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Puc. 1. UnTepoeiic mporpammbl
Fig. 1. The program interface

Puc. 2. Bua annpokcumupytorieit GyHkimm
Fig. 2. Type of approximating function
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Puc. 3. I'paduk anmpoxcumupyromei GyHKImnm
Fig. 3. Schedule approximating function

(YHKLIMH ¥ TTapamMeTpoB Ul HUX ONpeaessercs
aBTOMaTUYECKH, ITyTeM Nepedopa UCTIONIb3yeMbIX
pa3MUUHBIX KOMOWHaNWi Oa3ucHBIX (QyHKUIWI
n mapameTpoB. CIIOKHOCTh paccMaTpUBaeMbIX
KOMOWHALUI perynupyercs 3Ha4eHHEeM B I10Jie
«Crenenb». Kpurepuem i BbiOOpa onTHUMaib-
HOM KOH(UTYpaIUK CITY>KUT MUHUMAJIbHOE CPE/I-
HEKBaJIpaTUYeCKOE OTKIIOHEHHE B y371ax TaOmuy-
HO 3a/IaHHOW (YHKIMU CPEIH PAacCMOTPEHHBIX
BapuaHTOB. BBIBOJ pe3ynbTaToB aHAJIOTHUEH pe-
KUMYy 0€3 aBTOMaTH4YECKOTO Moa0opa 0a3uCHBIX
GyHKIMHA, pa3sHAIA 3aKIFOYaeTCsl B TOM, YTO OI-
TUMAaJTbHBIN Ha0Op 0a3UCHBIX (DYHKIIMA TIOSIBUTCS
B TpeThel TabiHIle aBTOMaTUYECKH.
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Jlns1 BBIBO/IA anmpoKCUMHUpYFOIeH (yH-
KIIUU TIpeAyCMOTpeHa KHomka «BwiBectu GyHK-
U0 B (aiii», ¢ MOMOIIBIO KOTOPOIl HaiieHHAas
(GYHKITMS BRIBOJUTCS B yKa3aHHBIN (aiti (puc. 2)
JUIsL BO3MOYKHOTO TOCJEAYIOUIET0 HCIOIb30Ba-
HUS B MAaTEMaTHYECKUX MPUIIOKEHUSIX.

[Iporpamma npenycMaTrpruBaeT BO3MOX-
HOCTb MOCTPOEHUS TpaUKOB amnmpoKCUMHU-
pyromux (QyHKIHH, KOTOpbIE JAEMOHCTPUPYIOT
xapakrep ee usMeHeHus. [Ipumep noctpoenus
rpaduxa npuseneH Ha puc. 3. [Ipu Bbrumcie-
HUU 3aJlaHHOTO IPOTHO3HOTO 3HAYEHUS OHO
yKa3bIBaeTCs Ha rpaduke arnmpoKCUMUPYIOIIEH
(byHKIMH.
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TaOonumoma 2

JluHaMUKA e’ Ha OpeBHA M MWJIOMATEPHAJIbI XBOWHBIX U JIMCTBEHHBIX MOPOJ

Dynamics of prices for logs and sawn softwood and hardwood

Ilena Ha OpeBHa Ilena Ha OpeBHa Llena na Ilena Ha nmuIOMaTEpUAITBI
Iara N MTUJIOMATEPHATIBI
XBOMHBIX 1TOpOJT, $/M* | JTUCTBEHHBIX TTOpO, $/M° N JMCTBEHHBIX TIOpo, $/m3
XBOMHBIX 1Opojt, $/m°
03.2012 147 357 260,65 886,5
04.2012 128 353,5 295,41 896,37
05.2012 148,87 367 300,32 892,15
06.2012 145,65 362 292,12 862,85
07.2012 134,35 3572 295,21 857,91
08.2012 141,41 354,7 291,35 856,65
09.2012 175,5 353,53 299,63 878,25
10.2012 152,15 350,2 289,07 873,35
11.2012 166,1 353 284,11 870
12.2012 149,3 354,8 276,5 879,95
01.2013 152,62 334,12 275,6 870,6
02.2013 152,62 319,7 275,6 842,87
03.2013 164,07 313,78 280,65 822
04.2013 160,55 304,52 300,72 834,37
05.2013 168,92 294,77 321,82 8332
06.2013 174,8 306 323,47 844,61
07.2013 150,6 298,77 318,81 827,7
08.2013 165,6 304,4 299,74 845,05
09.2013 159,25 300,11 303,41 865,13
10.2013 165,9 304,32 291,47 876,97
11.2013 183,62 297,35 296,7 878,25
12.2013 172,54 287,35 324,87 892,83
01.2014 165,97 286,6 299,99 897,77
02.2014 189,97 291,85 295,57 902,19
03.2014 179,2 290,9 322,87 905,75
04.2014 165,5 290,32 308,41 912,5
05.2014 177,88 292 317,95 918,05
06.2014 165,6 291,72 311,35 921,35
07.2014 178,3 292,7 316,32 930,6
08.2014 157,7 289,17 312,5 910,32
09.2014 166,24 277,55 296,17 889
10.2014 193,35 275,65 297,67 875,77
11.2014 167,32 256,13 302,74 859.9
12.2014 170,1 249.4 305,75 852,17
01.2015 170,1 249.4 315,35 826,7
02.2015 170,1 249.4 315,35 8352
03.2015 169,5 249,5 315,35 816,6
04.2015 168,96 249,41 305,25 814,23
05.2015 159,31 246,5 293,23 842,46
06.2015 149,14 240,57 295,61 847,75
07.2015 153,68 241,27 307,46 848,07
08.2015 152,75 241,75 311,62 849,97
09.2015 172,89 247,78 312,01 836,74
10.2015 159,37 248,08 328,96 835,81
11.2015 151,07 2429 319,42 828,62
12.2015 151,07 244,62 319,42 816,85
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JIEPEBOOBPABOTKA I XUMNWYECKHWE TEXHOJIOTI'M

TaoOonuma 3

IIporuo3 meHbl HA OPeBHA U MUJIOMATEPHUAJILI XBOMHBIX MOPOJ
The forecast prices for logs and sawn softwood

Tlara IleHa Ha OpeBHA XBOHHBIX OTtHOcHUTENbHAS Llena Ha nuomarepuabl OTHOCHUTENbHAS
nopox, $/m> omnoka, % XBOMHBIX 1TOpOJT, $/M° omnoka, %
01.2015 171,60 0,8 313,93 0,4
02.2015 169,10 0,5 307,52 2,4
03.2015 166,95 1,5 302,96 3,9
04.2015 166,70 1,3 304,46 0,25
05.2015 166,80 4,4 310,60 5,0
06.2015 163,20 8,0 309,70 4,7
07.2015 162,20 5,5 315,00 2,0
08.2015 162,20 4,1 309,00 0,8
09.2015 159,14 7,8 303,10 2,8
10.2015 157,30 1,5 307,50 6,0
11.2015 156,50 2,2 313,54 1,8
12.2015 154,80 2,4 314,48 1,5

HpOFH03 U3MECHECHMS LIEH HAa IPEBECUHY U
MUJIoOMaTEepPHAJIbI

PaccmoTrpum  paboTy npeasiokeHHOro
METOoZla Ha MPUMEpPE MOCTPOEHHS MPOTHO3ZHOU
MOJIETH TMHAMUKHA U3MEHEHUS 1IeH Ha JIPEBECH-
Hy ¥ nwiomarepuaibl. Kak oTmeuanoch Bbllle,
HE0OXOUMOCTh B TaKMX MPOTHO3aX BO3HHKAET,
HampuMep, MpH ONpeAeNiCHUH Heo0X0TUuMOro
o0beMa 3aroTOBOK JPEBECHHBI M MOIIHOCTEN
JUIS UX TIepepabOTKU M peIlleHusl APYTuX Bax-
HBIX aHAJIOTMYHBIX BOIIPOCOB.

B tabn. 2 npuBenens 00001ICeHHBIC JaH-
Hble TUHAMHUKU MHUPOBBIX IIeH Ha OpeBHa U MH-
JioMaTepuabl XBOWHBIX M JIMCTBEHHBIX MOPOJ
orpesieisieMble B 10JIIapax 3a KyOUuueckuii MeTp
($/M*). JlaHHBIE COOTBETCTBYIOT €KETOAHBIM 00-
30paM [6] IeH MUPOBOTO PhIHKA Ha OpeBHA U -
JIOMaTeprajbl XBOWHBIX U JINCTBEHHBIX TIOPOJ.

Ha puc. 4-7 npuBeneH sBHBII BUIT U Tpa-
(uueckoe MPEACTaBICHUE ANMPOKCHMHUPYHOIIIX
Gynkumi F(x), i=1, 2, 3, 4, HIOCTPOEHHBIX ONUCaH-
HBIM BBIIIIE METOJIOM TI0 JJaHHBIM Ta0J1. 2 ¥ onpeie-
JISIFOIMX COOTBETCTBYIOIIME IPOrHO3HbBIE MOJIEIN.

IIporuo3 neHbl HA OPpeBHA XBOWHBIX MOPO/

IIpornosnas pyukums I (x) (puc. 4) nuna-
MUKHU U3MEHEHHUS 11eH Ha OpeBHA XBOMHBIX MOPO]I,
MOCTPOEHHAS 10 JAHHBIM Ta0J. 2, UMEET BU/T
F,(x)=124,1057+ 71,68/x* +
+ 3,2844x — 0,0549x* — 1,8051sin[x].
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Ha nipencraBnenHom rpaduke mo ocu OX
3a HyJIeBO€ 3HaYeHHE NMPUHAT stHBapb 2012 1., Tou-
KaMU OTMEYEHbI JIaHHbIE 3a MPOLUIbIA MEPUO,
MOCJIEITHSISI TOYKA COOTBETCTBYET Jiekadpro 2014 .
[To ocu OY nipuBeeHbI 3HAYCHHUS 1IEHBI HA OpEeBHA
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Puc. 4. I'padux Gpynkunn F (x)
Fig. 4. The graph of the function F,(x)
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Puc. 5. I'padux Gpyuxuun F, (x)
Fig. 5. The graph of the function £, (x)
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Taonunoa 4

IIporuo3 nenbl HA OpeBHA JUCTBEHHBIX
NOPOJI HA MepPHOJ ¢ AHBaps 1o Aexkadpp 2016 .
The forecast prices for hardwood logs for the period from January to December 2016

JHara Ilena Ha GpeBHA JIMCTBEHHBIX mopor, $/m°
01.2016 256,40
02.2016 257,17
03.2016 259,63
04.2016 260,57
05.2016 260,09
06.2016 259,11
07.2016 259,13
08.2016 260,83
09.2016 263,46
10.2016 265,54
11.2016 266,18
12.2016 265,96

TaoOonuma 5

HpOFH03 HEHbI HA MUAJIOMATEPHUAJIBI

JIMCTBEHHBIX NNOPO/ HA MepPHOJ ¢ AHBaps mo uoHb 2016 roxg
The forecast prices for sawn hardwood in the period from January to June 2016

Jlara Ilena Ha nuomarepuanbl
JIMCTBEHHBIX OO ($/M°)
01.2016 808,19
02.2016 796,41
03.2016 788,14
04.2016 785,17
05.2016 784,18
06.2016 779,82
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Puc. 6. I'padux Gpynxunn F(x)
Fig. 6. The graph of the function F(x)

XBOMHBIX MOPOJI B pojuiapax 3a 1 m® ($/m°), 3a Hy-
JIeBOE 3HaucHue npuHsTa BenmunHa 130 ($/m?).

HpOFH03 IICHbI HA HHJIOMaTepI/[aJIbI
XBOMHBIX NOPOJT

IIpornosnas ¢ynkuus F(x) (puc. 5)
TUHAMHUKA W3MEHEHHs IIeH Ha MWiIoMarepHa-
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Puc. 7. I'padux Gpynxuun F(x)
Fig. 7. Graph of the function F,(x)

JIbI XBOMHBIX MOPOJI, MTOCTPOCHHAS 1O JIAHHBIM
Ta0II. 2, UMEET BUL
F,(x)=281,9937-123,4368/x* +
+1,411x —0,0179x* — 6,8885sin[x].
Ha mnpeacraBnenHom rpaduke mo ocu
OX 3a HyneBoe 3HaueHue npuHIT Mapt 2012 r,
TOYKAMHU OTMEYCHBI JaHHBIC 32 MPOILIBINA MTepH-
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0Jl, TIOCIICAHSISI TOYKa COOTBETCTBYET AeKaOpio
2014 r. ITo ocu OY npuBeieHbI 3HAYEHUS 1ICHBI
Ha MTUJIOMaTepHUaIIbl XBOWHBIX TIOPO/I, 32 HYJIEBOE
3HaueHHUe NMpuHATa Benuurna 260 ($/m3).

C uenpio MpoBEPKU TOYHOCTH MPOTHO3H-
poBaHusl, B Ta0J. 3 MPENCTABICHBI IPOTHO3HBIC
3HAYEeHMs IIEHbl HAa OpeBHAa M MHUIIOMaTepUabl
XBOWHBIX TIOPOJI HA MEPHOJ C SHBAPS M0 JeKaOphb
2015 r. u otHOcUTeNbHBIE OMIMOKHU (B %) mpo-
THO3HPOBAHMS pACCMATPUBAEMOTO METOAA.

Kak cnenyer u3 mannbix Tabmn. 3, B mep-
BOM CIIydae CcpejHee 3HauyeHHUE OTHOCHUTEIbHOU
OIIMOKM  TPOTHO3UPOBAHUSA  paccMaTpHBae-
MOro merojaa coctasisieT 3,3 %, a BO BTOpOM
ciayyae — 2,4 % .

Jainee, monb3ysich 0000IIEHHBIMU J1aH-
HBIMH Ta0Jl. 2, TOCTPOUM MPOTHO3 U3MEHEHUS
JTUHAMHKH TICH Ha OpeBHA JTUCTBEHHBIX ITOPOJT
Ha Mepuo/1 ¢ sHBaps 1o jnekadbps 2016 r. u muso-
MaTtepHalbl 3TUX MOPOJ Ha MEPUOJ C SHBAPS IO
utoHb 2016 T.

IIpornos uensl Ha OpeBHa
JIMCTBEHHBIX NMOPOJ

[Ipornosnas Qynkuus F,(x) (puc. 6)
JUHAMHUKU U3MEHEHUS IIeH Ha OpeBHa JIMCTBEH-
HBIX MOPOJ, MOCTPOCHHAs MO JaHHBIM Tadl. 2,
MMEET BU/]I

F,(x) =399,9111-239,6520/x* —

—5,8778x + 0,0609x + 1,6970sin[x].

Ha mnpexncraBneHHOM Trpaduke Mo ocu
OX 3a nyneBoe 3HaueHue npuHAT Mapt 2012 r.,
TOYKaMH OTMEUYEHBI JaHHBIE 32 MPOILIbII NepH-
Ofl, TIOCJIEAHSSI TOYKAa COOTBETCTBYET JIEKaOpIO
2014 1. ITo ocu OY npuBeleHbI JaHHBIE LIEHBI
Ha MUJIOMaTepHUalIbl XBOMHBIX IOPO/I, 32 HYJIEBOE
3HaYCHHUE NMpuHsATa BennunHa 260 ($/m%).

B Tabn. 4 mpencraBieHbl MPOTHO3HBIC
3HAYeHUs IIeHbl Ha OpeBHA JIMCTBEHHBIX MOPOJ
Ha IepuoJ ¢ stHBaps 1o aexadpp 2016 1.

IIporuo3 ueHsl HA MUJIOMATEPHAJIBI
JINCTBEHHBIX MOPOJ

[Ipornosnas Qynkuus F,(x) (puc. 7)
JTUHAMHUKH W3MCHEHUS IICH Ha THJIOMATSPHAIIBI
JIUCTBCHHBIX TOPOJ, IMOCTPOCHHAS IO JaHHBIM
Ta0II. 2, UMEET BUI

F,(x)=799,2373 +836,2173/x* +

+6.2365x — 0.2119x* — 6,1066sin[x].
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Ha mnpencraBneHHoM rpaduke mo ocu
OX 3a HyneBoe 3HaueHue npuHAT Mapt 2012 r,
TOYKAMHU OTMEUCHBI JaHHBIC 32 MPOIILIBINA MTepH-
O], TIOCJIEAHSSI TOYKA COOTBETCTBYET AeKaOpio
2015 r. ITo ocu OY npuBeneHbI JaHHBIE 1IEHBI
Ha MIJIOMaTepUalibl XBOMHBIX TIOPO/I, 32 HYJIEBOE
3HaueHue npuHsaTa BeauunHa 800 ($/m3).

B Ttabn. 5 mpeacraBineHbl MPOTHO3HBIC
3HAYCHMSI [ICHBI Ha ITMJIOMATePUaIbl TUCTBCHHBIX
MOPOJI Ha MEepUO] C THBaps Mo uroHb 2016 1.

3akiIoueHue

B HacTod1el crarbe MpOIOJKEHBI Ha-
yaThle B paborax [1-3] uccinenoBanus METOIOB
pa3paboOTKu MPOTHO3HBIX MOAENeH JUHAMUKH
M3MEHEHUS] SKOHOMUYECKHX MTOKa3arese Ha oc-
HOBE TOCTPOCHUS alPOKCUMHUPYIOMHX (PyHK-
uif. PazpaGorano mporpammHoe obecrieueHue,
MO3BOJISIOIIEE CTPOUTH YKa3aHHBIC (DYHKITH KaK
B PYYHOM, TaK U B aBTOMaTUYECKOM pexume. B
Ka4eCTBE TpUMepa MPUMEHEHUS JAHHOTO METO/1a
paccMoOTpeHa 3ajadya MOCTPOEHUSI MPOTHOZHBIX
OLICHOK JMHAMHMKUA U3MEHEHUS MUPOBBIX IIEH HA
JPEBECHHY, B YaCTHOCTH, [IEHbI HA OpEBHA U TTH-
JIoMarepuaibl XBOMHBIX U JUCTBEHHBIX MOPOJ.
[IpuBeneHbl 3KCIIEpUMEHTANIbHBIE PE3YyJIbTaThl
OIICHKM TOYHOCTH INPOTHO3UPOBAHUS paccMmar-
pYBaEMOro MeETO0Ja, OTHOCHUTEJIbHBIE OIIMOKH
MIPOTHO3UPOBAHUSI B PACCMOTPEHHBIX CIIydasix
HE PEBOCXOAMIH 3HaueHUs 4 %.
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CONSTRUCTION PREDICTIVE MODELS OF THE DYNAMICS OF CHANGES
THE PRICE OF TIMBER AND LUMBER

Ermakova A.Y., senior lecturer, Plekhanov Russian University of Economics™®

a.allal105@mail.ru
(OPlekhanov Russian University of Economics, Stremyanny lane, 36, Moscow, 117997, Russia

The article deals with methods of forecasting economic indicators and their dynamics. We propose a method of
constructing a predictive model, involving finding the approximation function based on the method of least squares. For
implementation of this method the appropriate software is developed, allowing to build the specified approximating functions
and their graphs the predicted values of the characteristics for the previous time intervals. The proposed method is applied to
construct the forecast estimates dynamics of changing prices for wood and lumber. In article results of research of methods of
forecasting of economic indicators and dynamics of their changes. We propose a method of constructing a predictive model
involving the search of approximating function on the basis of the method of least squares. The construction of the approximating
function is carried out using the developed software. The proposed method is applied to build predictive assessments of the
change dynamics of prices for timber and lumber.

Keywords: predictive model, projections, approximation function, least squares method, wood, lumber.
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®U3UKO-XUMUYECKUE U3MEHEHUSAA AHATOMHUYECKOM
CTPYKTYPbl MUKOJIOT MYECKHU PA3SPYIIEHHOWM JPEBECHUHBI

I"'H. KOHOHOB, ooy. MI'TY um. H.D. baymana, kano. mexn. Hayk,
A.H. BEPEBKWH, ooy. MI'TY um. H.D. Baymana, kano. xum. nayxk'V,
10.B. CEPIFOKOBA, ooy. MI'TY um. H.D. Baymana™

kononov@mgul.ac.ru, verevkin@mgul.ac.ru

MOTBOY BO «MOCKOBCKHIA TOCYJapCTBEHHBIN TeXHUUSCKHI yHUBEepcUTeT uMeHn H.D. baymana
(HaIMOHAIBHBIN MCCIIEIOBATENBECKUH yHUBEpCHTET)» (MBITHIIMHCKHUN (uiHa),
141005, MockoBckast 00nacTb, I. Mertumm, yi. 1-s MacTutyTeKas, 1. 1,

W3ydeHo aHaTOMHYeCKOe CTPOSHHE MUKOJIOTHYECKH Pa3pyIIeHHOH peBECHHBI MOJ AeiicTBHEM (hepMEHTOB rprHOOB
0eoit u Oypoii rHuIM. OOBEKTaMU HCCIeN0BaHMS ObUTH BEIOpaHBI 00pa3Ilbl APEBECHHBI OEPE3bl U €M Ha MOCIESTHUX CTaIUsIX
paspymenus npesecussl. [IpenctaBnensr MUKpodoTOrpadui aHATOMHYECKOW CTPYKTYPBI JPEBECHHBI, MOJBEPILICHCS Jeiic-
TBHIO JepeBOpaspymaomux rpudos. ITokasana kapTuHa pa3pyieHns APeBECHON TKaHHU APEBECHHBI INCTBEHHBIX MOPOJ. M3-
MEHEHHS TIPOUCXOJIAT 3a CUET MPOIECCOB SH3UMATHUECKON ISMUTHN(HUKAIIMY KIETOUYHBIX CTEHOK BOJIOKOH IHOpudopma. ITpn
9TOM MPOUCXOAUT MPAKTUUECKH MONHOE pa3pyIIeHNe NCTUHHBIX CPEANHHBIX MNIACTHHOK. DTO MPUBOIUT K PE3KOMY yBEIHUe-
HUIO BHYTPEHHEH MOBEPXHOCTH B ApeBECHHE, MOpPaKeHHOU rpubamu Oenoil rHmmm. [TokazaHbl M3MEHEHHS aHATOMHYECKOM
KapTUHBI APEBECHHBI XBOIMHBIX MOPOJ, MOPasKeHHOW rprdamMu Oypoii THWIH. B 3TOM cityyae HaOmr0maeTcsi pe3koe yMEHbIIEHHE
TONIMIMHBI KJIETOUYHBIX CTEHOK Tpaxena. Takas TpaHc(opManus TPOMCXOAUT 3a CUET THAPOIUTHIECKOTO AEHCTBHUS MUKODEp-
MEHTOB Ha MONNCAXapU/Ibl BTOPUYHOI CTEHKH BILIOTH JI0 TIOTHOTO ee pa3pymenus. CloxHas CperHHAs IIACTHHKA OCTAETCs
MIPAaKTUYECKH HEN3MEHHOH BCIEACTBHE COAEPKAHMS OOIBIIOr0 KOJIUYecTBa TUrHUHA. [1oATBep K IeHb! JaHHBIE 00 M3MEHEHNT
XMMHYECKOTO COCTaBa MUKOJIOTHYECKH PAa3pyIIEHHOH IpeBeCHHbI  00bICHEH MEXaHN3M JIeHCTBHS MUKO(EPMEHTOB Ha aHATO-
MHUYECKOM ypOBHE. BhIsBIeHHAs KapTHHA pa3pyIIeHNs] aHATOMUYECKOH CTPYKTYPhI 1 XUMUYECKHE H3MEHEHHUST IPEBECHHHOTO
BEIIIECTBA MO3BOMISAIOT MPENOIOKHUTE EPCTIEKTUBHbIE HATIPABIECHNS TEXHOIOTNYECKOTO HCTIOIb30BAHMS MUKOIIOTHIECKH Pa3-
pyIIEHHOH apeBecHHsl. JlpeBecrHa, mopaxxeHHast puOamMu OeNoi THUIH, MOXKET ObITh HCIIONB30BaHa B KA9€CTBE BOJIOKHHUCTO-
ro noydadpukara, 000raeHHOro IeJUTII030i WIIH HOCUTENS COPOIIMOHHBIX CHCTEM C CHIIBHO Pa3BUTON BHYTPEHHEH MOBEP-
XHOCTBIO. JI[peBecrHa, mopakeHHas rprOaMu Oypoii THHIIH, MOXKET HalTH MPHMEHEHNHEe B Ka4eCTBE aKTUBHOTO HATIOMTHUTES,

COJIEpPIKAIIETO KaK BHICOKOMOJICKY/ISPHBIE, TAK M HU3KOMONEKYIISIPHbIE (paKkiuy (GeHONbHBIX COSANHEHHH.
KiroueBslie c1oBa: MHKOJIOTHYECKN pa3pyIllIeHHas APEBECHHA, IUTHOYTTIEBOAHBIH KOMILIEKC.

pEBECHMHA PA3IMYHBIX JIPEBECHBIX MOPOI
TIO/IBEpraeTCs JCUCTBHIO JEpPEeBOpa3pyIIaro-
IIUX TPUOOB, YTO MPUBOAUT K 0Opa30BaHUIO TaK
Ha3bIBACMBIX «THUJICH», SBISIONIUXCS CIICICTBU-
€M JCUCTBHS (PEPMEHTOB, BBIICISCMBIX STHMHU
OpraHM3MaMH Ha JIMTHOYIVIEBOAHBIA KOMILIEKC
JPEBECUHHOTO BeliecTBa. Takas JpeBecWHa, Ha
Pa3IUYHBIX CTAUSIX Pa3pyIICHUS, CTAHOBHUTCS
MIOJTHOCTBIO HETIPUTOJTHOM 151 €€ UCTIONIb30BaHMS B
KaueCcTBE KOHCTPYKIIMOHHOTO, IEKOPATHBHOTO HITH
nofesiogHoro marepuana [1]. Omnako crieruduka
M3MEHEHHS €€ XMMUYECKOTO COCTaBa CO3/1aeT BO3-
MOXXHOCTB €€ TiepepaboTKi MEXaHOXUMHUYECKUMHU
1 JaKe XUMUYIECKUMHU MeToamu [2, 3].
CrnencrBueM XUMUYECKUX MTPEBPALLICHUI
JUTHOYTJICBOJHOTO KOMILJIEKCA OKHUCITUTEIHHO-
THJIPOJTUTHYECKOTO XapaKTepa IoJ JCHCTBHEM
rpuOHBIX (DEPMEHTOB SIBIIIETCS U3MEHEHHE aHa-
TOMUYECKOU CTPYKTypa APEBECHHBI, U3yUEHUIO
KOTOPOH | MOCBSAIICHA JJaHHAs padorTa.
OObexkTaMu HUcciIeIoBaHMsl ObUIM  BBI-
OpaHbl 00pa3Ibl IPEeBECUHBI OEPE3bI U €U, T0-
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paskeHHbIe Tprubamu Oenoit u Oypoit THUJIeH Ha
MOCTICTHUX CTAIUSIX PA3pyIICHHUS APEBECUHBI.

M3yueHne aHATOMUYECKOH CTPYKTYpHI
UCCIIEyeMbIX 00pa3I0B OCYIIECTBISIOCH C T10-
MOIIBIO 3JEKTPOHHOTO CKAHHPYIOIIETO MHKPO-
ckonia Phenon G2 pro, no3Bosisifo1Iero nojyyarhb
u3o0paxkeHue ¢ yenudenueM ot 80 1o 45.000"
Y pa3pelieHneM 10 25 HM.

B pesynbrare npoBeaeHHBIX MCCIIE0Ba-
HUH OBLIH MOTy4YeHBI MUKpOQOTOrpaduu, mpe-
CTaBJICHHBIE Ha puc. 1-3.

B npesecune, nmopaxeHHoi rpubamu Oe-
JIOM THWIM, BU3yaJbHO HAONIOMAeTCsl paccianBa-
HHE T10 TOAWYHBIM CJIOSIM, @ Ha TIO3IHUX CTaJHsIX
— paciierienue Ha BojokHa. Ha mukpodororpa-
¢usx (puc. 1, 2) OTYETIIMBO TPOSIBISIIOTCS CTPYK-
TYpBl KJIETOYHBIX CTEHOK BOJIOKOH JHOpHQOpMa,
pa3pyLIeHHbIX 1107 AeiicTBUEM (hpepMEHTOB rpuda.

[Tpu 3TOM Ha puc. 1 OKa3aHbl BHYTPEH-
HHUE TIOBEPXHOCTH 3TUX KJIETOK C T'yCTOW CETHIO
KpPYIHBIX Nepdopanuii — ciaeacTBUEM HNPOHMK-
HOBeHHUSI TH(OB rpuba yepe3 MPOCThIE IMOPHI
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60pum

Puc. 1. DnexrponHas wmukpodororpadus BHyTpeHHEH
TOBEPXHOCTH BOJIOKOH JHOpU(OpMa IPEBECHHBI
Oepe3sl, MOpaKeHHOH rpubamu Oenol THIWH (yBe-
maerue 2000°)

Fig. 1. Electronic microphotograph of internal surface of
a libriform fibers of a birch wood affected with of
white rot fungi (increase 2000%)

KJIETOYHOW CTEHKU CO CTOPOHBI MOJIOCTH KJIET-
k. Ha puc. 2 npeicraBiieHbl BHEIIHHUE MTOBEP-
XHOCTHU BOJIOKOH JHOpudopma ¢ Oonee y3KUMHU
IIeJIEBUTHBIMU TTIep(HOpaALIUSIMU BCICACTBHE CTIC-
MU(PUIHOCTH XUMHUYECKOTO COCTaBa TICPBUYHOM
cteHku. [Ipu 3ToM HaOmIOMaeTCsl MPaKTUYECKU
MOJHOE OTCYTCTBHE UCTUHOW CPEIWHHOW IUIaC-
TUHKH, COCTOSIICH U3 JINTHUHA U COCTUHSIONICH
OT/IeNIbHBIEC KJIIETKH B IPEBECHYIO TKAHb.

[IpencraBineHHass KapTUHA pa3pylICHUS
MTOJITBEPKIACT JAHHBIE O TOM, YTO (PEPMEHTHI
rpuOoB Oenol THUIM (B OCHOBHOM JIMTHHHIIC-
POKCHIa3a) OKUCIAIOT B MIEPBYIO OYepeb JIHT-
HUH C TOCJICIYIOIUMA He(EepPMEHTATUBHBIMH
MpoleccaMy ero mpeBpaileHus ¢ ¢parmeHTa-
el B HU3KOMOJICKYIISIPHBIE COCTUHEHHsI (pHC.
3). XosoueTono3Has MaTpHIla MPU STOM TOJI-
BEPraeTcsi He3HAYUTEITLHOMY BO3/ICHCTBUIO, YTO
MIPUBOANT K PE3KOMY OTHOCHTEIHFHOMY yBEINYe-
HUIO YITIEBOJHOM COCTABIIAIOUIEN B IPEBECUHE C
Oenoli THIIIBIO [4, 5].

Kaptuna paspymieHus qpeBeCHHBI T'pU-
O6amu Oypol THWIM COBEpPLICHHOW HHas: Jpe-
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Puc. 2. Dnexrponnas Mukpodororpadus BHEIIHEH MOBEP-
XHOCTH BOJIOKOH JTHOpr(OopMa ApEBECUHEI Oepe3kl,
MOpakKeHHOH rpubamu Oenol THWIH (YBEIHYCHHE
2050%)

Fig. 2. Electronic microphotograph of external surface of
a libriform fibers of a birch wood affected with of
white rot fungi (increase 2050%)

BECHHA pa3pylIaeTcsi PaBHOMEPHO, pacTpec-
KHBAsICh BJIOJIb W TOMEPEK BOJIOKOH, 00pa3ys
NPU3MBI, JIETKO PACTHPAIOIIUECS B IOPOIIOK.
Bcs moBepXHOCTB IpeBECHHBI TPOHU3aHA CETHIO
TpeIrH (puc. 4), Ha BHYTPEHHUX MTOBEPXHOCTSIX
KOTOPBIX XOPOIIO BHUJHBI CUIBHO YTOHUYCHHBIC
3a CYeT pa3pylLIeHUs BTOPUYHBIX CTEHOK Tpaxe-
U/Ibl, COCIMHEHHBIC WCTHHHBIMH CPEIUHHBIMH
IUIACTUHKAMHU, COCTOSIIIUMHU M3 MPAKTUYECKU
HATUBHOTO JINTHUHA.

Takoe sBieHue HaOmogaeTcs 3a cyeT
CEJIEKTUBHOTO JAeiCcTBUA (epMEeHTOB T'pHOOB
Oypoit rHWIM: TpaHcdepas, pa3pymIAIONIIX
KPUCTAIUTMIECKYIO PEHIeTKY MEeJUTION03bI; JH-
JOTJIIOKOHA3, (PparMEeHTUPYIOLIUX €€ U IeJJI0-
Ouoruapasbl W TIIOKOTHIpa3bl, MpPEBpaIlaro-
IIUX €€ B HU3KOMOJIEKYISIpHBIE caxapa (puc. 5).
CrnencTBueM 3TOTO SIBISIIOTCS 3HAYUTENIbHBIC
NOTEPH MOJIHCAXapUIHOM COCTABISAIOUICH Ipe-
BECHHBI U ¢ 000TalIeHIe HU3KOMOJIEKYIISIPHbI-
MU caxapaMu U (PEHOJBHBIMU COEAMHEHHUSIMU
3a CUeT pas3pyLIEHUs CJI0€B BTOPUYHON CTEHKH
Tpaxeua U Majio ACCTPYyKTYPUPOBAaHHBIM OHO-
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Puc. 3. OxkucnurensHas AeCTPYKIUs JIUTHUHA MO AecTBHEM (pepMEHTOB TpuOOB OeIoi THUIH
Fig. 3. Oxidation destruction of a lignine under the influence of enzymes of white rot fungi
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Puc. 4. Dnexrponnas MukpodoTorpadus TMrHUGUINPOBAHHBIX TPaxeusa APEBECHUHBI €U, MOPaXKEH-

HoU rpubamu Oypoi rauim (yBemmuenue 2000%)

Fig. 4. Electronic microphotograph of lignified tracheids of fir-tree wood affected with the brown rot

fungi (increase 2000%)

TpaHchepass

O-IeIUTI0NI03a —— =  [(-1iesunonos3a

OHAOTTTIOKOHA3bI

P> OJIMCAXOPUIbI

eJIIo0onoruapasa
I AP » 11eJ1100103a

TIIFOKOTHUApOJIasa

> TJIF0KO3a

Puc. 5. Cxema pa3pymuieHust HeUTIoN036bl 1Mo JeHCTBHEM (DepMEeHTOB TprOOB Oypoii THUITN
Fig. 5. The scheme of cellulose destruction under the influence of enzymes of brown rot fungi

JIAITHUHOM HMCTHUHOM CPEAWHHOW IUIACTUHKUA M
MEpBUYHON CTEHKH [6, 7].

OU3UKO-XUMUYECKHE H3MEHEHHUS! aHaTo-
MHUYECKOM CTPYKTYPbI MUKOJIOTHUECKH Pa3pyLLIEH-
HOW JIpeBECHHBI IMO3BOJIIOT CJHENarh MpPeArono-
YKEHHE O BO3MOXKHOM HCIOJIb30BaHUU APEBECHHBI,
MOpaKEHHOW TprOaMu OOl THUIIH, B KauecTBe
BOJIOKHHCTOTO Toydabpukara, 0OOTrameHHOTO
LEJUTIONI0301 MIJIM HOCUTEISI COPOILIMOHHBIX CUCTEM
C BBICOKOPa3BUTON MMOBEPXHOCTHIO, & IPEBECHHBI,
MopaXkeHHOM rpudamu Oypoil THUJIM, B KauecTBE
AKTHBHOTO HAIOTHUTENS, COAEPIKAILETO KaK BbI-
COKOMOJIEKYJISIDHBIE, TaK U HU3KOMOJIEKYIISIPHBIE
(dpakuun peHombHbIX coequHenui [8—10].
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PHYSICAL AND CHEMICAL CHANGES OF THE ANATOMICAL
STRUCTURE MYCOLOGIC DESTRUCTED WOOD

Kononov G.N., Assoc. Prof. Bauman Moscow State Technical University, Ph.D. (Tech.) ; Verevkin A.N., Assoc. Prof.

Bauman Moscow State Technical University, Ph.D. (Tech.) V; Serdyukova Yu.V., Assoc. Prof. Bauman Moscow State Technical
University®

10.

kononov@mgul.ac.ru, verevkin@mgul.ac.ru
(MBauman Moscow State Technical University (Mytishchi branch),
1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia

The anatomic structure of the mycological destroyed wood under effect of white and brown rots fungi enzymes
has been studied. A birch and fir-tree wood exemplars at the last stages of wood destruction were chosen as research objects.
Microphotographs of anatomical wood structure under the wood-destroying fungi are presented. The picture of deciduous
hardwood tissue destruction is shown. The destruction occurs with processes of enzymatic delignification of libriform fibers
cell-like walls. At the same time there is practically the final fracture of the true middle lamellas. It leads to a sharp increase of
internal surface in a wood, affected with of white rot fungi. Changes of an anatomic picture of the wood of coniferous breeds
struck with fungi of brown rot are shown. In this case, sharp decrease of thickness of cell-like walls of tracheids is observed.
Such transformation occurs due to hydrolytic action of mycological enzymes on polysaccharides of a secondary wall up to its
final fracture. The composite middle lamella remains almost invariable due to the maintenance of a large number of a lignin.
Data on chemical composition change of the mycologic destroyed wood are confirmed and the mycological enzymes action
mechanism is explained at the anatomic level. The revealed picture of destruction of anatomical structure and chemical changes
of woody substance allow assuming the perspective directions of technological use mycological destroyed wood. The wood
struck with fungi of white rot can be used as the fibrous semi-finished product enriched with cellulose or the carrier the sorbent
systems with strongly developed internal surface. The wood struck with fungi of brown rot can find application in active filler
quality containing both high molecular weight and low molecular weight fractions of phenolic compounds.

Keywords: the mycological destroyed wood, the lignin carbohydrate complex.
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JIAKOBBIE KOMITIO3UIIUU B TIPOU3BOJACTBE
METAJUIM3UPOBAHHOM BYMATH
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M AO «amuneo Ha"orex»

141370, MockoBckast obmacts, Ceprueo - [locanckuii p-H, . XOTBKOBO, yiI. 3aBOjCKas 1. 32

A PTBOY BO «MOCKOBCKHIA TOCYIapCTBEHHBIN TeXHUYeCKuil yHuBepcuTeT nmenn H.D. baymana
(HaIMOHATBHBIA UCCIIENOBATENLCKUH YHIUBEPCUTET)» (MBITHIIMHCKIH (hrmmal),

141005, MockoBckast ob6mactb, . Mertumy, yi. 1-s MacTHTyTCKAS, 1. 1

[IpuBoasITCS pe3ynbTaThl UCCIACIOBAHUN 1O OMPEACICHUIO BIUSHUS COCTAaBa Jlaka Ha CBOMCTBA MOJYYacMbIX Ha
HOBEPXHOCTH METAJIM3UPOBAHHBIX OyMar JIAKOBBIX HOKPBITHUA. JIJs1 IBYX pa3sHbIX MapoK JIAKOB MMIIOPTHOI'O TPOM3BOJCTBA
OBLTH MPOBEICHBI ONPEICICHUS KAYeCTBCHHOTO M KOJIMYECTBCHHOIO COCTaBa ¢ MCIOJIb30BaHueM MeTona SIMP-criekTpocko-
mud. BbITO YCTaHOBICHO, YTO 00Pa3Iibl JIAKOB MPEACTABISIOT COOO0M CXOIHBIC IO COCTaBY PACTBOPHI MOJIUMETHIMETAKPIIIATA U
MoMMOy THIIMETAKpHUIIATa B 3THIIAIIETATE C PA3HBIM COJCPIKAHMEM CYXOro OCTaTKa. B TaKOBBIC KOMITO3HMIIMH BKITFOUEHA TOKCHI-
Hasl CMoJIa, cojieprKaHue KoTopoi coctaisieT 8 U 10 % COOTBETCTBEHHO. DIOKCHU/HASI CMOJIA, BEPOSITHO, BBIITONHSET (QYHKIIUIO
HHaCTI/I(bl/IKaTOpa B l'lOJ'ly'-{aeMle l'[OJ'[I/IMeprIX l'[OKprTl/Ile. I[J'[ﬂ l'lO)lTBep)K)leHl/Iﬂ JAHHOI'O npezmonon(el-mu 6bIJ'II/l l'lpOBeIleHbI
OMPEICICHUS COOTBETCTBYFOIIUX ITOKA3aTEIICH MOTyYaeMbIX JIAKOBBIX IICHOK. C MOMOIIBI0 TEPMOMEXaHUYECKOTO METOIA yC-
TaHOBJICHO 3HAYCHUE TEMITIEPATYPhl CTCKIIOBAHMS, KOTOPOE HECKOIBKO BO3POCIIO C TCUCHUEM BPEMEHH, YTO MOYKET OOBSICHSATh-
Cs l'lpOTeKaK)LU,I/IMl/I B nonnmepax l'lpOLleCCaMI/I CHUKXCHUA BHyTpeHHI/IX Hal'lpﬂ)l(eHI/lﬁ, BO3HUKAKIINUX le/l CyLUKe JIAKOBBIX IJIC-
HOk. Omnpe/encHa BeIMYHHA TTOBEPXHOCTHOTO HATSKCHUSI, UMCIOIIast OOJIBIIOC 3HAYCHUE MTPU TOCIICAYIOIICH MeyaTH pUCyHKa
Ha METAJUTM3UPOBAHHON Oymare, UCIOJIb3yeMOM IS H3TOTOBJICHHSI STUKETOK. [IJ1s TaKOB BRIOPAHHBIX MapOK OHA HAXOIUTCS B
TpebyeMbIx mpeaenax u cocraniseT 40—42 mH/m. JlobaBneHre B KaueCTBE MIACTHGUIIUPYIOIICH T00ABKH STTOKCUIHON CMOJIBI
3HAYUTECJIIbHO CHUXXACT I_L[epOXOBaTOCTb l'[OBerHOCTl/l, YTO AOKaA3bIBAOT HpOBeﬂeHHble Ol'lpellefleHI/lﬂ KHUHETHUYCCKOI'O KOS(I)(bI/I—
HUEHTa TpeHI/ISI, 3HAYCHUS KOTOpOFO CHHJ)KAIOTCY IIOYTH B ABA pa3a le/l yBeHI/I‘[eHI/II/I couep)KaHm{ HHaCTI/I(bl/IKaTOpa B HaKOBOﬁ
KOMIIO3UMIIMHU BCEIrO Ha 2 % 3TO HO)ITBCp)K}laeTCH BBICOKHUM 3HAUCHHUEM IJIsTHLA l'[OBerHOCTI/l 06pa3y}ou11/1xc51 l'[OJ'[I/IMeprIX
IUICHOK, U3MEPEHHOTO ¢ MOMOIIBI0 Oeckomepa. Ho ucmosb30Banue miacTu(uKatopa B JJAKOBOW KOMIIO3UIMU MOBBIIIACT €€
BSI3KOCTh, 4TO MOTPEOYET MOMOTHUTEIBLHOTO pacxo/a pacTBoputes. [loydeHHas 3aBUCHMOCTD BSI3KOCTH JIaKa OT CTCIICHH €T0
pa3baBiIeHUs pACTBOPUTEIIEM MTO3BOJIUT OMPEACIIATH KOJINYECTBO J0OABISIEMOT0 STHIAIICTATA TS 00CCIICYCHHUS HEOOXOAUMOTO
HaHOCA Jiaka Ha OyMary v yCTaHOBJICHHUS TPeOyeMbIX MMapaMeTPOB peKUMa paboThI y3i1a TakupoBaHus. [Toka3aHa 3aBUCHMOCTh
CBOﬁCTB HaKHpOBaHHbIX HOBCpXHOCTeﬁ OT coCTaBa HaKOBOﬁ KOMITIO3ULIMH U JaHbI peKOMeHI{aL{I/lI/l 110 HpI/IMeHeHI/I}O JIAKOB HC-

CJICNOBAaHHBIX MapoK.

KiroueBble citoBa: JakoBasi KOMIO3UIMS, IUIACTH(GUKATOP, METAIIN3UPOBaHHAst Oymara, MOBEpPXHOCTh HOJIMMEPHBIX

IIJICHOK.

MeTaJ‘IJ‘II/ISI/IpOBaHHHe OymMaru sIBIISIIOTCS
IUICHOYHBIMM ~ KOMIIO3UIIMOHHBIMM ~ Ma-
TEepUajaMu, Ha IOBEPXHOCTh KOTOPBIX HaHe-
CEH CJION aJIFOMUHUS, MPUIAIOMNNA OyMaKHOU
OCHOBE JECKOPATUBHBIE U 3alIUTHBIE CBOWMCTBA
[1,2]. MoauduumpoBaHHas METAITINYECKUM Ha-
IbIJICHUEM OyMara siBJsieTcs albTepHaTUBOM nc-
MOJIb30BAHUIO YHCTOW aJTIOMMHUEBOW (hosbru B
YIAKOBOYHOM MHAYCTPHUH, HAIPUMED B TEXHOJIO-
TUSIX YIIAKOBKU 4asi, MaCJI0KMUPOBON MMPOLYKIUH,
CUT'apeT, CyXUX NIPOAYKTOB UTAHUS, IPSTHOCTEH,
IaMIyHed, THTHEHHYECKUX caj(eToK, MOpoLI-
KO0O0Opa3HbIX JIeKapcTB U Jap. Takxke oHA HAXOJUT
IIPUMEHEHHE NTPU U3TOTOBJIEHUM BBICOKOKAYECT-
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BEHHBIX 3TUKETOK JIJIsl HEOOOPOTHOM Taphl CIIUP-
TOCOJIEpKAINX HAITUTKOB, MUHEPAJILHON BOJIBI,
CJIA/IKUX Ta3UPOBAHHBIX HAIMMUTKOB, KBaca M JIpy-
TOW TPOAYKIWH, TPeOyromelH T0AroCcpoIHOM
yIakoBKH [2, 3].

Haubonee mupoko mpeacTaBieHHbIE Ha
POCCHIICKOM pBIHKE «BaKyyMHBIE» MeETallIH-
3UpOBaHHBIE OyMaru MOJTY4YalOT B PE3YJbTaTe
TEXHOJIOTMYECKOro TIpoliecca NpsIMON MeTal-
JU3alUU TIPU OCAXKICHUH MMAapOB ATIOMHHHS Ha
MOBEPXHOCTh MPEBAPUTEIBHO JIAKUPOBAHHOM
oymaru. Ilpu stom oOpasyercss cioW altoMHu-
HUS B KOJIMYECTBe, He npebimatomiem 0,1 r/m?.
3areM MeTaUIM3UPOBAHHYIO MOBEPXHOCTH MOB-
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TOPHO JIAKUPYIOT VIS 3AIIUThl METAJUIMYECKOTO
CJIOS1 OT UCTHPAHUS U NPUIAHUSI EMY IVIaJKOCTH,
HEO0OXOUMOW ISl MOCJENYIOIIEr0o HaHECEHUs
pucyHka [4].

JUid ynmydiieHusT TEXHOJIOTMYECKUX Xa-
PaKTEpPUCTUK JIAKOBBIX KOMIIO3ULIUH, HCIOJb-
3yeMbIX B IIPOM3BOJCTBE METAJIM3UPOBAHHON
Oymaru, B MX COCTaB BBOZSAT Pa3JIMYHbIE MOJH-
¢unmpyrone 1o6aBku. [Ipencrasmisino naTEpEC
HCCIIE/I0BaTh BIMSHHUE COCTABA JIaKa Ha CBOMCTBA
MI0JTy4aeMOM MJIEHKH.

Lens pa®oThl 3aKitoyanach B onpesese-
HUM ONTUMAJIbHBIX XapaKTEPUCTHK JJAKOBBIX Ma-
TEPHUAJIOB HA OCHOBE 3IOKCUINPOBAHHBIX COIO-
JUMEPOB P UX UCIIOJIb30BaHUH B TEXHOJIOTHSX
IIPOM3BOJICTBA METAJUIM3UPOBAHHBIX OyMmar.

MaTepI/Ia.ﬂbI U METOAbI

B pabore ucnonb3oBaiu JaKu AByX Ma-
POK UMIIOpPTHOTO Tpou3BozcTBa: Acrilyc laquer
with epoxy resins (England 2013) npou3sBoncTsa
Glasplies Ltd (BemukoOpuranusi) — ak Ne 1 u
Acrilyc laquer with epoxy resins (Belgium 2014)
npousBoacTBa Ark Golden India Pvt. Ltd (1n-
nst) — mak Ne 2.

KauecTBeHHBINI M KOJIMYECTBEHHBIN CO-
CTaB JIAKOB ompeaensi mertogom SIMP-criekr-
pockornuu. CIEeKTPOCKOIHUS SJAEPHOTO MarHUT-
HOoro pesoHaHnca (SIMP) ocymecrtBisinace Ha
npubope VNMR-400 ¢pupmer «Bapuany» (CLLA)
¢ paboueii wacroroit 400 MI'y Ha simpax "H u 100
MTI'11 Ha siapax *C. MeTox ocHOBaH Ha 00yCIIOB-
JIEHHOM TepeopHeHTalNe MarHUTHBIX MOMEH-
TOB sIJIEP PE30OHAHCHOM IOTJIONICHUH U H3JTyde-
HUU DJIEKTPOMArHUTHOW SHEPTUU BEIECTBOM,
COZIepKAIllUM siipa C HEHYJIEBBIM CIIMHOM BO
BHEIITHEM MAarHUTHOM TI0JI€ Ha 4acTOTe, Ha3bIBa-
emoit yacroroit SIMP [4, 5].

Omnpenenenue TemmepaTypbl CTEKJIOBa-
HUS IPOBOIMITY TEPMOMEXaHUYECKH Ha Tprbdope
TMA Q400 EM «TAInstrumentsy.

[ToBepXHOCTHYIO PHEPTUI0 KOMIO3MIIMH
naxoBbIX meHok onpeaessum no 'OCT P 54105—
2010 — «IlmeHku 1 TUCTHI TOJIMMEpPHBIE. MeTox
OTIpe/IeIICHUs HATSHKSHUS TIPYU CMavYiBaHUI.

BsI3KOCTh JTAKOBBIX CHCTEM OMPEIEIISLTN
BHUCKO3UMETPUUYECKH Ha BHUCKO3UMETPE MapKU
B3-4, a 3areM nepeBoIMIN YUCIEHHOE 3HAYCHHE
B YCJIOBHYIO BSI3KOCTb (MM?/C).

JIECHOUM BECTHHUK 6/2016

Kunernueckuii kod3puimeHT TpeHus
OTIpeJIeNIAN Ha MpuOope sl ONpeeseHHs KO-
s dunmenHTa TpeHus, KOTOPBIH BKIIOYal B ce0s
JIBUTaTelb C OCHOBAaHHEM, KOMIICHCALIMOHHBIE
NpYy>KUHBI, MUHUATIOPHYO SJIEKTPOHHYIO Harpy-
3049HYIO TYEHKY M KOHTPOJIUPYIOIIHNHI YCUITUTENb.
ITpu coenrHeHNM ¢ CaMONUCLIEM PETUCTPUPOBA-
7 3HaueHue Ko3()(UIIMEHTa TPEHUsS! CKOJIbXKe-
Hus [12].

Jiis onpeniesieHus MIsHIA 00pa3yoLX-
Csl TOJIMMEPHBIX TUICHOK HCIOJIb30BaJM CTaH-
napTHeId Metoa nu3Mepenus o [SO 2813-1978 ¢
oMolIbIo OeckoMepa « MHKPO-IJIOCC» TIPOU3-
BoactBa BUK-T'apauep (Poccus).

Pe3yabTarhl U MX 00CyXKIEHUE

[IpoBeneHHbIE HCCIIEOBAHUS OKA3aIIH,
4TO 00pa3slibl JIAKOB MPEJICTABISAIOT COOON CXO/-
HBIE IO COCTaBY PacTBOPHI MOKCHIUPOBAHHOTO
CONOJIMMEPA C MAaCCOBOM JOJIEM SMOKCUIHBIX
rpynn 19-21 %, nonumerniMerakpuiara 1 mno-
nuOyTUIMEeTaKpuiaTa B dtuiamnerare (puc. 1),
HO C Pa3HbIM COJIEP’KaHUEM CYXOT0 OCTaTKa.

CocTas J1akoB, ONpeJIeIeHHbIN B Pe3yiib-
TaTe MCCIIeI0OBAaHUN MO JaHHBIM pHC. |, mpuBe-
JIeH B TabuIe.

[Tonudmokcu BBOAUTCS B COCTaB Jaka
B KadyecTBe IUIACTUDUIMPYIOLIEH 100aBKH H
BJIMSIET HAa TEMIIEpaTrypy CTEKJIOBaHUS, KOTOopas
SBIISIETCSL OJTHOM M3 BaKHEHIIINX XapaKTEPUCTUK
MOJMMEPOB, ONPEIEISIOMUX TEeMIIEPaTyPHBIH
WHTEpBaJ X dKCIutyaramnuu [6, 7].

[Ipoananu3upoBaB MOTYYECHHBIE 3aBUCH-
MOCTH OTHOCHTEIBHOH aedopManuu moiume-
POB OT Temmeparypsl (puc. 2, 3), yCTaHOBHWJIH,
YTO TeMIepaTypa CTEKJIOBAaHUS BEIOPAHHBIX IS
UCCJIEJJOBAHUS JITAKOB UMEET OJHO U TO XK€ 3Ha-
yeHue u cocrapisier okono 43 °C. Ilockonbky
B MOJIMMEpPE HEKOTOPOE BPEMsI OCTAIOTCS BHYT-

Tadonuia

Cocras JakoBbIx komMno3unuii (% macc.)
The composition of the lacquer compositions
(in % by weight)

KoMImoHeHT KOMITO3UITUU Jlak No 1 Jlak Ne 2
Drunamerar 56 59
[TonumerunmMeTakpuiIar 25 23
[onmuOyTrimMeTakpuat 11 8
[Tonuanokcua 8 10
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Puc. 1. Pe3ynsrarsl onpesneneHus coctana JakoB MetogoMm SIMP-ciekrpockonun
Fig. 1. The results of determining the varnishes composition by NMR spectroscopy

0
N

-20
O\O
E _40 \
3 AN
g -60
o
=]
S 80
(0]
=

-100

-120

0 20 40 60 80 100 120 140 160

Temmnepartypa, C°

Puc. 2. Tepmomexanndeckast Kpusast 1is j1aka Ne 1
Fig. 2. Thermomechanical curve for varnish Ne. 1

pEHHHUE HAINpsHKEHUs, BIUSIOUIME HAa 3HAYCHHE
onpenensiemoro nokazarens [8—10], te xe ca-
MbI€ U3MEPEHUS IPOBOJIMIM YEPE3 HENIEIIO TIOC-
Jie CyIKH oOpasloB Jiaka. belio ycTraHOBIIEHO,
YTO TeMIIepaTypa CTEKJIOBAHHUS JTAKOBBIX KOMIIO-
3unuii Bozpactasia Ha 1 °C.

DTO COOTBETCTBYET NPEACTABICHUSIM O
TOM, YTO C TEYEHUEM BPEMEHHU B IOJINMEPAX CHU-
YKarOTCs BHYTPEHHUE HANPSKEHUS, YTO OKA3bIBAET
BJIMSIHME Ha TaKHe MX CBOICTBA, KaK IPOYHOCTh U
ANACTUYHOCTh, JOCTUTAIONINX MaKCUMyMa 4depes
OTIPEJICIIEHHBIN TPOMEXYTOK BPEMEHHU, a YIpYy-
TOCTb ¥ XPYIKOCTb IIPU 3TOM YMEHbIIAOTCS [9].

Tak xak nMpuMeHEeHUEe MeTaTIM3UPOBaH-
HOW OyMmaru Juis M3rOTOBJICHUS STHUKETOK IIpe-
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Puc. 3. Tepmomexanuueckast Kpuas s gaka Ne 2
Fig. 3. Thermomechanical curve for sample Ne 2

JlyCMaTpUBAaeT HAHECEHUE HAa €€ IMOBEPXHOCTH
MEYATHBIX KPAaCOK, BEJIUYHMHA MOBEPXHOCTHOTO
HATSDKEHHUS ABJISIETCS BAKHOM XapaKTEPUCTUKOU
noBepxHocTH [11]. s uccneayempix KOMITO3H-
Uit OBUIO OMpezeNieHa MOBEPXHOCTHAS SHEPTUS
00pa3yIoIIKXCs JaKOBBIX IJIEHOK, KOTOpas Mpe/-
CTaBJIsIeT co00i M30BITOK SHEPrUU HA TPAHULIE
paszzaena aAByX (a3, CBSI3aHHBIN C CyIIECTBOBaHU-
€M IOBEPXHOCTHOTO CJIOA.

Meton omnpeneneHuss HATSHKEHUS TIPH
cmaunBaauu o 'OCT P 54105 mokasan, 4to
IUICHKH, OOpa30BaHHBIC HCCIIETYyEMBIMH JIaKa-
MU, OONalar0T MPAKTHUYECKH OJUHAKOBOM, JO-
CTaTOYHOM HHEPreTUYECKON aKTUBHOCTBIO B
40-42 mH/m, ut0 1103BOJIIET OOCCIIEUUTH MOC-

JIECHOM BECTHHUK 6/2016
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JIEAYIOUIYI0 KaueCTBEHHYI0 00pabOTKy MOBEpX-
HOCTH JIaKOBOM TJICHKU MPU HAHECEHHH THIIOT-
pad)CKHUX KPacoK.

JlJis OIIEHKM TJIaJKOCTU MOBEPXHOCTH,
Tak)Ke MMEIoIIeH OONbIoe 3HAUYEHUE IS TIOC-
Jemyronieid o0pabOTKM TOMydaeMbIX MarepHa-
JIOB, OIpeNesuld KUHETUYeCKU Kod(hUIueHT
Tpenus [12—14]. Ins naka Ne 1 ero 3HaueHue
coctaBuio 0,421, a musa maka Ne 2 — 0,239, Jlo-
OamieHHE ITUTACTHPUIMPYIOMICH JT00aBKHM B
JaK CHIJKAJO IIEPOXOBATOCTh IMOBEPXHOCTH
Ha 10-25 %.

[Ipu onpenenennu misHLA TOTUMEPHBIX
wieHok mo ISO 2813-1978 6bu10 ycTaHOBIIEHO,
YTO KOJIMYECTBO OTPAXKEHHOTO CBETA MPU YIJIE
nageaus 60° it 000UX BUIOB JIaKa COCTaBUIIO
380 %, yTO ABAAETCS JOCTATOYHO BHICOKMM 3Ha-
YEHUEM.

OnHOM U3 OCHOBHBIX TEXHOJIOTUYECKUX
XapaKTEepPUCTHUK Jlaka, OT KOTOPOW 3aBUCUT Ka-
YECTBO HAHECCHHS Ha MMOBEPXHOCTH OyMarw, siB-
JIA€TCSl BSI3KOCTH [6]. BBeneHne B KOMITO3UIIHIO
naka Ne 2 QOJNBIIETO KOJIMYECTBA SMOKCHIHOTO
KOMIIOHEHTa MPUBOAWIO K 3HAUUTEIHLHOMY IIO-
BBIIICHHUIO ero Bsaskoctu (440,08 mm*/c — Bs3-
KoCTh jaKa Ne 2 u 256,31 mm?/¢c — BA3KOCTH JIaKa
Ne 1), necmorpst Ha OoJsiee BBICOKOE cOpaepKa-
Hue pactBoputens (59 % B nmake Ne 2 u 56 %
B j1ake Ne 1).

s obecriedenust TpeOyemMoro HaHe-
CeHHs Jilaka Ha Oymary W yCTaHOBJICHUS Mapa-
METPOB peXuMa paloThl y3/1a JTaKUPOBAHUS HA
MIPOU3BOICTBE HEOOXOAMMO OTIPEACIIUTH 3aBUCH-
MOCTb BSI3KOCTH JIaKa OT CTEIEHH ero paz0aBie-
HUg pactBopurtesieM. M3 naHHbIX puc. 4 BUIHO,
9TO BS3KOCTH Oy/IeT pe3Ko MajaaTh mocie 100aB-
neHus pactBopurens A0 50 %-ro comepkaHus.
Kpome Toro oueBu1HO, UTO JjIsl IPUTOTOBIICHUS
naka Ne 2 HY)KHOH BSI3KOCTH HEOOXOIUM OO0Jb-
LIMI pacxofl pacTBOPUTEIS ATHIIALIETaTA.

Takum 00pa3om, Ha OCHOBAaHHMU TPOBE-
JIEHHBIX WCCJEIOBAHUNM TIO OMpPENENIEHUI0 CO-
CTaBOB JIAKOBBIX KOMIO3MIIMM U WX OCHOBHBIX
XapaKTEePUCTUK YCTAHOBIICHO, YTO YBEIMYECHHE
KOJINYECTBA AMOKCUIHOTO COTOJIMMEpPA B COCTa-
Be Jlaka Ha 2 % MOBBILIACT BSI3KOCTh KOMIO3HUIIMU
OoJiee yeM B J1Ba pasza M MPHU ITOM CYIIECTBEHHO
YBEJIMYHMBACTCS TIAJIKOCTh OOpa3yIoLIUXCs I0-
BEPXHOCTEH.

JIECHOUM BECTHHUK 6/2016
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Fig. 4. The viscosity of the varnish No. 1 when diluted
with solvent

Takue mokazarenu, Kak MOBEPXHOCTHOE
HaTsDKCHHE, TIISHEIl, TeMIIepaTypa CTEKJIOBAHUS
MIpaKTUYECKH He u3MeHsTcs. Kpome Toro, ns3-
3a MU3MEHEHUMU, MPOTEKAIOIINX B IMOJIUMEPHBIX
CHCTEMax BO BPEMEHH, OTPE/IETICHINE OCHOBHBIX
XapaKTEePUCTUK CJEAYeT MPOBOAUTH Yepe3 OIl-
pe/elieHHbIe, TEXHOJIOTHYECKU YCTAaHOBJICHHBIC
BPEMEHHBIE MPOMEKYTKH, YTO SBIISIETCA 3a/1a9eid
NAILHEHIINX UCCIENOBAHUIA.
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The results of studies to determine the influence of the varnish composition on the properties of the surface of the
metallized papers lacquer coatings. For two different brands of varnishes import production has been determined for both
quality and quantitative composition using the method of NMR spectroscopy. It was found that the samples of paints are similar
in composition to the solution of poly methyl methacrylate and poly butyl methacrylate in ethyl acetate with different content of
solids. The varnish composition included epoxy resin, the content of which represented 8 percent and 10 percent, respectively.
Epoxy, probably, performs the function of plasticizer in the resulting coatings. To confirm this, the relevant indicators of the
resulting lacquer coatings were determined. With the help of the thermo mechanical method of glass temperature settings,
which increased slightly over time, which can be explained by the prot-penitent in polymers processes reduce the internal
stresses that arise during drying of the lacquer films. The value of surface tension was determined, with the pain of great value
in the subsequent printing on metallic paper used for for the manufacture of labels. In the varnishes of the selected brands it is
within the norm of 40-42 mN/m. Adding as plasticizer adjuncts epoxy significantly reduces the surface roughness that is proved
by the definition of the kinetic friction coefficient whose values fall by nearly two times with increasing content of plasticizers
in lacquer com-position by only 2 %. This is confirmed by the high gloss value of the surface polymer films (measured by
blastomere). But the use of plasticizer in the lacquer composition increases its viscosity, which will require additional solvent.
The obtained dependence of the viscosity of the varnish from the degree of dilution with solvent will determine the amount
of added ethyl acetate to provide the desired application of paint on the paper and establishing the required parameters of the
operating mode of the unit coating. It also shows the properties of lacquered surfaces the composition of lacquer composition
and recommendations on the application of the varnishes studied brands.

Keywords: lacquer composition, a plasticizer, metallized paper, the surface of polymer films.
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HNPUMEHEHMUME ITPOAYKTOB CYJIb®ATHEJIVIFOJIO3HOI'O
NPOU3BOACTBA B KAUECTBE IIPUCAOK K TOIIVIMBAM
PEAKTHUBHBIX JIBUTATEJIENA

K.B. IIATAJIOB, doy., rauansHuk omoena K8atughukayuoHHoU OyeHKU Moniue u mace’
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A.K.TOPIOHOBA, acn., PI'Y ne¢pmu u 2aza um. U.M. I'yoxuna®,
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A.B. KYJIMKOBCKWMH, seo. nayun. comp. BHUUMII um. B.M.Top6amosa, kano. mexu. nayx™

aivankin@mgul.ac.ru, sanechka-08122@mail.ru

MWDAY «25 TocHUN xummorosnoruu Munoboponst Poccumy», 121467, r. Mocksa, yi1. Mosoporsapeiickasi, 10,

@ OT'BOY BO «Poccuiickuii roCyapcTBEHHbIM YHUBEPCUTET HEPTU 1 ra3a (HALMOHAIBHBIN HCCIIEI0BATEIbCKUAN
yauBepcureT) nmern .M. I'yokunay, 119991, MockBa, mpocn. JIeHuHCKHH, a. 65, Kop. 1,

@ OT'BOY BO «MOCKOBCKHiA TOCYIapCTBEHHBIN TeXHUYeCKHUi yHHBepcuTeT nmenn H.D. baymana
(HaIMOHATBHBIA UCCIIENOBATENLCKUH YHIUBEPCUTET)» (MBITHIIMHCKIH (hrmmal),

141005, MockoBckast 061acTth, . Mertumy, yi. 1-g MactutyTckas, 1. 1,

@OI'BHY «BHUU msicHoii npombiiiuieHHocTr uM. B.M. Topbarosan, 109316, r. Mocksa, yi. Tananuxuna, 26

Paccmotpena mpobnema obecrieueHnsl IKCILTyaTUPYEMbIX TEXHUYECKUX YCTPOHCTB OTEUECTBEHHBIMU IPOTHUBOU3-
HOCHBIMU IIpHUCaJKaMU, IMOBBIIIAOIUMUA Ka4Y€CTBO MOTOPHBIX TOIUIUMB, B YaCTHOCTHU aBUAllUOHHBIX TOILJIMB. OTMC‘[eHa aKTy-
QJIBHOCTB IIPOOJIEMBI 3aMEHBI THIPOI€HH3UPBAHHBIX KEPOCHHOBBIX (DPAKLIUI 1 MOHO- U OHLMKIINYECKUX HATEHOBBIX KHCIIOT,
TPpaIUIUOHHO IMPUMECHACMBIX B Ka4€CTBEC aHTUKOPPO3UOHHBIX IPUCAIOK, a TAKKE 3apy6e>1<1-[blx IIPOTUBOU3HOCHBIX ITPUCANOK
Ha paCTUTECIIbHBIC KOMIIO3UIIUN HAa OCHOBEC ITPUPOAHBIX JKUPHBIX KHUCJIOT. I/I3y'~l€H COCTaB OCHOBHBIX JKHUPHBIX KUCJIOT TaJIJIOBOT'O
Maclia, B Ka4eCTBE KOTOPOTO UCIOIb30BAJIM NMPOAYKThI «KUCIOTHI )KupHbIe TajaoBbiey» 110 [OCT 14845-79 u «auctuiimpoBaH-
Hoe TayuioBoe Macio» mo TY13-00281074-26-95, monyuentbic Ha AO «Cere:KCKOM IEIUTIOI03HO-0YMaKHOM KOMOMHATEY.
Onpeﬂ,eneﬂne JKUPHBIX KHCJIOT IPOBOAWIM METOAOM ra30301‘/i xpomaTorpa(bI/m C IUNIAaMEHHO-UOHHU3ALIMOHHBIM JACTECKTOPOM.
CocraB JIeTy4nX KOMIOHEHTOB aHAJIM3UPOBAIN METOJOM XPOMATO-MAacC-CIIEKTPOCKOIUH. M3y4asnu BIUsIHUE KUPHBIX KUCIOT
TAJUIOBOTO Maciia ¥ 3apyOe)HBIX IPUCAIOK Ha TPOTUBOM3HOCHBIE CBOWCTBA TUIPOOYHILIEHHON KepocHHOBOM (pakimu. Vccie-
JIOBaHUs IMOKa3ajair, YTO B JKUPHBIX KHUCJIIOTax BbleaHHbIX o6pa3u03 TaJIJIOBBIX MacCe€Jl COACPKAaHUE HEHACBIIICHHBIX YKUPHBIX
KHCJIOT cocTaisuio 82 %, B Tom uuciie kuciot cocraa C18 (84,8 %), a OCHOBHBIMYM KOMITOHEHTaMHU ObLIH: JIuHONEeBas (48,4
%), oneunosas (20,3 %) u aunonenonas (10,3 %) kucnorsl. [TokazaHo, 4TO CBEXKME TAJJIOBBIE Macja COACPIKAIU MEHBIIEEe
KOJINYECTBO HEHACBIIIEHHBIX XKUPHBIX KUCIOT — 77,5 %. IIpu 3TOM KonudecTBO kucnot cocraa C18 Obuto HUXKE — 67,5 %, B
T. 4. iuHoneBast 33,5 %, onennosas 20,8 %, munonenosas 10,9 %.Coneprxanue xupHbix kucsior C19 — C24 Obiio Beie, 19,7
%, potuB 5,58 % B KUPHBIX KHCIOTaX TAUIOBOrO Maciia. B mporiecce JUIMTEIbHOrO XpaHEeHUs! TAJJIOBBIX Macell, BCIIEC-
TBUE MPOLECCOB OKUCICHUA, COACPIKAHNE HEHACBIIICHHBIX )XUPHBIX KUCJIOT C HECKOJIbBKUMU HBOﬁHbIMH CBs3sIMH CHUXAJIOCH.
I[OJ'[S{ HACBIIICHHBIX KUCJIOT U HECHACBIIICHHBIX KHUCJIOT C OJJ,HOIZ ﬂBOﬁHOﬁ CBA3BIO YBECJIMYMBAJIaCh. Bblﬂl/l BBISIBJICHBI OCHOBHBIC
XMMHYECKHE KOMIIOHEHTBI TAJIOBOTO Maciia, BIMSIOIINE HAa KOPPO3HOHHYIO CTOHKOCTh. [I0Ka3aHo, YTO BBICOKOE COZlEpIKaHHE
BBICILIMX JKHPHBIX KHCJIOT B TIOOOYHOM MPOIYKTE LEJUII0I03HO-0yMa)KHOTO MPOHM3BOJCTBA M03BOJISET pacCMaTpUBaTh €ro B
Ka4yeCTBEC HepCHeKTHBHOf/i HpOTHBOMSHOCHOﬁ Nnpucaaku 1Jisk MOTOPHBIX TOIJIMB PEAKTUBHBIX }lBHFaTeﬂeﬁ.

KiroueBble ciioBa: BeIIECTBa TaJJIOBOTO Macia, XKHUPHOKUCIOTHBIN COCTaB, IPOTHBOM3HOCHBIE PHCAIKU, TOILIUBO
JUTSL pEaKTUBHBIX JIBUTATEIICH.

OecrieueHre MOTPEOHOCTEH POCCHIICKOM

HKOHOMHKH B KaUeCTBEHHBIX aBHAIIHOHHBIX
TOIUTMBAX SIBIISICTCS OHON U3 IPUOPHUTETHBIX 3a-
Ja4 OTEYECTBCHHON HedTenepepadarbIBaroNIeii
oTpaciu. B Hacrosiee BpeMs ISl JOCTHIKSHUS
3aJ]aHHOTO YPOBHSI 3KCIUTyaTallMOHHBIX CBOWCTB
ABHUAIIMOHHBIX TOIUIMB IIPOU3BOJAUTCIIM BBIHYXK-
JEHBl TMPUMEHSTH THIPOTCHU3ALHOHHBIC IPO-
LECChI Ul OYUCTKH KEPOCHHOBBIX (PpaKIHidi OT

JIECHOUM BECTHHUK 6/2016

reTepoopraHuvecknx coenuHeHuii. bonee 55 %
TOILIMBA JJIsS PEaKTUBHBIX JBHUraTenell Bblpada-
THIBAETCSI HA OCHOBE IIPOLIECCOB I'MAPOOYHUCTKH
U TUJIPOKPEKUHIA, U B JAJbHEUIIEM 3TO KOJIM-
YeCTBO OYJIET TOJIBKO yBeTuInBarhes [1].
VYnanenue H3 KEPOCHHOBBIX (pakuuit
CEpPOOPraHUYECKUX U KHUCIOPOICOAEPKAIINX
COEJIMHEHUI MO3BOJIAET YIyULIUTh TEPMOOKHC-
JUTENbHYI0 CTa0MJIBHOCTh U KOPPO3UOHHBIE
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CBOICTBA TOIJINBA, HO YXYAIIAET UX IPOTHBOU3-
HOCHBIE CBOMCTBA. JTO OTPULATEIBHO CKa3bIBa-
€TCsl Ha pecypce paboThl ITyHKEPHBIX HACOCOB
TOILTUBHBIX arperaroB aBUAIIMOHHBIX Ta30Typ-
OMHHBIX ABUTaTenei [2].

Haubonee »sddexTuBHBIM  criocobom
yAYYIICHUsS MPOTUBOU3HOCHBIX CBOICTB Kepo-
CHHOBBIX (Ppakiuii sBIsIeTCSd HUCIOJIb30BaHHE
MIPOTUBOU3HOCHBIX IMpHUCaN0K. B TeueHue miu-
tenpHOro BpeMenu B CCCP, a 3arem B Poccuu B
Ka4eCTBE IPOTUBOM3HOCHOM IPHUCAIKHU K aBHa-
KEPOCHHAM MPUMEHSIACh CMECh OYHIIEHHBIX
MOHO- M OUIIMKINYECKUX HA(TEHOBBIX KHCIOT
¢ MouiekyisipHoi macco 180-230, momydaemoit
BBICOKOBAaKyYMHOHW NUCTHIUIALINEH 0Oe3MaciieH-
HOTO acuj0jla, KOTOPBIA MpEenCTaBIseT co0oi
MPOAYKT BBIIIENIaUMBaHNsl HAPTEHOBBIX KHCIOT
n3 ¢ppakuuii OakmHCKUX Hedrel. [lomyueHHbIe
TaKUM 00pa3oM MpUCaIKu conepskar 10 5 % apo-
Matnueckux u 10 20 % xxupHbIx Kuciot. Cmech
HadTeHOBBIX KucioT mox Mapkoit JIHK (ona xe
K) BeipabarbiBanace B T. baky (AzepOaiimxaH)
no 'OCT 13302-77 «Kucnots! HedTsHbIe. Tex-
HUYECKHUE yCcIoBus» [3, 4].

[To TexHMYECKUM TPUYKMHAM OTEUECTBEH-
Hble HedTenepepadaThIBAIOIINE MPEAIPUATHS C
cepenunbl 2000-X TOIOB OTKA3aIHMCh OT UCIIOJIb-
3oBanus npucagku JJHK u cranu ucnonb3oBarb
B KauecTBe NpoTHUBON3HOCHOM npucanky HITEC
580, Beimyckaemyto ¢upmoit Afton Chemical
(CHIA) [1]. B ycroBusIX 3KOHOMUYECKHX CaHK-
it co cropons! CIIIA u ctpan EBponelickoro
Co103a 3aBUCHMOCTh ITPOU3BOACTBA TOIUIUB JJIS
PEaKTUBHBIX JIBUTATENICH OT MOCTABOK M3-3a PY-
Oexa HeIoIycTUMa M JAUKTYEeT HEO0OXOAUMOCTb
CO37aHUsl OTE€YECTBEHHOM IPOTUBOM3HOCHOU
MPHUCAJIKH K aBUAIIMOHHBIM TOTLTUBAM.

HccnenoBanust IOKa3bIBaOT, UTO MPOTH-
BOM3HOCHAs ITPHUCAJIKa K TOTJIUBAM JUIsl pEaKTHUB-
HBIX JBHUTraTesied MOXeT OBbITh M3TOTOBJIEHA HA
OCHOBE NPUPOAHBIX )KUPHBIX KUCIOT. [Ipn sTOM
3P PEKTUBHOCTH KUPHBIX KUCIIOT KaK MPOTHBO-
M3HOCHOM IpHCaJIKK BO3PACTAET C TOBBIIIEHUEM
UX MOJICKYISIPHOW Macchl, a HauOOJIbIINNA -
(eKT aroT JKUPHBIE KUCIOTHI C YHCIOM aTOMOB
yrepona 6osee 18 [3,4]. B xauecTBe OCHOBHBIX
KHCJIOT 3[I€Ch BBICTYIAIOT:

Oneunosasaxucroma(yuc-9-oKTaielieHO-
Bas kucnora) CH,(CH,),CH=CH(CH,)COOH -
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MOHOHEHACHILIEHHAs KUpHas KucioTta. Mosip-
Has Macca 282,46 r/Moiib; IIOTHOCTE 873,5 Kr/m?3;
temneparypa miasienus 16,3 °C; temneparypa
kunenus 228 °C nipu 2 klIla [5].

O
Z OH

OneuHoBasi KUCIOTa UMEET MPAHC-U30-
Mep — NAUOUHOBYIO KUCIOMY, KOTOpasl OTIruva-
eTcst 0oJsiee BHICOKOW TEMITepaTypOu TIaBJICHUS
44 °C. OnenHoBas U dJIauIAHOBAST KUCIIOTHI CO-
YETaIT XMMUYECKHE CBOMCTBA OJIe(PHUHOB U Kap-
OOHOBBIX KUCTIOT [5].

HOJ\/\/\/\/\/\/\/\/\

Jlunonesas xucioma (yuc,yuc-9,12-ox-
Tanekamuenosas kucnora) CH,(CH,),(CH,CH=
=CH),(CH,),COOH — noninHeHaChIIEHHAs )KUP-
Hasi KUCJIOTa C JIByMsI M30JIMPOBAHHBIMH J[BOMi-
HBIMH CBs3siMU. Momsipaas macca 280,5 r/Monb;
wiotHocTh 902,2 Kr/M*; Temmeparypa IuiaBiie-
Hust Mmunyc S °C; temneparypa kunenus 149 °C
npu 133 Ila [5].

jww
HO™ 4 9 12

Jlunonenosas xucnoma (yuc,yuc,yuc-
9,12,15-0KkTanekarpueHoBas KHCJI0TA)
CH,(CH,CH=CH),(CH,),COOH - mnonuueHa-
CBILLIEHHAs KUPHAsl KUCIIOTAa C TPeMs U30JIHPO-
BaHHBIMU JIBOWHBIMH CBS3sIMH. MossipHast Macca
278,4 r/moib; I0THOCTH 916,4 Kr/M?; Temmepa-
Typa maBieHus munyc 11,3 °C; temneparypa
kunenus 184 °C npu 0,5 klla [5].
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VYkazaHHbIe (DU3UKO-XUMUUYECKHUE Tapa-
METpPBI KUPHBIX KUCIOT MO3BOJISIIOT MPOTHO3M-
pOBaTh BO3MOXKHBIE CBOMCTBA TOIUIMBHBIX TMPH-
CaJIOK Ha UX OCHOBE.

B npompbliieHHBIX 00beMax cMecH yKa-
3aHHBIX KHUCJIOT TMOJIyYarOT KaK MOOOYHBIE MPO-
JTYKTHI CYIb(})ATIEUTFOIIO3HOTO TTPOU3BOJICTBA B
BUJIE CBHIPBIX TAJUIOBBIX Macell U MPOAYKTOB UX
nepepaboOTKU — KUPHBIX KUCTOT TAJUIOBOTO Mac-
na. OCHOBHBIMH TIPOU3BOJIUTEIISIMU SIBJISIOTCS:
CeneHrnHCKHH eTI0I03HO-KapTOHHBINA KOMOH-
Hat, Cerexxckuii, ConomOansckuii 1 Yerh-Mnnm-
CKH IEJLTI0I03HO-0yMa)KHbIE KOMOHWHATHI.

CocTaB Taaa0BOrO Macjia 3aBUCHUT OT
BHUJA mepepadaTbiBa€MOM JpEBECHHBI, €€ IO-
POIbI, MPOIOJDKUTEILHOCTH U CIocoba XpaHe-
HUS, TEXHOJOTHH TONYYCHHUs, a TaKKe JPYTUX
¢dakropoB. TamioBbie Macia OOBIYHO COAEPIKAT
92-94 % >KMpHBIX KHCIIOT, B OCHOBHOM C .,
2-3 % CcMONSHBIX KUCIOT U 2—5 % HEOMbLIsAC-
MBIX BemecTs [6, 7].

N3 cpIporo TammoBoro Macia ApeBeCUHBI
JUCTBEHHBIX MOPOJ OOBIYHOW BaKyyMHOW IHC-
TWUISILUEN ¢ MPUCAAKON BOASHOTO IMapa BbIJe-
Js10T 10 70 % KUPHBIX KUCTIOT B BUJI€ MPOAYKTa
BBICOKOM CTENEHHU YUCTOTHI. [{0JIs )KUPHBIX KHUC-
JIOT B HUX cocTaBisieT 96-97 %, HeOMBUIIEMBIX
BemectB 1-2 % [6].

Lenp paboThl 3akiIodanach B U3y4YEHUU
coCTaBa TPOAYKTOB  CYIb(aTIEeIUTFOI03HOTO
MPOM3BOJICTBA — JUCTHJZTMPOBAHHBIX TAJLTOBBIX
Macesl ¥ )KUPHBIX KUCJIOT TaJUIOBBIX Maces U yc-
TAHOBJICHUU BO3MOXXHOCTH WX TNPUMEHEHUS B
Ka4eCTBE MPOTUBOM3HOCHBIX MPUCAIOK K TOTLIH-
BaM JIJIs1 PEaKTUBHBIX JIBUTATEINCH.

MarepuaJibl 1 METOAbI

OOBEKTHI UCCIIEOBAHMS:

— JKHPHBIE KHUCIOTH TAJIOBBIX Macell,
BbIpaboTaHHble Ha Cere’KCKoM LEJUTI0I03H0-0y-
makanoM koMmOuHare o I'OCT 14845-79;

— JMCTUWIIMPOBAHHOE TaJJIOBOE Maclo,
BbIpaboTaHHOEe Ha CEreKCKOM LEJUII0I03HO-0Y-
MaxkHoM KoMOmHare o TY 13-00281074-26-95;

— JWCTUJUIUPOBAHHOE TAJJIOBOE MAacCjo
o TV 13-00281074-26-95 co cpokom XpaHeHus
7 ner.

CocraB uccnenyemMblx 00Opa3IoB aHAIU-
supoBasin o yciosusm ['OCT P 55483-2013

JIECHOUM BECTHHUK 6/2016

«Ompenenenue KUPHO-KUCIOTHOTO  COCTaBa
METOJIOM Ta30BOi XpoMaTtorpadumn» Ha ra30BOM
xpomarorpade HP 6890 ¢ xanmmsipHON KOJIOH-
ko HP-Innowax 30 m X 0,32 mM X 0,5 MKM "
MJIaMEHHO-UOHU3AIMOHHBIM AeTeKTopoM. Jliis
3TOTO, OOpa3ell B KOJIUYECTBE 2 T TOJBEPTraid B
teueHue 4 4 Boiziepxkke mpu 25 °C B emecu 10 Mot
xsopodopma ¢ 10 M MeTaHona 0 MOAUPUITH-
poBanHomy Metony domua B npucyrcteuu 1 %
pactBopa KCI asnst pacTBOpeHUS JTUMHUIHBIX KOM-
MOHEHTOB, SKCTPAKT (UIBTPOBAIU Yepe3 Oyma-
Ty W MOCJe yaajleHus U30bITKa pacTBOPHUTENICH
yHapyuBaHUEM J0cyXa MOJABEprajf KUCIOTHOMY
TUAPOJIH3Y C LENbIO MOJIYyYEHUSI CMECU METHIIO-
BBIX 2()UPOB KHCIIOT, KOTOPHIC aHAIN3UPOBAIIN
METOJIOM Tra3oBoii Xpomarorpaduu. OOpabda-
thiBaiu 0,01 r nununoB B 3 mi 15 % pactBopa
anetwixyopuaa B Meranosne npu 100 °C, 2 u ¢
nocieayrome Helrpanuzauueit cmecu 1,25 mi
naceiennoro KOH 8 CH,OH no pH 5,0-6,0. K
CMeCH JT00aBIISTU 3 MJI HACBIIIEHHOTO BOJTHOTO
pactBopa NaCl u 3 M1 rekcaHa, BRICTauBalli He-
CKOJIbKO MUHYT M 0TOMpanu Ha aHanu3 0,2 MKI
13 MPO3PAYHOTO TEKCAHOBOTO CJIOSI, COMlepIKaIlie-
IO METUJIOBBIE A(DUPBHI JKUPHBIX KUCIIOT. YCIOBUS
XpomarorpapupoBaHUs Ha KaMWIIIPHON KOJIOH-
ke HP-Innowax 30 M X 0,32 MM x 0,5 MKM: 1O-
BBIIIIEHUE TEMIIEpaTyphbl KOJIOHKU B Te€pMOCTaTe
co 100 °C mo 260 °C co ckopoctsio 10 °C/MuH;
temneparypa wuHxekropa 250 °C, nperekro-
pa 300 °C; motok Bojopoaa W3 reHeparopa —
35 cM’/muH; morok azora — 20 cMm/MuH; nele-
Hue notroka 1:100; Bpems ananuza 30 MuH; BBOJ
1 Mk poOsI [8—12].

CocTaB J1eTyuYnX OpraHuuYeCKUX KOMIIO-
HEHTOB OIPECISUIA Ha Ta30BOM XpoMarorpade
AT7890 ¢ 5975 VL Triple-Axis MSD macc-ae-
TEKTOPOM. AHAJTM3UPOBAIU MHKU BELIECTB C
conepxxanuem 6oimee 0,01 Mr/kr u BepoOSTHOC-
ThiO uAcHTU(PUKau 6onee 65 % mo aBTOMa-
tudeckoit 6aze manueix NIST 05. B kauecte
CTaHJapTa CPAaBHEHUS HCIOIB30BaTN CMECH
37 metunoBeix 3¢pupos C ~C,, KUPHBIX KHUC-
agot B Meranone Ne 47885U Supelco (IlIBeii-
1apusi), MacCOBOM KOHIIEHTpAIlMd B METAHOJIE
10 mr/em® [10, 12].

BrusiHue >KUpHBIX KHCIOT Cynbdarien-
JIIOJI03HOTO TTPOU3BOJICTBA HA TPOTUBOU3HOCHBIE
CBOMCTBA I'UAPOOYHUIIICHHON KEPOCHUHOBOM (hpak-
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uuu uccnenosasn Ha anmnapare BOCLE 100 no
T'OCT P 53715 «TomnuBa aBHALlMOHHBIE IS
ra3oTypOMHHBIX aBUTaTeneil. Meron ompenerne-
HUS CMa3bIBaIONIEH CIIOCOOHOCTHM Ha armapare
mwap-unnuaap (BOCLE)». [Ins uccnenoBaHus
WCTIONIB30BAIM 00PAa3Ibl KUPHBIX KUCIOT Taj-
JIOBOTO MacJjia Pa3JIMYHBbIX MPOU3BOAUTEIICH H
JUCTUJUIMPOBAHHBIE TAJUIOBBIE Maclia, KOTOPhIE
BBOJIMJIMCH B KEPOCHHOBYIO (DpaKIINIO B KOHIICH-
tpauuu ot 0,001 no 0,02 % macc. [ns cpaBHe-
HUS OJHOBPEMEHHO MPOBOAMIIN UCTBITAHUS TOU
e THIPOOYHIIEHHON KEPOCHHOBON (paKIuu C
BBEJICHUEM aHAJOTMYHOIO KOJIMYECTBA, UCIIOJIb-
3yeMOil B HacTosilee BpeMsi, TPOTUBOM3HOCHOU
npucanku Xanrek-580.

Pe3ynbrarsl n 00cyx1eHne

Pe3ynbrarhl U3y4eHHs COCTaBOB HUCCIIE0-
BaHHBIX 00PAa3IIOB MPEACTaBICHbI B Ta0M. | 1 2.

["azoxpomarorpaduyeckuii aHanu3 auc-
TWIJIMPOBAHHOTO TaJJIOBOIO Macja IOoKasal,
9YTO B HEM COJEPKATCs CIIEAYIOIINE OCHOBHBIC
KOMITOHEHTBI (HaMMEHOBAHUSI 110 MEXKTyHapO.I-
Hoii HomeHkinarype IUPAC, mr/kr): dodecanal

0.33; N-(1-cyano-3-methyl-but-2-enyl)-
acetamide 0.02; 5-(methylenecyclopropyl)-
1-pentanol 0.01; 10-tetradecen-1-ol acetate

0.04;2-heptadecenal 0.05; 4-heptenoic acid,
methyl ester 0.06; 14-methyl-8-hexadecenal
0.08; 4-bromobutanoic acid, hexadecyl ester
0.05; 12-oxo-tridecanoic acid 0.17; 1-ethenyl-
cyclododecanol 0.07; 3-dodecen-1-ol 0.08;
2-(chloromethyl)-1-butene  0.08; tridecanal
0.42; diethylboric acid, (2-methoxyethyl) ester
0.16; 2-methyl-cyclohexanol 0.24; heptadecyl-
oxirane 0.69; tetradecane 0.47; tridecanal 0.78;
tridecyl-oxirane 0.32; 9-decen-1-yl acetate
0.12; 3-dodecyne 0.19; 1,9-tetradecadiene 0.28;
tetradecanal 0.27; 1-decene 0.40; cyclododecene
0.28; 1-tetradecanol 0.41; 2-tridecanone 0.51;
trans-2-dodecen-1-ol 1.50; 2-tridecanone 0.56;
cis-11-tetradecen-1-ol 1.24; trans-2-dodecen-

I-ol  7-butyl-bicyclo-[4.1.0]heptane  0.39;
hexadecyl-oxirane 1.14; 5-octen-1-ol 1.06;
9-octadecen-1-ol  0.73; 1,13-tetradecadiene

0.70; 1,6-tridecadiene 0.66; 1-nonadecene
1.05; 1,12-tridecadiene 0.65; n-tetracosanol
11.00; hexadecyl-oxirane 1.23; hexadecanal
3.18; l-pentadecyne 0.94; octadecanal 1.49;

110

oleyl alcohol 0.50; 9-tetradecenal 0.54; 2-
octadecadecen-1-ol 1.26; 1-octadecene 0.82;
2,13-octadecadien-1-0l 0.95; 2-pentadecanone
2.75; pentadecanal 11.59; cyclododecanol 0.65;
4-dodecen-1-ol 0.80; 13-octadecenal 0.47; 1-
docosene 1.74; trans-2-undecen-1-ol 0.59; 2-
heptadecanone 2.03; 1,19-eicosadiene 2.42;
stigmasterol 3.80; 1,13-tetradecadiene 3.60; cis-
9-hexadecenal 5.97; 11(13-methyl)tetradecen-
1-ol acetate 4.51; 6-heptyltetrahydro-2H-pyran-
2-one 0.77; 2-chloropropionic acid, octadecyl
ester 2.96; tetrahydro-2-(12-pentadecynyloxy)-
2H-pyran 1.52; pentadecanal 0.78; 5-tetradecene
0.45;methyl-5,9,12-octadecatrienoate 1.91;9,12-
octadecadienoic acid methyl ester 5.08; sulfurous
acid, dodecylhexyl ester 1.58; octadecanoic acid,
methylester0.87; tetrahydro-6-propyl-2H-pyran-
2-one 1.60; 3-dodecyne 0.53; 2-hexadecanol

0.40; methyl-10-trans,12-cis-octadecadienoate
0.92; tetrahydro-2-(12-pentadecynyloxy)-
2H-pyran  0.72;  7-ethenyl-1,2,3,4,4a,5,6,7,

8,9,10,10a-dodecahydro-1,4a,7-trimethyl-
1-phenanthrenecarboxylic acid, methyl
ester 0.40; 7-ethenyl-1,2,3,4,4a,5,6,7,8-
9,10,10a-dodecahydro-1,4a,7-trimethyl-1-
phenanthrenecarboxylic acid, methyl ester
0.46; methyl 5,11,14-eicosatrienoate 0.99; cis-
11,14-eicosadienoic acid, methyl ester 0.97; 4-
hydroxy-octadecanoic acid, methyl ester 1.94;

nonalactone  0.54; 4-ethyl-5-methyl-nonane
0.53; 1-monolinoleoylglycerol 0.29; 1,21-
docosadiene 0.24; 8-octadecen-1-ol acetate

0.25; 1-isocyanato-butane 0.44; 2-hexadecanone
0.11; 14-tricosenyl formate 0.27; 4-methyl-
cyclohexanone 0.28; 7,8,12,13-diepoxy-
trichothec-9-en-4-ol 0.09; 4,16-octadecadien-
1-ol acetate 0.11; 2-bromo-octadecanal 0.03;
1-bromo-11-iodoundecane 0.13; 12-tricosanone
0.05; 1-cyclohexylnonene 0.04; 1-octadecene
0.02; 1-hexadecanethiol 0.08; 2-tridecanone 0.04;
2-trifluoroacetoxypentadecane 0.05; 2-methyl-
hexadecane 0.03; 1,8-dioxa-5-thiaoctane 0.03;
2-pyrazolin-5-ol 0.01; 4-cyclohexyl-undecane
0.05; fumaric acid, cyclohexyl heptadecyl ester
0.01; 1-hexadecanethiol 0.04; nonadecane
0.02; 3,5-dichloro-tricyclo[2.2.1.0(2,6)]heptane
0.02;cholesta-3,5-diene 0.05; 1-hexadecanethiol
0.03; decyl disulfide 0.02; N-benzyl-N-ethyl-p-
isopropylbenzamide 0.04.
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Taonunoa 1

Coaep:kaHue JKMPHBIX KMCJIOT B JIMNUAHOH (PpaKkuMu HCCIeAyeMbIX 00pa31oB, BbIAEJICeHHOI
IKCTPATrHPOBAHMEM CMeEChIO XJ10podopma u meTaHoa (%)
The content of fatty acids in the lipid fraction of test samples selected a mixture of chloroform and methanol (%)

Kupusie Tannosoe
Tainosoe Bpewms
HawnMeHoBaHME KUPHOM KUCIOTHI KHCHOTRL | oo Maco uaeHTuu-
TaJJIOBBIX (XpaHenue
vaces (cexee) 7 er) Kaluu, MUH
Kanponogas (caproic) C 6:0 - - - 4,32
Kanpunosas (caprylic) C 8:0 — 0,09 0,06 4,70
Kanpunosas (capric) C10:0 - 0,22 0,12 6,59
Henenonast (cis-9-decenoic) C10:1 — — 0,03 6,88
VYupewiosas (undecanoic) C11:0 - 0,08 0,04 8,42
Jlaypunosas (dodecanoic) C12:0 0,33 0,31 0,12 8,60
Tpunexanosas (tridecanoic) C13:0 - 0,09 0,1 9,60
MupucturoBas (tetradecanoic) C14:0 0,17 0,19 0,15 10,76
MupucTtonentoBsas (cis-9-tetradecenoic) C 14:1 - 0,08 0,25 11,25
[TenranexanoBas (pentadecanoic) C15:0 - - 0,89 11,70
yuc-10-nerranenenonas (cis-10-pentadecenoic) C15:1 - 0,3 0,1 12,12
[ManemutiaOBas (hexadecanoic) C16:0 1,79 1,8 1,18 12,79
[ManemuTonennosas (cis-9-hexadecenoic) C16:1 0,2 0,4 0,19 13,68
Maprapunosas (heptadecanoic) C17:0 0,3 0,7 0,1 14,05
lenragenenoBas (cis-10-heptadecenoic) C17:1 1,27 1,16 0,22 14,30
Creapunosas (octadecanoic) C18:0 5,57 2,3 21,48 15,52
OmneunoBas (cis-9-octadecenoic) C18:1n9¢ 20,3 20,8 27,7 15,73
DnauauHoBas (trans-9-octadecenoic) C18:1n9t 0,2 - 1,45 15,96
Jlunonesas (cis-9,12-octadecadienoic) C18:2n6 48,4 33,5 16,37 16,37
y-Jlunosnenosas (cis-6,9,12-octadecatrienoic) C18:3n6 8,21 9,2 1,67 17,95
o-JIunonenosas (cis-9,12,15-octadecatrienoic) C18:3n3 2,12 1,68 1,1 18,25
Honnexanosas (nonadecanoic) C19:0 0,05 - 0,77 18,40
lagonennosas (cis-11-eicosenoic) C20:1n9 0,5 2,04 1,43 18,65
ApaxunoBasi (eicosanoic) C20:0 3,04 3,81 1,92 18,75
yuc-11,14-stiko3anuenonas (cis-11,14-eicosadienoic) C20:2 0,07 3,33 1,62 18,80
yuc-8,11,14-stiko3aTpueHoBasi (cis-8,11,14-eicosatrienoic) C20:3n6 0,23 0,88 2,52 18,95
yuc-11,14,17-s1iko3arpueHosas (cis-11,14,17-eicosatrienoic) 0.1 B 1,68 19.11
C20:3n3
Apaxunonosas (cis-5,8,11,14-eicosatetraenoic) C20:4n6 0,2 2,52 0,28 19,25
Diiko3aneHTacHoBas (cis-5,8,11,14,17— eicosapentaenoic) C20:5n3 0,06 0,21 0,28 19,36
I'ensiiko3anoBas (heneicosanoic) C21:0 0,35 0,63 0,23 19,57
Berenonast (docosanoic) C22:0 0,26 0,95 1,04 19,75
Opyxkosasi (cis-13-docosenoic ) C22:1n9 0,14 0,3 0,37 20,24
yuc-13,16,17-noko3amquenosast (cis-13,16,17-docosadienoic) C22:2 0,06 1,1 1,07 20,67
Jloko3anentacHoBast (cis-5,8,11,14,17-eicosapentaienoic) C22:5n3 - - 0,3 21,53
JloxozarekcaeHosas (cis-4,7,10,13,16,19-docosahexaenoic) C22:6n3 - - — 22,05
Tpuxo3anosas (tricosanoic) C23:0 0,34 — 0,18 23,2
Jlurnouepunosas (tetracosanoic) C24:0 0,23 3,96 1,36 22,9
Terpaxo3eHoBas (cis-15-tetracosenoic) C24:1 - - 0,1 23,73
Hewnnentudunmposarnsie KK 5,5 7,4 11,5
Cymma 100 100 100
(-) — HEe MACHTH(PHUINPOBAHO B AHAIIH3EC
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TaOonumoma 2

O0001meHHAs XaPAKTEPUCTUKA COCTABA MCCJIEJOBAHHBIX 00pa310B
Characteristics of the studied composition samples

. JKupHble KHCIOTHI TanoBoe macio TasnoBoe macio
HanmMenoBanue >KUPHON KUCTOTHI
TaJUIOBBIX Macell (cBexee) (xpanenue 7 ner)
Hacpliennble KUpHbIE KUCIOTHI 12,43 15,13 29,74
HeHachbimeHHbIe KUPHBIE KUCIOTHI, BCETO 82,06 77,5 58,73
B TOM YHCJIE C OTHOM JBOIHOM cBsi3bio C :1 22,61 25,08 31,84
¢ AByMSI IBOMHBIMH CBs3simu C :2 48,53 37,93 19,06
¢ Tpemst 1BOMHbIMU CBsi3siMU C :3 10,66 11,76 6,97
C YeThIpbMsI IBOMHBIMU CBsi3simu C :4 0,2 2,52 0,28
C NATHIO ABOMHBIMU CBsi3siMU C :5 0,06 0,21 0,58
Kucnotsl ¢ yuciom aromoB yriaepona Cq-C,; 4,06 5,42 3,55
Kucnotsl ¢ yuciom aromoB yrepona Cig 84,8 67,48 69,77
Kucnotsl ¢ ynciom aromoB yriepoaa Cio-C,y 5,63 19,73 15,15

TaoOnuma 3

BausinuMe KUPHBIX KHCJI0T TAJVIOBOI0 Macjia U npucaaku Xairexk-580

HA MPOTHBOM3HOCHBIE CBOWCTBA TMIPOOYHUIIIEHHOI KEPOCUHOBOI (ppakumnu
Effect of polyunsaturated fatty acids from tall oil and additives HITEC 580

on anti-wear properties of purified kerosene fraction

N Juamertp nsaTHaA U3HOCA, MM
KonmuecTBO BBEIEHHOM
npucanH, % wace. Ipucamka JKupHbIe KUCIIOTHI TaNIOBOTO Maclia JucTmimpoBaHHOE
HITEC 580 obpazerr Ne 1 obpaszerr Ne 2 TaJUI0BOE MacCIIO
0e3 mpucagKu 0,86 0,86 0,86 0,86
0,0020 0,68 0,58 0,56 0,58
0,0035 0,63 0,51 0,53 0,54
0,0100 0,57 0,47 0,46 0,48
0,0200 0,55 0,45 0,44 0,47

AHanm3 XUMHUYECKOTO COCTaBa paccmar-
pUBaEeMbIX OOBEKTOB IOKAa3bIBAET, UTO, KPOME
KHUPHBIX KUCJIOT, B JIMITUJAHON YaCTH MPOJTYKTOB
COZIePIKaTCsI TAK)KE B 3HAYMTEIIHHBIX KOJTMIECTBAX
Jpyrue OpraHuYecKHe BellecTBa pasHbIX Kiac-
COB. DTH BelllecTBa 00pa3yroTCs KaK pe3ysbTar
pacmaja 6a30BbIX KOMIIOHEHTOB TaJUIOBOTO Mac-
J1a, TIOJIy4aeMOr0 U3 PACTUTEIBHOIO CBIPbs, TaK
U B pPe3yJIbTaTe TEXHOJIOTUYECKOM mepepaboTKH.
[To cBOMM (UBHKO-XMMUYECKUM CBOMCTBAM 3TH
BEIIECTBA MOT'YT JIONOJHUTEIbHO BBICTYNATh B
KauecTBe 3(h(HEKTUBHBIX MPHCATOK, 3aMEITISAIO-
[IMX MEXaHUYECKOe pa3pyIICHHE MOBEPXHOCTH
MeTajljia paboTaroIINX TEXHUUECKUX YCTPOHCTB
Y MTHTUOUPOBATh KOPPO3UOHHBIE MPOLIECCHI.

[IpoBeeHHBIE UCCIIENOBAHUS TOKA3AIIH,
YTO B JKUPHBIX KHCIOTaX TaJUIOBBIX Macels Co-
JiepKaHre HEHACBIIIEHHBIX KUPHBIX KUCIIOT CO-
ctaBisieT 82 %. I maBHBIM 00pa30M, 3TO KUCIIOTbI
cocrasa C (84,8 %), a OCHOBHBIMH KOMIIOHEH-
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TaMH SIBIISIIOTCSL JuHOJNeBast (48,4 %), onmenHo-
Bas (20,3 %) u nunonenosas (10,3 %) KUCTOTHI.
TannoBble Macia (CBEXHUE) COEPKAT HECKOIBKO
MEHBIIIEE KOJIMYSCTBO HEHACBICHHBIX KHPHBIX
kuciot — 77,5 %. Ilpu 3TOM conepkaHue Kuc-
ot cocrasa C  3HAYUTENBHO HIKE (67,5 %, B T.
q. nmuHoieBas 33,5 %, oneunonas 20,8 %, 1uHO-
nerosas 10,9 %), HO comepkKUTCS CyIIECTBEH-
HO Gonbiue xupHbIX Kucaor C,, — C,, (19,7 %,
npoTuB 5,58 % B MKUPHBIX KUCIOTaX TaJIOBOTO
Macuna). B mporecce xpaHeHHs TalJIOBBIX Mace,
BCJIEZICTBUE MPOIIECCOB OKUCIICHUS, COACPKaHNE
HEHACBIIICHHBIX KUPHBIX KACIIOT C HECKOJIBbKUMU
JTBOMHBIMU CBS3SIMU CHUKAETCSI, @ YBEJIUYUBACT-
Cs1 TOJISl HACKINIEHHBIX KUCIIOT U HEHACHIIIIEHHBIX
KHCJIOT C OTHOW JTBOMHOM CBs3bIO (TabI. 2).
Takum 00pa3oMm, >KUpHBIE KUCIIOTHI, SB-
JSIOUINECS TMPOAYKTOM CYIb(aTIeIUTFOI0O3HOTO
MIPOU3BOJICTBA, COAEPKAT OOIBIIOE KOIHYEC-
TBO KHCIJIOT C YHCJIOM aTOMOB yriepojaa Oonee
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18 1 MOTyT SIBISATHCS OCHOBOM ISl TPOTHUBOM3-
HOCHBIX MPUCATOK K TOTLTUBAM JIJIsl PEaKTUBHBIX
npurareneii. IX HeCOMHEHHBIM JTOCTOMHCTBOM
SIBJISICTCSl HAJU4KMe OOIIMPHOU CHIPHEBOM 0Oa3bl
Y Pa3BUTOTO MPOMBIIIICHHOTO TOTEHITANA IS
MIPOM3BOJICTBA, & TAK)KE HEBBICOKASI CTOUMOCT.

Pe3ynbrarhl cpaBHUTEIBHBIX UCTIBITAHUH
BIUSTHUS JKUPHBIX KUCIIOT CYIb(aTIeIITIONI03HO-
rO MPOM3BOJICTBA HA MPOTUBOM3HOCHBIE CBOIIC-
TBa THUIPOOYMIIEHHON KEPOCHHOBOU (hpaKiuu
Mpe/ICTaBICHBI B Ta0. 3.

B pesynbrare wuccienoBaHusi yCTaHOB-
JIEHO, YTO JKHUPHBIC KHCIIOTHI CYyIb(aTIEIIIIO-
JIO3HOTO TPOU3BOACTBA IPPEKTHUBHO YaydIla-
0T TPOTHUBOM3HOCHBIE CBOMCTBA TOTUIUB JJIS
PEaKTHBHBIX JIBUTATEJICH — MPU BBEICHUH HX B
MunuMaibHoM kKonmdectBe (0,002 %) nuametp
MATHA U3HOCA TECTOBOTO IIApUKa CHUKACTCS B
1,5 paza (¢ 0,86 mm o 0,56-0,58 mm). A npu
BBEJICHUH >KUPHBIX KUCJIOT CYIb(ATIETI0N03-
HOTO MPOU3BOJICTBA B KOJMYECTBE, XapaKTEPHOM
JUTSl TIPOTMBOM3HOCHBIX TPUCAIOK, HCIOJIb3Yye-
MbIx B Hacrtosimiee BpeMms (0,0035 %), auametp
MATHA M3HOCAa TECTOBOTO IMApUKa COCTABISET
0,51-0,54 MM, 4TO HAXOAWUTCS B JUAIla30HE 3HA-
YeHHI, XapaKTEPHOM JIJIsl TPSIMOTOHHBIX TOTLITUB
JUTSl peaKTUBHBIX faBurarenei [13—14]. Yeenuye-
HUE KOHIICHTPAIUM >KUPHBIX KHCIOT Cyib(art-
LeJUTI0JI03HOTO npou3BozacTBa cBblie 0,01 % ne
JTAeT 3aMETHOTO YJIYUIICHHS POTHBOU3HOCHBIX
CBOMCTB TOILIMBA.

HeobOxomumMo OTMETHTh, YTO >KUPHBIE
KHUCJIOTHI  CyJb(aTIEII0I03HOTO  MPOU3BOJIC-
TBa Oosiee YPGEKTUBHO YITYUIIAIOT MTPOTUBOU3-
HOCHBIE CBOMCTBA TOTUIHB JIJIsl PEAKTUBHBIX JIBH-
raresieid, ueM npuMeHsieMasi B HaCTOSIIIEe BpeMsl,
aMepukaHckas npucaaka Xantek-580. luametp
MATHA U3HOCA TECTOBOTO IIAPHUKA MPU BBEACHUU
YKUPHBIX KUCJIOT CYJIb(ATIIEIUTION03HOTO MTPOU3-
poactBa B xonmdectBe 0,0035 % cHmkaeTcs Ha
0,32—-0,35 mMm, TorAa KaKk Npy BBEIEHUN XaNUTeK-
580 B TOM K€ KOJIMYECTBE OH CHMIKAETCS BCEIrO
Ha 0,23 mMm. st noctmwkenus 3ddexra anano-
ruuydoro BeeaeHuto 0,0035 % KUPHBIX KHCIOT
CYJb(ATIEIUTION03HOTO TIPOU3BOICTBA HE0OX0-
JIMMO BBOJAMTH Tpucaaku Xaitek-580 B 5 pas
6ounIre — He menee 0,02 %.

CormocraBiieHUe JaHHBIX TI0 COCTaBy
YKUPHBIX KUCJIOT CYJIb(aTIeII0I03HOT0 TPOU3-

JIECHOUM BECTHHUK 6/2016

BojICcTBA (Tabi. 1) ¥ JaHHBIX 1O UX BIWSHUIO Ha
MPOTUBOU3HOCHBIE CBOMCTBA TMAPOOUYHUIIICHHON
KEpOCUHOBOM (hpakuuu (Tabn. 3) moka3bIBaer,
YTO OTJWYHS B COCTaBE MCCIIEIOBAHHBIX 00pas3-
IIOB HE OKAa3bIBAIOT BJIMSHHUSA Ha CIOCOOHOCTH
JKUPHBIX KUCJIOT CYJIb(aTIEITI0I03HOTO TTPOU3-
BOJICTBA YJTy4IlIaTh MPOTHBOM3HOCHBIE CBOMCTBA
KEePOCHHOBBIX (pakiuii. JKupHble KUCIOTHI Tajl-
JIOBOTO Macljia U JUCTUJUTMPOBAHHOE TaJlJIOBOE
Macj0 OKa3bIBAIOT MPUMEPHO PABHOE BIIUSHUE
Ha U3MEHEHHUE TPOTUBOM3HOCHBIX CBOWCTB T'U/I-
POOUHIIIEHHOW KEPOCHHOBOM (Ppakiuu, a HabIro-
JlaeMbIe pa3JIMuvs HaxXOMITCS B Mpeerax Tod-
HOCTH METOJla UCTIBITaHUsA. Tak, IpHU BBEACHUU
JKUPHBIX KACIIOT TAJUJIOBOTO Macja B KOHIIEHTpa-
nuu 0,0035 % nuameTp nsaTHa U3HOCA TECTOBO-
ro mapuka coctasiusiet 0,51-0,53 MM, a ipu BBe-
JIEHUW AUCTHJLTMPOBAHHOTO TAJUIOBOTO Macia B
TeX K€ KOHIICHTPAIMAX JUaMeTp MsATHA U3HOCA
TECTOBOTO Iapuka cocranisieT 0,54 MM, npeaen
MOBTOPSIEMOCTH METO/1a UCTIBITAHUN COCTABIISIET
0,03 MmM. OgHaKO HEOOXOOIMMO OTMETHTB, YTO,
HECMOTpPsI Ha OTVIMYUS B COACPKAHUHM WHIMBH-
JyaJIbHBIX BEIIECTB, )KUPHBIE KHCIIOTHI TAJJIOBO-
ro Macja ¥ JUCTWIITMPOBAHHOE TAJLIOBOE MACIIO
UMEIOT OJTHY OOIIYIO YepPTY — COACPKAHHE KUP-
HBIX KHCIIOT C YMCIIOM aTOMOB yriiepona 18 u 6o-
nee cocrasisieT npumepHo 95 %. CnenoBarenb-
HO, MOXXHO TPEATNOJIOKUTh, YTO JI00asi cMecCh
YKUPHBIX KUCIIOT Pa3IUYHOTO IPOUCXOKICHHUS, B
KOTOPOU COJIEPIKAHKE KUPHBIX KUCIIOT C YUCIIOM
aToMoB yrieposa 18 u Gosee cocTaBiseT OKOIO
95 %, Oynet oOnanatk CrIOCOOHOCTHIO — AP Pek-
TUBHO YJIy4IlIaTh MPOTHBOM3HOCHBIC CBOWCTBA
KEPOCHHOBBIX (hpaKIUil.

3akJroueHue

OuieHuBast pe3yybTaThl IPOBEICHHBIX UC-
MIBITAHUM, MOKHO C YBEPEHHOCTBIO YTBEPXKIATh,
YTO BBEJCHHE JKUPHBIX KHUCIOT CyIh(aTIeIuIio-
JIO3HOTO MPOMU3BOJICTBA B THAPOOUHUILICHHBIE Ke-
POCHHOBBIE (DpaKIIMK 3HAYUTENBHO YIydllaeT
MX MPOTUBOM3HOCHBIE CBOWCTBA. [l OLEHKH
BO3MOKHOCTH MX MPUMEHEHHS TIPU MPOU3BOC-
TBE TOBAapHBIX TOIUIUB HEOOXOTUMO IMPOBECTH
JIOTIOJITHUTEIBHBIE UCCIECAOBAHUS IO U3YUYEHUIO
BJIUSTHUS JKUPHBIX KUCIIOT CYJIb(aTIeITI0N03HO-
IO NMPOU3BOJCTBA HA JPYTUe€ dKCIUTYyaTallMOHHBIE
CBOMCTBA TOIUIUB JUISl PEAKTUBHBIX JBUTATEIEH.
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THE POSSIBILITY OF THE USE OF POLYUNSATURATED FATTY ACIDS IN TALL OIL AS
ANTI-WEAR ADDITIVES TO FUELS FOR JET ENGINES
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The problem of technical devices operated by domestic anti-wear agents that increase the quality of motor fuels, in
particular aviation fuels, has been considered. The relevance problem of replacing kerosene fractions and hydrogenated mono—
and bicyclic naphthenic acids conventionally used as anti-corrosion additives and antiwear additives for foreign vegetable
compositions based on natural fatty acids was noted. Composition of main tall oil fatty acid was studied. The samples used «fatty
acid tall» products according to State Standard RU 14845-79 and «distilled tall oil» on Technical State of Russia 13-00281074-
26-95 produced by JSC «Segezha Pulp and Paper Mill.» Determination of fatty acids was performed by gas chromatography
with a flame ionization detector. The composition of the volatile components were analyzed by gas chromatography-mass
spectroscopy. We studied the effect of tall oil fatty acids and additives on the wear properties of hydrotreated kerosene fraction.
Studies have shown that was 82 %, including the composition of C18 acids (84.8 %) of fatty acids in samples selected from
tall oils, unsaturated fatty acid content and the major components are: linoleic 48.4 %, oleic 20.3 % and linoene 10.3 % of
the acid. It was shown that the fresh tallow oils contain minimal amounts of unsaturated fatty acids — 77.5 %. The quantity
of acid composition C18 was lower — 67.5 %, including linoleic 33.5 %, oleic 20.8 %, linoleic 10.9 %. The C19 — C24 fatty
acid content was above 19.7 %, compared to 5.58 % tall oil fatty acids. During long-term storage of tall oils, due to oxidation
processes, the content of unsaturated fatty acids with several double bonds decreased. The proportion of saturated acids and
unsaturated fatty acids with one double bond increased. The main chemical components of tall oil were identified. It was shown
that a high content of higher fatty acids in the by-product of pulp and paper production allows us to consider it as a promising
anti-wear additive for motor fuels reagent-thrusters.

Keywords: substances of tall oil; fatty acid composition; stable additives; fuels for jet engines.
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620100, Exarepun0ypr, yn. Cubupcknit Tpakr 37

DopMupoBaHUE COCTaBa JIECOBO3HOIO aBTOMOE3/1a 3aAKIIOYAETCS B ONPEAEIEHUH PAllHOHATIBbHON €ro Macchl, MO-
0ope MPHIEITHOTO COCTaBa, KOTOPBIH 1M03BONISAET Hanboee MOIHO Pea30BaTh Maccy 1oe3za 1 00eceunTh MaKCHMAIbHYO
peiicoByto Harpy3Ky Ipu ONTUMAIBHOM €€ Pa3MEILCHUHU Ha [TOJBHKHOM COCTaBe, HE IPEBBIILIAs IIPU 3TOM Pa3pPEIICHHYI0 MaK-
CHMAaJIbHYIO MacCy aBTOMOOMIS. PaccMOTpeHBI MPHYHMHBI U CIEJCTBHS NPEBBIICHUS Pa3peIIeHHON MaKCHMaIbHOH MAacChl
JIECOBO3HBIX aBTOMOOWIEH. [ moctmkenns 3QQEeKTUBHON AKCIUTyaTallid JECOBO3HOTO TPAHCIIOPTa HEOOXOMUMO MOJTHEe
HCTIONB30BaTh JIOMYCTUMBIE BECOBBIE TAPAMETPHI aBTOMOE310B. [IpH CyIecTBYIONMX JOPOKHBIX yCIOBUAX, HE TTO3BOJISIONINX
pa3BUBaTh BBICOKHE CKOPOCTH, JIOIyCTHMAas MOJIHAS Macca aBTONOE3/a IOJDKHA OBbITh OrpaHUYEHa J0IYCTHMOM HOPMaTHBHON
BEJIMYMHON IPy30M0ABEeMHOCTH. VIcXost N3 mpesiaraeMbIX aBTOMOOHIIEH, MPUIICITHOTO COCTaBa M MPUMEHSIEMBIX CXeM KOMII-
JIEKTOBAHUS, PEKOMEH/TyeTCsl OIONpaTh TaKOH COCTaB aBTOIOE3/1a, ITOJTHAS Macca KOTOPOro OyieT Oii3Ka K MaKCHMalbHOI.
[Ipoananu3npoBaHbI CIOCOOB! N3MEPEHHST Pa3pEICHHON MOTHOH MacChl TPY30BBIX aBTOMOOMIIEH. PaccMOTpeHBI KOHCTPYKIINT
1 TUTOpa3Mepbl MAaHUIMYISITOPOB, KOTOPEIMH OCHAIIAIOTCS JIECOBO3HBIE aBTOMOOMIH. ONpeneNeHbl MyTH U3MEPEHHUsI MaCcChl
Ipy3a, HEMOCPEICTBEHHO MPH MOABEME CTPENbI MAaHUITYIATOpA. [IpeanoxkeHs! ycTpoiicTBa AJist ONpeaeIeH s MacChl COPTHMEH-
TOB, IEPEBO3UMBIX JIECOBO3HBIMH aBTOMOOHIISIMHU C THAPOMAHUITYISTOPAMH, UMEIOIMMHU PECCOPHYIO OaTaHCUPHYIO MOBECKY
U CUCTeMY PeryJIHpOBaHMs JaBJICHUS B IIUHAX, KOTOPBIMH OocHamieHsl aBToMoomin KAMA3, YPAJI unu apyrue aBroMoOmin
MOBBIIICHHON TpoxoguMocTH. TakuM 00pa3oM, onpe/ereHHe MacChl COPTUMEHTOB YK€ Ha HEOOJBIIOM MOABEME CTPEIIBI Ma-
HUITYJIATOpPa JacT BO3MOKHOCTH BOAUTENIO-OIEPATOPy 3HATH Maccy MepeMelaeMoro Irpy3a M KOppeKTHPOBATh €€ BEIOOPOM
KOJIMYECTBA 3aXBaTHIBAEMBIX JIECOMAaTEPHAIOB, YTO COKOHOMHT BPeMsI Ha Pasrpy3Ky B CIydae MPEBBINICHUS MOTHOH MaKCH-

MaJIbHOM MacChI JICCOBO3HOTO aBTOMOOMJIS.

KitoueBble ciioBa: JI€COBO3HbBIE aBTOMOOMIM-COPTUMEHTOBO3bI, IPY30I0ABEMHOCTD, Pa3peIleHHas MaKCHMallbHasi
Macca, BECOM3MEpHTENIbHOE 000py/I0BaHNE, AaTYMKH, HAaBECHbIE MaHUITYJIATOPBI, TPy303aXBaTHOE YCTPOMCTBO, YCTPOMCTBO

JUIL ONpeCIICHUST MaCChbl COPTUMEHTOB.

JI51 IECOBO3HOT0 aBTOMOOHIILHOTO TPAHCTIOP-
Ta, KaK ¥ JUISI BCETO JIECOMPOMBIIIICHHOTO
KOMIUIEKCa, OCHOBHOM 3ajia4eil pa3BUTHS SIBJIsI-
eTcsl JanbHeee nmopeimenne 3GpQekTnBHOCTH
MPOU3BOJICTBA. DTO O3HAYAET, YTO JICCOTPAHC-
MOPTHBIN TIPOLIECC OIDKEH OCYIIECTBISTHCS C
MUHHMaJIbHONH Ce0CCTOMMOCTBIO, HAUMEHBIIH-
MU 3aTpaTaM¥ Tpy/la U MaTepUaIbHBIX CPEICTB,
HaubOosee ObICTPO, 0e30MacHO U OE3BPEIHO IS
OKpY>KaroILEen Cpebl.
Llens popMupoBaHHs cocTaBa JECOBO3-
HOTO aBTOIOE3/1a 3aKJIF0YAETCSl B ONPEICIICHUH
palMOHAILHONW MacChl, MOAOOPE MPUIETTHOTO
COCTaBa, KOTOPBIM MO3BOJISIET HAUOOJIEE IMOJTHO
peain30BaTh Maccy moes3ia u 00eCrleYnTh Mak-
CHMAJIbHYI0 PEHCOBYIO HArpy3Ky MHpH paiuo-
HAJIBHOM €€ Pa3MElICHHHM Ha TOABMIKHOM CO-
CTaBe, HE TMPEBBIIIAs MPH ITOM pPa3pEIICHHYIO
MaKCUMaJIbHYI0 Maccy aBromooms [1-3].
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PanuonanbHOI Maccoil aBTomoesza clie-
JIyeT CYUTaTh TaKylo, NMPH KOTOpPOW Hambosee
MOJIHO MCHOJB3YIOTCSI TATOBBIE CBOMCTBA aBTO-
MOOMJIS 10 JBUTATEII0 M CIEIHOM Macce U JI0-
CTUTAETCsl MAaKCUMaJIbHAsI TTPOM3BOIUTEILHOCTD
MIPU OTHOCUTETEHO HEBBICOKOM PACcXO/I€ TOILJIMBA
Y U3HOCE JIBUTATEIS] HA €UHHUILY TPAHCTIOPTHOU
pabotel. OnTHUMaNbHOW PEHCOBOW HArpy3KOu
CleyeT CUMTaTh TaKyro, MPH KOTOpPOHl cebec-
TOMMOCTB BBIBO3KH OJTHOTO KyOOKHJIOMETpa J10-
CTUTACT MUHUMYMa.

[IpuunHbBl NpeBbINIEHUST pa3pelIEHHON
MaKCUMaJIbHOW Macchl MOTYT OBbITh Pa3HBIMU —
JOCTI)KCHUE MaKCUMaJIbHOW TpPHOBLIN, KOT-
Jla IpeANpUHUMATENIN U BOAUTEIU OCO3HAHHO
Meperpy’karT aBTOMOOWJIb; OTCYTCTBHE BO3-
MO>XHOCTH U3MEPHUTH MAaCCy IPY>KEHOTO TpaHC-
MOPTHOTO CPEACTBA, XOTS HEKOTOPBIE OIBIT-
HbIE BOAMUTEIN OPUCHTUPYIOTCS IO PECccopam.
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[IpeBblllieHNE pa3pelieHHOW MaKCUMalbHOMU
MacCchl OMAacCHO HE TOJIBKO JUIsi MpPEINpUHH-
Marelss W PYKOBOIMUTENSI aBTOMPEANPUITHUS
OonpmMMU ITpadamMu, HO yMEHBIICHUEM pe-
cypca XOJOBOM 4YacTH M IIMH JIECOBO3HOIO
aBTOMOOWJISI, TaK KaK YBEJIUYUBACTCS H3HOC
CUEIUICHUS, KOPOOKM TMepeMeHbl Iepenady u
pas3naToyHOi KOPOOKHU, PEAYKTOPOB MOCTOB, a
JUISL CECNIBHOTO TsATaya TOBBIIMIACTCS Harpys-
Ka Ha 3aMOK CEJIeJIbHO-CIIEITHOTO yCTPOWCTBA.
Bo3spacraeT puck OMpOKHIBIBAHUS aBTOMOOH-
JIs1 M3-3a TIOBBIICHUS IIEHTPA TSIKECTH, YMEHb-
IIA€TCS €r0 MaHEBPEHHOCTb, YBEIUYHBACTCS
TOPMO3HOH ITyTb.

Ha cerogmamuuii neHb JIECOBO3HEIE
aBTOMOOWIIH U, B NIEPBYIO OYepeb, COPTUMEH-
TOBO3bI U3-3a YAAJEHHOCTH JIECOCEK IS J0-
CTaBKH JIeCOMaTepHaIoB Ha 00padaTsIBaOIINe
MNPEANPUATHS HCIOIB3YIOT JOPOTH OO0LIero
noJjib3oBanus [1, 3—5].

[IpakTrka mnoOKa3bpIBaeT, 4YTO MPHU YC-
JIOBUM HEMPEBBIICHUS MPEAEIbHON MOTHOM
Macchl Moe3fa B OONBIIMHCTBE CIy4aeB C
yBEJIMUYEHHEM pEeWCcOBOM Harpy3ku BO3pacTa-
€T MPOU3BOAUTEIBHOCTD JECOTPAHCIIOPTHOIO
cpeAcTBa. DTO OOBSCHSIETCS TEM, YTO C yBe-
JUYEHUEM MacChl OpyTTO CKOPOCTH JBMIKE-
HUSI TTaJJaeT MEAJICHHEe, YeM pacTeT Harpyska,
TaK KaK «IpH 3TOM YBEIUYUBAIOTCA KO hu-
IHMEHT WCMOJIb30BAHUS TPY30MOABEMHOCTHU
u KOA(QPUIMEHT HCIOJIb30BAHUS MOIIHOCTHU
nsuratens [1].

Ha necoBo3HBIX 10porax CKOpoCTh JIBU-
KEHHUSI ITPU yBEJIMYCHUH TTOJTHOU MacChl U3MEHSI-
€TCsl HE3HAYUTENBHO, TaK KaK B ’TOM CJIy4yae OHa
OTPAaHUYMBAETCS HE MOIIHOCTHIO JBUTATENS, a
BEPTUKAJIbHBIMU JMHAMUYECKUMU Harpy3Kamu
Ha T0E3I.

[MosTomy mns  noctwkeHus  dddex-
TUBHOM OKCIUTyaTaliy JIECOBO3HOTO TpaHC-
MopTa HEOOXOAMMO CTPEMUTHCS TONHEE WC-
MOJIb30BaTh JOIYCTUMBIE BECOBBIE MapaMeTpPhl
aBTOIOE3/IOB.

Ha necoBo3HbBIX JOporax npeaenbHo J10-
IIyCKaeMoO€e 3HaYeHHE pacyeTHOW Macchl Moe3aa
C TPY30M OIPEAETSIOT U3 YCIOBUS 00eCIIeUeHuUs
BO3MOXKHOCTH €r0 PaBHOMEPHOTO JIBHKEHUS HA
pykoBosiiieMm ykioHe [1]. Mcxons u3 ypaBHe-
HUS TSATOBOTO OajaHca, paCYeTHYIO MIPEICIbHYIO
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HOJHYI0 Maccy aBTOMOOMIJIBHOIO Toe3Ja oIpe-
JeIISIOT 10 hopMmyIie

0, = F/(W,+gi), (1)

rie O, — HpeienbHas MOJHAs MacCa JICCOBO3HO-

o 1oe3/1a Mo CUJIe TATH aBTOMOOWIIS, T,

F_— pacueTHas KacaresbHas CUJIa TATH aB-
TOMOOWJII C y4eTOM OTpaHUYEHHUs IO
cuerienuro, H,

W, — OCHOBHOE yJIEJIbHOE CONPOTHBIECHUE
nBIKeHuro, H/T,

g — YCKOpEeHHEe CBOOOHOTO MaACHUs, M/C,

[, — PYKOBOISIIMI YKIIOH, %.

Bennunna kacarenbHOU CUJIbI TATH Orpa-
HUYHMBAETCS MOIIIHOCTBIO IBUTATEs JIECOBO3HO-
rO aBTOMOOWJISI U CHETUICHHEM BEIYIINX KOJIeC
C JIOPOTOM U OIpeesieTcsl IO 00IIEen3BECTHBIM
dopmynam. [lepen BBIOOPOM NPHUIETTHOTO CO-
CTaBa K MPHUHATOMY aBTOMOOWIIIO CIIEAYeT Ipo-
M3BECTH IIPOBEPKY MOJHON MaccChl I0e3/a 1o pe-
KOMEHIyeMOU BeJIMYMHE YIEIbHONW MOIIHOCTH
JBUTATEIISA

0, <N/N,, @)

rae N — MOIIHOCTh ABUTarens, KBT;

N} , — DEKOMEHlyeMas y/ebHas MOIIHOCTh
JIBUTATENs aBTOMOOWILHOTO II0€37a,
kBT/T.

B.A. Top6a4yeBckuii cuMTaeT, 4To NPHU
YCTAHOBJICHUU NPENEIbHOM MOJTHON Macchl aB-
TOTPAHCIIOPTHOTO CPEICTBA HEOOXOAMMO, YTO-
OBl MUHMMAaITbHAS Y/IeIbHAS MOIITHOCTh JIBUTATE-
JIsI TITOBOM MallIuMHbI ObUIa He MeHee 6,5 1. ¢./T
(4,8 xBT1/T), a moBbImenue ee 10 8,0-10,0 m.c./T
(5,9-7,4 xBT/T) M0O3BOMUT yBEIMYUBATH CKOPO-
cTu ABvxkeHus [1].

[IpakTrKa MHOTHX JIECHBIX TTPEATPUATHIA
Cesepo-3anana crpansl, Ypana u Cubupu noxa-
3BIBACT, YTO MIPH CYIIECTBYIOIINX JOPOKHBIX yC-
JIOBUSIX, HE TIO3BOJISIIOIIUX Pa3BUBATh BBICOKHE
CKOPOCTH, JOIYCTHUMAasl MOJHAasi Macca aBTOIO-
e3/1a MOXKeT ObITh omnpezeneHa no gopmyne (1),
HO OTpaHWYEeHa JOMYyCTHMOW HOPMAaTHUBHOM Be-
JINYUHOM.

3arem, UCXOS U3 UMEIOIIEroCs TPUIICTI-
HOTO COCTaBa U MPUMEHSIEMBIX CXEM KOMILJIEKTO-
BaHUs, CJIeyeT Moao0parh Takoil COCTaB aBTO-
nmoesfa, MojHasi Macca KoToporo Oyaer Onm3ka

O _,TE¢.
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Q,max - Pa T ZPnp + Qa + Zan < Qmax’ (3)

e Q' — bakTnuecKkas MojHas Macca JeCoB03-

HOTO aBTonoe3/a (1o rpy30no beMHOC-
TH), T;

P_—wmacca aBromo0uis 6e3 rpy3a, T;

P, — Macca BCeX NPHUIEMHBIX SAMHUI] Oe3
rpysa, T;

O, — Ipy30M0JbEMHOCTb aBTOMOOMIIS, T;

Q,, — CyMMapHas Ipy30NoAbEMHOCTb BCEX
€IMHHULL IPULIETTHOTO COCTaBa, T.

[Ipu BBIOOpE HPHUILIETTHOTO COCTaBa Clie-
ZyeT OTJaBaTh PEATNIOYTEHNE EAMHNUIIAM C MEHb-
11ei co6CTBEHHOM MacCcoOl MPU OAMHAKOBOM Tpy-
30M0TbEMHOCTH.

IIpu ¢dopmupoBaHuM camo3zarpyxa-
IOIIUXCA  aBTONOE3/10B T'MAPOMAHHUILYISTOP
MOXKET pa3MelllaThCsi Ha aBTOMOOWJIE WJIM Ha
npuLenHelx eqnHunax. [foartomy npu onpene-
JEHUU IOJIHOM Macchl aBTOIOE3[a 3HAYECHUs
COOCTBEHHOM MaccChl TPAHCIIOPTHOM €JUHUIIBI
CleAyeT yBEJINYNBaTh HA BEJIMYMHY MACCHI Ma-
HUIIYJISTOPA, @ €€ TPYy30IOABEMHOCTh YMEHb-
maTh. BennunHa CHUYKEHUS TPy30MOABEMHOC-
TH 3aBUCUT OT pPa3sMEILEHHUS MAHUIYJIATOpa HA
TpancnoptHoit equuuue [1, 3, 4]. Ilone3nas
Harpy3ka Ha aBTOIIO€3]] MOXKET ObITh Ompejie-
JIEHA MUCXOJs U3 TATOBBIX BO3MOXHOCTEHN aBTO-
MOOMIIA

Qnaﬂ -

IJe Y — CpeaHsis MIOTHOCTh (00beMHas macca)
JPEBECHHBI T/M?;
0 TPYy30MObEMHOCTH

0, -1l +yZan 5)

13 BO3MOKHOCTH Pa3MEICHHS I'py3a Ha aBTOIO-
€37IC WJIH TPY30BMECTHMOCTH

Qmax _])a _ZB’P , (4)
Y

QI’IO/I = iVa X Km" (6)
i=l1

rae Vci — 00BbeM, 3aHUMAEMBIH i-11 TAYKOW COPTHU-
MEHTOB, M>;
K . — k03 QUIHMEHT MOJTHOAPEBECHOCTH i-i
MIAYKH;
N — YUCIIO Ma4eK COPTUMEHTOB Ha aBTOIIO-
e3ne.

118

3aHUMaeMBbIil TTAaYKOH COPTUMEHTOB 00b-
em V' onpenensercs no Gopmyie

Vc - (BF_ bcm) lc hn’ (7)

e B, — rabapuTHas LIMpHHA aBTOOE3/1a, M,
b, — TOIIIMHA CTOEK, M,
[ — nnMHA COPTHMEHTOB, M,
h — BBICOTA ITAYKH, M.
Jnd  npanpHEWIIMX pacuyeToB IIPUHMU-
MalT MEHbIIIEE W3 CPAaBHUBAEMbBIX 3HAUEHUI
Q .. llpu cpaBHeHHMM aBTONOE310B, Chop-
MUPOBAHHBIX Ha 0a3e OJHOrO aBTOMOOWIIS, B
OOJIBIIMHCTBE CJIy4YaeB MPEANOYTEHUE CIEdy-
€T OTJaTh IPHULEIHOMY COCTaBy, oOecredu-
BaroleMy Haubonburyro Benuuuny Q . Ilpu
pa3IUYHBIX aBTOMOOWIISAX M COMOCTaBUMOM
BenM4YMHE )~ HEOOXOAMMO ONPENETUTh MPO-
U3BOJMTENBHOCTh aBTONOE3/1a — OCHOBHYIO
BEIIMUWHY, OmNpeaesionyo (akrop BbIOOpa
COCTaBa, a TAK)K€ DKOHOMHYECKHE ITOKA3aTEIIN
paboThl €ro BapuaHTOB.
CymecTByeT MHOTO CIOCOOOB M3Mepe-
HUSl Pa3pElICHHOW IOJIHOM MacChl T'Py30BBIX
aBTomoOuieil. Hambonee pacnpocTpaHEHHBIH
— YCTaHOBKa CTallMOHAapHBIX BECOB B MECTax
HOTPY3KH, HO MPUMEHSATh 3TOT CIIOCO0 MpH Je-
CO3aroTOBKax HEpEaJbHO WH3-32 IOCTOSHHOMU
CMEHbI MECTOIOJIOKEHHUS JJecocek. OTaenbHbIe
aBTOIIPOU3BOAUTENN O0OPYIAYIOT IPy30BbIEC aB-
TOMOOMJIM C PECCOPHON IMOABECKOW BCTPOEH-
HBIM BECOM3MEPUTEIBHBIM 000PYIOBaHHEM,
OPUHLUI JEHCTBHS KOTOPOIO 3aKII0YaeTCs
B OIPEACICHUM IOJHOM MacChl C IOMOLIBIO
TEH30METPUYECKUX JaTUUKOB U JTaTYUKOB J1aB-
JICHUs1 B IIMHAX TPAHCIOPTHOrO cpeacTtra [6].
Ha rpy30BbIX aBTOMOOMJISIX C THEBMATUYECKOM
MOJIBECKOM ISl OIIpE/IeTIEHUs] HAarpy3KH Ha OCh
WCIIOJIB3YIOTCSL JAaTYMKW [JABJICHUSA, YCTaHaB-
JMBAaeMble B KOHTYp NMHEBMOIIOJBECKU OIHOU
U3 0CEH, U KOHTPOJIb 32 OCEBBIMU Harpy3kaMu
OCYILECTBIIACTCS IIyTeM IPUMEHEHMS almapar-
HBIX IporpamMMHbIX pemeHuit [7]. Hegocrat-
KOM JIaHHOTO Croco0a SBIISETCS MPAaKTHYECKH
OTCYTCTBHME ITHEBMAaTHYECKUX MOABECOK Ha JIe-
COBO3HBIX aBTOMOOMIISAX.
BrlmenepeuncieHapie  CiocoObl UMe-
10T OOLIMI HEJOCTATOK — OIpPE/EIeHUE MaCChI
rpy3a OCyIIECTBISETCS TOJIBKO IOCIIE €ro ycTa-
HOBKH Ha TPYy30BYI0 IIaThopMy, B Cllydae Impe-
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BBIIICHUS pa3pelIeHHOW MaKCUMaIbHOM MacChl
TpeOyeTcs pasrpys3ka J0 HYKHBIX IPEIesoB.
HampammuBaeTcs BbIBOJ 0 HEOOXOAMMOCTH yC-
TaHOBKH Ha 3arpy304Hble MEXaHU3MbI-MaHUITY-
JSTOPBI, KOTOPBIMU OCHALIAIOTCS JIECOBO3HBIE
aBTOMOOWMJIM, BECOM3MEPUTEIHHOTO 000pyI0-
BaHus [8, 9].

B HacTosiiee BpeMsi M3BECTHO OO0JIbIIOE
KOJIMYECTBO PA3JTUYHBIX 110 KOHCTPYKIIUU U TH-
rnopasMepaM HaBECHBIX MAaHUIYJISATOPOB [3—5].
Pa3paboTkoil ¥ HW3rOTOBJICHHEM MaHUIYJSTO-
POB 3aHUMAIOTCSI MHOTOUYUCIIEHHBIE (UPMBI U
3aBOJIbI KaK B HalIell cTpaHe, TaK U 32 pyOeKOM.
AHanu3 UCTOYHUKOB U peKIaMHON uH(pOopMa-
MM TOKa3bIBAE€T, YTO Ha JIECOTPAHCHOPTHBIX
paboTax M3 OTEYECTBEHHBIX MaHUIYJIATOPOB
Haubosee pacHpoCTpaHEHbl YCTaHOBKHM Bemnu-
KoJlykckoro, Maiikornckoro, CoyiomM0anbcKoro
MalIMHOCTPOUTENBHBIX 3aB0/10B U CodpuHCKO-
IO 3KCIEPUMEHTAIBHO-MEXaHUYECKOTO 3aBOJIA.
N3 3apyOeKHBIX IIHUPOKO W3BECTHBI MAHUITYJIS-
TOpbl (UHCKHUX, MIBEJICKUX, T€PMAHCKHUX, aBC-
TPUNCKHX, KAHAJCKUX U aMEPUKAHCKUX (PUPM-
IIPOU3BOIUTEINEH.

HauGonee mnepcnekTUBHBIM HaIpas-
JIEHUEM SIBISIETCS OIpPENEIEHUE Macchl rpy3a
HEIMOCPEACTBEHHO IIPU MOJBbEME CTPEIbl MAHU-
MyJasiTopa JiecoBo3HOro aBromobuis. [lpu Tta-
KOM HCIIOJIHEHUH YK€ Ha HeOOJBIIOM MOIbeMe
orneparop Oyner 3HaTh Maccy IHepemeriaemMo-
ro Irpy3a U CMOXET €€ KOPPEeKTHPOBaTh BbIOO-
POM MEHEE TSKEJBIX XJIBICTOB U COPTUMEHTOB,
YTO COKOHOMHUT BpeMs Ha pPa3rpy3Ky B CIy-
yae MPEBBIIICHUS MaKCUMalIbHO JIOMYCTHUMOM
Maccsl [8, 9].

B HIIIT «Pe3onancy mpeayioxeH crnocoo
MOBBIIIEHHS 0€30MaCHOCTU PabOTHI CTPEIOBOTO
Ipy30II0IbEMHOI0 KpaHa, KOTOPBIN 3aKI04aeT-
Csl B MPEIBAPUTEIBHOM 3a/laHMM MaKCHUMaJIbHO
JOMYCTUMOIO 3HA4YEHHUsT MaccChl Iepemelae-
MOTr0 Tpy3a M €ro 3alloMHHaHMM. B mpomecce
paboThl KpaHa OCYLIECTBISETCS OINpEICICHHE
TEKyLIEro 3HauyeHUs MacChl IEPEeMEeIaeMoro
rpy3a MyTEM €ro BBIYHUCIEHHUS C HCIOJb30Ba-
HUEM pe3y/lbTaTOB MPSMOr0 MW KOCBEHHO-
ro U3MEpeHHus TpexX mapaMmeTpoB. B kadecTe
MepBOro MapaMeTpa MPUHUMAETCS JaBICHUE
B THJAPOIWIMHJPE MOABEMA CTPENbI, BTOPOTO
— YroJl HaKJIOHA CTPEJIbl, @ B KAU€CTBE TPETHETO
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UCIIOJIb3YeTCsl YCUIIME B TPY30BOM KaHaTe WU
JIaBJICHUE B TUJIPOLMIUH/IPE TEJIECKOMUYECKOU
crpenbl. Cuctema (opMHUpyeT Tpeaynpean-
TEJIbHBII CUTHAJ B CIIy4ae MPEBbIIICHUS T0MyC-
TUMOTO 3HAYEHUs HATPy3KU KpaHa.

Cyl11ecTBYIOT YCTPOMCTBA JJIs1 B3BEIIIU-
BaHHS Tpy3a, COJAEpKallhe TI'Py30TPaHCIOP-
THBI MeEXaHWU3M, CHIIOM3MEpPUTENIbHbIE aaT-
YUKW BECOBBIX HArpy30K, YCTAHOBJICHHBIE Ha
rPY30TPAHCIIOPTHOM MEXaHU3ME, YCHUIIUTEIb-
HO-TIpe0oOpa3oBaTeNbHBIA OJIOK, JJIEKTpUYEC-
KW CBSI3aHHBIA C JaTYMKAMH U CBETOBOE Ta0II0
0TOOpakeHHUsI BECOBBIX HArpy3o0k [7]. I'py30B-
3BEIIMBAIOIINE YCTPONUCTBA TAKOTO THUIA OCHA-
HIEHBl paJMOKaHAJIOM Tiepenadyu uHdopMauu
Ha paccrogHue 10 1000 M Ha mepcoHabHBIN
KomIibloTep. HepocTtarkom naHHOTO ycTpoic-
TBa ABJSETCA HU3KAs HAJAEKHOCTh BECOB, TaK
KaK OHa IOCTpOE€Ha Ha paboTocmoCcOOHOCTHU
CHJIOU3MEPUTENBHOTO JaT4MKa U €ro KaHaja
W3MEpPEHUS U 0TKa3 JaTYrKa MPUBOJIUT K OTKa-
3y BCEro yCTpOMCTBA.

[Ipoananu3upoBaHHbIE BAPUAHTHI 3aMe-
pa TOJHUMAeMOM MacChl MPUMEHUTEIBHO IS
TUIPABIMYECKUX MAHUITYJISTOPOB, YCTaHABIIH-
Ba€MbIX Ha JIECOBO3HBIC aBTOMOOWIIH, MPAKTH-
YEeCKH HEBO3MOXKHO UCTIONB30BaTh. HeoOxommmo
U3 KaKJ0r0 PaCCMOTPEHHOTO BapuaHTa U3BJIEUb
MOJIE3HOE 3BEHO ISl (POPMHUPOBAHMS EIUHON
CUCTEMBI KOHTPOJIS MOJHOM MaccChl JIECOBO3HOTO
aBToMoOmIs [8].

Ha xadenpe AT VIJITY mnpenioxeHbl
yCTpOWCTBa IJIsl ONPENETIeHUs] MacChl COPTH-
MEHTOB, MEPEBO3UMBIX JIECOBO3HBIMU aBTOMO-
OWJISIMU C TUIPOMAHUITYIIATOPAMHU, UMEIOLTUMU
peccopHyto OaJaHCUPHYIO MTOJIBECKY U CUCTEMY
pErylIupoBaHus JaBJICHUS B IIWHAX, KOTOPHIMU
ocHameHsl aBromooumn KAMA3, YPAJI unu
JIpyrue aBTOMOOWJIM TOBBIIICHHOW MPOXOAH-
moctH [10, 11]. O6mmM n1s 060uX yCTPOMCTB
ABJISIETCSI CUJIOM3MEPUTEIbHBIA TEH30pE3HC-
TOPHBIM JaTYUK BECOBBIX HArpy30K, YCTaHOB-
JICHHBIM Ha THAPOMAHHUMYISTOPE JIECOBO3HOTO
aBroMoOmiss. OH uMeeT GopMy OCH, YTO TMO3-
BOJISIET YCTaHABIMBATh €r0 B CHUJIOBBIX BUJIKAX
WIN Kak och ruaporminHapa. I[peniaraemblii
JaTYUK YCTAHABJIMBAETCS KaK OCh KpPEIJICHUS
rpeidepHoro 3axpara K CTpeyie THAPOMaHUITY-
asTopa.
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B nepBom ciydae ycTpoOMCTBO CO-
JNEPKUT JaTUYUK JaBICHUS BO3AyXa B IIHHAX,
YCHJIMTENbHO-TTpeo0pa3oBaTeIbHBIN 0JI0K,
ANEKTPUUYECKH CBSI3aHHBIN C JaTYMKAMH, IPO-
MBIIIJICHHBIH KOHTPOJIJIEP U AUCIUIeH oToOpa-
JKeHHs BECOBBIX Harpysok [9, 10]. Hns pac-
mUpeHns QYHKIHOHAIBHBIX BO3MOKHOCTEH B
JAHHOM YCTPOMCTBE IPUMEHSIIOTCS 2JIEKTPOH-
HBIM JaTYMK JaBJI€HUs BO3JyXa B IIMHAX aB-
TOMOOWJISI TOBBILIEHHOM MpoxoaumMocTu. Jlat-
YUK MOHTHUPYETCS B IIMHHBIE KPaHBI 3aJHHUX
KoJieC, 00OpYJOBaHHBIX CHCTEMOW PETYIHPO-
BaHUS JaBiieHusA. B mpoiecce morpysku cop-
TUMEHTOB THAPOMAHUMNYJIATOPOM YCHUIIUE OT
MepeMeIaeMoro rpy3a NpUHUMAIOT OMOpPHbIE
KOHUKHU aBTOMOOWJIS WJIM TpHUIlena-pocycka,
U Jlajiee — 3aJHue Kojeca JECOBO3HOIO aBTO-
MoOwmiIs. IMeHHO n3MeHeHue NaBlIeHUs B IIU-
Hax 3aJHUX KOJIEC OINpeeNsaeT Halluuue Tpy3a
Ha matdopme aBroMoouis. [Ipu HaxoxaeHUH
CTpesbl TUAPOMAHUNYIATOpPA HaJ TpPy30BOMH
aaTdopMoil aBTOMOOMIIS 3a CUET Iepepacipe-
JIeJICHUs] HarpPy30K YBEJIUYMBAETCS JABICHUE B
muHax. JlatTuuk naBieHus QUKCUPYET 3TO U3-
MEHEHHUE, CUTHaJ MOCTyMaeT Ha KOHTPOJUIEP
U TIOKa3aHUs CUJIOU3MEPUTEIBHOTO JaT4yuKa
CYMMUPYIOTCSI TOJBKO IMpPU ONYyCKaHUU TIpy3a
Ha nnatdopmy. Kontpomnep duxcupyer uH-
(dbopmanmio o Macce rpysa, CoXxpaHss JaHHBIC B
namATy. [Ipu nocnenyromen norpys3ke JaHHbIE
CUJIOU3MEPUTEIBHOTO JaTYMKA CYMMUPYIOTCS,
TE€M CaMBbIM OIpeJesss MOJIHYI Maccy Ipysa
Ha aBTOMOOUIIE.

Bo BTOpOM Cilyyae npu ycTaHOBKE TEH-
30pE3UCTOPHBIX JAaTYUKOB B OCH OalaHCHPOB
3aJHell TOJBECKH aBTOMOOWIISI TIPU HaxXOX[e-
HUU CTPEJIbl THAPOMAHUITYIATOPA HAJl TPY30BOM
maTGopMoit 1aTIKu GUKCUPYIOT YBEIHMUCHUE
Harpy3ku [11]. Curnansl oT JaTYUKOB MOJBEC-
KM aBTOMOOWJISI MOCTYNalT Ha KOHTPOJUIEp, a
MOKa3aHUs CUIIOM3MEPUTENHHOTO TaTYNKa TH/I-
POMaHHUMYISATOPA CYMMHUPYIOTCSI TOJBKO MpH
ONyCKaHWHU Trpy3a Ha maatdopmy. OOpaboTka
CUTHAJIOB TIPOUCXOAHUT KaK U B MPEIbLAYIIEM
ciyyae.

Takum oOpa3om, omnpeneneHue Mac-
Chl COPTMMEHTOB YK€ Ha HEeOOJBbIIOM IMOIbEME
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CTpPEJIbl MAaHUITYJISITOPA JACT BO3MO)KHOCTH BO-
JUTEITI0-0IIEPaTOPy 3HATh MACCy NEPEMEIIAEMO-
ro Ipy3a U KOPpPEKTHPOBATh €€ BHIOOPOM KOJIH-
YEeCTBA 3aXBaTbIBAEMBIX JIECOMATEPUAJIOB, YTO
COKOHOMMT BpEMs Ha pasrpy3Ky B cilydae Ipe-
BBIILIEHUS [TOJTHOM MaKCHMaJbHOW Macchl JIeCo-
BO3HOI'O aBTOMOOMIIS.
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MEASUREMENT OF THE MASS OF LOGS LOADED ON LOGGING VEHICLES
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(M Ural State Forest Engineering University (USFEU), Street Siberian tract, 37, Ekaterinburg, 620100, Russia

The purpose of the formation of the composition of wood-train is to determine the rational of its mass, the composition
of the selection of the trailer, which allows to fully realize the train mass and maximize the shuttle load in its optimal placement
on rolling stock without exceeding the maximum permissible weight of the vehicle. The article deals with the causes and
consequences of exceeding the permissible maximum weight of logging vehicles. To achieve an efficient exploitation of forest
transport it is needed to make fuller use of the allowable weight parameters of road trains. With the existing road conditions,
it should not be allowed to develop high speed, the permissible gross mass of roadtrain should be limited to the allowable
size of the regulatory load capacity. On the basis of the proposed vehicles, trailers and used structure manning circuits, it is
recommended to select a part of train full of whose mass is close to the maximum. The ways of measuring permissible total
mass of the truck were analyzed. The structure and sizes of manipulators, which are equipped with timber-carrying vehicles,
were considered together with the ways of measuring the mass of the cargo directly at raising the boom manipulator. A device
for determining the mass of assortments transported the logging vehicles with hydraulic manipulators, having a leaf spring
balancer and suspension control system pressure in the tires, which are equipped in KAMAZ, URAL and other off-road
vehicles. Thus, the determination of the mass of logs already on a small rise of the boom manipulator will enable the operator
to know the driver, the mass of transported cargo and to correct its choice of exciting timber, which will save time for unloading
in case of exceeding the total maximum mass of logging vehicle.

Keywords: timber-carrying vehicles-timber, load capacity, maximum authorized mass, storage equipment, sensors,
mounted cranes, liftingdevices, adevice for determining the mass of logs.
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METOJA OKCHEPUMEHTAJIBHOT'O ONPEJAEJIEHUA KOO®OUIIMEHTA
OUKTUBHOI'O YBEJINYEHUA MACCHI JIECOTPAHCITIOPTHBIX
EJAUHUAILL ITPU UX HEPABHOMEPHOM /IBUKEHHUHA B BOJAE
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MDOTAOY BO «CeBepHblii (ApkTHueckuii) heaepaibHbiil yausepeuteT uM. M.B. JlomonocoBay (CADY),

163002, . Apxanrennck, Ha0. CeBepHoii JIBunbI, 17

B Hacrosiiee BpeMst akTHBH3HPOBAIACh pa3paboTKa HOBBIX KOHCTPYKIHUH JecorpancnoptHbiX equaul (JITE), npen-
Ha3HAYEHHBIX JUI OpraHU3alUHU SKOJIOIMUYECKHU IAISIIEro SKOHOMUYHOTO TPAHCIIOPTA JIECOMATEPHUAJIOB MO MaJIbIM U CPETHUM
pekaM, 3aMelIaroIIero NpeKpanieH bl MoIeBoi ciuiaB. [y obecriedeHns BOBMOKHOCTH BBHIMTOJHEHUSI HHKCHEPHBIX pacye-
TOB, cBs3aHHbIX ¢ npuMeHeHueM Tux JITE, npoBoasTes nccnenoBanus MX JBHXKEHUS B BOJIE, B TOM YHUCIIE HEPAaBHOMEPHOTO.
CymiecTByIOIIE METOIBI HCCIIeIOBaHNsI HepaBHOMepHOTO NBrnkeHus JITE B Boe MMEIOT psii HEOCTATKOB U MOTYT OBITh YCO-
BEpIICHCTBOBAHEBI. B cTaThe BBeAeHO NoHATHE KodhduienTa ¢puktiuBHOTO yBeanueHus mMaccel (KOYM) JITE, cesasannoro ¢
HM3BECTHBIM KO (QHIMEHTOM HECTAIIMOHAPHOCTH, C TOMOIIBIO KOTOPOTO YUUTHIBAIOTCS THIPOTUHAMUYECKOE COPOTHBIICHUE,
00yCIIOBJICHHOE MHEPIIHOHHOCTHIO BOJIbI, HECTAIMOHAPHASI YaCTh COMPOTHUBIICHUS U YacTh MACChl BOJIBI, 3aIOIHSFONICH ITyC-
totel B JITE. [Ipemioxxen MeTos sxciepumMeHTanbHoro onpezeneHuss KOYM, no3Bossiiomuii npu CHUKEHUU TPYIOEMKOCTH
00pabOTKH OTBITHBIX JaHHBIX 00ECTICYUTH TOMyUCHHE 0OJIee TOUHBIX MOJIEICH [T HeTro WiH TS K03 (GUIIMEHTa HeCTaIuo-
HapHOCTH, BO3MOKHOCTh IPUMEHEHHUSI JUIsl pacueTa napameTpoB asuxkenus JITE noctarouyHo yHUBepcaabHBIX aHATUTHYECKUX
(hopMyI1, HADISIHO OTPAKAONINX PU3MUECKYIO CYITHOCTD siBJIeHUH. [Ipr 000CHOBaHUU METO/Ia I0OKa3aHO, YTO BMECTO U3MEHSI-
rorerocs B mpouecce nemkernss KOYM MokeT ObITh UCTIONB30BaHA IOCTOSHHAS JUIS JAHHOTO CITydasi BEJTMIHHA, 3aBUCSIIAS,
KpOME BCEro Mpoyero, OT CTENEHH 3aBEPIICHHOCTH MPOLECCOB pa3roHa WM TOPMOXKEHHsI. DTOM BeTMYMHE IPUCBOSHO Ha3Ba-
Hue nntepBainbHoro KOYM. Ero 3HaueHue onpenessiercs UCX0/s U3 TOTo, YTO MPU YKa3aHHOW 3aMEHE COOTHOLIEHHUE MEXy
rmapaMeTpaMu JIBUKCHHSI OCTaeTCs pexKHUM. J1J1s BerauciieHuss HHTepBaTbHBIX KOYM npemioxkeHsl GopMyITbl, TOTyYCHHEIC
B pe3yJbTaTe pereHus TuddepeHaIbHoro ypaBHeHu, OickiBatoiero HepapaomepHoe nerkenne JITE B Boxe. [lano kpart-
KO€ OITUCaHUE COBPEMEHHOM PErHCTPUPYIOIICH armaparypsl 1 IPOrPaMMHOTO 00€CIIeYeHN S, O3BOJISIONINX TTOTy4YaTh rpadu-
K 3aBHCUMOCTH cKopocTu nBrkernus JITE B Bone 0T BpeMeHH U COOTBETCTBYIOIINE I'padrkaM Tadauisl. [IpuBenen arroputm
YCTaHOBJICHUSI HEOOXOMUMBIX TAHHBIX TI0 3THM rpadukaM. [IpeicTapiaeHbI IEpeYHH ONPEACIFONIINX Oe3pa3MepHBIX (haKTOpOB,
KOTOpPBIC MOTYT OBITh 3HAYMMBIMH TIPH MTOTYYCHUH MaTeMaTHUECKUX MOJIeel st nHTepBalbHbIX KOYM B ciryyasx pasroHa

U TOPMOKECHUSA.

KunroueBsie cnoBa: CILIaB, JIECOTPAHCIIOPTHAA €INHUIIA, HEPABHOMEPHOE NABUIKECHUE, METO, SKCIICPUMCHT, K03(1)(1)I/I-

IUEHT, COIIPOTUBJICHUEC BOJbI.

BBIHOJIHGHI/IC TEXHOJIOTUYECKHUX U TPOYHOC-
THBIX PAc4YeTOB MPH OpTaHU3AIUU JIeCO-
CIUTaBHBIX PaboT, BEIOOP WU MPOEKTHPOBAHUE
HEO0XOIMMBIX MALITMH U MEXaHU3MOB Ipe/IIoa-
ralT MOTPEOHOCTh B CBEJICHUSIX O 3aKOHOMED-
HOCTSIX JIBIDKCHMSI B BOJE JIECOTPAHCIOPTHBIX
equnull (JITE), Kk KOTOpBIM OTHOCAT IJIOTHI, UX
CEKIINH, MyYKH, TUHEUKHU U3 ITyYKOB U T. 1. AK-
TyaJIbHOCTh BOIIPOCA BO3pOCIa B CBSI3U aKTUBH-
3anmei pa3paboTok KoHCTpykuuii HOBBIX JITE,
MpeHa3HAYCHHBIX I OpTaHU3aIUHA DKOJIOTH-
YECKH MIAJAIIEr0 YKOHOMUYHOTO TPaHCIOpTa
JecoOMaTepraioB O MaJIbIM U CPEJHUM PEKaM,
KOTOPBIN JTOJKEH 3aMEHUTh MOJICBOU CILJIaB HA
HUX. M3ydeHnio yka3aHHBIX 3aKOHOMEPHOCTEH
MOCBSIICHO JIOBOJBHO MHOTO paboT, 0a30BBIM
WCTOYHUKOM UH(POPMAITUH JIJIST KOTOPBIX TTOCTY-
UM COOTBETCTBYIOIINUE TPYIABI MO ABUKEHUIO
cynos, takue kak [1, 10]. OcHoBHas yacTh my0-
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nmukanuii o JITE o3nadenHoro npoduis cesiza-
Ha C UCCIIE0BAHHEM PABHOMEPHOI'O JIBUKEHUS
N3yueHne HEpaBHOMEPHOIO HE MEHEE BaXKHO,
HO Oomee mpobrematuuno. MccnenoBarenw,
KOTOpPbI€ 3aHUMAJIUCh UM, MEHEE MHOTOYHCIICH-
Hbl. [1o HepaBHOMepHOMY nBUkeHUIO JITE Ha-
nbonee uzBectHsl padotel K.A. YUekankuna [2],
B.4. Xaputonona [3], A.A. Mutpodanosa [4],
M.M. OsuunnukoBa u II.M. Pogmonoma [5].
Jia caMbIX paHHUX paboT XapaKTepeH BechMa
YOPOLIEHHBIN MOAX0J K pellaeMbIM 3a/iadaM.
HaunGonee ocHOBaTenbHO O3HAYEHHBIM BOMPOC
OCBEIIEH B paboTax, BBIIOJHEHHBIX IOJA py-
koBOACTBOM M.M. OBUMHHHMKOBaA, U B TpyAax
A.A. Mutpodanosa. OHM, HECOMHEHHO, BHe-
¢ OOJIBIION BKJIAJ B paccMaTpuBaeMyr 00-
JIacTh 3HAHWH, YTO HE NCKITIOYAET JaTbHENUIIIETO
COBEpILICHCTBOBAHUS BBINOJHEHHBIX HAayYHBIX
pa3paboTok. OTMETUM, YTO MOJYyYEHHBIE TOA
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pykoBoacTBOM M.M. OBYMHHUKOBA pacuye€THBIE
3aBUCUMOCTH, SBIAACH SMIIMPUYECKUMH, HE-
JOCTaTOYHO HATJISITHO OTPaXaroT (PU3UIECKYIO
CyLIHOCTh siBieHMi. Kpome Toro, oHn opueH-
TUPOBaHbl HAa pELIEHHWE KOHKPETHOW 3aJlauM.
B paccmorpennom ciyudae [S] mo TpeOyemoii
CKOPOCTH M IO NPUIOKEHHOMY YCHIIMIO MOX-
HO paccyuTarh IIyTh U Bpems pasrona JITE. Pe-
LIEHUE JIPYTUX, CBS3AHHBIX C 3TUM IPOLIECCOM
3aJ1a4, ¢ HIOMOILBIO MTOJYYEHHBIX 3aBUCUMOCTEH
poOIEeMaTHYHO.

B ananutnyeckux Gopmynax ¢ SMOUpu-
YECKUMM KO3 PULHUEHTaMH, PEKOMEHIYEMbIX
A.A. MutpodaHoBbiM [4], mpocMaTpuBaercs
¢dusnveckas CymiHOCTh siBIeHHH. OmHako Me-
TOJ1, UCIIOJIb30BaHHBIN UM NPHU ONPEAETICHUN KO-
3G PUIMEHTOB HECTAIIMOHAPHOCTHU (TOJKOBAaHUE
MIPEJICTABICHO HUXKE), CBSI3aH CO 3HAYUTENbHBI-
MU OTPAHUYEHUSMH IO CIOKHOCTH U COOTBETC-
TBEHHO I10 TOYHOCTH (OpPMYJ, HpeaHa3HAYEH-
HBIX IS BBIYMCIEHHUS 3TUX KO3((ULHMEHTOB.
Kpome Toro, i 3Toro Meroja xapakrepHa a0-
BOJIHO BBICOKasl TPYJJOEMKOCTh 00pabOTKH JKC-
MEPUMEHTAJIBHBIX JaHHBIX U HEKOTOPBIE JpyTHe
HEI0CTaTKH.

VY4uuThIBas U3I0KEHHYIO WH(POPMALHIO,
Hanmu4yue Ooiiee COBEPIICHHOH pEerucTpupy-
IOLIeH amnmaparypbl, COBPEMEHHbIE IpE/ICTaB-
JICHUSl O TUIAHMPOBAHUU M 0OpabOTKe JTaHHBIX
MHOTO(AaKTOPHOTO SKCIIEPUMEHTA, MBI COUJIH L1e-
J1eco00pa3HOM MOIBITKY CO3JaHHs 03HAU€HHOI'O
B 3aIVIaBUM CTaTbU METO/A, NIPEI0CTABIISIIOIIETO
0oJee MUPOKUE BOSMOKHOCTH.

eab padoTbl — co3aHUE METO/IAa IKC-
MIEPUMEHTAJILHOTO ONpe/ieieHus KodduuneHTa
¢ukTrBHOTO yBenmuueHus: maccel (KOYM) JITE
IIPU UX HEPAaBHOMEPHOM JIBU)KEHUH B BOJIE, ITPEI-
MIOJIATAIOIIET0 IOBBIIIEHUE TOYHOCTU BBIYMC-
JICHUSI YKa3aHHOTO KOX(PQHIIMEHTa, CHUKEHUE
TPYAOEMKOCTH 00pabOTKH SKCIEPUMEHTAIBHBIX
JAHHBIX, oOecriedyeHue OoJbIleH yHHUBEpCalb-
HOCTH pacueTHBIX (OpMyI1, KOTOpbIE HaIVIsAHEE
OTpakanu Obl PU3NUECKYIO CYIHOCTb SIBJICHUH.

Meton mcciaeqoBaHMs — TEOpPETHYEC-
kuil. [lonmyyeHHble pe3yapTaTsl IPEaIoIaracTcs
UCIIONB30BaTh IIPU 00pPabOTKE IKCIIEPUMEHTAIIb-
HBIX JaHHBIX.

[Ipennaraemslif B cratbe MeTOA B 00JIb-
1ield CTENeHH MNEepeKIUKaeTcs C HCIOJIb30BaH-

JIECHOUM BECTHHUK 6/2016

HBIM B paborax [4, 6]. C menbro 60s1ee HarIs AHOU
JEMOHCTpALMK pa3Inunuil MEXly HUMU U3JI0XKe-
HUE pa3pabOTKU BBIIIOJHEHO B CPAaBHUTEIbHOU
MaHepe.

[Tpn mMaTeMaTH4EeCKOM ONMCAHUU HEPAB-
HoMmepHoro awxkenus JITE B Boge npumeHnmo
ypaBHEHUE

M(1+n)do/dt =-R £ F, (1)

rne M —macca JITE,

dv/dt — ee nuHelHOE YCKOpPEHHUE,

R — comporuBiieHHe BOJBI PAaBHOMEPHOMY
nemxkenuto  JITE, coorBercTBytomee
MI'HOBEHHOI CKOPOCTH HEPaBHOMEPHO-
TO JBUKEHUS,

F — npoekius Ha HanpaBlieHUE ABUKCHUS
PaBHOJCUCTBYIOIIEH CHJI, TMPHUIIOKEH-
HbIX K JITE n3BHe,

n — k03 PUIHEHT HECTAITMOHAPHOCTH, C TI0-
MOILIbIO KOTOPOTO MPUHATO YUYHUTHIBAThH
TUAPOIMHAMUYECKOE CONPOTUBIICHUE,
CBSI3aHHOE C WHEPIMOHHOCTBIO BOJIBI,
HECTallMOHAPHYI0 YacTh COMNPOTHBIIE-
Hus [1, 7] 1 4yacTh Macchl BOJBI, 3aI0JI-
usromient mycrorsl B JITE [4].

Bo Bcex dpopmynax, moayyaemsbIX B IIPo-
1ecce M B pe3ysbTare pelieHus] JaHHOTO ypaB-
HEHUs, 1 COCEACTBYET ¢ enuHuueil. [Ipu stom
JIOTUYHO BBeJleHHe oOo3HaueHus ¢ = 1+n. Be-
anuuHy ¢ Mbl ¥ Ha3Banu KOYM JITE. C yue-
TOM 3TOr0 BbIpaykeHue (1) 3amucany HECKOJIbKO
uHaye

Mapdvldt = —R+F. )

OtMmeTHM, 4TO U3JI0KEHHBIE Jajlee T0JI0-
JKEHHUSI, CBSI3aHHBIE ¢ KOAPPUIIMEHTOM HECTallH-
OHAPHOCTH 71, OTHOCATCS M K KOd(puiueHty ¢
¥ HA00OpOT.

Paccmorpum Haunbosiee XxapakTepHbIe
BapuaHThl HepaBHOMepHoro aswxkeHus JITE B
BOJIE, B IIEPBYIO OUepeb CiIy4yall ee pa3roHa OT-
HOCHUTEJIBHO ITOTOKA NOCTOSSHHOM cwiiol F. [Ipu
oOpaleHnn ABUKEHNs aHAJIOTUYHBIM €My MOX-
HO CUMTATh TOPMOXXCHUE MOCTOSHHOW CWION [
JITE, nepemMemaromencsi moJ BO3IEUCTBUEM
IIOTOKa CO CKOPOCTBIO, HE IPEBBILIAIONIEH €ro
ckopoctu. IIpu atom B ypaBHenuu (1) nepen F
OyneT CTosATh 3HaK IUIoc. BennunHy R MOXHO
BBIPA3UTh 4Yepe3 YAEIbHOE CONPOTHUBIEHUE 7,
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COOTBETCTBYIOIIEE CIUHUYHOW OTHOCHUTEIHHOM
CKOPOCTH 0.

R=rmr" 3)

[Ipn oTHOCHUTENHHO HEOOJBIIUX CKOPO-
CTAX, XapakrepHblXx i nepemeluenus JITE,
MIPUCYIIEE UM 3HAUEHUE 7 B IPOLIECCE JBUXKE-
HHUSI, KaK MpaBUjIo, HE u3MeHsercs [2]. Yeunue
F Taxyke MOXHO BBIPa3UTh 4Ye€pEe3 » U OTHOCHU-
TEJbHYI0 CKOPOCTh PABHOMEPHOIO JABU)KEHUS
v,, ¢ xoropoun JITE OyzeT IBHUTaThCs IO €ro
BO3/ICIICTBUEM.

F=r?. 4)

[locne moacranoBku B ypaBHeHue (1)
BMecTO R u F mpaBbIx 4acTeil BbpakeHui (3),
(4) 1 pazaeneHns: NEPEMEHHBIX MOTYUYUIH

My 2o 5)
l) U

B cooTBeTcTBUM C MOJIOKEHUSIMU THUJI-
pomexaHuku [7] koahdUIIMEHT HecTalHuoHap-
HOCTH 71, a 3HAYUT U ¢ U3MEHSIOTCS B MPO-
necce HepaBHoMepHoro aswxenus JITE. IIpu
9TOM () MOXKHO paccMaTpuBaTh HE TOJIBKO Kak
(GYHKIMIO BPEMEHH, HO U KaK (PyHKIHIO CKO-
poctu (V). DTO OTHOCUTCSA M K COMHOXKHUTEITIO
g() = 1/(v,’-v?). CornacHo 0fHOMN U3 Teopem
o cpenHem 3HaueHuu [11] ecou pynkum ¢(v)
1 g(v) HenpepbiBHBI Ha [V , v | ¥ g(v) Ha [V,
v, ] HE 3HAKOTIEPEMEHHA, TO B MHTEpBAJIE (V , V)
CYLIECTBYET TaKO€ YHUCIIO V, YTO CIpaBeIIMBO

PaBEHCTBO
f qb(U) =) I 6)
VYka3zaHHBIE YCIOBUS BBIMOJIHSAIOTCA B
paccMaTpuBaEeMbIX HAaMHU CIIy4asx. 3HAuCHHE
(GyHKIIMM ¢ TTpU KOHKPETHOW BEJIMYHMHE CKO-
poctu V — onpeneneHnoe uucio D. Jlamee
@ Oynem Ha3piBaTh UHTEpBalIbHBIM KDOYM.
CooTBeTcTByIOIICE €My 3HaueHue KodIhdu-
[UeHTAa HECTAIlMOHAPHOCTH 0003HauyuM N u
Takxke OyneM Ha3bplBaTh WHTEPBAIBHBIM. C
ydetoM (5), (6) U MPUBENCHHBIX TMOJOKCHUN

3amucanu

{= @Muj‘( dv
UHUF L
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[Tocne unTerprpoOBaHUS IS CIy4as pas-
rona ot v, = 0, IpeICTaBIAIOMEr0 HauOOIBIINH
WHTEPEC, TOMYYUITA BEIPAKEHHE

oM arth 2= (8)
rof Vr
Orta ¢opmyna MO3BOJSET PaCCUUTATh
Bpemsi pasrona JITE mo ckopoctu v 1mox Bo3-
JICUCTBUEM BHEILIHETO YCWIIUS F, yHUTHIBAEMOTO
B HEH Yepe3 v, C KOTOPOH OHO CBA3AHO ypaBHE-
HueM (4). Onpenenenue M U r ONKUCAHO B psizie
pabort, Hanpumep [2, 4], u 31eCh HE paccMaTpu-
Baetrcs. [IpeobpazoBar Gopmyny (8), momydmim
BBIPXKEHHE, KOTOPOE MOXKHO UCIOJIb30BaTh JAJIs
onpeneneHuss @ Mo AKCIEPUMEHTAIBHBIM JIaH-
HBIM

=

_ ror
~ Marth(v.or) )

@DopMyIibl, IOTy4YaeMbl€ B pE3yJIbTaTe pe-
nienus auddepennmanbHoro ypasuenus (1) npu
UCITIOJIb30BaHUM OIMCAHHOTO IpueMa, MpolIe,
4yeM B ucTtouHuke [4]. OJHaKO 3TO HE OCHOBHOE
JOCTOMHCTBO IpeyIaraeMoro Meroaa. B padore
[4] B ciiydyae pa3roHa IioTa NOCTOSSHHOM CHUIION
B yKazaHHOe JuQQepeHIraIbHoe ypaBHEHHE
BMECTO /1 TIOACTABIISAETCS COOTBETCTBYIOIIEE EMY
BBIp@)XKEHHE, MOJYYEHHOE M0 SKCIEPUMEHTAIIb-
HBIM JIaHHBIM

n=n+nv/,),

(10)

e 1, n, — NapamMeTpbl SMIUPUIECKOH Gopmy-

JIbl, OIPEIEIsAEMbIE OJHUM KOMILIEK-

CHBIM (DaKTOpOM, XapaKTEepU3YIOIIUM
TEOMETPHIO MTOIBOIHOM YaCTH ILIOTA.

Jly1s1 BBIYMCIIEHUS YKa3aHHBIX ITapaMETPOB
MPEAJIOKEHBI TAKKE IMIUPUUYECKUE POPMYIIbI

B
3\) BLTpﬂ/p

7, = 0,469 ~0,369;

(11)

(12)

rne B, L, T — mupuHa, JJIMHA U OCaJKa IjIoTa
COOTBETCTBEHHO;
P, p, — IUIOTHOCTH BOIBI W JicCOMATepHa-
JIOB.
Koaddummentsr xoppensiuuu Uist  MO-
e (11) 0,86, musa (12) — 0,79 [4]. [Ipocreit-
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IIMI pacyeT MO3BOJMI YCTaHOBUTH, YTO JAOCTO-
BEPHOCTH alMpoKCUManuu R’ 37eCh JOBOJBHO
HHU3Kas, MO KpallHEd Mepe Uil TEXHUYECKUX
pacueToB, 0COOEHHO €CIIU YYECTb, YTO 3TO OIHO-
(akTopHbIe 3aBUCUMOCTH. B riepBom ciryuae oHa
coctaBwia 0,74, Bo BropoM — 0,68. 3amerum,
YTO YCIENIHOCTh MOIBITOK OXapaKTepU30BaTh
dopmy mnoasogHou yactu JITE omaum mycth
Ja’ke KOMIUIEKCHBIM (pakTOpoM, Ha Halll B3I,
B OOJNBIIMHCTBE cly4yaeB MajnoBepositHa. [lona-
raem, 4To JJIsl XapaKTepUCTUKU yKa3aHHOU (op-
MBI [1€J1€CO00PA3HO UCTIONB30BaTh KAK MUHUMYM
JIB€ BEJIUYMHBI, HAPUMEP — OTHOCHUTEJIBHYIO
mmpuHy B/T n oTHOCUTENbHYIO JUIUHY L/T.
O4eBUIHO, YTO HU3KASI TOYHOCTH BBIYHC-
JIEHUH 7, U 1, yXKE€ NPEAINONAraeT HU3KYI TOY-
HOCTb Pe3yJbTaToOB, MOJIYYaeMbIX C IOMOIIBIO
¢dopmyner (10). B mononHenue k 3ToMy Ha yKa-
3aHHOM TOYHOCTU HETaTUBHO CKAa3bIBAIOTCSI MHO-
KECTBEHHBIC AaIMPOKCUMAIIUU, BBITIOTHSIEMBIC
npu nonydeHuu 3aBucumoctu (10). Hapsgy c
aNMpOKCUMAIIMSIMH, CBS3aHHBIMHU C BBIPaKCHH-
amu (11), (12), HenocpencTBeHHO ¢ hopmynoit
(10) cnenyer y4yecTb U T€, KOTOpHIE OCYIIECT-
BJISIFOT NP BHIYMCIIEHUU MTHOBEHHbBIX 3HAYCHUN
K03((pUIHeHTa HECTAIIMOHAPHOCTH 71 TIO KCIIe-
pPUMEHTAIBHBIM JaHHBIM. [Ipu 3TOM HCTONB30-
BaJId ypaBHEHUE, MOTydeHHOe U3 popmyssr (1)

F—R

[TockonpKy TpU OMBITaxX Ha OCLMJIIOT-
pamMMe peruCTpUPOBAINCH OTMETKH BPEMEHU U
IyTH, TO JUISl TTOJyYEHMsI, HallpUMep, MTHOBEH-
HBIX 3HAYEHUH yCKOpeHus dv/dt B TaHHOM CITy-
yae HeJb3s ObUI0 000UTUCH 03 annmpoKCUMAaLUU
9KCTIIEPUMEHTAIbHBIX JaHHBIX M AuddepeHnu-
pPOBaHUS TOJNyYEHHBIX 3aBHCUMOCTEH. CTpem-
JICHHE Ha 3aKITIOYUTEIHHOM ATalle pa3roHa Yuc-
nuTens u dv/dt B 3HameHatene BeipakeHus (13)
K HYJIIO TIPEAIoJaraeT JOTMOJIHUTEIbHOE CHIDKE-
HUE TOYHOCTH PE3YJIbTaTOB. ABTOp HE IPUBOIUT
HUKaKUX CTaTUCTHYECKUX XapaKTepUCTHUK IS
smrupuueckord popmynsl (10). Ognako mpen-
CTaBJIEHHbIE B palote [4] rpaduku moaTBepK-
JAl0T U3JI0KEHHBIE BBIIIE CYXJEHHS O HU3KOU
TOYHOCTH PAcyeTOB, BBIMOJHIEMBIX MO YKa3aH-
HOMl Qopmyne. Ilo mpencraBieHHol UHpOpMa-
LUK MOXKHO TaK)K€ CJ/IeaTh BBIBOJ O JIOBOJIBHO
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BBICOKOM TPYIOEMKOCTH O0pabOTKH SKCIepH-
MEHTAJbHBIX JIaHHBIX. YKa3aHHBIE HEIOCTaTKH
XapaKTepHbI U JUIsl APYyTUX padboT, Hanpumep [6],
TeX aBTOPOB, KOTOPBIE CTPOTO CJIEAOBAJH IOJIO-
KEHHUSM aHAJIM3UPYEMOTO METO/A.

OTmeTnM, 4TO TOACTAHOBKA B (hOPMYITy
(13) ipu BBIYUCIICHUH 71 HA MECTO R anmpoOKCH-
MHPYIOIIETO BBIPAXEHHS av’ U JOMYIICHUE He-
paBeHCTBa b JBYM MNPUBOJIUT K MPOTUBOPEUUIO
C 3aBHCHMOCTBIO (3), a 3HaYUT U C TeMu Gop-
MYJIaMH, KOTOpbIe ObUIN MOJYYEHBI C €€ yUYETOM
B pe3ynbTare pemieHus aud@epeHnnanbHOro
ypaBHeHus (1).

[Tpo6nemsl ¢ moaydeHueM 0osee TOUHBIX
MoJieNIel JUIsl 1 3aJI0KeHbl B caMoM Metojie. Kak
y3ke OBLIIO OTMEUEHO, 1aXKe IPU MPOCTeHIIeH JH-
HEHOI MOJIeNnu ¢ MUHUMAJIbHBIM KOJINYECTBOM
onpeaensonux (GakTopoB MpH MOJICTAHOBKE €€
B nuddepennmanbaoe ypaBHenue (1) ero perre-
HUE CYIIECTBEHHO yciloxHseTcs. [lonyueHHble B
pe3yabTare BhIpaXKEHUs CTaHOBSTCS Oosee rpo-
MO3AKUMHU. J[aXke HE3HAUUTEIbHOE YCIOKHEHUE
MOJIEJIN /ISl 71 C LIEJIBIO TIOBBIIIEHUS €€ TOYHOCTU
CTaBUT MOJ COMHEHHE BO3MOXKHOCTb AaHAJIUTH-
YECKOTO pellieHusl yKa3aHHOro AuddepeHnnaib-
HOTO ypaBHEHUS.

[TomyueHue nOCTATOYHO TOYHOM Moje-
JM JUISL 1, @ CIIeloBaTeNbHo U Ui @ , B 0011eM
clly4ae MpeXJae BCEro ImpearnojaraeT yder 3Ha-
YUTEIHHOTO KOJIMYECTBA ONPEACTISIOMNX (haKTo-
poB. Omnupasich Ha MOJIOKEHUSI THIPOMEXaHUKH
[7], Teopuu pazMepHoCcTel u momobus [8], Mbl
MOJyYMJIM B CUMBOJILHOM BHJIE€ 3aBUCUMOCTb 1
oT Oe3pa3MepHbIX (PAKTOPOB, KOTOpPHIE Teope-
TUYECKH MOTYT OBITh 3HAYMMBIMH TIPH pa3roHe
JITE B BoJe MOCTOSTHHOM CHJION B HECTIEIU (Y-
HBIX YCJIOBUSX. YUUTHIBAsi OTPAaHUYEHUS 110 00b-
€My CTaTbd, Mbl MPUBOAMM 3/€Ch JIUIIb UTOTO-
BOE BBIpaKEHUE

n=ABIT, LIT, Fr, Sh), (14)

rne Fr —uucno Opyna;
Sh —uucno Crpyxans.

[Tpr 0coOBIX yCIIOBHSX MpeAIoaaracTcs
HAJIMYME U JPYTHX ONpenessiomux GakTopoB B
3apucumoctu (14). Hanpumep, npu OnuzocTu
JTHa 3aKOHOMEPHO BKJIFOUEHHE B IIEpeueHb OIpe-
JeNAomMX (akTopoB ITyOMHBI, OTHECEHHOH K
ocanke JITE — A/T.
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B nanHoMm ciyuae udepe3 uucio Opyna
YUUTHIBACTCS yCUINE F, TIOA BO3JCHCTBHEM KO-
TOpPOro ocyulecTBisgercs pa3roH. COBMECTHO ¢
npyrumu (pakrtopamu 3aBucumocTH (14) ycunme
F cormacHo BeIpaxeHHIO (4) ompenesseT Belu-
YMHY V,, C KOTOPOH U cBA3aHo uncno Opyna

Fr= UF/\/g7T’

TJe g — YCKOPEHHE CBOOOTHOTO MaICHUSI.

B pabote [4] Ha OCHOBe aHanIM3a JKCIIe-
PUMEHTAJIBHBIX JAHHBIX OTMEYAETCS «OTCYTC-
TBUE CTPOTOi 3aBUCUMOCTH Kod(uinenTa n ot
KOHEYHOM CKOpOCTU pasroHa». [Tockoibky cko-
POCTb V,, 3aBHCHUT OT ycuius F, T0 GpakTuIecKu
yTBepKaaercs, uto £ He BiausieT Ha n. OgHAKO,
COTJIACHO TOJIOXKEHUSIM THJIPOMEXAHUKH, 1 3a-
BUCHUT OT yckopenus [7]. Beamumna F Hecowm-
HEHHO BJIMSET HA UHTEHCUBHOCTH pa3roHa JITE,
CJIe/IOBATEIbHO M Ha €€ YCKOpPEHHUE. YUUThIBas
3TO MPOTHUBOPEYHE, Mbl HE OTPULIAEM IPOIUTH-
pPOBaHHBIN (aKT, HO CUMTaeM HEOOXOTUMBIM B
K2XKOM TTOJI00HOM HCCIIEIOBAaHUH 00s3aTeIHHO
AHAJIM3UPOBATh 3aBUCUMOCTB 71 OT COOTBETCTBY-
rouiero yucna Ppyna.

Uucno Crpyxans, NpuBEICHHOE B 3aBU-
cumoctu (14), onpenensercs mo Gopmyie

T
vt

(15)

Sh = (16)

Ero moxHO Ha3BaTh 6€3pa3MepHBIM Bpe-
MEHEM, KOTOPOE 3/IeCh XapaKTepU3yeT CTEICHb
3aBEpUICHHOCTH Mpoliecca pa3roHa. OTMeTHM,
4TO €€ MOXKHO XapaKTepPH30BaTh U OTHOCUTENb-
HOH CKOPOCTBIO V/V,, KOTOpas MEHSETCA NpU
pazrone B nuamazone [0, 1]. B nanHom cimydae
3TO TOpa3no ymoOHee, 4TO CTaHOBUTCS Oolee
OYCBUIHBIM, €CIIH yYeCThb CTPYKTYpy (opmyr
(8), (9).

[Ipu 3HAYMMOCTH OONBIIMHCTBA OTME-
YCHHBIX (PAKTOPOB, a TeM OoJiee MPHU BBEIACHHUU
JIOTIOJIHUTENBHBIX B CHEIU(PUUECKUX YCIOBHUIX
MPAKTUYECKH HEpeasbHO MOJIy4YeHHE MPOCTOM
M JOCTAaTOYHO TOYHOW MOJEIH JJISl 1, KOTOPYIO
MOXXHO ObUTO OBbI TIOJICTaBUTH B Iu(epeHIu-
anpHOe ypaBHeHHE (1) M 3aTeM MONYYHUTH €ro
aHAIMTUYECKOE perreHne. To ecTh MeTo, OImH-
CaHHBIN B pabote [4], mpu ATOM HCIOJIB30BaTh
HEBO3MOXKHO, TIpeajaraeMblii 37€Ch — BIIOJIHE
MIPUMCHHM.
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ComracHO TOJIOKEHUSAM, COIYTCTBYIO-
UM BBIpaskeHHIO (6), nHTepBainbHbIE KOYM @
3aBUCHT OT IPAaHHUL] pacCMaTPpUBAEMOIr0 UHTEpBa-
na. OHM MOTYT OBbITh ONpPE/IETICHbI KaK a0COIIOT-
HBIMM 3HAUEHUSIMU CKOPOCTH V, TaK U OTHOCH-
TENBHBIMH V /U, ¥ V /v,. 3HadueHue @ OT 3TOro
He u3MeHHuTcsa. B Hanbonee TUMMYHBIX Cllydasx
pasrona ot v, = (0 UHTEpBaN JBWKEHUs (DaKTH-
4ECKU MOKET OBITh 3a/laH BEIMYIUHOH v /v,. C
y4eToM 3aBUCUMOCTH (14) U mpHUBEAECHHBIX IO-
JIOKEHUI MOYKEM 3amucarhb

@ =y(BIT, LIT, Fr,v /v,). (17)

VYcranosnenue Benmuud B/T w L/T npu
peanu3ayy HKCIEPUMEHTAIbHOTO TIaHA HE
BbI3bIBa€T BOIpOCOB. OmnpeneneHue 3HAYEHUN
Fr m v /v, CBI3aHO C MCIIOJNL30BAHUEM PETHCT-
pupyroIeii anmaparypsl. B HacTosiee BpeMs Ha
CMEHY YCTpoWcTBaM, (PUKCHPYIOIIUM OTMETKU
MyTH U BPEMEHH JBUKCHUS OYKCHUPYyeMOro 00b-
eKTa, Mpuiu 6ojee coBepiieHHbIe. B maHHOM
cllydae TPENNOYTUTENbHA PEruCTpanus CKOpo-
cT. {1 3TOr0, B 4aCTHOCTHU, MOXKET OBITH HC-
MONb30BaH OECKOHTAKTHBIA JaT4yuK 000pOTOB
BC-401. He BnaBasich B moipoOHOCTH, OTMETHM,
4TO OH ObecmneunBaeT (GOPMHUPOBAHNE HUMITYIIb-
COB C YacCTOTOW, MPOIMOPIHUOHAIBHON YacToTe
MIPOXOXKACHHUST TAXOMETPUUECKUX CBETOOTpaXKa-
IOIIMX METOK Ha BpallaromniemMcs: 0oke, orudae-
MOM HHUTHIO OYKCHPOBOUHOM cucTeMbl. CHUTHAIBI
OT JaT4WKa TPOXOAAT depe3 auddepeHnarb-
el ycuwnurens ZET-410, anamoro-mudgpoBoii
npeoOpaszoBarens ZET-220 u mocTymaroT Ha
KOMIBIOTEp. 3aruch U 00paboTKa CUTHAJIOB pe-
aJM3yeTcsl C MOMOIIBIO0 IPOrPaMMHOI0 obecre-
yenust «ZETLAB». Jlna npencraBiieHus peruc-
Tpupyemoi nHpopmanuu B 6onee ynoOHOM IS
BOCHPUATHS BUJE, B YACTHOCTHU JIJIS IEpeXoa OT
YacTOTHI BpallleHUs] yKa3aHHOTO OJI0Ka K TUHEH-
HOU CKOPOCTH OyKCHPYyeMoro o0beKTa, HCIOIb-
3yeTcsl crenuanbHo HanucaHHeid B «MS Office
Excel» makpoc, cTposimuii rpaduk 3aBUCUMOC-
TH YIIOMSIHYTOH CKOPOCTH OT BpEMEHU U JOPMHU-
PYIOLUI MPU 3TOM COOTBETCTBYIOILYIO IpapuKy
tabnuiy. [Ipumep Takoro rpaduka yMeHbIICH-
HOTO pa3Mepa MPeICTaBIEH Ha PUCYHKE.

Ecnu momy4eHHsIi rpaduk mpeacTaBis-
eT co00il TUIABHO M3MEHSIONIYIOCS JTUHUIO, TMO-
NOOHYIO TIPUBEIEHHOW Ha PHUCYHKE, TO MPEIo-
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JaraeTcs yCTaHOBJICHHE HEOOXOIUMBIX JTaHHBIX
HENOCPEACTBEHHO M0 Heu. [Ipm Hanmuum Ha
rpaduke HEKOTOPBIX CKAuKOOOpPa3HBIX H3MEHE-
HUW PEKOMEHIYETCs CINIaXKUBAHUE KPUBOU I10C-
PEACTBOM anmnpoKCUMAallUU, KOTOPYIO IPU OIHO-
(hakTOpHOI 3aBUCUMOCTH Ceidac JIETKO MOXHO
peanus3oBaTh CPEACTBAMHM CaMbIX JOCTYIHBIX
MPOrpaMMHBIX MpoAyKToB. [lpu craxuBanuu
yUUTHIBaeTCs OOIIasi TEHACHIUS, a HE TOJBKO
OMKANMIITIE TOUKH.

Anamuzupyst popmyny (8) ormermiu,
4TO NPU KOHEYHOM CKOPOCTH pasroHa v =v, OT-
HomeHue v /v, = 1, npu aT0M arthln cooTBeTC-
TBEHHO ¢ cTpemsTcs K 6eckoHeyHocTH. To ecThb
MpU Pa3roHE MOCTOSSHHOW CHJION F CKOpPOCTH
JITE acumMnToTHYeCKH MPUOIMKAETCS K CKOPO-
CTH PaBHOMEPHOIO JIBUKEHUS, COOTBETCTBYIO-
IEeH TSITOBOMY YCUIIMIO F. DTO MOATBEPKAACT-
csl M dKCnepuMeHTanbHO (puc. 1). YcTaHOBUTH
CKOPOCTb V,, COOTBETCTBYIOILYK aCHMIITOTE,
10 (paKTHUECKUM SKCIIEPUMEHTAIBHBIM TJAHHBIM
MO’KHO, BOCIIOJIb30BABILNCH BBIPA)KEHUEM, ITPU-
BEJICHHBIM B paboTte [4]

_ 0103_05
_—7
U1+03_202

(18)

Vr
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TI€e v,, ,, U, — CKOPOCTH Ha y4JacTKe rpaduka,
NpUOIMKEHHOM K aCHUMIITOTE, OIpese-
JsieMble 10 MOPSAKY Yepe3 paBHbIC UH-
TepBaJIbl BPEMEHH.

CKOpoCTh U, NPEUIECTBYET —Havaly
TopMOkeHUsl. [Ipu criiakuBaHUM HKCIIEPUMEH-
TaJbHOTO TpaduKa anmpoKCUMUPYIOIIEH 3aBU-
CUMOCTBIO V(?), IpeArnoiaraoeil Haluuue ro-
PU30HTATILHOM aCHMIITOTHI, CKOPOCTh V, MOXKET
OBITH yCcTaHOBJIEHA Kak ripexaen [11]

(19)

ITo ycTaHOBIEHHOW vV, € TIOMOILBIO
dopmynbl (15) onpenensroT cOOTBETCTBYIOIIEE
yucino Ppyna. PekomenayeMmslil auana3oH Ba-
peupoBanus (axropa v /v, B BbIpaxenuu (17)
0,00-0,97. Illar BapbHpOBaHMS NPUHUMAIOT C
y4eToM TpeOyeMoil TOYHOCTH pe3yibTaToB. 3a-
METHUM, YTO BEJIMYMHA IIara He CKa3bIBAaeTCs Ha
KOJIMYECTBE HEOOXOMUMBIX OmnbITOB. ITomaraem,
YTO BIOJIHE MPUEMJIEM CIIEAYIOLIUIl Habop 3Ha-
genuii v /v, 0,00; 0,10; 0,20;...; 0,90; 0,97. Tlo
BEJIMYMHE D, U KaKIOMY 3HAYE€HHUIO U /v, OIpeE-
JENIAIOT COOTBETCTBYIOLIUE 0, & 10 HUM C MO-
MOILBIO YIIOMSIHYTOTO I'paduKka — COOTBETCTBY-

v, = limvo(?).

t—w©

127



JIECOMHXEHEPHOE JIEJIO

romue 7. [ Kax10# mapbi v /v, 1 £ 110 popmyrie
(9) Beraucastor @. [locne 06paboOTKU Beex AaH-
HBIX JKCIEPUMEHTa C MOMOIIBI MHOXXECTBEH-
HOTO perpeccMoHHOro ananusa [9, 12] 3aBucu-
MOCTh (17) momy4aroT B IBHOM BHJIE.

Jpyrum xapakTepHBIM ClTydaeM HepaB-
HoMmepHoro nsxenust JITE B Boje siBisieTcs Top-
MO)KEHHE €€ IOCTOSIHHOM BHEIIHEW CWIOU IpHU
OTCYTCTBHHM TE€UCHHs. AHAJIOT 3TOTO Ciy4as —
mogo0HOE TOPMOXKEHUE NMPU HATUYUHM TEUYEHUS
¢ 3amemnennem JBuxeHusa JITE oTHocurenbHO
notoka. [Ipu ucnons3oBanun nuddepeHimarb-
HOTO ypaBHEHHUS (2) Ansl yKa3aHHBIX YCJIOBHIA
nepea F' A0MKEeH CTOSITh 3HaK MUHYC. 3/1€Ch TaK-
7K€ BOCIOJIb30BaIUCH MOJACTAHOBKOW BMECTO R 1
F npaBeix gacrerr popmyn (3) u (4). Paznenur
MepEeMEHHBIE, MOTYYNUIN

=My 20 20)
r TV
e ¢, — KOYM JITE nipu TopMOKEHMH €€ MoC-

TOSIHHOM CHJIOH.

YuurteiBas 3Ty GOpMYITy U ONUPASICh HA
TTOJIOKCHHSI aHAJIOTUYHBIE TEM, UYTO COITYTCTBY-
10T BBIpaKeHHIO (5), 3anmucanu

v do

t=—@,— [L2
" Iuiﬂ)z’

Vn

2h

rae @T — uHTepBaidbHbli KOYM JITE npu ee
TOPMOKEHHH MOCTOSIHHOM CHJIOM.
BrinonHuB uHTErpUpOBaHUE, TOTYYUIN

=@, M (arctg&—arctg&j. (22)

ror Vr LVr

C moMomnibo 3T0i POPMYIIBI MOXKHO pac-
CUMTATh BpEMs, 32 KOTOpPOE MOJ BO3JACHCTBUEM
BHEILIHENW TOPMO3SIIIEN CUIIBI /7 OTHOCUTEIbHAS
ckopocts JITE ymenbmuress OT 3HaYeHHs v
no v . Cuna F 371€Ch TakKe yuTeHa 4epes3 CKo-
POCTb V,, WX CBS3b OTPAKCHA 3aBUCHMOCTHIO
(4). Beipasus u3 ypasuenus (22) @, mony4uin
(hopmyIry, KOTOPYIO MOXKHO HCTIOJIB30BaTh IS
AKCIEPUMEHTATILHOTO OIPEIeICHUS ITOTO KO3 (-
¢unmenra

= "Vor . (23
M(arctg(UH/UF)—arCtg(Uk/Up))t 29

[lepeuens GakTopoB, KOTOpHIE B HECIe-
IU(PUUECKUX YCIOBHUAX TEOPETHUYECKH MOTYT
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OKa3bIBaTh BJIMAHUE HA BEJTUYUHY P, HECKOJIBKO
IIKMPE, YEM B 3aBUCUMOCTH (14). @, Tak *ke Kak
u @ 3aBUCHUT OT T€OMETPHUYECKUX TMapaMeTpOB
B/Tw L/T, ot cTenieHn 3aBepIICHHOCTH MPOIIEC-
Ca TOPMOXKEHHUSI, XapaKTEPU3yEeMOU OTHOLLIEHUEM
KOHEYHON CKOPOCTH K CKOPOCTH IE€PEJI TOPMOXKeE-
HHEM V /v . Bennuuna ycunus F cka3bIBaeTcs Ha
MHTEHCHUBHOCTH TOPMOXKEHHSI, TO €CTh Ha YCKO-
peHuu, cienoBaresibHo, Biuser Ha @,. [lo ana-
JIOTUU C PAa3rOHAIONIMM YCUJIMEM TOPMO3SILEE
NpU TPUBEACHUM PEHICHUS K Oe3pa3MepHOMY
By ywid depe3 yucio Opyna Fr|, onpeners-
€MO€ 10 CKOPOCTH PABHOMEPHOTO JBUIKEHUS U,
COOTBETCTBYIOLIEH cuite Taru £. [Ipeanonaraer-
cs1, 4To @, 3aBUCHUT M OT OTHOCHUTENILHON CKOPO-
CTH V , C KOTOPOW HAaYMHAETCA TOpMOKeHue. 11o
Hel ompenensiercst yncno Ppyna Fr,, KoTopoe
3/1eCh TAK)K€ BXOJUT B MepeueHb Oe3pa3MepHbIX
onpexaenstomux ¢pakropoB. C y4eToM HU3I0KEH-
HOTO 3anucanu

®,=v,BIT, LT, Fr,, Fr,v/v).  (24)

OtMetum, uTo B pabote [4] mpu ucce-
noBanusax topmoxkenuss JITE o BnustHum F, a
TAKKe V. Ha BENMYMHY /1 HET HUKaKOH MH(pOpMa-
uuu. ['eomerpust nonBognor yactu JITE Ttakke
XapaKTepU3yeTCsl TOJbKO OJHUM, XOTS U KOMII-
JICKCHBIM Oe3pa3MepHBIM MapaMeTpoM, 4TO, Kak
OBLJIO OTMEYEHO paHee, HE MOIVIO HE CKa3aThCs
Ha TOYHOCTU pe3ynbraroB. Cyast mo rpadudec-
KMM MaTepuajaM 3aBHUCHMOCTb 7 OT V/v, TIpH
3HAUUTEIHHOM pa30poce SKCIEePUMEHTAIbHBIX
BEJIMYMH ONM3Ka K KBAAPATHYHON C MUHUMYMOM
B 00/1aCTH CpeHUX 3Ha4eHud v/v,. Ilpu sTOM
aBTOpP OTMEYaeT, YTO HaJJIeKallas anmpoKCH-
Malus SKCIEPUMEHTAIbHBIX JaHHBIX MPEIIo-
JaraeT yCJIOKHEHHUE MOJIEIH, & 3TO MPUBEIET K
npobnemam ¢ pemeHueM auddepeHInaabHOro
ypaBHeHus1. HessBHO OH Tak»ke MpU3HAET, YTO UC-
MOJIb3yeMbI€ UM 3aBUCUMOCTU OT T€OMETPHUUEC-
KHUX XapaKTepUCTHK MOJIENIeH MJI0TOB UMEIOT He-
JIOCTATOYHYI0 TOYHOCTh U MOTOMY YHOMSHYTas
BBIIIE Ha/JIeXKaIliasi anmpoKCHUMaIliusi HEe UMEeeT
cMbIcia. B urore aBTOp mpenenbHO ympomiaer
3aaavy. g onpeneneHus n Npu TOPMOKEHUU
ioTa npeziaraercs Gopmysna, B KOTOPOU yuH-
TBIBAETCS TOJIBKO OJWH (haKkTop — Oe3paszMepHas
KOMILJIEKCHAs] TEOMETPUYECKas XapaKTepUCTUKA
JITE. KoadduiueHT n npu 3ToM sBIsSETCS Be-

JIECHOM BECTHHUK 6/2016
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JUYMHOM, HE M3MEHSIOIIEHCA B MPOLECCE TOp-
MOKEHHUSI M HE 3aBHUCAILIEH HM OT 4YEro, KpoMe
YKa3aHHOM TeOMETPUUYECKOW XapaKTEepUCTUKU
mwiorta. Onpenensercs n Kak CpeIHEB3BEIICHHAs
BEJIMYMHA JJIs IOJTHOTO TOPMOXKEHHUS OT Hayallb-
HOW CKOPOCTH [I0 HYJEBOW, a B JaJbHEUILIEM
HCIOJIB3YETCsS U Ul YaCTUYHOIO TOPMOXKECHMS,
4TO, Pa3yMeETCsl, HEKOPPEKTHO.

Jlomyckaem, 4TO OTAETbHBIE (PaKTOPHI B
BbIpa)K€HUU (24) MOTYT OKa3aTbCs HE3HAYUMBbI-
MU B KOHKPETHOM HccienoBaHuu. OnHako i
YCTaHOBJICHHSI 9TOTO B KaXJIOM CiTydae Tpedyer-
Csl DKCIIEpUMEHTAJIbHAsL IPOBEPKA.

IIpu 00paboTke HSKCIEPUMEHTAIBHBIX
JaHHBIX 110 TpaduKy (PUCYHOK) ONPENETISAIOT U ,
C KOTOpO# HaunHaeTcsi TopmoxkeHue. CooTBeTc-
TBYIOILEE € F7, BBIYMCIIAIOT C HOMOMLIBIO BhIpa-
xenust (15). Ero e ucnonb3yroT npu BbIUKCIIE-
HUU Fr| 10 CKOPOCTH V,, COOTBETCTBYIOIIEH F),
KOTOPYIO BbIpakatoT u3 Gpopmysl (4). luanazon
BapbUpOBaHus v /v 3xeck 0—1. Illar sToro Baps-
MPOBaHUs HA3HAYalOT B COOTBETCTBUU C JKeJac-
MOW TOYHOCTBIO pe3ynbTaroB. OH MOXET OBITH
npuHAT, Hanpumep, 0,1. [{nst paccMaTpuBaeMbIx
3HAYEHHMH V /U 10 yCTAHOBJICHHOW U BBIYMCIIA-
10T cOOTBeTCTBYIOmUE v . Ilo rpaduxy (pucy-
HOK) JUIA KaXO0TO 3HAYEHUS v, ONPENENANT 1.
C nomortisto dopmyibl (23) s MOTYyYEHHBIX
COYETaHWA V /U, ¥ ¢ BHIYMCIAIOT 3Ha4YeHUs D,.
[Tocne 3aBepieHNs ONMCAHHBIX JICHUCTBHI 3aBH-
CUMOCTbh (24) NpeAcTaBIsIIOT B BUJIE PErpeccu-
oHHOI Mozenu [9, 12].

3nanue @ u @, ONpPENEIEMBIX C TIO-
MOILBIO MOJENEH, COOTBETCTBYIOIIUX 3aBHCH-
MocTsM (17), (24), mo3BoisieT paccuuTaTh Bpe-
M pasroHa u topmoxenus JITE npu 3agaHHbIX
yCIOBHSIX ¢ romotnbio hopmyi (8), (22). B xone
JanpHeimero pemeHus AuQQepeHnInaIbHOro
ypaBHEHUs (2) moiay4yeHbl GOpPMYIIbI 1Jis OIpe-
JICJICHUS IPYTUX BEJIMYUH, CBS3aHHBIX C HEPAB-
HoMepHbIM ABrkeHueM JITE, takux kak myTs,
CKOPOCTh, YCKOpeHue, Tpedyemoe ycumue. [Ipu
BBIYHMCICHUM JTUX BEJINYMH TAKKE HCIOJb3Y-
torcsa uHTepBasibHble KOYM. B psane pacuetos
MPENIOYTUTENBbHO, YTOOBl CTENEHb 3aBEpLICH-
HOCTH IIpoliecca pa3roHa WJIN TOPMOXKECHUS B
mozenu KOYM xapakrepuzopanach Oe3pa3zmep-
HBIM BpEMEHEM WM Oe3pa3MepHBIM IepeMelie-
HUEM BMecTO Oe3pa3zmepHoil ckopoctu. Ilomy-
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YCHHUE TaKUX MOJEJIeH He TpeOyeT NpOBEICHHS
JIOTIOJTHUTEHHBIX OMBITOB. AJITOPUTM JCHCTBHIA
0 CO3/IaHUIO ITHX MOJEJICH HE UMEeT MPUHITH-
NUAIBHBIX OTIUYMN OT ONMMCAHHOTO. B cBsi3M ¢
U3TIOKEHHBIMU 3/1eCh (aKTaMd U OTpaHUYCH-
HOCTBHIO 00BbEMa CTaThU YIOMSHYTHIC B a03are
Marepuasbl B JaHHOW pa0boTe HE MPUBOISITCS.

3akiIoueHue

OnucaHHBIA B CTaThbe METOJ HKCIIEPHU-
MeHTasbHOTrO onpeneneHuss KOYM JITE npu nx
pa3roHe U TOPMOXKEHUU B BOJIE€ MTO3BOJISIET MPHU
CHUKEHUU TPYIOEMKOCTH 00pabOTKH dKCTIEPH-
MEHTAJIbHBIX JIAHHBIX 00€CHeYUuTh IMOTyYeHHUE
OoJee TOYHBIX MOJENel AN 03HaYeHHOTO KO-
s dunrerTa, BOZBMOXKHOCTh TPUMEHEHUS ISt
pacdera mapameTpoB JABUKEHHUS JOCTATOYHO
YHUBEpCAIbHBIX aHAaTUTUYECKUX (Gopmyn, Ha-
[JISTHO OTPAKAMMINX (PU3UIECKYIO CYIIHOCTH
SIBJICHUH.
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EXPERIMENTAL DETERMINATION OF THE IMAGINARY COEFFICIENT OF A MASS INCREMENT
OF A TIMBER RAFTING UNIT DURING NON-STATIONARY MOTION IN WATER

Posypanov S.V., Assoc. Prof. NARFU, Ph. D. (Tech.)®V

s.posypanov@narfu.ru
(W Northern (Arctic) Federal University named after M.V. Lomonosov (NARFU),
nab. Severnoy Dviny, 17, 163002, Arkhangelsk, Russia

The Development of the new designs of the timber rafting units (TRU) for an economical and eco-friendly
transportation of logs along small and medium-size rivers as an alternative for prohibited loose floating is activated nowadays.
In order to provide an opportunity of practical valuations concerning the TRU the investigations of their motion in water,
including non-stationary, are performed. The existing techniques of a non-stationary motion have a potential for upgrading.
The paper introduces the coefficient of imaginary mass increment (CIMI) of TRU which is bound to known coefficient of
non-stationarity considering hydrodynamic water resistance and a mass portion of water filling up the hollows of a TRU. A
method of a CIMI experimental determination, allowing correct acquisition of its models or non-stationarity coefficient, is
proposed. It is demonstrated that instead of an alternating CIMI, the constant for the given case value depending on termination
of acceleration or deceleration processes can be applied. This constant is nominated as an interval CIMI. Its value is determined
based on a permanent relation between the parameters of motion. The formulas for the interval CIMI computation, based on a
differential equation describing non-stationary motion of a TRU in water, are put forward. A short list of the modern recording
instruments and a software support providing derivation of the graphs and corresponding tables of a TRU velocity dependence
on a motion durance are presented. The algorithm of the relevant necessary data for the graphs is put forward. The lists of the
dimensionless factors which tend to be significant for the mathematic models of the interval CIMI in the cases of acceleration
and deceleration is presented.

Keywords: timber rafting, timber transport unit, non-stationary motion, method, experiment, coefficient, water
resistance.
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VIIK 517

YUCJEHHOE PEIIEHUE OJHOM CUCTEMbI UHTEI'PO-
JUDO®EPEHIIMAJIBHBIX YPABHEHUI KAK CONPSI)KEHHOM 3A JAUU

A.10. TAJJAKTUOHOB, ooy. MI'TY um. H.O. baymana, kand. mexu. nayxk™

galakau@mail.ru

OOTBOY BO «MOCKOBCKHIT TOCYIapCTBEHHBIN TeXHUUCCKHI yHUBEpcUTeT MeHn H.D. Baymana
(HarMOHANBHBIA UCCIIENOBATENBCKUI YHIUBEPCUTET)» (MBITHIIMHCKUH (hrmna),
141005, MockoBckast 00macth, . MpITuIny, yiu. 1-s MactutyTtcekas, . 1

[IpencraBieHbl METO M HAYIHBIH HHCTPYMEHT PEIISHUSI OHOH CHCTEMBI HHTETPO-An(phepeHINaTbHBIX YpaBHEHIH
paauanuonHoi ra3oBoit auHaMuKkH. CoOIpshKEHHAs 3a/[a4a adpOIMHAMUKH, TEPMOXHMHUH M JTy9HCTOTO TEIIOOOMEHA pelIeHa
ynciieHHo Ha [I9BM B xumudecku n Gu3ndeckn HEpaBHOBECHOM ITOCTAaHOBKE. A3POJHHAMUYECKHIE XapaKTePUCTHKH MOITyde-
HBI B paMKax IOJIHBIX HeCTallHOHApHBIX ypaBHeHH HaBpe-CToKca B PEANIOI0KEHUN O IAMUHAPHOM Xapakrepe TeueHust. [Ipu
HCCIIE0BAaHUNU CIIOXKHOTO TEINIO0OMEHa OBUTH PACCMOTPEHBI IIECTh ONTHUECKHUX Hoiioc. [lIst omnpeneeHnsi HHTEHCUBHOCTH
H3ITyYeHUsI N3 KOHTPOJIBHOTO 00beMa MpUMEHeHa TepMUYeCKH-HepaBHOBecHas Moziens [ H. 3amoruna, ¢ ygerom uieHa, cBs-
3aHHOTO C (poTO-BO30YXaeHHeM. Bo3ayx paccMarpuBaics Kak OXMHHA/IIATH KOMIIOHEHTHAsI CMECh I'a30B C MaTeMaTHUECKUM
MOJIEJIIPOBAaHNEM HEPABHOBECHBIX IPOILECCOB M3MEHEHUsI BHYTPEHHEH KoyieOaTelbHONW HEPru MOJEKYISIPHBIX 00pa3oBa-
nuit. CortacHo noaxony H.A. Audumoma 656110 BerneneHo 200 cneKkTpalbHBIX MHTEpBaloB. [lokazaHa BO3MOXHOCTH OITY-
YeHHs KaK KadeCTBEHHBIX, TAK M KOJIMYECTBEHHBIX ONTHYECKHX XapaKTEPHCTHK B OKPECTHOCTH HEOECHOTO TeJl Pa3iIHIHOTO
TIPOUCXOXKICHUS (METEOPHI, KOMETBHI, METCOPHUTEL, allllapaThl-1eMOHCTPATOPH U T. [1.), HEOOXOMMBIE JUIsl TUCTAHIIHOHHBIX ad-
podmsHyeckux u3MepeHnit. JloCTOBEpHOCTH MONYUYEHHBIX PE3yIbTaTOB OATBEPK/ICHA CPABHEHUEM C IKCIIEPUMEHTAIEHBIMA

1 YUCJICHHBIMU NaHHBIMU pPa3IMYHbIX aBTOPOB.

KunroueBbie crosa: ypaBHeHI/ISI HaBBe-CTOKca, CIIOYKHBII TeHJ'IOO6MeH, YHCJICHHBIE METO/bI, COIPS>KEHHAsA 3a/ia4a,

CIICKTPOCKOIIHA.

pencTaBiIeHbl METOI U HAy4yHBIH HHCTPY-

MEHT pELICHUS] OJHOW CHUCTEMBbI MHTEIpO-
muddepeHInanbHbIX YpaBHEHUH paaualiuOHHOM
ra3zoBoi AMHaMHUKH. ColpsKeHHas 3aja4da a3po-
JUHAMHKH, TEPMOXUMHUH U JIyYHCTOTO TEII000-
MeHa pelieHa yucieHHo Ha [I9BM B xumuuec-
KU U (PU3NYECKH HEPaBHOBECHOW IMOCTAHOBKE.
[ToxazaHa BO3MOXHOCTb MOJTyUYEHHUS KaK Kadec-
TBEHHBIX, TAK U KOJUYECTBEHHBIX ONTUYECKHUX
XapaKTEPUCTUK B OKPECTHOCTH HEOECHOTO TEl
Pa3IMYHOTO IPOUCXOXKACHUS (METEOpbl, KoMe-
Thl, METEOPUTHI, aNINaparbl-IE€MOHCTPATOPhl U
T. 1.), HEOOXOAUMBIE JUIsl AMCTAHLIMOHHBIX a3-
podusnueckux uaMepeHui. JlocToBepHOCTS T10-
JIy4EHHBIX PE3yJIbTATOB MOJITBEPXKAECHA CpaBHE-
HUEM C JKCIIEPUMEHTAIBHBIMU U YHCIECHHBIMU
JTAaHHBIMU PA3JIMYHBIX aBTOPOB.

B Hacrosiiiee Bpemst pellieHre Kak OTre-
JBHBIX UHTETPO-Iu(PepeHINaTbHBIX YPaBHEHHH,
TaK ¥ UX CUCTEM B OoTIM4Me OT nuddepeHIaib-
HBIX M UHTETPAJIbHBIX YPAaBHEHHU CBS3aHO C OT/ie-
JTBHBIMU 331adamu [ 1—5] v Hepeako TpedyeT ot uc-
clieoBareNei-MareMaTuKOB  alPUOPHBIX 3HAHUMN
npeaMeTa B (pr3nveckoil CTOpoHe BOMpoca.

B T0 *e BpeMsi uctopuueckue norpedu-
TENU peleHud HHTErpo-auddepeHanbHbIX
ypaBHEHUM: a’3podOTOMETPUS U a3POOAIITUCTH-
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Ka HeOeCHBIX TeN (0OMUI0B, METEOPOB, KOMET U
T. 1. ¥ JICTATeIbHBIX alllIapaToB-IeMOHCTPATOPOB
(tumna Fire-II)) yacTo BeIHYKI€HBI HCTIOIH30BATH
WHTETPAIBHBIE TI0 CIIEKTPY WM TIO PACCTOSHUIO
XapaKTePUCTHKH JIYIHUCTOTO TEIUIOOOMEHa JIs
o0ecredyeHrss COOTBETCTBYIOIIUX H3MEPEHUN U
TEOpeTUYEeCKUX pacyeroB. JloctaTouHo OTMe-
TUTH paboTHI [5, 6], TA€ MpencTaBIeHbl OLIEHKH
A’POJIMHAMUYECKUX XapaKTEPUCTUK (HAIpUMeEp
IpaHUIla JaMUHAPHO-TYpPOYIEHTHOTO Iepexo/a)
U OUITUCTHYCCKUX XapaKTePUCTHK (HAIpUMep
OaymMcTHYeCKUN KO3 GUIIUEHT), CBA3aHHBIX C
MHTEHCUBHOCTBIO (SIPKOCTHIO) M3IYUEHUS yaap-
HOTO CJIOSI B OKPECTHOCTH HEOECHOTO Tea.
YuuteiBas, 4TO B 337]a4€ MaTeMaTU4eCcKo-
TO MOJICIIMPOBAHHUS JIBIKCHUSI HEOSCHOTO Tela B
arMocdepe (puc. 1) kpaiiHe kerareabHO UMETh
pacripeqie/ieHHbIE XapaKTePUCTUK, HAllpUMep, WH-
TEHCUBHOCTh M3ITyYeHHS B ONTUYECKOU IMOJOCE
NO(B) Ha 0HOM W3 YACTOT B Pa3IMUHBIX MECTax
B OKPECTHOCTH HEOECHOTrO Tena (puc. 2) B HaCTO-
A1el paboTe pacCMOTPEHO YHCIEHHOE peleHue
(bu3MYECKH COTIPSHKEHHOM 3a/1auy paIualldiOHHON
a’poAMHaMUKU (B pamMKaX MOJHBIX ypaBHEHUM
HaBbe-Ctokca) U CI0XKHOTO JIy4HCTOTO TEIUIO-
oOMEHa C MaTeMaTHYeCKUM MOJICIIMPOBAHHEM
HEPAaBHOBECHBIX XUMHUYECKHUX PEaKIUil, BO30YXk-
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JIeHUs KoJieOaTeIbHbIX CTeNeHel cBOOOIbI MoJie-
KyJ ¥ HEpaBHOBECHOTO BBHICBEUMBAHUS TyUHCTOM
sHepruu, cornacHo monenu [ H. 3anoruna [7].

Hacrosimass pabotra paccmarpuBaercs
KaK pa3BUTHE OTEUECTBEHHOTO HAyYHOTO 3aj1ea
B YaCTH pEUIEHUs COMPSDKEHHBIX 3a/1a4 pajua-
LIMOHHOW a’pouHaMuku [5, 7-9], Tak U meTo-
JI0B 3apyOexKHbIX aBTOpPOB [3, 8].

Puc. 1. ®oTocHUMOK TOJIeTa METEOPHOTO TeJia B aTMOC-
(bepe 3emiu

Fig. 1. Photograph of the meteoroid flight in Earth’s
atmosphere

Frame 001 | 20 Dec 2012 | [|

I—

Puc. 2. OGnactu paBHOW WHTEHCHBHOCTH M3IIy4YEHUS B
ontryeckoi nojoce NO(J) oTMedeHHBIE IIBETOM,
TOJTy4CHHBIE B pe3yJbTare YMCICHHOIO PEIICHHS
nonHblx ypaBHeHud Haswse-Crokca mnpu uwucne
Maxa M =20

Fig. 2. The areas of equal intensity of radiation in the
optical band NO(B) marked with color, obtained
as a result of numerical solution of the full Navier-
Stokes equations at Mach M_= 20
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Ilenpto Hacrosimied pabOTHI cTana je-
MOHCTpaIusi BO3MOXKHOCTEH CXEMbl U HJIEU
METOa PEeIIeHUsT CHUCTeMBbl HHTErpo-audde-
PEHIMANIbHBIX YPAaBHEHUH KaK HHCTPYMEHTA OIl-
penelieHHus] KaueCTBEHHBIX M KOJUYECTBEHHBIX
XapaKTEPUCTHK CIIOKHOTO TETII000MEHa U adpo-
JTUHAMUKU HEOECHBIX Tel.

Pe3ynbrarsl WILTIOCTPUPYIOTCS HA MOJIe-
1 o0TekaHus c(hephl THIIEP3BYKOBBIM MTOTOKOM
(puc. 2), a TOCTOBEPHOCTD MOMYyUEHHBIX TaHHBIX
MOJTBEPKIACTCSI CPAaBHEHHUEM C OIMyOIIMKOBaH-
HBIMU pe3yJbTaTaMu Ipyrux aBTopos [3, 10—-12],
a TaK)Ke CXOIMMOCTBIO PE3yJbTaTOB HACTOSIINX
YHUCJICHHBIX PACYETOB IO BPEMEHH.

IocranoBka 3amaun. OOBEKTOM HACTOS-
[IET0 MCCIIEeIOBaHMSI cTajla TpexMmepHas chepu-
gyeckasi MOJellb HEOECHOTro Tela, a MpeIMeToM
UCCJIEJIOBAHUS €€ a’pOoJUHAMHYECKHE Xapak-
TepUCTUKH (KOA(D(UIIMEHT CHIIBI JIOOOBOTO CO-
nporusnenns (C ), paclpeneseHne JaBlIeHUs
U TEMIIEpaTyphbl) U XapaKTEPUCTUKH JIYIHUCTOTO
TeriooOMeHa (MHTEHCUBHOCTD U3ITyUeHUs [, U T.
1.). PacueTsl mpoBOAUIUCH J1JIs1 YCIIOBUM CBEpX-
3BYKOBOTO M TUIIEP3BYKOBOTO MOJIETA.

Onpenenenue a3poIMHAMUYECKUX XapaK-
TEPUCTUK U XaPAKTEPUCTUK JYUHUCTOTO TEII000-
MeHa pacCMaTpUBAEMOM COTTPSLKEHHOM 3a1a4u JIs
YIIOMSIHYTOT'O BbIIlIE 00bEKTa UCCIIEIOBAaHUS ObLIO
MPOBEACHO YHCICHHO B MPOCTpaHCTBeHHOH (3D)
noctaHoBke. PacuerHas oOmacte (puc. 2) mMena
BHYTPEHHIOIO ¥ BHEILITHIOIO I'PaHullbl. BHyTpeHHs1s1
TpaHuIla — MMOBEPXHOCTh MOJENU; BHEUIHSISI Ipa-
HHILIA COCTOSIa U3 JIBYX SJUIMIICOMIOB BpALICHUS,
COOTBETCTBYIOIIMX MepeaHel 1 3aaHel nomycde-
pam oObekTa uccienoBanus. Pacuer pacnpeneneH-
HBIX XapaKTEPUCTHK TUIEP3BYKOBOTO OOTEKaHMS
MPOBOIWICS Ha CTPYKTYPHUPOBAHHOW pPacyeTHOU
CEeTKEe, UMEBILICH BBIJICJICHHYIO MPUCTEHHYIO K I10-
BEPXHOCTH MOJIEN O0JIACTh C MEJIKUM II1aroM JIIst
pacueTa Te4eHHii ¢ OONBILIUMHU TPAUEHTAMU Ia30-
JTMHAMHIYECKHUX (DYHKITHIA.

B mpouecce mareMaTHuecKoro MoJeNu-
poBaHusi Ha DBM Obuta pelieHa conpsbKeHHas
3a/1a4a OnpeJieJICHUs a3POIMHAMUUECKUX XapaK-
TEPHUCTHK TeJla U JIYIHCTOTO TeIJIOOOMEHA B €T0
okpecTHOCTU. ComnpsbKeHUe adpoiuHAMUYECKON
U paJMallMOHHOM 3aJad MPOBOAWIOCH Yepe3
ypaBHEHHE YHEPTUU M COOTBETCTBYIOIIHE Tapa-
METpbl Te€UeHHs (TemIeparypa, KOHIEHTpaluu
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Taonunoa 1

IMapameTpsl ONTHYECKUX MOJIOC
Options optical bands

Cucrema nosoc ITepexon OCHOBHas 4acToTa, CM "'
NO B-momoca B — X1 45 400
y-Tiooca A — X1 44138
0, [ITymana-Pynre By, 5> X%, 49 363
N,* IepBast orpunarenbHas (1-) B > X2, 25566
N, Bropas monoxunrenbHas (1+) B, > A%, 9557
N, Bropast monoxkutensHas (2+) C11, — BIl, 29 670

YaCTHII AJIS IIECTU ONTUYECKUX mooc (Tadm. 1),
WHTECHCUBHOCTH M3JIyYCHHUS U T. II.).

AbdponuHaMuyeckass 3ajada pellanach
YHCIIEHHO B paMKax MOJHBIX ypaBHeHHH Ha-
Bbe-Crokca (1) B JlaMUHApHON NOCTaHOBKE B
MIPENIONIOKEHUH MOZENN pealbHOro Tras3a Kak
pazButue pabor [13-14] ¢ wucnomp3oBaHUEM
COOTBETCTBYIOIIUX TPOTPAMMHBIX MOIYyJICH U3
YIOMSIHYTBIX porpamm. Bo3nyx moxenupoBai-
Csl KaK OJJUHHA/IIIATUKOMIIOHEHTHAs! CMECh, C KO-
JMYECTBEHHBIM OMNpPE/CIICHUEM KOHIICHTPAIHH
kaxaoi xkomnonentsl (O,, N, NO, N, O, NO°,
O,", N, O, N"u €) u konebarenbHOi SHEPTUU
JUISL MOJIEKYJT

oU  oF(U) K oGWU) oHU) _ g 1
ot ox oy 0z L
e

pu
pu,+p+0,,
puv+0,,
puw+0;,
u(E+p)+u(©,,+0,,+0,)) qu
ue,, Jvib
uc, j+D

SOOO

F(U)=

D — nuddyznonnsie unensi [19];

Jj — UCTOYHUKOBBIC YJIEHBI OT XMMHUYECKHX
peakuii [20] u AUBEpreHLUs] BEKTOpa
Jy4UCTOro noroka [18];

® — KOMITOHEHTHI TEH30pa BSI3KUX HaIpsiKe-
Huii [14];
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) 1
Jviv = T ((evib )eq ~€ip )
— UCTOYHHUKOBBIH YICH JIJIS KOJIeOaTeIbHOM HEP-
TUH;

e=e,, + Zcih,'n +c,T
1

— BHYTPEHHSIS SHEPTHSI €IMHUIIBI MACCHI;
¢, — TEIJIOEMKOCTb Ta3a IPH TOCTOSHHOM
o0beMe C y4eToM IOCTYNaTeIbHBIX U
BpalIaTesIbHBIX CTETIEHE CBOOOIBI.

Cuctema ypaBHeHui (1) 3ambIkanach
YPaBHEHHUEM COCTOSIHHUSA (2) U COOTHOLICHUSIMHU
JUTSL MOJIEKYJISIPHOM BSI3KOCTH, TEIIONPOBOIHOC-
™1 U Kodurmento nuddys3uu, caemxys pado-
Tam [8].

- p=pRT, @)
rme R =R/ M, R — yHUBepcaiabHas ra3oBas Ioc-
TOSTHHASL.

M cTouHUKOBEIE YIICHBI B yPABHEHUSIX JJIS
KOHIIGHTPAIM OMWHHAAIIATH KOMIIOHEHT BO3.TY-
Xa OIPENEISUINCH 10 3aKOHY JIEHCTBYIOLMX MacC
C MOJCJIIMPOBAHUEM TISITH XUMUYECKUX PEaKIIUid
JTUCCOLIMAIMY, TATH peakuuid moHuzaruu (3),
YCJIOBHSI COXPAHEHHUs 3apsijia U 3aMbIKAIOIIETO
ycnoBus 2.¢, = 1.

B kagyecTBe rpaHMYHOrO YCIOBUS Ha MO-
BEPXHOCTH Tejia ObLIO MPUHSATO YCIOBHE IPH-
JUNAHUS JJIs TP€X KOMIIOHEHT BEKTOpa CKOpO-
CTU U YCIIOBHE PABEHCTBA HYJIIO HOPMAaJIbHON
IIPOU3BOHOM ISl BEKTOpA KOHLUEHTPALIMN KOM-
IIOHEHT BO31yXa. KOHCTaHTHI ckopocTel mps-
MOl 1 00paTHOI peakIuu AUCCOLUUANU ObLIN
OTpe/eeHbl M0 3aBUCHUMOCTSIM paboTel [21],
KOHCTaHThl PaBHOBECHUS 1O 3aBUCHUMOCTSIM U3
pabotsl [22]. KoHcTaHThl 111 peakiuii acco-
[MMaTUBHON MOHM3AIMU OBLIU OIMPEACIICHBI 10
3aBUCHMOCTSIM, PEKOMEHJIOBaHHbIM B paboTe
[23], a s peakurii HOHU3ALKUHU SJIEKTPOHHBIM
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yaapoM HEOOXOIUMBIE KOHCTAHTBI ObLIH B3SITHI
u3 pabotsl [17].

0,+X+5125B<0+0+X
N,+X+9,769B<>N+N+X
NO+X+6,495B<> N+ O+ X
NO+O+1,373B<<>0,+N
N,+0+3,273B<> NO+ N
N+0O+2,83B<>NO"+e~ [ 3)
O+0+6,965B—> 0" +e
N+N+5829B«> N, +e
O+e +13,619B<>0"+2¢
N+e +14,54<>N "+2e

3HaYeHWE PaBHOBECHOW KOJEOATEITHHON
SHEPTrUU W BPEMEHHU pellakcaluu Ajs Koieda-
TEIHHON CTENEHU CBOOOABI OMPEACNsIoch U3
BbIPpAXKCHUA

o) IRk
e exp(hvIkT—-1) ’ (4)
t=a*exp(—bT"?)

rae h — nocrosiugas [lnanka;
k — nmocrosHHas boibiMana;
R — yHUBepcalibHas Ta30Bast IOCTOSHHAS;
V — XapakTepucTHYecKas KojebaTebHas
TeMIeparypa.

Koa¢ppunuents! a, b ans Moaexkyn Kuc-
Jopofa W a3oTa ObUIM TONYYCHBI 10 JTAHHBIM
baskmona [18].

C 1uenpl0 KOIMUYECTBEHHOW OLIEHKH HH-
TEHCUBHOCTH W3ITyYCHHS BO3IyXa Ui IIECTH
onTuyeckux mnojioc (Tabn. 1) ObuM ompeneneHsb
COOTBETCTBYIOIIME 3HAYECHUS JIOKAJIbHO-PABHO-
BECHBIX 3aCEJICHHOCTEH AJIEMEHTOB (KOHIICHTpa-
LUK MOJIEKY/I U HOHOB 71) U UX HEPAaBHOBECHbIE
3Ha4yeHwus (n°). 3HaUCHUE TIIOTHOCTH 3aCEJICHHOC-
TH COOTBETCTBYIOIIMX YAaCTHUI] OBLIO OIPEICIICHO
¢ ucnonb3oBanrueM ¢yHkiuu bonbivana [16]

n= no(gj/go) exp(—¢/T)
TJIE 71, YCTaHABIMBAJIOCH B POLIECCE YHUCIIEHHO-
TO PEIICHUsS CUCTEMBI ypaBHEeHUH (1).

3Has 3HaYEeHUS JOKAIbHO-PAaBHOBECHBIX
3aCeJICHHOCTEH, OTPE/ICIIIIN COOTBETCTBYIOIIUE
HEPABHOBECHbIE 3HAYEHHS, COMIACHO MOJENH
I''H. 3anoruna .

k
dn”lp M =N ML ol (5)

dt T T

c T
Panee [7-9] nocnennuii 4jieH B 3TOM CO-
OTHOLIEHUH, CBA3aHHBIA ¢ (HOTOBO30YXKIEHHEM
[26], omyckaiicsi, Tak Kak TpeOOBaj peIIeHUs

(
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COBMECTHOM CHCTEeMbl HHeTerpo-nuddepeHim-
ATBHBIX YPaBHEHHH.

HepaBHoBecHbIE 3Ha4YeHUS 3acelleHHOC-
Tell COOTBETCTBYIOIIMX YacCTHI] ObLIM HE0OXo-
JTUMBI Kak 11 pacdera 3((EeKTUBHOTO CEUCHUS
nontomieHus (koddpuirenTa moromeHus ), Tak
U JUIS OIIpeJieJIeHUs] MTHTEHCUBHOCTHU U3ITy4eHUs
OTMEUEHHBIX BBIIIE ONTHYECKHUX IOJIOC U, CJe-
JIOBATEIbHO, UCTOYHHKOBBIX YJICHOB B CHUCTEME
ypaBHeHui (1).

3Hast HEepaBHOBECHBIC 3HAUYCHUS 3aCEIICH-
HOCTEH (7°) COOTBETCTBYIOIIUX YACTHUI[, MOKHO
ONpECNUTh CHEKTPAIbHYI0 MHTEHCUBHOCTH U
MOIIHOCTb U3TyueHus [25]

q(A) =hin" a(d),
rre a(A) — cuekTpanabHas INIOTHOCTH MEPBOTO KO-
s dunuenTa DHIITEHHA.

B ocHOBy pacdera 3amadd JIydHCTOTO
TeriooOMeHa ObLIIO MOJIOKEHO YpaBHEHUE Iepe-
HOCA JTyYUCTOU PHEpPruu (M3MEHEHUE TyYUCTON
SHEPTHUH) JIJISI COOTBETCTBYIOIIEH YacTOTHI U CO-
OTBETCTBYIOIIEH ONMTUYECKOM MOJIOCHI.

dl /ds=—la, +1,a, (6)
TJIE @, — CIIEKTPANIbHBIA KO3(Q(HUIHMEHT MOIIOLIe-
HUSL.

3HaHME UHTEHCUBHOCTH U3TYUYESHHS U CO-
OTBETCTBYIOIIHNX KO3(DPHUIIMEHTOB MOTIOIICHUS
MO3BOJIMJIO OMPEAENIUTh BEITUYUHY HCTOYHUKO-
Ba YJeHa ypaBHeHUs dsHepruu (1) kak deTbIpex-
KpaTHBIN HHTETPAJ B OOIIEM CiTydae 3a1a9u

q, = J‘;O E:/; j I, ()exp[f —
—J: a(z)dz]sinécosﬁdfdﬁdk.

IIpouecc omnpeneneHuss HCTOYHUKOBBIX
WwieHOB B ypaBHeHuu (1), a Taxke 3HaYCHMI
MHTEHCUBHOCTU M3JIyueHHs (depe3 ypaBHEHHE
IepeHoca JUid KaXKJI0W 4acTOThl U ONTUYECKOU
MOJIOCHI), KO3(PUIIMEHTOB MOMIOIICHUS U YIeHa
¢$boToBO30YKIeHHS B COOTHOIICHUH (5) ompee-
JIWJI UHTErPajbHYI0 COCTaBISIOUIYIO B CUCTEME
UHTETpo-AuddepeHIInaIbHbIX YPaBHEHUH, OTH-
CBIBAIOLIECH paccMaTpuBaeMylo (QHU3MUECKU CO-
IPSDKEHHYIO 3a/1a4y.

Y4uuThIBas CIOXKHOCTS (B IEPBYIO OYEpEb
BBIYMCIIUTENIbHYIO) paccMaTpuBaeMoil 3aauu U
HEOOXOIMMOCTh aJlaNTallui K METOIy KOHEYHOTO
o0Bema, cortacHo pabortam [3—17] B HacTosieM
UCCJIEIOBAaHUU OBbLI NMPHMEHEH METOJ] MOTOKOB
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m3inydeHusi. ComiacHO MpeIoKeHHo [3], u3iy-
YeHue, malaroliee Ha KOHTPOJIbHBIN 00beM (31e-
MEHTapHYI0 sSYeHKy pacueTHOW oOyacTu — die-
MEHT PAacyeTHOW CETKH), OMUCHIBACTCS IIECTHIO
MOTOKaMH, KOTOPbIE PAaCCUUTHIBAIOTCS yepe3 Ma-
pameTpbl coceqHUX (OMMKANIINX) KOHTPOIBHBIX
00bEMOB. DTO MPEATNOJIOKEHHUE TO3BOJIUIO CY-
IIECTBEHHO COKPAaTUTh pa3Mepbl 00IACTH UHTET-
pUpPOBaHUs, COXPAaHUB OCHOBHBIE MHTETPAJIbHBIC
YepThl pelaeMoin CONpsKEHHOM 3a1auu [3].

Yucnensplii meron pacyera. Cucrema
YpaBHEHUI TEUYEHUSI BS3KOTO MHOTOKOMITOHEHT-
HOTO pearupyroiero rasa (1) pemranace YUCICHHO
YCTaHOBJICHHEM 10 BpeMeHU. COOTBETCTBYIOLIUE
MIPUPAILIEHUS] — HEBSA3KH TSI KOKIOTO KOHTPOIIb-
HOTO 0ObeMa (y371a paCueTHOM CETKH) OIpesesis-
JMCh CyMMHUPOBaHUEM MOTOKOB T10 IIECTH TPaHIM
KOHTpoJbHOTO OoOBeMa [13, 14]. IMotoku uepes
Ka)XyI0 TpaHb PaCIEIUISUTUCh Ha MIOTOKU OT BsI3-
KHX U HEBSI3KUX WICHOB. | [0TOKM OT HEBSZKHX ulie-
HOB PacCUUTHIBAIMCH MeTO0M [ otyHOBa-Konrana
BTOPOTO MOPsAIKa TOYHOCTH 10 BpemenH [ 13]. Io-
TOKH OT BSI3KMX YJICHOB OBLTH OTPE/IEIeHbI COTIac-
HO METOJTy, ONIFCaHHOMY B padore [13].

HCcTOUHMKOBBI 4I€eH B CUCTEME ypaB-
HeHu# (1) ompenensics Kak cymMMa IIOTOKOB JIy-
YUCTOW DHEPIUM ¢ YEPE3 TPaHU KOHTPOJIHHOIO
obObema. JlyducThlii OTOK yepe3 KaxIyio I'paHb
PacCUMTBIBAJICS JIs1 KQXKIOW U3 IIECTH ONTHYEC-
kux nosioc. CormacHo padore [ 1], 1uist onpeaeneHus
JYYHUCTOrO MOTOKA Yepe3 TPaHb IMpPeaBapUTEIbHO
paccuuThIBaIACh CIIEKTpalibHass WHTEHCUBHOCTH
wsimyuenus [, s warepsana yactor or 0,05 1o
2 MM ¢ BbigeneHdeM N, = 200 — crniekTpaibHbIX
WMHTEPBAIOB. BeNMUMHBI CIIEKTPAILHOTO HHTEp-
Bana A, Obuta npunsTa pasHoi 0,005 Mxkm mpu
A =0,05-0,2 mxm, 0,01 mxm nipu A = 0,21-0,59 u
0,02 mpu A = 0,62-1,54 u ,04 mpu A = 1,57-1,97.

Takoli moxxoa MO3BOJMIN BOCIOJIB30-
BaThCSl YPaBHEHHUEM IepeHOoca JYYUCTON SHEep-
ruu B BujE 3]

dl, =—1I, a,ds+1,,ds,

KOTOpOE TI0CIIe UHTETPUPOBAHUS 10 ONTHYECKO-
My ITyTH MPUHSIIO BU

1(k)=1(ky)exp(k,—k )+ jkk Ib(@)exp(i—k)di, (7)

rae

k = [ ads
A JZ) A
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3Hast B pacyeTHOM 001acTu noje ko3ddu-
IIMEHTOB 2, KaK PE3yJIbTaT PELICHHUs YPaBHEHUN
Hasbe-Crokca myist pearupyromieit cpespl, ¢ yue-
TOM COOTBETCTBYIOLIMX IIOJIEH TeMIleparypbl U
KOHIIEHTpAIMi METOJIOM Tparenuii Obuii Haiie-
Hbl UHTErpajibl ONTUYECKOTO MyTH MO TPEM TOY-
KaM JUIsl KaXK/10i rpaHu KOHTPOJIBHOTO 00beMa.

CornacHo metoay [3] MOTOKOB H3Iyde-
HUsA, cooTHomeHue (7) paccMaTpuBaioCh AJis
Ka)KJI0M rpaHu KOHTPOJIBHOTO oO0beMa (i, J, k).

YuciieHHbIN pacyeT UHTErpaa

Inty = [ 1,(k)exp(k*~k , )k *

M0 U3BECTHOMY IOJIO CIIEKTPAIBHOTO KO3 du-
[[UEHTA MOTIOMICHUS U TIOTI0 TeMIIepaTyphbl M03-
BOJIWJI MPEACTAaBUTb UHTCHCUBHOCTDL U3JIYUCHUA
JUISL KQKI0M TpaHu Kak
I'=I*, exp(kp) + Int,.
ITnorHOCTH JIYYUCTOI'O IMOTOKA JJISA KaxK-
JIOM TpaHu

c?zp = J:Ip sin2ada~21,, =2IiE exp(—kp)+2int,.

Pesynsrupyroniuil MOTOK U3Iy4eHHUs Ye-

pe3 IrpaHb ONPENIETISAICS KAk
qep =S (g - q_)

Hcrnone3ys ypaBHEHUs IIEpeHOca JIy-
yhCTOW 3Hepruu B AuddepeHuranbHoil popme
dl =1 bdk — Idk cormacHo cxeme pacyera Juisl JABY-
MepHOro cirydasi [3], ObUIO MOTy4eHO COOTHOIIIE-
HHUE ISl pacueTa CHEKTpalbHOW MHTEHCUBHOCTU
U3ITy4dEHMs JUIs KQKI0HM IpaHu TPEXMEPHOIO KOHT-
POJILHOTO 00BEMA 110 BHIOPAHHOMY HAIPABICHUIO

]E,i = {kplb+[E,i+l exp(—kp; )+Int,—

_]E,i+2 eXp(_kpi+1 )}/ {eXp(_kpi-H )—exp(—kpi )}

Htorom pemeHust 3ajadd O JIy4UCTOM
TEIIO0OMEHE CTaJIo ONpe/IeTIeHHE COOTBETCTRY-
IOLIET0 MCTOYHUKOBOI'O YJIeHA B CUCTEME ypaB-
Henui (1)

q; (la]ak)ZZZZ(IE (iajokaip’igoisp)_

ip isp ig
_IW (l,],k,lp,lg,lSp))A(lSp)S(l,],k,lg)

1€ ip — HOMEP ONTHUYECKOM MOJIOCHI;

ig — HOMEp I'PaHU KOHTPOJIBHOTO 00bhEMa;

iSp — HOMEp CHEKTPaIbHOIO MHTEPBAJIA.

Temmieparypa Ha MNOBEPXHOCTU MOJEIH

oTpezessiiach U YJepKUBaJlach B MPOLIECCE YHC-
JICHHOTO PEIICHUs U3 YCIIOBUS AJIsl TEMIIepaTypHO-
ro dakropa 7 = 0,3, 4TO MO3BOJIUIIO ONPEIEIIHTH
COOTBETCTBYIOILIMI JTy4YUCTBIN TEIIOBOM OTOK
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I=kl,
e

2hv3/ ¢
exp(hv/kT)—1

OmnucaHHblii BBIIIE YHUCICHHBIA METOX
peIlIeHus] COTPSDKEHHOM 3aauil paauaiioOHHON
ra30/IMHAMUKH, TTO3BOJISIONIMIA ONPEICTSITh 3HA-
YEeHUs] MHTEHCUBHOCTH M3ITy4€HHsI B HEPaBHOBEC-
HOI TocTaHOBKe ¢ y4eToM 3(dekToB GoToBO3-
Oyx1eHus1, ObUT pean30BaH B BUJIE TPOrPAMMBI
st [IDBM. JlocToBEpHOCTh MONTYYEHHBIX JaH-
HBIX ObLTa MOATBEPXKIECHA CXOAUMOCTBIO Pe3yiib-
TaTOB 110 BPEMEHU U 10 PACUETHOM CETKe, a TAKKE
CpPaBHEHHEM C W3BECTHBIMU IKCIIEPUMEHTAIbHBI-
MU M PaCYETHBIMHU 3aBUCHUMOCTSIMHU.

B Tabn. 2 mpepcraBieHbl 3HAYCHUST KO-
addummenTa cuiIbl JTOOOBOTO COMPOTHUBICHUS
OT YMCIIa UTEPALH IS CITydasi THIIPE3BYKOBOTO
obOrexanus ¢ uucaoMm Maxa M= 20. 3nech MOx-
HO OTMETUTH CXOJUMOCTb MPOIIecca YUCIEHHOTO
pacuera ¢ poCTOM MaTeMaTHYEeCKOTO BPEMEHH U
BEJIMYHMHY HETOYHOCTH (IIOTPEIIHOCTH) OTpee-
JIEHUsI COOTBETCTBYIOIIETO Kod(duimenta me-
Hee 0,7 % naumnas ¢ 20 000.

B kadectBe Tecra A pacuera cymmap-
HBIX a’POJMHAMUYECKHX XapaKTepUCTUK HCCIe-
JyeMOro OOBeKTa OBLIM BBITIOJIHEHBI PACUETHI
k03((UIMeHTa MPOIOILHON CHITBI ChepUICCKON
monenu (st chepbl COOTBETCTBYET a’pOJIMHA-
MHUYECKOMY KO3(hQPHUIUEHTY CHUJIbI JOOOBOIO CO-
MIPOTHUBIICHHUS ). Pe3yIIbTaThl UNCIIEHHBIX PACUCTOB
MpeNicTaBIeHbl B Ta0m. 2 i yrcen Maxa Hale-
rarorero noroka ot 4 1o 20. 3xeck xe npeacras-
JICHBI COOTBETCTBYIOIIINE 3HAYCHHUS, TIOTYICHHBIC
SKCIEPUMEHTAIBHO B a3POJMHAMUYECKHX TpyOax
(pe3ynbTarel paboThl [ 18] ¢ BenmMunHOM morper-
HOCTH =5 %). YuuTbIBasi, 4T0O CyMMapHBIE a’po-
JMHAMUYECKHE XapaKTEPUCTHUKU 00BEKTa uccie-
JIOBaHUs COMNIACYIOTCSl C AKCTIEPUMEHTATbHBIMU
JAHHBIMU C TOYHOCTHIO 110 4 %, nanee ObLIO Tpo-
BEJICHO TECTUPOBAHHE PACIPEIEICHHBIX adpO/IH-
HAMHYECKUX U ONTHYECKUX XaPAKTEPUCTHUK.

Ha puc. 3 npencraBieHbl 3aBUCUMOCTH
KOHIIGHTpAIMil MOJIEKYJI KHCIOpoJa M OKCHAA
a30Ta OT PacCTOSHUS 3a yOapHOW BONHOM, 3a-
BHCHUMOCTH TIOJIYYCHBI YHCIICHHBIM PEIICHHEM
noiHeIX ypaBHeHud HaBbe-Crokca mo omnucas-
HOM BBIIIIE CXEME U YUCIEHHBIM PEIICHUEM YTIPO-
IICHHOM 3a/1a49¥ B paMKaX MOJICITH BSI3KOTO yJIap-

1,(T) =
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HOTO CJ10s1, TTOJTydeHHOTO B padote [8]. Xopoiee
COINIACOBAHME KOHIIEHTpAIlMil HAa paccMaTrpuBae-
MOM y4acTKe MO3BOJISET CKa3aTb O KOPPEKTHOM
pellIeHnH XUMUYECKH HEPaBHOBECHOM 3aJayH,
9TO HEOOXOAMMO B Ka4yeCTBE MEPBOTO I1ara pac-
yeTa MHTEHCHUBHOCTH HEPAaBHOBECHOIO M3Iyde-
HUSI COOTBETCTBYIOIINX ONTUYECKUX MOJIOC.

HenocpenacTBeHHbI YUCIEHHBIA pacyeT
MHTEHCUBHOCTH U3JTy4Y€HHUS B YIAPHOM CJIO€ 103~
BOJIWJI TMOJIYYUTh 3aBHCUMOCTh MHTEHCHUBHOCTH
JUISL BCEX IIECTH MOJEKYISPHBIX ONTUYECKUX
nojsioc. Ha puc. 4 npuBesieHsl 3aBUCUMOCTH MH-
TEHCUBHOCTH M3JIyYCHUS MOJIEKYJISIPHOTO a30Ta
M0 JJIMHE OMKCAHHOIO BBILIE YAAPHOTO CJI0s. 3a
ATAJIOH CPaBHEHHUS MPUHSATA pacueTHas 3aBUCH-
MOCTh U3 paboThl [8]. Xopoiee coriiacoBaHHe
TOYEK 3aBHUCHMOCTEH Ha puc. 4(a) MO3BOISIET
CKa3aTh 0 BO3MOKHOCTHU pacyeTa M0 ONUCaHHON
BBIIIIE MTPOrPaMMHO-PEAIM30BAaHHON CXeMe HH-
TEHCUBHOCTH U3JTyUYCHUS.

Y4auTeIBasi, YTO ONMCAHHBIN B HACTOSIIICH
paboTe YMCIIEHHBIA METOJ| MO3BOJISIET KOJIHYECT-
BEHHO OIPENIEATh 3HAUEHUE CHEKTPATbHON MH-
TEHCUBHOCTH MU3ITyUEHUS JIJIS IECTH ONTHYECKUX
nojioc, Ha puc. 4(0) peaCcTaBIIeHbl pacueTHAs U
AKCHepuMeHTanbHast [17] 3aBUCUMOCTH CHEKT-
panbHOM WHTEHCHBHOCTU W3ITydeHUs s B-1mo-
JIOCHI OKCHJIa a30Ta. Y4YacCTOK CIIEKTpa BbIOpaH
B OKPECTHOCTHM OCHOBHOH YacTOTHI [3-TIOJIOCHI
(v =45 000 cm'), rie B pU3HIECKUX IKCIIEPH-
MeHTax HaOmofanach MaKCHMallbHOE 3HAYeHUE
CHEKTpaJIbHOM HMHTEHCUBHOCTH. CpaBHEHHE 3a-
BUCUMOCTE Ha puc. 4(0) mo3BoisieT cka3arh O
BO3MO)KHOCTH pacyera Mo MPeCTaBICHHOMY Me-
TOJy CHIEKTPaJIbHON MHTEHCUBHOCTH U3JTyUEHUSI.

B xauectBe TecTa 115 OLIEHKH TOYHOCTHU
YHUCJIEHHOTO pacyeTa NepeHoca U3ydeHus obia
BbIOpaHa 3a7ada O CIIOKHOM IyYHUCTOM Tel-
nooOMeHe, paccMOTpeHHast B pabore [3]. bour
pPaccMOTpPEeH MpPSIMOYTOJbHBIA 00beM, 3amodi-
HEHHBIN ra30M C IIOCTOSSHHOM TEeMIIEpaTypoil Ha
TpaHMIle, UCKIIOYash MPSIMOYTOJIbHBIM y4acTOK
Ha OJHOW W3 TrpaHel, e TeMieparypa Oblia B
JIBa pasa BBIIIE, YEM Ha OKPYKAIOIIMX CTEHKaX.
B mnponecce 4yucieHHOro ompeneneHus IMouis
TEMIIEpaTyp MaTeMaTHYeCKH MOJEIUPOBAIHCH
IIPOLIECCHI TEIUIONPOBOIHOCTH U U3JIy4eHHus. Pe-
3yJIBTAThl pacYETOB Ha ceTkax (5 X 5 x 5) moiy-
yennele B padote [3] (T [3]) u mo onmmcaHHOM
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TaOonumoma 2

3aBucumocTu Ko3(pPpunuenTa J000BOro coNpoTuBJIeHUs chepbl H MAaTEMaTHYeCKOM

MOrpemHOCTH OT YUCJIA nTepaunﬁ (CXO):[]/IMOCTL PCUICHUSA 110 MATEMATUHYIECCKOMY BpeMeHI/I)
Dependence of the coefficient of drag and the scope of the mathematical error on the number of iterations

(the convergence of the solutions of mathematical time)

Nnn 200 500 1000 10000 20000 40000 50000
Cx_NS 0,8 0,9 0,97305 0,97023 0,97014 0,97015 0,9701
%Cx_NS 50000 17,53 7,23 0,304 0,134 0,041 0,005 0

TaoOonuma 3

PacueTHast u IKCHIepUMEHTAJILHAS 3aBUCUMOCTH KO3 duumenTa io00Boro

conporuBjeHud cepsbl oT yncaa Maxa
Calculated and experimental dependences of the frontal resistance scope of the Mach number

M 4 6 8 10 12 14 16 18 20
Cx ADT+0,05 | 1,094 1,002 0,983 0,978 | 09739 | 09721 | 0,9708 | 0,9702 | 0,9701
Cx NS 1,073 0,98 0,96 0,95 0,94
1000
n
N
100 S
- » -n(NO)_[8]
10 4 —a—n(NO) HC
- a -1n(02) [8]
| . —s—n(02) HC
_ ;_ . e e e omoe oo o - e e oL N
0,1 : : : : : al
0 1 2 3 4 5 6

Puc. 3. Pactipenenenne xonnentpamuii NO n O, B yTapHOM CIIO€, TIOTyIEHHBIE YMCIEHHBIM PENICHHEM
ypaBHeHmit HaBre-Crokca u B padore [8] (V=7 km/c, H=70 kM, R = 1 M)

Fig. 3. Distribution of NO and O, concentrations in the shock layer, obtained by numerical solution of
the Navier-Stokes equations and in [8] (V’'=7km /s, H=70 km, R=1 m)

cxeme (TT), mpencrasieHsl B Ta0I. 4 B KaueCcTBe
BepU(pUKALIMU Ha U3BECTHOI MOJIEIbHOM 3aa4e.
Y4uuThIBas COTNIacOBaHKUE YIOMSHYTHIX JaHHBIX,
MIPUHSIIN PeIlieHrne 0 pabOoTOCTIOCOOHOCTH ajro-
pUTMa pacuera rnepeHoca JIy9ucTol SHEPTUH 110
OTHMCAHHOM BBIIIE CXEME.

OpHuM U3 pe3ynbTaToB HACTOSIIEH pa-
0OTHI, WLTIOCTPUPYIONTUX BO3MOXKHOCTH OITH-
CaHHOTO BBIIIIE METO/A, MOKHO Ha3BaTh 3aBU-
CUMOCTH (pHC. 5) OT AJIUHBI PACCMATPUBAEMOTO
YIApHOTO CJos mepe]; cheprudeckoi MOJENbIO
OTHOUIEHUSI KOHIIEHTPALMM MOJIOXHUTEIBHOTO
MOHA a30Ta, HaXOASIMIETOCS B BO30YXKICHHOM
COCTOSIHHMH, TOJYYCHHBIX C ydeTa u 0e3 ydera
yieHa (poToBo30yXJACHUS B COOTHOMICHHUH (5).

JIECHOUM BECTHHUK 6/2016

st KOPPEKTHOrO yueTa YIMOMSHYTOTO YiIeHa
$hoTOBO30YKIeHHST HEOOXOAMMO TMPOBOAUTH
pacueThl MHTEHCUBHOCTH M3JIYYCHHS C MOJe-
JUPOBAHWEM TMEPEHOCAa IyYHCTOH SHEPruw,
HanpuMep IO OMUCAaHHOUW BhImIe cxeme. Jlis
paccMmarpuBaeMoi 3a1aun HeyuyeT dddekra do-
TOBO30YKJICHHUS MOXET MPUBECTU K MOTPEII-
HoctH nopsizka 11 %, xorma nmst 6osee 00X
BBIBOJIOB HEOOXOIUMBI CaMOCTOSITEIbHBIC Ta-
paMeTpUYEeCKHE HCCIICTOBAHUSI.

BriBoabI

Pa3paboTan urCI€HHBIN METOT PEIICHUS
CONPSIYKEHHOM 33/1a4¥ paJIuallMOHHOM ra30/JuHa-
MHUKH, HO3BOJI$IIOHII/II>'I MMPpOBOAUTH KOJIMYCCTBCH-
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Taonunoa 4

PacyeTrHbIe 3aBHCHMOCTH pacnpefe/ieHus TeMIepaTypbl MexAy CTeHKaMH
Calculated according to the temperature distribution between the walls

t 1 2 3 4 5
T [3] 2 1,5977 1,4476 1,296 1
TT 2 1,639 1,407 1,251 1

1
I(N2) —e—1(N2) [8], Br/cm*cTep
0,1, —a—J(N2) NS, Br/em*-ctep

0,01 D s

¢ ==

0,001

1 1,5 2 2,5 3 3,5 4 4,5 5 55 x,¢cm

Puc. 4(a). IHTeHCUBHOCTH M3Ty4eHHs] MOJICKYJSIPHOTO a30Ta B YAPHOM CJIO€, MOTyYCHHBIC YHCIICH-
HBIM penieHueM ypaBHeHnit HaBbe-CToKca M YMCIICHHBIM pacyeToM B MPHOIMKEHHOH MocTa-
HOBKe B padote [8] (V=7 km/c, H="T70 xm, R =1 M)

Fig. 4(a). The intensity of the radiation of molecular nitrogen in the shock layer, obtained by numerical

solution of the Navier-Stokes equations and numerical calculations in the statement in [8]

(V=7km/s, H=70 km, R=1m)

. 100 *
= I(N
= (NO)
% ——1(NO_B) [17]
E —=—(NO_B) NS
Z 10 T T T T T T T

20 25 30 35 40 45 50 55 60

Bomnosoe uncio nu/1000, cm!

Puc. 4(6). 3aBUCHMOCTH CIIEKTPaJIbHOM MHTEHCHMBHOCTH M3ilydeHus: B nosioce NO(f3) oT BOJHOBOIO
YHcIIa, MOJy4YeHHbIC YHCICHHBIM pelieHreM ypaBHeHnit HaBbe-CToKca M 9KCIIEpUMEHTAIBHO
[17] (T= 6000 K, M_= 20)

Fig. 4 (b). Dependence of the spectral intensity of the radiation in the band NO(f) of the wave number,
obtained by numerical solution of the Navier-Stokes equations, and experimentally [17]
(T'=6000 K, M_=20)

nn
1,1
1,08
1,06
1,04
1,02
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0,98
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Puc. 5. 3aBHCHMOCTbL OTHOIICHMS KOHUEHTpauud N,” B BO30yXKIECHHOM COCTOSIHMHM C y4eTOM H 0e3
ydaeta a3pdexra poToB030YKIESHHS IO TOIIINHE YIAPHOTO CII0S, TTOTydYeHHAS YUCICHHBIM pele-
HUeM 1onHbIX ypaBHeHni HaBre-Ctokca (V=7 xm/c, H =70 kM, R =1 ™)

Fig. 5. The dependence of the excited state relations N,* concentrations with and without consideration
of the effect on the photoexcitation of the shock layer thickness obtained by numerical solution
of the full Navier-Stokes equations (VV'=7km /s, H=70km, R =1 m)
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HbIE OLIEHKU COCTaBa KOMIIOHEHT, U CIIEKTPaJlb-
HOW MHTEHCUBHOCTH U3IyYEHUS YIAPHOTO CIOS
B OKPECTHOCTH HEOECHOTO Tella, COBEPIIatoIIe-
ro MoJieT B arMocdepe 3eMiIu ¢ IepBOi KOCMHU-
4yecKko CKOpocThio. C MCMOIB30BaHUEM Tpe-
CTaBJIEHHOTO METOJla, PE€aJIM30BaHHOIO B BHJIE
nporpammel 11 [I9BM, onpenenensl cymmap-
HbI€ U pacHpe/ielICHHbIE a’POJUHAMUYECKUE U
ONTUYECKUE XapaKTEPUCTHKU, MO3BOJISIONINE
CKa3aTb O BO3MOXHOCTH MaTeMaTH4eCKOTro
MOJEIUPOBAHUS MEPEHOCA JTYUUCTOW SHEPTUU
KaK pelieHrne CUCTEMbI HHTeTpo-auddepeHim-
aJbHBIX ypaBHEHUU. PaccMOTpeHHBIN MOaxon
Jall BO3MOXHOCTb KOJMYECTBEHHO OIICHUTH
BIUsIHUE (POTOBO3OYXKIACHUS Ha HEpPaBHOBEC-
HOE 3HAUCHHE 3aCEJICHHOCTH YacTHUll, HE0OXO-
JUMO€ JJi pacyeTa MHTEHCUBHOCTH H3Iyde-
HUSI IIECTU MOJICKYJISPHBIX ONMTUYECKHUX TOJIOC
BO3JlyXa.

JIOCTOBEpHOCTh TOJYYEHHBIX JAHHBIX
MOTBEPIKECHA CPABHEHUEM C U3BECTHBIMU pac-
YETHBIMU U IKCIEPUMEHTAJIbHBIMU 3aBUCUMOC-
TAMH.

B 3axniroueHne cunTaro MpUSTHBIM J0J-
T'OM BBICKA3aTh CJIOBA OJIaroIapHOCTH JI-Py TEXH.
Hayk [.H. 3aioruny 1 oTMETUTh, YTO HACTOAILAS
pabora sIBISIETCSl pa3BUTHEM UIEH JUCTAHIIMOH-
HOTO 30HAMPOBAHMS aTMOCHEpPDI, BHICKa3aHHbBIX
B pabote [27].
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NUMERICAL SOLUTION THE INTGRO-DIFFERENTIAL SYSTEM AS CONNECTED TASK
Galalaktionov A.U., Assoc. Prof. Bauman Moscow State Technical University, Ph. D. (Tech.)®

galakau@mail.ru
() Bauman Moscow State Technical University (Mytishchi branch),
1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia

Present the method and the scientific tool of the decision of one system of the integro-differential equations of
radiating gas dynamics. The connected task of aecrodynamics, chemistry and radiation of heat exchange is solved numerically
in chemically and physically nonequilibrium statement. The aerodynamic characteristics are received within the framework
of the complete non-stationary Navier-Stokes equations in the assumption for laminar character of current. At research of
complex heat exchange six optical strips were considered. The Tepmudecku-nonequilibrium model of is applied for definition
of intensity of radiation from control volume. G.N. Zalogin, in view of the member connected to photo-excitation. Air was
considered as eleven kommoHeHTHas a mix of gases with mathematical modeling of nonequilibrium processes of change of
internal oscillatory energy of molecular formations. According to the approach N.A. Anfimov 200 spectral intervals were
allocated. The opportunity of reception both qualitative, and quantitative optical characteristics in a vicinity of heavenly bodies
of a various origin (meteors, comets, meteorites, devices etc.), necessary for remote aerophysical measurements is shown. The
reliability of the received results is confirmed by comparison with the experimental and numerical data of the various authors.

Keywords: the Navier-Stokes equations, Complex heat exchange, numerical methods connected task, spectral
characteristics.
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) ®I'BOY BO «MoCKOBCKHI rOCYIapCTBEHHbIH TeXHIHYECKU yHIBepcuTeT nmenu H.D. baymana
(HaIMOHAJIBHBIN MCCIIEIOBATENBCKUI yHUBEpCHTET)» (MBITHIIMHCKHUN (uinan),
141005, MockoBckast 00nactb, . Mertuiy, yi. 1-s UactutyTekas, 1. 1

JlocToBepHBIN NPOTHO3 3eMJIETPACEHUI BO3MOXKEH, €CIIM U3MEPATh UX PAHHUE MEPBONPHUUUHBL. YCTAaHOBJIEHO, YTO
OJHOM M3 MEPBONPUYMH 3EMIIETPSICEHUH ABISIETCS Jierazalusl 3eMHOM KOpBI B pe3y/ibTaTe MEXaHN4YeCKUX HanpsbkeHui. Haxa-
HyHE CEeHCMMYECKOTo yziapa B arMocdepe HaJl 04aroM MOATOTABIMBAEMOTO 3€MIIETPSCCHUS] BOSHUKAET 3IEKTPOCTATHIECKOE
TI071€ HAMPSHKEHHOCTHIO COTHU KB/M. B anexTpocTarnueckoM mone npouCcXOANUT IOBOPOT AUTOIBHBIX MOJIEKYI BOASHOTO Mapa,
YTO MPUBOAUT K MOJSIPH3AIMN OTPAKEHHOTO COJTHEYHOTO MOoTOKa. Hambonbimmii ypoBeHs monsipu3anuy HaOMogaeTcs B yilb-
TpaduoIeTOBOM Juana3oHe. [10ckoIbKy MaKCHMalbHBIH yPOBEHb HAPSDKEHHOCTH 3IEKTPOCTATHYECKOTO MO MPUYpPOUeH K
SMHUIEHTPATBHON YaCTH 04ara 3eMJIETPSCEHHS U YMEHBIIASTCS K Mepr(epun, TO U MOIAPU3yeMOCTh OTPAXKEHHOTO CBETOBOTO
MOTOKA M3MEHSETCS OT yJacTKa K y4acTKy. M3MeHeHHne monspu3aniy CoAEpKUT MHPOPMAIHIO O TTapaMeTpax MpeaCTOSIIEro
celicMUYecKoro yaapa: KOOpJUHATax ouara, BpeMEeHH yAapa U ero MarHutyzie. JmHamMuka H3MEeHeHHUs TOSIPH3AIHN KaK IIPH-
3HaKa-TPEABECTHUKA 3eMIICTPSICEHHS MOXET OBbITh BBIAIEIEHA ITyTeM JINHHAMEHTHOTO aHaJIn3a yabTpaduoneToBoro n3obpaxe-
HUSI IPOCTPAHCTBA odara. B kadecTBe UnMCIOBOI XapaKTePUCTUKH JMHAMUKI NU3MEHEHUS IPUHATA CPEAHEB3BEIICHHAS CyMMa
a3MMYTOB TMHHAMEHTOB. M3 MaTeMaTuK N3BECTHO, YTO camMa (DyHKIHUS U CKOPOCTh €€ N3MEHEHUS CBsI3aHbl TU(depeHIanb-
HBIM YpaBHEHHEM IIEpPBOIl CTENIEHH, OOIINM PEUIEHHEM KOTOPOTO SIBISIETCA HKCHOHEHTA. DKCIOHEHIMAIbHAS 3aBUCHMOCTh
o0razaeT TeM CBOHCTBOM, UTO 110 TPEM €€ JUCKPETHBIM H3MEHEHHIM MOXKET ObITh BOCCTAHOBIEHA Bes (DyHKIMS. OCyIIEeCTBIISSA
30HMPOBAHHE MOJCTUIAIONIEH ITOBEPXHOCTH HA TPEX MOCIE0BATEIbHBIX BUTKAX MIPOX0/Ia KOCMUYECKOTO arllapaTa HaJj 30HOI
oyara, IpH MEKBHUTKOBOM HHTepBaJjie U3MepeHuit ~1,5 gac mo TpeM H300paKeHUAM ONPENCIISIOT THHAMUKY CEeHCMHYECKOTO
nporecca. B kadecTBe cpeAcTB MOMydeHHs ynbTpadhHoIeTOBOTO H300pakeHnsI HCIIONb30BaHa Iudposas Buaeokamepa «duan-

ka MB-KOCMOC», naxoxsmasicst Ha 6opty Poccuiickoro cerMmeHTa MexIyHapoIHOH KOCMUYECKOH CTAHIINH.
KitoueBble ciioBa: 3eMIICTPSICEHHE, MarHUTY/A, H300paXeHHE, MOJISPU3AlUs, AUNONb TPAJUEHTHOE 10JIe, JIMHHA-

MEHT, a3UMYT, IPU3HAK-TIPEABECTHUK.

Oqar 3eMJICTPSICCHHSI  aKKyMYJIUPYET Or-
POMHYIO DHEPIHI0 TEKTOHUYECKUX Hampsi-
KEHUH. B NOTEHIMAIBHOM II0JI€ HaNpPsKEHUU
3eMHOM KOPBbI BOSHUKAIOT aHOMAJINH JPYyTUX Pu-
3MYECKHX TOJICH:

— SIBJICHHUE CBEYCHUS aTMOC(ephl HAT 30-
HOM MOJTrOTaBIMBAEMOTO 3E€MJIETPSICEHUS B TO-
nocax Jlaiimana, bansmepa, [Tamena [1];

— SIBTICHUE BO3HUKHOBEHUE TIOJISIPHU3AIIH-
OHHBIX aHOMAJIMH CBETOBOIO IMOTOKA, OTPa)KeH-
HOTO OT MOJACTUJIAIOIICH MOBEPXHOCTH U COOC-
TBEHHOTO BOCXOJISIIIIETO U3IydeHus [2];

— oOpazoBaHue B arMoc(epe HaJ 30HOM
o4yara HeCKOMITIEHCUPOBAHHOTO 3apsijia KyJIOHOB-
CKOTO DJIEKTPUYECTBA U DJIEKTPOCTATHUECKOTO
TIOJISI HAMPSDKEHHOCTHIO HECKOMBKUX KB/M [3].

[Ton Bo3aEHCTBUEM AIIEKTPOCTATUYECKO-
TO TOJISI TIPOUCXOAHUT TIOBOPOT JTUTOIBHBIX MO-
JIeKyJa BOAsSHOro mapa B arMocdepe. B pesynb-
TaTe BTOPUYHOTO TMEPEU3NyUeHUs MaJaroIIero
CBETOBOTO TIOTOKA JTUTIOJIEHO-OPUEHTUPOBAHHBI-

JIECHOUM BECTHHUK 6/2016

MU MOJIEKYJIaMH BOJSIHOTO Iapa OTpa)KeHHBIN
(BocXonsIuil) MOTOK OKAa3bIBAGTCS YACTUYHO
NOJISIPU30BaHHBIM. [0/10Tpad YacTHYHO MONIAPH-
30BaHHOTO MOTOKA MPEACTABISAET COOOM AIIIHIIC,
IJIaBHAsl OCh KOTOPOTO COBMAAAET C HAIPABICHH-
€M OCH C)KaTHs 3eMHOW KOPBI, KaK 3TO MILTIOCT-
pupyercs Ha puc. 1.

[TockonbKy MakcUMajbHas HaIPSKEH-
HOCTh (E) 3JIEKTPOCTATUYECKOTO TOJISI IPUYPO-
YyeHa K SMUIEHTPAJIbHON YacTu o4yara U yMeHb-
mraercs K mnepudepuu, TO U TMONSIPU3YEMOCTh
OTPaKEHHOTO MOTOKA M3MEHSETCS OT yJacTKa K
yuactky. [lonsipuzyeMocTh 3aBUCUT OT JJIMHBI
BOJIHBI. Pa3Mep MouieKyn BOJSTHOTO Tapa COCTaB-
asiet nopsinka d =2,5410® cm. Uem kopoue -
Ha BOJIHBI MAJAI0IIETO COJTHEYHOIO MOTOKA, TEM
BBIIIIE TIONISIPU3YEMOCTh OTPAKEHHOTO MOTOKA.

CornacHo KJIaCCMYECKUM NpeJCTaBIIe-
HUSIM [4], 2JIEKTPOHBI M aTOMbI BEIIECTBA O]
JEHCTBHEM CBETOBOM BOJIHBI COBEPIIAOT BHI-
HYXJIeHHbIe KojieOanus. Hammune coOCTBeHHOM

141



MATEMATUYECKOE MO/IEJIMPOBAHUE

Y“

Ochb

- cKatus

[TonspuzanOHHBII
SIUTUIIC

v s

Puc. 1. OpueHTanys syunIca mosipu3aui OTHOCUTEIILHO OCH CHKATUS
Fig. 1. The orientation of the polarization ellipse with respect to the compression axis

9acTOTHI KOJEOaHHs MPHUBOIUT K 3aBHCHMOCTH
JMAIICKTPUYECKON NMPOHUIIAEMOCTH BEILIECTBA U
ko3¢ urrenTa npenomseHus (7) OT KOHLIEHTpa-
[IUM BTOPUYHBIX HM3ITydaTesei B BEIIECTBE M OT
COOTHOIICHHUS JUTUH BOJH

n=l+y N"ez X —— ! .
wm;c” 1/hg, —1/h
rjie N, — KOHIIEHTpalKs B BENIECTBE BUOPATOPOB
[-TO cCOpTa;
€ — 3aps] SJCKTPOHA;
m.— Macca BUOparopa i-ro copTa;
\,; — COOCTBEHHas JUIMHA BOJIHBI BUOparopa
i — TO copTa;

s TAn107

yYou

E,
kB/M

>

0,5 1,0 1,5 2,0 25

Puc. 2. 3aBucumMocTb K03 UIHEHTA IPETTOMIICHUS OT HOH-
HOM KOHIIEHTPAIMH U JUTHHBI BOJIHBI U3ITyYEHHS

Fig. 2. The dependence of the refractive index of the ion
concentration and the wavelength of the radiation
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A\ — IUTMHA BOJIHBI T4 IAIOIIETO CBETOBOTO I10-

TOKa.

CrnenoBarenbHO, KOOPPHUIUEHT MPEIOoM-
JICHUSI M TIOJISIPU3YEMOCTh OTPa)KEHHOTO MTOTOKA
B ynbeTrpaduoneroBoit obiactu crnekrpa (0,2-0,3
MKM) BBIIIIE, YeM B BHJIUMOM W HH(]paKpacHOM
y4acTKax aJ1eKTpoMarHuTHOro nodis (0,42 Mxm).
3aBUCHUMOCTb KOY(PPUIMEHTA MPEIOMICHUS OT
MOHHO KOHIIEHTPALIUH U JUTMHBI BOJHBI U3ITyYe-
HUS WJUTIOCTPHUPYETCsI TpadukaMu puc. 2.

YCTaHOBIEHO, UYTO  MCUXOIOTUYECKU
OMO3HaBaHME O00paza 4YeJIOBEKOM-ONEPaTOPOM
MPOMCXOIUT HAa YPOBHE KOHTYPHOTO PHCYHKA.
®dopma 00beKTa, ero o0pas, ABIAIOTCS Hanboee
€MKUMH UH(OPMAIIMOHHBIMH MTPU3HAKAMHU [5].

st monmyudenuss obpasza oObeKTa-odara
3emieTpsiceHus: GOPMUPYIOT TPaIUEHTHOE TOJIe
nuHuaMeHToB. [lo onpenenenuto [6], BeKTOpHOE
T0JI€ TPAIUEHTOB B KAYKIOH TOUKE N300paKeHHS
1 (x, y) BBIYUCIISIIOT 110 3aBUCUMOCTH

ﬂi+ﬂ J-
dx dy

Boszne kaxmoro nukcens nudpoBoii Mar-
pHIIBI N300paKEeHUsI PACIONOKEHO 8 CMEKHBIX
IIUKCENEH, T0ATOMY B IIPUHLIMIIE IIPOU3BOJHBIE
Ka)X10M TOUKH U300pa’KEHUSI MOT'YT BBIUUCIISTh-
¢4 KaK MUHUMYM II0 8-MH HallpaBJICHUSM. 3a
PEUMYIIECTBEHHOE HAIpaBICHUE NMPUHUMAET-
Csl HaIIPaBJIEHUE C MAKCUMAaJIbHBIM TPaJEHTOM.
CamMo HampaBiieHUE 3aJ1aeTCsi a3UMYTOM IITPH-

gradl (x,y) =

JIECHOM BECTHHUK 6/2016
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Puc. 3. BuzyanusupoBaHHOE TPaMEHTHOE T0JIC IMHUAMEHTOB YJIBTPa(roIeTOBOrO H300paKeH s
Fig. 3. The rendered gradient field liniamentov ultraviolet image

Xa-JTMHUAMEHTA, JUIMHY KOTOPOTO [, BEIYMCIIAIOT
o opmyie

l; :\/(xj -x;)° +(y; -¥,)
a a3uMyT 1o opMmyIie

(yj _yi)

a;, = arctg
(‘xj - xi)

rae (yj, y)u (xj, X,) — KOOp/IMHATBI BEPXHETO M

HUKHETO KOHIIOB JINHUAMEHTA.

Ha puc. 3 npencraBieHo BU3yalau3upo-
BAHHOE JIMHUAMEHTHOE I10JIE CUHTE3UPOBAHHOM
MaTpUIbl U300paX)EHUsI ouyara 3eMJICTPSICEHUS
[7]. AnuHa mTpuxa Kaka0ro JUHUAMEHTa yCTa-
HAaBJIMBAETCS BO BXO/IHBIX ITapamMeTpax nporpam-
Mbl. BO3HUKalomuii HaKaHyHE CEMCMUYECKOTO
yaapa TEepexXOAHbId KoieOaTeabHBbIM Tpolece
MU3MEHSET KapTUHY MEXaHWYECKUX HalpsKeHUU
10 IPOCTPAHCTBY O4ara, CIJeA0BaTeNIbHO, U I0-
JIIPU3ALMOHHYI0 KApTUHY TPagUEHTHOIO IOJIS
JIMHAAMEHTOB. B KauecTBe MHTErpajJbHOTO MPH-
3HaKa-NPeIBECTHUKA CEHCMHMUECKOro yiapa Bbl-
OMpaIOT CPEIHEB3BEIICHHYIO CyMMY a3UMYTOB
JIMHAAMEHTOB, ONPEJEICHHYIO KaK

1 n
- 1%,
n g
I/IHTerpaJ'ILHbIM OH ABJISICTC HOTOMY,

YTO aKKyMyJHpyeT B cebe MpOMexXyTOYHbIE
MPEABECTHUKU: MEXaHUYECKHE HamlpsHKeHUs,

JIECHOUM BECTHHUK 6/2016

JIera3aiuio 3eMHOW KOpbl, MOHHU3ALUIO0 MoJe-
KyJ BO3[yXa, BO3HHKHOBEHHE HECKOMIIECHCHPO-
BAaHHOTO 3apsifia KyJIOHOBCKOTO JJIEKTPUYECTBA,
aNeKTpocTarnueckoe mnoje (£) B BUIE KyIonia
HaJ TMPOCTPAHCTBOM oOYara M, Kak CIIEACTBHE,
MOJISIPU3AIIMOHHBIE  U3MEHEHUS BOCXOISIIETO
(OTpakeHHOT0) TTOTOKA M3JIyYCHUS MOJICTHIIAI0-
1IeH MOBEPXHOCTH (0Yara 3eMJIETPSICCHHS).

WNnentudukanuio ouara 3eMIeTpsCEeHUs
IIPOBOJIAT MO MOJIy4YEHHOMY MacCUBY H300paxe-
HUU.

W3 maremarnku u3BeCTHO [6], yTO cama
(GYHKIMS ¥ CKOPOCTh €€ WM3MEHEHHUS CBSA3aHbI
muddepeHIManbsHbIM YpaBHEHHEM TIepBOM CTe-
MIEHU, OOIIUM pEIICHHEM KOTOPOTO SIBIISIETCS K-
CHOHEHLUaIbHAas PYHKLIHS.

Ha puc. 4 npencrasneno pemienue aug-
(depeHInaTLHOTO YpaBHEHUSI B BUJIE YKCIIOHEH-
IUaJbHON QYHKITUN

a(t)=1—exp(-t/T)
rae 7 — MOCTOsSTHHAS BPEMEHH JKCIIOHEHTHI, KO-

TOpasi XapaKTepu3yeT NepexoHON mpo-

[[eCC 30HBI MOJTOTaBINBAEMOTO 3eMIle-

TPSICEHUS K CEHCMUYECKOMY yaapy.

[ToctossnHass BpeMeHM 1 TEpPEXOJHOTO
K CelicMHUYeCcKOMY yaapy mpolecca 3aBUCUT OT
reo(U3MUECKNX YCIOBHI 3€MHOM KOPBI TOJTO-
TaBJIMBAEMOIO 3E€MJICTPSICEHUS. OKCIIOHEHIIH-
arbHasi 3aBUCUMOCTb 00JIaJaeT TeM CBOWCTBOM,
YTO TI0 TPEM €€ JUCKPETHBIM H3MEPEHUSM B MO-
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Puc. 4. JIlunamyika U3MEHEHNS CPEHEB3BEIICHHOW CyMMBI a3MMYTOB JINHHAMEHTOB
Fig. 4. Dynamics of average amount of azimuths liniamentov

MEHTHI £, 1,, [, MOXKET OBITH BOCCTaHOBJIEHA BCS
GbyHKIHS

7 A

Z 0 Z 1

Z 0 Z 2

rae At — MHTEpBaJI BPEMEHH MEXIy ABYMS W3-
mepenusamu A¢ = (£, — t,).00b19HO — 3TO
MEXBUTKOBBII HMHTEpBalI H3MEPEHU,
paBHbIl = 1,5 gaca.

Y., — IpenenbHoe (YCTaHOBHMBILEECS) 3HAYE-

HUE JKCTIOHEHTBI, PACCUUTHIBACTCS IO
TPEM H3MEPEHUSIM

0 22 27 Z 17 Z 3

3a okugaeMoe BpEeMs CEUCMHYECKOTO
yaapa MNPUHUMAIOT MPOMEXKYTOK, 32 KOTOPBIN
AKCIIOHEHTA MEPEXOJHOTO MPOIEcca JOCTUTAET
snagenus 0,993, 310 Bpems 1= 47T.

[To smMnupuyeckum ganueiM (6omaee 1000
HaOmoneHnii) [3], M3BECTHO COOTHOIIICHHE, CBSI-
3BIBAIOINCE JUHAMUYECKUH TMPU3HAK-TIPEIBECT-
HUK C MarHuTyJ101

lgt, [eym]~ 0,54 M —3,37.

In

PaccmoTpeHHast TeXHONOIrus peanuso-
BaHa npu 006paboTke ynpTpaduoneToBoro n300-
paXeHUsi CEHCMHYECKOM 30HBI, IOJYYEHHOTO
nudposoit Bumeokamepoit tumna «Pduanka-MB-
KOCMOC», naxonsmieiics Ha 6opty Poccwuiic-
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KOTO CErMEHTa MEXIYHApOAHON KOCMHUYECKOU
cranuuu [9, 11].

I'papuienTHOE MOJIE TMHUAMEHTOB, B BUJIE
pO3-IrarpaMm, WITIOCTpUpyeTcs Ha puc. 3. s
oOpaboraHHoro u3zo0paxkeHus (puc. 3) pacuer-
HBIE MTapaMeTPhl IEPEXOAHOTO K CEHCMUYECKOMY
yaapy mpouecca cocraBuinm ), = 53°, 3. = 8°,
>, = 26° %, =37° T = 3,8 yac. Oxumaemoe
BpeMs cericMuieckoro ynapa £, = 4,7 I'= 18 uac,
okugaemas marautyna M = 6,1.

Hcnonp30BaHNEe WHTETPAIBHOTO TIPHU-
3HAKA-TIPEIBECTHUKA B BUJIE CYMMBI a3MMYTOB
JMHUAMEHTOB T'PaJUEHTHOrO TMOJs YIbTpadu-
OJIETOBOTO M300pa)KeHHsI 00ECIEYUT BBICOKYIO
JIOCTOBEPHOCTh KPATKOCPOYHOTO MPOTHO3a 3€M-
JIETPSACEHUH.
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THEMATIC PROCESSING OF ULTRA-VIOLET IMAGES
Davydov V.F., Prof. Bauman Moscow State Technical University, Ph. D. (Tech.)”; Sobolev A.V., Assoc. Prof. Bauman
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A reliable earthquake prediction is possible if their early root causes are measured. It has been established that one of
the root causes of earthquakes is the degassing of the earth’s crust as a result of mechanical stress. On the eve of a seismic shock
in the atmosphere above the center of the earthquake being prepared there is an electrostatic field strength of hundreds kV/m.
The electrostatic field is rotated by dipole molecules of water vapor, which leads to the polarization of the reflected solar flux.
The highest level of polarization is observed in the ultraviolet range. The maximum level of intensity of the electrostatic field
is confined to the epicenter of the earthquake source and decreases toward the periphery, and the polarizability of the reflected
light flux varies from site to site. Changing the polarization contains information about the parameters of the upcoming seismic
impact: focus coordinates, time and magnitude of impact. Dynamics of changes in polarization, such as earthquake precursor
sign, can be isolated by analysis liniamentnogo ultraviolet space focus image. As the numerical characteristics of dynamics of
change adopted by the weighted average amount of azimuths liniaments. From mathematics it is known that the function itself
and its speed changes are solved by differential equations of the first degree, the general solution of which is the exponent. The
exponential dependence has the property that for three whole function can be restored to its discrete changes. By sensing the
underlying surface on three consecutive turns of the passage of the spacecraft above the hearth area, with interturn measurement
range ~ 1.5 hours, where three images define the dynamics of the seismic process. As a means to obtain ultraviolet images used
digital video camera «Violet MV-Kosmosy, located on board the Russian segment of the International Space Station.

Keywords: earthquake magnitude, the image polarization dipole gradient field, liniament, bearing a sign, a
harbinger.

References

Davydov V.F., Bondur V.G., Komarov E.G., Korol’kov A.V. Yavienie svecheniya atmosfery nad zonoy podgotaviivaemogo
zemletryaseniya [The atmosphere luminescence phenomenon over a zone of the prepared earthquake], Nauchnye otkrytiya
[Discoveries], Ne 407, 2010.

Sanaev V.G., Davydov V.F., Kuznetsov O.L., Nikitin A.N. Yavlenie vozniknoveniya polyarizatsionnykh anomaliy elektromagnitnogo
polya nad ochagom zemletryaseniya [The phenomenon of emergence of polarizing anomalies of an electromagnetic field over a
seismic center], Nauchnoe otkrytie [Discovery], Ne 336, 2007.

Kratkosrochnyy prognoz katastroficheskikh zemletryaseniy s pomoshch’yu radiofizicheskikh nazemno-kosmicheskikh metodov
[The short-term forecast of catastrophic earthquakes by means of radio physical land and space methods»], The collection
Doklady konferentsiy, RAN, OIFZ im O.Yu. Shmidta [Reports of conferences, Russian Academy of Sciences, OIFZ to them O.
Yu. Schmidt], 1998.

Fizicheskiy entsiklopedicheskiy slovar [The physical encyclopedic dictionary], Moscow, Sov. entsiklopediya, 1983.

Duda R.O., Khart P.E. Raspoznavanie obraztsov i analiz stsen [Recognition of samples and the analysis of scenes], Moscow: Mir,
1976.

P.A. Burrough. Fractal dimensions of landscapes and other environmental data. Nature 294, 1981, p. 240.

Piskunov N.S. Differentsial 'nye i integral nye ischisleniya dlya VTUzov, [Differential and integral calculus for VTUZ], Moscow,
Nauka [Science], 1964.

Sposob predskazaniya zemletryaseniy [ A method of predicting earthquakes]. Patent RF Ne 2.208239, 2003.

Izmeritel’ priznaka-predvestnika zemletryaseniy [Meter feature-earthquake precursor]| Patent RF Ne 2.326415, 2009.

. Sposob kratkosrochnogo prognozirovaniya zemletryaseniy [The method of short-term earthquake prediction]. Patent RE Ne

2.423729,2011.

Spetsializirovannoe programmnoe obespechenie MATN SAD. 7.0. PLVS [Specialized software IDA GARDEN. 7.0. PLVS],
Moscow: Informatsionno-izdatel’skiy dom «FILIN”’»[Information and Publishing House «Filin»], 1998.

Ul trafioletovaya kamera «Fialka-MV-KOSMOS» [Ultraviolet Camera «Fialka-MV-Kosmosy»] prilozhenie Ne 2 k TZ na
kosmicheskiy eksperiment, shifr «Zemletryasenie», ROSKOSMOS TsNIIMASh, 2009 g.[Ne 2 application to TK in the space
experiment, the code «Earthquakey ROSCOSMOS TsNIIMASH], 2009.

JECHOM BECTHHK 6/2016 145



MATEMATUYECKOE MO/IEJIMPOBAHUE

VIIK 517

OITPEAEJEHUE CTEIIEHU AHAJIOTHYHOCTH
TEXHUYECKUX U3JEJUA HA OCHOBE TEOPUU
HEYETKUX MHOKECTB

O.M. [IOJIEWLYK, npop. MI'TY um. H.O. Baymana, 0-p mexn. Hayk)

poleshchuk@mgul.ac.ru

O ®dIr'BOY BO «MoOCKOBCKHI TOCYIAPCTBEHHBIH TEXHHUYECCKUH yHIBepcuTeT nmenu H.D. baymana
(HarMOHANBHBIA UCCIIENOBATENBCKUI YHIUBEPCUTET)» (MBITHIIMHCKUH (hrmna),
141005, MockoBckast 00macth, . MpITuiny, yiu. 1-s MactutyTtcekas, . 1

B texamveckux 3a1a4ax 9acTo BOSHUKACT HeO6X0ﬂI/IMOCTB OIpeacsICHNs CTCIIEHU aHAJIOTMYHOCTH W3JICTTUH 110 HEKO-
TOpOMY IapaMeTpy. HpOCTOTa BBIYUCIICHUH SIBISICTCS JAOCTOMHCTBOM TPaAUIIMOHHO PICHOJ'IB3yeM0]>1 (bOpMyJ'ILI, a HEJOCTAaTKOM
ABJSICTCA TO, YTO CTECIICHDb aHAJIOTUYHOCTH 3aBUCHUT TOJIBKO OT Pa3HOCTHU 3HAUYCHUN napaMeTpa 1 HE 3aBUCUT OT ME€CTa pacIiojio-
JKEHHSI 9THX 3HAYeHUH Ha BCeil oOmacT. DToT HEOOCTATOK SABJIACTCA HpI/I‘lI/IH0171 TOr'0, 4YTO MOJYYECHHBIC 11O 3TOM q)opMyne pe-
3YJIbTaThbl HE BCCIr/1a COITIACYIOTCs € OIIBITOM 3KCIIEPTa. ILCJ’IO B TOM, 4TO ONBITHBIN OKCHEPT BBIACISACT HA MHOXKECTBE 3HAUCHUN
napamMeTpa HEKOTOPbIC 0a30BbIC 3HAYCHHS U CpaBHEHHUEC 31T OCYHICCTBJIACT Ha UX OCHOBE. HaHpI/IMep, OKCIIEPT Ha OCHOBE
CBOC€TO OIIbITa BBIACIIACT MaJIbl€ 3HAYCHUS ITapaMeTpa, CpEAHUEC U OoJbIIHe 3HAQYCHUs, a aHAJIOTUYHOCTh 23 (Sn7071 onpeneaaeT
UCXOIs U3 TOI'0, K KAKOMY U3 IMHIBUCTHYCCKUX 3HAUCHUN napamMeTpa nNpuHaajiekar €€ YMCJI0BbIC 3HAYCHUA. B crarse npeaina-
raeTcs MoAXoa K ONPEACIICHUIO CTCIICHN aHAJIOTUYHOCTH PI3H€J'II/Iﬁ, KOTOpBIﬁ TIO3BOJIACT YYUTHIBATH ONBIT SKCIIEPTOB.

KunroueBbie cnoBa: JKCIIEpTHAasA I/IHq;)OpMaIII/IH, JIMHTBUCTUYCCKas NEPpEMEHHAA, (byHKIII/ISI NPUHAICIKHOCTH, CTCIICHb

AHAJIOTUYHOCTH.

BTCXHI/I‘IGCKI/IX 3a71a4ax 4yacTo BO3HUKAET He-
00XOIUMOCTb OTIpEIeIeHUs] CTENEeHH aHa-
JIOTUYHOCTH U3JCIIMN II0 HEKOTOPOMY IlapameT-
py. Jns onpenenenust creneHy aHaIOTMYHOCTH
U3JEIUN CO 3HAYCHUSAMU IIapaMeTpa, COOTBETC-
TBEHHO PAaBHBIMU a U b, OOBIYHO HCIIONB3YeTCS

dhopmyma [1]

ot
Pp=l 1B (h
rae [A, B] oGnacTh 3HaueHuil mapamerpa.
[IpocToTa BBIYMCICHUN SBISETCS 0-
CTOMHCTBOM ATOH (OpPMYJIbI, a HEIOCTAaTKOM
SIBJIIETCSI TO, YTO CTENEHb aHAJOTUYHOCTH 3a-
BHUCHUT TOJIbKO OT Pa3HOCTH 3HAUYCHHI MapaMmeT-
pa ¥ HE 3aBUCHUT OT MECTa PACIOJIOKEHUS ITUX
3HAUYCHUH Ha Bcel oOmactu [4, B]. DToT Hemo-
CTaTOK SIBIISICTCS IPUIUHOMN TOTO, YTO MOTYUCH-
HBIE 10 3TOH (GopMyIie pe3yJabTaThl, HEe BCErna
COTIJIacyIOTCsI C OMBITOM 3Kcmepra. Jleno B ToM,
YTO OMBITHBIN JKCIEPT BBIACISET HA MHOXEC-
TBE 3HAUCHHUH MMapaMeTpa HEKOTOphIe 0a30BBIC
3HAUEHUS U CPABHEHUE U3/ICJIHI OCYIIECTBISET
Ha X ocHOBe. Hampumep, skcmepT Ha OCHOBE
CBOETO OMBITA BBIACIAECT MaJIbI€ 3HAUEHUSI ITapa-
MeTpa, CpeIHUE U OOINbIINE 3HAYCHHUS, a aHATIO-
TUYHOCTD W3JICIIHH ONIpeesieT UCXOIs U3 TOTO,
K KaKoMy M3 JIMHTBUCTUYECKUX 3HAUYCHUU Ma-
paMeTpa npuHaJJIekKaT €€ YUCIOBbIC 3HAYCHHUS.
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B [1] npuBeneH npumep onpenesieHus CTeNneHU
AQHAJIOTUYHOCTU U3/EIUN C Ha3BaHUEM «IIOJO0T-
peBarelib BBICOKOTO AaBJeHuUs» [2] 1o mapamer-
py «aaBieHue napa Ha Bxone». [lapameTp ume-
et obnacte onpenenenus [1,1, 6,7]. B npumepe
OTPEICISIETCS CTETNEHb AHAJOTUYHOCTU H3JIe-
i co 3HadeHusamu 1,1 u 1,5 u crenenp aHa-
JIOTHYHOCTH U3AEJIMH CO 3HaYeHUsIMH 6,1 1 6,6.
[TpuBeneHHas BoImIe GopMyIia gaeT IS ePBON
napbl M3JeJIUi cTeneHb aHajgoruyHoctu 0,93,
a JUIg BTOPOM Mapbl CTENEHb AHAJIOTUYHOCTU
0,91. B [1] yTBepxmaaeTcs, 4TO 3TU PE3YJIbTaTh
HE COMIACYIOTCSI C OMBITOM JKcrepToB. boree
TOTO, U3/IeJIHs TIEPBOU Mapbl, UCXO U3 aHAIH-
3a OKCTIEPTHOTO OTBITA MPOSKTUPOBAHHUS aHAJIO-
TUYHBIX U3JENHM, 3HAYUTEIbHO MEHbIIIE M0XO-
KU MEXAY COOOM, 4eM M3JeNusl BTOPOU Maphl.
B [1] npemmaraercst HoBast popmyna sl ompe-
JIeJIeHUSI CTEIeHU aHAJIOTMYHOCTH M3ACNIUM Ha
OCHOBE (DYHKIHMI TPUHAAIECKHOCTH TEPM-MHO-
KECTB «MAJIOE JIaBIICHUEY, «IABJICHHUE OJIM3KOEC
K 4», «0onblIOe JaBICHUE)» CEMAHTHYECKOTO
MPOCTPAHCTBA «JaBJeHHUE Napa Ha Bxoae». O-
HAaKO HEJ0CTATKOM 3TOM (POPMYITBI SIBISIETCS OT-
CYTCTBHE CBOICTBA CUMMETPUYHOCTH. TO ecTh
Pur # Poy

B crarbe mpemnaraercs gopmyiia omnpe-
JICJICHUsl CTETIeHU aHAJIOTUYHOCTH U3ZeNuH, KO-
TOpast IMIIEHA 3TOTO HEAOCTaTKa.
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IonsTHE IMHIBUCTHYECKOH NIEPEMEHHOM H
IOJIHOTO OPTOrOHAJIBHOI0 CEMAHTHYECKOI0
MPOCTPAHCTBA

CornacHo [3] HEYETKMM  MHOXeEC-
TBOM A Ha3bIBaeTCs MHOXECTBO Iap BHIA
{(r; (x))xeX, re 3 (0): X —[0,1] - dynkum
IIPUHAJIEKHOCTH A.

JIMHrBUCTHYECKOM MEPEMEHHON Ha3bIBa-
eTcs MmATepKa

X, TX), U, V, S},
rae X — Ha3BaHUE NIEPEMEHHOM;

T(X)={X,,i=1,m} — TepM-MHOXXECTBO Tepe-
MeHHOM X, TO €CTh MHOXKXECTBO Ha3Ba-
HUM JIMHTBUCTUYECKUX 3HAYEHUN Tepe-
MeHHOH X (KakJ0e M3 3THX 3HAYCHUH
— HeYeTKas MepPeMEeHHAs CO 3HAYCHUSIMU
W3 YHUBEpCcaJIbHOTO MHOXKecTBa U);

V' — cuHTakcuueckoe MpaBuIIo, MOPOXKIA0-
mee Ha3BaHWUS 3HAYCHUN JIMHTBUCTHU-
YECKOU nmepeMeHHon X;

S — ceMaHTHYeCKOe MPaBHUIIO, KOTOPOE CTa-
BUT B COOTBETCTBUE KaXKJIOW HEUETKOU
nepeMeHHo# ¢ HazBaHueM u3 7(X) He-
YETKOE MOJMHOKECTBO YHHUBEPCAIBHO-
ro MHOXxecTBa U.

Tepmbr X i =1,/ Ha3BIBAIOT MOHATHSIMH,
00pa3yIUMH  JIMHTBUCTHYECKYIO TEpEeMeH-
Hy10. DYHKIHMIO MPUHAJICKHOCTU HEYETKOTO
MHOXXECTBA )~(i,i =1,m, ONHCHIBAIOMIETO BO3MOK-
HbIE 3HAUEHHUs HEYETKOM NMEepEeMEHHOW C Ha3Ba-
aueM X,,i=1,m, TpagunuoHHO Ha3BIBAIOT (yHK-
uel npuHajIeKHOCTH NMoHATus X, i=lm nnu
(yHKIMel TpUHAATEKHOCTH TepMa X ,,i=1,m.

CeMaHTHYECKUM MPOCTPAHCTBOM HAa3bI-
BaeTCsl JIMHTBUCTHYECKAs MIEpEeMEHHAs ¢ (PUKCH-
POBaHHBIM TEPM-MHOKECTBOM.

[IpoBeneHHBIE TEOPETUUECKHUE HCCIIEO-
BaHUSI CBOMCTB CEMAaHTHYECKHX IPOCTPAHCTB,
HaIlpaBJI€HHbIE Ha TMOBBIIICHUE aJ€KBAaTHOCTU
MOJIeJIe SKCIIEPTHOTO OILICHUBAHUSI XapakTe-
PUCTHK U HUX MOJE3HOCTH ISl PEHICHUS IMpPAK-
THYECKUX 3aJla4, TIO03BOJIMIN OOOCHOBAaHHO
copmynpoBaTh TpeOOBaHUS K PyHKIMAM IIPHU-
Hagnexnoctn H,(X),/=1Lm ux tepMm-mMHOXECTB

[4].

1. Ins xaxaoro nmoustust X,,/=1,m cy-
mectByer U, #J, tne U,={xeU:p,(x)=1} ectp
TOYKA WJIA OTPE30K.

JIECHOUM BECTHHUK 6/2016

2. Ilycts U,={xeU:p,(x)=1}, Torma
1,(x),/=1,m ue y6sIBaet cnesa ot U | ¥ HE BO3pac-
TaeT cupasa ot U,

3. w,(x),/=1,m umeror He Gonee ABYX TO-
YeK paspbiBa MEPBOrO Poja.

4. JIns Ka)a0ro

xe US =1
=1

CemMaHTHUYECKHE TIPOCTPAHCTBA, (YHK-
UM IPUHATICKHOCTH KOTOPBIX YIOBIETBOPSIIOT
c(OpMyIIMPOBaHHBIM TPEOOBAHUAM, MOIYUUIH
Ha3BaHUE MOJHBIX OPTOTOHAJIBHBIX CEMaHTHYEC-
kux npoctpancts (ITIOCII).

OnpeaeneHue cTeneHy aHATOTHIHOCTH
TeXHUYeCKHX H3/1eJINii HA OCHOBe
MOJIHBIX OPTOTOHAJIBHBIX CEMAHTHYECKHX
NPOCTPAHCTB

bynem cuutars U = [A4, B] obnacThio 3Ha-
YeHHUI mapaMerpa. DKCIepT, UCXOAsl U3 CBOETO
OTIBITA, BBIICTSET 7 JTUHTBUCTHYECKHUX 3HAYe-
HUI 3TOTO TapameTpa U Ui KaKJ0ro JIMHTBUC-
TUYECKOTO 3HAYEHUS YKa3bIBAE€T COOTBETCTBYIO-
M€ TUITUYHBIC YUCIIOBbIC 3HAYCHUS. TUITHIHBIC
3HAYCHHSI MOTYT OBITh yYKa3aHbI OJIHAM YHCIIOM
WIHM TENBIM MPOMEXYTKOM. B 3aBucuMoCTH OT
9TOro (YHKIMHM MPUHAIICIKHOCTA TEPM-MHO-
JKECTB SIBIISTIOTCS (DYHKIIHSIMH TPUHAJICKHOCTH
TPEYTOJIbHBIX WM Tpaneneu anbHbIX (yHKIUH.

Jns TUNIMYHBIX 3HAYEHUN COOTBETCTBY-
fomas PyHKIHUS TPHHAUICKHOCTH MPUHHUMACT
3HaueHue efauHuia. OONacTh TUMMYHBIX 3HaYe-
HUM 17151 5TOM (QyHKIIMHM Ha3bIBAeTCS 00JACThIO
TonepanTHocTU. Haszosem |u(a) — p ()| mepoii
notepH nHGOpMaIuu JJ1sl 3HAYSHU @ U b B pam-
Kax [-ro TepM-MHOXeCTBa, [=1,m. Onpenenum
CTENEeHb aHAJIOIMYHOCTH U3/ENIUN CO 3HAYCHMSI-
MU a U b 110 paccMaTpuBaeMOMy MapameTpy o
bopmyne .

Z|H1(a)_ll1(b)|
I=1 (2)

2

N3 Gopmynsr (2) cremayert, 9TO €Cliu a U
b mpuHajiexkatr 00IacTU TOJEPAHTHOCTH OTHON
dynunn (w(a) = p(b) = 1), 01, = 1.

Ecmu a w b npunagnexar obnactu He-
OTpENCNEHHOCTH JABYX COCEAHHUX (PYHKUUN
(0 < pfa) < 1.0 < (@) <10 < p(b) < 1,0 <
<, (b) <1) nnu onHO U3 3HAYEHUH TPUHAJLTIE-

nab =1
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0,5

0 1,1 1,7 4

6,7 X

PucyHok. OyHKIMU MPUHAIICKHOCTH TEPM-MHOKECTB CEMaHTHYECKOTO MPOCTPAHCTBA «IaBICHUE
napa Ha BXOJE» U3IEIHs «II0J0IPEBATEIb BHICOKOTO JIaBICHUS)
Figure. Membership functions term set of semantic space «steam inlet pressure» product «of high

pressure heater»

KUT 0071aCTH TOIEPAHTHOCTU OAHON (PYHKIIUHU, &
Jpyroe 3HauYeHHe MPUHAMICKUAT 00JIaCTH HEOoll-
peneneHHoCcTy coceHelt QyHKIUU, TO

N, =1 - @ — b)) 3)

[Mocnemusis dopmyna (3) cienyer wu3
CBOMCTB (DyHKIMI MPUHAATICKHOCTH TEPM-MHO-
xectBa [TIOCII

m(@) + 1, (@)= 1, p(B) + , (H) =1 =
= “'l(a) - M[(b) = M[+1(b) - M[ﬂ(a) =
= luf@) — 1B)] = 1, (@)~ 1, (B).

Ecmu cpaBauth dopmyny (3) ¢ dpopmy-
noit (1), koropas TpPaJAULMOHHO MPUMEHSETCS
JUISL HaXOX/IEHHUSI CTETIEHM aHAJOTUYHOCTH, TO
OKa3bIBAETCSI, YTO OHU OYEHB MOXOXKH, TOJIHKO B
nepBoi (opMyse onepupoBaHUe MPOU3BOAUTCS
C CaMHMMHU 3HAYEHUSAMH NapameTpa, a BO BTOPOU
dbopmyne — co 3HaYCHUSAMH (QYHKIHHA MPUHA-
JUISKHOCTH 3THX 3HaueHui. B nepBoit hopmyre
MPUCYTCTBYET MOIIHOCTH (AJIMHA) 00IacTH 3HA-
YeHUH XapakTepucTUku — (B — A), a BO BTOpoii
(dbopMyse NPUCYTCTBYET MOIIHOCTh OONacTu
3HaueHuH QyHKUUH npuHauIexkHocTH — 1. B oc-
TaJIbHBIX cUTyanusx n , = 0.

Ucnone3yst ¢yHKUMM NpUHAATIEKHOC-
i [IOCII «maBneHue mapa Ha BXOjAe», M300-
paXeHHBIC Ha PUCYHKE, ObUIM BBIYUCIIEHBI CTe-
IIEHb AHAJIOTMYHOCTU W3JEIUN CO 3HAYEHUSIMHU
nasieHus napa 1.1 u 1.5 u crenens aHajgoruy-
HOCTHU W3JIETIUN CO 3HAUCHUSIMU JABJICHHS Tapa
6.1 u6.6.
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Homyuensr pesymbrarel: o = 0,34,
Ne16s — 0,82, CoracHo [1], 9Tn pe3ynbrarhl co-
IJIACYIOTCS C OIBITOM 3KCIIEPTOB.

BriBOABI

Jns ompenesieHUst CTENEHW AaHAJIOTHY-
HOCTH TEXHUYECKHUX M3IEIHUN TPaJULIMOHHO HC-
MOJIB3YETCA TOIAXOZ, PE3YJbTaTbl KOTOPOIO HE
BCEI/1a COIIACYIOTCS C OIBITOM JKCepToB. IIpo-
HCXOJIUT 3TO MO MPUYUHE TOrO, YTO IKCIEPTHBIN
OTIBIT M 3HAHUS TPYAHO (pOpManu3yeMbl B pam-
KaX KJIACCUYECKOM TEOPHH MHOXKECTB. B cTarbe
IIpEeJIaraeTcs MoAX0/ Ha OCHOBE TEOPUU HEYET-
KUX MHOXXECTB, KOTOPBIM MO3BOJSET JIMKBUIU-
pOBaTh 3TOT HEJJOCTATOK.
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DETERMINATION OF THE ANALOGY DEGREE OF TECHNICAL
PRODUCTS ON THE BASIS OF FUZZY SETS

Poleshchuk O.M., Prof. Bauman Moscow State Technical University, Dr. Sci. (Tech.)®

poleshchuk@mgul.ac.ru
(MBauman Moscow State Technical University (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia

While solving engineering problems, it is often necessary to define analogy degree of a product by some parameters.
Advantage of traditional formula is simplicity of calculations, and its disadvantage is that analogy degree only depends on a
difference of parameter values and does not depend on location of these values over the whole area. This disadvantage is the
reason of the fact that outcomes obtained with this formula do not always match expert experience. The matter is that a qualified
expert selects some base values of parameter within a set of parameters and makes comparison of products on the basis of
selected values. For example, an expert selects low, mean and high values, and defines analogy of products depending on what
linguistic values of parameter its numerical values belong to. We propose the approach that consists with the experience of
experts.

Keywords: expert information, linguistic variable, membership function, analogy degree.
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YK 535.4

O ABYXBOJIHOBOM ITPUBINKEHU JTUPPAKIINHU
CBETA B XOJIECTEPUYECKHUX XKUIKNUX KPUCTAJIJIAX
C BOJIBLINUM HIAT'OM CIIUPAJIN

H.B. LINTIOB, doy. MI'TY um. H.D. baymana, kano. ¢us.-mam. Hayx',
O.M. IOJIEINYK, npop. MI'TY um. H.3. Baymana, 0-p mexn. nayk',
AW. PYBUHILITEWH, npog. MI'TY um. H.D. Baymana, 0-p ¢us.-mam. nayx

poleshchuk@mgul.ac.ru, nvshi@mail.ru, caf-math@mgul.ac.ru

M ®Ir'BOY BO «MoCKOBCKHI rOCYIapCTBEHHbIH TeXHHYECKUH yHIBepeuTeT nmenu H.D. baymana
(HaIMOHAJIBHBIN MCCIIEIOBATENBCKUI yHUBEpCHTET)» (MBITHIIMHCKHUN (uinan),

141005, MockoBckast 00nactb, . Meituiy, yi. 1-s UactutyTekas, 1. 1

YcTaHOBIIEHO, UTO AT HE3HAYUTENBHBIX OTKIOHEHUH 0 HalpaBIeHNs pacpOCTPAHEHNUS BOJIH OT OCH XOJIE€CTEpHUeC-
KOTO KHJIKOTO KPUCTaJIa ¢ OOJBIINM IIaroM CIUPANU CHPABEeUIMBO IBYXBOJIHOBOE MpHOIMKeHne, P ~ A / d, Tie A — JuinHa
BOJIHBI,  — JUANIEKTPUIECcKas aHU30TPONHs. AHANN3 TPOBOJUTCS B paMKaxX MHOTOBOJIHOBOTO npubmkenus. Haiinensr yacto-
THBIE 3aBUCHMOCTH KO3()(HIIEHTOB MPOIyCKaHNs M OTPAKEHHS CBETA, KOTOPBIE OKA3bIBAIOTCS CYIIECTBEHHO HEPE30HAHCHBI-
MH U aCCHMETPUYHBIMH. AMITUTYAa OUEHHUH B YaCTOTHBIX 3aBHCHMOCTSIX KO((UIIMEHTOB MPOITyCKAaHNs U OTPa’keHUsI CBETa
MOKET TOCTHTaTh eAuHHIBL. HanmpumMep, kpyrosas moisipu3anist MOXKET OBITh TPeoOpa3oBaHa B IPOTHBOMOIOKHYIO KPYTOBYIO
MOJISIPU3ALINIO YrKe TP JUTHHAX BOJH A ~ & P, Tie P — mar crimpanu XKK, 6 — nusnexrprueckas anuzorporus X KK s yrimos
0 BruTOTH 110 3HaYeHni 15-20 rpamycos. Berauciensl kooQQUIMEHTHI IPOITYCKaHUs CBETA B CKPEIEHHBIX nosapounax 7 (o).
OtmedaeTcst Xopolee COBIAAeHNE TTOJOKEHUH PACUeTHBIX YaCTOTHBIX MAKCUMYyMOB U MHUHIMYMOB H NOTYyYEHHBIX KCIEPH-
MEHTAJIBHO YaCTOTHBIX MAKCHMYMOB U MUHUMYMOB 7, (®). AMIUTATY/Ibl MAKCMMYMOB U MHUHMMYMOB YaCTOTHBIX 3aBHCUMOC-
Teii T () TakKe HaXOIATCSA B XOPOIIEM COINIACUH C DKCTIEPUMEHTAIBHBIMHU CrIEKTpamu 7 ().

KiroueBsle crioBa: X0neCcTepUIeCKHH KUIKUH KPUCTAIT, IIar CIIUPAH, AUIEKTPHIECKast aHU30TPOIIHSL.

U(paKIMOHHAS ONTHKAa B COBEPIICHHBIX
CTPYKTypax, B YaCTHOCTH B HJACATbHBIX
KpUCTaJIaX, Korna JJIMHA BOJHBI MAJaroIIero
M3JIy4eHHUS! CpaBHUMA C MEPHUOJOM CTPYKTYpHI,
UCCIIENyeTCsd  TEOPETHUYECKHM U DSKCIIEPUMEH-
TaJbHO Ha MPOTSHKEHUU JIUTENBHOTO MepHoaa
BPEMEHHU KaK B PEHTI€HOBCKOM JUana3oHe JJIMH
BOJH [ 1], Tak ¥ B OOBIYHOM CBETOBOM JIMAITa30HE
JUTUH BOJH [2, 3]. TpaaAuIMoOHHO AJIsI ONIMCAHUS
TUQGPAKITUHI U3ITYYICHUS B PA3IMIHBIX TEOMETPH-
ax bpera wnm Jlays nipu TeopeTH4eCKOM MOIXO-
JIe WCIIONB3YeTCsl BYXBOJHOBOE MPUOIHKEHUE
[1, 2]. bonee y3kue ucciaea0BaHMs B YKa3aHHOM
MPUOMKEHUN BBISIBIWJIA BO3PACTAHHUE CIICKT-
palbHOM TUIOTHOCTH H3IIYYEHHUS 3apsKEHHBIX
gacThll BONHM3U TpaHUll TUPPAKIIMOHHOTO (ce-
JIEKTUBHOTO) OTpakeHus [4, 5], a Takke CABUT
1opora YepeHKOBCKOIO U3Iy4yeHus [6], 4To cBs-
3aHO C JAU(PAKIHOHHBIM M3MEHEHHEM 3(QeK-
THUBHBIX MOKa3aTeJIeH MpeToMIIeHHUs BOJIU3H Tpa-
HUI] CEJIEKTUBHOTO OTPAKEHUSI.
COOTBETCTBYIOIIUE Y3KHE MAaKCUMYyMBbI
BOJIM3U TPAHUI] CEJICKTUBHOTO OTPa’KCHHUSI BBISIB-
JIEHBI TIPU HEJTMHEHHOM MpeoOpa3oBaHUM YacTo-
ThI [7, 8], OIHAKO YAaCTOTHBIE MAKCUMYMBbI OKa-
3BIBAIOTCSl 3aBUCSIIIMMH OT TOJIIMHBI o0Opasia
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U T[PU MHTEIPAIBbHOM YCPEIHEHUU 3(PPEKTHB-
HOCTb NpeoOpa3oBaHust CHUXKaeTcs [7-9].

MeTon MeAJIEHHO MEHSIOIIUXCS aMII-
JUTYJ WCIIOJIb30BAJICS JUIsl aHajiu3a dSKCIEpH-
MEHTAJIBHBIX CIICKTPOB IPOITyCKaHUS CBETa B
IUTAHAPHOM CJIO€ XOJIECTEPUUYECKOTO KHJIKOTO
kpuctaima (XXKK) ¢ 6oipimmM marom crivpaniu
MIpU HAKJIOHHOM maaenuu ceera [10, 11] mo ot-
HOIIEHHUIO kK cniupanbHoi ocu XKK.

B nacrosimieii pabore pa3BuBaeTcs alb-
TEPHATHBHBIA TIOIXOJl C WCIOJIH30BAaHUEM MHO-
TOBOJIHOBOTO MPUOIMKEHUS U1 OTIUCAHUS AU -
pakimonnoi ontuku XJKK ¢ GonpmmMm marom
CIIUPAJU MPU HAKJIOHHOM T1aJIEHUU CBETA.

W3BecTHO, 4TO BHE 00NIACTH CENEKTHBHOTO
OTpaXXKEHUsI IPY HAKJIOHHOM I1aJIEHNH CBETa XOJIEC-
TEePUK aHAJIOTHYEH OJHOOCHOMY KpucTauty [2].
Onnaxo npuOIMkeH:e MI0CKOH JIMHEWHO MONSpU-
30BaHHON BOJIHBI CTAHOBUTCS HECIPABEITUBBIM,
€CJIM BEKTOp 0OpaTHOM pemieTkd T = 47/P okasbl-
BACTCS MOPSIKA BEJIMYMHBI JABYIIPEIOMIICHUS O X,
P — miar crimpany, y = 0g"? / ¢, € — udJIeKTpruIec-
Kasi IPOHUIIAEMOCTh, O — AMANIEKTPHYECKas aHU-
3oTponus. TeopeTudeckuil pacyeT ¢ MUCMONIb30Ba-
HHEM METOa MEIJICHHO MEHSIOLIUXCS aMIUTUTY
[10] u sxcniepument [11] mokazanm, 4To Ha JUTMHE
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BOJIHBI A ~ O P majaromias Ha KpUCTaJUT T — TI0-
JSIPU30BAHHAsI BOJIHA MOXKET OBITh NpeoOpa3oBaHa
B G — MOJISIPU30BAHHYIO BOJTHY U HA00OPOT. 371€Ch
T-OPT MOJISIPU3AIHHI B IFIOCKOCTH MAJICHUS C OCHIO
XXKK, o — nepnennukyisapes eil. Eciu xe umHa
BOJIHbI OTJINYAETCS OT YKA3aHHOM, TO TaKoe paccesi-
HHUE MPAKTUYECKHU OTCYTCTBYET B CIy4ae HEMaJIbIX
yIIoB 0 masieHus cBeTa ¢ OChio xorecTepuka. Jlis
MaJTbIX YIJIOB O MPUOMIKEHHBIM METOJ] MEJIJICHHO
MEHSTIOIIIXCS AMIUTUTYJT CTAHOBUTCSI HEPUMEHU-
MbIM [ 10], TOCKONBKY JBYNPEIOMIIEHUE CTAHOBUT-
csl ManbIM: 1, — n_~ Osin0 ~ &%,

B cBsi3u ¢ 3TUM nipescTaBisieT MHTEpeC 60-
Jiee IeTaIbHOE M3yYeHne 0COOEHHOCTEH TpaKium
CBETa B XOJIECTEPHKE C OOJBILIMM I1aroM CIUpAIIH,
B YACTHOCTH, ITPY HE3HAUNTEIBHBIX OTKJIOHEHUSIX O
mmyuka ceta oT ocu XJKK. AHanus BpartieHus mioc-
KOCTH TOJISIPU3ALIMY KaK pa3 YCIOXKHAETCS UIMEHHO
B MHTEpBAJIC 4acToT A ~ 0P [2].

Hcnonb3yem u3BeCTHYIO cUcTEMY [2] s
MIPOCTPAHCTBEHHBIX TOMEPEYHBIX Pypbe-KOMITO-
HEHT MOJIsI, OTBEYAIOIINX BOJHOBBIM BEKTOpaM

k=k+ntn=0,+1,%£2, ... (D)
(e, — ek YDE + D &E =0, 2)
n=0,+1,+2, ...

B cayuae xonecTepudecKkoro >KHUIKOro
Kpuctamia [2], ONIMYHBIMU OT HYJISl OKa3blBa-
I0TCS TOJIBKO MPOCTPAHCTBEHHBIE (Dypbe-KOMITO-
HEHTBI € U €, TEH30pa JUDJIEKTPUYECKOU IPOHU-
11aeéMOCTH, cOOoTBEeTCTBYIOMME § = 0, & 1.

Bynewm cuurars, uto yrox 6 Bekropa k ¢
OCBIO Z XOJIECTEPUYECKOI0 >KMJIKOTO KpUCTasla
SIBJISIETCS HE3HAYUTEIHHON BEJIMYUHON, O ~ & 2,
a TaKXe MaJIol BETUIMHOM cuutaem T ~ 0y. [1po-
eKTUPYs ypaBHEeHHsI (2) HA IUPKYISIPHBIE OPTHI

n,= (Icos® —j —z sin) / 27,
n, = (Icosd +j —z sinB) / 21>
rae 1, j, z — elMHUYHbIE OPThl OPTOTOHAIBHOU
CHUCTEMBI KOOpAMHAT, IPUXOIUM K CHC-
TE€Me CBSI3aHHBIX ypaBHEHUH AJis aMIl-
matyn E, E |, E, u E |, Ipu4em, TOIBKO
NEPBbIE [IBE aMIUIUTYIbl OKa3bIBAIOTCA
HEMaJIbIMU, a BCE OCTaJIbHbIE OKa3bIBa-
IOTCSI OTHOCHUTEJIBHO HUX BEIUYMHAMU
nopsiika o u 62,

To xe camoe MOXHO CKazaTh U OTHOCHU-
TEJIbHO TMpOoeKuuid £, £ Ha CONPSIKCHHBIE LUP-
KYJISIPHBIE OPTHI.

JIECHOUM BECTHHUK 6/2016

IIpusenem Tonbko cucremy s E, E, ¢
TOYHOCTBIO JIO CIaraeéMbIX Topsijika o u 0%
(1- koz/)(z)EO2 +OE =0,

OE, + (1 —kIX)E, =0, (3)
TJI€ BbIpaKacM BCKTOP
k=y+zA (4)

yepes BEKTOP

x = x(I sinb + z cos0), 5)
COCTaBJIAIOIIMN yroi 6 ¢ OChl0 z BO BHEIIHEH
Cpezie ¢ MOCTOSHHOM INAIEKTPUYECKO pOoHHUIa-
€MOCTBIO €.

[Toncrasnsst (4), (5) B (3), u3 ycnoBus
paBEHCTBA HYIIO OINIpeesInTels cucTeMsl (3) Ha-
XOJIUM JIBa 3HaueHUsI A k JU1sl ABYX COOCTBEHHBIX
pemenuii (mox) XKK:

Ak = (1 (T +%)")/2. (6)

Bekropuble amruntyisl E£(r) aByx cobc-
TBeHHBIX MoJ X)KK okaspiBaroTCs paBHBIMU

E(r) = n,exp(ikr) + n exp(i(k,+ v)r), (7)
rae T = (— 4n/P)z ecTb BeKTOp 0OpaTHOH perer-
ku XKK.

[ToncraBnsst (4), (5) B kodhpuUIIMEHTHI
cucTeMBI (3), HECIIOKHO MOITYYUTh OLIEHKY 3THUX
MHOKHTEIIEH

1 — k2l ~ Akly.

[Tockonbky, Kak 3TO caeayeT u3 (5), Be-
anurHa Ak okasbiBaeTcs mopsjka Oy, TO BcCe
ciaraeMble cuctemsl (3), BKIIOYas M BTOPOM
MHOXUTENb | — Kk /y’, OKa3bIBAlOTCS BEIMYH-
HaMU mopsjaka 0. 31ech ¢ IPaKTUYECKOW TOUKU
3pEHHs BaXKHO OTMETHTh, YTO JIOIYCTHUMBIH yron
0 majeHus BHEIIHEH BOJHBI B (hOpMYyJie MOXKET
otkioHATECS OT ocu z XJKK BIIOTH M0 3HAde-
Hu nopsiaka 62, TUnuYHbIe 3HAYCHUS IHUAIICK-
TPUYECKOM aHU30TPONHUHM O OKa3bIBAIOTCS Ha
IpaKTHKe BeauunHaMu B nuanaszone ot 0,01 no
0,1. IToaToMy MOXKHO HaACATHCSA, YTO (POPMYJIBI
(4)—(7), onuchIBaOIIKE JIByXBOJIHOBOE MPHUOIH-
xeHue (7), moryyaeMble B paMKax MHOTOBOJIHO-
BOTO PUOJIMAKEHUS, OyyT ClIpaBeUIMBbI BILIOTh
10 yrioB 0 nopsinka 15-20 rpagycos.

[Tpu nageHun Ha KpUCTAIT LHUPKYISIPHO
HOJISIPU30BAHHOM BOJIHBI JUII MHTEHCUBHOCTEH
IIpaBoOM (JIEBOI) KPYroBOH MOJIApU3ALUU B MPO-
XOJIAILEM CBETE HaXOIUM

T =1-T_,T =@Oyr)ysin’Lri2.  (8)

B ciyuae manoro nomoneHus BIUsHUE
XO0JIECTEPUUECKOTO JKUKOTO KPUCTAJIa CBOJUT-
Csl, TAKUM 00pa3oM, TOJBKO K M3MEHEHHIO I10-
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nspuzauu U (as3sl BodHBL. B wacTtHOCTH, mpHu
Lr = 2mtm He u3MEeHsIeTCsl TaKXKe U MOJIApU3aLUs
npoxozsie BoaHbl. Hanporus, mpu gacrorax,
YIAOBJIETHIOPSAIOIINX YCIOBHIO
Lr=m+2mm. 9)
B npoxomsmieM cBere MakCUMaiIbHO
MpeCTaBlIeHa MPOTUBOMNOJIOXKHAs KPyroBas Io-
nspuzanus. C yBeIMUYEHHEM YaCTOThI AMILIUTY-
na OumeHuit Bo3pactaer. Tak yke mpu dacTtoTax
Oy ~ 3T UHTEHCUBHOCTbH IPOTUBOIIOJIOKHOM KpYy-
TOBOM MOJSIpU3ALMKA B MPOXOMSIIEM CBETE CO-
ctasiser 10 90 %.
[IycTsb Tenepb Ha KpUCTAILI 1A 1a€T JIMHEH-
HO MOJISIPU30BAHHAS BOJIHA (JIJ1s1 ONPEACTIEHHOCTH
T — noJsipusanys). bynem cuurtarh, Kak U B JKC-
nepuMente [11], yTo opueHTalst AUPEKTOpa Ha
BXO/IHOM TIOBEPXHOCTH IUIAHAPHOTO CJIOSI XOJIeC-
TEPUUECKOTO JKUIKOTO KPUCTAJIJIAa PACTIONOKEHA B
IJIOCKOCTH MaJaroei BOIHbI, TO ecTh @ = 0.
Jis xoadduiimenTa nporyckaHus cBeTa
B CKpEIIEHHBIX MOJSIponiax (TO €CTh IJisi HHTCH-
CUBHOCTH G — IOJIAPU30BAHHON COCTABJISAIOILIEH
B MIPOXO/ISIIIIEM CBETE) aHAJIOTUYHO U3JI0KEHHO-
My HaXOJIUM
T, (@) = (t/r)*sin’Lr/2. (10)
MakcuMyMbl U MUHUMYMBI 4aCTOTHOU
3aBucuMOcCTU (10) onmuChIBaIOTCS aHATIOTUYHBI-
MH BBIPAXKEHUSIMU

Lr=m+2nm, (11a)
Lr=2mm. (116)
[IpuBeneM mapamMeTpbl 3SKCHEPUMEH-

TajgbHOro crnekrpa [11] mpomyckanus cBera B
CKpEILEHHBbIX MNoJspouaax mnox ymiom 0 = 29
IpaaycoB K CIIHPATbHON OCH XOJECTEPUUECKOTO
KHJIKOTO KpUCTaJlla: aHU30TPOIHs MOKa3ares
npenomieHust An = 0,22, mar cnmpanu P = 9,5
MKM. Yucno nonyBuTkoB cnupanu — 8. [losto-
My JAMPEKTOp Ha BXOJHON W BBIXOJHOH IMOBEp-
XHOCTH IUIAHAPHOTO CJIOSl XOJIECTEPUUYECKOTO
KHUJKOTO KpUCTaJJIa OPUEHTUPOBAH OAMHAKOBO.
JlupekTop Ha BOJHOW MOBEPXHOCTH IIJIaHAPHO-
IO CJIOSI pacIoJIOkKEH B IJIOCKOCTU MaJECHUS, TO
ectb @ = 0.

PacueT monoXeHUH YaCTOTHBIX MaKCH-
MYMOB JUIsl YKa3aHHBIX BBIIIE [apaMETPOB KC-
nepumenTa [11] o ¢opmyne (11a) mpuBoIUT K
CJICAYIOIIMM 3HAUEHHUsIM 0OpaTHOW JJTUHBI BOJI-
HBI | / A (BBIPAXKCHHBIX B MKM '):

1,45; 1,59; 1,73; 1,86. (12)
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CoOTBETCTBYIOIIME YAaCTOTHBIE MaKCH-
MyMBbI, HaWJEHHBbIE IO HKCIEPUMEHTAIBLHOMY
CIIEKTPY MPOMYCKaHUs CBETA B CKPEIIEHHBIX T10-
nsapounax [11], oka3zpiBalOTCs paBHBIMU

1,45; 1,60; 1,74; 1,87. (13)

Pacxoxnenust BO BTOpoM 3HaKe, MO-BU-
JTUMOMY, KaK pa3 U OOYCJIOBJIEHBI TOYHOCTBIO
HCIIOJIb3yEMOT0 JIByXBOJIHOBOTO TMPUOIMKCHHUS,
MOCKOJIbKY O ~ 0,1.

BenuuuHbl 4YacTOTHBIX MaKCUMYMOB
T (), paccunrannbie no Gopmyine (10), Taxke
COMIIACYIOTCS C OKCTIEPUMEHTAIBHBIMU TAHHBIMU
1 He npessiatoT 3Hadenuit 0,3-0,4.

Uto kacaercss 4aCTOTHBIX MHHUMYMOB
T _(w), To B paccMarpuBaeMoM NPHUOIMIKEHUH,
kak caeayet u3 (10), oHu Bce paBHBI HYJIHO. JK-
CIIEpPUMEHTAJIbHBIE JaHHbIE BCEX MHUHHMMYMOB
T__ (®) pasubl npudmusutensro 0,05. OqHol u3
BO3MOYKHBIX MPHUYUH PACXOXKACHUS MOJIOKESHUN
YaCTOTHBIX MHHHMYMOB (Hapsiay C OOCYXIaB-
IIEHCS BBIIIIE TOYHOCTBIO PEIICHUN MOPSIKa O)
ABJISIETCS TOT (DAKT, YTO NPU PEIICHUU IPaHUY-
HOM 3aJ1auM ToKa3aTeilb MPEeJIOMIICHUS] BHEIIHEH
CpeJbl CUUTAJICSI pAaBHBIM CPEIHEMY MTOKA3aTEeII0
MPETOMIICHUS XOJIECTEPUIECKOT0 KUIKOTO KPHC-
Tajula, TO €CTh HE YUYUTHIBAIOCH ()PEHENEBCKOE
OTpakeHue Ha rpaHule mianapHoro ciost XKK
Y BHEIITHEH Cpe/ibl INIAaCTUHBI, OTPAaHUYHBAOIIEH
cioit XKK ¢ 1ByX cTOpOH.

He u3y4yeHHbIMH B JOJKHOW CTENEHH,
[0 HalleMy MHEHUIO, SIBJISIFOTCS YaCTHBIE 3aBH-
CUMOCTH KOd()(UIIMEHTOB MPOIMyCKaHUS U OT-
paXxeHusl CBETa B 3aBHCHUMOCTH OT OPHUEHTAIMU
JTUPEKTOpa Ha BXOIHOM U BBIXOIHOM MOBEPXHOC-
tu mna”apHoro ciost XJ)KK ¢ Gonpiumm marom
criupanu. BiausiHue dakTopa MOTIOMEHUs 31eCh
TaK)Ke MPECTaBIAET 3HAUUTEIbHBIA HHTEPEC.

B 3axntouenue enie pa3 noauepKHEM, U4TO
JByXBOJHOBOE IpubImxeHue (4)—(7) moaydeHo B
paMKax MHOTOBOJIHOBOTO TpuOmxkeHus (1)—(2)
U SBJISIETCSl MPSMBIM CIIEACTBUEM YHUKAJIbHOU
TeJIMKOUJATBHON CTPYKTYPBI XOJIECTEPUUECKO-
ro ®uakoro kpucramia. OHO CIpaBeIUBO IS
HE3HAYUTEIHHBIX OTKJIOHCHUW O HampaBlieHUs
najaronier BojaHbl oT cnpaiibHo ocu XOKK. B
clly4ae pacrpoCTpaHEeHHs BOJIH BAOJb CIIHPAb-
Hoit ocu XKK (6 =0), kak uzBecTHo [2 ], cymiec-
TBYIOT TOYHBIC PEIICHHUSI TSI TBYX COOCTBCHHBIX
BoitH XOKK, Kaxkmast U3 KOTOPBIX IPEACTaBICHA
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TWO-VAWE APPROXIIMATION OF LIGHT DIFFRACTION
IN CHOLESTERIC LIQUID CRYSTAL WITH LARGE HELICAL PERIOD

Shipov N.V., Assoc. Prof. Bauman Moscow State Technical University, Ph. D. (Physics and Mathematics)®";

Poleshchuk O.M., Prof. Bauman Moscow State Technical University, Dr. Sci. (Tech.)’; Rubinshteyn A.I., Prof. Bauman Moscow
State Technical University, Dr. Sci. (Physics and Mathematics)®
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(WBauman Moscow State Technical University (Mytishchi branch),
1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia

It is shown that the two-wave approximation is correct in the case of small wave direction divergence 6 with respect
to helical axis z of the cholesteric liquid crystal with large helical period P ~ A/d, where A is light wave length, § — dielectric
anisotropy of the cholesteric liquid crystal. The analysis is carried out in the case of multi-wave approximation. The frequency
dependencies of light transmission and reflection coefficients 7 (), R () are found, where 7 is the polarization ort in the plane
of incidence, c is orthogonal that plane. The variation amplitude of the light transmission and reflection coefficients 7 (w),
R _(®) may reach unity. For example the light circular polarization may be transformed into opposite light circular polarization
under wave length A ~ P3 and 0 ~ 20 degree of circle/ The maximum and minimum positions of frequency dependencies 7, (),
R (o) are found. The theoretical and experimental maximum and minimum positions of frequency dependencies 7, (w), R, (®)
are lying in good agreement. The maximum and minimum amplitudes of frequency dependencies 7' (o) are also lying in good
agreement with the experimental maximum and minimum amplitudes of frequency dependencies 7, (o).

Keywords: cholesteric liquid crystal, helical period, dielectric anisotropy
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MOT'BOY BO MI'Y um. M.B. JloMoHOCOBa, (DUITONOTHYECKHI (haKyIbTeT
119991, Mocksa, Jlenunckue ropsr, I'CII-1, 1-if kopmyc rymMaHUTapHBIX (haKyJIbTETOB

OcoOEHHOCTH TIepeBo/ia aBTOPCKUX TEPMHUHOB T'YMAHHTApHBIX HAYK B 3HAYMTENIBHOW CTENEHH 3aBHUCAT OT OCOOBIX
CBOMCTB CaMHX TEPMMHOB. Tak Kak 3HAYMTENbHAS YAaCTh ABTOPCKMX TEPMHHOB — HEOJIOTH3MBI, YaCTO y TAKHUX TEPMUHOB Cy-
ecTBYIOT opdorpadudeckne, MOpHOIOrHUECKUE NITH JISKCHYECKHE BapUALMH, a TAKKe YaCTO HE UMEIOT BapHAHTOB T1EPEBO/IA,
3aKpEIUICHHBIX B aHIVIO-PYCCKUX CI0BapsX. TakuM oOpa3oM, TepeBoj] aBTOPCKUX TEPMUHOB TAKKE YACTO BAPUATHUBEH; MOXKHO
BBIJICJIUT IISITh OCHOBHBIX CTpaTeruii nepesona TepMuHoB. Hanbosee NpoayKTHBHBIMY SIBISIOTCS KaJlbKa (C MOMOIIBIO JIAHHOI
MepPeBOUECKOH CTpaTerun nepeBeieHo NpuMepHo 42 % paccMOTPEHHBIX aBTOPCKUX TEPMUHOB) M 3aUMCTBOBAHHUE U3 S3bIKA OPH-
ruHana — TpaHckpumnims (32 % TepmMuHOB) M TpaHcauTepanus (26 % TepmuHoB). Ilocnennue 1Be mepeBoqYECKHE CTPATETHH
CTaHOBATCS Bce Ooiee POy KTHBHBI OJ1aroapsi MeXIyHapoIHOM TeHACHIMH K obain3aiuy. MeHee NpoayKTHBHBIMH CTpaTe-
THAMH SIBIISIOTCS BEIOOP KyJBTYPHOTO 3KBUBAJICHTA, TeHepanu3alys (00001IeHe) U JeCKPUIITUBHBIH (OMMcaTeIbHBIIN) ITEPEBOI.

KitoueBsle ci10Ba: aBTOPCKHE TEPMUHBI, aHIJIOSI3bIYHASE TEPMUHOJIOT UL, IEPEBO/] aBTOPCKUX TEPMHUHOB, TIEPEBOJL TEP-

MHWHOJIOTUH, CTPATEIrn NEPEBOJIAa, TEXHUKHU ITEPEBOJA.

he main specific features of the translation of

author terms depend on the specific features
of the author terms themselves. Such terms, being
mostly neologisms, often have various spelling
or meaning variations and more often than not
do not have translations fixed in dictionaries.

One of the main specific features
of author terms translation on the level of
dictionaries is the variety of translations. A
great number of author terms have a variety
of translations which is the result of different
strategies and techniques.

Sometimes  the  variants  include
translations made according to one strategy of
translation. In this case, the strategy is either
finding a lexical equivalent (in this case, the
diversity of translation variants is due to the
fact that there are a number of equivalents in the
target language) or calque translation:

Nonobjective — abcmpaxmmublii, nepen-
Pe3eHmamueHulil (He U300paxdcarowull peab-
HbIX npedmemos) non objective art forms without
any reference to reality — abcmpakmmubie xXy0o-
Jrcecmeentvle opmul, He umeroujue CessU C pe-
anvrHocmyio [1, C. 148].

The Action Painting — «>#cueonuco
oelicmeusny», «HCUGONUCH HCeCmay, «AKMUBHAS
Hcueonucwy (hopma abcmpaxkmmnozo sxcnpeccu-
OHU3BMA, aKYEeHMUPOBAasulas 3Haverue uzuiec-
K020 deticmeus 6 scusonucu) [1, C. 149].
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Most often, though, various translations
are made by means of different strategies, for
example:

Neo-impressionism - Heoumnpeccuo-
Husm, oueusuonusm, nyanmuausm [1, C. 99];

Art Brut - «ap opromy (uckyccmeo 0y-
UIeBHODONILHBIX, «HAUBHOE» MEOPHUecm8o Map-
2UHATI08), «CbIPOE UCKYCCME0y, Henpogeccuo-
Hanvnoe uckyccmeo (2, C. 80];

Pop art [ - non-apm, uckyccmeo ¢ cmu-
ae «nony [3, C. 120];

Pop art Il - non-apm, non-uckyccmeo
[2, C.272].

Sometimes the difference is seen only
on the level of spelling, for example, the term
happening canbe translated through transcription
(I) or transliteration (II):

Happening [ — [. Xonenune, sxcnepu-
MEHMATbHBILL HCAHP COBEMCKO20 MEAMPAILHO2O
UcKyccmea,

2. UMnpPOBU3UPOBAHHbBLE AKMbL UCK)YCCII-
6a [3, C. 67].

Happening Il - Xennenune (Oeticmeo,
coeouHsiowee 8U3YaAIbHblE UCKYCCMBA U meam-
panuzosannyto umnposuzayuro) [2, C. 552]

Some translation variants result from
the use of certain translation techniques, for
example:

Orphism — opgusm, opghuueckuit Ky-
ouzm (mevenue 8 U300PAUMENLHOM UCKYCCMEBE
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nHauana 20 eexa, enasuvim oopazom 6o Ppanyuu)
[1,C. 170];

Conseptual art, conseptualist art — kon-
uenmyanbHoe UCKyccmeo, KOHyenmyaiusm [2,
C. 36];

Vorticism — eopmyusm, eopmuyuim
(KpamkospemenHoe HanpaeieHue 6 aHIUNCKOU
aumepamype u dxcueonucu 6 1912-15) [1, C. 614].

Even if there is only one variant of
translation, the dictionaries tend to provide
an explanation of the notion (which is not
characteristic of the non-author terms listed in
the same dictionaries). This brief explanation
can be seen either as a brief reminder of the
meaning of a term or as a descriptive variant of
translation. Approximately 80% of the author
term translations include this explanation, for
example:

Cloisonnism - KIya3oHHU3M (Cmuib
HCUBONUCU, 8 KOMOPOU 001acmu apKo2o, nioc-
K020 Ysema pasoeieHvl MmeMHbLM KOHMYpPOoM, no-
000HO BUMPAdICAM 8 Nepecopoouamol dMaii)
[2, C. 106];

Neo-Plasticism — neonaracmuyusm (6uo
YEMKOLL 2eOMeMPUUECKOl ADCMPAKMHOU HCUBO-
nucu 2pynnvl 2011aHOCKUx xyoooicrHukos) [1, C.
48];

Luminism — Jlromunuzm (1. Ocoboe ka-
Yecmeo HCUBONUCH, NPUOAHUE KPACKAM C8EMOHOC-
Hocmu, 2. TexHuxa Hcusonucu, 3aKmo4arouasics 6
omoopadxcenuu uepvl ceema Ha 6ooe) [2, C. 360].

Almost all the main strategies of term
translation can be observed in the translation of
author terms.

The first method is to find a cultural
equivalent. Most often, author terms are
coined due to extralinguistic reasons, thus
author term coinage usually coincides with the
emergence of a new notion. And, as the author
terms always have an author, in most cases it
is quite easy to state where (and, generally,
at what time) the term was coined. Thus, it
is pointless to try to find an equivalent in the
target culture, as both the term and the notion
denoted by this term are generally borrowed at
the same time.

Thus, to find a cultural equivalent is one
of the least productive strategies of translating
author terms. Yet, this strategy can be used
mostly with consubstantial terms (the percentage
of which is also quite small), for example:

All-over painting— a term first applied
to the abstract expressionist drip paintings of
Jackson Pollock which appeared to have no top
or bottom [5, C. 8];

All-over (painting) — cniownoit, poéno
nokpuigaowuil ecio nogepxuocms. [2, C. 97].

As there are two variants of translation,
only one of which is equivalent translation, there
is a need to have a look at the level of speech,
where the most frequent translation of all-over is
indeed cnnownoii:

ing» to create the impression of being realistic.

ment [9].

At the same time Pollock’s all-over painting, his un- | B To >xe Bpemst B cBoeli «cnJIOMIHO» skuBonucu [lomok mpo-
focused dripping to the very edge of the painting. But | n3BoabpHO pa30pbI3ruBai KpackH 10 CaMoro Kpasi KapTuHbI. J{axe
even the Impressionists had used this kind of «fram- | uMIpeccHOHHCTBI NCTIONB30BAJIM ATOT MIPUEM, YTOOBI CO3/aBa-
J0ck OoJiee peacTHYHOE BIICUATIICHHE OT KapTHHBI.

Jack «the Dripper» now intensified the impression of | «/I>kek-Pa30OpsI3ruBarensy emie 60JbIIe YCHITII BO3ICHCTBIE pe-
realistic immediacy with his extremely large formats. | ancTHYHOM HETOCPEICTBEHHOCTH CBOMX PA0OT, CO3/1aBast KapTH-
The paintings face the observer like a wall. No path, | Hpr upe3Bbr4aitno 6ombmmx pazmepos. [lepern 3purenem npeacra-
no gaze leads past them. They are part of the environ- | foT KapTHHBI pazMepoM co cTeHy. VX HEBO3MOXKHO 00OUTH WM HE
3ameTuTh. OHU SIBISIFOTCS YaCThIO OKpYy Karomiero Mupa [10].

The frequency of the first translation
strategy is very low (~3%).

The second method of term translation
is calque-translation, or translation word-by-
word. This method involves translating terms,
often compound ones, part-by-part. In author art
terminology translation, this method is the main one
in dealing with consubstantial terms, for example:
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Combine Art [5, C. 63] — Komounupo-
6aHHOE NPOU36eOeHUe, KOMOUHUPOBAHHAA IHCU-
eonuce [2, C. 281];

Anti-Art, anti-art [5, C. 11] — anmu-
UCKYCCH80 (306€00MO NPOBOKAYUOHHBLE (POPMbL
uckyccmsa) 2, C. 132];

Aesthetic Movement (5, C. 5] - acme-
muueckoe osudicenue [1, C. 781];
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Abstract art [5, C. 1] - abcmpakmmnoe
uckyccemeo (2, C. 5];

Auto-destructive art — art which is
deliberately intended to self-destruct. The
concept was developed in the 1950s, most
notably by Gustav Metzger who originated

the term and wrote

[5, C. 20].

The translation of this term has not been
found in the authoritative bilingual dictionaries,
but the translation of a book on Art History
provides the following calque variant

several manifestos.

Among the founding members of this cooperative-
who se original name was the Centre for Advanced
Creative Study-one counts Gustav Metzger, the
apostle of “auto-destructive art.» [7, C. 374]

Cpedu unenos-yupeoumerneti 3mo20 KOOnepamusd, nepeoHauatbHo
Haszvleaswe2ocs Llenmpom nepcnekmugHbIX meopuecKux uccieoo-
sanutl, gueypuposan I'ycmae Memyeep, anocmon «camopazpyuia-
rouezoca uckyccmeay [4, C. 423].

One more example of calque translation
of a term not registered in the dictionaries but
found in speech is the term concrete art:

Concrete art - Term applied to abstract
art that repudiates all figurative reference and
uses only simple geometric forms. The term was
coined by van *Doesburg, who in 1930 issued
a manifesto entitled Art Concret, disguised as
the first number of a review (no other numbers

were issued), in answer to the formation of
the *Cercleet Carre association, to which he
had been vigorously opposed. Max *Bill gave
the following definition: ‘Concrete painting
eliminates all naturalistic representation; it avails
itself exclusively of the fundamental elements of
painting, the colour and form of the surface. Its
essence is, then, the complete emancipation of
every natural model; pure creation’ [6, C. 115].

Enthusiasts of Bill’s “Concrete Art» (in which every-
thing had to be planned by arithmetic calculations)
suddenly flooded the tiny Brazilian art world, which
had been, until then, recalcitrant toward modern art.
[7, C. 365]

IToKNIOHHMKN OMIUIEBCKOTO «KOHKPEMHO20 UCKyccmeay (TIe
BCE MOJUMHSIOCH apU(PMETHUECKIM pacuyeTaM) HEOXHJaHHO
HABOJHMJIM KPOIIEUHBIM Xy0KeCTBEHHBIN Mup bpasumuu, no
TOTO YNOPHO HE NMPUHUMABIINN COBPEMEHHOTO UCKYCCTBa. (4,
C.416]

An odor of crushed strawberries, a letter from a friend,
or a billboard selling Drano; three taps on the front
door, a scratch, a sigh, or a voice lecturing endlessly, a
blinding staccato flash, a bowler hat - all will become
materials for this new concrete art. [7, C. 440]

3arax pa3aaBieHHOMN 3eMIITHUKH, ITHCHMO OT Jpyra, Ouinbop ¢
pexnamoii «JIpaHo», Tpu CTyKa BO BXOJHYIO JBEPb, [lapaIiuHa,
B3[I0X WM TOJIOC, YHTAMON[MNA HECKOHYAEMYIO JIEKIUIO,
MICHOBEHHAsl OCIICIUISIFONIAsi  BCIIBIIIKA, [UISIA-KOTEIOK -
BCE CTAHET MAaTepHajOM JJisi 3TOTO HOBOTO KOHKPEMHO20
uckycemea. [4, C. 49]

Some modern abstract artists use terms such as con-
crete art or non-objective art, but in practice the phrase
abstract art is commonly used and the distinction be-
tween the two is not always obvious. [9]

Hexoropble coBpeMeHHBIE a0CTPAKIIMOHHCTBI HCIIOIb3YIOT
TaKHe TEPMHUHBI, KaK «KOHKPemHoe UCKYCCHEo) WIn
«OecmpeIMEeTHOE WCKYCCTBO», HO Ha TMPAKTHKE OOBIYHO
HCIONB3YeTCS TEPMHH «a0CTpaKTHOE HCKyccTBOY. [10]

Another example is the following calque
translation of an author nomenclature unit:

Blaue Reiter [5, C. 3] =>Blue Rider
— «Cunuit 6caonux» (00veouHeHue XyO0oHCHU-
Kog-3Kcnpeccuonucmos 6 Mionxene (1911-14))

provides the German variant and does not even
mention the English one, the English-Russian
dictionary deals only with the English calque
(The Blue Rider). On the level of speech, the
original text in English can give two variants,

[2, C. 155].

Here it should be noted that while the
monolingual English Dictionary of Art Terms

the German one and the English one, and the
Russian translation includes only the Russian
calque:

In early 1912 he wrote his Russian colleague Wassily
Kandinsky (1866-1944), with whom he had found-
ed the association of artists Der Blaue Reiter (The
Blue Rider) in Munich in 1911 : «I am just reading
Worringer sAbstraktion und Einfiihlung [Abstrac-
tion and Empathy] , a good mind, whom we need very
much. Marvelously disciplined thinking, concise and

cool, extremely cool.» [7, C. 80]

Brnauane 1912 200a on nucan ceoemy pycckomy Kouleze
Bacunuro  Kanounckomy — (1866-1944),  coemecmuo ¢
xomopwim 8 1911 200y ocnoean 6 MiwoHxene XyoodcecmeerHoe
obveounenue « Cunuil ecadnuky: «4umaro «Abcmpaxyuio u
6 uyscmeosanuey Boppuneepa: npeeocxoouulii ym, 6 Komopom
Mbl MaK Hyscoaemcs. YousumenoHo OUCYUNTUHUPOBAHHOE
MbluLieHue, HeMHO20CI08HOe U X0N00Hoe, 8 GblCuieli CmeneHu
xonoonoey [4, C. 87].
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The calque translation is the most frequent
one in translating consubstantial terms and one
of the most productive ways when dealing with
word combinations; it accounts for approximately
42% of translations, based on the dictionaries and
a number of books and articles on Art.

Yet most often the author terms of Art are
not consubstantial and thus the calque and the
equivalent translation do not suit the purpose. In
such cases, the translator may use loan borrowing,
which is the most productive strategy in English-
into-Russian author term translation.

There are two main ways of loan
borrowing: transcription and transliteration.

The first, transcription, involves
transcribing the source terms, i. e. rendering the
sound of a lexical unit by means of the target
language. The examples include:

Tachisme - mawusm [2, C. 543];

Fauvism -gposusm [2, C. 448];

Junk art — oxcank-apm [2, C. 82];

Cloisonnism [6, C. 110] - Kayazonnuszm
(cmub dcugonucu, 8 KOMopoul 0b1acmu ApPKo2o,
NIOCKO20 Yysema paz0eieHbl MeMHbIM KOHNY-
POM, NOOOOHO BUMPANCAM 8 Nepe2opooHamort
amanu) [3, C. 30];

Bakelite— oaxenum (cunmemuyeckuil
nonumep) [2, C. 114].

Yet another example of transcription is
the term assemblage, which has two variants,
according to the dictionary:

Assemblage - Term coined in the 1950s
by Jean *Dubuffet to describe works of art
made from fragments of natural or preformed
materials, such as household debris. The term
is not usually employed with any precision and
has beenusedto embrace *photomontage at one
extreme and room *environments at the other.
It gained wide currency with an exhibition
called ‘The Art of Assemblage’ staged at the
Museum of Modem Art, New York, in 1961
[6, C. 29];

Assemblage Accamonaixie, cKyno-
nmypa-Konnayc  (abcmpakmuas — KOMHO3U-
Yus, cCOCMosAUas U3 HeoObLIYHbIX MAMePUuanlos)
[2, C. 93].

The dictionary gives two variants —
transcription and generalization. In such case it
is necessary to turn to the level of speech to find
that the translation of assemblage as accamonanc
is quite popular, while ckyrenmypa-xonnasicis
so rare that it could not be found:

Pablo Picasso, Bull’s Head, 1942 Assemblage (bicycle seat
and handlebars). [7, C. 33]

ITabno TIlukxacco. TomoBa Owika. 1 942 Accamonaic:
BEJIOCUIIETHBIE CeII0 U pyiib. [4, C. 39]

Given that signs are defined by their opposition to other signs
within a given system, anything can stand for anything else if
it conforms to the rules of the system in question. Using the
handlebar and seat of a bicycle, Picasso remains within the
realm of representation, defining the minimum required for
a combination of disparate elements to be read as the horned
head of a bull, while at the same time demonstrating the met-
aphoric power of assemblage. [7, C. 33]

Hcnone3ys cenno v pyas Benocunena, [ lnkacco ocraercs
B mpernenax (UTypaTUBHOCTH: C TIOMOIIBIO MUHUMYyMa
CPEICTB OH COCTaBISICT Pa3sHOPOJIHBIE DJIEMEHTHI Tak,
4TOOBI B HUX MOXXHO OBIJIO Y3HATh POTaTyo roJIOBY ObIKa,
1 B MECTE C TeM JIEMOHCTPUPYET MeTahOPHUECKYIO CHITY
accamonsica. [4, C. 39]

Perhaps we should also ask what Rubin’s approach to Dada
was-for Dada was also included in his exhibition and its cata-
logue, “Dada, Surrealism, and Their Legacies.” Not to bela-
bor the point, but he did the same thing to the Dada legacy
that he did to Surrealism: it became a constellation of aston-
ishing objects and assemblages. [7, C. 319]

MoskeT OBITh, CTOMT KOCHYThCS M Tonaxoxa PyOmHa K
JlaJan3My, KOTOPBIH TakKe ObUI MPEICTAaBICH Ha €ro
BBICTaBKC M B Kartanore «/lama, cioppeamm3M u ux
Hacienue. S He Xouy B 9TO YIIIyOIAThCs, HO, [I0-MOEMY, C
JTalau3MOM OH CJIeJIall TO JK€ caMoe: MPEJCTaBUI €ro Kak
KOJUICKIIMIO TIPUYY/UIMBBIX OOBEKTOB U accamonsicei.

[4, C. 361]

Furthermore, the Russian Corpora
provides 4 cases of using the term accamo-
aaxc and 0 cases of the ckynonmypa-konnaic
[8]; thus, it can be stated that for this term
transcription is definitely the main translation
strategy.

The second type of loan borrowing is
transliteration, which involves rendering the
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spelling of a source term by means of the target
language, for example:

Post-Impressionism - nocmumnpeccuo-
nuszm [1, C. 280];

Dripping — opunnunz (npuem, munuu-
HbILL 07151 XYOOXUCHUKO8 AOCMPAKMHO20 IKCHpec-
CUOHU3MA, KO20a XYOOICHUK NOIUBAEM XOJICM
kpackoti) [2, C. 390];
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Automatism — aemomamuszm (UCKTIO-
YeHue CO3HAHUS U3 MBOPUECKOl 0esimenlbHOCHU
xyooxcuuxa) [2, C. 105];

Vorticism 60pPMYU3M, BOPHMIUUUIM
(kpamkospemennoe Hanpaénienue 6 aHeIUl-
ckou qumepamype u orcusonucu 6 1912-15)
[1, C. 614].

Sometimes the expression plane of a term
is changed to suit the grammar system of the target
language. For example, the term deconstruction
is translated not as dexoncmpakwin, but as ode-
KOHCMpPYKYuUs:

Deconstruction - 0ekoncmpykuyus, oe-
Koncmpykmueusm [1].

Another reason for changing the
expression plane is to suit the tendencies of
the target language terminological system. For
example, since in Russian terminology of Art the
terms denoting Art movements tend to be coined
with the suffix ‘—ism’ rather than through word
combination with the word uckyccmeo, minimal
art is translated in two different ways:

Minimal Art | - munumanvrnoe uckyc-
cmeo [3, C. 97];

Minimal Art 11 - munumanuszm
[1, C. 34].
The strategies of transcription and

transliteration are highly productive for author
term translation, as there is a tendency to
globalization among modern linguists. The
percentage of transcribed and transliterated terms
is roughly 32% and 26% consequently.

The last 7% include terms translated

through other techniques, and namely:
generalization, transposition, descriptive
translation.

For example, the generalization

translation of the term assemblage is used more
rarely than the transcription variant, but it is
nevertheless used in translation of texts designed
for layman:

Assemblage- Accambnsoic, cKynonmypa-
Konnaxye (abcmpakmuas KOMNO3UYUs, COCMOosi-
was u3 Heoowvlunwvlx mamepuanos) [2, C. 93].

Trojan Horse — Mixed Media Assemblage — Angelo Fina-
more [12]

Ckynonmypa-xonnaic
Anorceno @unamope

«Tposanckuii  Koub»  XYOOIUCHUKA

One of the examples of the generalization
is the term hard-edge [painting]:

Hard Edge painting - term applied to a
type of painting (predominantly abstract) in which
forms, although not necessarily geometrical,
have sharp contours and are executed in flat
colours. The term was coined by the American
critic Jules Langsner in 1958, and although it
can be retrospectively applied to such styles as
*Purism, it is used mainly of the type of painting
that emerged as a reaction to the spontaneity and
painterly handling of * Abstract Expressionism.
Major exponents of Hard Edge painting have
included Ellsworth *Kelly and Kenneth *Noland
[6, C. 229];

Hard-edge | — pe3kuii (06 abcmpaxmuoti
arcugonucu),

Hard-edge Il (painting) — npouseedenue
adCcmpaKkmHuou HCUGORUCU (C pe3KUMU OUepma-
HUAMU U HACHIUWeHHbIMU YEEMAMU),

Hard-edger — ynuunwviii  xyooouc-
HUK  (0co6.  Xy0odtCHUK-abCmMpaKyuoHucm)
[2, C.329];
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Indeed, hard edge painting is abstract
painting, but it is only a sub-movement of abstract
painting, according to the definition.

Yet another translation technique is
descriptive translation, i. e. translation of a term
by means of a group of words explaining its
meaning, for example:

Popart - non-apm, uckyccmeo ¢ cmuJie
«nony [3, C. 120].

The main drawback of the technique is
that it is not as laconic as the previous ones. The
brief explanations of the terms (see pp. 2-3) were
not included in the statistics as they are rarely
used on the speech level and are adduced to many
terms not as the main translation equivalent.

One more technique is transposition,
1. e. the process where parts of speech change
their sequence when they are translated [11]. For
example, the action paining (NOUN functioning
as an attribute + NOUN) is translated either as
acugonucs delicmeus, xuBonuck xxecra (NOUN
+ NOUN in the genitive case) or as akmueHasn
acugonucy (ADJECTIVE+ NOUN):

JIECHOM BECTHHUK 6/2016



OBPA3OBAHUE

The Action Painting — «orcugonuce
0eliCmeUsA», «(HCUBORUCH HCECMA», (AKMUBHAA
acusonucwy (hopma abcmpakmnoz2o IKCnpeccu-
OHU3MA, AKYEHMUPOBABULAsL 3HAYEHUEe uzuyec-
K020 oeticmeus 6 scusonucu) [1, C. 189].

Here it should be pointed out that the
most frequent variant of translation is the first
one, JKUBOIIUCH ICHCTBUS:

A particularly significant record of Abstract Expressionism
at the very moment of its coalescence as a movement-be-
cause it encapsulates the shift from the automatic to the
autographic-is provided by the first, and only, issue of Pos-
sibilities, published at the end of 1 947 by Motherwell and
the critic Harold Rosenberg (who would & later father the
label “action paintingy [7, C. 339]

OcoOeHHO GAJCHBIM CEUOCMENbCMBOM 00 aAOCMPAKMHOM
9KCNPEeCCUOHUZME Nepuodd e2o CHIOYeHUs SBNAemcs
CYMMUPYIOWUL  9MOm  nepexod om  agmomMamuiecko2o
K agmozcpaghuueckomy nepevlil U eOUHCMEEHHBLL HOMep
arcypHana «Bosmooicnocmuy («Possibllities» ), goinyujennviii
6 konye 1947 200a Masepysnnom u kpumuxom I aponvoom
Poszenbepeom (mem camvim, Komopwiil nO30Hee 86e MEePMUH
«Kueonucw oeiicmeusn») [4, C. 384]

ook Odasan kpacke cmexkamv KANISAMU C MOICHbIX
KUcme u ObIpsi@bIX HCECMSIHBIX OAHOK HA XOLCT, LeNCAuULl
Ha NoJy, pazopei32usail KpACKy 63Maxom pyKu u 6e2an no
CBOUM KAPMUHAM 6HOBb U BHOBb, HOOOOHO MALEHLKOMY
0epsuLLy — 6¢e IMO CILOACHO ObLILO HA36ATNb «HCUBONUCHIOY
6 MPAOUYUOHHOM CMblCae. B césa3u ¢ smum o0un Kpumux
0an 0OCMAamouYHOMOUHOE HA36AHUE €20 MBOPYECmBY —
«rcueonucw oeiicmeusny [10]

pierced tin cans on to the canvas lying on the floor, when

When Pollock let the paint drip from thick brushes and

he threw and sprayed the paint with wild swings of his arm,
and ran across his painting over and overagin like a little
dervish, one could not really speak of «paintingy in the tra-
ditional sense. For this reason, one critic called his work,
appropriately enough, «Action Painting» [9]

Since author terms rarely have just
one authorized translation variant, different
dictionaries give different translations based on
various strategies; on the level of speech terms
can be translated by various strategies even
within the framework of one text. For example,
in the dictionary by A. A. Azarov the term non-
objective [art] is translated through the selection
of the corresponding lexical equivalent:

Nonobjective — abcmpakmuulil, He-
penpezenmamuenslii (He uzobpadicarowuil pe-
anvbHLIX npedmemos), non objective art forms
without any reference to reality — abcmpaxmubie

Xy0ooicecmeeHuble popmbl, He umerouue Ces3U ¢
peanvrocmoio [1, C. 148].

In the dictionary by E. A. Tokmina,
though, the term is translated through calquing:

Non-objective art — becnpeomemmnoe uc-
kycemeo [3, C. 105].

Though one of the dictionaries gives two
translations based on the selection of cultural
equivalents, and another dictionary gives a
calque translation, the translator of a book on
Art, in one case, used the calque variant and, in
the other case, chose to use a method of changing
the part of speech, or transposition:

the public in his lifetime). [7, C. 216]

The Museum of Non-Objective Painting (the first incar-
nation of the Guggenheim Museum, opened by Solomon R.
Guggenheim and Baroness HillaRebay von Ehrenweisen in
1939), and the Barnes Foundation (established by Albert C.
Barnes near Philadelphia in 1 922, though not opened to

My3zeit OGecnpeomemuoli yHcugonucu (Max nNOHAYALY
nazwvigancs Myszeti [yeeenxativa, omkpwvimuvii ¢ 1939
200y Conomonom P. I'veeenxatimom u 6apomneccoti Xunnotl
Pebe ¢pon Opensaiizen) u Dono baphca (ocHosaHmbIl
Anvbepmom K. Bapucom 6nuz @unadervpuu ¢ 1 922
200y, HO OMKPbI8UIULCA OJi NYONUKU UL NOCTIe CMepmu
roanekyuonepa) [4, C. 235]

vocabulary of the period. [7, C. 282]

II. As in the case of Cercle et Carre and of Abstraction-
Creation, which appeared in Paris in 1930 and 1932 and
which, like Circle, were used as platforms to organize exhi-
bitions, most of the recent art reproduced by Gabo and his
acolytes represents a middle-brow, academicized version of
geometric abstraction that has no programmatic character-
istic other than that of being «non-objective,» to use the

Ilo006no ancypuanam «Kpye u xeaopamy» u «Aocmpaxyust
- Teopuecmeoy, eviweowum 6 Ilapuoce 6 1930 u 1932
200ax (mooice 8 Kayecmee GblCMABOYHbIX NIAAMPOPM),
mpyo labo u e2o copamHukos npeocmasusl Nnoo
PYOPUKOTL COBPEMEHH020 UCKYCCMEA No Oonbulell 4acmu
PYMUHHYIO AKA0EMUZUPOBAHIYIO 8EPCUI0 2€OMEMPULECKOU
abempaxkyuu, — uvell  eOUHCMBEHHOU  NPOSPAMMHOU
Xapaxkmepucmukou Oblia, 2080psi HA A3bIKe MO20 BPEMEHHU,
«becnpeomemnocmuy. [4, C. 313]
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Thus, the most productive techniques
of author term translation are calque translation
(42%) and loan borrowing (transcription (32%)
andtransliteration (26%)), the latter twobecoming
more and more popular due to the tendency of
globalization. Less productive term translation
strategies (the selection of functional equivalent,
generalization, descriptive translation) are also
used. One of the main specific features of author
term translation is absence of author translation
equivalents.
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The main specific features of the translation of author terms depend on the specific features of the author terms
themselves. Such terms, being mostly neologisms, often have various spelling or meaning variations and more often than not
do not have translations fixed in English-Russian dictionaries. A great number of author terms have a variety of translations,
which is the result of different strategies and techniques. The most productive techniques of author term translation are calque
translation (42 %) and loan borrowing (transcription (32 %) and transliteration (26 %)), the latter two becoming more and more
popular due to the tendency of globalization. Less productive term translation strategies (the selection of functional equivalent,
generalization, descriptive translation) are also used. One of the main specific features of author term translation is absence of
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VYIK 340.11

CUCTEMA ITPABA B AHIVYIUU U AMEPUKE:
CPABHUTEJIbHBIN AHAJIN3

A.A. KOCAPUHA, MT'Y um. M.B. Jlomonocosa'?,

A.E. ®EIOTOBA, MI'Y um. M.B. JlomonocosaV

alexa7979@yandex.ru

MODI'BOY BO MI'Y um. M.B. JlomoHOcoBa, huitonoruveckuii hakynbrer
119991, Mocxkga, Jlenunckue ropsr, ['CII-1, 1-# kopmyc ryMaHUTapHBIX (haKyTETETOB

CucreMa NpaBOBBIX OTHOLICHUM, IPUHSTAs B TOM WM HHOM CTpaHe, HANPSIMYIO 3aBUCUT OT MHOTOYUCIICHHBIX (ak-
TOPOB, TAKUX KaK Pa3BUTHE CTPaHbl HAa MPOTSHKEHHU HCTOPHH, KYJIBTYpHbIE 0COOCHHOCTH TEPPUTOPHUH, IPHUHSITHIE 00bIYan
U Tpaguuuu U Ap. Ha ceronHsAIHMNA 1eHb U3BECTHBI 1B HanOosee paclpoCTpaHEHHbIE CUCTEMbI IIpaBa — PUMCKOE IIPaBoO U
IPOTUBOIIOCTABICHHOE €My aHIVIOCAKCOHCKOE ITPaBo. PUMCKoe IpaBo MPUHATO B €BPONEHCKUX CTpaHax, B TO BpeMs KaK aHIJIO-
cakcorckoe — B Aurmuu 1 CIIA. CtaTbst CTaBUT IEIbIO Pa3rPaHUUUTh MEXKIY CO00i 0COOCHHOCTH aHIIIOCAKCOHCKOTO MpaBa
B Annmuu u CIIA, BbISIBUB 0COOCHHOCTH TpaBa B KaXIOW M3 BBINICIICPECUUCICHHBIX CTpaH. [IoMuMo 3TOro, 6OMBIION yrop
JleflaeTcsl Ha MPOCIIeKUBAaHUE UCTOPUYECKOTO IIPoliecca BOZHUKHOBEHHUS NIPABOBBIX OTHOILICHUN B AHIVIMM, YTO B KOHEYHOM

MTOI'C U IIPUBEJIO K CTAHOBJICHHUIO aHITIOCAKCOHCOI'O ITpaBa.

KuroueBbie ciioBa: IpaBoO, pPUMCKOE€ IIpaBO, aHITIOCAKCOHCKOEC IIPaBO, UCTOPUYECKOE pa3sBUTHUE, CUCTEMA IIpaBa.

he system of law in different countries

differs depending on numerous factors, such
as development of a certain country throughout
the history, cultural specific features, accepted
customs and traditions, etc. Nowadays there are
two main legal traditions in the world — Civil Law
and Common Law, the former accepted in Europe
and Russia, the latter — in England and the USA.
Atthe first glance it may seem, that Common Law
system in America and in England is quite the
same, however, if one looks closer at the subject,
certain differences will come to light. The given
article seeks to highlight these differences and
to trace the process of development of Common
Law system in England.

Civil Lawisalegal system which developed
in continental Europe at almost the same time as
Common Law and was applied in the colonies
of European imperial powers such as Spain and
Portugal. Civil Law is codified. Countries with
Civil Law systems have continuously updated legal
codes that contain all matters applicable in legal
procedures. Civil Law is also used in the Russian
Federation. The Russian Civil Law system was
borrowed from the Roman Law through Byzantine
tradition. In the 18th-19th cc. it was under strong
influence of German and Dutch norms. During the
Soviet period, certain modifications of the Socialist
style took place and since the 1990s the Russian
Civil Law system has been under the influence of
the Continental European Law.
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Common Law is used in England, Wales
and Northern Ireland in the UK, the Republic
of Ireland, the USA, Canada and many other
English-speaking countries. Many Russian and
foreign scholars have studied the historical
aspects of English Contract Law, for example:
K.K. Yaichkov, A.S. Komarov, [.V. Beklenisheva,
A.D. Koretsky, R.O. Halfina, V. Anson, F. Pollok,
E.A. Farnsworth, and others [1-8].

Common Law is not codified. It is based
on the doctrine of precedence: judicial decisions
that have been previously made in similar cases.
Precedents are binding upon the judges and the
court procedure. However, sometimes Common
Law relies on statutes, which are legislative
decisions. The presiding judge determines what
precedents are to be applied to a new case. In
consequence, judges play an enormous role in
the countries with the Common Law tradition.

As N.G. Sannikov states, ‘‘for historical
andotherreasons Englishlawdevelopedinsulated
from the continental reception of Roman law
and the civil law emphasis on codification and
systematization of law. Hence, the fundamental
differences between civil system of law and
English common law — differences relating to
the very substance of law, its structure, sources
of law and even terminology and methodology”
[1, C. 3]. The author points out that English law
has developed its own unique doctrines and
postulates, such as: trust, estoppels, trespass, etc.
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Later some of these notions were accepted by
Civil Law countries.

English law is mostly referred to as
Common Law, however, it consists of three
different systems of law:

1) Common Law;

2) Equity Law;

3) Statutory Law. [1, C. 3]

To understand the distinction between
these categories it is necessary to look back
and to examine the origins of the English law.
According to N.G. Sannikov, English law did
not exist at all before the arrival of the Normans
in 1066. Until then the “Anglo-Saxon legal
system was based on local communities” |1,
C. 4]. Each area had its own courts and local
customs. However, the Normans initiated the
process of the centralization of the country,
which laid the basis for the emergence of a
uniform system of law throughout the country.
The members of Curia Regis (King’s Council)
were sent from Westminster to all parts of the
country to collect taxes, make land records, etc.,
but with time, their powers became more and
more considerable. These commissioners turned
into so-called justices, who initially applied local
customs during hearings, but then these customs
were replaced with the rules applicable to the
whole country. Thus, a single pattern of law in
England was formed: customs were meticulously
studied and analyzed, the unreasonable ones
were eliminated and the selected ones were later
applied in similar cases. This is how the Common
Law of England was created. The courts had
emerged by the end of the 13" century and they
were known the Courts of (Common) Law and
sat at Westminster. [1, C. 4]

Thus, it can be concluded that one of the
main features of English Law is that it is custom-
based.

However, with time, the Common Law
turned out to be a very rigid system: it was almost
impossible to see justice from courts. The citizens
began to send thousands of petitions directly to
the king who could not cope with them and gave
them to the Curia Regis. Thus, a committee to
hear the petitions was set up. According to N.G.
Sannikov, “the hearings were presided over by the
Chancellor and in time petitions were addressed

162

to him alone”. In the 15" century, the Court of
Chancery was established as the Chancellor
was the only one to hear the petitions. Thus, the
Equity Law emerged. The Chancellor examined
the situation himself and made a decision, which
seemed to him to be fair and just. Thus, the
second feature of English Law is that this Law is
‘judge-made’. [1, C. 5]

For several centuries, there were two
completely independent legal systems in England,
which provoked harsh criticism, as the citizens
in case they wanted to obtain justice from two
courts had to bring two separate actions there.
The same situation was observed in case a person
brought action to the wrong court — he could not
get a remedy until he brought action to the right
court. In the 19" century, a reform was made
to eradicate the drawbacks of the system. The
two courts were merged and every judge could
administer both Common Law and Equity Law
in his court. The process of bringing actions was
also facilitated to the citizens. Still Common Law
and Equity Law remained two separate systems,
now complementing each other. [1, C. 6]

Statute Law is made by statutes. Statutes
are “the laws passed by legislature or the
highest law-making body of a country” [1, C.
6]. In England, these are the Acts passed by
both Houses of Parliament and approved by
the Queen. It should be mentioned that Statute
Law even now remains incomplete and differs
from various Codes in countries with Civil Law
system.

Another two categories of law to discuss
are Public law and Private law. According to
N.G. Sannikov, “the distinction between these
two main spheres of law dates back to the
third century AD when it was first introduced
by a Roman lawyer Ulpian. This division
with the reception of Roman law by civil law
countries became the most prominent feature
of classification of law in those countries”
[1, C. 10]. In England, as it has already been
mentioned, the main division of law is into
Common Law and Equity Law, and thus, such
categories as public law and private law were
not adopted in the country. However, in modern
studies this classification is recognized and
included in many textbooks on the subject.

JIECHOM BECTHHUK 6/2016



OBPA3OBAHUE

Public law regulates the relations between
individuals and government, and includes such
branches as constitutional and criminal law.

As for the Private law, it deals with the
rights and duties of individuals and private
disputes between them. Private Law includes
such branches as:

1) Contract Law;

2) Tort Law;

3) Property law;

4) Trust law;

5) Family law;

6) Labour law. [1, C. 11]

Moreover, certain attention should be
paid to the law system in the USA and especially
to its difference from that of England. American
law belongs to the Common Law family. It has
many common features with English law, such as:
divisions of law into common law, law of equity
and statutory law, the same branches of law,
the doctrine of a precedent, misinterpretation,
trust, etc. Still, despite similarities there are
considerable differences. When in 1776 America
gained independence, its law began to develop
independently from that of England, although the
country still remained the model for American
lawyers. [1, C. 14]

American law is much more codified
than English law. According to N.G. Sannikov,
“the first attempts at codification date back to the
18" century and culminated in the promulgation
of the Uniform Commercial Code (UCC)” [1, C.
14]. Nowadays, this code is adopted in all the
states except Louisiana, which was a former
French colony and derived many law principles
from the Napoleon Code.

Another difference consists in the so-
called restatements of law. Restatement of law is
an attempt taken by an American Law Institute
(ALI), a legal organization of distinguished
professors, judges and lawyers, in order ‘“fo
present an orderly statement of the general
common law of the United States, including
in that term not only the law developed solely
by judicial decisions, but also the law that has
grown from the application by the courts of
various statutes”. [11, C. 438]

It should be pointed out that though
restatement is not a code, it is often used to
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facilitate the process of search for relevant
precedents and is intended to be the basis for
court’s decisions. It allows American lawyers
(unlike English ones) not to cite specific cases,
but simply refer to relevant sections of the UCC,
or the Restatement, or both.

Thus, it can be concluded that there are
two main legal traditions in the world: Civil Law
and Common Law, the latter adopted in England
and the USA. Common Law is not codified; it
is based on the doctrine of the precedent; it is
custom-based and ‘judge-made’.

Though English and American Common
Law systems are very much alike, there are certain
differences. Thus, American Common Law is
much more codified compared to the English one,
for example, there are restatements of law, which
are secondary sources that seek to ‘restate’ the
legal rules that constitute the Common Law in a
particular area. The American Law Institute has
written restatements in 15 law areas including
Torts, Contracts, Property, Conflict of Laws,
Foreign Relations Law, and Products Liability.
Restatements have considerable influence
on the judicial process. Many courts have
adopted Restatement sections as the law of their
jurisdiction. Moreover, many professors of law
rely on Restatements in their courses.
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The system of law in different countries differs depending on numerous factors, such as development of a certain
country throughout the history, cultural specific features, accepted customs and traditions, etc. Nowadays there are mainly two
legal traditions in the world — Civil Law and Common Law, the former accepted in Europe and Russia, the latter — in England
and the USA. At the first glance it may seem, that Common Law system in America and in England is quite the same, however,
if one looks closer at the subject, certain differences will come to light. The given article seeks to highlight these differences
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