 1:1,5; Bnaxnocts 15%, 3acopernocts 3%; monernocts 3%; muuHa rora 1300 M. B yoopke npuanmarot ydactue 4 xombaiina:
Acros 530- 2mr.; Ilonecse 1218 — 2mr. YOopKa MpoBOAUTCS HANPSIMYIO C M3MEIbYCHHEM M pa3OpOCoM COJIOMEI ITo Toito. B mpomnecce
OLICHKU 3a KaJbIM KOoMOaifHOM mHo utoram padoThl 3a CYTKH (PHKCHPOBAJCS HAMOJOT M BpeMs pabOThl MOJOTHIKH (IO OOPTOBOMY
KOMIBIOTEPY). B cOOTBETCTBUH C Ipe/10KEHHBIM METOINYECKUM MTOAX0I0M OBLIT pacCYMTaH YPOBEHb MCIOIB30BAHHS ITPOU3BOIUTEIEHOCTH
3epHOYOOPOYHBIX KOMOAIHOB CEIbX03IPeIPHATHS. VICXOMHbIe TaHHBIE U Pe3yIIbTaThl pacueTa NpeCTaBICHbI B Ta0IIHIE.

Ta6m/1ua 1- I/ICXOI[HBIG JIAHHDBIC U PE3YIILTATBI pacucTa YpOBHS HMCII0JIb30BAHUS ITPOU3BOANTEIIBHOCTH 36pH0y60p0'-IHI)IX KOMOaHOB

Mapka kombaiina, Acros 530 (1) Acros 530 (2) ITonecwe 1218 (3) | Ilomecbe 1218 (4)
(xo3stiicTBEHHBIIT HOMEP)

HapaGoTka MOJIOTHIKH, 4 7,1 7,5 6,9 7,3
Hawmornor 3epHa, T 83,6 101,6 85,6 108,7
[npyHa kaTKH, M 7 7 7 7
[MacnopTHast mpoIycKHAsi CIOCOOHOCTH,
Kr/C 9,85 9,85 11,7 11,7
[Ipon3BOANTENBHOCTE 10 OCHOBHOMY
BpeMeHH (hakTHiecKas, T/4 12,28 14,21 12,96 15,70
[Ipon3BOANTENBHOCTE 10 OCHOBHOMY
BpeMeHH 0a3oBas, T/4 12,39 12,39 16,28 16,28
VYpoBeHb HCIIOJTb30BAHUS
IIPOM3BOAUTEIIHOCTH, Yo 99,1 114,8 79,6 96,4

[poananusupyem monydeHHsle pe3ynbratel. Komoaita Acros 530 (xo3siictBenHbIi HoMep 1) u [Tonecbe 1218(xo03siicTBEHHBI HOMEP
4) uMmeroT 3HauyeHHe mokaszatens Yy, coorBercTBeHHO 99,1% u 96,4%. D10 cBHueTeNbCTBYeT O TOM, YTO KOMOaiHbI padoramu c
[IPOM3BOJNTENBHOCTIO OJIM3KOM K IOTEHINAIBHO-BO3MOXKHOI B IaHHBIX YCIIOBHUSIX.

VYV xombaiina Ilomecbe 1218 (xo3siicTBeHHBI HOMep 3)  ypOBEHb HCIIONB30BaHMS Npou3BoAMTeNbHOCTH 79,6%. Kombaiin
HCHOJIb30BAJICSL HE3arpyKEHHBIM IO IIPOIYCKHOH CIOCOOHOCTH. JTO 4Yalle BCEro INPOUCXOIMT H3-3a pabOThl HAa CKOPOCTH HIKE
PEKOMEH/IOBAaHHOM I JAHHOTO KOMOaiiHa MM HepalMOHAIBHOTO UCIOIb30BAHUS IIMPHHBI 3aXBaTa kaTKU. OTpULATEeNIbHbIEC T0CIEACTBUS
TAKOro PeXXMMa BBIPAXKAIOTCSA B CHIJKCHHM HaMOJIOTa KoMOaliHa U BO3MOXHOM YBEIMYEHUH MPOAODKUTENIBHOCTH YOOPOUHBIX paboT CBEPX
arpocpoka. IIpyuuHbI, BBI3BIBAIOLINE HE3arpY)KCHHOCTb MOJOTWIIKM KoMOaliHa, MOr'YT OBITb BBI3BAHBI CIIOXKHBIMU YCIOBHAMU yOOpKH
(nepoBHOCTH penbeda, IOBBIIICHHAS T0JIETI0CTb, BIAXKHOCTh, 3aCOPEHHOCTh), a TAKXKe HEYMEHHEM KoMOaiiHepa BbIOpATh ONTUMAIBHYIO
CKOPOCTh U BBINOJIHUTh HEOOXOAMMBIE TEXHOJOrM4Yeckue perynupoBku. Kpome rtoro, pabora Ha HEOOOCHOBAaHHO HH3KOH CKOPOCTH
BO3MOJKHA M3-32 PACIIOPSHKCHUN YIIPaBICHYECKOT0 EPCOHAIIA CEIbXO3IPETPUATHS.

Kombaitn Acros 530 (xo3siicTBeHHBIH HOMep 2) MeeT ypoBeHb Yy, = 114,8% . Dto ciexcTBue TOro, 4To arperat paboTai B CpeIHeM
Ha CKOPOCTH BbIIIE PEKOMEH/IOBaHHON. [Ipy TakoM pekuMe BO3MOXKHBI IIOBBIIICHHBIEC TIOTEPH 3€PHA 32 MOJIOTHIIKOH M TEXHOJIOIMYECKHe
OTKa3bl, CBsI3aHHBIE ¢ 3a0MBaHMEM paboYKX OpraHoB komOaiiHa. OIHAKO y 3TOr0 PeKUMa MMEETCs U HOJIOKUTEIIbHBIH 3((QEKT — MOBBIILICHIE
MPOM3BOANTENBHOCTH. OCOOCHHO AaKTyalbHO HCHOJIB30BaHME KoMOaiHOB ¢ Yy, > 100% s cesbXO3NPeANpHATHH € HEJOCTaTKOM
yOOpOYHOH TEeXHUKH, KOTJa IPOrHO3UPYEMbIE IOTEPU 3€pHA W3-3a IPEBBIIEHHUS arpocpoka OoJible MOTeph 33 MOJOTHIKOW KOMOaiHOB.
OueHuTs 11e51ec000pa3HOCTh UCIIONb30BaHUS 3€PHOYOOpPOUHBIX KOMOaitHOB ¢ Yy, > 100% a1 KOHKPETHBIX YCIOBUH CENbXO3NPEIIIPUITHS
MOJXKHO C TIOMOIIbIO Kpurepus mnorepb dbdexrusnoctu [10,11,12], yuuThIBaromero -5KCIUIyaTallMOHHBIE 3aTpaTbl M HOTEPU
TEXHOJIOIMYECKOro Y dekra.

TakuMm 00pa3oM, INpPEUIOKCHHbIH METOAMYECKMH IOIXOJ IO3BOJIIET OLEHMBATh YPOBEHb MCIIONB30BAHUS IPOU3BOAUTEIBLHOCTU
3epHOYOOPOYHBIX KOMOAHHOB B CEJIBXO3MIPEANPUATHI U MOMY4aTh MAaKCUMAIIbHBIN 3Q(EeKT U3 UMEIoLelics TEXHUKH 3a c4eT HeOOIbIINX
COOCTBEHHBIX OpraHM3aI[MOHHO-TEXHUYECKHUX perIeHni [1].
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MOKA3ATEJIM XO3SIICTBEHHO MOJIE3HBIX TIPU3HAKOB JIOIIAJIEW OMCKOM OBJIACTH
AnHomauyusn
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Abstract

This article presents the interim results of the expedition Survey horse breeding industry in farms with different forms of ownership in
the Omsk region.

Keywords: horse, thoroughbred, crossbreed, colic, parascaridosis.

CornacHO TOIKOBOMY ciioBapro pycckoro si3bika C.H. Osxerosa Jiomajgs — 3TO KpyITHOE HENapHOKOIBITHOE JKMBOTHOE ceMelicTBa
JIOWIAIMHBIX M TPHBOSTCS B KAdecTBE INpUMeEpa CIOBOCOYETAHMSI XapaKTEepU3YIOI[He MHOTHE 4YepThl deioBeka. Hampumep, pabGodas
JIOIIaJIKa — O 4eJoBeKe TPYAOoNIto0MBOM, Oe30TKa3HOM paboTHuKe. M sxe, TEMHas JIOMAKa — O YeJIOBEKe, YbH KayecTBa, BO3MOXKHOCTH
HESICHBI, Hen3BeCTHBL. nn ke, paboTaTtk, Kak Jomaas (MHOTO H TSDKEIIO).

CeronHs peanuyl HW3HH JOKa3ajH, YTO CIUCBIBATh CO CYETOB TAKYyI0 BaXKHYIO TATJIOBYIO CHITY, Kak JIONIa]b, OCOOEHHO B HalleM
CEeIIbCKOM XO3siicTBe, emE paHo. Kak ocymecTBHTH INepeMelleHrHe HeOONbIIOro KOJIW4ecTBa rpyza Ha HeOombimme (merpoB 200-300)
paccTrosHHs C HaMMEHBIIUMHU 3arpaTamu? Kak mepemecTHTh TIpy3bl IO OONOTHCTHIM WIIM TOPUCTBIM TPYAHOAOCTYIHBIM MECTaM, TIe
HEBO3MO)KHO HCITOIB30BaTh TSDKENBIE TPY30BUKH, J1a M TpakTopa Taike? OcTaéTcs ymoBaTh TOIBKO Ha JIOMIAb.

Bo MHOrmx xossiicTBax C pa3nuYHBIMH (OpMamMH COOCTBEHHOCTH B HACTOSILEE BpEeMs BHOBb BO3POXKAAIOT TaKyl OTpPacib
CEIIbCKOXO3SIMCTBEHHOTO  ITPOAYKTHBHOTO  JKMBOTHOBOJCTBA, KaK KOHEBOJACTBO, KOTOPOE OJHOBPEMEHHO pEIIAeT HECKOIBKO
MIPON3BOACTBEHHBIX 3a](a4:

- BO-TIEPBBIX, HCIOJIB30BAHUE JIOMIAJeH, KaK TPAHCIIOPTHOTO CPEACTBA, IS IepeMeLIeHHs TPY30B, JIHO0 JII0o/el, Ha He3HAYUTeIbHBIC
paccTosHus;

- BO-BTOPBIX, HCIIOJIb30BAHUE JIOIIAAEH, KaK [TOCTABIIMKA TAKHX IPOAYKTOB IIUTAHUS, KaK MOJIOKO U MSICO, CHIPBS B BHJIE KOX U LIEHHOTO
OpraHu4ecKoro y100peHus — KOHCKOr0 HaBo3a;

- B-TPETHHX, UCHOJIL30BAHUS JIOMIAIeH ISl OpTaHU3aIMH M Pa3BUTHS KOHHOI'O CIIOPTa ¥ KOHHOTO TypU3Ma;

- B-4eTBEPTHIX, JUIS JAIBHEHIIEro pa3BUTHS H COBEPIICHCTBOBAHUS ITPOJYKTHBHOIO )KUBOTHOBOJICTBA, KaK IOCTABIINKA MEIUIIMHCKIX
JIe4eOHBIX U IPOPIIIAKTHYECKUX CPEJICTB
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Kakumu jxe pecypcaMu B 3TOM HarpaiieHuu obnanaet Omckast o6nacth? CKOJIBKO TOJIOB JIOIIAICH HAXOAUTCS CErOHS B X03SHCTBAX C
paznuuHbIMU (hopMamu cobcTBeHHOCTH? OCHOBHOE HAIPaBJICHHE UX HCIOIb30BaHus? V1 HEKOTOpBIE IPYTHe BOMPOCHL.

JInst peuieHust MOCTaBJICHHBIX BOIMPOCOB OBLIO MPOBEICHO BBIOOPOYHOE SKCICAMIIMOHHOE OOCIECIOBAHHME OTICIBbHBIX HACEIEHHBIX
ITyHKTOB, 0€3 aKIeHTa Ha HAI[OHAJIBHBIH IPU3HAK, B HECKOJBKHX paifonax OMckoi obnactu (Tabdi. 1).

B xo/e 3KcHeAuIMOHHOro obcienoBanus 14-TH aJIMUHUCTPATUBHBIX PailoHOB OMCKOM 0OJIACTH BBISBICHO, YTO CPEAH CEIBCKOr0 U
rOPOJICKOr0 HACEIICHHS! IOBOJIBHO LIIMPOKO PACIpOCTPaHEeHA TaKasi OTPACib IPHYCaIeOHOr0 )KUBOTHOBOJICTBA, KAK KOHEBOJICTBO.

Tabumua 1 - OcHOBHBIE ITOKA3aTeNN X03sIMCTBEHHO MOJIE3HBIX NPHU3HAKOB Jiomaneid OMckoii obiacTu

X03sICTBEHHO I10JIE€3HbII IPU3HAK 3HaueHus
O6cnenoBaHo paiioHOB 14
O0ce10BaHO XO3SIHCTB 44
IToromnoBbe JIomIaaei, Bcero 245

a) IOPOANCTBIX 89

0) OecriopoTHBIX 56
I"onos, npuxonsmuxcs Ha 1 HacenE€HHbII MHKT 33+1,9
JKusast macca 1 rou., kr
B T.Y. J)XepeOIIoB 456,7 + 33,0

KOOBLIT 414,7 + 2,12

BocnpousBoauTenbsHbIE CIOCOOHOCTH:

a) KOJIMYECTBO MOKPHITHH Ha 1 II00TBOpHOE 1,42 + 0,88

0) gacroTa BEDKEpEOKH, pas/rox 0,8 +0,6
rosy4eHo sxepedst Ha 100 koHeMaTok 56
Bospact peanusanuu MOIOAHSKA, JIET. 2,26 + 0,54

OCHOBHOE HalpaBJIEHHUE HCIIOJIB30BAHUSA JIOMIA/CH 3TO MX NPUMEHEHUE B BBINOJIHEHHU OIpPEIENEHHOro Buaa paboT B XO3sicTBe, a
TaKOKe MOIYYEHHS! MOJIOHSKA C LEJIbI0 ITOCIIEYIOIEr0 BEIPAIMBAHUS, OTKOPMa U YOOs [UIsl HPOM3BOJCTBA IIPOJLYKTOB IIMTaHUs. B cpenHemM
Ha | cenbCKoe MoceNeHre IPUXOAUTCS BCEro JMIIb 3,3 ronoBsl Jomazeil. Pacuér npoBenéH cornacHo KoIMuecTBy MOABOPHIA 00CIeyeMbIX
HACEJIEHHBIX ITyHKTOB.

TakuM 06pa3oM, MOXKHO ceath 3axiaodenue, uto B JIIIX u xo3siicTBax ¢ pasHbIMU popMaMu COOCTBEHHOCTH, B 00JIACTH CONEPIKUTCS
0k0110 4400 royoB snommaiel, KOTOPbIX CEJILCKHE KUTEIN OCOOCHHO MHTEHCUBHO HCIOIB3YIOT B TEIUIOE BPEMsI rojia: B NIEPHOA IIPOBEIICHHS
BECEHHE-II0NIEBbIX paloT, 3ar0TOBKE APOB, CEHa M BO BPEMs OCEHHHX YOOpOYHbIX paboT. B 3muMHee Bpems Jiomajgell MCIONB3YHOT, B
OCHOBHOM, ISl TPaHCIIOPTHUPOBKU HPOJYKTOB JKM3HEIEATEIbHOCTH JOMAIIHUX KMBOTHBIX (BBIBO3KA HABO3a Ha IOJIST), WIIH K€ Iepeesa u3
OJJHOTO HACeNIEHHOTO ITyHKTa B JIPyroi, Ha paccrosHue He Oomee 15 k. Ilpy TakoM KonmdecTBe Jomaneld Ha OJMH HACENEHHBIN ITyHKT
O4eHb TPYIHO, €3 CrIelHaNIbHOro yuéra, IPOCYNTAaTh KOPMOBBIE U ICHEXKHBIEC 3aTPaThl HA OJHO )KUBOTHOE. TPYyIHOCTb 10/ICUETa COCTOUT B
TOM, YTO IIPU apeH/Ie )KUBOTHOIO JIPYI'UM IOABOPbEM, apEHIATOP IPOBOAUT KOPMIICHHE KUBOTHOI'O, @ KOHCUHBIH PacyéT NPOBOJUTCS WIIH
JICHbI'aMH, WM K€ KOPMOM (Harue Bcero Gpypax).

Cpenu 00111ero 1orooBbs JIOMa e, HOroJIoBbe OECIOPOIHBIX KUBOTHBIX IPeobiaiaeT HaJl OroJIOBbEM YHCTOHOPOIHBIX KUBOTHBIX U
UX OTHOLIECHHE IIPUMEPHO COCTABIIACT 3 : 1, XOTS 110 JaHHBIM IPOBEAEHHOr0 00CIIE0BaHUs COOTHOLLIEHHE BBISBIEHO 00PAaTHOE U COCTaBUIIO
1 : 1,6, To ecth Ha OHY OECIIOPOIHYIO JIOMIATb MPUXOIWIOCH 1,6 MOPOAUCTHIX Jiomaneld. ITo 0OBICHIETCS TeM, YTO IPU MPOBEICHUU
obcietoBaHys ObLIM YYTEHBI JIOMIA/IM, COJEPIKALIMECs B XO3SHCTBaX B YepTe Iropoja U IPUTOPOIHBIX HACEIEHHBIX IYHKTAX, e HX
HCHOJIB3YIOT, KaK CIIOPTHBHBIX JIOLIA/ICH, B Pa3JIM4YHBIX KOHHOCIIOPTHBHBIX IIKOJIAX JUIS A€TeH 1 IOHOIIECTBA.

Pacnpenenenne moronosbs 110 KIMMaTHYECKMM 30HaM HEPaBHOMEPHO U 9TO 3aBUCHUT B OONbILICH Mepe OT HACENICHUS, IPOKUBAIOLIET0 B
9TUX KIMMAaTHYeCKUX 30HaX. B Mecrax, riue npeobianaer HaceleHHe, yrnorpeOusiomiee MsCO Jomazed B MNMILY, T.e. HACEICHHE,
HCIOBEYIOILEE HClIaM, [IOr0JIOBbE )KUBOTHBIX 3HauuTenbHee. M, Hao00poT, B IOCETEHUAX, CKIIOHAIOIINXCSA K XPUCTHAHCTBY, MEHBIIIE.

JKuBOTHBIE pa3HATCA U 110 IOKa3aTeNsAM KUBOKH Macchl. HecMOTpsl Ha X NIPOMCXOXIECHHE, O4eHb OONBIIOE BIMSHUE HA IIPOSBICHHE
KHUBOH Macchl OKa3bIBaeT 10oBoi 1uMophu3M. Tak sxkepellLbl B CpeIHEM MMEIOT KUBYIO MAcCy, NPEBBIIIAIONIYIO JKHBYIO Maccy KOObUI Ha
42 Kr n cocTaBILOILYIO 456,7 Kr. 3HAUUTENIBHO OOJIBIIYIO XKUBYIO MAcCy UMEIOT JIOIIAIH CHEeLHAIN3UPOBAHHbIX LIarOBBIX IOPO, XKepeOLib
6osee 700 xr, koHEMaTKH — Oojiee 650 Kr.

IMoponuerii coctaB nomaneir Omckol obiactu pasHooOpaseH. Cpenu oOIIEro MaccuBa MOXKHO BBLICIUTH TaKHE ITOPOIBI Kak
OpnoBckuii peicak, Anraiickas, Pycckas peicucras, Bnagumupckuii TsoxenoBos, Jlonckas, AHrnuiickas BepxoBas, Kycranaiickas, Pycckas
BepxoBas, Pycckuit TspkenoBos, XKaos (Kaszaxckas cremnast), [lanHOBepcKast.

Oco0blii MHTEpEC MPEJCTABIA U IOJIYYCHHBbIE JaHHbIE O BOCHPOU3BOJUTEIBHBIX CIOCOOHOCTSX Jjomajneid. B JIMUHBIX MOICOOHBIX
XO034HCTBaX, B KOTOPBIX COZEPIKAT MUHUMAJIbHOE II0r0J0BbE — | JIOMIAjb, IOYEMY-TO B HOJABIISIONIEH Macce COCTABISAIOT XepeOlbl WK
MepuHbl. TaMm xe, Ilie Ha M0IBOPhE COAEPKUTCS OOobliiee MOrojIoBbE, U II€ COIEPIKaTCd KOHEMAaTKH, BbIXOA kepedaT Ha 100 koHemaTok
cocTaBiseT 56 TroJIOB, YTO CBHAETENBCTBYET O HHU3KHX BOCIPOM3BOIMTENBHBIX KauectBax Jomanedl. Ot koObur Ciyuka Jomanei
HCITIONB3YeTCs py4Hasi, pexe BapkoBasd. Ha 1 miiogoTBopHOe MOKPHITHE HCTIONB3YIOT 1,42 MOKPBITHSI.

IMonmyuaemslii pu BeDKepeOe MOIOIHAK B OCHOBHOM BBIPAIMBACTCS IS IIOTYYEHHS MOJIOAOH U Ka4eCTBEHHOI KOHHHBI, B CBA3H C 4EM,
BO3PAcT XO3SIMCTBEHHON 3pEIOCTH MOJIOAHSKA, WIM BO3pPAacT pealu3alliu, cocTaBiser 27,1 Mec. OTIesIbHbIe 0COOM BBIPALIMBAIOTCS JUIS
XO34HCTBEHHOT0 UCIIONB30BaHUA. B Bo3pacre 2,5-3 5ieT ux npuydaroT K ynpsDKM M HaUMHAIOT SKCIUTyaTHPOBaTh, BHAYaIE Il BBIIOJIHEHUS
HPOCTBIX U JIEFKUX padoT, ¢ BO3PACTOM YBEIMYUBAS UX OOBEM M CIO0KHOCTb.

O Haymuuy 3a00JI€BaHUI y JIOMAell PECIIOHACHTBI COOOLIMIN CIENYIONIee HHTEPBbIOEPAaM: CaMbIM PACIPOCTPAaHEHHBIM HEIYroM Y
Jomazeil ABISIOTCA KONMKH, WIM CIEICTBUEM HENPaBHIBHOIO COIEPIKaHHs I10CIE BbINOIHEHUs pabor. Ciemyrommm 3aboieBaHHEM 110
PacnpoCTpaHEHHOCTH SBISIETCS MapacKkapyuao3, CIEACTBHE OTPULATEIBHOrO (AHTHCAHMTAPHOIO) COIEPXKAHMS M CKapMIIMBaHUE T'PyObIX
KOPMOB HE U3 KOPMYIIEK, a 13-1107 Hor. CIIe[yIOIHM 10 YaCTOTE BCTPEUAEMOCTH SIBIAIOTCS TPABMBI U PACTSDKEHUS CYXOXKHIIMI — CII€ACTBHE
IUIOXUX YCIIOBHI COZICPIKaHUS U BBINOIHEHHS TSDKEBIX paboT.

OtenbHbIE PECTIOHICHTHI JIEIMINCh MHEHHEM O TOM, YTO BO3MOXHO M HY)KHO 0oJiee IIMPOKO PACIPOCTPAHITh HHYOPMALIHIO O T10JIb3€
KOHHBIX IPOTYJIOK U O Pa3BUTUM KOHHOTO Typu3Ma. Tam, rye He npoiaéT He OfMH BE3JeXO01 JIOMa (b IOMOraeT 100paThest 10 HAMEUCHHOH
LEITH.

TakuM 00pa3oM, NPOBENEHHOE OSKCIECIUIMOHHOE OOCIe0BaHME I0 COCTOSHMIO oOTpaciu KoHeBoacrsa B JIIIX u pasnuyHbIX
opraHuzaluii ¢ pasHeIMu GpopMaMu COOCTBEHHOCTH, II03BOJISET CHENATh CIIEYIOIINE BHIBOJIBI:

- gnomanp Beé emé ocTaércs HYXKHBIM JJOMAalllHUM O KHBOTHBIM, CIIOCOOCTBYIOIIMM BBIIOJIHEHHIO ONpPEASNIEHHOrO BHAA
CEJIbCKOXO035IHCTBEHHBIX PadoT;

- JIOIIa b B HACTOsIIIEE BpeMs BCE ellé OCTaTcsl MOCTABILMKOM TAKUX HPOIYKTOB IUTAHUS, KaK MOJIOKO M MSCO, ChIPbs B BUJIE KOXK U
LIEHHOI'O OPraHU4eCcKOro ya00pEeHHs — KOHCKOI'O HaB03a,;

- cerofHs Be€ Gorbliee pacpoCTpaHSHHUE MOTY4aloT CIy4ay UCIOIb30BaHUS JIOIa el 171 OpraHU3alMi U Pa3sBUTHs KOHHOTO CIIOpTa U
KOHHOT'O TypH3Ma.
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KAMEHHOM CTEIIA
AnHomauyusn

B ycnosusix ce30nn020 hepeyenadicHenus npoucxooum Cywyecmeennas mpanc@opmayus napamempos Qusu4eckozo cocmosnus novs. B
noueax Kamennoui Cmenu paziuunou cmenenu cUOpoMOp@usMa ¢ 603pacmanuem e20 Cmenenu NPOUCXOOUNO YBeluyeHue HIOmMHOCMU
CIIOJICEHUS. NOYE — 0DBLEKMO8 UCCIe0068aHUA. B naxomuvix nousax ommeuaemcs nosgienue 30Hbl a2po2eHHO20 NepeyniomHeHUs Ha 2ryoune
om 10 0o 25 cm, 0b6ycnoenennozo OnumenbHbiM NEPUOOOM CETbCKOXO3AUCMBEHHO20 UCNOAb308aHus. Pewarowum paxmopom uzmenenust
u3suuecKux napamempos s6iaemcs 0COOEHHOCMb XapaKmepa u Cmenenu NPOABIEHUs CE30HHO20 NePeYBLANCHEHUs YePHOZEMHBIX NOYS.

KiroueBble c10Ba: 4epHO3EMBI, JIYTOBO-4€PHO3EMHBIE, YEPHO3EMHO-IIYT OBBIE TI0YBBI; INIOTHOCTD CJIOXKEHUSI IIOYB.
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TO THE PROBLEM OF MONITORING OF PHYSICAL PROPERTIES SEASONALLY WATER-LOGGED SOILS OF
IMMOVABLE STEPPE
Abstract

In the conditions of a seasonal overwetting there is a significant conversion of arguments of physical condition of soils. In soils of
Immovable Steppe of a various degree of hydromorphism to ascending of its degree there was an augmentation of density of build of soils -
subjects of inquiry. In arable soils occurrence of a band of an agrogene repacking on depth from 10 to 25 sm, agricultural utilisation caused
by the durable continuance becomes perceptible. Key factor of change of physical properties is the singularity of character and a degree of
implication of a seasonal overwetting of chernozem soils.

Key words: chernozems, lugovo-chernozemnye, chernozemno-meadow soils; density of build of soils.

Beenenue. B crennbix peruonax Poccuu, B ToMm unciie 1 B BopoHexckoi o6iacTy, o CIOXKHON CTPYKTYpPOH ITOYBEHHOTO I1OKPOBa, B
OT/ICIIbHBIC TO/Ibl OTMEYAETCs MOSBIICHHUE JIOKAIBbHO — NePEyBIIaKHEHHBIX YepHO3eMHbIX 10uB [10]. JI0BONBHO IIMPOKO IEpeyBIaKHECHHbIE
3emin pacripocrpanensl B LIUII, onu npencTaBiieHs! TyroBo-4€pHO3EMHBIMU, Y€PHO3EMHO-TYrOBBIMH, COJIOHIIOBBIMH M COJIOHYAKOBAThIMU
nouBaMu. B mocnenHue rozpl IUIOMAIM TAaKUX 3€MeNb 3HAUUTEIbHO Bo3pacraroT. Hanmmume Takux IMOYB 3aTPyIHSAET HCIOIb30BAaHUE B
KauecTBE IAIIHU U MPWIETAIOMUX K HUIM HOPMAJIBHBIX 110 I'PYHTOBOMY YBJIQ)KHEHHIO YEPHO3EMOB. B CBS3M C OXKMIAaeMbIM INOTEIUICHHEM
KIMMaTa ¥ YBEJIMYEHHEM KOJIMYECTBA BbINAJAIOIIMX OCAJKOB IUIOMIA/b JIOKAJIbHO-3aTAIUIMBAEMBIX 3€Mellb B Ombkaiimem Oymyiiem,
O4EeBH/IHO, OyJIeT co BpeMeHeM Bce Ooliee Bo3pacTars [2].

BaskHoll cOoCTaBHOI 4acThIO MOYBEHHOI'O ILIONOPOAMS SIBIISETCS OLIEHKA MapaMeTpoB (PU3MYECKOro COCTOSHUS Pa3IMYHBIX KaTeropHil
3eMenb. VHTEHCHBHOE AaHTPOINOr€HHOE HCIIONb30BaHUE IOYBEHHOro mokpoa I[U3, ¢ ocrnokHEeHHOH TuapoMOpGHU3MOM CTPYKTYpOH
MIOYBEHHOI'O [IOKPOBA, IPUBOJUT BO MHOTHUX CIIy4asiX, K aKTUBM3ALUH JIETPaJIALIMOHHBIX IIPOLIECCOB, 3aTPArMBaOIUX U IITyOOKHE TOPU30HTHI
nouB. Jlerpananus GU3MIECKUX CBOKCTB M PEXKUMOB SBIISIETCSI ONHUM M3 OCHOBHBIX BUJIOB IIOTEPHU KauecTsa 1ouB [3; 4].

Oduzpueckue mNapaMeTphl, BKIOYAIOIIME M TaKOH, KaK IUIOTHOCTb CJIOXEHMS II0YB, SBIAIOTCS KOMIIOHEHTAMH IOYBEHHOTO
9KOJIOTMUYECKOT0 MOHHUTOPHHIA, KOTODPBIHA, B CBOIO OYEpe/lb, COCTABJISICT KOMIIOHEHT arpO’KOJIOTMYecKOro MOHUTOpuHra. IlouBeHHO-
9KOJIOTMYECKHIT MOHUTOPUHI OCOOCHHO Ba)KCH IPH YCHUJICHHM HETaTHBHBIX aHTPOIOIEHHBIX BO3JEHCTBUH, 00YCIIOBIMBAIOIIMX HAPYIICHUE
IOYB U CHW)KEHHUE UX IUIOOPOAHSL.

JlerpanalivoHHble U3MEHEHHs arpoU3UYECKIX CBONHCTB YEPHO3EMOB, KOTOPbIE B HAMOONBILEH CTEHEHH BIMSIOT HA ypoxaid, TpeOyroT
MPOBEJCHUS MOHUTOPUHIOBBIX HCCIEIOBAaHMH C LEJBIO IPOrHO3a W3MEHEHMS COCTOSIHMA M KauecTBa 3€Mellb, ONpEleleHHs IIyTel
ONTUMU3ALMU IUIOTHOCTH ClIoKeHust 104B. CHCTeMaTHYecKuil KOHTPOIb 3a IUIOTHOCTBIO CIOKEHHA 3eMenb (DaKTHYeCKH He
OCYILLECTBIIACTCS, OLICHOUHbIE KPUTEPUH U ONTHMAJIbHBIE ITAPaMETPhl 3TOro MOKAa3aTells Ul KOHKPETHBIX 1104B He pa3paboraHsl. [loaTomy
Ui pa3paboTku 3(QPEKTUBHBIX MEP 10 YCTPAHEHHIO (DU3MYECKOH Jerpajaliy MOYB HEOOXOAMMBI KOJNMYECTBEHHbIE MOKA3aTeNH OLECHKH
(U3MUECKOro COCTOSHHUS I10YBBI.

O0bexTHI M MeTOABI HccaenoBanmii. VccnenoBanus npoBommwinck B ®I'BHY «HUUCX HUIT» (Kamennas Crenb) Ha 3aJIeXKHBIX
CTEIHBIX YJYacTKax, HaXxO[IIMXcs B pexkume kocumor cremm Oomee 100 ner (¢ 1892 roma) m mx maxoTHbIX aHanorax. OObekramu
uccnenopaHuil Obutn moussl KamenHod Crenu pasyiMyHOM CTENEHM TI'MApoOMOp(H3Ma, BKIIOYAIOIINE AKCICPHUMEHTAJIBHBIC [aXOTHbIC
Y4aCTKM — YepHO3eM OOBIKHOBEHHBIH  (arpouepHO3eM  CerperalMoHHbIH) U JIYTOBO-Y€pHO3EMHas MouBa  (arpoyepHO3eM
ruapoMeTaMop(U30BaHHbIH). B KadecTBe KOHTPOIBHBIX Y4aCTKOB ObLIN I10YBBI 3aiexel 1882 r. — uepHO3eMbl OOBIKHOBEHHBIE (UEPHO3EMBI
cerperaiuoHHbie) 1 1885 r. — uepHO3eMHO-JTyrOBbIC MOUBbI (I'yMYCOBO-IHAPOMETaMOP()HUUECKHE TUITHYHBIE TIOYBBI).

AnanusupoBaicst Takod (U3MYECKuil mapaMeTp, Kak IUIOTHOCTh CIOKCHHA. B HaIIMX MCCIEeIOBaHMSX IUIOTHOCTh CIIOXKEHUS
olpeelsack MeTofoM pexymmux komnen no H.A. Kaunnckomy [1].

Pe3yabTaThl U ux o6cy:kaeHune. Llenb vccnenoBanuii — 1aTh OLEHKY TpaHchopMaIy HU3UUECKUX HapaMeTpoB (IUIOTHOCTh CIIOKEHUS)
[OYB PA3JIMYHOH CTeNeHH ruapoMopdu3Ma B 3aBUCHUMOCTH OT XapaKTepa HCHONb30BaHMs yroauid. PaGora B 3TOM HanpaBleHUM
MIPOBOJMIIACH HaMU U paHee [5; 6; 7; 8; 9; 11]. IINOTHOCTB ClIOXKEHHS SIBISETCS OMHUM W3 HanOojee Ba)KHBIX Ka4eCTBEHHBIX MHTETPABHBIX
nokasaTeneil coctosHus 1o4B. IIpoBeneHHbIE HAMH HCCIENOBAaHMS IUIOTHOCTU CJIOXKEHUS PA3IMYHBIX IOATHIIOB YEPHO3EMOB I10KA3alIH
3HAUYMUTENbHbIC PA3IMYUsA B 3aBUCHMOCTH OT XapaKTepa MX MCIONb30BaHMS. HauMmeHblne 3HaYeHMS IUIOTHOCTU CIOXKEHHS OTMEUCHBI Ha
3aJIeKHBIX YJacTKaX CTEIHBIX I04YB. B rymycoBoMm mpoguie uepHozeMa 0OBIKHOBEHHOTO 10 IiyOuHbI 50 ¢M 3HAU€HUs IUVIOTHOCTH MMEIH
Giu3KHe 3HaYeHrs 1 m3Mersuich ot 0,92 r/em’ (cioit 0-10 em) 10 0,99 r/em® (cioit 50-60cm) (puc. 1).
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Puc. 1 — ITNOTHOCTE CIIOKEHHUS TIOYB, r/er’

UepHo3eMHO-JIyroBasi 1mo4sa (Ha 3aJ€)KM) HECKOIBKO OTJIMYANAch 0 XapakTepy M3MEHEHUs IUIOTHOCTH 1O NpodwiIo MmouBbl. B
BepxHeM croe 0-10 cM OHA MMeJla MHHMMAIIbHBIC 3HAYCHHS W cocTaisna Bcero 0,68 r/cv’. CTONb HU3KHE 3HAUCHHS, MO CPABHEHHIO C
aBTOMOP(HBIM aHAJIIOTOM, CBSI3aHBI C XOPOIIO PAa3BHUTHIM JIEPHOBHIM CIIOEM Ha JIYTOBOW IOYBE, HAIWYMEM MOIIHOW AEPHUHBI C OOJIBIINM
KOJIMYECTBOM T'pyOOH, IOIypas3ioxKUBILEcs opraHmdeckoii Maccsl. Ho Ha riyoune Himke 20 ¢M IUIOTHOCTH CIIOXKEHHS Y€PHO3E€MHO-TTyTOBOH
I0YBBI pe3Ko Bo3pacraer — 10 1,07-1,08 /e’ B cinoe 20-40 CM, [IOCTEIIEHHO yBEeJINYMBasch 10 1,16-1,25 r/em’ B ropusonre 40-60 cm. Takum
o0pa3oM, IO ITOYBEHHOMY IpPO(WII0 OTMEYaeTcs CYIIECTBEHHOE pas3indyue B XapakTepe (OpMHUpPOBAHMS IUIOTHOCTH CIIOXKEHUS B
3aBHCHMOCTH OT XapaKTepa yBIaXHEHUs. PaBHOMepHOe, FOMOreHHOE — B aBTOMOP(HOH 104BE M PE3KOE, CKaYKOOOpa3HOe — B UEPHO3EMHO-
JIyr OBOH.

[TaxoTHBIE aHAJOrM TaKKe WMEIH CBOM OCOOCHHOCTH, BBI3BAaHHBIC JUINTENb- HBIM AaHTPOIOTEHHBIM BiHsHHEM. OCHOBHOM
OTJIMYUTETFHONH OCOOCHHOCTBIO ITHX IIOYB SIBIISICTCS YBEJIMUYEHHE IIOKazaTelled IUIOTHOCTU CIIOXKEHUs, N0 CPAaBHEHUIO C ILIEIWHHBIMHU
aHasioramMu. B aOcoirOoTHOM OTHONIEHMH HAaUOOJNbIIee YINIOTHEHHE OTMEUSHO B aBTOMOP(HBIX MOYBaX. YBEJINUCHHE TUIOTHOCTH CIOXKEHHUS
Bapsupyet ot 0,08 no 0,26 /oM, IpuYeM HauOOJbIIas Pa3HUIA OTMEYAeTCs B IAaXOTHOM clioe. HeoOXomuMo Takke OTMETHTh HAINYUe
arporeHHOro YIUIOTHEHUWsI YepHOo3eMoB Ha riyomne 10-25 cM, sBIsIOmIeecs CIIEJCTBHEM BO3JCHCTBUS TSDKENOH CETbCKOXO3SHCTBEHHOM
TexHUKH. OOIIEN3BECTHO, YTO TSDKENAsl CENIbCKOXO3SHCTBEHHAs] TEXHUKAa OKa3blBaeT CYIIECTBEHHOE BIMSHME Ha (pU3nueckue CBOWCTBa
TIOYBBI.

Tak, 0 HaIIMM JaHHBIM, B BepXHEM ciioe 11o4Bbl 0-10 cM IIOTHOCTH CIOXKeHUs cocTaBisuia 1,12 F/CM3, yBenuuuBasich 1o 1,20 r/eM’ B
cinoe 10-20 cm. B nonnaxorHom ropusonte 20-30 cM oHa cHOBa yMeHbanach 10 1,11 r/om’.

Taxum oOpa3oM, ecTh Bce OCHOBAHHUS TOBOPUTH O (POPMHPOBAHUH YILIOTHEHHBIX TOPH30HTOB B MPOQHIIE YEPHO3EMOB I10]] BIUSHUEM
HMHTEHCUBHOI'O CEJIbCKOXO0351ICTBEHHOI 0 UCII0JIb30BAHUSL.

B nyroBo-uepHO3eMHOI IIOYBE OTMEYEHBbl MAaKCHUMAaJIbHbIE 3HAUEHUS IUIOTHOCTH CIOKEHMSA. B maxoTHOM aHajore paccMaTpuBaeMOro
psana nouB B BepxHeM 0-10 cm cimoe oHa paBHsutacek 1,19 r/eM®, uro Beime Ha 0,07 r/cM’ 3HaueHHil OGBIKHOBEHHOTO YEpHO3EMA.
[NoBbIIIeHHBIE 3HAUEHHMS IUIOTHOCTH OTMEYAIOTCs 110 BCEMY PO HITIO TI0YB.

BeiBoasl. Takum o6pa3om, BrepBbie Ha Teppuropru Kamennoii Crenn Ha OCHOBE KOMIUIEKCHOTO TIO/IX0/a TIPOBE/ICHBI UCCIIEIOBAHUS
30HAILHO-TIPOBUHIMAIBHBIX OCOOCHHOCTEH (PH3NYECKHX NapaMeTpoB YEpHO3EMOB OOBIKHOBEHHBIX M JIYrOBO-UYEpHO3EMHBIX IMO4YB. B
pe3ynbraTe POBEICHHBIX UCCIIEI0BAHUM C/AEIaHbl CIICAYIOLUINE BBIBOJBI.

B mouBax KamenHoit Creny pa3nn4HOI cTeeHn THAPOMOP(H3MA C BO3pACTAHUEM €r0 CTETICHN IPOMCXOMIO YBEIHYESHHE TUIOTHOCTH
CJIOKEHHS IT0YB — OOBEKTOB MCCIIEIOBaHMS. B MaxOTHBIX MOYBaxX OTMEYaeTcs MOsBICHUE 30HBI arpOreHHOr0 NepPeyIUIOTHEHUS Ha TIIyOrHe
ot 10 1o 25 cM, 00yCIIOBIEHHOTO JUTUTEIBHBIM NTEPHOJIOM CEITLCKOXO035IHCTBEHHOTO UCIIOIb30BAHMSI.

Pemaronum pakTopoM n3MeHeHHsT (H3NYECKHX HMapaMeTPOB SIBISIETCS OCOOEHHOCTH XapakTepa M CTEIeHH IPOSIBICHUS CE30HHOTO
NepeyBIaKHEHHsT YePHO3EMHBIX IT0YB. B yCIIOBHSIX CE€30HHOTrO IepeyBIIaKHEHUS IPOUCXOIUT CYLIECTBEHHas TpaHC(opMaIys napaMeTpoB
(PU3MYECKOTr0 COCTOSHHS TI0YB.
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IInmnoos U.H.
Marucrpanr Il rona o0yuenust, ActpaxaHCKU rOCYJapCTBEHHbII yHUBEPCUTET
OBPA3 HUKOJIASI I B POMAHE A.U. TEPIIEHA «BbIVIOE U 1YMBI»
Annomauusn:

Onoxa Hukonas I 0o cux nop ocmaémcsa npeomemom ucmopuieckux cnopos. Mescoy mem cpeou MHON#CECMEA CO30AHHBIX NUCAMENAMU
U yuénvimMu 06pazos mepsemcs I4HOCMy umnepamopa. B oannoii pabome denaemcs nonvimka uzyuenus oopasza Huxonas I 6 pomane A. 1.
I'epyena «bvinoe u oymoly.

KioueBrbie ciioBa: Huxonaii I, A.1. T'epuen, Boccranue 1exaOpucToB.

Piliptsov I.N. Undergraduate of the second year of study, Astrakhan State University
IMAGE OF NICHOLAS I IN THE ALEXANDER HERZEN’S NOVEL «MY PAST AND THOUGHTS»
Abstract
The era of Nicholas 1 is still the subject of historical disputes. Meanwhile, we lost personality of the emperor among many images
created by writers and scientists. In this article we try to study the image of Nicholas I in the Alexander Herzen’s novel «My Past and
Thoughts».

Keywords: Nicholas I, Alexander Herzen, the Decembrist uprising.

Bpems mnpasnennst Huxonmas 1 1o cux mop sBisSeTcss NpeAMETOM OXECTOUEHHBIX CIIOPOB MEXIYy HCTOpHKaMu. MHOXeCTBO
MPOTHBOPEUMBBIX MHEHHH JIeTIaeT U3y4eHHE ITOro nepuosa ucropuu Poccun 0coOeHHO MHTEPECHBIM M BasKHBIM. [IpnuéM eIMHCTBA HET Kak
B OTE€YECTBEHHOI uctopuorpaduu, Tak u B 3apydexHoi. Emeé npu xxusHu nmieparopa B ureparype HameTuics pasioM. OOpa3oBanuch 1sa
HPOTUBOOOPCTBYIONIMX JIareps, Koropsle Bosrnaswim: H.I'. Yerpsuos, M.A. Kopd u JI.H. Biynos ¢ ognoii croponst u AWM. I'epuen, M.A.
bakynun ¢ npyroii[4, c. 47].

Ilo muenuto A.®. Iloramesa, umeHHo Anekcanap MBanoBuu I'eprieH co3nan TpaguLUIO pe3KO OTPULIATEIBLHOIO OTHOLIEHUS K 3I0Xe
Hukonasa 1. Tak, mo3sxke, ero mo3umui0 B CBOMX Tpydax yrBepaun B.M. JleHWH, 4TO HANOXHIO OTHEYaTOK HAa BCIO COBETCKYIO
ucropuorpaduro. B CCCP nosiBUIOCE MHOXKECTBO KPUTHYECKMX paboT, MOCBALIEHHBIX BpeMeHU mpasieHus Huxomas I, neditmorus
koTopbIM ObL1 3a51aH TpynoM A.E. TIpecHskoBa «Amnoreii camonepskasus» [3, c. 49-50].

B mnocrcoBerckoe Bpems, B OTCYICTBHM O(HIMAIBHOM HICOJIOTMH B BOIPOCE OLEHKH JeaTenbHocTH Hukomas IlaBnoBnua BHOBB
HOSIBUIOCH Oonblioe pasHooOpasue MHeHuH. OIHAKoO, 10 CyTH, BCE OHM CBOAWIMCH K IapalOKCAJIHOM MBICIH O JKEJIaHUM HMIIepaTopa
poBoUTH pedopmel, 0 uéM mmcain emé A.A. KuseBerrep u apyrue nmubepaibHble ncropuku pyoexa XIX-XX B.B. [3, c. 48]
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MbI He TpeTeHyeM Ha BCeCTOpOHHee u3ydeHue aestenbHoctd Huxonas I mo tpymam AWM. T'epuena, Tem Oonee, 4To Ha 3Ty TeMy
OIyOJIMKOBaHO MHOXECTBO HUCCIIC/IOBAHHH, a OOJBIIMHCTBO HCTOPHKOB CUMTAIOT €0 OLEHKH CWIIBHO ITOJIMTU3UPOBAHHBIMU. TeM He MeHee, B
JlaHHOM paboTe Oyner clenaHa MONBITKA M3ydeHUs co3naHHOro A.V. T'epLieHOM INCHXOJIOrHYECKOro MOPTPeTa MMIEparopa B poOMaHe
«bbLI0€ U yMBI».

Aprobuorpaduueckuii pomaH «bbl1oe U IyMBI», SABISACH XYHIOXKECTBEHHBIM IIPOU3BEAECHUEM, COAEPKUT MHOMKECTBO MCTOPUYECKHX
¢axroB. A.®. [lupynés, Ha3pIBaE€T POMaH <MCIIOBEAANILHBIM [1OBECTBOBAHHEM», UMesl B Buy camonosHaHue A. . T'epuiena u nosHanue
BCEro MCTOPUYECKOro Ipolecca OJHOBPEMEHHO. J[pyruMu cioBamMu CBOO aBroOHorpaduio mucarenb CBsI3bIBA€T C UCTOpHE amoxu[s, c.
209].

B smurpade A. W. I'epuen nocssimaer cBoi Tpyxd AByM JrozsM: cBoeil xeHe Haramuu m npyry H.II. OrapéBy, onHako «kpacHOM
HHUTBIOY» CKBO3b IIOBECTBOBAHHE MPOXOAUT MUCTOpHA ewé oaHoi nuuHoctd — Hukonast 1. Tlpu 3ToM Hano ormeruts, uto I'epueH ommcain
IpaBJIeHHE, OT BOLIAPEHUs] UMIIEPAaToOpa 10 €ro CMEpTH, BKIIOYas BOCCTaHME JekabpucToB, xonepy B Mockse, orHomenne Hukomas I ¢
ouriepaMu 1 MHOTO€ JIPYToe.

«OcTpiKeHHas M B3JIBICUCTas Mey3a C ycaMu» - 3TO nepBoe yrnomuHanue o Hukonae I, cBs3anHOe co cMepThio ero Opara. ITo copam
I'epuena, Hukomnaii [ umen nap «rpemydeii 3Men — OCTaHaBIIMBATh KPOBb B XKMWJIAX» OJHUM CBOMM BHAOM. Tak, OH 4acTo JIFOOMI CMOTpPETh Ha
Koro-HuOynp U3 noagaHuelX. OIMH pa3 MMIEpaTop JaXke OCTaHOBMJI CBOW B3MAM Ha nodepu - Mapbe HukonaeBHe, mocie 4ero «Bcé
MOOJIETHEIIO U 33JpOYKAII0 BOKPYI'», TaK KaK JI09b OTBEYaja B3aUMHOCTEIO[3, c. 29].

Ipu Anexcanape I o Hukonae ITaBiioBu4e HUKTO HE 3HaN, KpOME I'BapAeiicKuX OQUIIEPOB, a MOCIeAHNEe HEHABUJICIIH €r0 3a XKECTOKOCTh
U 3JI0MaMATHOCTb. Tak, Ha YUEHHMSAX MMIIEpaTop, 3a0bIBIIMCH, CXBATHII OAHOIO U3 O(HULEPOB 33 BOPOTHHUK, HA YTO MOIYYHI OTBET: «B.B. y
MeHs 1mara B pykey». ITosxe Huxonaii I Heckonpko pa3 ocBeZOMIISUICS, HE 3aMellaH JIM 3ToT oduuep B cobbITusax 14 nexabps[3, c. 30]. O
3J0MIAMATHOCTH MMIIEpAaTopa TOBOPUT W HCTOpHUs (DPaHIy3CKOIl T'yBEpHAHTKM, KOTOpas XOTela 3aKIIOYUTh Opak ¢ OCYKIEHHBIM
JIeKaOpUCTOM U OTIpPaBUThCs K HeMy B Cnubupb. Huxonait I o0bsBIII i, 4TO OHa HE MOIYYUT CHUCXOXIEHMS, KOTOPOE OKa3aHO BEPHBIM
#EHaM 11eKaOpHUCTOB, IOCKOJIBKY OHA CO3HATENILHO BBIXOIMT 3aMyX 3a IpecTynHuka. M B wTore ryBepHaHTka ormnpaBuiach B CuOupb
oTOBIBaTH KaTOPry BMecTe ¢ Myxkem[3, c. 31].

Hano ormerurb, 4TO PYCCKMH HMMIIEPATOp OTIMYAJICS HE TOJIBKO 3JIONAMATHOCTBIO, HO M HPOCTO XOpOoILIeH naMsATbio. Tak OH He
ornpasui B ccbiky M.®. OprioBa — BUIHOTO JIeKaOpucTa, HOTOMY 4TO €ro OpaT OJHMM U3 IEpBbIX NPHObLIT co cBoeil KonHoli reapaueit k
3umHemy nBopuy 14 nexabpsa[3, c. 93]. Kak ormeuaer B. A. BecenoBa, mMeHHO BOccTaHHe JeKaOpUCTOB CIIOCOOCTBOBAJIO POCTY
HerozoBaHMs [ epIieHa, Tak Kak OH CTaBMII BBIIIE BCEro cBoOoy auyHocTH[ 1, ¢. 65].

CretyeT OT/IE/IbHO OCTaHOBUTBCS HA ONMCAHUM BHELIHOCTH uMIieparopa. AnekcaHnp VBaHOBHY IUIIET: «OH ObUI KPAacHB, HO KpacoTa
ero obiaBaia XoJnozoM». DTOT XOJIOJ, 10 MHEHHMIO [ eplieHa, BEIpaXKalics B «3UMHHUX TJ1a3ax», KOTOPbIEe HE MOIJIM JaTh JI000Bb Jlaxe xeHe[3,
c. 31-32].

XKecrokocts Huxonas I nmposiBunack, B 4aCTHOCTH, B OTHOLIEHUH K CEMbsM apecToBaHHbIX. Tak xeHy u nereit CyHryposa — npyra A.M.
I'epuena, 3aroumnn B IIpeuncreHckoil yacTy, riae noyxe ymep rpynaoit pedénox Cynryposa. ITo sToMy moBomy mucaresib HPOH3HOCHT
¢pasy: «Jla Oyner npokiaTo napcrBoBaHue Hukonas Bo Beku BekoB, amuHb!» Jlanee, BO BpeMst KOpoHanuu B MOCKBE JB€ JICBYIIKH W3
cembH ITaccek nonanu npockOy 0 BO3BPALEHUMH UMEHHS, HO UMIIEPATOp CHEIaNl BH, YTO HE 3aMETHII UX, a I103)Ke, «IIOJMIMS [10BeJIa UX Ha
cbe3xyto» [3, c. 80]. He syummas cynpba Osuta n'y A. Ilonexaea, kotoporo Hukomaii I 3acraBuin uurath osMy Ipo cedst camoro, a mocie
otpasuia B conpatsi[3, c. 89]. Kpome toro, no nopore B Bsatky, A.J. I'epuen BcrpeTun conjara, KOHBOMPOBABIIErO JE€TeH, 3HAUUTEIIbHAS
4acTh M3 KOTOPBIX, KaK OKa3aloCh, Y€ Iorudna B myrd. I'epueH npousHéc 1mo stomy mnoBony: «Kakue dynoBHIIHBIE NPECTYIUICHHS
6e3BECTHO CXOPOHEHBI B apXHBax 3710/eicKkoro, 0e3HpaBcTBEHHOro napcrBoBanus Huxomnas I» [3, c. 124].

Bonee riybokoro paccMOTpeHHs 3aciyXXuBaeT BoccTaHue JiekabpuctoB. Tak AnekcaHnp VIBaHOBMY IPHBOIMT CJIOBa T'eHepana
YeueHCKOro, yrBeprKIaBIIero, UTo y rocyaaps: «ayma Obuia B nsaTkax». Jlenuc JlaBpinos, 1o cioBaM I'eprieHa, TOBOPUT, YTO BO BCE BpeMs
BoccTaHus uMneparop Obul B Ilereprode, 1 BepHYNICS B CTOIMILY TOJIBKO Ha BTOPOH JIeHb, BbEXaB B TONILY Ha KOJISICKE, U IPUKa3aB €i
CKIIOHUTbCA Ha KoneHu[3, c. 72]. OnHako 3T (aKTbl, MHOTMMU HMCTOPUKAaMM ObLIM IOIBEPrHYTHl coMHeHHto. Tak JI. B. Bbickoukos
yrBepkaer, uro Hukomnaii I «cymen B3sTh ce0st B pyku M oTAaTh npukaszanus» [2, ¢. 103]. Tloxsoxs utor Boccranuro 14 nexabps, A.H.
I'epuen numer GykBanbHO cnenyromee mpo Hukonas It «IToBecun Ilecrenst, MypaBbéBa u ip.», TO €CTb OH BO3JIaraeT BCIO BUHY 3a CMEPTb
stux monei Ha Hukonas. K Tomy e, rocie KOpoHaIuy, BMECTO 0)KHIABIIUXCS MPOLICHUH 1 aMHUCTHH MMIIEPATOp TOIBKO YCHIMI GOprOy
¢ nHakoMebIciueM|[3, c. 88].

Opnnaxo He Bo Bcex Oenax ['eprien Buamn Huxonas 1. Hampumep, B 1850 r. munuctp Bukrop [lanun cunen Ha mapoxoze B Kaperte, He
AKeJasi CONpUKAcaThCs C IPYrUMHU IACCaKMPaMHU, YTO BBI3BAJIO OOJIBIIOE HETOOBAHUE y MHCATEI: «MOXKETe JIM cede MpPeCTaBUTh YTO-
HUOY/b CMEIIHEee, KaK CUJIETh B OTJIOKEHHOH Kapere. ../la emeé Ha Mope, Ja emme uMmes ABoitHoi poct?!» [3, c. 356].

4 mapra 1855 r. Anexcannp ViBanosuu ['eprieH y3Han o cMeptu pycckoro umneparopa. ITo astomy nosony oxn Hanucan: «Hy, HakoHen-
TO, OH ymep!», u nanee: «S1 He BUIal HU OIHOTO 4YEJIOBEKa, KOTOPBIH Obl HE Jierde [pllliaj, y3HaBILIH, YTO 3TO OENIbMO CHATO C TIia3
yesioBevecTBay [3, c. 697-698].

IMonBons uTor, HAKO OTMETUTH, YTO MbI IPAKTHYECKU HE BCTPEYaeM IOJI0XKUTEIbHBIX WM XOTs Obl HEHTpanbHbIX 0T3b1BOB 0 Hukonae L.
IMocne mpouTeHust KHUTH CO31aETCs MHEHHE O PYCCKOM HMMIIEpAaTope, KaKk O YeJIOBEKE JKECTOKOM, 3JIOMAMSATHOM U TPYCIUBOM, KOTOPBIH
BUHOBAaT BO Bcex Oezmax crpaHsl. K TOMy e, KHMra HammcaHa TaK MCKYCHO, YTO HEBOJIBHO CO31aETCsl OLIYLIEHHE IPAaBAMBOCTH
U3JI0)KEHHOTO.
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ESTABLISHMENT OF THE PARTY SYSREM IN POSTWAR ITALY
Abstract

The article examines the establishment of the party system in Italy after World War Il and analyzes the characteristics of the party
system and political structure of the Italian state.

Keywords: Italy, Christian Democratic Party, Italian Communist Party, Italian Socialist Party

Bo Bpemst Bropoii MupoBoii BoiHbI He ToibkO B MTanin, HO M B HEKOTOPBIX APYrux cTpaHax (Hamnpumep, Bo OpaHINM) NPOU3OILIN
3HAYMUTENbHBIC CIBUIU B MAapTHHHO-NONUTHYECKON cucreMe. CBep)keHHe (alIMCTCKON AUKTATyphl M 3aBOEBaHUE JEMOKPATHYECKUX CBOOOI
Pa3pyLIMIN OIHONAPTUIHYIO CUCTEMY, KOTOpas CYLIECTBOBaA HA NPOTsHKEHUH 20 JIST U XapaKTepU30Balach MOHOIOIBHBIM ITOJ0KEHUEM
(ammcTcKoi MapThH, 3alpeTuBIIeil BceX IPYrux, U CO34aIM HOBYIO CTPYKTYPY — MHOIONApTHIHYIO.

He cuntas mapruii, BIMSHHE KOTOPBIX PacHpPOCTPAHSICA TOJBKO B MECTHOM Maciuitale, B MOCIEBOECHHBIC roibl B Mrtanuu urpamm
3aMeTHyl0 ponb 8-9 maprtmii. Tombko Tpu U3 HHMX — XpucruaHcko-Jlemokpatmueckas mnaptus Hrammm (X/ID), Wranesackas
xommynucrraeckas naptust (MKIT) n Uranesuckast conmanucrnaeckas naptust (MCII) cobupanu Ha BEIOOpax MOAaBISIIONIEe OOJIBITHHCTBO
roJ0coB U30upaTeneii, IeHCTBUTENBHO CTaB MAaCCOBBIMH. BO3HUKHOBEHHE U JIEATEIBHOCTD Ha IIOJIUTHYECKON apeHe MHOIMX APYTHX MEJIKHX
[ApPTUH, OTAENbHbIC U3 KOTOPBIX UTPaJld U MPOAOIDKAIN UIPATh BAXKHYIO IOJIMTHYECKYIO POJIb B OOILIECTBE, CYIIECTBEHHO HE M3MEHUIIO
TOJIOXKCHUS.

V «@cTopuueckux» NapTHid ObLIO MaJIo IIAHCOB HA YCIEX MMEHHO MOTOMY, YTO MX MAEabl JIeXKAaIH B IPOLLIOM, OT KOTOpbIX MTanus,
BBII/I U3 BOMHBI, OTKa3ayach. KpUTHUKOBanuch (almucTbl, KOTOPbIE NPEBPATHINCH U3 NpaBsilieil MapTuH BO BTOPHYHYIO MOIUTHYECKYIO
IPYIINPOBKY, a JIMOEpalibl 1 MOHAPXHUCThI aCCOLMUPOBATIUCEH C PEKUMOM, UTO ITOPOAMII (aIIU3M.

[Ipoananu3upoBaB IOJIOKEHUE JIEBBIX M XPHUCTHMAHCKHX JAEMOKPATOB, MOKHO T'OBOPUTH O TOM, 4TO B 1947-1948 rr. B Uranum
00pa3oBaJIoCh JBYXIOJIIOCHAS IIONMTHYECKass cucTeMa. [Ipekie Bcero, 3TO INPUBEIO K YCTAHOBICHHMIO IOJIUTHYECKOH MOHOIOIUM
XPUCTHAHCKUX JeMOokparoB. Takue mnapruu, kak Couuan-IeMoKkpaTHdeckue U PecryOiukaHCKkas, IOYTH IOCTOSHHO BXOIMIM B
MPaBUTEJIBCTBO U (PAKTHYECKH MPEBPATHIINCH B 3THX YCIOBUAX B JononHenue k X/II1.

BoznuknoBeHne X/III ObUIO MOATrOTOBICHO COXPAHEHHEM HJICONOIMYECKOH aBTOHOMUM KAaTOJMYECKOrO IBW)KCHHS BO BpEeMEHa
¢dammsma. Ecnu cunrars, yro XTI B cBoel mporpammMe oopMuiia HACTPOCHUE 3HAUMTEIBHOW YaCTU CPEIHHUX CIOEB HACEIECHHs, TO HAJl0
JlyMaTb, YTO TaKHe HACTPOCHMS CIOKWIMCh HE Cpasy, a el B Helpax ¢amucrckoro pexxuma, tak X/I1 uMena B crpaHe JeHCTBUTENIBHO
IIUPOKYIO 3JIEKTOPAIIbHYIO 0a3y, a ee NporpaMMbl II0Ib30BAIMCh HOJIEPHKKONH OOJIBIIMHCTBA HACSIICHUS.

Oco6eHHOCTBIO 00I1IECTBEHHO-TIOJINTHYECKOM )KU3HHU MOCIEBOCHHON MTanuu sIBIsUIOCh HAIMYKME CHIIBHBIX MApTH JIEBOTO TOJKA.

Ha siBaps 1943 UKII HacuuTsiBana 15 Thic. Yen. [1, 202], a k koH1y 1945 r. B ee psnax HacuuThiBaioch cbiuie 1,7 muH. Yen. [1, 204].
Takoit poct napruu 6bu1 ca3aH ¢ 6onbuM asropureTroM HMKII B romsl ConpoTuBieHus U pacpoCTpaHeHUEM HAel coluannu3Ma rnocie
Bropoii Muposoii BoitHel. CymiecTBeHHy0 poib cbirpan u Kypc reiceka MKII I1. TonbsTTi Ha CTpOUTENBCTBO «HOBOW MacCcOBOM MapTHH»,
KOTOpasi OTKphIBajla CBOU PsAbl BCEM COIVIACHBIM C €€ HNOJIMTHUYEecKoi nporpammoit [4,95]. He mpoBonmiock HUKaKoM AMCKPUMUHALIMY 110
COLIMATIBHOMY TPOUCXOXKJICHHIO, OTHOLICHUIO K PEITMI UM U T.JI.

Bropoe mecro cpenu neBbix naptuii 3anuMana MCII. Ee yaactue B CompoTHBIICHHH TaKkXKe CIIOCOOCTBOBAJI POCTY aBTOPHUTETA MAPTHUH.
B xonue 1945 ona cocrosuia u3 700 TeIc. yei., a yepes rof - 900 teic. [3, 291].

Ho GunonsipHoe pa3rpaHnueHue ObUIO HE B COCTOSHUH YIIPOCTHTh MHOTONIAPTUHHYIO CTPYKTYPY, BO3HUKIIYO B MTanuu nocie BOHHBI.
INpexne Bcero He ObLT JIMKBUAMPOBAH BHYTPEHHUH pa3/iell MeXIy «IIPaBbIMI» U «LIEHTPOM» B aHTUKOMMYHHCTHUYECKOM Jsiarepe. [Ipu obreit
HaIpaBJIEHHOCTH Ha 00pb0y ¢ KOMMYHHU3MOM, «IIPABBIX» OTJEJIsIA OT NAPTUI «IEHTPa» HEIIPUHATHE HOCIEBOSHHOIO MTOJIUTHYECKOTO CTPOs
U MOJINTUKU B COLIMAJIBHO-OKOHOMHYECKOH 001acTH.

K xoniy nepuosna GopMHpoOBaHUS NApTHHHO-NOIUTHYECKOH CTPYKTYPbI, COOTHOIICHHE MEXIY TPEeMsl OCHOBHBIMHM CHIIAMH (JIEBBIC,
IpaBble, LEHTP) BbIMIIAIENA TaK:

JleBbIe (KOMMYHHUCTBI, COMATHCTHI) - 35-40% ronocoB u3bupareneii;

LeHTp (XpUCTHAHCKIE AEMOKPATHI, COLHAN-IEMOKPATHI, pecyoynkanipl) - 45-50% ronocos;

IMpaBsie (MoHapXHCTBI, armucTsl) - 13-16% ronocos [2, 270].

TakuM 00pa3oM, COOCTaBUTh MOKHO OBLIO TOJBKO JIBE IIEPBbIE CHIIBI, TPEThsI ObliIa 3HAYNTEINILHO ci1adee. Ho porb npaBeIx mapTuii He
Obli1a COBCEM MH3EPHOM, U MX COTPYIHHUUYECTBO C LIEHTPOM HUMEJIO OOJIbIIOS 3HAYEHUE JUIS HOJIUTHYECKON JKU3HHU CTPaHbl, IOTOMY 4TO, BO-
HEPBBIX, [IPaBble MAPTUX ObUIN JOIOIHUTENILHBIM pe3epByapoM rosnocos. Haubornee 3HauMTENBbHOE MPOSBICHHE 3TOH POJIM COCTOSIIOCH BO
BpeMs BblOOpoB 1948 T., Korja BO3HMKIIA IepCreKTHBa npuxoja K Biactu Hapopno-Zlemokparudeckoro ¢poHTa (CO31aHHOrO
KOMMYHHCTaMH U COL[HAIMCTAMH). B Takoif cuTyauy mouTH MOJIOBHHA TOJIOCOB MPaBBIX IEpelnia K XpUCTHAHCKUM JIeMOKpataMm [2, 225].

Bo-BTOpBIX, NpaBble OrpaHUYMBAIN YCTYNKH B COLMAIBHO-IKOHOMHYECKOH 00IacTH, NOAJNEpXkKHBas TEHAEHLMH, KOTOpbIE
CYIIECTBOBAJIM U Y HEKOTOPBIX IPECTaBUTENEH TapTUil «LleHTpay.

B-Tperbux, napTuu npaBoro ToJNKa ObUIM JAONOJHEHUEM HapiaMeHTCKOH 6a3bl mpaBuTenbeTBa. Eciu cHavyana 3Ty poiib Urpaja TOJIbKO
Tepnuma mnpasasi JlubGepanbHas napTus (Y4acTBOBAJIO B IIPAaBUTEILCTBEHHBIX Koanuuusax 1948-1950 rr., 1954-1957 rr., 1960-1962 rr.), TO
I037K€, BO BTOPOii 1o1oBuHE 1950-X IT., M0100HY0 (DYHKIHMIO BCE Yallle HAUMHAIOT BBINOIHATH U MOHAPXO-(allHCThI.
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Hoprep T.E.
Ipodeccop, Cenbckoxo3aiicTBeHHBII 1 TexHHYeckuil yausepcurer CesepHoit KapomuHbl
KH3b JIbBOB I'EOPT'HMi1 EBTEHBEBHY, 3EMCTBO U ITPOBAJI POCCHICKOI'O JIMBEPAJIN3MA
AHHOTaIUS

Knsso JIveos I'eopeuii Eseenvesuy poouncsa ¢ 1861 200y, ¢ mom sice camom 200y, Lapv Anexcandp II ommenun kpenocmmoe npago u
Poccust meonenno navana 08ueamvcsi K CMAHOBIEHUIO cospemennozo cocyoapcmea. Knazv ymep 6 usnanuu ¢ 1925 200y, ¢ smom 200y
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PRINCE GEORGII E. L’VOV, THE ZEMSTVO, AND THE FAILURE OF RUSSIAN LIBERALISM
Abstract

Prince Georgii E. L’vov was born in 1861, the same year Tsar Alexander I emancipated the serfs and Russia began to move away from
its static society of orders toward a more modern state. He died in exile in 1925 with Russia once again in thralldom. While some historians
have portrayed him in a sympathetic light, most accounts of L’vov’s activities, especially appraisals of his admittedly unimpressive
stewardship of the Provisional Government, have simply dismissed him as a somewhat naive and indolent Slavophile. While it is
incontrovertible that the Provisional Government failed, Prince L vov dedicated his life to the improvement of the peasantry’s condition and,
like many other liberals, had hoped to acculturate them to the norms and values of a civil society in an attempt to overcome the
backwardness of provincial life and ultimately integrate them as ‘citizens” into a modern, vibrant “nation.” L’vov played an important role
in Russia’s first experiment with local self-government and it was precisely because of his lifetime of dedicated public service that he was
chosen as liberal Russia’s standard bearer upon the collapse of the Romanov dynasty. This article will attempt to present a more balanced
appraisal of L'vov’s place in Russian history through an examination of his career as a public servant.

Keywords: zemstvo, Russian liberalism, prince georgii E. L’vov.

The vehicle he used to advance his vision of a progressive, modern Russia was the zemstvo. The word zemstvo is derived from the
Russian word zemlia, land. It has been used for centuries in Russia to refer to local government (see, for example, the system implemented
by Ivan IV in the sixteenth century). The term generally used to describe the zemstvo, however, is mestnoe samoupravlenie, which might be
translated as “local self-administration” or local self-government.” Although not found in either the Zemstvo Statute of 1864 or 1890 (there
the organs of local self-government were referred to as zemskie uchrezhdeniia, or “local institutions™), it points up a basic contradiction
which the Russian state has never reconciled — the intention on the part of the center merely to deconcentrate power so that it could retain
ultimate control over the localities as opposed to the desire on the part of some elements of Russian educated society (obshchestvo) to pursue
its own interests through independent activity and civic initiative. In short, the tsarist government sought to make the zemstvo but the final
link in the administrative chain stretching from St. Petersburg to the countryside, while society hoped for the devolution of power. The
government had built safeguards into the Zemstvo Statutes to preserve its primacy but these restrictions could not diminish the inherent
contradiction embodied in the establishment of local self-government — its incompatibility with the very idea of autocracy.

But given its shortage of personnel, the regime needed the zemstvo to assist in rural administration and economic development,
especially since the emancipation of the serfs had removed the noble landlords from their positions as virtual viceroys over the peasants.
Both the elected delegates to the organs of local self-government and their hired professional and technical experts (collectively known as
zemtsy) assumed that sheer logic would ultimately compel the government to grant them the wider latitude that they sought and to extend the
zemstvo beyond its present provincial and county levels to the local level where the peasantry could be more fully integrated into the
political life of a more “modern” Russia. They felt in particular that the prohibition on lateral contacts between the various zemstva would
necessarily be removed as cooperation between neighboring provinces to alleviate the ravages of regional disasters such as crop failures was
but common sense. But many officials in the state machinery, especially the bureaucrats of the Ministry of Internal Affairs, saw the zemstvo
as a threat to their primacy and accordingly thwarted nearly every effort at independent zemstvo activity. The occasional exceptions that
allowed coordinated zemstvo activity were granted by the Ministry only grudgingly. The hopeful zemtsy then respectfully entreated Tsar
Nicholas IT (1894-1917) to allow conferences of representatives from all the zemstvo assemblies in order to more effectively combat famine
and outbreaks of disease; their pleas were abruptly dismissed as “senseless dreams.”

By the turn of the century those zemtsy who shared a common concern for the defense of what they considered to be society’s
prerogatives began meeting unofficially in a discussion group called Beseda, or Symposium. Like L’vov, these men “did not want to utilize
their civic and patriotic feelings for work in the machinery of state,” which left them with the choice of being “either thrust into the social
wilderness or into the ranks of the opposition.” L’vov and the other members of the group called for a devolution of governing authority to
the zemstva and an increase in its sphere of competence. They also advocated the abolition of all estate distinctions and the equalization of
all citizens before the law, the restoration to the zemstvo of its original non-class based character, the creation of the small, local zemstvo
unit (melkaia zemskaia edinitsa) and the education of the peasantry in order to hasten their acculturation to the norms and values of a civil
society. In 1902 L’vov was elected chair of the Tula provincial zemstvo assembly executive board where he participated in public campaigns
calling for the independence of local self-government, the abolition of Russia’s estate system and the end of the peasantry’s legal separation
from society. He also continued to press for an extension of society’s right to participate fully in the political life of the nation. But Japan’s
attack on Port Arthur in 1904 galvanized Russian society and L’vov and the other zemtsy put aside their political struggle and pledged their
unconditional support for the government’s war effort. They promised to do everything in their power to succor “all those who have suffered
in the war and their families.”

The regime was forced to turn to society for assistance and it was here that Prince L’vov first became a prominent figure on the national
political scene. The Moscow provincial zemstvo, led by Dmitrii Shipov, passed a resolution calling for “the formation of a society of
zemstvo organizations to aid wounded soldiers.” 14 provincial zemstva sent delegates to Moscow and Shipov was made chair of the new
General Zemstvo Organization (Obshchezemskaia Organizatsiia) by acclamation. He called for these zemstva “to recognize the need to take
part in the organization of medical-sanitation aid in the Far East and to enter into this matter in union with the Moscow zemstvo.” Careful to
avoid violating the Zemstvo Statute’s prohibition against coordinated activity, it was further “resolved that each provincial zemstvo would
organize its own medical detachments independently of each other, equipping them with all the necessary supplies , and inviting the
assistance of local persons.” However, Internal Affairs Minister Plehve refused to condone these efforts since “the Statute on Zemstvo
institutions limited the sphere of the activity of these institutions to the boundaries of the province...a general, empire-wide zemstvo
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organization for aid to the wounded and sick troops must be recognized as being in direct contravention with the law’s demands....” Society
was shocked by this rejection of its well-intentioned relief efforts. Paul Miliukov, the famous liberal leader, recounts hearing a military
officer complain: “Is not every spontaneous action doomed? Is there any room for conscious patriotism? Has not even the humble attempt of
the self-governing assemblies to unite to help the sick and wounded been denounced as criminal, and forbidden by Plehve?”

Prince L’vov was elected by the commission to oversee the organization’s activities in the Far East and was now dispatched to St.
Petersburg to meet with the tsar and ask for his personal permission to undertake relief operations. The tsar gave his consent and asked L’vov
to “pass on to the personnel detachments my blessings and every hope for success in your holy cause of philanthropy.” The General
Zemstvo Organization formed 21 medical units with 1,050 available beds. They also opened 10 mobile canteens which served hot meals and
snacks of bread and tea. Often the canteens were the only source of potable water at the front. During the course of the Russo-Japanese War
the zemtsy received 50,385 sick and wounded for medical treatment. They also evacuated 9,068 on four zemstvo trains and provided hot
meals for 389,579 men and distributed bread and tea to another 71,495 soldiers. In the last months of the campaign they had also supplied
boiled water to 107,193 men. In order to pay for these endeavors the zemtsy had raised the sum of 2,080,894 rubles. Prince L’vov declared
that the loyal efforts of the zemtsy “had served to remove the obstacles which had hindered the further expansion of the zemstvo
organization.”

It was here that Prince L’vov first displayed his talents for administration and the supervision and management of personnel and his
activities were widely reported in the major newspapers of the empire. He had become a national political figure and upon his return to
European Russia the following telegram was sent by the organization’s workers to Dmitrii Shipov:

We ask you to express our fervent gratitude to Prince L’vov for everything that he

has done for zemstvo affairs in the Far East... We are fully cognizant of the fact

that it was the personal dignity of Prince L’vov, both as an individual and as a

public activist, that made it possible for the zemstvo detachments to pursue their

work unhindered and also resulted in the removal of the government’s prejudices

and their assumption of a proper attitude toward this zemstvo undertaking. We

hope that the coming of favorable conditions in the internal life of Russia of will

give Prince L’vov the opportunity to display properly his talents in the area of

public activity and we ask you to express to him our fervent wishes that this

activity will be developed as broadly as possible for the glory of the Russian

zemstvo and Russian society.

L’vov’s somewhat precipitous return had been occasioned by the turbulence that characterized Russian political life during the
revolutionary year of 1905. He was elected as a member of a zemstvo delegation charged with presenting a petition to the tsar on June 6th
that sought to encourage Nicholas to end Russia’s archaic system of estates and to summon elected representatives of the people chosen by a
broadened franchise to establish a new political system based upon the rule of law.

Although Nicholas had seemingly agreed with these sentiments the government’s official account of the meeting (published in the June
7th ,1905 edition of Pravitelstvennyi Vestnik) noted only that the tsar had agreed to involve elected delegates in government work. The
moderate zemtsy were aggrieved, and L’vov, as head of the Tula zemstvo executive board, wished to deliver a report on the meeting with the
tsar to the entire provincial assembly which had been called into extraordinary session. But L’vov was shocked to learn of the changes that
had swept over the zemstvo and that many of the newly elected deputies were opposed to his political activities. After prolonged and
acrimonious debate it was agreed that L’vov could read his report by a vote of 27 to 25 but 17 of the latter walked out in protest. L’vov read
his report and demanded the end to estate segregation, the establishment of the rule of law, and the granting of civil liberties as well as the
broadening of the sphere of competence of the organs of local government. But the zemstvo was by this time badly split between moderates
and conservatives who, frightened by the marked increase in peasant uprisings and the specter of another Pugachevshchina, had ended their
traditional disdain for zemstvo work and virtually took over the organs of local self-government.

Peasant unrest continued to escalate throughout the remainder of 1905. Combined with the general strike of October and the continued
pressure of the Liberation Movement, the regime was finally forced to capitulate and promise to grant civil liberties as well as broadly
elected assembly which would have legislative powers. The new chair of the council of ministers, Sergei Witte, sought to gain public support
for the government by approaching the moderate zemtsy, including Prince L’vov, and inviting them to join his cabinet. Although the zemtsy
refused to do so, thus missing a great opportunity, many of them participated in Russia’s constitutional experiment by standing for election to
her first elected legislature, the State Duma. L’vov was made chair of the Duma’s famine relief committee where he made several
impassioned speeches imploring the government to live up to its own laws and allow the zemtsy to participate as equals with the government
bureaucracy in matters of local welfare and needs. He again called for the establishment of the “small zemstvo unit” and pleaded for a new
policy of cooperation between state and society and an end to the bureaucracy’s tutelage over the organs of local self government.

Almost a year earlier the tsar had in fact already issued such a decree promising to extend the range of authority for the zemstvo;
however, this promise was accompanied by an official warning that “zemstvo and municipal assemblies and all types of organizations must
not exceed their prescribed limitations.” The General Zemstvo Organization’s leadership had embraced the decree but studiously ignored the
warning. At a congress of the zemtsy held on August 30, 1905 the assembled delegates had voted a resolution which read:

The unification of the zemstva has been achieved at great cost and only after

considerable struggle with the administration. Unification is now an accomplished

fact and the General Zemstvo Organization represents a considerable force; it

would be an egregious mistake not to make use of this. Until recently the admini-

stration has always interpreted the Zemstvo Statute in such a narrow fashion as to

prevent the various provincial zemstva from exceeding the sphere of local welfare

and needs. The war forced the government to accept unification and joint activity,

and even with the cessation of hostilities there are still circumstances which

dictate the need for the continuation of the joint work of the Russian Zemstvo.

The organization had simply continued with their work throughout the revolutionary year of 1905 and engaged in practical relief efforts
to succor those suffering from the continual crop failures and outbreaks of famine and disease which plagued Russia. Over the next decade
the organization established canteens, bakeries and soup kitchens in the regions afflicted by these scourges. Over 11,000,000 rubles were
spent on its famine relief campaigns; a total of 13.6 million rubles were spent on the organization’s famine relief operations between 1904-
1914. The zemtsy, however, rightly noted that the significance of their efforts could not be found in these figures, but instead lay in the fact
that society had demanded and largely won a role in the governance of the nation as an independent force. They asserted that they had been
forced “to enter into the struggle with a state which has exercised the highest developed form of supervision” over its people, and that the
conflict between state and society, rooted in their differing perceptions of the nature of the zemstvo apparatus, would not be over unless and
until “the center accepts societal forces in all governmental affairs.”

Imperial Russia’s last great statesmen, Peter Stolypin, was aware of the tsarist regime’s limited social underpinnings and was familiar
with the zemstvo from his tenure as governor of Saratov province. He too envisioned a new social and civic order in the countryside. Along
with a new peasant stratum of individual farmers freed from the stultifying grip of the peasant commune, he supported a program of broader
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peasant enfranchisement in local government. While no liberal, Stolypin shared the zemtsy’s belief that only a fundamental reform of local
self-government could provide vital connections between the village and state and make the peasants into (conservative) citizens. He thought
that in large part the future of Russia would depend upon the close cooperation of the zemstvo administration with the government. Stolypin
believed that the government’s “supervision over the activity of public activities must be confined predominantly to the observation of the
legality of these agencies’ activity.” In point of fact, according to Tikhon Polner, the secretary of the General Zemstvo Organization, after
1905 “the zemstvo won the unconditional and definite recognition of the government.”

One enterprise the regime needed assistance with was Stolypin’s program of peasant resettlement to Siberia and the Far East. Though
not as well known as his effort to break up the commune and create a peasant class of smallholders in the “American” style, this program
was a vital part of his attempt to bring the peasantry into the modern era in both the political and economic sense.

The government was not able to handle the flood of peasants who were willing to participate in the resettlement program and Stolypin
and Prince Vasil’chikov (the head of the Chief Administration of Land Settlement and Agriculture) quickly accepted the organization’s offer
of assistance. The 1907 congress of the General Zemstvo Organization formally adopted a resolution that described the organization as “a
permanent general zemstvo union,” despite the fact that article 3 of the Zemstvo Statute still forbade such an association. The executive
board, headed by Prince L’vov, did note, however, that it had

Entered into negotiations with the government about this question in order to ascertain whether it envisaged a bill which would be laid
before the legislative

institutions and therefore it remained only to wait for a new law concerning the

reform of the zemstvo institutions.

The tsarist government and the organization jointly devised a blueprint for action which involved the union establishing medical-
alimentary stations along the Trans-Siberian Railway from Irkutsk to the Far East, as well as along he Amur River. By the end of March
1908 the union had dispatched 160 personnel to the Far East. Their mandate was to dispense medicines, feed and in general attempt to render
every possible assistance.”

Over the next several years L’vov and the General Zemstvo Organization played a vital role in Stolypin’s resettlement program.
Recognizing the crucial importance of this program for Russia’s future, L’vov penned an article in Russkie vedomosti in which he called
upon society to recognize its responsibility “and take upon itself the necessary first steps for the colonization of the region,” since it was
“only here, because of the absence of the landlords and government officials that the peasantry can discover a sense of their own capabilities
and become a true part of the vital forces of our society.”

L’vov had by now become the public symbol of educated society’s independent initiative and capabilities. Ironically, his work as head
of the General Zemstvo Organization was funded by the very same reactionaries that had captured control of the zemstvo apparatus.
Paradoxically, the years leading up to World War I saw the most dramatic expansion of zemstvo activity since the era of the Great Reforms.
As many scholars of the period have pointed out, the zemstva swung sharply to the right in the aftermath of the 1905 revolution and a broad
array of programs and services were shut down. This development was often coupled with the rightist nobility’s defeat of Stolypin’s efforts
to democratize the zemstvo and presented as proof positive of the essentially moribund nature of local self government and thus the eclipse
of its potential as an engine of progress in rural Russia. The problem with this interpretation is that those scholars largely confined their
research in this regard to B.B. Veselovskii’s seminal work Istorii zemstva na sorok let which ceased its comprehensive narrative right after
the likvidatorstvo and basically missed the unprecedented and steady increases in the zemstva budgets up to 1914 (spending basically
doubled over the period 1907-1914) and the reinstitution and expansion of these “liquidated” programs by the very same zemtsy that had cut
them in the first place. Not only were programs restored or expanded but new ones in fields such as agronomy or adult education were
created, often at the behest of the peasantry itself. Observes were impressed by the independence of this new “peasant intelligentsia” which
they explained by the spread of literacy and by changes in the rules on peasant elections which restored direct peasant voting in zemstvo
elections. In other words, despite the failure to democratize local self government, zemstvo programs touched ever-widening circles of
peasants who began pressing for wider inclusion and participation in local government.

As with Russia as a whole, the zemstva faced their biggest test during the war that engulfed Europe in the summer of 1914. Military
conscription adversely affected their ability to provide services to the countryside. State subsidies for schools and other projects dried up and
a significant proportion of spending and resources was diverted to the war effort such as provisioning the army with food, horses and other
supplies, organizing medical relief for the troops and the evacuation of refugees from the western provinces. Medical personnel and
veterinarians, both in high demand in the army, were hit hard. As a result, many provinces faced outbreaks of smallpox and myriad other
diseases. With cruel irony, the war greatly intensified peasant demand for services while diminishing those institutions’ capacity to satisfy
local needs. And the war itself piqued peasant interest in the world beyond their horizon as they sought to comprehend their place in it and
their connection with other “citizens” beyond the village. The army conscripted some 30,000 male schoolteachers and the zemstva struggled
to find replacements. Peasant interest in the war stimulated popular demand for rural libraries, newspapers and the lectures that were
organized by the zemstva. Frontline soldiers sent letters home urging their wives to send their children to school and by 1916 zemstvo
schools were besieged with applicants, many of whom had to be turned away. In every field, zemstvo services were imploding by the third
year of the war as the crisis that devastated local government reflected the catastrophe engulfing the country at large.

But Russian society had in fact responded to the opportunities presented by the conflict and had once again displayed a sense of civic
responsibility and public initiative that belies the idea that Russia went into the war without hope for social and political regeneration. With
the outbreak of the First World War the regime was again forced to acknowledge its weakness and turn to society for assistance. 35 of the 43
provincial zemstva sent delegates to Moscow to transform the informal coordinating body that was the General Zemstvo Union into the
dynamic and centralized All-Russian Zemstvo Union (Vserossiiskii zemskii soiuz) to be headed once again by Prince L’vov. The zemstsy
dispatched him for yet another audience with Tsar Nicholas II. In the course of the conversation, L’vov explained the new union’s mission:

In a whirlwind of events, the All-Russian Union of Zemstva was formed a week ago. Its

Organization is the simplest possible. A central committee has been formed in Moscow and provincial and county ones in the
countryside. The whole organization has been constructed, not according to rigid and elaborate statutes, but on the basis of a firm and
spiritual unity. The zemstva have been able to allocate 12 million rubles for the relief of the wounded. Our task is to receive the wounded
from the army, transfer them to the hospitals, heal our wounded brothers and send them to convalesce in the interior of Russia.

The tsar’s imperial decree of August 28, however, made it clear that the union was to exist “only for the duration of the war...and only
under the flag of the Red Cross.” But within a month of the start of hostilities it became clear that official plans for the evacuation of the
wounded and medical supply beyond points immediately adjacent to the battlefield were virtually non-existent. The Council of Ministers was
shamefacedly forced to turn to society for the purpose of organizing victory in the rear.

Society’s response was immediate and staggering. By November, some 90 days after the mobilization order, 1,667 hospital units of
varying size and description stood under union aegis. Simultaneously, the army implored the union to outfit and operate the evacuation
trains, including those trains running inside the war zone. By 1915 the union maintained 50 trains spread across European Russia which
carried as many as 16.000 sick and wounded at one time. Incredibly, the army only had two dozen hospital trains; thus it was

forced to use those means which were found at hand...freight train after freight
train was sent to the interior of the country. There was not any kind of equipment
in the box cars, often lacking even straw for bedding; the sick and wounded lay on
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the bare floor. Medical personnel were absent; usually such trains were accom-
panied by only one doctor or medical assistant...when such trains arrived in
Moscow after several days’ journey, the condition and appearances of the passen-
gers produced a horrifying impression.

This desperate situation changed for the better as soon as the unions took over the management of medical evacuation efforts. They set
up a network of relief stations alongside of the major railways.

As each train arrived “it was serviced, those personnel who had fallen ill were left behind, money was received, the wounded had their
dirty linen exchanged for clean, the wagons and equipment was disinfected after the transport of diseased patients.” In marked contrast to
the army’s trains, the union’s were better equipped and fully staffed. Each train had its own store of medical supplies, a kitchen, and a
pharmacy. All the trains were staffed by several doctors, a team of nurses, and an even larger assortment of volunteers acting as orderlies.
These volunteers were generally Mennonites who had been classified as conscientious objectors and were fulfilling their service
requirements. By May 1915 the Medical Evacuation Detachment of the zemstvo union was composed of 99 doctors, 194 interns, 323 nurses,
144 cooks, and over 2000 orderlies. By the end of the war more than four million men would be evacuated on the zemstvo railroad.

The municipal counterpart of the zemstva, the city councils, also organized a relief society. The Moscow city council convened in order
to consider a resolution soliciting the support and assistance of municipal councils throughout Russia; two weeks later the All-Russian Union
of Cities (Vserossiiskii soiuz gorodov) was born. Prince L’vov participated at the founding congress held at the Moscow city hall. Thus, he
was the only public figure involved in the formation of both the unions. In addition, the Zemgor, a joint committee of the two unions, was set
up to take an active part in the organization of the army’s supply needs through the mobilization of industry. Prince L’vov was named head
of this body as well. Its work included acting as a liaison between the ministry of war and local enterprises, the evacuation of threatened
industries and the construction of new ones designed to meet the needs of the war effort. To some extent this duplicated the work of the War
Industries Committees set up by Russia’s industrialists, and Polner concedes that the Zemgor was only a qualified success.

The point to be made here is that the tsarist government quickly proved to be incapable of meeting its most basic obligations to the
Russian people during the war. Unlike the other belligerents in the conflict, where the authorities moved to centralize all governmental
functions in order to meet the needs of total war, the public in Russia stepped forward and took on the responsibility:

not only for a broad expansion of [its] sphere of works formerly planned,

not only for the extension of the union’s activity up to the front as far as the
advance positions, but it also took upon itself such functions, the fulfillment of
which had been undertaken as purely governmental tasks and which in all
preceding wars had been fulfilled exclusively by governmental organs.

This important development during the last three years of Romanov Russia has often

been glossed over in the scholarly literature, perhaps because in so many ways the fighting was directly and decisively related to the
collapse of the monarchy in 1917. This relative omission is curious when it is recalled that modern wars often have proved to be accelerators
of change; more than that, and paradoxically, they have become instruments of modernization. World War I was no exception.

Just as the stresses and strains of modern warfare had inaugurated the era of reforms after Crimea and the semi-constitutional monarchy
after the Russo-Japanese fiasco, the Great War could also have brought further political concessions as the increasing irrelevance of the
regime was laid bare during the course of the conflict and Russia’s increasingly civic-minded entrepreneurial and professional classes
stepped forward and virtually ran the war effort. After nearly a year of repeated follies and misadventures by the government, Prince L’vov
declared:

The duty of supplying the army with munitions, the organization of its transport,

and the problem of supplying food in the interior are tasks in which formerly

unofficial forces were not allowed to have any part. But they have proved to be

beyond the unaided strength of the government officials. We must mobilize our

forces, and all Russia must be welded into one military organization.

To be sure it was the unexpected protractedness of the war that engendered the endless series of problems which defied official solution:
nationwide epidemics, millions of displaced persons from the western provinces lost to the Germans in 1915, food and fuel shortages and
inflation. As with the provisioning of medical supplies and personnel for the soldiers, the regime now asked the union to take a more
significant role in safeguarding the general population against epidemic diseases and in instituting welfare programs for refugees that
exceeded traditional systems of private charity and government sponsored philanthropy.

The union had but 12 million rubles in its coffers at the outbreak of the war. These funds had been transferred from the accounts of its
predecessor organization, the General Zemstvo Organization. By the end of the war there were over 100,000 employees of the Zemstvo
Union who staffed not only hospitals and field canteens but also munitions workshops and factories, abattoirs, dairy farms, pharmaceutical
warehouses, labor exchanges, nurseries for the children of refugees etc. Each provincial zemstvo was expected to contribute money and men
and they did so by virtually cannibalizing zemstvo operations in the provinces. Huge sums of money were made available to the union from
the tsarist government right from the start. During the first year of the war alone the union was reimbursed 72, 241,051 rubles and by January
1, 1916 the union had received another 187,467,244 rubles from the regime. The regime’s dependence on the union can be seen in the
increasing amounts of money that were funneled into the union’s accounts over the remaining 15 months of the regime’s existence; the
monthly expenditure was 60,000,000 rubles and the total funding provided by the government to the union over the course of the war was
well over a billion rubles. This total, however, does not include the hundreds of millions of rubles provided to individual provincial zemstva
over the course of the war to provide for the relief of refugees, orphans and war invalids as well as funding necessary to fight epidemics and
provide essential services to local populations. This was done deliberately so as not to enhance the profile of the union any further. While
there is no evidence that the government ever seriously considered cutting off the flow of money to the union this possibility obviously was
of concern to the zemtsy as Prince L’vov himself noted that although they were “scared because they could be wiped out financially...we are
joined by money and self-interest. The only obligation is accountability...we must not fight...but defend ourselves.

The authorities, however, were in fact quite apprehensive as from their perspective the union clearly served as an agent for change in the
structure and functioning of the old regime. Minister of Internal Affairs N. A. Maklakov warned that, unless constrained the Union of
Zemstva and the Union of Cities “obviously were preparing themselves for work on the reconstruction of public life which must come, they
feel, at the conclusion of the war.” The government was also becoming increasingly alarmed at the “mission creep” of the public
organizations. For example, by 1917 there would also be more than six million refugees in need of assistance. The army’s general staff had,
in an effort to deny foodstuffs or materiel to the enemy, emulated Kutuzov’s scorched earth policy which had helped defeat Napoleon. This
entailed the complete destruction of all livestock, crops and dwellings as the army retreated. Unfortunately, the generals had not recognized
the enormity of their folly; where Napoleon had advanced on the few available roads, the German army moved along a broad front. The
resultant chaos provoked an anguished debate among the government’s ministers. lakhontov, secretary to the Council of Ministers, relates
how they discussed the impact of the policy

Being expelled forcibly by the order of the military authorities for the purpose

of the depopulation of the areas being abandoned to the enemy...they tear people

from familiar surroundings...and force them into the unknown vastness. They set
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fire to remaining grain reserves right in front of their eyes, and not infrequently to

their homes as well...the exasperated, exhausted crowd moved like an unbroken

stream all along the roads, interfering with military movements and introducing

complete disorder into the rear. To feed, water and provide housing for this entire

horde is, of course, unthinkable. People perish by the hundreds, from hunger, cold

and disease. The children’s death rate has reached terrible proportions. Unburied

corpses are left along the sides of roads...and this mass of humanity is spreading

over Russia.

Krivoshein, Minister of Agriculture, summed up the feelings of horror and apprehension evinced by all of the ministers when he
declared that “this great migration of peoples organized by Headquarters is leading Russia to the abyss, toward revolution and toward
perdition.” The refugees, who had “become aware of their predicament and began to become conscious of an entitlement to assistance and
dignity” by virtue of their being citizens of the nation, forged ties with others who shared their suffering despite conventional distinctions of
social status and education. Consequently, these people were “afforded access to a broader national community, built on the foundations of a
common sense of violation and loss and sustained by the need for collective effort to regain what had been forfeited in wartime.”
Unfortunately, the belated recognition of the enormity of the refugee crisis by the government did not lead to any action being adopted by the
ministers and the legitimacy of the tsarist regime was diminished still further. Once again, it was the zemstvo union that stepped forward.

The union formed a “dense network of organs at the front and in the immediate rear of the army and worked effectively among the
civilian population and provided them not only with medical assistance, but also with food.” The first units had actually been set up as early
as February 1915, six months before the problem was discussed by the government. In the union’s journal dated 1 March 1915, the Warsaw
committee of the union reported its chief purpose was not only to aid sick and wounded soldiers but also “to develop a completely new
operation directed towards the rendering of aid to the civilian population.” The refugee crisis necessitated a significant expansion of these
plans. Having established medical and food supply centers already in Russia’s major cities, the union now built, equipped and staffed
hospitals and canteens along the roads and railways to assist the refugees. The hospitals were erected to combat the spread of infectious
diseases, while the canteens “provided fodder for cattle, set up baths and laundries, and sometimes distributed clean underclothes and
clothing in addition to bread, tea and other foodstuffs.” The zemtsy built nurseries and shelters for the refugees, and even provided services
such as labor exchanges and information bureaus.

The economic consequences of the First World War also led to a public clamor for a streamlined apparatus to coordinate the civilian and
military sectors of the war effort. By 1916 the food supply crisis had dispelled any illusions that Russia’s existing supply system was
adequate. Food riots had broken out in Orenburg, followed by similar disorders in Ufa and Krasnoiarsk. From Tbilisi came word of acute
bread shortages despite the fact that 1800 tons of grain stood undistributed at the nearby train station, and meat rationing had to be introduced
in Khar’kov. By then, clearly, the exigencies of the moment were such as to demand nothing short of a massive and coordinated civic
campaign to save Russia from economic collapse. The Duma had earlier established four special councils to plan production and food
supply; the government had allowed representatives from the unions to sit on all four councils. Kimitaka Matsuzato has shown that the
government was willing to cooperate with society out of sheer necessity; the tsarist government actively sought to enlist society’s help by
incorporating municipal social movements into the total war regime.

Broad powers were in fact devolved upon city and zemstvo organizations in an attempt to coordinate the grain requisitioning process.
Unfortunately, it seems that the middlemen in this mechanism were far more concerned with their own profits than with the national welfare;
their lack of civic responsibility, combined with interregional competition for the grain which led to hoarding and stockpiling, served only to
exacerbate the crisis. In fact, the disarray in the food transport system (which was often supervised by the zemstvo) due to protectionist
transport regulations, was, according to Matsuzato, the main reason for the food crisis which led ultimately to the collapse of the monarchy in
1917. The army had also turned to the unions for assistance in procuring food. In May 1916, Stavka, the Army High Command, placed the
zemstva in charge of meat supply within the war zone. By this decision, rural zemstva, along with the unions, were authorized to fix
procurement prices, to requisition, if necessary, and to organize food deliveries. They did their work well. The army, often desperately short
of meat in 1915, was amply supplied by the fall of 1916, thanks to the expertise of zemstvo professionals. This cooperation was endorsed by
the Ministry of Agriculture.

But interministerial conflict prevented a rapprochement between state and society; the Ministry of Agriculture, under both Krivoshein
and Naumov, had been willing to share power with nonbureacratic elements and both had expressed their sympathies with the aspiration of
society to play a more prominent role in the governance of the nation. Other ministers, by contrast, were frightened by the possibility that the
union’s programs would widen the political arena with perhaps fatal consequences for the power of the imperial bureaucracy. In November
1916 The Minister of Internal Affairs hinted that the appointed governors ought be entrusted with more responsibility for food supply and a
week later the Minister of Agriculture resigned. In December union representatives gathered in Moscow to try, once again, to bring the
regime to its senses. The Ministry of the Interior refused to countenance the continued devolution of a substantial portion of wartime
administration to society; it had undoubtedly alarmed the conservatives when, earlier in the year, Prince L’vov had called for the resolution
of supply problems by the union to be implemented “from a supreme, state like point of view.” The government resorted to strong arm
tactics and, in a stormy confrontation, the union congress was shut down and the delegates forcibly dispersed.

Of course, the government had some legitimate reasons for its concern. Prince L’vov had also called earlier for reforms that would
“cement Russian society and channel human resources along useful lines; anarchy was the only alternative...to do otherwise would simply
invite disaster.” By this time L’vov and the other zemtsy had realized that Russia could not delay the further modernization of its social and
political relations. The tsar had then refused to meet with a delegation which represented almost all of educated society and was headed by
L’vov. This “Progressive Bloc,” which included nearly three quarters of the members of Russia’s elected legislature, the Duma, and had ties
to both the unions and the War Industries Committee, now demanded the establishment of a government which would be “capable of
organizing real cooperation between all citizens....” L’vov now declared boldly that society needed to find the “will to develop a state-like
might” since the public was “charged with the execution of a wide series of missions of general state significance.” He wrote:

The activity of the union long ago acquired state significance. The public-spirited forces have been attracted to it in very large numbers,
and the work of the union has proved that much of what is unfeasible for the government is feasible

when undertaken by the people’s organized forces. It has proved that the people attracted to state work display the great latent forces
hidden within it and that the government mechanism of state administration is far from conforming with the living force of the country.

The Progressive Bloc argued that reforms, long overdue in any case, were now essential in order to provide for the more efficient
utilization of Russia’s resources and thus a more effective prosecution of the war. Many members of society realized that there could be no
return to the status quo ante bellum. They had undoubtedly expected an increase in their influence after the war but had formerly been
willing to wait for the end of hostilities to press their claim; now it was imperative that reforms be implemented immediately if Russia was to
survive the war intact. Thus, by 1916 the unions had come to embody the initiative and public spirit of society. As head of the Zemstvo
Union, Zemgor and the Progressive Bloc L’vov represented the legitimate demands and aspirations of Russian liberalism. This was
recognized even by the obtuse Empress Aleksandra, who hoped “to send Prince L’vov to Siberia.” And the near hysterical response of the
Council of Minister’s to L’vov’s growing stature was indeed telling the prince is almost the chairman of some kind of special government; at
the front they talk only of him and say that he saved the situation, he supplies the army, feeds the hungry, heals the ill, sets up barber shops
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for the soldiers, in a word, he seems to be some kind of ubiquitous Muir and Mereliz. All his work is out of our control, even though
hundreds of millions of dollars from the treasury are being thrown at him. It is necessary either to put an end to this or put all power in his
hands.

Thus, the government recognized that its superordinate powers were being challenged. Minister of Internal Affairs warned Tsar
Nicholas that the public activists were “systematically moving toward their own goal...to black out the lights of your glory...and to weaken
the strength of the significance of the holy, immemorial and in Russia always saving idea of autocracy.” But no matter how much the
government wanted to curtail or even shut down the unions, it was acknowledged that “it was impossible to liquidate this problem because
the administration cannot manage without them.” This was graphically illustrated when Minister of War D. S. Shuvaev refused to follow
orders from the Tsar himself to cease cooperating with the War Industries Committee. Shuvaev gave as his reason that he “did not have
enough chinovniki (government officials) to replace all the public workers.” The regime’s fear of the union’s reached such proportions that
the ministers devoted considerable time to the discussion of their activities and possible responses to the threat to their primacy.

The ministers often expressed their concerns over the “self-abolition” of the government and their helplessness in the face of the
dynamism of society. Prince Shcherbatov, acting as Minister of Internal Affairs late in the war, requested instructions on measures to be
taken to limit the activities of the unions. He agreed that it was “necessary to tolerate them as an existing fact...since their dispersal would
create serious complications.” However, he also asserted that

In general, I cannot help but repeat that the zemstva and city unions, which I found already in full bloom by the time I became minister,
are a colossal government mistake. It is impossible to allow such organizations without a statute and determination as to the limits of their
activities. From a philanthropic beginning they have turned into enormous institutions with the most varied functions, in many cases of a
purely governmental character, and they are replacing government institutions with themselves.

Thus, the government’s increasing alarm concerning the transformation of Russian society was indeed well placed. It’s inability to meet
the needs of its people made it reliant upon the unions to prosecute the war; for their part, the liberal zemtsy were, of course, forced to turn to
tens of thousands of non-noble technical experts to in order to conduct its business. Whether it came to staffing hospitals, outfitting trains, or
coordinating evacuations from the front to the rear, the union had to range far beyond the narrow limits of the zemstvo class franchise and
call in technical experts who were debarred by law from voting in the provincial and county assemblies. Once the union entered the fighting
zone, non-noble consultants hired by the zemstvo — the so called Third Element (the first element being the state itself and the second
element being the elected zemtsy) — were placed in positions of authority. The government worried about the loyalty of these Third Element
professionals and the influence they now wielded over the union. B.V. Shtiurmer, Chair of the Council of Ministers, averred that “the
zemstvo union is culled from persons of a definite coloration, each free unit is saturated with the Third Element...moreover, it is impossible
to liquidate this problem because the administration could not manage without them.” He rightly feared that this would ultimately “lead to
the transformation of the zemstva from institutions dealing with the local economy under the supervision of the government, into organs of
local government, independent of the authorities.”

By this time many zemtsy had come to the conclusion that Russia could no longer afford to delay the modernization of its social and
political relations. L’vov and the other liberal zemtsy had long advocated the elimination of the estate system and the democratization of the
zemstvo as being the first steps toward the acculturation of the peasantry to the norms and values of a civil society. But L’vov had not
wanted to undertake meaningful reforms until after the war had been concluded as he thought a political struggle would serve only to
undermine the war effort. He had advised his colleagues simply “to continue with their work...for we believe it is precisely in real action and
work that our salvation and the salvation of the country lies.” But after the tsar refused to meet with the Progressive Bloc the time had come
to wrest reforms from the regime so that society would be “capable of organizing real cooperation among all citizens....” The zemtsy
proposed a reform project that would establish a more modern and inclusive system of local self-government that would necessarily entail
the decentralization of the Russian state political order and allow for the further development of its nascent civil society. L’vov and the other
zemtsy realized that “a new infrastructure had to be created and this demonstrated that the old zemstvo was too circumscribed and limited to
handle the tasks before it; a greater segment of the public had to be mobilized.”

In a remarkable display of public discourse, N.I. Astrov (the head of the Union of Towns) organized a three day conference in Moscow
that saw workers, tsarist bureaucrats, townspeople, and zemtsy meet to discuss the situation. It was here that the deep fissures in Russian
society were made apparent to L’vov and the other members of society. L’vov and Astrov spoke of the need to galvanize Russian society in
order to meet the needs of the war effort; however, the workers, led by Alexander Kerenskii, another future minister-president of the
Provisional Government, demanded social justice and their rights. One delegate went so far as to warn L’vov that “all educated Russia” was
on trial and that “the truth must be told, the people are turning away from you. And this must be recognized.” Astrov would later warn L’vov
that “the people below us hate us and are irritated.” He also warned L’vov that if liberal Russia could not educate the people politically,
radicals would become not only the probable, “but the legitimate spokesmen for the future.”

The radicalization of the Third Element was problematic for both the union leadership and the bureaucracy. Within the war zone these
professionals had developed considerable autonomy. They had concluded that there could be no return to the status quo ante bellum; Russian
society, galvanized in good measure by the unions to win the war because of the government’s manifest incompetence, had been too severely
shaken to avoid a further modernization of social and political relations. In their campaign for a political voice, these activists found an ally
in the Pirogov Society, which represented Russia’s medical community. The Society appealed for “the politicization of the Third Element
and a movement of doctors to the people.” The convention also ended with a call for the “reconstruction of our urban and rural institutions on
the basis of universal suffrage. The wartime activities of the union and especially the activities of the Third Element highlighted the
beginnings of a new reform tradition, one based on the underpinnings of a nascent civil society. Amazingly, the unique size, composition and
function of the All-Russian Zemstvo Union, a uniqueness grounded in the nature of modern war and magnified by the existence of a parallel
municipal organization and other voluntary associations, provided a vehicle for professional specialists to take over the war effort. From this
perspective then, the story of the zemstvo union illustrates the beginnings of a civil society that might have served to guide the political and
economic development of the country.

As 1916 wore on the cry for change escalated. Frustrated with L’vov, who, convinced that zemstvo work could not be interrupted, had
refused to countenance proposals to utilize work stoppages to prod the Duma to join them in a campaign to effect political change, the Third
Element took matters into its own hands. In Minsk, along the front lines, where the Third Element was heavily involved with food supply
and refugee relief, doctors and statisticians walked off the job “to protest the class dominated unions.” Momentarily unnerved and under
pressure from the regime, L’vov at first threatened to fire the strikers, but soon dispatched an assistant to intercede with the workers. This
gesture did not serve to pacify them because the police intervened and arrested two dozen employees of the Mogilev provincial zemstvo.
Three months later, at a conference of consumer cooperatives in Moscow, with union physicians and statisticians in attendance, a resolution
was passed condemning the union for its “estrangement from the democratic intelligentsia.”

With the collapse of the Romanov dynasty in 1917 L’vov’s contributions made him the logical choice to represent society as minister-
president and interior minister of the Provisional Government. When Nicholas finally took the decision to abdicate he reluctantly charged
L’vov with the formation of a new government. When L’vov was introduced to a crowd of workers and soldiers assembled at the Taurida
Palace, however, and it was noted that he had been placed a head of the government because his “very name signifies organized Russian
society,” cries of “’privileged (tsenzovoe) society” filled the hall. When the speaker continued, saying “Prince (!) L’vov, head of the Russian

106



zemstvo, will be our example,” the crowd knowingly again responded “privileged!” Thus, the depth of antagonism between the masses and
society stood revealed, as did the potential for the social revolution which would eventually consume Russia.

And it was here, at the eleventh hour, that L’vov also acknowledged the legitimacy of the democratic aspirations of Russian society. In
1917 the Provisional Government, under L’vov’s leadership, would radically restructure the zemstva in accordance with the people’s
demands. He felt it necessary “to liberate the people from all the bonds that enchained it and of then giving it the opportunity to demonstrate
all its spiritual forces.” To that end L’vov dismissed the tsarist governors from their posts and appointed the chairmen of the provincial
zemstva boards as “commissars” in their stead. He also issued decrees which implemented a local zemstvo and instituted equal suffrage in
elections to local self-government. Unfortunately, the belief that the democratization and extension of the zemstvo would ensure the
peasantry’s acculturation to the norms of a civil society and allow for the establishment of a Western style political order proved unfounded.
The peasants bitterly resented having zemstva chairmen appointed over them as viceroys and chose instead to exercise “peasant rule”
through their traditional organizations and committees. They considered the zemstva to be bastions of privilege and largely eschewed them
until they realized that they could be yet another vehicle by which to assert their autonomy and the primacy of their own interests.
Ultimately, many of the zemstva would be converted to Soviets after the Bolshevik seizure of power. Once again, in keeping with Russian
political culture, they would simply be links in an administrative chain stretching from the center to the countryside.

The Great War served to discredit finally the tsar and his government, but society’s victory over the state, symbolized by Prince L’vov’s
assumption of the post of Prime Minister in the Provisional Government, proved to be ephemeral when the pleas of Russia’s peasant majority
went unheeded. The peasantry pursued their own interests intelligently and consistently; it would be a mistake to conclude that they did not
have a coherent vision of Russia’s future. This vision included an end to the war and the distribution of the land, policies which L’vov’s
government refused to implement until after the election for a constituent assembly which they themselves purposefully postponed. L’vov,
his government and Russian liberalism failed utterly, but in the final analysis this was not due simply to their concern for legalistic
proprieties or temporizing. The failure of liberalism in Russia was the result of the schism between Russia’s unacculturated peasant masses
and educated society. Russia proved unable to integrate the narod as citizens into its nascent civil society. It was the failure of all those things
for which Prince L’vov had worked so selflessly for as a dedicated public servant.
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AnHomauyusn
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SCHOOL FOR YOUNG WORKERS IN ZELENOGORSK IN 1960-1980

The article is about the problems of development of schools for young workers in atomic city of Minsredmash of Siberia.

Keywords: Closed Nuclear Cities, Zelenogorsk (Krasnoyarsk-45), Minsredmash.

B 1960-1980-¢ rr. B 3eneHOropcke BeNOCh aKTUBHOE CTPOMTENBCTBO NMPOMBIIIIEHHBIX NpeAnpuATHiA MuHCpeaMalia, SHEPreTHKH U
XMMUYECKOI NPOMBIIIIEHHOCTH. 3HaYUTENIbHAS YacTh pabOTaBIICH MOJIO/IEXKH HE HMeIa IIOJIIHOro 00pa3oBaHus. B aTHX ycioBusx Ooiblioe
3HaUEHHE TIPHOOpEIIo BeuepHee o0ydeHue B mKoiax padodeid Mononexu (nanee — LLIPM). Ecnu Ha xorer; 1960/61 yge6noro rona B IIIPM
oOyuasioch 426 4enoBeK, TO B CIIEAYIONEM Y4eOHOM oy B IKoje o0ydanock yxe 591 wen. B 1962/63 yue6HoM romy B 5—7 itaccax ObIIo
Ha Hayaio 331 yyamuxcs, a B 8—10 — 260 yuaumxcst. OgHako u3-3a Gonbiioro orcesa u3 591 uei., Ha KoHel y4eOHOro roga ocranoch 370
yei. [1]

B ¢eBpaine 1964 r. uncno ygammxcst B [IIPM Bripocio 1o 1088 gen. [2]

Ha 1 wronst 1976 r. B 3emeHoropeke 2283 Monoaplx paboynx B Bo3pacte oT 16 1o 29 ner He uMmeno cpenHero oopasobanus. [1pu aTom
u3 131 monozoro pabouero Dnexkrpoxumsasona B IIIPM npexpatun yantses — 41; u3 220 paboTHUKOB Y1IpaBieHus cTpoutensctsa Ne 604 —
110; u3 49 padornukoB MCY-20 — 17; u3 27 paboraukoB ['POC-2 — 10; n3 13 paborankoB MCVY-75 u3 13 — 9; u3 50 paGorHHKOB
VipaBineHus KOMMYHaIBHOTO X03siiCTBa U ObITOBOro odcmyxuBanus — 17. [3]

Bxuaz mxon pabodeil MOJIOZIEKH B ITOBBIIICHHE 00Pa30BaTEIbHOIO YPOBHS MOJIOAEKH 3aKPBITOrO ropoza ObUI I0CTATOYHO JOCTATOYHO
BecoM. Tak, B 1981 r. B 3enenoropcke BbimyckHuku IIIPM cocrasisiin 30 % oT obmiero KoaudecTBa Y4EHHKOB, IOTYYMBILNX CpEAHEe
oOpa3oBaHue B IKonax. [4, c. 188]

IMocTenenno oy y4amuxcs, Hoiay4aBux oopazoBanue B IIIPM, chixanack. B 1986 r. B 1HeBHbIX 00111€00pa30BaTeNIbHBIX LIKONAX
ropona obyuanock 8480 dei.; B 1po)eCCHOHAIBHO-TEXHUUECKUX YUMIuInax — 1645 uenosek; B TexHUKyMe — 453 uen., B [IIPM — 207 yeu.
(3]

Pa3BuTHe NPOMBIIUICHHBIX NPEMIPUATHH B 3€JICHOrOPCKE YBEIMYMBAIO CIPOC Ha KBAMM(MHULIMPOBAaHHBIX creruanucToB. Lkosmst
paboueii MOJIOAEKH ChIIPAIH Ba)XKHYIO POJIb B IIOBBIIICHHN YPOBHs 00pa30BaHUM HACEJICHUsI 3aKPHITOr0 IOpoja.
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Kpacnokyrcknii A. B.
Jouent, Kannunar ¢punocodekux Hayk, 3arnopoXCKui HallMOHAIBHBIH YHUBEPCUTET
TEOPUS KAK IPEAIIOCBLIJIKA YCOBEPIIEHCTBOBAHUSA UJAEOJOI'MU I'OCYJAPCTBEHHOT'O
CTPOUTEJIBCTBA
AnHomauyusn

B cmamve paccmampueaemcsi meopus Kaxk nPeonochbliKa YCO8EPUIEHCMBOBAHUS UOEONO2UU 20CYOaPCMEEHHO20 CIMPOUMEnbCmed 6
0bwecmeae na smane e20 Mpancgopmayuy (CoBPeMeHHOM YKpauHckom odwecmese). IIpakmuueckas 3HaUUMOCmyb NOJYYEHHBIX PE3YIbINamog
3aKNI0YAEMCA 68 BO3MOICHOCIIU UX UCNONBI08AHUA NPU PA3PAbOMKe pA36EPHYMOU Kapmbl Meopul 20CyOapCmeenHo20 CMpoumenbCcmed,
KOmOopas MOJcem OblMb «3aepydicenHay 8 NPaKmuyeckoe CO3HAHue oOWecmeq, YCE0eHd e20 Kpy2amu u meM CamblM npeodpazoseana @
00HOBIEHHYIO  20CYOAPCMBEHHO-CO3UOAIOWYIO  UOCONOSUIO, HANPAGIEHHYI0 HA CO30aHUe KA4eCMBEHHO HOB020 20Cy0apcmed, Ymo
ycogepuiencmayem 0ouecmeeHHO-NONUMUYECKYIO HCU3Hb, 20CYOaAPCIMBEHHO-6AACIHYIO NPAKMUKY.

KiioueBble €JI0BA: TEOPHUs TOCYAAPCTBEHHOIO CTPOUTENBCTBA, HACONOTUs FOCYIapCTBEHHOIO CTPOUTEIILCTBA, CO3aHHE Ka4eCTBEHHO
HOBOT'0 rOCyAapcTBa.

Krasnokutskiy A. V.
Assistant Professor, Candidate of Philosophical Sciences, Zaporizhzhya National University
THE THEORY AS A PREREQUISITE TO IMPROVE OF THE IDEOLOGY OF STATE-BUILDING
Abstract

The article discusses the theory as a prerequisite to improve of the ideology of state-building in society during its transformation (in
modern Ukrainian society). The practical significance of the results is the ability to use them in the development of the theory of state-
building, which can be «loaded» into the practical consciousness of society, adopted by its community and thereby transformed into an
updated state-building ideology aimed at the creation of a qualitatively new state, which will improve social and political life and state-
government practices.

Keywords: theory of state-building, ideology of state-building, creation of a qualitatively new state.

The first unit of the determinants of the optimization of the ideology of state in modern Ukrainian society can be called «theoretical» as
it contains specific determinants related to the development of the expanded theory that is needed to improve the current state-building
ideology. This unit is a system that unites under its «umbrella» those factors that are directly related to the development of all the theoretical
aspects of state-building, the whole gamma and completeness of the necessary theory as the highest form of scientific knowledge. It is
integrating both the theory of the society, and the theory of the state, and of course, the theory of the state building. Taking into account that
the latter is conceptualized as a process of our activities of the creation of a new state, and the state itself — as a political form of society, it is
correctly to speak of the need for the creation of a single original format metatheory — the theory of society and the state and the state-
building, which would occupy the central place in the conceptual dimensions of the designated unit. It is clear that the latter, together with
the corresponding metatheory should be considered as primary, basic, fundamental construct of an appropriate system being its foundation,
as it is maximally synchronized with high nature of the researched ideology as a special kind of theory-based practical consciousness,
corresponding to its spiritual frequencies naturally combining with the structural lines of state-building of the ideological world.

Embracing a conceptual view of the relevant block design it should be noted that during the last two decades some solid steps towards
developing of theoretical foundation outlines of state-building, creating outlines of the theory of society, state and state-building were made.
It is appropriate to recall the theoretical exploration achievements of V. Andrushchenko, V. Bekh, V. Voronkova, L. Hubersky, V. Kremen,
V. Kudin, M. Myhalchenko, A. Skrypniuk, V. Tsvetkov, Yu. Shemshuchenko and, of course, of many other representatives of the national
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philosophical and scientific thought and other social scientists and statesmen. It should also be noted, in particular, theoretical results of the
respected author team, in the broad-based community of which there are V. Geyts, A. Onishchenko, M. Popovic and dozens of other
researchers that were presented to the NAS of Ukraine in the relevant national reports on the key problems of socio-economic, socio-political
and cultural progress of modern Ukraine [1; 2]. The first report «Social and Economic Situation in Ukraine: Consequences for People and the
State», on the one hand makes the complex analysis of the conditions and determinants of economic, social, political, legal and humanitarian
development of Ukraine in the light of the threats and risks associated with including crisis processes in the modern world, and on the other
hand it proposes vision of the strategy, ways and mechanisms to overcome the systematic crisis and lead the country to the dynamic growth
targets. Its ideological successor is — the second national report «New Course: Reforms in Ukraine, 2010-2015» the aim of which was to
outline the conceptual vision of a radically new course of implementation in Ukraine of urgent modernized transformations, concrete tasks
and mechanisms for their implementation formed by the domestic academic science. This report is actually a strategic and at the same time
practical document aimed at the future. However, it would be a significant exaggeration to believe that today we have before us a detailed
map of the theory of state-building as the highest form of scientific knowledge, logically structured systems enabling coherent synthetic
representation of patterns and significant relationships of the specifically defined area of reality, let alone a single metatheory — the theory of
society, state and state-building. In support of this we give a number of critical points.

We should note an obvious fact that today, as well as over the years of its independence, we actually do not have a single institution,
either at national level or beyond it, under the patronage and in the name of which the systematic laborious development of all aspects of the
theoretical foundations of state-building would be conducted and a large-scale creation theory of society, state and state-building would be
made and that this theory would set the tone, and at the same time promote a general line of this development and this creation. And this is
the first. Obviously, this institution by the natural logic of things would have to be, above all, the National Academy of Sciences of Ukraine
as the highest state scientific institution of the country, which, indeed, by virtue of its status may play the first violin in the generation and
realization of the indicated line and run full theoretical investigations of the state building content and direction. However this unfortunately
did not happen, because of different reasons and circumstances about which we sometimes could only guess being sincerely surprised with
helplessness and irresponsibility of national scientific public, whose members were often themselves at the helm of the state ruling. Those
rare occasions when the NAS initiates the state-building search, like the above named collective works — national reports are a pleasant
exception that proves the general rule and the moment mentioned by us. We have to admit that most modern Ukrainian researchers when
starting to work, individually or collectively, on one or other theoretical issues of creation and transformation of the state body, or boldly
encroaching on the «holy of holies» — grasp the nature of the theoretical dimension of society, state and state-building, often act on their own
initiative, relying mainly on themselves, their own strength and understanding.

At the same time it is impossible not to notice the eye cutting conceptual fuzziness, vagueness of the theoretical foundation of state-
building, as well as the set of theories of society, the state and the state-building, the lack, at least, of a common format unifying different
theoretical and research positions. This creates significant obstacles on the way to the establishment and strengthening of the metatheory
necessary to the state-building ideology. And this is the second thing. This situation is a logical continuation of the first moment which we
had mentioned. In addition, we must take into account weakness of interdisciplinary foundation of various research projects, studies,
affecting directly or indirectly the state issues, the insufficient level of philosophical, scientific culture of individual authors, who work with a
certain range of questions going into theoretical depth of a social body, state-building and diverse perspectives of its development and
reconstruction and the limitations of their professional competence, which prevent them from understanding of the nature of certain issues.

The indicated moment can be added to one more very important statement from the point of view of intensification of metatheoretical
search of a necessary metatheory-namely the uncertainty of a conceptual model of the society, including the modern Ukrainian one. And this
is the third thing. In the bosom of home social and philosophical thought the first more or less common outlines of this model are being
tested now and the author's position on the issue is being agreed. Thus, V. Andruschenko speaks of an organized society as a model of
transition from totalitarianism to democracy capable of solving the problem of organization and social self-organization in the period of
radical transformation in Ukraine at the turn of the century. Based on a thorough comprehending of the concept of «social body», V. Bekh
produces interesting thoughts on self-regulation of the social organism of the country. While agreeing in general with his colleagues, V.
Voronkova speaks of «self-governing society» as a new social phenomenon, as well as of the formation and development of innovative
paradigms of modern Ukrainian society, on the one hand, and the formation of the noospheric concept of modern society in the context of
globalization, on the other hand.

Fourth, the vast majority of local researchers who approach to the theoretical development of the process of creating a qualitatively new
state structure and certain aspects of it, or try to build a theoretical scheme of society, state and state-building, with admirable tenacity and
for a long time don’t pay their attention to considering such extremely important issues as laws and regularities which subordinate to
themselves the development of extremely complex phenomena of social reality: society, state, state-building as a process of its creation and
subsequent transformation and improvement. Without their solutions there is nothing to hope for the emergence of an extensive full-valued
theory of state formation and, consequently, a single metatheory that interests us.

Fifth, there is a lack on the domestic field of modern theoretical developments appealing to the masses of people of social and political
idea as the state-political system to which the citizens of the country would strive in their thinking and practical deeds. As it turns out, these
developments are absent today, unfortunately, either with theorists or practitioners of politics. thus, some representatives of the political
science (A. Wysotskiy), exploring in their modern development the basic problems of legitimization and modernization of political power in
modern Ukraine, indicate on the territory of the latter extreme weakness and the lack of social solidarity and the attractive model of a
common future. As a rule, we will not meet such a social and political ideal today either on the pages of serious monographs, scientific and
popular literature, newspapers, magazines, or on the pages of various national reports of respected scientific institutions. «Now the search of
the ideal by theorists of the parties and movements that grow like mushrooms after a heavy rain, either is concentrated on a quest to restore,
revive the past, removed from the modern time by more or less thicker or thinner walled years, or even is taken out beyond the actual process
of historical development of Ukraine. The ideal, so to say, is searched around somewhere on the side. We can confidently assert that the first
and second of these paths have no prospects» [3, 318]. We are solidary in mind, that only the scientific research, based on the objective
analysis of the historical development of Ukrainian society can be perspective. Besides, this research must take into consideration the past
experience and the present state of things and it must be aimed at the achievement of a better future. In other words, the attractive social and
political ideal of Ukraine should be found on the ways of its social progress. By this we mean a comprehensive and harmonious development
of the society, its economy and culture, improvement of welfare of people and prosperity of their spiritual life; the increase of the level of
freedom of every citizen in the development of their social importance, that is valuable abilities necessary to the society.

A positive solution of all above mentioned «Gordian knots», all of the problematic issues will make it possible to revive the theoretical
foundation of national state-building and optimize the emergence of metatheory which is necessary for the improvement of the exiting state-
building ideology.
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Jasyruna T.B'., JIazyrun HK.>
1]IOKTop ¢unocodckux Hayk, ZCTyL[eHT rp. [IPU13-12-1, TroMeHCKHiA TOCynapCTBEHHbIH He(Tera3oBbIii YHUBEPCUTET
MY3bIKAJBHBIN CJYX KAK CACTEMA
AnHomauusn

B oannoii cmamve mysvika paccmampueaemcs Kaxk 0coOblil 36YKOGOU MUp, OOHOCUMbLIL NOCPEOCMEOM CReyudUUecKo2o A3bIKA U
HOHUMAEMBLTL C NOMOWBIO MY3bIKATLHO2O0 CIYXd, PACCMAMPUBAEMO20 8 OAHHOU pabome KAk CHOCOOHOCHIb Yel06eKa K CUMEONOMBOPUECB)
U BbICYNalowe20 6 Kavecmee CIOMACHOU BbICOKOOP2AHUZ08AHHOU CUCMEMbL, COCMOAWel U3 PA3IUYHbIX YPOGHElN MY3bIKANbHbIX
chocobnocmetl.

KiroueBbie c10Ba: My3bIKa, My3bIKAIBHBIN CIYX, S3bIK MY3bIKH.

Lazutina T.V'., Lazutin N.K*.
'Doctor of Philosofical Sciences, *student gr. PRIZ-12-1 Tyumen State Oil and Gas University
EAR FOR MUSIC AS A SYSTEM
Abstract

In this article, the music is treated as a special sound world, through messages contain references to specific language and understand
using musical ear, described in this paper as the ability of a person to singletontest, and acting as a highly complex system consisting of
different levels of musical ability.

Keywords: music, musical ear, the language of music.

B HaIu JHA My3bIKa M3y4aeTCs KaK COLMOKYIbTYPHBINH (PEHOMEH U pPacCMaTPUBACTCS B KAYECTBE «CrelU(UUEcKOro crnocoda BHIACHHS
MHpa, C HOMOIIBI0 KOTOPOIO JIIOJHW OCO3HAIOT Ce0sl M OKPYXKAIOLIMK MUp, MCHOIB3Ysl 0COOYI0 CHCTEMY SI3BIKOBBIX cpencTs» [1,4], T.e.
MY3bIKa PaCCMaTPUBACTCS KaK YHUBEPCAIBHBIN 3bIK. OT0 3 (HEeKTHBHOE CPEICTBO KOMMYHUKALIMH, TI€ UCHOIb3YIOTCS Pa3IMYHbIC KaHAJIbI
TPaHCIISLUK TaK HA3bIBAEMOM «OCMBICIICHHOM HeBepOaIbHOM» HHpOpMALIIH.

My3bIKa TPaHCIUPYET MY3bIKAJIbHYIO HH(POPMAIHIO, 10/l KOTOPOH MOHMMAETCSI cucTeMa 00pa30B, MEepeAaromasicsl BHIPa3UTeIbHBIMU
(1300pa3UTeNbHBIMU) CPEICTBAMH MY3BIKAJIBHOIO MCKYCCTBA TPU MOMOIIHM CJIOKHOW CHCTEMbI 3HAKOB, 00Jajaroiias oCOOCHHOCTSIMH Ha
TaKMX 9JTalax MY3bIKAIbHOW JEATeIbHOCTH, KaK CO3[aHHe, BOCIPHUATHC K BO3JICHCTBHE MY3BIKAJIbHBIX (eHOMEHOB. IIpakTnka
CBHJICTEJILCTBYET O TOM, UTO HE3HAHHUE SI3bIKA MY3BIKH M OTCYTCTBHE MY3bIKAILHOIO CIIyXa BEIYT K BOCIPHUSTHIO €€ B KAYECTBE IIyMa.

BocrpusiTie My3bIKH BO3MOXXHO NPU HAJIWYHK PA3BHTOTO MY3BIKAJIBHOIO CIyXa. B COBPEMEHHBIX HCCIICIOBAHHSAX MY3BIKH HEPEIKO
MY3bIKJIBHBIH CIIyX PacCMaTpPHBACTCS KaK «CHOCOOHOCTh pasinyaTh MY3bIKAIbHBIC 3BYKH, BOCIPUHHMATH, MEPEKHBATH W MOHUMATH
coliepyKaHne MY3bIKAIbHBIX MpousBeaeHuin [2,47]. Tloq My3bIKaIbHBIM CIIyXOM IOHMMAETCs B OOJBIIMHCTBE MY3bIKOBEIYECKHX paboT
CIIOCOGHOCTB YeI0BEKa BOCHPHHUMATh MY3BIKY, HEPEAKO €r0 ONPEENSIOT KaK IPEeIOChUIKY HCIIOIHUTENIBCKON NEesSTEBHOCTH, a TakkKe OH
(buUrypupyer B KauecTBe OCHOBBI MY3bIKaJIbHOI'O MBILILIICHHUSL.

B naHHO# pabGoTe My3bIKAJIBHBIA CIyX pacCMaTpUBacTCS KaK OCHOBA MY3BIKAIBHOIO MBIIUICHHUS, ITO3BOJISIONIAs OCYIIECTBISTh
CHMBOJIOTBOPYECTBO. B  [aHHOE TMOHATHE BXOIIT «KaK MpPUPOIHbIC CiyXoBble 3azarki» [1,30], Tak © CHOCOOHOCTH K
«auddepeHIPOBAHHOMY BOCIIPUSITHIO SJIEMEHTOB 3BYKOBOH JOrMKM» [Tam »xe]. BakHEHIIMM KOMIIOHEHTOM MY3BIKAJIBHOTO CllyXa
SIBJISICTCS. MY3BIKAJIBHOCTD U [TAMSITh.

K My3bIKaJIbHOMY CIyXy NMPHMEHHM YPOBHEBBIH IIOJXOJ, MO3BOJISIOIIMK pacCMaTpPHBAaTh JAHHYK CIOCOOHOCTh Kak LEJIOCTHYIO
MHOT'OCOCTaBHYIO () YHKIIMOHAJIBHYIO CUCTEMY CO CII0)KHOW HepapXH4ecKOi CTPYKTYPOH, COCTOSIIYIO M3 B3aHMOCBSI3aHHBIX MEXIY COOO0
YPOBHEH.

BaxkHeilmm ypoBHEM («3BYKOBBICOTHBIMY») MY3BIKAJIBHOIO ClyXa SIBISICTCS CIIOCOOHOCTh Pa3iinyarh Ipajialliil My3bIKaJbHOTO 3BYKa,
OIpe/IesIsisi er0 OCHOBHBIC KAauCCTBEHHBIC XapaKTePHCTHKH, TAKWEe KaK BBICOTHAs M TeMOpOBasl MPHHAUIKHOCTh 3BYKA, AWHAMUYCCKHE
HIOZHCBHI U UX PasBUTHE, a TaKKe 00pa3yeMble OTHOIICHHS MEXIy MY3bIKAIbHBIMH 3ByKaMH (J1aJ0Bble ¥ FAPMOHHUYECKHE COOTHOIICHUS
3BYKOB).

«PUTMHYECKHIT» YPOBEHb MY3BIKAIBHOTO CIyXa OCYIECTBIISICT BOCIPUATHE U IIOHUMAHHUE MY3bIKaJIbHBIX PUTMO-()OpMYIT (MEeTpHUYecKas
OpraHu3alys, PUTMHYECKIE TTOCIEI0BATEILHOCTH U X COUYCTAHHUS).

«KOMIO3HIIMOHHBI» YPOBEHb MY3BIKAJIBHOIO ClyXa CIIOCOOCTBYET OCO3HAHHIO MY3BIKAIBHOH CTPYKTYPBI U (POPMBI MY3BIKAaIbHOIO
[POHM3BE/ICHUSL.

Htak, My3bIKaJIbHBII CITYX — CIIOKHBINH, MHOrOIpaHHBIH ()eHOMEH, MPH aHAIII3€ KOTOPOr'o CJIEAYeT UCHOIb30BaTh YPOBHEBBII MOIXOI.

TakuM 00pa3oM, MY3bIKQJIbHBIA CIYX [PEACTaBISIET CIOKHYI0O HEPAPXUYECKYK) CHCTEMY, BKJIIOYAIONIYI0 3BYKOBBICOTHBIM,
PUTMHYECCKHI M KOMITO3UILMOHHBIH YPOBCHb MY3BIKJBHBIX CHOCOOHOCTEH, a TAaKKe MY3BIKAJIbHOCTh M MaMsATh. ['eHepaibHas (QyHKIHS
MY3BIKQJIBHOIO Cyxa 3aKiovaetcs B S(P(EKTHBHOM OOECICUCHHH MY3BIKAIbHOH JesTenbHocTd. Ocoboe 3HAUYCHHE MPHHAUICHKUT
MY3bIKaJIbHOMY CIIyXY B BOCIPHUATHH MY3bIKJIBHBIX 00pa30B U (HOPMHPOBAHUH OLIEHKU MY3bIKaJIbHBIX MEPEKUBAHMUIA.
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RELIGIOUS: CONSTRUCTIVE AND DESTRUCTIVE POTENTIAL
Abstract

This article deals with the conditions and causes to life contradictory possibilities to influence the society of individual believers and
religious organizations.

Keywords: potential religious, conflict, partnership and solidarity.

BriusiHEE penUrHo3HOCTH HA COLMAIBHBIE MPOLECCH M3y4aeTcss B COBPEMEHHOW OTEYEeCTBEHHOM HayKe JOCTaTOYHO aKTHBHO U Ha
CerOHAIIHUN JIeHb JOCTYIIHBI JUIS aHajlu3a pe3ylbTaThl pa3iauuHbIX uccienoBanui [1,3,4]. Ilo MHeHHIO aBTOpa, POJb PETUIHMO3HOCTH
MOXKET TIPOSIBISATBCS, TPEXJE BCEro, INPH BBHIOOPE COLMAIBHBIMHA CYOBEKTaMH, YK€ CaMOONPENICSIMBIIMMUCI B BOIPOCAX BEPHI,
MIPUOPUTETHOrO THIIA OOIIECTBEHHOTO U JIaKe MEKIMIHOCTHOTO B3aMMOJAEHCTBHS: OT KOH(IIMKTa U IPOTHBOCTOSIHUS 0 KOMIIPOMHCCA H
MapTHEPCKOTO COTPYIHUIECTBA, CONUAAPHOTIO B3aUMOJIEHCTBHUS [2].

Cpenu 00CTOSITENBCTB, CHOCOOCTBYIOIIMX PA3BUTHIO aTMOC(Ephl COTPYIHHYECTBA U COINHMAAPHOCTH, MOYKHO HA3BaTh: 1) B3aUMHYIO
CHMIATUIO HApOJOB, COCTABILIFOIIMX ITHHYECKOE SAPO MCTOPHYECKOW Poccum — pyccKuX, yKpavHIEB M O€IOpYyCcOB, U MYCYJIBMaHCKHX
STHOCOB, MMEIOIMX B HAIlIEH CTpaHe CBOM NCKOHHO MCTOPUYECKUE TEPPUTOPUH — TaTap W OAIIKUp; 2) OXHOBPEMEHHOE JOMUHHPOBAHUE BO
BCEX KOH()ECCHOHATBHBIX TPYIIaX HEraTHBHOTO BOCIPHSATHS HOBBIX PEIMTUO3HBIX ABIKEHUH, B psjie COydasx HOCSIIMX JNEeCTPYKTHBHBIN
Xapakrep; 3) OTCYICTBHE CBSI3M B BBIP@XEHMSIX AHTUIATHH K OTHENBHBIM HApoOiaM C PAaCOBBIMH, STHHYECKUMH U PEIUTHO3HBIMU
OTJINYMSIMHU.

K olcrositenscTBaM, MOTYIIMM OKa3aTh HETaTHBHOE BIMSHUE Ha XapakTep MEXHAIMOHAIBHOTO U MEKKOH(ECCHOHAIBHOro Jrajiora
clielyeT OTHeCTH: 1) JKellaHWe JIIo/Iel, OCO3HAIOIIMX CBOIO HAIMOHAIBHYIO MICHTHYHOCTH, BCEMH JIOCTYITHBIMH CHOCOOAMHU COXPaHUTh U
COOCTBEHHYIO KOH()ECCHOHAIBHO-KYIBTYPHYIO UICHTUYHOCTh — Y€M BBIIIE LEHHOCTh Cephl ACSTEITHHOCTH JIMYHOCTH ISl ONpeAeIEHHON
KOH(eccHH, T€M MEHbIIe B He€ IOITyCKAaloTCs MpPEACTaBUTENM WHBIX HAIMOHAJIBHOCTEH; 2) BhIpakeHHe Oojiee XKECTKOW M Jlake
HACTYIATEeNIFHOW IO3HMIMHM B BOIPOCAX MEKHAIIMOHAJIBHBIX U MEKKOH(ECCHOHAJIBHBIX OTHOIICHHWI PEIMTHO3HO AaKTHUBHBIM JIMIAMHU Y
MIPAaBOCIABHBIX M MYCYJIbMaH, TOTJla KaK CPeAd IpEeACTaBUTEIICH HAIlMOHAJIBHO-KOH()ECCHOHAIBHBIX MEHBIIMHCTB PEJIMI'HO3HO AKTHBHBIE
CyOBEKTHI B HAaHOOMBIIIEH Mepe BHICTYNAIOT CTOPOHHUKAMH MEXHAIMOHAIEHOH TOIEPaHTHOCTH, KaK 3aJ0ra HX PaBHOIPABHOTO ITOJI0)KEHHS;
3) nposiBieHue Gosiee BBICOKOM TOJICPAHTHOCTH CPE/IM JIFOJICH, BBIMIPABIIMX OT pedopM.

PenurnosHele CTpyKTYpBI, — OyAydr aBTOPUTETHBIMH ISl CBOMX ITOCIIEIOBaTeNeH, BhIpakast X KOH(eCCHOHaIbHO-IUBIIIN3AIMOHHYIO
MIPUHAJIC)KHOCTh, — IOJBUIAIOT K B3BEIICHHBIM, HEArPECCHBHBIM JIEHCTBHSM, CIIOCOOCTBYIOT IPEBPALICHHIO KOHQIMKTHOH — JIMYHOM,
OOIIECTBEHHOM, OMUTUYECKOH — KYJIBTYPBl B TEPIUMYIO, IEMOKPAaTHYECKYIO, TPaKIAHCKYI0. XOTs TpaIUIHUOHHBINA aBTOPUTET PENTUTHH,
LIEpKOBHBIX OPTaHU3ALM, B PAIE CIyJaeB UCIIONB3YETCS ONPEICIIEHHBIMH CHIIAMH B TIPSIMO IIPOTHBOIIOIOXKHBIX, SKCTPEMHUCTCKUX IEJSIX, HO
HE 3TO IJIABHOE W ONpENeISIoNniee B COIMAIBHBIX M JyXOBHBIX JIEHCTBHSX PEIMIMO3HBIX CTPYKTYP Pa3HBIX HampaieHHH. OCHOBHBIM
(haKTOpOM SIBJISETCS CIOCOOHOCTH PENTMTHO3HBIX OPraHn3anyuii B 00CTaHOBKE MOJIUITHUYHOCTH ¥ MHOIOKOH()ECCHOHAIBHOCTH OCYILECTBIISAT
MHOTOYpPOBHEBBIE KOHTAaKTHL. B3anMopieicTBHS MOTYT TNPOXOIWTH IO THUIY HICOJIOTHYECKOr0 W MPAKTHYECKOrO HPOTHBOCTOSHUS,
COIIMAIIEHOTO TApTHEPCTBA M COLMAIBHOIO COTpyAHHMYecTBa. [IpaBuiia B3aMOOTHOLIEHWH, pacleHHBaeMble Kak IapTHEPCKHE,
YCTaHABJIMBAIOTCS CHUCTEMOW 3aKOHOIATENBCTBA, CIENUalbHBIMU coriamenusiMu. OHU Ooyiee M3BECTHBI LIMPOKOW IyOJMKe, HO MeHee
3aIMIIEHBl OT MEJIKUX HapYIICHWH KOHKPETHBIMH yYacTHHKaMH B3aUMoJeHCTBUs. IIpaBmiia B3aMMOOTHOIICHWI, pacleHUBAaeMble Kak
COTpyAHMYECKUE (CONMMAAPUCTCKUE), PErYIUPYIOTCS, B TOM YHCIE, HOPMaMH MOpaIH M HPaBCTBEHHOCTH, YTO CO3JAaéT JOMOJIHUTEIHHBIE
rapaHTHU UX BBIIIOJHEHMS HA HHANBHIYAIEHOM YPOBHE, KOTa KOHTPOJIb PYKOBOJICTBA HEBO3MOKEH.

HckaTh mpuMepsl OTHOIIEHHH, COOTBETCTBYIOIINE THUITY MAPTHEPCKUX M COTPYAHUUYECKUX (CONMIAPHCTCKUX) OTHOIICHUH, B CHCTEME
«OOIIECTBO — PENTUTHO3HBIE OPTaHU3AIMI» BOSMOKHO Ha HECKOJIBKHX YPOBHSIX: 1) OTHOIICHUSI MEXIy NMPEACTaBUTEIIMU OPraHOB BIACTH,
Oo(hUIMATEHBIMY TIPEACTaBUTEISIMH OOLIECTBEHHBIX U MOJMTHUESCKIX JIBIDKEHUH U PYKOBOISIIMMY OpraHaMH PEJTUTHO3HBIX OpTraHu3amuii; 2)
OTHOIICHUSI MEXIY PYKOBOSIIMMH OpPraHaMH pasHBIX PEJMIMO3HBIX OpraHW3alMi; 3) OTHOIICHWS MEXIy pPSIOBBIMH YICHAMU
PETUTHO3HBIX OOIIMH W HEBEPYIONMMH; 4) OTHOIICHWSI MEXIY PSIOBBIMH WICHAMH pa3HBIX PEIMIHO3HBIX OOIIMH, NPHUHAISKAIINX K
Pa3InuHBIM BEPOHCIIOBEJaHUSIM.

Teopernueckn chepsl B3aUMOAEHCTBUS, IPHHIMIBI B3aWUMOOTHOIICHHWH OIPENEISIIOTCS BBICIINM PYKOBOJICTBOM PEIIUTHO3HBIX
OpraHM3aliii B OCHOBHBIX JOKYMEHTaX — PELICHHSX COOOpOB, MOCTAHOBICHHUSAX AYXOBHBIX YIpaBieHWH W T.1. VIMEHHO 37ech NMPUHIMUIIBI
COTpYAHMYECTBA, COPabOTHNYECTBA, COOOPHOCTH, TEPIMMOCTH INPOBO3IJIAIICHEl B Hambosiee MOMHOM Buue. U sTm mpuHIuMmsl Haubonee
MIOCJICIOBATEIbHO PEANTN3YIOTCS Ha JBYX IEPBBIX YPOBHAX B3aWMOOTHOIICHWH. [IpHYMHOM TOMY CIYKHT TO, YTO PYKOBOIUTEIH
PETUTHO3HBIX OpraHM3aLMi MPEICTaBIIOT co00H HamOosee MOATOTOBICHHBIX M ONBITHBIX B IMOJUTHYECKOM CMBICIE JIIOJCH, KOTOpPBIE
Mpo(h)eCCHOHANBHO 3aHATHl BBICTPAMBAaHWEM BHEIIHWX OTHOIICHWH, HE 3aMHTEPECOBAHBl B HX pa3pyIICHUH, YMEIOT IPEOH0JIeBaTh
SMOLMOHAJIBHBIE Oaphepbl, BIIAJICIOT CBOMMHU YyBCTBAMH.

OtcrymieHre oT oQUIMAIBHBIX PUHIUIIOB B3aUMOJCHCTBUS HAOIIOAeTCs, TIPEXkKIE BCEro, HA PYTUX YPOBHSAX — MEXIY PsIOBBIMU
YJICHAaMH PEJTUTHO3HBIX OOLIMH M HEBEPYIOIIMMH, MEXIy pasHbIMU II0 BEepe PEJIMTHO3HBIMU oOmMHaMu. Kak IoKa3pIBaeT INpakTHKa,
Haubolee OCTphble MPOTHBOPEUHST MOXKHO 3a(hMKCHPOBATh BO B3aMMOOTHOIICHHSX MEXKIY BEPYIOLIMMH pa3HbIX peiauruid. [IpornBopeuns
MEXITy BEPYIOIIMMU M aTEUCTAaMH HOTEpPsuld OBUIYI0 OCTPOTY, MOCKOIBKY TEIEpEeIIHHE «YCIOBHBIE aTEUCTB» PacCMaTpPHBAIOTCSI Kak
MIepCIIeKTHBHAs 0a3a pocTa PeIUruo3HBIX OpraHU3aIMi ITPH YCIOBHU d((QEKTUBHOCTH COOTBETCTBYIOLIEH IpONaraH sl 1 aruTamum.

Heobxomumo cka3atk, 4TO 3aKOHHBIE PaMKH OTHOLIEHHH HE MOT'YT F'apaHTHPOBATh CEPACYHOH TEIUIOTHI MEXIY CTOPOHAMH, KOTOpast U
SIBJISIETCS 3aJI0TOM TOT'O, YTO YYACTHHKU B3aMMOAEHCTBHS CTAaHYT WJIM OCTaHYTCS JPY3bsIMHU, a HE TOJIKO CTOpOHaMu coramenust. Ecim sxe
CYILECTBYIOT TOIBKO (hOpMajIbHBIE paMKH B3aUMOJIEHCTBHUS (YIaCTHHKHU — IMapTHEPHI), a BHYTPEHHEE COJEPIKaHNe OTHOIICHUI He OIaeTcst
COTJIaCOBAHMIO (COLMANIbHAST COJNIMIAPHOCTh HE PACIPOCTPAHSETCS BHE Y3aKOHEHHBIX PaMOK), TO BpeMs OT BPEMEHH 3TH paMKd OyIyT
HapymaThscs B TOH Wi nHOi popme. Camast HexxenaTeabHas (opMa HapyIISHNs 3aKOHHBIX PaMOK B3aHMOOTHOIIEHUH — MEPEX0Jl K CHIIOBBIM
criocobaM penreHus mpoodiaeM. KoHeurno, B Takux GopMax ygacTBYIOT TOJBKO PsIOBBIE BEPYIOIIHE, 3a4acTy0 HE 3HAIOIIE WM HCKaXEHHO
MIPEICTaBIISIONINE CMBICT B (POPMY 3aKITFOYEHHBIX MEXKy PYKOBOAUTEISIMU MX PEITMTHO3HBIX OpraHu3aluid cornamreHui. [IpsiMbie croBbie
CTOJIKHOBEHUSI MEXIly BEPYIOIIMMH ITPOUCXOMST HA IMUKE KPU3MCHOTO Pa3sBHTHUS COLMAIBHO-DKOHOMHYECKOH CHTYAIMH, IPOBOLMPYIOTCS
MOJIMTHIECKUMH CHJIAMH ¥ TIOJYJaloT OCY)KAEHHE PEJIMI'HO3HOI0 PYKOBOJCTBA M CBETCKOM BJIACTH. Vmeonormdyeckue >ke CTOIKHOBEHHS,
MOJIEMHKa, MPOTHBOOOPCTBO HE TOJNBKO HE OCYXKIAIOTCS, HO ITOOLIPSIIOTCS PYKOBOACTBOM PENUTHO3HBIX OPraHM3alUil M CHpPaBEIJIMBO
HaXOMATCS BHE 30HBI BIMSHHS CBETCKON BIIACTH.

B cBs13u ¢ 3THM, Jaxke mapTHEPCKUE OTHOIICHUST MEXK/Ty Pa3HBIMHU PEUTHO3HBIMU OPTraHHU3alMsIMUA MOKHO PacCMaTpPHBATh TOJIBKO KaK
uzean oOIIECTBEHHOro pa3BuUTHs. Kakhaas penuruo3Has OpraHM3alys, HacTaWBas Ha HCTHHHOCTH CBOETO BEpOydYeHHs, Bcerjga OyneT
MOAYEPKUBATh HEKYIO CBOIO OCOOYIO 3HAaYMMOCTH B JKH3HHU CTPaHBI, PerMoHa, HapoJa, 3THOca. PealbHBIMU jke mapTHEPaMU IPH M3BECTHBIX
YCIIOBHSIX OpraHbl BJIACTH W PYKOBOJCTBO PEIMIHMO3HBIX OpraHM3aldii, KOIJa BOIPOCHI JESTEIBHOCTH PEIMTHO3HBIX OpraHU3alii
0E3YKOPH3HEHHO OIpe/IeIIeHbl IOPUINYECKH, & OOIIECTBEHHBII aBTOPHUTET 3aKPEIUIEH OUIMATBHON rOCYIapCTBEHHON HIEO0IOrHeH.

PeanbHBIMU cO-pabommuuxamu, COMMIAPHBIMU CO-MPYOHUKAMY MOTYT CTaTh KOHKPETHBIE JIIOJIH, YIaCTBYIONIHE BO B3aMMOOTHOLICHHSIX
Ha YpOBHE OTHOIICHUH, CKJIabIBAIOIINXCS MEXIY PSAOBHIMU WIEHAMH PEIMIHO3HBIX OOLIMH M HEBEPYIOIIMMH, U Ha ypOBHE OTHOIICHHI
MEXXTYy PSIOBBIMHU WIEHAMH PA3HBIX PETMTHO3HBIX OOLIMH, IPHHAUISIKAIINX K PAa3INYHBIM BEPOHCIIOBEIAHHSM.

apMoHM3aI¥sE OTHOIICHNI MEXITy Pa3IMYHBIMU PEIUTHO3HBIMU OPTaHH3AIMSIMU U O0BEANHEHHSMH H TIPEOOICHHE IKCTPEMHUCTCKIX
MIPOSIBIICHUH B KQXKIOW PENTUTMH, — BAYKHOE YCIOBHE 3((EKTUBHOIO YJaCTHs PEIIMTHO3HBIX OpraHu3anyii B GOPMUPOBAHUHU I'PasKIaHCKOTIO
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MHpa ¥ CIIOKOWCTBHUS, NPOTHBOACHCTBUSI TEPPOPU3MY M IKCTPEMHU3MY, PEIICHUS] COLMAIBHBIX IPOOIeM, OCOOEHHO OOOCTPHBIINXCS
JieMorpagIecKHX, IKOJIOrMIECKUX, HPABCTBEHHBIX, KYJIbTYPHBIX, HAMOHAIBHBIX IIPOOIIEM.

Penurus, He SBISSICE OCHOBHBIM (DAaKTOPOM, OIPEJEISFOIIMM STHOIOJUTHYECKHE OTHOIICHUS B Hamled cTpaHe (3THOMOIMTHYECKHE
OTHOLLICHUSI ONPENeIISIIOTCS, MPEK/IE BCEr0, OTHOIICHUSMH B 9KOHOMHYECKOH, COLIMANIBHON U B COOCTBEHHO HMOJIMTHYECKOH cepax), TeM He
MeHee, BBICTYNIAeT 3HAYUMBIM (DaKTOPOM JIAHHBIX OTHOIICHWH. PelIMTHO3HOCTH B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBHII MOXET JIHOO
000CTpsITh, MO0 CMATYaTh ITHONOIMTHYECKUE OTHOLICHUS B FOCY1apCTBeE.

Ceromnst Poccust crout mnepen HeOOXOIMMOCTBIO BbIPAOOTKM HOBOI MOZIENM B3aMMOOTHOLICHHWH TOCYHapcTBa C PENUTHO3HBIMU
opranm3aimsamMi. OT XapakTepa rocyJapCTBEHHO-IIEPKOBHBIX OTHOLICHHH BO MHOTOM 3aBHUCHUT — YCTAHOBUTCSI WJIM HE YCTAHOBUTCS JHAJIOT
obliectBa B IIEJIOM C TOCYIapCTBOM, a, CIIEJIOBATENbHO, TPaKIaHCKUH Mup ¥ cornacue. Cornacue JOKHO CTarh MPOSIBICHHEM
COIJIACOBAaHHOK OOIIEHALMOHAIBHOM BOJIM BCEX AKTHBHBIX CHJI OOIIECTBA — BCEX THHUYECKUX OOLIHOCTEH, NpelCTaBUTENIeH pa3IMYHBIX
KOH(peCCHIl 1 HEBEPYIOIIHX.
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HCTOKH OYAPOBAHHSI YKPAMHOM B IOJIbCKOM POMAHTHU3ME
AnHomauyusn

Hccnedosanue sigiisiemces NONbIMKON 0amy 0OMeem Ha 6ONPOC: KAKUSTUMEPAmypHble MOMUGbL MOJICHO HA38AMb UCTNOKAMU 04APOBAHUS
pecuonom, neusadiceM u Hacenenuem visuieco 102o-6ocmoxa cmpanvt (Pecnybnuxu Ionvwa)? FOoicuvle Momusbl Obliu meppumopuanbHo
02paHUtenbl YKPAUHCKUMY 3eMIAMU UXPOHONOSUNECKU COOMHOCUMbL ¢ NEPUOOOM HOAOPbCeKo2o 6occmanus 1830 coda u nociedyioweti gontvl
amuepayuu u 1848 200om, koeda nocie Becnvl hapo0oe 6cesisu ¢ nosgnenuem HAYuoHAIbHO-0C80000UMENbHBIX MEeHOCHYULl UHMEPeC K 1020-
socmounvim momusam ocaad. 1100 1weo-eocmoxom mul 6ydem umems 66udy Yepsonyio Pycv, Bonvinw, Yrpauny u [looonve, npubnuzumensho
6 epanuyax cecoonauinel Ykpaunvl. Ocoboe snumanue Oyoem obpawyeno na mpex npeocmagumenei YKpauHCKoU WiKobl.

KirroueBbie cjioBa: ykpanHCKHE MOTHBEL, Y KpanHCKasl MIKoJa", POMaHTH3M

Boruszkowska I.
PhD candidate in literature studies, Faculty of Polish Studies, Jagiellonian Univeristy, ul. Golebia 16, 31-007 Krakow
THE SOURCES OF ENCHANTMENT WITH UKRAINE IN POLISH ROMANTICISM
Abstract

The reaserch is an attempt to answer a question: which literary motives produce enchantment of land, landscape and people of former
south-east Republic (Republic of Poland) lands? South-confines motives were territorial limited to Ukrainian lands and closed in a period
between The November Insurrectionin 1830, and connected to this emigration, and year 1848 when afer springtide of nations, in the
presence of awoken nationcreat tendency interest of south-east motives becomes weak. Through south-east confines we will understand Red
Ruthenia, Volhynia, Ukraine and Podolia, approximately land of today's Ukranine. Attention will be paid to three representatives of the
Ukrainian school.

Keywords: Ukrainian motives, ‘“Ukrainian school”, romanticism

The topos of Ukraine that was evinced in our Romanticist literature "revealed a whole distinct cultural space, and carried with itself a
different kind of historiosophy than the one present within the elite culture (...) began a debate on how to understand history and its causes
(...), showed primordial, pre-Christian sources of domestic culture and created a concept of national-Slavic literature. In concert with the
above, it transformed and modified the theory of literary development, the function of poetry and the poet's creation. (...) Said topos in fact
brought about a brand new literary movement” [10, 107].

As noted by Stanistaw Uliasz, the beginnings of the "Ukrainian myth" date back to the end of XVI, and to XVII century [12, 120]. It
seems that it was this period, the period during which Szymon Szymonowic and the Zimorowic brothers produced their literary works, which
saw the birth of the specific "legend of the Eastern bounds" [12, 89]. The scholar states further in his work that the period witnessed "a strong
idealization of this area, decisive in the development of the Arcadian trope and the stereotype of the Ukrainian land of milk and honey" [12,
94]. When surveying the extant descriptions of the Ukrainian lands one must not omit the literary vision of Sofidowka by Stanistaw
Trembecki, as well as some of the pre-Romanticist poems of Franciszek Karpinski, born near Kotomyja. It is also necessary to agree with the
opinion of Stanistaw Uliasz, that it was exactly Romanticism which "fully discovered Ukraine, giving the territory a spatial-cultural shape
that was distinct from the remaining lands of the Polish-Lithuanian Commonwealth" [12, 97], and making it "the most mythopoeic region of
them all" [5, 129].

The spiritual atmosphere of this cross-cultural region influenced the imagination of Romanticist poets, shaped and fertilized it, backed
by the rich Ukrainian folklore, and the colorful and heroic history of the nation. Writers associated with Podolia, Volhynia, or Galicia
inherited at the moment of their births a rich deposit of cultural heritage, and by learning of this heritage - they took root in it with their souls
and minds. "Memories of childhood" - in the words of Maria Straszewska - "bore fruits in poetry, furnishing it with regional traits; something
that was underlined and acknowledged as positive by contemporary critics" [11, 150]. Indeed it was the writers' origin that appears as one of
the fundamental causes of their interest in Ukrainian-ness. It relates to the recollection of the "land of childhood" in their works, together
with its folklore and history, often as the motherland that had been left, or lost.

The sources of enchantment with the Eastern lands in XIX century should be looked for among cultural and philosophical currents of the
Romanticist era - in folkism, regionalism, orientalism, historicism. The folkist esthetic program took as its tenet to refer to folk literature, and
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to draw from it themes and stylistic patterns. The planks formulated during the Romanticist period had their predecessor in the sentimental
poetry of Franciszek Karpinski and Franciszek Dionizy Kniaznin, as well as the pioneering ethnographic studies of Zorian Dol¢ga-
Chodakowski. As Maria Ankudowicz-Bienkowska notes: "The interest in common folk, its past, art, ethos, and its ritual, contributed to the
start and to the multi-faceted development of folklore studies itself and ethnography, while at the same time constituted a space enabling
discussion on a socially relevant subject well within the main current of interests and ideological debates of Romanticism" [1, 6].

One of the factors which inspired ethnographic studies was regionalism, of which the interest in folk culture was one aspect. Particular
descriptions of regional culture gave us a systematization of the local ways of life, and showed the variety of cultures that interacted with
each other. The area where different cultural spheres co-existed and mingled, saw the flowering of interest in folklore [1, 104-105].

The folklore material in the shape of themes, customs, folk feasts, literary genres, always flowed from specific regional springs. By the
fact of being born in Ilince, Mohylev, or some other Ukrainian location, and by the virtue of being infused with the local folklore, many
poets and authors had roots that were obviously Ukrainian. As Helena Kapetu$ writes: "Figures of our Romanticist literature were better
acquainted with the folklore of the Eastern borderlands of the Commonwealth, a folklore the distinctiveness and specific traits of which they
did not fully realize; it was those figures who gave currency to many different themes, especially religious ones, characteristic of the areas
they grew up in" [6, 307].

Fascinated with the ideas of Herder, the Romanticist enthusiasts embark on a search for "village poetry". At the break of 1813/1814
Adam Czarnocki, better known as Zorian Dotgga-Chodakowski, set out for his journeys, the aim of which was the examination of folklore.
Among others he collected folk songs from what today is Ukraine and Belarus, with the conviction that in oral traditions of the common
people one could discern traces of pre-Slavic culture. The works of Zorian were later used by the Russian ethnographer Mychaylo
Maksymovitch, who in Moscow throughout the years 1827-1834 published collections of Ukrainian songs. Results of Polish ethnographic
studies were made public a short while after the works of Russian researchers - Mykola Certelev's "Opyt sobranija starinnych
matorossijskich piesniej" (Petersburg 1819) and Mychaylo Maksymovitch's books of 1827 and 1834.

An interest in Ukrainian folklore can be seen in Krystyn Lach Szyrma's "Dumki ze $piewu ludu wiejskiego Czerwonej Rusi" ("Dumkas
of the Red Ruthenia Common Folk's Songs") of 1818. Another enthusiast of folklore Wactaw of Olesk collated about 1.500 folks songs,
published in the year 1833 under the title "Piesni polskie i ruskie ludu galicyjskiego" ("Polish and Russ Songs of the Galician Folk"). An
interesting addition to this collection are texts accompanied by musical notation of Karol Lipinski. Also in Lviv throughout 1839-1849
Zegota Pauli publishes two volumes - including over 650 songs - entitled ,,Piesni ludu ruskiego w Galicji” ("Songs of the Russ Folk in
Galicia"). Songs of the Ukrainian commoners were also published in press during the second decade of XIX century [4, 37]. It would not be
an exaggeration to say that it were in fact Polish scholars (Oskar Kolberg, Jan Czeczot, Aleksander Rypinski, Zegota Pauli, Antoni Jaxa-
Marcinkowski) who created the groundwork for the ethnographies of Lithuania, Belarus and Ukraine [6, 307].

It can be stated that the preoccupation with Ukrainian folk song continued unabated, and that it found use in many different capacities
(for example as means of popularizing folklore, or as artistic material). Folk songs contributed to creating the literary image of Ukraine, they
were a source of knowledge about distant past, customs and beliefs. Folks tales were employed both by writers born and bred in Ukraine, as
well as by those unfamiliar with it, or by those who never even set their foot there.

Writers and ethnographers turned their attention towards the past. The subject of their interest was the history and culture of not only
Poland, but other Slavic nations too, or of Slavdom as such. This manifested in archeological studies, ethnographic peregrinations and
collecting folk artifacts, studies of Slavic languages and cultures [13, 33].

The Romanticist enthusiasts of folklore discussed the question of "relationships between folkishness, nationality and the primordial,
mythical, prehistoric and pagan culture of ancient Slavdom" [13,7], which appeared to those minds as something elevated, magical and
utopian.

As H. Werwes notes, "Ukraine-mania soon transitions from the fields of ethnography and history, to literature" [13, 106].

The enchantment with Ukraine brought together different threads of Romanticist interests: Slavdom, "dreams of pre-culture" in the
words of Stanistaw Pigon, mysteriousness of Orient, "the bliss of life" [14, 16] and the drive for that which is hidden, and for adventure. The
semantics of the notions of "Slavdom" and "orientalism", when imposed on the image of Ukrainian lands, brings to mind the metaphysics of
boundless spaces, and of hidden treasures of the past. Paraphrasing the opinion of Alina Witkowska, pertaining to the Romanticists'
fascination with Slavdom, we can surmise that "it was not so much about facts and archeology, but rather about philosophy of history, a
certain metaphysics of historical development, and thus - about notions relating to Man, Nation, and Humanity" [14,10]. Careful readers of
Zorian's ,,O0 Stawianszczyznie przed chrzescijanstwem” ("Of Slavdom Before Christianity") (both Polish Romanticists of the "Ziewonia"
milieu, and Ukrainian ones associated with the "Russ Trinity" group), were not entirely in agreement with his ideas. As Wtodzimierz Mokry
writes: "For the Polish and Ukrainian poets of Galicia, the Slavic nativeness had its roots in a continuous development of particular native
cultures" [9, 99]. What drew them to the works of Chodakowski, was the "reverence for ancientness and nativeness, together with the call to
search for the past in gravesites and the memories of the common folk" [9, 100]: Treating folk tales, folk songs, customs and rituals as
sources of knowledge about the culture of yore and of the ancestors' character contributed to weakening of criteria of historical truth. Such an
attitude towards history was in full agreement with general planks of the Romanticist era, where reason ceased being the only judge of the
past and the only tool of its evaluation.

Another important factor working towards the popularity of Ukrainian themes in Polish Romanticist literature was the desire to oppose
the "elite culture of forefathers" [11, 151] with an esthetic-ideological program, characterized by the ambition to connect literary creation
with peculiarities of regions, their customs, culture and language. Many critical literary essays in XIX century argued for the necessity of
going back to the national tradition and its regional springs, which also contributed to the growth of popularity of Ukrainian culture, since, as
announced by Maurycy Mochancki - "Ukraine is the Scotland of Poland", by which he meant a land of immense beauty and with a distinct
culture of its own. On the topic of the allure of Ukrainian landscape, it is worth mentioning that Wahylewicz himself ascribed a great value to
it, as an additional ingredient that gave the Ukrainian character and literature their unique flavor [9,70], writing in the foreword to "Rusatka
Dniestrowa" ("The Dniester Nymph"): nature spoke to the Russ soul, and the soul absorbed the nature inside" [9, 76]. We could add here the
case of Seweryn Goszczynski, likewise enamored with the beauty of Ukrainian soil, who when describing the "Polish Ukraine", which is to
say "the part that touches Dnieper in the East, Boh in West, Volhynia in the North, and the steppes of Chersonese in the South" [3, 12],
elaborated thusly:

"The space of several dozens of miles of Ukraine encompasses a most pleasing variety. The forests and gorges making up the larger part
of this province from the side of Boh; granite cliffs in the vicinity of Uman, Bohuslav and Korsun; pine woods, forested hills, whole swampy
rivers, as in between Moszny and Smita, imposing bodies of water of Boh, Dnieper, the many ponds and lakes, and the commencing sea of
the steppe; in one word: sands and the most fertile fields of grain in the world, the clearest waters and unreachable swamplands, cheerful
forests and timeless wilderness, silent valleys and enormous hills; never traversed thickets and steppes uncharted, they all congregated here,
as in a nature's feast of reconciliation. It is of no wonder that I should regard such a land as perhaps the most enchanting in the whole of old
Poland; no wonder that such a land would have made its inhabitants as they are, and sired a nation that can take its place among the bravest.
It is enough to hear this nation's tales, its epics, it is enough to gaze upon all those fields filled with graves" [3, 15].

The esthetic qualities of Ukrainian landscape are unquestionable, therefore we must agree with the opinion of Maurycy Mochancki:

"Verily it is the Polish Scotland, and fabrication, no matter how lush, would not succeed in adding to reality, which so forcefully
captures the reader's imagination" 8, 200].
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However we should not allow ourselves to skip over the political-patriotic context when searching for the sources of fascination with the
South-Eastern bounds. In XIX century Poland was under Partitions, the November Uprising suffered defeat, and the partitioning
governments intensified repressive measures. Meanwhile the Eastern borderlands reminded of the past glory of the Commonwealth, of the
courageous knights of the Eastern marches, and gave hopes for reclaiming independence. Those hopes found an incarnation in the image of
the free Cossack, and in the symbolism of the boundless steppe. In Romanticist works, the Cossack constituted not merely a symbol of
individual liberty and personal self-reliance, but in addition was an embodiment of the dream of national struggle. The Romanticist
fascination with the Cossack way of life was also, according to Halina Krukowska, "a consequence of the belief, that it (the way of life) was
the least tainted with artificialness and social conventions, and that it should be seen first and foremost as a direct manifestation of feelings
and passions, that is - the pure voice of nature itself" [7, 25].

G. G. Grabowicz emphasizes that fact that Polish Romanticists' interest with Ukraine was territorially confined to Right-Bank Ukraine,
and historically confined to the period from between the end of XVI century and the beginning of the XVII, up until the life time of a given
writer. "Both of these limitations - writes Grabowicz - suggest that during XIX century Ukraine was perceived as a part of the Polish cultural
and political space, a legal-historical component of the old Commonwealth, and not as a separate entity".

To recapitulate the discussion of sources of the Romanticist enchantment with Ukraine, one must note that on one hand it was a
reflection of fascination with the history, landscape, folklore, and the exoticism of that country, in accordance with the Romanticist fields of
interest, and on the other - of fascination with one's own homeland (it would be near impossible to count all those writers who were born,
spent their childhood, and their youth there). And all those "Poles from Ukraine" - as they should be described - "had a strong feeling of the
Ukrainian distinctiveness, uniqueness and lushness of its past, and in result - its privileged position, its more poetic character than that of the
rest of Poland". A couple of valuable observations on the topic of Romanticists' interest in Ukraine can be found in Maria Bielanka-
Luftowa's article, who writes that "the luminaries of Polish Romanticism hailed not only from the Eastern border, but also the South-Eastern
lands, (...) Podolia, Volhynia and Ukraine" [2, 362]. She proves in the latter part of the article that due to their local character, historical
tradition and folk art, it were exactly those borderlands that provided the means for transforming literature into a national kind. The territorial
peculiarities, with their physiographic, ethnic, economical, historical and cultural properties, became a topic of interest for the Romanticists [
2, 363]. The scholar also posits some reasons for the interest in the Eastern borderlands in the Romanticist era: the borderlands posses an
interesting history as a field of past battles; they are ethnically diverse, exotic terrains, where "the folk tradition, owing to the fact of their
distance from the cultural centre, was preserved more fully, and acquired more poeticalness" [3, 363]. She also underscores the importance
"of the regional factor in preserving the national sentiment", which in the post-Partition era seems especially weighty. Maria Bielanka-
Luftowa asks in her essay: why was it only Ukraine that played such a crucial role as s territory? She looks for the answer in the steppe
landscape of the South-Eastern lands, where nature was exactly to the Romanticist liking: "primeval and great nature of the steppe and the
sea, exotic as well, due to both its lushness and its steppe character" [3, 365]. She also describes the Cossack phenomenon and the
Romanticists' interest in the armies of the Zaporizhian Sich. She adds to this the local exoticism and the contacts with the Muslim world. She
also mentions the folk art and the Ukrainian folk song, stating that "it surpassed - already in the opinion of Romanticism's contemporary
scholars - other parts of Poland in terms of its artistic richness, originality, and the ancientness of its tradition, which were considered
vehicles of the oldest and the best preserved Slavic culture, the source of the national spirit" [3, 367].

Another investigator of the "Ukrainian school" writes on the topic of Romanticist preoccupation with Ukraine: "the Romanticist critics
admitted that Ukraine is the most appropriate theme to be expressed in poetry. Such claims suggested that whatever is Ukrainian, is also
highly poetic" [7, 24]. Halina Krukowska sees the main source of this XIX century preoccupation in "the epistemological-esthetical attitude
of the period, one concerned with the folkishness, oldness, exoticism, individuality of particular regions, cultures and provinces" [7,24]. As
the leading causes for the popularity of Ukrainian themes in Romanticism, she presents among others the fact that Ukraine had the most
original, according to the Romanticists, local character and the most unchanged folk culture. She also emphasizes the troubled history of the
lands in question [7, 25].
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Abstract

The present article is devoted to the analysis of formation factors of a legal language of: social and economic and ideological factors.
Prerequisites of emergence of allocation of private branches of the right are described.

Keywords: legal term, terminology, formation factor, legal system

S3p1k mpaBa (Rechtssprache) mimm crienmanbsHenid opuandeckuit s3uik (juristische Fachsprache) siisiercst mpenmeTomM BceCTOPOHHETO
W3y4EHHs JIMHTBUCTOB U NPAaBOBENOB. B pycckoM si3bIke €ro uccienoBaHueM 3aHuManuch 1 3aHuMatorcs H. 1. Tones, A. C. Iluronkun, A.
A.Ymakos, C. II. Xwxknsik, H. I'. Muxaiinosckas u ap., HeMelukuil s13bIk 1pasa uccienytor Y. Jaym, X. @ayk, B. Orro, A. Ilomnex u np. B
COLIMOKYJIBTYPHOM aCIEKTE s3bIK MpaBa paccMaTpuBaroT: b.A. Onbxosukos, C.B. I'punes, P.A. Bynaros, X. bpynnep, V. Aisenxapar, 5.
I'pumm, E. Brocrep, JI. Xoddmann, JI. XapTmanH u zp.

Kak ¢enomeH mnpodeccnoHaqbHOH KOMMYHHMKALMM ¥ IIPAaBOBOM CHCTEMBI s3bIK IIpaBa O0JNAJaeT COLMAIBHOM 3HAYUMOCTBIO U
KOHIIEHTPHPYET OIBIT B3aMMOJEHCTBYS WICHOB OOLIECTBA B PA3JIMYHBIX 00JIACTIX AESTEIbHOCTH YENOBeKa.

CTpykTypa ¥ (GYHKIMH KOHKPETHOTO fI3bIKa, a, CIEIOBATENbHO, M €ro CHelHaIu3alys, B 3HAYMTEIBHOH CTENEHH OOYCIOBJICHBI
HCTOPUYECKUM Pa3BUTHEM JAHHOIO s3bIKa. I109TOMY CHHXPOHHBIH aHaJIN3 IPABOBBIX TEKCTOB AOJDKEH OIMPATHCS Ha HCTOPHIO SI3bIKA [IPaBa,
KOTOpAsI ¥ SIBJISETCS. OCHOBON HEMELIKOI TEPMHUHOIOTHH IIpaBa.

HauGonee CymecTBEHHBIMU COLMOKYIBTYPHBIMU (hakTopamMu JUist GOPMUPOBAHNUS IOPUIMIECKOH TEPMUHOJIOTHHU O HAIleMy MHEHHUIO
CIeAyeT CYMTATh COLMAILHO-OKOHOMHMYCCKHMII M HIEONOrndeckuil (akropbl, BO3NEHCTBHE KOTOPHIX OTMEYAaeTcs Ha BCEM INPOTSHKEHHU
Pa3BUTHSI HEMELKOrO IIpaBa, a, CIENOBATENBHO, M PA3BUTHS HEMELKOH IOPHINYECKOH TepMHHONOrMH. IIoA MX BIMSHUEM HE TOIBKO
(bopMHUpOBAIIHCh IOPUANYECKUE TEPMHHBL, HO ¥ OCYIIECTBILUIOCH BhLIEICHNIE U 0(OPMIICHHE YaCTHEIX OTpaciei Ipasa.

HecMmoTpsi Ha B3aMMO3aBHCUMOCTb s3bIKa M IIpaBa, (ha3bl MX Pa3BUTHS HE COBNAJAIOT C HEPHOAM3ALMENH UCTOPUM HEMELKOTO S3bIKa B
nenoM. I'oBOpsl O CTYNEHsSX pa3BUTHS s3bIKa NpaBa B ['epMaHUM, HEOOXOIMMO Y4YMTHIBATH €0 OTHOLIGHHE K JIATHHCKOMY S3BIKY. Kak
ormeuaer b. Dxapar (Eckardt), «Hemenxuii si3bIK IpaBa B €ro HACTOSIIEM BHAC BBIKPUCTAJLUIN3OBAICS B PE3yIbTaTe B3aHMMOACHCTBHS C
JIATHHCKUM S3BIKOM» [4]. B cBeTe CKa3aHHOTO MPEICTABIACTCS HHTEPECHBIM IIOAPOOHEE OCTAHOBUTBHCS Ha HEKOTOPBIX MOMEHTax
CTaHOBJICHMS HEMELIKOTO sI3bIKA [IPaBa.

Jlo V B. npaBoBble NpeANUcCaHus Ha TEPPUTOPUM I epMaHUM MepeqaBaInuch yCTHO. YCTHAs TpaJuUUs Iepefadd Ipasa Hpearonaraia
yHOTpeOJieHHe CHeM(pUISCKUX S3BIKOBBIX CPEICTB UL NPUIAHUS IIPAaBOBBIM TEKCTaM O0S3aTEIBHOrO XapakTepa W O(OPMICHHS HX
CNELUATBHOIO COAEPIKAHUS: C OAHOI CTOPOHBI, pU(MA, IIOCIOBUIIbI, YCTOHYMBBIC U NTAPHBIE CIIOBOCOYETAHUS O)OPMILSIIH TEKCT, a C JIPYroi,
HPOU3BOIMIIN PEITMTHO3HO-Marn4ecKoe IeHCTBUE, IPU3BAHHOE MOUEPKHYTh 00s3aTENIbHBIH XapaKTep PaBOBLIX ITOIOKEHHIL.

ITepBbIM TOMYKOM K IHCHMEHHOM (DMKCAlMM 3aKOHOB IOCIY)XKHJIA PUMCKas KylbTypa, U3 Hee ke OblIa 3aMMCTBOBAaHA IPaBOBAs
TepMuHonorus. K ToMy BpeMeHH IHCbMEHHAs IIPaBOBasi TPAIMIMS PUMILSIH y)Ke IIPUBEJIa K BOSHUKHOBEHHUIO CIELMATBHOTO sSI3bIKa IIpaBa,
4TO, BEPOSTHO, MOOYIWIO IepMaHLEB 3alMCHIBATH CBOM 3aKOHBI HA JIATHHCKOM s3bIKe. BaKHEHIIMMH NHCHMEHHBIMH IIPaBOBBIMU
ucToyHrKamu I'epmanuu ¢ V 1o IX BB. SBISIOTCS COOPHUKY IIPaBOBBIX HOPM, Hanpumep, Leges Barbarorum, Lex Salica u ap.

Co 2-ii monoBuns! XIII B. Topozckoe npaBo KoAXGUIMPYETCs HA HEMELKOM s3bIKe. MHOrO4HCIIeHHbBIE MPaBOBbIe COOPHUKU TAHHOTO
nepyuozia ObLIM INPEJCTABICHBI B BUJIE YACTHBIX 3alMCEHl 3aKOHOB IPEUMYIIECTBEHHO 3€MCKOro M (eonanpHoro xapaxrepa. Konmuecrso
IIPaBOBBIX UCTOYHUKOB, U3/JAHHBIX Ha HEMELIKOM s3bIKE, CTAJI0 CTPEMUTENBHO pacTH ¢ nossiaeHueM Caxconckoro 3epuaina (Sachsenspiegel),
paBoBOro cOopHuKa, cocraBieHHoro (1220-1235 rr.) Diike Gpon PerrkoBoM, 1 H3aHHOTO Ha HIYKHEHEMEIKOM SI3BIKE.

«TepMHHOIOTUS TIpaBa 3MOXH CPEJHEBEKOBbS OTJIMYANach OOPA3HOCTBIO, YHOTPEOJIEHHEM IIOCIOBUII M NApHBIX CIOBOCOYCTAHUIA,
HaJIM4UeM 23JeMeHTa toMmopa. Ee xapakrepu3oBaslo MCIIONB30BaHHE HAa3BaHWH yacTed Teima [Uisi 0003HA4YEHHs OTHOLICHUH poxcrea [4].
Hanpumep, pooumenu - Busen (epyos), nacieonuxu - Schoss (upeso), nacneonuxu nepsoii ouepeou - Knie (koneno), nacneonuxu emopoii
ouepeou - Fussgelenk (conenocmonnutii cycmag). CioBom Schwert (meu) 0003Ha4aIM pOACTBEHHUKOB MYKa, a CIIOBOM Spindel (sepemeno)
POICTBECHHUKOB JKCHEL.

C.II. XmKHSAK OTMEYaeT «IIepHOANYHOCTD NEHCTBUS HEKOTOPBIX (JaKTOPOB B Pa3BUTHH IOpHANYEcKOil TepMunonorun» [1]. Tak, B XVI
B. B [IPaBe HAIIUIM OTPa)KECHUS IOBEPUS U CyeBepHs JTtoziel. JJIsl yroIoBHOTO CYOIPOU3BOJCTBA TOTO BPEMEHH ObUIH XapaKTEePHBI IPOLIECCHI
IPOTHB BEIbM, B UX OCHOBE JIGXKAJIM IPECTYIUICHHS, CBS3aHHBIC C BOJIIIEOCTBOM, 4apoleiicTBOM. B CBs3UM ¢ 9TUM HOSBHIINCH TEPMHHEI
Hexenprozess, Ketzerverfolgung, Folter v HOBBII nonBux TepMuHa Todesstrafe-Feuertod (cmepmuas kazno nymem codicocens).

B Hauane XIX BO MHOIMX HEMELKHX IOCyHapcTBax HadyaluCh NPeoOpa3oBaHMs, CO3AABILINE YCIOBUS IS COLMAIBHBIX M3MEHEHUH.
Ocob6eHHo 3ameTHb! 3TH M3MeHenus B [Ipyccun. Cpenn npeoOpa3zoBaHHii CleyeT Ha3BaTh IPYCCKYIH0 KOMMYHAIBHYIO pedopMy, LEbo
KOTOpO# ObLIM pedopMbI FOPOACKOr0 YCTPOICTBA M NEPEYCTPOHCTBO OOLIMH U OKpYroB. B pe3ynbrare OblIM CO37aHBI CAMOCTOSITEIbHbIC
OOIMHBI C MECTHBIM camoytpaBsienueM (Selbstverwaltung).

Oo6pasoBanue B 1867 r. Ceepo-I'epmanckoro Coro3a U BOZHUKHOBEHHE BTOporo Hemerkoro Pefixa B 1871 r. ycunuiu crpemienue K
yHHGUKAIWY IPaBa ¥ IPUBENH K KOAU(UKAIMK YTOIOBHOI'O U MPOLECCYaNbHOr0 Mpasa. [1aBHBIM BOIPOCOM OBLIO CO3aHHE KOHCTUTYLIUH.
[IpooGpa3om psima HEMEUKHX KOHCTUTYLHMH mociyxkmia koncrurymust JlromoBuka XVIII ("Charte constituonelle") 1814 r. Koncruryrmst
Sachsen-Weimar (1816) u Sachsen-Hildburghausen (1818) comepanu rpasknanckue npasa u cBobous! (Freiheitsrechte) n cBoOOmy mpeccsl
(Pressefreiheit). Cpeny ynpaBlIeHYECKHX YUPEKACHHN MOSBIIICS TOCYIapCTBEHHBIH coBeT (Staatsrat), a B baBapum B 1808 r. Obu1 co3nan
TaliHblil coBeT (Geheimer Rat). B mepron mpoMbIIUIEHHOH peBomonuy XIX B. HOSBIINCH HOBBIE HPaBOBBIC OPraHHU3AL[MOHHEIE (OPMBI
npeanpustuil. Tak nosBuinck ToBapuiectsa (Personengesellschaft) n odmecrBa (Kapitalgesellschaft), xpome Toro, TpeboBaInUCh HOBBIE
npaBoBble (hopMbl 11 nonydenust kpeaura (Kreditversicherung).

Wneonorudeckuii (pakTop Tarke 00YCIOBIMBAI HA HPOTSDKEHUHM BCEH MCTOPHU PasBUTHUS IOPHINYECKOH TEPMUHONIOIMH CHCTEMHBIC
OTHOLIEHHUS B Pa3JIMYHBIX IPYIIIAX TEPMUHOB U OTpacisiX Ipasa. Ilocne nmopaxenus Belimapckoii pecryOnuky B I'epMaHu HOBBIM Ba)KHBIM
HCTOYHUKOM IIpaBa crana Bons ¢ropepa (Fiihrerwille), mosSBUICA 3aKOH O 3alllUTe HEMELKOH KPOBH M HeMelkol yectu (Gesetz zum Schutz
des deutschen Blutes und der deutschen Ehre). TIpon3onuio yKecTOueHHE YroJOBHOIO IIpaBa, PAacLIMPHIIOCH IOHSATUE TOCYAapCTBEHHAs
n3mMeHa (Hochverrat).

ITocne BTOpOi MUPOBO# BOWHEI, koraa B HropHOepre Hauascs IpoLecc NPOTHB BOSHHBIX MPECTYITHUKOB, 3HAYUTENILHO PACIIMPIIOCH
nionsitue Militdrstraftat (6oennoe npecmynienue). B 1o Muxponone Bxoauwm TepMussl: T6tung oder Misshandlung von Kriegsgefangenen -
youiicmeo unu 3100eaHus Hao eoennontennvimu, Hinrichtung von Geiseln — youiicmeo 3anooicnuxos, Misshandlung der Zivilbevilkerung -
Jrcecmoroe obpawenue ¢ SpancoaHCKUM HACEeLeHUCM.

OcCOOCHHO HAIVIHO TIPOSIBICHUE HIEONOrHYeckoro ¢axkropa npu (GOpPMHUPOBAHHHM IOPUIMYECKOM TEPMHUHOIOTHH BO BpeMs
cymectBoBaHus ByX Hemelkux rocynapcts OPI' u ['IP. B xoncrurymmu I'JIP 1968 1. Obuta 3akperieHa noaumuyeckas eoyuyas poib
CEIIl" (politisches Fiihrungsmonopol der SED), Oblna NpUHATa KOHLENIHS PA38UmMO20 COYUATUCMUYecKo2o obwecmea (entwickelte
sozialistische Gesellschaft), a B ®PI' - xoHuenuust npasosozo, coyuanvrozo cocyoapcmea (Rechtsstaat und Sozialstaat). Ilockonbky
Benymas ponb B I'JIP mpuHa/uiekana ogHOM HAapTHM, NMOHATHE HAPTHUHHOCTU IOPOAMIO MHOXKECTBO TEPMHHOB: Parteitagbeschlusse,
Parteidisziplin, Parteiapparat, fiihrende Rolle der Partei, partei-staatliches Leistungsinstrument.

C obbenunenneM I'epmanuu B 1990 r. cHoBa BCcTay BOmpoc 00 yHM(HIMPOBAaHUM IIPaBa, MOCKOJBKY IPABOBOH HOPSIOK IBYX
rocynapcTB ObUI HecolmocTaBuM. Hawaicst mponecc NPHBAaTH3ALMM U PEOPraHM3alliid HApPOAHBIX Hpexnpustuil. KoMOHHATHI, HapoqHBIE
npeanpustust (Volkseigene Betriebe) Opinn npeobpa3oBansl B oOmmecTBa (Aktiengesellschaften). B naHHBIN IepHOI B CBS3U C YIIPa3THEHHEM
COLIMATIMCTUYECKOro OOIIEeCTBA, Mcue3/la HOMEHKIATYPa JOJDKHOCTHBIX JIUL, TOCYJAPCTBEHHOH BJIACTH M MHOI'ME JPYrUe IOHSTHS U3 BCEX
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obnacreit mnpasa. Hanpumep: Volkskammer, Staatsrat, Oberste Staatsanwaltscha.fi, Selbstverpflichtung, Produktionsgenossenschaft,
Strafienvertrauensmann, Volkspolizei, Wohnungskommission.

ITonBozst UTOT BBHILICCKA3aHHOMY, CIEAYeT OTMETHTh, YTO HEMELKHl S3BIK IIpaBa MMeeT OOraTyr0 MCTOPHIO, YXOSIIYI0 KOPHSIMH B
nanekoe mporwioe. IIpeAnochUIKAMU CTaHOBJICHHS IIpaBa B I'epMaHMM M COOTBETCTBEHHO S3BIKA IpaBa IIOCTYXIIN ITOCIY>KHIIH
MHOT'OYHCIICHHBIE HCTOPHYECKHE COOBITHS, NaBIINE COOTBETCTBYIOIIMN BEKTOp HAIPABICHHOCTH.
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CHARACTERISTICS OF THE MODERN TERM SYSTEMS
Abstract

The article considers the characteristics of the modern term systems. A special attention is drawn to the terminology of law and hotel
business term systems.

Keywords: term, term system, etymology.

In the modern world which trends to globalization nearly all the people running a business, having foreign partners or just enjoying their
holidays in the seaside abroad try their best to study English, to be able to negotiate, write business letters or at least to order meals or go
shopping without feeling uneasy. So it wouldn’t be an exaggeration to say that English is becoming more and more popular and the number
of people studying it as a foreign language increases day by day. At the same time Latin regarded as a “dead” language is becoming less and
less popular and it’s nearly impossible to find a person nowadays who can at least translate Latin text or knows any Latin words. Thus we
study English, use English words but sometimes we don’t really understand their real meaning or don’t know the difference between two
synonyms. Actually in every day life it shouldn’t turn down to be a great problem. But when for some reason we deal with terms we have to
be aware of its exact meaning in order to make yourself clear and not to find yourself in an awkward situation.

But what do we really mean by “term” and how do we differentiate whether this word or term or not. Nowadays there is no general
definition of the “term”. Actually the “term” is being studied by several sciences at a time that it’s being described from different points of
view. Thus linguists tend to regard all the borrowed words as terms as the differ from original words of common usage [CynepaHnckasi,
IMomonbekast, Bacuisea 2007: 11] as long as sociologists make a suggestion that every specific. Following A. Superanskaya, N. Podolskaya
and N. Vasilyeva we’ll define “term” as a word definition of a notion being a part of a professional field of knowledge notion system.
[1].Terms exist in term systems.

«Term system is a sign model of a certain theory of special field of knowledge or activity; lexical units (words and phrases) of a certain
language for the special purposes of any natural language act as elements of a term system, and the structure in general is adequate to
structure of a concepts system of this theory" [2].

So we can conclude that every science has its own term system. But how did they appear and where did they come from. As far as the
origin of term systems is concerned we can’t overestimate the importance of the Latin language. Nowadays terms of the Latin origin are
used in legal system, medical science, linguistics and others in the most part of the Roman, German and Slavic languages. Roman law played
an important role in formation of the legal terms. It hasn’t influenced only the vocabulary of the law but also the stylistic peculiarities of the
modern legal language.

A great number of the Latin terms are used in the original form in English, French and Russian: a prima facie, ad hoc, inter alia, per se,
pro et contra, res judicata, habeas corpus, sui generis, in camera, et al. u n1p. The most part of the original Latin legal terms are international.
They are used in Russian, English and French having similar spelling and pronunciation.

Such English legal terms as “lawyer, attorney, solicitor, barrister” are used as synonyms in English at the same time each of them
having its own narrow and very precise meaning. The term “solicitor” has a Latin origin. it was derived from “sollicitus” "agitated,"
meaning “excited”; from “sollus” "whole, entire" ‘“citus” "aroused," from ‘“ciere” "shake, excite, set in motion” .In modern English
“solicitor "means “preparing case for a barrister and dealing only with courts of lowest instance».Thus the meaning of the term in the
modern language is connected with the meaning of its etymon as a “solicitor” is a person who sets the affair in motion dealing with it from
the very beginning. The term “attorney” is one of the Roman law terms derived from the Latin “atturnatus” which meaning hasn’t changed a
lot as the time has passed. The Latin synonym has the meaning «assistant, attorney holder, agent» and the modern term is translated
«attorney-in-law, delegate, lawyer». The term “barrister” was derived from the Latin “bar”, which beginning with XIV century was the
synonym to the word “court” And the term “barrister” itself meant “a law student who was invited to the court”. Nowadays this term has a
meaning «a lawyer entitled to argue before the Supreme Court».

Thus the term systems of different fields have Latin origin. As a matter of fact not only medical and legal terms were borrowed from
Latin under the influence of a number of historical facts and were being created during long periods of time.

Despite of the fact that nowadays Latin is regarded as a “dead” language” we can’t overestimate its influence on the formation of the
“modern term systems such as those of computer science and hotel business. And first of all it’s true for terms describing types of the rooms
such as “single”, “double” and “triple”. “Single” was derived from the Latin “singulus” — “one, separate” meaning “a room for one
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person”; “double” came from Latin “duplus” - “consisting of two parts” and it has the meaning of “a room for two people” as long as
“triple” from Latin “triplus” — “consisting of three parts” describes a room where three people can stay.

The meal option “all inclusive” which is very popular in the Egyptian and Turkish hotels and familiar to practically every Russian
tourist also has a Latin origin. The term “inclusive” was derived from the Latin verb “includere” — “surround, enclose, insert”. And nowadays
in hotels it means that all local drinks and buffet three or even four times a day are included in the booking price. The French expression “a
la carte” which was borrowed in its original form to nearly all the modern languages has the meaning of a restaurant situated inside the hotel
territory where guests order meals according to the menu and the dishes are served by a waiter in contrast to a buffet with a self-service
system. The word “carte” was derived from the Latin “charta” meaning a piece of paper. Thus a piece of paper has an analogy with a menu
which is a list of offered dishes printed on a piece of paper.

Even the term “hotel ” was derived from the Latin “hospitale” meaning an inn. Though nowadays the original meaning was changed and
now the terms “hotel” and “inn” are synonyms but are used to describe different types of places where people can stay for a night or for
vacation. And the term “hospitality” was also borrowed from the Latin “hospitalitem” meaning friendliness towards guests so we can
conclude that its modern meaning hasn’t changed a lot from the original one. In order to describe the level of the hotel the stars are used. So
along with one-, two-. three-, four- or five star hotels offered for vacation nowadays appeared seven-star hotels which are also called by a
Latin word “/ux” meaning “light”. These types of hotels offer their guests extra service such as golf clubs, water parks with numerous water
slides and even yacht clubs without leaving a hotel. There also exist “apart-hotels”. This term was derived from the English word
“apartment” meaning “flat”. The word apartment was derived from the Latin “partem” meaning “part”. And the modern meaning is based
on its original one. As a rule “apart-hotels” consist of two-four storied buildings with a common territory and a swimming pool or one multi-
storied building with a swimming pool downstairs. Thus every guest of such a hotel has a part of a hotel for use.

Thus we should admit that a great part of the modern hotel business terms have a Latin origin. Nowadays hotels and tour operator web
sites all over the world use English terms of the Latin origin to describe their services and facilities. Usually these terms have equivalents in
French, Russian or German but their English variants being shorter more precise and widespread are more commonly used.

Drawing a conclusion we’d like to say that Latin being even a “dead” language still has a great influence on our modern professional
and every day language. Unfortunately only a little part of students nowadays studies Latin at universities though not so long ago all the
educated people were supposed to know it. A great part of the modern vocabulary of English, French, Russian and other languages has a
Latin origin. Knowledge of the etymology of the words used, comprehension of the terms borrowed from Latin would do our language more
laconic, precise and accurate.

References
1.Superanskaya A.V., Podolskaya N.V., Vasilyieva N.V. General Terminology: Theoretical Questions // LK1, 2007. P. 14.
2. Leichik V.M. Terminology: Object, Methods, Structure // KomKniga, 2006. P. 129.

Pesnnvenxo JLIO.
Kangunat ¢unonornueckux Hayk, CeBepHblil (Apkruueckuil) GpenepanbHblil yHUBEPCUTET
KOI'HUTUBHBIE OCHOBbBI AJUMWHYTHUBHOI'O MOJAEJIMPOBAHU A
Annomauyusn

B cmamve paccmampusaromcs npoonemul, CeA3AHHbIE C 603MONCHOCIbIO NPUMEHEHUs KOSHUMUBHO20 NOOX00d K UCCNe008aAHUIO
Kamezopuu OumuHymusHocmu. Beedenue 6 annapam ucciedosanusi nowamus ‘“KOHyenmyanivHas oepusayuss” No3onsiem Onpeoenums
nOOX00bl U pewums psod CLONHCHbIX U CHOPHLIX GONPOCOB, KACAIOWUXCA HACWHBIX NpodiemM U 00Wux meopemuyecKux acneKmos
uccnedo8anusl.

KiroueBble c10Ba: TMMHUHYTHBHOCTD, KOHIENTYaJIbHAs IEPUBALIUs, MOJICIMPOBaHHUE.

Reznichenko L.
PhD(Candidate of Philology), Northern (Arctic) Federal University
COGNITIVE BASIS OF THE DIMINUTIVE MODELLING
Abstract
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concerning particular questions and theoretical aspects of the research.
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HccnenoBanue kaTeropuy JUMUHYTHBHOCTH 3aCTaBIIACT HCKAaTh OTBET HA BOIPOC O €€ MECTE B CO3HAHMU HOCHUTEIIA S3bIKa U COOCTBEHHO
B S3BIKE KaK CIOCO0e KOHIENTYaIN3aluy JCHCTBUTENBPHOCTH. JlaHHBIE PA3IMYHBIX SI3BIKOB, B YAaCTHOCTH, CIIABSIHCKHX WM T'€PMAHCKHX,
CBHJETENECTBYIOT 00 YHUBEPCAIBHOCTH O0IIEro MexaHn3Ma (pOpMHUPOBAHUS JUMUHYTHBHOCTH Ha IOHATHHHOM YPOBHE, HMesI IIPU STOM PSIL
HALMOHAJIBHO-KYJIBTYPHBIX OCOOEHHOCTEH, a Pa3BUTOCTb JAHHOW KAaTErOPUHU B SA3BIKE OINPENICNICHHO CBHIETEIBCTBYET B IIOJIB3Y 0COOOro
BHJICHHS] MUPA U OINPEAEIICHHBIN XapaKTep MPeACTaBICHHs MBICIUTENIFHBIX MOHATHH. [IpuMeHeHne O3HIiA KOTHUTUBHOW JIMHT BUCTHKH IS
OIMCAHMS IIPOLECCOB, JIEKAIMX B OCHOBE JUMHHYTHBHOCTH, SIBJISCTCS HEOOXOIUMOCTBIO, NMPOJUKTOBAHHOH KOHTEKCTOM COBPEMEHHOM
Hay4yHOH Mblcnu. IloHsTHe IepuBauus, MCIONb3yeMOEe B CIOBOOOPA30BaHMM, [ABHO CTAJI0 OJIArOfaTHOM IOYBOM Ul Pa3BUTHSA
TEPMMHOJIOTMU ¥ OIMCaHUs IPOLECCOB, NPOMCXOAAIIMX HAa CEMAHTHYECKOM YPOBHE. [IpaBHIBHOE HpPOYTEHHE IPOM3BOLHOIO CIOBA U
Mpe/ICKa3aHue MOJENIUPYyeMOH B HEM CeMaHTH4YecKoH cTpykrypbl, mo mHeHuio E.C.KyOpskoBoit [3], TpeOyeT ocoOeHHOI crpaTeruu
pacrno3HaBaHus, KOTOpas CBs3aHA C MOIXOAOM K CIOBOOOPa30OBAHHMIO C IIO3MLMH KOTHUTHBHOHW JIMHIBUCTHKH W KOMIIO3UIIMOHHOH
CEMaHTHKH, QUKCHPYIOILHX CTOALIME 32 IPOU3BOAHBIMU O0JIee pa3BepHYThIE 3HAHUSL.

IMon xoHUENTYaNbHOW HepUBALMEH MOHMMAETCs OOLIMH MBICIMTENbHBIH IPOLECC M3MEHEHHs OIPEEICHHOIO KOHIENTYalbHOro
coziepyKaHMs T10]] BO3/ICHCTBHEM SI3BIKOBBIX M IIparmMaruueckux (akTopos ¢ menbto GpopmupoBanus HoBoro cMmbicina (H. H. bonmsipes) [2].
BBezneHne MOHATHS «KOHLENTyAJIbHASL IEPUBAIHS) B alllapaT UCCIIEIOBAHUS 00YCIOBICHO CTPEMIICHHEM OIUCATH CIIOXKHBIH KOTHUTHUBHBIN
MEXaHH3M, COCTaBIISIONIUI OCHOBY AUMHHYTHBHOCTH, a TaKKe C OIPEIeIICHHBIMU ITO3HIHSAMHE, CBSI3aHHBIMU C TPaJIUIHUOHHOMN IHCKYCCHEH O
craTyce JMMHHYTUBOB B SI3BIKOBOW CHCTEME, KOTOpas B CYLIHOCTH, CBOAUTCS K OTHECEHHIO MX K CIOBOM3MEHEHHIO, IIPOMENKYTOUHOMY
MOJIOJKEHUIO MEXIy CIIOBOOOPAa30BaHHMEM M CIOBOM3MEHEHMEM WM CI0BOOOpa3oBaHMIO. JIOrMYHBIM IIPEJCTABIACTCA IPUMEHEHHE
CEeMaHTHUKO-KOTHUTHUBHOTO TOJIX0/Ia TIPH MCCIIEA0BAaHUU JMMHHYTHBHOM JepUBALNH, TOCKOJIBKY HUCCIIEO0BAaHNE JIEPHBAIIMOHHBIX IPOIIECCOB
Ha KOHLIENTYaJbHOM YPOBHE MO3BOJIIET OCO3HATh, YTO aHAIU3UPYEMOE HAa CEMaHTHUECKOM YPOBHE CO3/IaHHE NPOM3BOHBIX €IMHUILl MOXHO
paccMaTpuBath nHade [1].

JIMMUHYTHBHBIN JepUBaT OTIMYAETCs OT IIPOMU3BOISIICH OCHOBHI HE TOJBKO Ha (POPMAJIBHOM YPOBHE, HO M Ha COJEP)KATEIbHOM: OH
BKJIFOYA€T CEMAaHTHYECKH 3HAYMMBIN TMMUHYTHBHBINA Cy(QOUKC, BUIOM3MEHSIOMNA CEMAaHTHYECKYIO CTPYKTYPY IPOM3BOAHOIO CIIOBA, YTO
CBHZIETENBCTBYET O CAMOCTOSATEIBHOCTH POM3BOAHON €AMHULIBI U IEMOHCTPUPYET TPaHC(OPMALIUIO, JOCTPAaUBAHUE HCXOIHOTO KOHIIENTA.
KoHrnenTyanbHast nepuBaiys, OTMEYEHHAsh B3aMMOJCHCTBHEM MopdeM, B IEpBYIO Odepelb KOPHEBBIX W a((UKCAIBHBIX, CTAHOBHUTCS
MIPOCTPAHCTBOM B3aWMOJIEHCTBHS PAa3HBIX THIIOB KOTHUTHBHBIX €UHHMI] (KOHLETITOB) ¥ Pa3JIMYHBIX MPHHIMIIOB U MOJENICH X MHTETPALH.
Ilpydyem MonenupoBaHME B3aUMOICHCTBHS KOHLENTOB (B PE3ylbTaTe KOTOPOTO KOHIENT IPOM3BOIHOIO CJIOBA SIBIISETCSA PE3YJIBTATOM
YaCTHYHOTO W3MEHEHHMS! KOHIENTYaIbHOI'O COJEp)KAaHHsI OCHOBBI WIIM pPe3yiabTaToM ()OPMHUPOBAHMS HOBOTO KOHIIENTA M3 MCXOIHBIX) HE
BCErJia OfHO3HauHO. PaccMoTpeHne MexaHu3Ma 00pa3oBaHUs JMMHHYTUBHOCTH C HO3MLMH TEOPUH KOHLENTYAJIbHON IE€PUBALIMU OMOIIIO
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OIPEEINUTD MOAXOABl M PEIIUTh PSAJl CIOXKHBIX U CIIOPHBIX BOIPOCOB, KACAIOMIMXCS YaCTHBIX MPOOJIEM U OOIIMX TEOPETUUECKHUX ACIEKTOB
HCCIIEJOBAHMS:

- 00YCIIOBICHHOCTb YCTOWYMBOCTH, HPeoOIafaHus M INPOAYKTHBHOCTH OIPENENICHHBIX Mojesedl oOpa3oBaHMs IMMHHYTUBHOCTH B
A3BIKE (3aBUCHMOCTb OT CTPYKTYPHBIX OCOOCHHOCTE! MIIM aCCOLMATUBHBIX CBA3€H, COCTABIIAIONIMX OCHOBY KOTHUTHBHOI'O MEXaHU3MA).

- npobemMa aMOUBaJICHTHOCTH CY(h(PHKCOB KaK CpeJICTB Nepejaun IMMUHYTHBHOH CEMaHTHUKH, - OTEHLHAJIbHAs BO3MOXHOCTb OJJHOH U
TOH ke (POPMBI CIIY)KUTb BBIPA3UTENIEM II0 CYTH HPOTUBOIOIOKEHHBIX 3HAUCHHH (KaK IOJIO0XKUTEIBHBIX, TaK U OTPULIATEIbHBIX).

- BTOPHYHAsI peNPe3eHTalyst KOHLENTa U Ipo0iieMa CTPYKTYPUPOBAHUS IIPOU3BOIHOIO KOHIIEITA.

- IPUMEHEHHE TEOPUM KOKOHILENTYaJbHOH JepHBAlMM IO3BOJISET IMPOBECTH IMAPAUICNH MEXIy AUMHHYTHBHbIMHU CcyhuKcaMu U
JIEKCHKO-CEMaHTHYECKUMU KOHCTPYKILMAMHU KaK CPEICTBAMH SKCIUTMKALMKM AMMUHYTHBHOH CEMAHTUKH, @ TAKXKe MOIyTHO PELIMTh BOIPOC O
PAaBHO3HAUHOCTH M SKBUBAJIEHTHOCTH [UMMHYTHBHBIX JEPHUBATOB, OOPA30BaHHBIX COOTBETCTBEHHO MOPQOIOTHUECKMM M JIEKCHUKO-
CEMAaHTHYECKUM CIIOCOOOM.

- 00BsICHEHHE CYLITHOCTH PsiJa YHUBEPCAJIbHbIX KOTHUTHBHBIX IPOLIECCOB, JIKALINX

B OCHOBE ()OPMUPOBAHMS IUMHUHYTUBHOCTH, & TAK)KE PSAA TMHIBOKYJIBTYPHBIX

0cOOCHHOCTEH U MX BAPUATHBHOCTHU OT SI3bIKA K SA3bIKY KaK HA KOTHUTHBHOM, TaK U

Ha [ParMaTHYecKOM YPOBHE.

HccnenoBanue JUMUHYTUBHOCTU € TOYKH 3pEHHS (DYHKIIMOHAIBHO-KOIHUTHUBHOIO I1OJXO/a MO3BOJISIET OPraHHMYEeCKH COSIMHHUTH U
CHHTE3UPOBATh JOCTI)KCHHUS B 00J1aCTH KOTHUTHBHOM HAYKH C TEMHU Pe3yJbTaTaMH, KOTOpble ObUIM MOIYYeHBI B PAMKaX KOMMYHHKAaTHBHO-
[ParMaTH4ecKoro Moaxoa, YTO JAeT BO3MOXKHOCTb YAaCTHMYHOH PEKOHCTPYKLMU OIPE/ENICHHBIX CXEM MOJEIMPOBAHUS 3HAHUH O MHpE,
PE3yNbTATOB MO3HAHUS U OCMBICIICHUS MUPA.
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