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CEKUNA «PUNSNKO-MATEMATUHECKME HAYKU»

O BTOPOI OCHOBHOW KPAEBOM 3AJTAYE THUIIA PUMAHA
JISI TPHAHAJIUTUYECKUX ®YHKIIUN
B IINIOCKOCTH CO HIEJISIMHA

3yeea U.M.

CTyJICHTKa 5 Kypca (PU3HKO-MaTEMaTHIECKOTO (paKyIbTeTa
CMOJIEHCKOTO TOCYIapCTBEHHOTO YHHBEPCUTETA,

Poccus, r. CmosieHck

bonomun U.b.

NeKaH PU3HKO-MaTeMaTH4ecKoro gakynbTeTa CMOJIEHCKOTO TOCYIapCTBEHHOTO
YHUBEpCUTETA, KaH[. Pu3.-MatT. HAYK, JOILICHT,

Poccus, r. CmoneHck

Pabora mocBsiieHa n3y4eHHI0 OJTHOM W3 OCHOBHBIX KpPaeBBIX 3aja4 Tuiia PuMana B Kirac-
ce TpHaHAIMTHYeCKUX (yHKIMH. B xome mccnemoBanust pazpaboTaH KOHCTPYKTUBHBIA METOJ
peleHust BTOpoii OCHOBHOM KpaeBoi 3amau Tuna PuMaHa B Kilacce TpUAHATUTHYECKUX (PYHK-
IIUH B INIOCKOCTH CO IIEIIMH.

Kniouesvie cnosa: Tpuananutuueckas QpyHKIMS; KpaeBas 3a1a4a Pumana, miockocTh co
LIEJISIMU.

1. IlocTanoBKa 3aga4uu. VCKIIOYMM U3 MOJIHOW KOMIUIEKCHOM IUIOCKOCTH IO-
IIAPHO HEIEPECEKAIOIIMECS OTPE3KHM JIECHCTBUTENILHOM OCH [q, :5, | (m=1,2,...,n ,

ne N) u myctb D ecth octaBmiasics obnacte. [lox rpanumeit L obmactu D Oy-
JIeM TOHUMaTh BBIOPOIICHHBIC OTpe3ku  (paspesnbl). Takum  oOpaszom,

L= U[am;bm] u D:E\L. Konipl koHTypa L OyzneM Ha3blBaTh y3ji1aMH M 000-
m=1

3HAYATh C, (p=L2,..2n).

B nanbHeiimem, B OCHOBHOM, OyJIeM HCIIOJIb30BaTh TEPMUHBI U 0003HAUE-
HUS NPUHATHIE B [1].

PaccMmoTpum crienyroniyro KpaeByro 3anady: Ipebyemcs naiimu éce mpua-
nanumuyeckue Gynxyuu F(Z) npunaonescawue xnaccy A(D)N I (4)(L) [2], ucue-
3arouue Ha beckoHeyHoCmu, ocpanudennvle 601usu y3106 kowmypa L u yooene-
meopsioujue 60 6cex 0ObIKHOBEHHbIX moukax L credyrowum kpaegvim yciosuim:

F ()= Gy(OF (1) + 2,(0), (1)

T OG0T g0, )
2 o+ 2 -

TFEO_ 60D ¢, 3)
on;, on’



o[ O
2o0e —[—] — NpPOU3600HAs NO Je6ol (npaeoti) Hopmaiu K Kouwmypy L, a

on_
G, (), g0 (k=0,1,2) — sa0aunvie na L ¢dyukyuu Knacca H(§4_k)(L), npuiem

+

G, (1) =0 Ha L. 31ech MHOXHUTENH (_1) IIpU G, (1) U G, (¢), @ TaK XK€ MHOXH-
Teb ;“ NPU g, (r) COOTBETCTBEHHO BBEICHBI JJI1 yN0OCTBa B JalbHEHIIMX 000-

3HAYCHUSX.

ChopmynupoBaHHyIO 3amady OyAeM Ha3bIBaTh 8MOPOL OCHOBHOLU Kpaesoll
3a0auet muna Pumana ons mpuanaiumuieckux OyHKyutl 8 nioCKoCmu co wesimu
WK 3a1a4eil R, 3 6 niockocmu co wenamiu, a COOTBETCTBYIONIYIO OJHOPOIHYIO 3a-

< p0
navy (g, (¢) = g,(¢) = g, (¢) = 0) HA30BEM 3a0ayell R2 ; 6 IIOCKOCIU CO WjeNAMU.

E}

OTMCTI/IM, 4YTO II€pBasgd OCHOBHAA KpacBad 3aJadyu THIIA Pumana R13 ObL1a

TIOJTHOCTHIO UCCJIEIOBaHA B paboTax aBTOPOB [3-4].
2. O pewenun 3a1a4u R,; B miockoctu co measmu. Mssectno ([1], [3]),

YTO BCAKYIO HCUE3AIONTYI0 HAa OECKOHEUHOCTH TPHAHAINTHUECKYIO (GyHKImI0 (Z )
C JIMHUEU CKauyKOB L MOXHO IMPEJICTaBUTh B BUJIEC:

F(z)=py(2)+201(2)+2°0y(2), ()
e @,(z)> ¢,(z)> @,(z) — aHANIUTUUYECKHE B 0Onactn D GyHKIUH, IpUUEM
H{(pk,oo}z 1+k, k=012,
Bynem uckath pelieHue 3a4a4u g, , B BUJE:
F(z)=fo(2)+(E-2)fi(2)+(z-2) £:(2). (5)
rae f£(z), f,(z), f,(z) aHanuTH4YecKue B 00nactTu D (QyHKUMH, CBA3AHHBIE C aHA-
JUTHUYECKUM KOMIOHEHTaMU (OpMyIaMu:
2
goo(z):fo(z)— Zfl(Z)"' z f2(2)>
21(2)=11(2) =22 (2)> (6)
».(z) = f2(2)-
Tak xax OTpe3KU 7, (m =1,...,n) JIEXKAT HA BELIECTBEHHON OCH, TO [5, ¢.301]
2020
on, 0Oy 0z 0z

Toraa ¢ yuetom (7) 1 B CHLy TOTO, UTO Ha L BBITIONHSAETCS PABEHCTBO ¢ =1
, kpaeBble ycnoBus (1), (2) u (3) MOKHO niepenucaTb COOTBETCTBEHHO B BUJIE:

=G0 f O+0,(), k=012 (7)
rac
Qo(t): go(2)>

O L @
Ql(t)—z[ i Qb glm),



Qz(f)=é( PO 6,0 T h 04 dﬁdf”—mz(t)@wz(r)].

PaBenctBa (7) npu (PUKCUPOBAHHOM k MPEACTABIAIOT COOOW KpaeBble yClo-
BUS OOBIUHBIX 3a/1a4 Pumana s aHanuTUYeCKUX (QYHKIUNA B TUIOCKOCTH CO IIie-
nsamu ([5]).

Takum 00pazoM crpaBeaiuB CIEAYIOUIMI OCHOBHOM pe3yibTar.

Teopema. [lycmo L= U[am;bm], D ZE\L. Tozoa pewenue 3adauu R,; 6

m=1
NIIOCKOCU CO WeNAMU CBOOUMCS K NOCAE008AMENbHOMY PEUEHUI0 mpex CKalAap-
Hulx 3a0ay Pumana (7) npu uxcuposannom k=0,1,2. 3a0aua paspewuma mo-
20a U MoJIbKO mMo2od, K020a 0OHOBPEMEHHO pas3peuumvl 3a0ayu uoa (7).
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MpaKTUYECKOH internet-koHpepeHun «MexaUCUUIIIIMHAPHBIE HCCIe0BaHusl B 001acTH Mare-

MaTHYEeCKOr0 MOJEINpoBaHus U HH(popMmaTukm». — YiubsHoBck: Wzn-so SIMJET, 2014. —
C. 116-122.
4. bonorun M.b., 3yea U.M. O HeTepoBOCTH IEpPBOH OCHOBHOW KpaeBOH 3ajauu

Tuna Pumana s TpuaHaIUTHYEeCKUX (QYHKIIMN B TIJIOCKOCTH CO IIesiMu // Martepuaibl Mex1y-
HapoiHOH KoH(epeHH «CUCTEMBbI KOMITBIOTEPHOH MaTeMaTHKH W MX MPUIOKEHUs». — CMmo-
nenck: M3n-Bo Cmonl'VY, 2014. — Nel5. — C. 152-153.

5. l'axor @ /1. Kpaessie 3anaun. — M.: Hayka,1977.

O BTOPOM OCHOBHOM KPAEBOM 3AJIAYE TUIIA PUMAHA
C PA3PBIBHBIMH KOO OUIITUEHTAMU
JUISI TPUAHAJIMTUYECKUX ®YHKIIUM B CJIYYAE OJIYINIOCKOCTH

Pacmopzyesa A.B.

CTYJEHTKa 5 Kypca (U3HKO-MaTeMaTHIECKOTO (aKyIbTeTa
CMOJIEHCKOTr0 TOCY/IapCTBEHHOIO YHUBEPCUTETA,

Poccus, r. CmoneHck

bonomun U.b.

NeKaH pU3NKOo-MaTeMaTuyeckoro gakynbrera CMOJIEHCKOTO TOCY1apCTBEHHOTO
YHUBEpPCUTETA, KaH[. (Pu3.-MaT. HAyK, JOIICHT,

Poccus, r. CmosieHck

Paborta MOCBALICHA U3YYCHUTIO OJIHOM M3 OCHOBHBIX KpacCBbIX 3a41a4 THUIIA Pumana B kiac-
CC TpUAHAJIUTHYCCKUX (byHKL[I/Iﬁ B X04€ HCCICIOBaHMA pa3pa60TaH KOHCprKTI/IBHBIﬁ METO
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peleHust BTOpOli OCHOBHOM KpaeBOH 3a/auM THa PumaHa ¢ pa3peIBHBIMU KOd(uLImeHTaMu B
KJIaccaxX TPUAHATUTUYECKUX (DYHKUIHUHU B Cilydae MOJTYIIOCKOCTH.

Knrouegvie cnosa: TpuaHamutHdeckas (QYHKIHS; KpacBas 3amgada Pumana; pa3pbIBHbBIC
KO3 (OUIIUCHTHI.

1. ITocranoBka 3agaum. [lyctp L = {t‘ Imt=0}, D" ={z|Imz>0} u
D =C\{D" UL},

Ilycte G, (r) — 3anannble Ha L QyHkoum knacca H é4_k) , TOpU4YeM
G, () = 0 BCrony Ha L (k =0,1,2 ). Cnenys H.W. MycxenumBuiu (cM. [1]), Touku

paspbiBa QyHKIMH G, (z), G,(r) ¥ MX TPOU3BOAHBIX OyJe€M OTHOCHTH K y3J1aMm

KoHTypa L . Bce octanbHble TOUKH KOHTYpa L Oyaem cuuTaTh OOBIKHOBEHHBIMH.
B nanphelimem, B OCHOBHOM, OyJi€M HCIIOJIb30BaTh TEPMHUHBI U 0003HaUe-
HUS IPUHATHIE B [2].
PaccmotpuM crieayronyto KpaeByro 3anauy. Ipebyemcs naumu 6ce mpua-

nanumuueckue  Qynkyuu  F'(z) u F (z) , npunaorexcawue  Kuaccy

A;(DHNT (L) [3], oepanuuennvie 66nusu ysnos konmypa L, ucuesarowue na

beckoneunocmu u ydoeﬂemeopﬂiou;ue 60 6cex 0ObIKHOBEeHHbIX moukax L C‘Jle()y-
UM KpaesobiM YCIOBUAM.!

F*(6) = Gy(0)F (1) + g, (1), (1)
ag;f” 6,07 D rig ) @
52§ 0 6,n?E 0 52F O g0, G)
20e G, (1), g, (1) — 3a@aHH;le na L gbyHKL;uu knacca H™ (k=012)), npuuem
G, ()= 0 6ci00y na L, % %  NpOU3EOOHA MO eHympenneii (enewmer])

+

Hopmanu K koumypy L. 31ecb MHOXKHUTEIN (-1) IpU G (7), G,(¢) U MHOXKHTEIb

&k o
" IpM g, (¢) COOTBETCTBEHHO BBEJIEHHI [l y100CTBA B JaJbHEHIIMX 00O3HaYe-

HUSX.
ChopmynupoBaHHyO 3amady OyAeM Ha3bIBaTh 8MOPOL OCHOBHOU Kpaesol
3a0auett muna Pumana c paspuvieHvimu kosgguyuenmamu 0ns mpuaraiumuye-

CKUX QYyHKYUll 8 crydwae noayniockocmu WM 3amadei R, ¢ ciyuae nonyniocko-
cmu, a COOTBETCTBYIOLIYIO OJHOPOIHYIO 3a1avy (g, (7) = g, (¢) = g,(¢) = 0) Ha30-

. pl
BEM 3aoaueil R23 8 cryuae noIynioCKOCmU.

OTMeTHM, YTO IepBast OCHOBHAsS KpaeBas 3aJaur Tuna Pumana R, ; B ciydae
MOJTYTJIOCKOCTH ObLIa TTOJIHOCTBIO UCCIIeIOBaHa B paboTax aBTOPOB [4-6].



2. O pemrennn 3a1aun R, ; B caydae nomymnockoctn. Mssectro [1; 3],

YTO B CIIy4ae MOJYIJIOCKOCTU KYCOUHO-TPUAHATUTUUECKYIO (PYHKIUIO C JIMHUEH
CKaykoB L W McYe3arolryro Ha 0ECKOHEYHOCTH MOYKHO MIPEJICTABUTD B BUJIE:

. F*(z)=¢a<z>+f¢r(z)+i<o;<z>, "
F(2) =, (2) + 20, (2) + 2 9, (2),
e @ (z) (k =0,,2) — ananmuruueckne B obmactn D* DyHKIMH, LTI KOTOPHIX
BBITIOJIHSIOTCSI YCIIOBHSL:
[T{o; 0} >1+k, k=012,
Bynewm uckaTh pelieHue 3aja4u B BUJIE:
FX2)=fr @)+ -2+ (-2 f5(2), )
e £, (z) ( k=012) — anamuruueckue B oGmactu D* (yHKLNHU, CBSI3aHHBIE C
AHAIUTUYECKUMU KOMIIOHEHTaMU UCKOMOW KyCOYHO-TPHAHAIIUTUYECKON (QyHKUINU
F(z) hopmynamu:
P (2) = fo (D) =2 (D) +2° f5(2),
o (2)= £, (2) =225 (2), (6)
P (2)= 15 (2).
VYuureiBas cooTHomeHus |5, c. 301]
i:iﬁzﬂ-(i_i]

on, & \oz Oz

W, 3aMevas, 4TO Ha KOHType L CIpaBeUIMBO PaBEHCTBO [ =1, KpaeBbIC yCIIOBHUS
(1), (2) u (3) MOxHO TepenucaTh B BUJIE:

1) =G, () f; () +g,(t), (7)
e Ao df @

[0 =G QO f, (r)+2[ AU gmj, (8)
o Ao d’ f; (t)
£ =G0, (f“g( G ()=

)
daf (@) _ daf, (t)
HASL 4G, (0 +g2(t)j.

PaBenctBa (7)-(9) npeactaBisioT co0oil KpaeBble YCIOBUS OOBIYHBIX 3a7a4
Pumana s ananmuTrdeckux QyHKIHNA ¢ pa3pbIBHBIME KO3 GUITUEHTAMH B CITy4yae
nonymiockoctu [1; 5].

Takum oOpaszoM, CIipaBeITUB CISAYIOITNI OCHOBHOM pe3yJIbTar.

Teopema. [lycmo L = {t‘ Im¢t=0}, D" ={z|Imz>0} u D" =C\{D" UL}.
Tozoa pewenue R,; 6 criyuae nomyniockocmu c600umcsi K nociedo8amenbHoMy

peuwtenuro mpex ckauapHulx 3a0ay Pumana (7)-(9). 3adaua paspewuma mozoa u
MONbKO M020d, K020a 00HO8peMeHHO paspeuiumsl 3aoauu (7)-(9).
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O BOBMOXHOCTHU PETUCTPALIMU CUTHAJIOB
AJEPHOI'O CIIMHOBOI'O PE3OHAHCA JIETKUX AAEP
B ITIOJIMKPUCTAJVIMYECKUX COEJUHEHUAX

IInuneson A.A.

JIOIIEHT Kadeaphl TENEKOMMYHHUKAIIAN

banrtuiickoro denepansHoro yauusepcurera uM. M. Kanra, kaua. ¢pus.-mat. HayK,
Poccus, r. Kanununrpan

Aneiinukos C.P.

actupaHT Kadeapsl paarnopusnku

banrtuiickoro denepanpHoro yuusepcurera uM. M. Kanra,
Poccus, r. Kanuaunrpan

PaccmoTpeHpl 0COOCHHOCTH HCTIOIB30BaHMS METOIOB SIEPHOTO CITMHOBOTO PE30HAHCa
M30TOIMOB JIETKUX SAep B TOJUKPUCTAIUIMYECKUX COCNMHEHUsX. Peanm3amms yka3zaHHBIX
METOJIMK B YIAJIEHHOM PEXHME ITO3BOJISIET UCCIIENOBaTh 00Pa3Ilbl CO CIOKHOM reoMeTpuei Ha
MpeIMeT HAIWYUS B HUX MCKOMBIX BEIIECTB, 00eCIeYrBasi TP 3TOM BBICOKYIO TOCTOBEPHOCTH
0OHApYKEHUSI ¥ UJICHTU(DUKAITUH.

Kniouesvie cnosa: SIKP, pagnouacToTHOE 00JIy4deHHE, CIMH-pELIETOYHAs pellaKcariys,
OECKOHTaKTHOE OOHApYKEHUE.

OmauM W3 MyTed peanu3aldyd Hepas3pyIIaroIero KOHTPOJsSI O0OBEKTOB Ha
IpeAMET HAJIUYUS B HUX 3arpsi3HAIONINX, SOBUTHIX W B3PBIBYATHIX COCAMHEHUMN
SIBJISIETCSl UCTOJIb30BAHUE PA3JIUYHBIX METOJIUK SIAEPHOTO CHMHOBOIO PE30HAHCa
[1], oOecneuymBarOMMX BBICOKYIO YYBCTBHTEIBHOCTh B TEX Ciydasx, KOraa
3 (HEKTUBHOCTH MPSIMBIX METO/OB SACPHOTO KBaApymnoisHOTO pe3oHaHca (FAKP) u
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AJIEpHOTO0 MarHuTHOroO pe3oHanca (SIMP) oka3piBaeTcst HepocTaTOUHON. BaxHbIM
MPEUMYIIECTBOM YKa3aHHBIX METOJIMUK SIBISIETCA HUX OTHOCUTEJIBHO BBICOKAS
YyBCTBUTEJIBHOCTD, MO3BOJISIIONIAs PETUCTPUPOBATH JIMHUU TOTJIOIIEHHUS H30TOIIOB
C HHU3KUM TIPOLIEHTHBIM cojiepkaHueM [2]. DTa 0COOEHHOCTh IO3BOJISET
WCIIOJIb30BaTh METOA JUIsi OECKOHTAaKTHOTO OOHApyKCHHs 3amlpelieHHBIX K
CBOOOHOMY IPOBO3Y BEIIECTB B Oaraxke, rpy3ax, OYTOBBIX OTIPABJICHUSAX U T.II.

3agadya MOXKET pemarbcsa, B yacTHOcTH ¢ nomombio AKP azora "N mpu
yCIOBUM HaOJIOACHUSA HE MEHEE JBYX PE30HAHCHBIX JMHHUHU (OOBIYHO v, U v_),
YUUTBIBAs 4YTO (PAKTUYECKU TMPUXOJIUTCA MMETh JI€J0 C 3arpsA3HEeHHBIMU
MPUMECSIMU  TEXHOJIOTMUECKUMH CMeCSIMH. BpIOOp oONTHMambHOM METOAMKHU
ompeneisieTcs ~ 3HAUEHUSIMU  PENAKCAI[MOHHBIX  XapaKTEpUCTUK  oOpasua.
Peanuzanus mukia siIepHOrO CIOMHOBOTO PE30HAHCA BO3MOXXKHA MPH HAJIWYUU B
HCCJIElyeEMOM BEUIECTBE JBYX CIIMHOBBIX MOJACUCTEM (YCIOBHO 0003HAUMM UX A U
B), cBsi3aHHBIX MEXIy COOOW MOCPEACTBOM CIHH-CIIMHOBBIX B3aUMOJICHCTBUIA.
CnalOble cuTHANBI KBaJPYMOJBHBIX sep B Kak TpaBWIO pPETUCTPUPYETCS IO
W3MEHEHHMIO CWJIbHBIX CUTHQJIOB CHOUHOB A, o0Ojajammux O0o0jee BBICOKUM
MPOLIEHTHBIM COJIEp>KaHueM (Hampumep, npoToHoB). [Ipu ycrnoBuu ycTaHOBIEHUS
3¢ (PEeKTUBHOrO  TEIUIOBOTO  KOHTAKTa  MEXIy  MOJAcucTeMamMu  oOpasua
HEIMOCPEJACTBEHHOE HACBIIICHUE KBAJAPYHOJbHBIX MEPEXOJI0B PETUCTPUPYEMBIX
AJ1ep MOXKET HE MPOU3BOUTHCS. PannoyacToTHOE 00JIydeHUE OCYIIECTBISAETCS HA
¢ukcupoBanHoi yactore IMP npOTOHOB, YTO KOHCTPYKTUBHO YIPOIIAET CUCTEMY
HaKayKHU.

Ecnu  1auTenbHOCT BPEMEHM CHIMH-PEUICTOYHOM penakcauuu 1,

IIO3BOJISICT BBINOJIHUTH IPOLEAYPY LMKIWPOBAHUS BHEIIHEro mnoiusi B ,, 1O

3¢ (HEeKTUBHOCTD NEpECceUEHUs] KBAIPYIOJIbHBIX U MPOTOHHBIX MOAYpPOBHEN Oyner
OTIPEACNATHCS MPABUIBHOCTHIO BBIOOPA MPOMEKYTOYHOTO MArHUTHOTO mojist B’ .
OTcyTCTBHE HENMOCPEICTBEHHOW XMMHUYECKOW CBSI3U MEXIy crnuHamu A u B
NPUHIUIHAIBHBIM  NPENSTCTBUEM HE SBISAETCA, €CIM BpeMs IPOJ0JIbHOU

eJIaKcallii KBaJIPyIOJbHON NOACUCTEMBI I JOCTAaTOYHO BCIIUKO 3].
1B

CranmoHapHbIe MAaTHUTHBIC MOJIS B aHAJIOTMYHBIX METOAUKAX (pOpMUpPYIOTCS
MMOCTOSIHHBIMU ~MAarHUTaMH, HMMITYJIbCHBIMH COJICHOWJIAMH, WJIH OTKPBITBIMU
MarHUTHBIMA CHUCTEMaMH B BHJIE€ KaTYyIIEK CIOXHOW (OPMBI C CEpACUYHUKAMH U3
MaTepualia, MMEIOIIEro Mallyl0 IUIOIIaAb KpHUBOW HamMarHuyuBaHus. Bapuant
MOCTOSIHHOTO MAarHuTa HEyAOO€H, BBUIY HEOOXOAUMOCTH MEPHUOIUYECKOTO
nepeMeleHns N3y4aeMoro 00beKTa, 4To He BCEra BO3MOXKHO.

Bpemsi nepexitoueHusi UMITYJIbCHOTO IOJIsI OFPaHUYEHO BPEMEHEM CIHUH-
pPELIETOYHOM pejlakcallui NMPOTOHOB M HE JNOJKHO npesbimath 0,1 ¢. KoHTakr

noacucteM A u B ycraHaBnMBaercs B Te€YEHUE BPEMEHU Tp B CTATUYECKOM

MarHuTHOM TII0JI€ BCR , OIIpElNeIsIeMOM H3 YCIOBHUA: ) ABCR =Wy . Ilpu sTOM

9BOJIIONUS CIIMHOB B TCPMHUHAX 06paTHI>IX CIIMHOBBLIX TCMIICPATYP OIPCACIISACTCS
COOTHOILICHUAMM:

% = —ETC;(ﬂA(t)_ﬂB(t))_Tl?ll(ﬂA(t)_ﬂL)’
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dc,ftB - _T&i(ﬁB(t)_;BA(t))_Tl; (ﬁB(t)_ﬁL)’

rae ¢ — BEJIMYMHA, XapAaKTEPU3YIOIIas OTHOCUTEIBHYIO KOHIIEHTPALUIO

perucTpupyeMsIx sauep, [, — obpaTHas CIIHOBAs TEMIIEPATypa KPHCTATHIECKOI

pemerku, Il — Bpems Kpocc — monmspuzauud. Jis  BBIIOJHEHHS
SKCIIEPUMEHTAIIBHOTO LUKJIA JTOJKHBI BBINIOJIHATHCS COOTHOIICHUSA:

I, Ty > Tp ; g > Tep . Tlpu cooTBeTcTBMM BenuMuuHbl 1o By

peBOHaHCHOﬁ 4acToTC, AJIUTCIBbHOCTH BPCMCHU TCP SIBISICTCS MHHHUMAJILHOM.

[TapameTpoM, CHOCOOHBIM MaKCHMaJbHO BO3IEHCTBOBATh HA HM3MEHEHHE

CIIMHOBOM Temmepatypsl [, CIYXHT JUIMTENBHOCTb Tcp . B TepMHHAX 0OPATHBIX

CIIMHOBBIX TEMIIEPATYP IS 3aBEPILAIOLIErO dTalla H3MEPEHHS TI0YIaEM:
d 1) Wipter

Bli=Bi1+Com|—| v |

1
I, T, l+e& )

Ecim  o6o3naunts: C :[BCRg(ﬂfIO) + Y )J/Bo(l-l-g) , AV u BY — wHavansHble

CIIMHOBLIC TCMIICPATYPHI, WAB — CKOPOCTb B3aMMHBIX IICPCXOAOB B CBA3AHHBIX

noacucremMax A U B, TO OTHOCUTENbBHYI0O MHTEHCUBHOCTH JIMHHUM MOTJIOLIECHUS
OIIPENEIINM B BH/JIE:
An, —An
p=—4 "R (2)
An
B uucnurene m 3HameHaTene BhIpaKEeHUS (2) — COOTBETCTBYIOIIHME Pa3HOCTH

HaceJIeHHOCTeH ypOBHEH MPOTOHHOI moacucTeMsl: A, — paBHOBecHas pa3HOCTH
HacelleHHOCTell B TomsapusyronmieM mone B,, An, — pasHocTs HaceneHHocTel B
HyleBOM BHemHeM mone, Ay, — cooTBercTByromas IHMKIY B  KpOCC-

penakcanorHoM none By, pesoHancHoro 3maueHms. Bemwumny An, Beraumcisem
W3 COOTHOIICHUSI:
An, = [(”M Y ) (exp(ﬂAa)A )_ 1)]/(6)‘1)(&1(0/1 )"’ 1)~

Ipu stom ANy 3aBucuT, mpexae Bcero, oT cnuHOBOM Temmepatypsl (1);
An 4 U An 40 — OIpEACNIAIoTCA MapaMeTpaMHu HSKCHEPUMEHTAJIBHOIO IUKIJIA.
OxonuatenpHo  QyHkumo P=f (WABTCR) HEOOXOAMMO  HCCleloBaTh Ha
KCTPEMYM TIPH OMPEICICHHBIX JIMTCIBHOCTIX HHTEPBAJIIOB JKCIIEpUMEHTA. B
Hamem ciyuae (comun [ =1), €=2N,/3N,, T7=291 K u v, =20 MI'y 3axaua
pelaeTcss CpaBHUTEIBHO mMpocTo. Ha ocHOBaHWM 3aBHCHMOCTH P HaXOmguTCs
BenmmunHa W,gTop , COOTBETCTBYIOIIAS YCJIOBHIO HACHIEHHS (DYHKIHH,
YVAOBJICTBOPSIIONIAS ONTUMAJIBHON JIMTEIHPHOCTH KPOCC — PEIIAKCAIMOHHOMN
3BOJIIOLIMU. UyBCTBUTENBHOCTH IMPEJIATAEMOr0 METO/IA COCTABISIET: O = Po 4, THE
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O 4 — OTHOLIEHUE curnan/ ITyM IMPOTOHHOI'O CUT'HAJIA B HACBIINAOIIEM MAIrHUTHOM

ToJie.

N3mepenus Ha oOpa3iiax B JaOOPATOPHBIX YCIOBUAX YI0OHEE MPOU3BOINUTH
MpU  HU3KUX TEMIlepaTypax, YTOObl ONTHMH3UPOBATH  peIaKCAIlHOHHBIC
XapaKTEPUCTUKHU 00pa3lia U JOOUTHCS MAKCUMAJIbHOW YYBCTBUTEIBLHOCTH METOJA.
Takoli BapuaHT, OJTHAKO, TPYAHO MCIOJB30BaTh JUIS IEJeH AKCIpecc-aHaIn3a B
peaTbHBIX YCIOBUSX. B TO k€ BpeMs, MpH CTPOTOM YYE€T€ BCEX BO3MOKHBIX
(dakTopoB, BIHAOMUX HAa 3(P()EKTHUBHOCTh TEIJIOBOTO KOHTAKTa CITMHOBBIX
MOACUCTEM B MPOMEKYTOUHBIX TMOJSAX, YPOBEHb CHUTHAJIa OKa3bIBaETCA
JOCTAaTOYHBIM JUIsl peructpanuu auaui SIKP npu koMHaTHON TemIiepaType, 0 4eM
CBHUJICTCIILCTBYIOT ~ TECTOBBICE  HW3MEPEHHS  Ha  00pa3le  TEXHHUYECKOTO
TPUHUTPOTOIYOIA.

PenakcalMOHHbIE  XapaKTEPUCTHKH  MPOTOHOB (T] =3, T, = 1,80)

MO3BOJISIIOT PETHCTPUPOBATh CHEKTP C OTHONICHWEeM curHam/mym = 2:1 6e3
JIOTIOTHUTENBHBIX HakoryieHud. Hanbonee WHTEHCHBHBIE TUHUM TOTJomeHus “N
cooTBeTCTBYIOT yacTtoTam 743 kI'm u 843 xI'u. Pa3nuuus B 3HaYEHUSAX YacTOT IO
CPaBHEHHMIO C YHUCTBIMH TECTOBBIMH OOpa3LiaMu, CBUJIETENBCTBYIOT O CHIBHOM
BIIMSIHUM MPUMECEN U IUCIIOKALNI, KOTOPOE MOYXHO YYECTh TOJIBKO MOCPEACTBOM
YBEIWYEHUS 4YHUCJIA OHKCHEPHUMEHTAIbHBIX JaHHBIX 1o BB pazmuunHoro
npoucxoxaeHua. Tounocte onpenenenua yactor AKP npu mare mepectporiku
nosist 1 I'c cocraBisier + 2 kl'11. Takum oOpa3oM, 4yBCTBUTEIBHOCTh PETUCTPAIIUN

CHTHAJIOB 3aBHCHUT OT ypoBHsA BHemHero mons B, oT addexTuBHOCTH CBs3M
CIIMHOBBIX CHCTEM HA KpATHBIX YacTOTax, @;z , OT KOHTAKTHBIX IEPECEUCHUI

YpOBHEH BO BpeMs M3MeHeHMs B, oT cremeHu ymmpeHus JIUHMI BHEIIHMM
MarHuTHBIM mojieM. Bxkman mocnennero add¢ekra Hanbosiee CyMEeCTBEHEH M HE
MOJKET MTHOPUpPOBaThCs. il ero HaMu UCHOJIB3YIOTCS MPHOIMKEHHBIE METOMbI
teopun Bo3mymieHud. Ilpm [ =1 (ciaywaii azora " N) BBIpaXEHUS HMEIOT
JOCTaTOYHO KOMIIAKTHBIM BUJ. JlJi ciiydass KOJUIMHEAPHBIX PajMO4acTOTHOTO U
MAarHUTHOTO IIOJICH:
’ 2 77K(9_772) ’ 2 UK(9_772)
W' =kD} —" , w! =kD} —1 - (3)
9D*(1—177)cos® 9D*(1+77)cos®
Bripaxkenus (3) mo3BOJISAIOT OMPEAETUTh BepoSITHOCTH Tiepexo10B AKP-cuctems! B
Bosmymatomem none By . 3necs K=eQq_ /4, Dy =y hB , D=yyhBy -

) ! !
BKJIA/(bI PAJMOYACTOTHOTO M MArHUTHOTO moneif. Bemuunna Wy (VB) YMHOKAETCSA
Ha ¢ynkuuio ¢opmbl [MayccoBoil nuHUU g(v) . OKOHYATENbHBIM pPE3yNbTAT

nojryda€M IIyTEM MHTEIPUPOBAHUA B IPCACIaX MAaKCUMAJIbHBIX W3MEHEHUMN
YaCTOThI B BOBMYIICHHOM COCTOSHHWU CUCTCMBI:

Vi +Av

I'vy)=k" [W'(vy-v)-g)dv. 4)

/
vp—Av
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Bripaxenue (4) maer BO3MOXKHOCTb BOCIpPOU3BECTH (OpPMY PE30HAHCHOU

JIMHUY, YIIMPEHHONW MAarHUTHBIM TojeM By, 3a MCKIIOUeHHeM CydaeB CHUIIbHOM

3aBHCMMOCTH l; OT OpUeHTauuu B, B KPUCTAIULIMYECKUX CTPyKTypax. Ilpu

4acToTe fAJIEPHOro MarHuTHOro pe3oHanca (SIMP) pasuoit 5 MI'm HeoOxonumo
UCIIOJIb30BaTh CTATUYECKUE MATHUTHBIE TIONSI C XapaKTepHOM BETWYMHOU
unaykiuu ~ 0,1 T, kotopas 6e3 Tpyaa AOCTUTAETCS MPU MOMOIIHA KOMIIAKTHBIX
HepecTpanBaeMbIX UMITYJIbCHBIX JIEKTPOMArHUTOB.

Cnucok JiuTepaTypsbl
1. T'peunmxun B.C., llInunesoit A.A. YOH, 1996, Ne7, C.763-776.
2. Grechishkin V.S. Shpilevoy A.A., Dykin V.A. Russian Physics Journal, Volume 51,
Issue 8, August 2008, P. 778-782.
3. TI'peuntukun B.C., Cunsisckuit H.A. YOH, 1993, Nel0, C.95-119.



CEKUUA «XUMNHECKWE HAYKN»

YAAJIEHUE CEPBI U3 TOIIJIUB OITACHO
JJIA ZKNU3HU BCEI'O )KUBOTI'O

Jleonmvesa A.U.

3aB. Kapeapoit XuMHUHM U XUMUUECKUX TEXHOJIOTuH TaMOOBCKOTO
TOCYJapCTBEHHOTO TEXHUYECKOTO YHUBEPCHUTETA, JI.T.H., Mpodeccop,
Poccus, r. Tamb6oB

Buocanos A.B.

acriupaHT Kadeapbl XUMUA U XUMUYECKUX TEXHOJIOTUI
TaMOOBCKOT0 TOCYTapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA,
Poccus, r. Tam60B

@Dapxan Y. X.

MarucTp Kadeapbl XuMUd U XUMAYECKUX TEXHOJIOTUI
TaMOOBCKOr0 roCy1apCTBEHHOT0 TEXHUYECKOTO YHUBEPCUTETA,
Poccus, r. Tamb6oB

B crarne paccMaTpuBarOTCsA BOIIPOCHI LIGJ'IGCOO6paSHOCTI/I MHWHUMHA3AIUN COACPIKAHUA
CCPbI U €€ COCI[I/IHGHI/Iﬁ B aBTOMOOWJIBHBIX TOIUIMBAX. HpI/IBOI[I/ITCSI COSI[aHHLIfI HpHpOHOﬁ
MEXaHW3M OYHCTKM BBIXJIONHBIX Ta30B. OOOCHOBBIBAETCS IpeaAynpexKACHUEC O MNPEACIIbHBIX
SHAUYCHUAX ABYX XapaKTCPUCTUK TOIUIMB — COACPIKAHUC CECPbI, OKTAHOBOC YHCJIO.

Kniouesvie cnosa: cepa, OEH3WH, TOIIMBO, OKTAaHOBOE YHCJIO, HE(Th, TUCTUILISATHI,
BBIXJIOTIHBIE Ta3bl, MaccoBas JOJS CEpbl, CEPHHUCTHIC COEIUHEHUS, OTpaboTaBIIME Ta3bl,
He(TENPOAYKTHI, a’dp0O30JM, PEAKTUBHbIE M aBTOMOOWJIbHBIC IBUTATENH, MOJHIMKINYECKUE
apOMAaTHYECKHE YIIIEBOJOPOLBL.

[Ipenna3HaueHue cepbl B O€H3MHE — 3TO PEryJIMPOBAHUE MOILHOCTH
nsurarens. Tak, Hampumep, CepHHUCTbIM OeH3uH ¢ conepxkanueMm 0,51% cepbl
nMeer oktaHoBoe uucio 40, a mocine ouuctku no comepxkanus 0,05% cepsl
OKTaHOBOE YHCIIO 3TOTO XK€ O€H3MHA YBEIMUUBAETCA 710 45.

Tak e Ha U3HOC AeTallei ABUTraTeNsl OLUIYTUMO BIHUSIET COJEpPKaHUE CEphI B
toruuse. [Ipu nepepaboTke HEPTH MONTYHarOT AUCTUIUISTHL C COJIEPKAHUEM CEPbI
10 1,3%, KoTopbIe JOJKHBI MOJIBEPraThCS MPOIIECCY eCyIb(yparuu.

Cepa — 310 «MO3r» HepTH M Kak cieiacTBue TommB u3 HepTu. Cepa 1o
XapakTepy BO3/IEUCTBUS HE UMEET cebe MOJTOOHBIX JIEMEHTOB, a TAKXKE y He€ HeT
aAHTHUIIOJIOB, T.€. a0COIOTHO MPOTUBOIIOJIOKHBIX JIEMEHTOB 110 BO3/ICHCTBUIO.

bensunsl mo0at cepy! Ho e€ mpucyTcTBre BEAET K YBEIMUEHUIO KOPO3UU U
oOIIeil TOKCUYHOCTH BBIXJIOMHBIX Ta30B (TBEPAbIC YACTHIIBI M OKCHIBI CEPHI),
peryInpoBaHue cOCTaBa OTPAOOTABIIMX T'a30B TAKKE YCIOKHSIETCS.

OTtcroga yXecTO4eHHEe HOPM UM CTaHJApTOB Ui COJEp)KaHUS JaHHOTO
BEILECTBA U €r0 COEIMHEHUI B COCTAaBE TOIUIMBA (TaK Ha3bIBaeMasi «MaccoBas J0JIs
cepb»). OaHaKO YMEHBIIEHUE COJEPKAHMUS Cepbl BEAET K YXYIUICHUIO
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CMa3bIBAIOIIMX CBOWCTB TOIUIMB. TOIUIMBO, B KOTOPOM MPOLIEHT CEPHUCTBIX
coenuHeHu HaxoauTcss Ha ypoBHe 0,035 u Huxe, TpeOyeT IOMOJIHUTEIbHBIX
IPUCAIOK, KOMIEHCUPYIOLIUX CHUKEHUE CMa3bIBAIOIUX CBOKCTB.

[IpucyTcTBUE  CEPHUCTBIX COCOUHEHWHM B  OCH3WHE MPHUBOAUT K
HarapooOpa3oBaHUIO, CTAPEHUI0O MOTOPHOTO Macjia, a TakkKe OKa3bIBaeT
CYLIECTBEHHOE BIJIUSHHME Ha 3arpsS3HEHUE OKPYKAIOIIEH cpenbl — BbIOPOCH
OKCUJZIOB  CEpbl, TBEPAbIX YaCTHI], CHIDKCHHE H(P(EKTUBHOCTU  PabOTHI
KaTaJUTHYECKOr0 HeUTpanu3aTopa oTpaboTaBIINX ra30B.

Ho cepa He sBuseTcs OTpaBisiomKM KoMmmoHeHToM. (Cepa 4YHCTUT
BBIXJIOITHBIE Ta3bl TIPU CTOpAaHUU OeH3MHA. B BBIXO/€ MPOAYKTOB CrOpaHus TOTUIUB
B aBTOMOOWJIBHBIX JBUTATENsIX €CThb OTpaOOTaHHbIE COEIWHEHUs, HO JTHU
COEIMHEHUSI HE OTPABIAIOT OKpY’Karoliee MPOCTPaHCTBO, MO0 cepa mpeoldpaszyer
3TH COEIUHEHMS M HE JacT MUpPY OoTpaBuThCs. OHa yepes cebs, Kak uepe3 QuibTp
MIPOITYCKAeT BCE U 3TO BCE MPEOOPAa30BAHHOE BBIXOAUT HAPYKY.

A ecnu 0wl He cepa? JKuznu Obl npuien koHer! Cepa XOpoIno BCTyIaeT B
COEJIMHEHUS C JIIOOBIMU BEIIECTBAMHU.

bensunspl, momyvaroniyecss mpH TMEPBUYHON TEperoHKe HedTH, TOBOJIBHO
YCTOMYUBBI: OHU HE OCMOJIIOTCS MPU XPAHEHUU HA BO3JyX€, HE MOJBEPIaroTCs
BO3JICHCTBUIO CEPHOM KUCIIOTHI, XJIOpa, MOJIa U IPYTUX AKTUBHBIX areHTOB.

Hedtn xe ypano-Bomkckue u pepranckue comepxat ot 1 10 5% cepsl.

OTH BeHECTBA TEPMUUECKH MAJIOYCTOMYMBBI M YK€ IPU HarpeBaHuu 10 130°
HAYMHAIOT PA3/IaraThCs, BBIACISS MEpKaNTaHbl, CBOOOTHYIO Cepy, HENpeaelbHbIC
yIJI€BOIOPOBI U T.JI.

[lo w™epe HarpeBaHusi HEPTENPOAYKTOB CEPHHUCTBIE  COCAMHEHHUS
pasnararoTcs C BBIJCICHHEM TJaBHBIM 00pa3oM CEpOBOJOPONAa M YaCTHYHO
AJIEMEHTAPHOU CEPBHI.

CBoOopHas cepa, BCTYMaeT cO BCEMU MeTajuiaMu B coeaunenue [1, c. 112].

be3 Hee BBIOPOCHI NMPOAYKTOB CrOpaHHsl TOIUIMB B BO3AyX ObUIM Obl
anoBuThie. JII0au TpencTaBisiOT BBIOPOCH MPOAYKTOB CropaHus OEH3MHOB HE
IPABWIBHO, CUNTAsl UX BPEIHBIMU?

HaubGonpiryto omacHOCTh [Jisi 370pOBbsl YEJIOBEKa MPEACTaBISIOT OKCHUJ
azora, mpumepHo B 10 pa3 Gojee omacHbIe, YeM yTrapHBIN Ta3, A0Js TOKCHYHOCTH
aJbJIETU0B OTHOCUTEIIBHO HEBEJIMKA U COCTABIAET 4—5 % OT 00111l TOKCUYHOCTH
BBIXJIOTTHBIX Ta30B. TOKCHYHOCTH PA3IUYHBIX YTJIEBOIOPOIOB CUIBHO OTIMYACTCA.
HenpenenbHble yriaeBoaopobl B MPUCYTCTBUU JAMOKCHIA a30Ta (POTOXMMUYECKU
OKHUCJISIFOTCSI, 00pa3ysd  sOBUTBIE  KHUCIOPOACOACpKAIINE COCAUHEHHS —
COCTAaBJISIFOIIME CMOTH.

KauecTBO n0okUraHus Ha COBPEMEHHBIX KaTajJu3aTopax TaKOBO, YTO JIOJI
CO nocne karanuzaropa 06sr4HO Menee 0,1 %.

OOHapy>XeHHbIE B ra3zax MOJUIUKINYECKUE apOMATUUYECKUE YTIEBOAOPOIbI
— CHJIbHBIE KaHI[EPOTCHBI.

Kpome Toro, npu ucnosb30BaHUM CEPHUCTHIX OEH3WHOB B OTXOJSIINE Ta3bl
MOTYT BXOJUTh OKCHJBI CEpPbl, MPU MNPUMEHEHUH STUIUPOBAHHBIX OEH3MHOB —
ceurer] (TerpasTuncBunenr), Opom, xjop, uX coeauHeHHs . CUUTAETCSA, UYTO
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a’p030JIM TANOUJHBIX COCUHEHUIN CBUHIA MOTYT IOJABEPraThCsl KaTaIUTHUYECKUM
1 (OTOXUMHUYECKUM TPEBPAIICHHUSIM, YIaCTBYS B 00pa30BaHUM CMOTa.

J1a, BEIOpOCHI POAYKTOB CTOPAHUSI TOILUIUB €CTh, HO OHU HE SJJOBUTHIE, OHU
He cMmeprenbHble. M ux oOe3BpexkuBanue nenaer cepa. Cepa yTWIM3UPYET BO
BpeMsi pazorpeBa JABHTrareis TO, YTO MOTJO OBl JaTh CMEPTh BCEMY >KHBOMY —
anepHble coctaBbl. [IpenHasHaueHue cepbl B TOIUIMBAaX JUIsl JBUTaTeNed
BHYTPEHHETO CTOpaHUsl MOHUMAETCS HE MTPABUIIBHO.

Takoe HempaBUIBHOE OTHOUIEHHME K cepe JaBHee. XHUMHK Omuocs,
OTIpe/IeNINB Ha3HAYCHHE CEPhl B TOIUIMBAX, a Bce moBepuin. CoBpeMeHHass Hayka
MpUHUIa, OTO OTHOIIGHWE W HE TMBITAlach €ro OmnpoBeprHyTh. IIporecch
npeoOpa3oBaHusl, IPOBOAUMBIE CEPOM HE TO3BOJIAIOT CO3/1aTh SIAEPHBIN OTXO HpU
CTOpaHHMH TOIUIMBA B paOOTAIOIIEM JBUTATENIC BHYTPEHHETO CrOpaHusl.

A camoneTel, pakeTrbl? OTO K€ BBIOPOC OTPaBIAIOMIETO Taza. ITO
pEaKkTUBHBIE JABUTATENTH. BBIXOA MX MPOIYKTOB CropaHus 0e3 cephl BOOOIIE Obl
noryous Mup. B Bo3nyxe oOuiMe BOJSHOTO IHapa, YTO HEUTpaau3yeT BpeaHbIN
COCTaB BBIXJIOITHOTO Ta3a PEaKTUBHBIX JIBUTATEINEH.

CoctaB BbIOpOCAa pPEaKTHUBHBIX JBHUTaTelel HE COOTBETCTBYET COCTaBY
BBIXJIONTHBIX TpyO aBTOMOOMIIEH, TaM Ha BhicoTe 20-40 KM HET BOOOIE HU OJHOU
MOJIEKYJIbI, KOTOpas Momajas Ha TaKylo BBICOTY HE NEPECO3/1aeTCsl B MPABUILHYIO
cTpykTypy. [loaTOoMy, rae Obl BBl HE OBLIM, BCIOAY aBTOMOOWIM M 4TO ke? Bce
PaBHO €CTh BO3/1yX, KOTOPBIM JIBIIINUT YEJIOBEK!

CoBpeMEHHBIN  PEAKTUBHBIM  JBUTATENh CTAHOBUTCA  HEOTHEMIIEMOM
MPUHAITIEKHOCTHIO TpaHcropTa. COOTHOLLIEHUE MTPOU3BOIUMAs SJHEPT s — BEC AJIs
HETO IPEBOCXOAUT BCE, 4YTO MPOU3BOAWIOCH paHee. Ha pencoBourl ckopoctu
PEaKTHUBHBIN ABUTATENH PAaOOTACT B PEKMME MaKCUMAJIBHOTO CTOPAHUs TOTINBA, U
npoOieMbl BBIXJIOMHBIX Ta30B HE CYLIECTBYET, TaK KaK IPaKTUYECKH BCE
YIJIEBOJOPO/bI B BBIXJIONE OKMCISIOTCS, pa3jiarasch Ha YIVIEKUCIBIA ra3 U BOJY
3aJI0JIT0 10 TOTO, KaK JOCTUTHYT MOBEPXHOCTH 3emid. OCHOBHBIE MPOOJIEMBbI
BO3HHUKAIOT TpU B3JIETE, KOTJa BBHIOPACHIBAIOTCS OOJIBIIME  KOJIUYECTBA
HECTOpEBUIMX YIieBoa0opoAoB. Kak u st nBUratesneil BHYTPEHHETO CropaHus,
KaMephl JTOKUTaHUS, CIENHUAIbHO MPEAHA3HAYCHHBI NIl 3aBEPLICHUS] OKHCIICHUS
ATUX BemIeCTB, 3G(HEKTUBHBI, HO, K COKAJICHUIO, COKPAIIAOT MOJIC3HYI0 HArpy3Ky
camoJieTa.

Kak cepa 00e3BpekUBaET BHIXJIOMHBIE T'a3bl?

OHa 4YeTKko [JEepKUT TeMIeparypy peakUuu TOPEeHHsl TOIUIMBA IS
UCKJIIOUEHUs1 0o0pa30oBaHUsl BPEAHBIX BEIIECTB B BBIXJIONHBIX Ta3ax. Bpenanbie
BEII[ECTBA — ATO HE MPeoOpa30BaHHBIC TE€OMETPUUECKHUE CTPYKTYpPHI AJIEMEHTOB,
YTO JAalOT PaKoBble 3a00JIEBAHUS B TOM CIIydae, €CJIM cepa He MpeodpasyeT HX.
OpnHako: BBIOPOC BBIXJIONMHBIX Ta30B B TaKOM KOJMYeCTBe He ciydaeH. Hano
BBIOPOCUTH MHOIO Ta3a BBEpPX, YTOObl YTWJIM3UPOBATH BBIXJIOMHBIE Ta3bl
aBTOMOOWIEeH. ITO KpyroBopoT. CKOJBKO BBIOPOCHIIM aBTOMOOWIN CTOJBKO
«BBIOpOCUT 3eMis» NIpeoOpa3oBaHHOIO COCTaBa rasza i YTHIM3ALMHU ATHX
BBIXJIOTIOB.

ABTOMOOMJIb BBIOpACHIBAET ra3 c(pOPMUPOBABIINKCA OT CKUTAHUS TOILJIMBA
W TpeHus JeTaleil MeXaHW3MOB JBuratens. Ho, mpu momamaHuud OCaaKoOB
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BBIXJIOMTHBIX Ta30B B 3€MJII0 — CO3/1aeTcs JUIsl Hero npoTtuBosiaue. U3 3emmun uuer
NEPECO3/IaHHBIN ra3, KOTOPbI 3aCTaB/ISIET BHIXJIOMHOM ra3 pacnauarbcs cpas3y xe.

BreIxoauT, 9T0 Ta3 OT IBHraTeNe aBTOMOOWIICH Ha YJIMIIE HE CTpallcH
3I0POBBIO YENIOBEKa, T.K pabOTaeT CO3/aHHOE MPUPOJION CAMOOYHUIICHHE. DTO
CIIOCOOHOCTh 3eMJIM CO3/1aBaTh 3alIUTy OT BCETO, YTO MPOU3BEN UeJIoBEK. YTOObI
HE BBHIOPOCHII aBTOMOOWIIb, TIPH TIPOXOXKACHUH YePE3 36MITIO BBIMIET aHTHUIION, T.€.
TOT Tra3, YTO HE JACT BCEMY JKMBOMY Ha 3emiie MOTUOHYTh. A BCe, KTO TOOMBAIOTCS
CHIDKEHHSI COJIEPIKaHUSI CepPhbl B TOIUIMBE MbITAIOTCA YHUUTOXKUTH (QUIIBTP JIJIS1 BCEX
SJTIOBUTBIX CTPYKTYP, POKIAIOIIUXCS B MPOIIECCe TOPEHUs TOIIMBA U JIBUXKEHUS
MEXaHU3MOB.

[Ipn co3maHMu Tra3a aHTUIONA W3 3€MJIM BBIXOJIUT Tap COACpPIKaIUi
BOZIOPOZl, HO JAPYrod O CTpPyKType oOpaszoBanus. [lpum ero cmemeHun c
BBIXJIOITHBIMU Ta3aMU — OH HE (POPMUPYET MOJIEKYIY BOJbI, KaK OOBIYHO, a YXOJIUT
MOJT TSDKECTBIO CBOEH MCKOXKEHHOW MOJICKYJIBI B 3€MIIFO. AKTHBHBIA BOJOPOT
CTaHOBHUTCSI O€3aKTUBHBIM, T.€. HE KUBBIM, HE MOMAaJasi B JbIXaTEIbHYIO CHCTEMY
YeJI0BEKa, COSAUHSICTCS C Ta30M MPeoOpa3OBAHHBIX MOJIEKYJ BBIXJIOIMHBIX Ta30B
TOTUIMBA. ODTOT BHJ TSKEJIOTO0 BOJOpOAAa TOMAgaeT B 3eMIII0, Ipeodpasyer
OPOAYKTBI CropaHusi OCH3MHA U TSKENbIA BOJOPOA BHOBb BBIXOJIUT BBepX. OH He
JOJDKEH WATA B 3€MJIIO, HO OH HJET TyJa IS MpeoOpa3oBaHus MPOAYKTOB
cropaHus. 3emias — (QUIBTP, TyJa HAJO BBOJIUTH BCE, YTO TPEOYeT OUYHUIICHUS
TSKEJBINA BOJOPO ¥ IPOU3BOAUT 3TO JICHCTBUE.

Bonopon — yxoauT BHU3 (OH TSDKEJBI) M OMyCKaeT B 36MJIIO TO, YTO HE
HY’)KHO Ui JbIXaHUS 4YeJIOBEKa, T.€. BCE HECOBEPIIEHHOE B BO3AyXe. 3eMmiis
NPUHUMAET TOT COCTaB, 3a0UpaeT B ceOsl, U OTIPABISICT YUCTHIA BOJIOPO] BBEPX.
Ho on He mouiger HE co3maHue BO3ayxa IS 4enoBeka. Ero mpenHazHaueHne —
YUCTUTh BO3JyX BOKPYI. DTO MEPECO3JaHHBIA U3 OJHON CTPYKTYPHl B JIPYTyIO
ra3 — BoJopo/1 (HOBOTO BEKa) /ISl yTHIIN3AIMH BBIXJIOMHBIX Ta30B aBTOMOOMIBHOTO
TpaHCIOPTA.

Yem MeHbIIIE COJIEpKAHHUE CEPhl, TEM aKTUBHEE OCH3UHBI?

OTcyTCTBHME CEpbl YMEHBIIIACT TEMIIEpaTypy 3aXXMraHus OCEH3UHA, 3TO
onacHblil 0eH3uH. OUeHb BPEIHBIN IS 3J0pOBbs yesnoBeka OeH3uH. Komots, 4To
OT YUCTOro OEH3MHAa — JacT pa3BaJIEHHYI KOMOTh — OONBbHYIO, T.€. 3TO HAHO
BBIOPOC HE COOTBETCTBYIOIINI MCTUHE 37]0POBBS YETIOBEKA.

be3 cepbl caxa OenzuHa «Jxo» — cnabee ToM, uyTo Obula y O€H3MHA
PSIMOTOHHOTO, HO TIOSIBUJIMCH JIPYTHE aKTUBU3ATOPHI Pa3jioMa MOJIEKYIIbl BOJbI B
Bo3nmyxe. OTCYTCTBHE Cepbl HE 00ECIEeUnsIO OYHCTKY TOIIMBA OT OOJIE3HEHHBIX
CTPYKTYp, U MIPOU3BOJAUTCS BBIXJIOI C COAEPKAHUEM HCKAKEHHOW MOJICKYJIbI BOJIBI,
T.€. HOBbIE BUPYCHI.

[louemy e OTAAIOT MPEUMYILIECTBO 00ECCEPEHHBIM BBICOKOOKTAHOBBIM
OeH3uHaAM?

OTO0 JIeTKUN X0 MEXaHU3MOB, M OBICTPBII BRIOPOC ra3za. ITO — HACTOSIIIHE
CyNEpaKkTUBHBIC JBUTATENU. OJTO XU3Hb U €€ pa3BuTHe. llepeHachlleHHOCTh
BO3/TyXa BBIXJIOIHBIMHU Ta3aMH BHICOKOOKTAHOBBIX OCH3WHOB JIaCT OOJIE3HHM BEKa —
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OBICTPYIO CBOPAYMBAEMOCTb KPOBH, OT YETO — HEM3BECTHO Yero (paK — BHE3AIHBIM).
N ToONBKO, KOrga MOWMYT 3TO — OCTAHOBAT POCT CKOPOCTEW JBUKEHUS
aBTOMOOMUJICH U UCTOIb30BAHNE BHICOKOOKTAHOBBIX 00€CCEPUHBIX OCH3UHOB.

Cnucok JInTepaTypbl
1. YepnbimoB b.A. ®usuka u xumus B nepepabotku Hedprtu / B.A. UepHbimoB —
['ocymapcTBeHHOE M31aTeNbCTBO HEPTSIHOW U TOPHO-TOIUITMBHOM JtUTepatyphl. 1955. — 256 c.

PA3PABOTKA ITOONEPAIIMOHHOM CXEMBI ITPOIIECCA
JEKTPOIPO3UOHHOI'O JUCITIEPTUPOBAHUSA
BBICTPOPEXXYIIENA CTAJIA B JUCTUIJIMPOBAHHOM BOJIE

Poux b.O.

ctyneHt (Maructp) 1 kypca kadeaps! GyHIaMEHTATLHON XUMUU U XUMUYE-
ckoii TexHnosioruu KOro-3anagHoro rocy1apcTBEHHOTO YHUBEPCHUTETA,
Poccus, r. Kypck

3yoapee M. A.

ctyneHT (6akamaBp) 3 Kypca kadenpsl GyHIaMEHTATPHON XUMHUHA W XUMHY E-
ckoit rexronoruu KOro-3amagHoro rocy1apcTBEHHOTO YHHBEPCUTETA,
Poccus, r. Kypck

B craTtbe mpencTaBieHa TEXHOJOTMYECKash CXeMa IPOILecca 3JIEKTPOIPO3MOHHOIO AUC-
NEPrUpOBAHUS OTXOJOB OBICTPOPEKYIIMUX CTAJeH M PacCMaTPUBAETCS BO3MOXKHOCTb, ITO3BOJIS-
IOIIast OJTHOCTBIO YIOPAJOYUTh U YIPOCTUTH OIepaluy, HAllpaBJICHHbIE HA MOJIy4YeHHE TEXHO-
JIOTMYECKOT0 MPOAYKTA, B HAILIEM ClIyyae METATMYECKOTO U3HOCOCTOMKOI0 MOPOIIKA.

Knrouesvle crnosa: MeTanIM4ecKuil MOPOIIOK, METOJ] JIEKTPOIPOZUOHHOTO JUCTIEPTUPO-
BaHUs1, OTXO/IbI OBICTPOPEIKYIIEH CTAIH.

OpuuM u3 HambOoJee MEePCHEKTUBHBIX METOJOB MEPepadOTKU MPAKTUYECKU
JT000r0 TOKOMPOBOSAIIET0 MaTepuaia, B TOM YUCIE U OTXOAO0B OBICTPOPEKYIIUX
CTajeH, OTINYAIOIUICA OTHOCUTEILHO HEBBICOKUMH SHEPreTUYECKUMHU 3aTpaTaMu
Y DKOJIOTMYECKOM YMCTOTOM IPOLECCA, ABJISIETCS METOJ JIEKTPOIPO3UOHHOIO JIAC-
neprupoBanus (O3/) [1].

[upoxoe ucnosb3oBanue Merona I/ nus nepepabOTKU METAIITUMYECKUX
OTXOJIOB B MOPOLIKH C LEJIBK WX IMOBTOPHOTO MCIOJB30BAHUS CIEPKUBACTCS OT-
CYTCTBHEM B HAYYHO-TEXHUYECKOU JIUTEPATYpPE MOJHOLECHHBIX CBEICHUM 10 BIIMSA-
HHIO HCXOJHOTO COCTaBa, PEKMUMOB U CPEJIbI MOJyYEHUs HA CBOMCTBA MTOPOIIKOB U
TEXHOJIOTUN TpakTHUecKoro npumeHeHus. [lostomy s pa3pabOTKH TEXHOJIOTUN
MOJIyYE€HHSI TIOPOLLIKOB U3 OTXOJI0B OBICTPOPEKYIIUX CTaJIel, U OLEHKU 3 PEeKTUB-
HOCTH HMX JaJTbHEHUIIEro MpaKTHYECKOTO HCIIONBb30BaHUS TPeOyeTcsl MpOBeIeHUE
KOMIUIEKCHBIX HccienoBaHui. BeneacTsue 3Toro, Hamu Obliia IPEJIOKEHA METO-
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nuka npoBeneHus D3]] ObICTpOpexKyIIUX CTanel, BKItoyaromas B ce0s pa3paboT-
Ky TEXHOJIOTMYECKOM CXEMBI ITPOBEIAEHUS YKa3aHHOTO IIpoliecca.

[lepen HauanoM MpPOBEACHUS HKCIEPUMEHTA IMPOU3BOIUTCS  cOOp,
COPTHPOBKA W MPOMBIBKA OINPEAEICHHOI0 METANIMYECKOr0 Marepuasia, B HaleMm
ciydae otxoasl ObicTpopexymeit cranmu (BPC). [lamee cnenyer 3arpyska
BBICYIIIEHHOTO M B3BEUIEHHOTO MaTepuajla B PEAKTOpP YCTAHOBJIEHHOTO THIIA.
Hamonnenune peaktopa pa0oueld >KHUAKOCTHIO (BOJOW JUCTUIUIUPOBAHHOM)
OCYIIECTBIISIETCS] 0 MAKCUMAIbHOIO 00bemMa eMKOCTU. OJHOBPEMEHHO C 3TUM K
reHeparopy umiyibcoB nepemeHHoro toka (I'MIIT) nmoakimrouaroTcst 31€KTPOBL,
KOTOpbIE U3TOTaBIMBAIOTCA U3 Tex ke orxogoB bPC. Jlanee »aekTpojbl
3arpy’karoT B PEaKTOp Ha paCCTOSHUM HE MEHEE S CM JIpYT OT JIpyra.

3anyck ['MIIT npoucxoaut ¢ OIHOBPEMEHHOW YCTAaHOBKOW HEOOXOJIMMBIX
napamMeTpoB (HANpsHKEHUE Ha DJJIEKTPOJax, YacTOThl HMITYJIbCOB, E€MKOCTHU
paspsaHbIX  KoHJeHcaTopoB). Ilocie  maHHOW — omepamuu  MPOU3BOJIUTCS
napajuleNibHbI  3amycK mnpubopa Il  BCTPAXUBaHUSA AJIEKTpoaoB. Jlamee
BBITTOJTHAETCS KOHTPOJIb 3 MPOLIECCOM 3JIEKTPOIPO3UOHHOTO AUCTIEPTUPOBAHUS 110
HEOOXOAMMOMY MPOMEXYTKY BPEMEHM, IO KCTEYEHUH KOTOpPOTO CIIEAYeT
npekpainieHue npouecca 33]] U OTKIIFOYEHUE SKCIIEPUMEHTAIBHOW YCTAHOBKH.

Brirpy3ka pabouero marepuana Jenutcs Ha Tpu dTana. Ha mepBom atame
OCYLIECTBIIIETCS BBIFPY3Ka HENPOIUCIIEPrUPOBAHHOIO MaTepuasa, KOTOPbIA B
NOCJIEACTBUM HUJET Ha HayalbHYIO 3arpy3Ky B pEaKkTop s MpPOBEACHUS
cieayromero onsita. Ha BTOpOM 3Tame OCYHIECTBISETCS CIMB BEPXHEW YacTu
pEaKklUMOHHOW cMecu ¢ Haumbojee MEJIKMMM B3BEUICHHBIMU YacTULAMU IS
€CTECTBEHHOI0 OTCTaMBaHUs M TMOCJENYIOLIEero ucnapeHus: Biaru. M 3asepiiaet
IpOLECC TPETUN 3Tall, B KOTOPOM PEATU3YETCsl BBITPY3Ka CYCIEH3UHU, COCTOSLICH
13 Hambojee TSKENbIX YaCTUIl JUCIIEPCHOTO TMOpOIIKa U paboyeil XKUAKOCTH B
€MKOCTB JJIs ITOCJIEYIOIIETO UCTIApEHUS BJIaru Ha 3JIEKTPUYECKOM IITUTE.

Jlanee BBICYIICHHBIM TMOPOIIOK TepeTupaeTcss B ¢GappopoBO CTymKe Hu
IPOBOAMTCS B3BELIMBAHUE IIOJYYEHHOTO B pe3yJibTaTe IOCIEIHUX OTaloB
METAJUIMYECKOI0 NOPONIKA. XPAHEHUE METAITIMYECKOIO OPOIIKA, OJYYEHHOTO B
pesyabTare mporecca O3/1, peamusyercs B CHEUUAIbHBIX EMKOCTAX. B wurore,
4acTh TMOPOIIKA OTMHPABISAETCA Ha O0O0sA3aTENbHYIO aTTECTAIMIO, a JApyras 4YacTb
UCIIOJIB3YETCSl B MPAKTUYECKUX Iensix. PazpaboraHHas moorepanydoHHas cxema
MPOBEAECHUS SKCIEPUMEHTA IIPEICTABICHA HA PUCYHKE.
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COPTHPOBKA JATPYIRA HANOMHEHHE JATPYIKA _J IANVCK
REBAATTR MATEPKANA B HH PEAKTOPA PABOMER ANEKTPO06 B MEHEPATORA
) PEAKTOP HMOROCTESD PEAKTOP HMNYAECOR
— TONRIRIHEARE | I
INEKTPOOOB K YCTAHOBKA
FEHEPATORY HEOBXOAHMBIX
BRIFPY 3R WMIYACOR NAPAMETPOB ._
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KCHTPOMb 34 NPOLECCOM NAPATMENBHBIA
BLITPY3KA HAMBOEE ANEKTPOIFOWOHHOMO IAMYCK NPHEOPA i
TAMENBN YACTH | Ml CNEPTHPOBAHMA (3311) 1A BCTPAXHBAHMA
OHCNEPCHOMD MO BPEMEHH INEKTPON03
NOFOLLKA B
EMEOCTS ANA !
| nocnegyiowero >
?:rﬂ: ﬁﬁmﬂm " NPEKPALLEHWE R OTKAHIHEHME
, MPOLECCA .
INEXTPHYECKOIN 30 QBOFYROBAHHA
NAKTHI
BLIMY3HA PABOMETD |, |
" MATEPHANA ¥
CNKB PABOYER NOPOLIOK
HHOKOCTH C " HA
HAWEBONEE MENKMMM
I A
BEABEIIEHHBIMM n TRECHARAC:
CTHLVAME E¥) BIBELUMBA-ME XPAHEHHE NOPOLIKA
Alatl el ROy AEHHONC) M BCNEUMANBHBY |
OTCTAHBAHWA ¥ METASTMYECKOMO EMHOCTAX
WCTAPEHHA BRATM NOPOLLKA
F NOPOLWIOK ANA
M NPAKTUMECKOTO
NPHMEHEHWA

Puc. Iloonepannonnas cxema npoeneHus npoiecca I3/

JlaHHy10 moonepanuMoHHyH0 cxeMy mporuecca 93] MOXKHO HCIOJIb30BaTh
JUISl AUCHEPTUPOBAHUSA IPYTUX MaTEpUaioB OTAMYHbIX OT bPC.
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HUE TIOPOIIKOB M3 OTXOJIOB BOJb(PpaMoCoAepkKalIUX TBEPABIX CILUIABOB AJICKTPOIPO3ZUOHHBIM
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Hydrogenation of benzene and its derivatives containing in motor fuels are
focused of many recent studies owing to environmental and clean-fuel legislation
[1, 2, 3]. In particular, for gasoline restrictions have been introduced for the con-
tent of benzene—a maximum 0,1%. Decrease in the maintenance of aromatic hy-
drocarbons, especially benzene in motor fuels is an actual and urgent problem.
Toxic action of benzene and a product of its incomplete oxidation-benzopyrene-
cancerogenic substance accumulated in an environment, renders negative influ-
ence on safety of ability to live of people and fauna.

The goal of the present work was studying the hydrogenation of aromatic
hydrocarbons which are the fractional composition of motor fuels at presence
RhMo bimetallic support catalysts where as carrier is used pillar structural mont-
morillonite mineral. For the hydrogenation is taken 100cm’® mixture of aromatic
hydrocarbon and hexane (V(aromat:V(hexane)= 1:1).Pressure of hydrogen was
measured by a manometer and varied in an interval 1.0-6.0 MIla, and temperature
of process changed from 373K up to 473K. Modifying montmorillonite mineral by
polyhydroxocomlexes chromium leads to growth of a specific surface from 60 up
to 360 m*/g, total volume of porous from 0,16 cm’/g up to 0.54cm’/g, interlaminar
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distances from 0.94 up to 2.14nm.[4,5]. The maximal distance about 2.14 nanome-
ters corresponds to concentration of chromium about10.0-15.0mmole per gram of
clay where between the layers settle down polyhydroxocomplexions of chromium.
Modifying montmorillonite minerals gives to them heatresistance and use as
carrier for preparation support RhMo (0.5-1.0% mass.) catalysts. The specific sur-
face of sampleswere defined after heat treatment at 453K are 270-280 m’/g
Increasing the temperature up to 823K decreases this value to 140-160 m*/g. Not
modified bentonite clay lost their porosityat 393K, and a specific surface made 30
m’/g. At the hydrogenation ofbenzen and derivatives were defined a criterion
Tyle-Zeldovich which directly proportional to the constant of rate andresulted ra-
dius of the support catalyst. In order to define the criterion of Tyle—Zeldovich was

used the following expression:
k
=R

Where, r the resulted radius of particles of the catalyst (for spherical particles
Ry =R/3)
k — a constant of rate of reaction,;
D — effective factor of diffusion of reacting molecules on a surface
inside of porous
Rates of the hydrogenation of hydrocarbons are decreasin order:

benzene > toluene > o- xylene = p-xylene > m-xylene
Thus, it is developed (0.5-1.0)% RhMo/Montmorillonite support catalyst for
hydrogenation of benzene and determine the factor of efficiency using the internal
surface of porosity support catalysts. The received experimental results expand a
circle of data in the field of hydrogenation motor fuels, especially transformations
of aromatic hydrocarbons to naphtens.
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CEKUNA «BNOJNIOIMYECKUE HAYKN»

UCITOJIB30BAHUE UHTEPAKTUBHBIX METOJ1OB OBYYEHUSA
B ITPEITIOIOBAHUUN HEKOTOPBIX TUCIHUIIJINH
1O CIEIUAJIBHOCTH «3KOJOI'US»

Boponoesa H.B.

JOLICHT Kadeapsl SHEProskoiornu Kazaxckoro HallMOHaIbHOTO YHUBEPCH-
TeTa uMeHu anb-Papabu, kKaHa. OUOJ. HAYK, TOIEHT,

Kazaxcran, r. Anmarsl,

Koaymoaesa C.IK.

npodeccop Kadeapsl MOJIEKYIAPHON Onoorun U reHeTukn Kazaxckoro
HAIMOHAJILHOTO YHHUBEPCUTETA UMEHH allb-Dapadu, 1-p O1oil. Hayk, mpodeccop,
Kazaxcran, r. Anmarsl

Ha npumMepe 1UCHUIUIMH MO CIIEHUATBHOCTH «DKOJIOTUA», PACCMATPUBAETCS POJIb 3KOJIO-
TMYECKOro o0pa3oBaHus B (POPMHUPOBAHUH HKOJIOTUYECKON KyNIbTyphl. MCIONB3yIOTCS UHTEpaK-
TUBHBIE METO/IbI O0yUYEHUS — JIEJIOBbIC UTPBl U CUTYAIMOHHBIC 33JaHNS B BUJI€ KECOB, OCHOBAH-
HbI€ Ha IPUHIIUTIE TPOOJIEMHOCTH M TMYHOCTHO — OPUEHTUPOBAHHOTO OOYUCHHUS.

Knroueswvie cnosa: skonoruyeckas KYJbTYpa, 3KOJOIrndeCKasa CUuTyaluus, YCTOI\/'I‘-II/IBOC pas-
BHUTHUC, MHTCPAKTUBHBIC METO/bI O6y‘IeHI/ISI, OXpaHa Oprnca}omeﬁ Cpeanl.

Ha coBpemeHHOM »5Tame mOCIEACTBUS XO3SIMCTBEHHOM JEATEIBHOCTH
YeJIOBEKa 3aTPOHYJIM IMPAKTUYECKH BCE SKOCHCTEMBI ILIAHETHI, ra30BBbIM COCTaB
aTMocdepsl, sHepreTuyeckuil 6ananc 3emin. Be€ 310 crmocoOCTBYET yXYIIICHUIO
COCTOSIHUSI COBpPEMEHHOU Ouocdepsl, pa3pylIeHUIO 370pPOBbS U JTYXOBHOCTH
yenoBeka. JKojornyeckas curtyauus B KazaxcraHe, B CBA3M € JKCTEHCHBHBIM
pa3BUTUEM HKOHOMHUKH, TaKXKe PE3KO yXyIwiach: ApalbCKUid KpHU3HC,
HeOaronpusiTHas JKOJOTHYeckass o0OcTaHoBKa B [IpukacmmiickoM peruose,
Bocrounom Kazaxcrane; Bokpyr CeMUNATATUHCKOTO IIOJIMTOHA, MPOLECCHI
OmyCThIHUBaHUS U T.1. [1]. Pemenue skomornueckux mpoodsieM BO3MOKHO TOJIBKO
B pe3yjbTaTe BOCCTAHOBJICHHUs OajaHca MEXAY MPUPOJOM M OOIIECTBOM, YTO
MPECTaBIsET COOOM UPE3BBIYAMHO CIIOXKHYIO, OECHPEIeNCHTHYIO B TJI00ATEHOM
OTHONIEHUHU 3a/lady, NOoCTaBlieHHYIO emie B 1992 rony B Puo-ne-XKaneiipo, rae
Obla moanucaHa M yrBepxkaeHa Konuenuus nmo YcrtoiuuBomy pas3Butuio [2]. B
Konnenmun sxonorndyeckoro oopazoanus u Konmenmmu nepexona PecmyOnuku
Kazaxcran k ycToiuMBOMY pa3BUTHIO MOAYEpPKUBAETCA, 4YTO d(pPexTuBHasA
CHUCTEMa JKOJIOTHUECKOTO O0pa30BaHWS — OJWH W3 OCHOBHBIX WHCTPYMEHTOB
obOecrieueHus] YCTOMYMBOTO Pa3BUTHS NMPUPOBI U ob1iecTBa [3, 4]. M3BecTHO, 4TO
cuctemMa oOpa3oBaHHUsS, OTBETCTBEHHas 3a (OpPMUPOBAHME HE  TOJIBKO
npo(eCCUOHANBHBIX ¥ JIMYHOCTHBIX KAadeCTB MOJOJSKH, HO U aKTUBHOU
IpaKIaHCKOM MO3UIMU [0 OTHOIIEHUIO K IPUPOJIE, UMEET HEOCIIOPUMO OOJIbIINE
BO3MO>KHOCTH BJIMSIHUS Ha MPOIECChl YCTOMUUBOTO Pa3BUTHUSI U HA MEPCIEKTUBbI
JAMbHEHUIIErO0 PpPAa3BUTHS CTPaHbl. OTOMY B TIOJIHOM MEpPE COOTBETCTBYET
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JUCUUIIMHBI 110 CHEUUAJbHOCTH «JIKOJOTHS» TaKhe, Kak: «IJKOJOTMYEeCKUn
MOHUTOPHHI», «OKpyKamImas cpega ©  COXpaHCHHE OHOpa3zHOoOpazusy»,
«OpraHuzanusi ¥ yHOpaBICHUE B DKOJOTHUU» U Jp., KOTOPbIE€ BHEIPEHBI B
oOpazoBatenpHbI TIporiecc Kasny wuM. amp-dapabu. WX 1enp — HE TOJBKO
BOOPY)KHTh OyIyIIMX CHEIHAIMCTOB C BBICIIMM OOpa30BaHUEM OCHOBaMU
AKOJIOTUYECKUX 3HAHUH U MOKa3aTh MyTH MEepexojia K YCTONYMBOMY Pa3BUTHIO, HO
U TMPUBHATh UM JKOJOTMYECKYIO KYJIbTypy. Takod NOAXOA MO3BOJMT MOJIOABIM
CHEIUAINCTaM C BBICIIMM OOpa30BaHMEM NPUHUMATH HKOJIOTMUECKH TPaMOTHBIE
pEelIeHUsT U, TeM CaMbIM, CIIOCOOCTBOBATh TMEPEXOAY CTpPaHbl K yCTOWYHUBOMY
Pa3BUTHIO. DKOJIOTMUECKas KyJbTypa MpeIoiaraeT He TOJIbKO U3MEHEeHne o0pasa
KU3HW, HO W HPABCTBEHHBIX IEHHOCTEW, CIOCOOCTBYIOIIUX T'apMOHUYHBIM
OTHOLLIEHUSM YE€JIOBEKA M0 OTHOUIEHUIO K MPUPOIHOM cpene. B HacTosiiee BpeMs
AKOJIOTUYECKasi KyJIbTypa SIBISETCA HE JKeJIaTelIbHbIM KOMIIOHEHTOM, a
00s13aTeNIbHBIM YCJIOBHEM CYIIIECTBOBAHUS MUPOBOTO coolIiecTna [5].

B mporecce oO0ydeHHs] MIMPOKO MCHOJIB3YIOTCS MHTEPAKTUBHBIE METOJbI
oOy4deHus, Takue Kak JIeJIOBble UTPBl U CUTyallMOHHbIE 3a1aHus. [IpuMenenue ur-
POBOTO MOJEJIMPOBAHMS B MPOILECCE HKOJIOTUYECKOU MOJTOTOBKU CTYAEHTOB I03-
BOJISIET UMUTHUPOBATh KOHKPETHYIO CUTYaIIMIO, KOT/Ia UM TMPEICTOUT HAWTH mpa-
BUJILHOE PpEILIEHUE, COOTBETCTBYIOIIEE peajbHbIM OOcToATeNnscTBaM. [Ipu 3TOM
OOBIYHO MCIOJIb3YETCS HE TOJIBKO MPOTrPaMMHBIA MaTepUa, YTO OCOOCHHO Ba)KHO,
TaK KaK BbIpA0ATHIBAIOTCS YMEHHS U HABBIKM CUCTEMHOTO MBIIUICHUS, TIPOOYXKaa-
€TCsl CTPEMJICHHE K TIOMCKY HOBBIX UJEH, CTPEMJIEHHUE K TBOPUYECTBY U KOJJICKTH B-
HOMY B3aMMOJEUCTBUIO. MHTepakTHBHAsA Iojadya MaTepHaya JOJDKHA IJIAHUPO-
BaTbCA 3apaHee, MOCKOJIbKY Takoe 00yueHue TpedyeT MOCTOSTHHOTO KOHTPOJIS HaJl
aynutopuei. JlemoBas urpa — 3TO CpeJICTBO MOJCIMPOBAHUS TPOOJIEMHBIX CUTYa-
IUA B Pa3IUYHBIX 00JIACTSIX IKOJIOTHYECKOM NEATEIbHOCTH, MO3BOJISIONINE CTY-
JICHTY HAlTH ONTUMAaJIbHBIC IyTH PEIICHUS ATUX MPOOJIEM, a TAKKE aITOPUTMBI, Ha
OCHOBAaHUHU KOTOPBIX, MOXKHO CIIPOrHO3UPOBATH MOJIOOHBIE SKOJIOTUYECKUE CUTYa-
MU U YCIICNIHO WX M30exkaTh. [[ernoBble Urpbl MPOSBUIN Cce0sl KaK YHUKAIbHBIN
MEeTOJI 00y4YeHUs, KOTOPBI cIocOOCTBYET A(h(PEKTUBHOMY MOBBHIIICHUIO KauyecTBa
MOATOTOBKM cnenuanucrta [6]. Tak, Hanmpumep, NIpU HU3YYEHUH IUCLUIUIMHBI
«YHpaBieHUE M OpraHU3alMs B SKOJOTHHM» CTYACHTBHI Kypca y4acTBYIOT B HIPeE
«Bnusinue Metanmnyprudeckoro 3aBoaa Ha OC». B urpe npuHuMaroT yyactue ABe
KOMAaH/Ibl, OJTHA U3 KOTOPbIX, OTCTAaMBAE€T MHTEPECHl PYKOBOJUTEINEH 3aBOJIa, CTpE-
MSAIIUXCA TOJYYUTh MAKCUMaJbHYIO MPUOBLIb, JApyras — MpeAcTaBisieT oOIe-
CTBEHHOCTb, KOTOpasi 03ab04yeHa mpodiieMaMu OXpaHbl OKpyxatouieit cpenbl. Mrpa
MpeAHa3HauYeHa sl aKTUBHOTO W3YYEHHUs MPOILIECCOB COIIACOBAHUS WHAUBUIY-
aJbHBIX U OOLIECTBEHHBIX MHTEPECOB. B X0/1€ 3TOI UTPhI CTYJAEHTHI OCMBICINBAIOT
MPUHIIUI OTPAHUYEHHOCTU MPUPOTHBIX PECYPCOB, MPOOIEMBbI pa3MEIICHUs U BTO-
PUYHOIO MCIOJIb30BAaHUSA OTXOJOB MPOM3BOJCTBA, a TAK)KE MPUHLHUII KOJUIEKTHB-
HOM OTBETCTBEHHOCTH 3a KayeCTBO MPHUPOAHON cpenbl. Kaxkaplii BRIOMpaeT CBOIO
CTpATErHIo TOMyYeHUs MPUObUIA U MPUHUMAET OJTHO M3 YETHIPEX BO3MOXKHBIX pe-
meHnil. OT 3TUX PELICHUI 3aBUCUT COCTOSIHUE KaueCTBAa OKpy:karoliel cpenbl. Ha
MOCJICUTPOBOM OOCYXKICHHUM BCEM WICHAM KOMAaHJ MPEAOCTaBISETCS BO3MOXK-
HOCTb OILICHUTh CBOIO ACSATEIBHOCTh M MPOaHATU3UPOBATH X0 UTphl. Bee cTynen-
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Thl TIPUXOAT K BBIBOJY, YTO MPU YMEJIOM PYKOBOJCTBE MOXHO M30€XaTh Hera-
THUBHBIX JUIS1 OKPY’KArOIIEeW cpepl nociaencTsui. [lokasarensamu kauecTBa UrpoBO-
ro pe3yJibTaTa SBJISETCS MPaBUIbHOCTh MPUHUMAEMBIX PEIIEHUH, MUHUMYM OILIU-
00K, OBICTPOTA BBITIOJTHEHHUS 3aJaHUH.

[Ipu u3ydyeHuu Kypca «IKOJOTUS U YCTOMUYMBOE PA3BUTHE» HCIIOIb3YETCS
nenoBas urpa «I'modanpHOE NOTEMIEHUE — 32 U IPOTUBY». B urpe npuaumaror y4da-
CTHE TPU KOMaH[bl, MPEACTABIISIONINE aTbTEePHATUBHBIC TMIIOTE3bl MO MPUYNHAM
BO3HUKHOBeHMs «['obanbHOro moremieHus». OpHa KOMaHAa NPUACPKUBAETCS
TOYKHU 3pEHUS], 9TO OOJIbIIAs OIS MOTETUICHUS, Ha0IFo1aBmerocs B mocieaaue 50
JIeT, BhI3BaHA JICATEILHOCTHIO YEIOBEKa, B MIEPBYIO OUYEpelb BELIOPOCOM ra3oB, BhI-
3bIBAIOIINUX MApHUKOBBIA 3(PdekT, Takux kak yriekuciabli raz (CO2) u Me-
tan(CH4).

Jlpyrasi KOMaH/a CYUTAET, YTO MPUIMHOMN TTI00aTBHOTO NOTEIUICHUS SIBIISET-
Csl UI3MEHEHUE COJIHEYHOW aKTUBHOCTH M M3MEHEHHUE YTJIa OCH BpPAIEHUS 3eMIH U
e€ OopOuUTHI.

TpeTbst KOMaH1a IPUIAEPKUBACTCS TUIIOTE3BI, COIVIACHO KOTOPOU IMPUUYMHOU
TJI00ATBHBIX KIMMATUYECKUX W3MEHEHHMM SIBISIETCS] OKeaH M BYyJKaHMYECKas ak-
TUBHOCTh. Kaxkass koMaHJa apryMEeHTUPYET CBOK TOUYKY 3PEHHS] MCTOPHUYECKOMN
sKOJIorHueckoi nHpopmarmet, pakramu, METEOPOJOTHYECKUMHU HAOIIIOICHUAMHU U
BBICKA3bIBAHUSIMU HM3BECTHBIX KIIMMATOJIOTOB. BhlurpaBiiell cuMtaercs KOMaHIa,
KOTOpasi apryMEHTHPOBAHO YOEAWsia >KIOpH, COCTOSAIIErO M3 MpernojaBareis u
JIBYX CTYJICHTOB, B MIPABWJILHOCTH CBOEH THIOTE3HI.

JlenoBble Urpbl HOCAT KOJUIEKTUBHBIA XapakTep, B MPOLECCE KOTOPOW B3au-
MOJICMCTBYIOT BCE CTyACHTBl. OHU OBICTPO AAIOT pe3yJIbTaThl, MO3BOJISIIOT aHAJIH-
3UpPOBATh MOBEICHUE CTY/ICHTOB BO BPEMSI UTPHI U JIETKO BHICTABISATH OILICHKHU.

Kak MbI BuanM, J1ei0oBasi Urpa siBjisieTcss OJHUM U3 Hanbosee 3p(GeKTUBHBIX
METOJI0B OOYyYEHHMsI CTYAEHTOB-3KOJOTOB, IO3BOJISIOIIUX CHATh MPOTUBOPEUUS
MEXIY TEOPETUYECKUM XapaKTepOM YUEOHBIX AUCIUILIUH U MPAKTUYECKUM Xapak-
TEpPOM Mpo(ecCuOHATBHON ACSTEIEHOCTH 00y4aeMoro.

Hapsiny ¢ nenoBsiMu urpamu 3¢GpGEeKTUBHBIMA METOJIaM aKTUBH3AIIUU TBOP-
YEeCKOM JIeATEeIbHOCTU CTYJIEHTOB SIBJISIOTCS KEWC-METOJbl, KOTOpbIE IpeaycMar-
pUBAIOT ONMMCAHUE peajbHON cuTyauuu. OQHUM U3 JOCTOMHCTB KEC-METOIOB SIB-
JISI€TCS TO, UTO MPABUIILHO COCTABJICHHBIN KEWC MPOBOLUPYET IUCKYCCHIO, B MPO-
1ecce KOTOpOM CTYACHT MPOSBIISIET UHTEPEC K HAYKE, HAYUYHBIM HCCIICOBAHUSIM U
YUUTCS CBSI3BIBATH HAYYHO-TECOPETUUYECCKUE TOJIOKEHUS C TPAKTHUECKOU JesATeb-
HOCTBIO [7, c. 129]. [IpuHuun npo0JIeMHOCTH SIBISIETCS TaK)Ke OCHOBOW MHTEpaK-
TUBHBIX METOJ0B 00yueHus. imenHo npobieMHoe 00yueHHe OKa3bIBAeT MO3UTHUB-
HOE BJIMSTHUE HA YCBOCHHE BCEX YETHIPEX KOMIIOHEHTOB CO/IepKaHUsl 00pa30BaHus
(3HaHWE, YMEHHE U HABBIKH, OMBIT TBOPUYECKOUN JEATEIBHOCTH, IIEHHOCTHBIE OpH-
EHTAIlMM) Ha KaXJ0M 3aHATUU. DJIEMEHTBI MPOOJEMHOro 00y4eHHUsI MOTUBHPYIOT
CTYJEHTOB HAa CaMOCTOSATEJIbHBIM MOMCK MHPOPMALMU M aKTUBU3UPYIOT MBIIILIE-
HUE, YTO HEOOXOIMMO JUIsl TUYHOCTHO-OPUEHTUPOBaHHOTO o0yuenus. Takoil moa-
XO/JI TIO3BOJISIET HAYYUTh CTYJCHTOB CaMOCTOSTEIbHO BUAETH Mpobiemy, chopmy-
JMPOBATH €€ U HANTH BO3MOKHBIE IIyTH PELIEHUS], YTO OCOOEHHO Ba)KHO B YCJIOBU-
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AX TJ00alM3aluu 3KOJOTHYECKUX npodsieM. MHTepakTuBHbIE METOIbI 00y4eHUs
MO3BOJISIIOT IPOMOJIETMPOBATH PEATbHYIO SKOJIOTHMUECKYI0 TPobiieMy, ¢ KOTOpOil B
JAIbHENIIEM MOJIOJBIM CIELUAIUCTAaM MPUIETCS CTOJIKHYTBHCS HA IPAKTHKE, pas-
BUBAIOT AHAJIMTUYECKHE, KOMMYHUKATUBHBIC HAaBBIKM, BbIPaOATHIBAIOT YMEHUS
AHAJIN3UPOBATH DKOJIOTUYECKYIO CHUTYalMIO, IUIAHUPOBATH CTPATETHIO U IPUHU-
MaTh BEpHBIC yMPABICHYECKUE PEIICHUSI B 00JACTH OXPaHbI OKPYKAIOIIEH cpebl
U PalMOHAIILHOTO MPUPOIONOIL30BaHus. Bee 3To crnocoOCTBYeT pa3BUTHIO SKOJIO-
TMYECKOM KYJIbTYpBI CTYJIEHTOB [6].

IIpenoraBaHne BBIIE NEPEUMCICHHBIX AUCLUIUIMH MIOKA3a10 AKTYaJbHOCTh
1 OONBIIYI0 3aMHTEPECOBAHHOCTh CTYACHTOB B TO3HAHUHM JKOJOTHYECKUX MPO-
0JieM U ImyTel nepexojaa K yCTOMYMBOMY Pa3BUTHUIO NPUPOAbI U obecTBa. Pop-
MUPOBAHHUE IKOJIOTUYECKON KyIbTYphl OyAYIIEr0 MOJOJOTO CHEIHAIUCTa C BbIC-
muM 00pa30BaHUEM SIBIIETCA HEOOXOAMMBIM YCIOBHEM BBIXOJAa M3 JKOJOTHYE-
CKOro kpusuca. Mcnosib30BaHne HOBBIX TEXHOJIOTUM U TOBBILIEHHUS IT€1aroruye-
CKOM 3(p(PEeKTUBHOCTH 3KOJOTHUECKOTO 00pa30BaHUSI CHOCOOCTBYET LEIOCTHOMY
BOCIIPHUSITHIO COBPEMEHHBIX IKOJIOTHUECKHUX U COIMATBHBIX MPOOJIEM BO B3aMMHOMN
CBSI3U: OT CaAMbIX OOIIMX PKOJOTHUECKUX U JAeMOTpapruecKux 3aKOHOMEPHOCTEH B
COUYETAaHUU C AHAIU30M MOTPEOJIEHUS] YEeIOBEYECTBOM IPUPOJIHBIX PECYpPCOB [0
COBPEMEHHBIX CIOCOOOB MPEIOTBPAILICHUSI SKOJOTUYECKOTO KpHU3HUCa U JTOCTHKE-
HHUSI YCTOMYMBOTO PAa3BUTHUS YEIOBEYECTBA.

Takum o6pa3zoM, popMUpOBaHHE SKOIOTUYECKON KYIbTYpPhI 3aKIIOYAETCS B
NEPBYIO OYepe/b B BOCIUTAHUM y CTYIAEHTOB OTBETCTBEHHOI'O, OEPEKHOTO OTHO-
LICHHS K IIPUPOJE, K CBOEMY 340pPOBBIO. JIOCTMKEHNE 3TOU LEIU BO3MOYKHO NIPU
YCIIOBHH LI€JIEHANPaBICHHON yueOHO-MeToIn4ecKoi paboThl 10 (OPMUPOBAHUIO Y
y4daleucss MOJIOAECKU CHCTEMbl HAay4HBIX 3HAHWM, HAIIPABICHHBIX HA IIO3HAHHE
MIPOLIECCOB U PE3YJIbTATOB B3aUMOJIEHCTBUS YEJIOBEKA, OOIECTBA U MIPUPOAIbL; KO-
JIOTMYECKUX LICHHOCTHBIX OPUEHTALIMM, HOPM U NPABUJI B OTHOLLIEHUU K IPUPOJIE U
e€ oxpane. Bce 310 obecrneunBaeT pa3BUTHE HKOJOTHUECKON KYIbTYpHI, a TaKkKe
dbopMupoBaHue OOLIEKYIBTYPHBIX U MPO(GECCHOHATBHBIX KOMIETEHUIUH OyIymunx
CIIELIMAIUCTOB.
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BJIUAHUE MUKPOBUOJIOTHYECKOI'O ITIPEITAPATA CEPUU DM
HA COCTAB MUKPO®JIOPBI HOBOPOXKIEHHBIX TEJIAT

Mumpaxoe H.B.

acriupaHT OMCKOIO TOCYJapCTBEHHOIO arpapHOro
ynuBepcurera umenu 11.A. CrosbinuHa,

Poccus, . Omck

Hosuuxuii A.A.

npodeccop kadeapsl BETEpUHAPHON MUKPOOHOJIOTHH,

MHEKINOHHBIX U HHBa3HOHHBIX Ooie3Helr OMCKOro rocyaapCTBEHHOTO arpapHoro
yauBepcutetra umeHu [1.A. CtonbimuHa, 1-p BETEPHHAPHBIX HAyK, Ipodeccop,
Poccus, r. OMck

B skcnepuMenTe n3yueH cOCTaB MHUKPOOUOIIEHO3a MUIIEBAPUTEIBHOTO TPAKTa HOBOPOXK-
JEHHBIX TEIAT 10 M IOocie NMpUMeHeHHs OM-mpenapata — KOPMOBOIO KOHIEHTpaTa «OM-
KypyHIa». Y CTaHOBJIEHO, YTO Y€pe3 MECSL 1ociie MpuMeHeHus: DM-npenapara y TeJIsT KoJau4de-
CTBO YCJIOBHO-IIATOT€HHBIX MUKPOOPraHU3MOB CYLIECTBEHHO HE U3MEHMJIOCh. TeM He MEHee Ha
(doHe mpUMeHeHMs INpenapara y TelIsAT He HaOJoJalu KIMHUYECKUX NPU3HAKOB, CBA3aHHBIX C
MOpa)KEHUEM JKEJTyI0UYHO- KUIIEYHOTO TPAKTa, B TOXKE BpeMs Cpeu KUBOTHBIX (60%), KOTOpbIe
HEe noiydanu OM-mpenapaT, perucTpUpOBaId PacCTPOMCTBA KEITYTOYHO-KUIIEYHOTO TPAaKTa,
BbI3BaHHBIEC IATOI€HHBIMU MUKPOOPTraHU3MaMU C FEMOJIMTHYECKUMH CBOMCTBAMH.

Knrouegvle cnosa: xopMoBoOMl KOHLIEHTpAT «OM-KypyHIa», yCIOBHO-IIaTOI'€HHbIE MUKPO-
OpTaHU3MBbl, SHTEPOONOLIEHO3.

HepanmonansHoe mpUMEHEHHE aHTHOAKTEpUATBHOM TEpanuu, yXyIIICHHE
HKOJIOTHYECKOW CUTyalnu OOYCIOBUIN M3MEHEHWE TPATUITMOHHON KIMHHUYECKOU
KapTUHBI MOHOUH(EKIUN U MPUBEIU K YBEJIMUYEHUIO YIEIBHOTO BECa aCCOLUUPO-
BaHHOW MUKpOOHO# maroioruu [1, ¢.12-17, 3, c. 5-10]. B aTom oTHOIIEHNHN BCe
OoJbIIee BHUMAHUE YYCHBIX U TIPAKTUKOB MPHUBJICKAET MPUMEHEHNE MPOOUOTHKOB,
B TOM yucie cepur DM Kak aJbTEepHATHBHOIO CPEJICTBA XMMHOTEPANIEBTUYECKUM
npemnaparam [2, c. 5-10, 4, ¢.285-289, 5, ¢.23-36].

B cBsi3u ¢ 3TuM OblIa mocTaBieHa 3ajja4a U3YYUTh B OKCIIEPUMEHTE COCTAaB
MHUKpPOOHOIIEH03a MUIIEBAPUTETHLHOTO TPAKTa HOBOPOKICHHBIX TEJSAT JI0 U TMOCIe
npuMeHeHust DM-npenapara — KOPMOBOTO KOHIEHTpaTa « OM-KypyHIa».

B xauecTBe 00BbEKTa UCCIIEIOBAHUSI CITYKUJIU TesTa B Bo3pacTe 2-30 CyToK.
Jlng skcniepuMenTa ObU10 ¢(hOpPMHUPOBAHO JBE TPyNmbl. JKUBOTHBIM MEPBOM TpyTi-
nbl (10 tensar) npuMensun npenapar «IM-kypyHra». Bropas rpynna (14 tensr)
CiyXuiia KoHTposieM. Ha Hagano skcrepuMeHTa BCce KUBOTHBIC ObLTH KIIMHUYECKU
3/10pPOBBI.

Jlnst onpeneneHusi KOJIMYECTBEHHOTO M KaYE€CTBEHHOTO COCTaBa MUKpPODIIO-
pBI 10 TIPUMEHEHUS TperapaTa W 4epe3 MecsI] Mocje mpueMa OakTepHOIorHye-
CKOMY HMCCJIEJOBAaHUIO MOJIBEPTAIN COACPKUMOE MPSIMOMN KHUILIKH TEJIST ONBITHON U
KOHTPOJIBHOU TPYIII.

[lepen npumenennem DM-npenapara OT BCeX TENAT U3 MPSIMOU KUILIKU ObI-
MM BBLICIEHB MonouHoKucbie Gaktepun (107-10° KOE/r) u kyastypsl E. coli

29



(10’-10° KOE/r), ot 6-ti — E. faecium (10>-10° KOE/r) u JPOKIKENIOAOOHbBIE TPH-
OBI (105—106 KOE/r). Ilpn manpHEHUIUX HWCCIECIOBAHUIX OBLIO YCTAaHOBJICHO, YTO
Tpu KynbTyphl Escherichia coli u onna Enterococcus faecium, BbiieneHHbIE MTEpea
npuMeHeHneM OM-mpenapaTta, 00Jagan TEeMOJUTUYECKUMU CBOWCTBAMHU, YTO
CBUJICTEIILCTBOBAJIO O MOTEHIMAIBHOW OMACHOCTH B BOSHUKHOBEHUHU OCTPBIX KH-
HIeYHbIX 3a0o0sieBaHuid. Pe3ynbraTel OHMOMPOOKI HA Ja0OPATOPHBIX KUBOTHBIX MOJ-
TBEPAMIN MATOTEHHBIE CBOMCTBA ATUX KYJIBTYP.

[Tpu ompeneneHuu 4yBCTBUTEIHLHOCTH K XMMHOTEPANEBTUUECKUM TIpernapa-
TaM JTUCKO-IU(G(Yy3MOHHBIM METOJIOM OBIJIO YCTAaHOBJICHO, YTO BBIJCIICHHBIC KYIb-
TYpBI IPOSIBUIIA YyBCTBUTEIBHOCTH K OOJIBILIUHCTBY TECTUPYEMBIX aHTHOUOTHKOB,
32 MCKJIIOYEHUEM THJIO3MHA, K KOTOPOMY OKAa3aJMCh YCTOWYHMBBI KYJIbTYpPbI
Escherichia coli. K terpanuknuny oxasancsi He 4yBCTBHTENbHBIM Enterococcus

faecium (ta6m. 1).
Tab6muna 1
YyBCTBHTEJILHOCTH T€MOJUTHYECKUX KYJIbTYP, BbIIeJIEHHBIX H3 MPSIMOil KHIIKH,
K AaHTHOHOTHKAM

No UyBCTBUTEIHHOCTh K aHTHOMOTHKAM (MM)
n/m | BBIICICHA KyIbTypa
SHPO(IOKCALUH TeTPaLUKINH TWIO3UH = LedTpuakcoH
1 E. faecium 25 1 10 31
2 Escherichia coli 26 17 0 30
3 Escherichia coli 25 18 1 30
4 Escherichia coli 27 18 0 33

Ha Ttakom OaktepuonornueckoM (OHE MPUMEHUIN KOPMOBOM KOHIIEHTpAT
«OM-kypyHra». Ilocne BbimamBanus OM-npenapara KaueCTBEHHBIH W KOJU4E-
CTBEHHBII COCTaB MUKPOQIIOPHI CYIIECTBEHHO HE U3MEHUJICS, Y IBYX TEJSAT BbIje-
JIEHBI KyJIbTYphI Proteus spp.

He3naunTenbHblil pocT OakTepuanbHON 00CEMEHEHHOCTH OMOTOIa HE OTpa-
3UJICS HA KJIIMHUYECKOM COCTOSIHUM TEJIST, MoTydyaBmunx DM-npenapar.

Kak u B mnpenplaymieM UCCAEAOBaHWMM 110 NpUMEHeHHs OM-npenapara
OOJIBIIMHCTBO BBIJICJICHHBIX KYJIBTYp MPOSIBUIM CIa0yl0 YCTOMYMBOCTH K OOJIb-

IITUHCTBY UCITOJIb30BAHHBIX aHTUOMOTHKOB (Ta01. 2).
Tabmuma 2
quCTBI/lTeJ]bHOCTL réeMOJTUTHYCCKUX KYJIbTYP, BbIICJICHHbBIX U3 PA3HbIX 6I/IOTOHOB,
K aHTHOMOTHKAM

No UyBCTBUTEIBHOCTh K aHTUOMOTHUKAM (MM)
B Brienena kynbTypa

n/m SHPO(IIOKCALUH  TETPALMUKINH TWIO3UH = LEe(TPUAKCOH
1 E. faecium 25 1 10 31
2 Escherichia coli 26 17 0 30
3 Escherichia coli 25 18 1 30
4 Escherichia coli 27 18 0 33
5 Escherichia coli 27 10 0 29
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WuTepnperupys pe3ynbTaTbl OAKTEPUOIOTMYECKUX MCCIEAOBAHUN I0OCIE
npuMeHeHns: DM-npenapara, clieyeT OTMETUTh, YTO HECMOTPSL HA IPUCYTCTBUE B
OpPraHu3Me TEJAT YCIOBHO-IIATOT€HHBIX OPraHU3MOB C I'€MOJUTHUYECKUMHU CBOM-
CTBaMH, HE HaAOII0/IAaJI0Ch KAKUX-IUOO KIMHHUYECKHX IMPOSBICHUN, CBSI3aHHBIX C
MIOPAXKECHUEM KEIIYZJOYHO-KUILIEYHOr0 TpakTa. M 4ro camoe riiaBHoOe, yaajloch u3-
0exaTh 3apaxeHUs )KUBOTHBIX 00Jiee MaTOT€HHBIMU BUJIAMU MUKPOOPTaHU3MOB.

Wuyro cutyanyio HaOMIOAaId B TPYIIE KOHTPOJIBHBIX TEISAT aHAJIOTUYHOTO
BO3pACTa U COJIEpPXkaHUA, KOTOpbIe HEe mosydanun DM-npenapat. U3 3Toil rpynmsl
HCCIIEeN0BAIM 9 roJIoB ¢ MPU3HAKAMH PACCTPOMCTBA KEITYJOUYHO-KUIIEYHOTO TPaK-

Ta (Tadm. 3).
Tabnuma 3
IJHTEPOOHMOLIEHO3 TEeJISAT, He MOJYYABIINX NpenapaTt (KOHTPOJIb)

Kynberypa BrineneHo KyneTyp

E. coli 14

E. faecium

S. saprophyticus

Proteus vulgaris

Jpoxox.rpudbl

Staph. epidermitidis

Enterococcus faecalis

N N N S B BN RN |

Citrobacter diversus

Brinenennsie kyneTyphl E.coli, Citrobacter diversus, Enterococcus faecalis,
Enterococcus faecium o6sagany reMOIUTUUECKUMH CBOMCTBAMU C BBICOKOM pe3u-
CTCHTHOCTBIO K OOJIBIIIMHCTBY MMOKA3aHHBIX AHTUOMOTUKOB.

Takum 00pazom, pe3yabTaT HKCIEPUMEHTa Ha TeIsATaX MO3BOJISET CYyIUTh O
TOM, YTO UCHOJb30BaHue DM-Mpenapara ¢ 2-X CyTOUHOTO BO3pacTa B TEUEHUE Me-
csilla TIOJIOKUTETFHO BIIMSAET HA DHTEPOOMOIIEHO3 HKEITyT0YHO-KHUIIIEYHOTO TPAKTa,
npOoUITAKTHPYET Pa3BUTHE MMATOJIOTUH, CBSI3aHHBIX C 3apaKCHUEM BO30YIUTEISIMU

KHUILIEYHBIX MHPEKIIUH.
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3APA’KEHHOCTBHb TPEMATOAAMM IUKUX BOAOIIVIABAIOLIIUX
HTUIl B CPEJAHEM INPUUPTBHIIIIBE

Ilenkuna O.J1.

BETEpUHAPHBIN Bpau Kadeapsl BeTepUHAPHON MUKPOOHOJIOTHH, WH(DEKITMOHHBIX U
uHBa3uOHHBIX Ooneznel @PI'BOY BIIO «Omckuii rocy1apcTBEHHBIN arpapHbIii
yHuBepcureT uM. [1.A. CtonbpinuHay,

Poccus, r. OMck

B crarbe mpuBeIeHbI NaHHBIE 0 U3YYCHHIO TEIIbBMUHTO(GAYHB! JUKUX BOJIOIIABAOIINX
ntul] B Cpennem [punpteiiibe.

Kniouesvie cnosa: JHUKHUEC BOJOIITIaBAOINMEC IITHIIBI, FCJ'IBMI/IHTO(baYHa, YTKH, TPEMATObI.

Jlukre BOJOIIIABAIOIINE MTULBI — IIMPOKO paclpocTpaHEeHHas OoraTtas BU-
JaMU TPyNIa >KMBOTHBIX, KOTOpPAas WIPAET OIPOMHYIO POJIb B KU3HU M XO35il-
CTBEHHOM JIEATENFHOCTH YeoBeKa. MHOTHE MTHUIIBI CITyKaT 00bEKTaMU OXOTHUYb-
€ro MpOMBICIIA, 3HAYEHHE KOTOPOro OyJaeT HEYKJIOHHO BO3pPacTaTh C Pa3BUTHUEM
PAlMOHANILHOTO OXOTHUYBEro xo3siicTBa. OIHUM U3 (PAKTOPOB CHHMKEHUS YHC-
JIEHHOCTH JUKHMX BOJOIUIABAIOIIMX IITHUIL] SIBISIOTCS, I'€JIBMHUHTBI, BBI3bIBAIOIINE
P OTPEACIICHHBIX YCIOBUSAX MACCOBYIO T'MOENb MOJOJHSKA, CHIYKEHUE YIHUTaH-
HOCTH B3pocion nrtunbl. Kpome TOro, aukue BOJOIUIABAIOIIME NTULBI WTPAIOT
OIPEEIIEHHYIO POJIb B PAaCIpOCTpaHEHUH BO30YINUTEIEH OMAacHbBIX JUIsl JOMAIITHUX
NTULl T€JIBMUHTO30B, CO3/IAI0T U MOJJICPKUBAKOT €CTECTBEHHBIE OYard WHBAa3UH
[3,c. 5].

Takum 00pa3zoM, IeNIbI0 HAIIUX MCCIIEI0BaHUI ObUIO M3yYEeHHE Mapa3uTap-
HOUM CUTyalluu B MONYJIALIMY IUKUX YTOK Ha BogoeMax Cpennero [IpunupThImibs.

Marepuajibl 1 METOAbI

Matepuanom 11 COOCTBEHHBIX MCCIEAOBAHUN IMOCIYXWIN COOpBI TI'eib-
MHHTOB OT 22 BUJOB JIUKUX BOJIOTUIABAIOIIMX MTHII, TOOBITHIX B OXOTHUYbH CE30-
HBI, M3 PAOHOB pa3HbIX JaHAMAPTHRIX 30H Cpenaero [IpuupThITbs.

HccnenoBanue NTULBI MPOBOAWIM IO METOAHMKE TMOJHOTO W HEMOJHOIO
rebMUHTONIOTHYecKOTo BCKphiTHs 10 K. 1. Cxpsaouny (1928 r.). Tpematon okpa-
mBanu no meroauke I'. A. Korenbaukosa (1984 r.). BunoBoii cocta onpeaens-
mu 1o U. E. beixosckoii-ITaBnosckoit (1962 r.).

Pe3yabTaTsl nccaegoBaHuiu
N3 Bcex 00CienoBaHHBIX NMTHUIl OKa3anoch nHBazupoBaHHo 20 (90,9 %), u3
HuX TpemaTtoaamu 15 (68,18 %).
B pesynbprate 00pa®OTKH TelbMHUHTO(DAYHUCTHUYECKUX MaTepUajoB HaMHu
OOHAPYKEHO Y TUKHUX BOJOIJIABAIOMIUX NTHI] 12 BUIOB TPEMAaTO ], OTHOCAIIUXCS K
4 cemeiicTBam U 7 poJam.
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Tabmmna 1
BuoBoii cocTaB TpeMaToj y AMKHX BOAOIIABAKOIIMX NTHI
Cpennero IIpunproimbs

Buipl IMKHX BOJOTUIABAIOIIMX MITHUI]
Bun rensmunTa VYT1Ka Jlebenn- UYepHeThb YrKa
cepast KITUKYH Jlbicyxa | Kpsxsa xoxnaras | | PO”
KOHOCKa
Echinostoma revolutum + + + + +
Echinostoma miagawai +
Echinostoma dietzi + +
Echinostoma sarcinum +
Echinoparyphium cinctum +
Hypoderaeum gnedini +
Notocotylus attenuatus + + + +
Notocotylus intestinalis +
Notocotylus gibbus + +
Apatemon fuligulae +
Cotylurus cornutus + + +
Bilharziella polonica + +

VY mukux BonoraBatonux ntur; Cpeanerol [puupTeiibs HanbosIee MUPOKO
pacIpoCTpaHEHBI CICAYIONTHE BUIBI TeIbMUHTOB: Echinostoma revolutum y kpskB
U 42 5k3., y AbICYX U YEPHETH XOXJIATOM — JI0 5 9K3., y JIeOeasa-KIuKyHa — a0 4
9K3., Y YTKU cepoil — 10 1 k3., Echinostoma miagawai y kpsike U no 39 »k3.,
Echinostoma dietzi y asicyx MU no 5 3k3., y kpsikB 110 3 3k3., Echinostoma sarci-
num y neicyx UM no 1 sk3., Echinoparyphium cinctum y kpsaxs UU no 5 7k3., Hy-
poderacum gnedini y ytku mupokonocku MU no 1 sx3., Notocotylus attenuatus y
kpsakB U 1o 37 sk3., y yepHeTu xoxyuaroi a0 15 3k3., y nbicyx g0 10 sk3., y nebe-
Is-KJIIMKYHa 710 3 9k3., Notocotylus intestinalis y ytku cepoit I no 6 k3., Noto-
cotylus gibbus y aeicyx MU 1o 39 »k3., y kpsikB 10 12 3k3., Apatemon fuligulae y
nebens — knukyHa MU no 6 sk3., Cotylurus cornutus y kpsike UM no 10 k3., y
YepHETHU XOXJIaToM 10 4 9K3., y YTKH cepoii 10 1 7k3., Bilharziella polonica y cepoii
ytku UN o 17 3K3., y YepHETH X0XJIaTou 110 3 3K3.

N3 6 BumoB 00CIeOBaHHBIX JUKUX BOJIOTIABAIOIIMX NTHI] Hanbosee 3apa-
KEHHBIMH OKa3aJIUCh: KPSIKBA Y KOTOPOM 3apETUCTPUPOBAHO 7 U JIBICYXa — 5 BUJIOB
Tpematoj. Y o0clieJoBaHHBIX HaMU NTHUI] OOHapy)eHOo 12 BUAOB TpeMaroa, KOTo-
pBI€ 3apETUCTPUPOBAHBI U Y JOMAIIHUX BOJOIIABAIOIINX MITHUII.

Haubonee pacrnpocTpaHeHHBIMH TpeMaTOJaMU y TUKHX BOJOILIABAIOIIUX
ntull sBisaroTes Echinostoma revolutum (DU 40,9%), Notocotylus attenuatus (U
27,2%), Cotylurus cornutus (31 18,1%), Echinostoma dietzi (31 13,6%), Bilhar-
ziella polonica (OU 13,6%). 3 HalineHHBIX TETbMUHTOB BIIEPBBIE HA TEPPUTOPUN
Cpennero [lpunpteimbs peructpupyrotces: Notocotylus intestinalis — y cepoit yT-
ku, Echinostoma sarcinum — y nbicyxu, Echinostoma dietzi — y kpsikBbl. Xoxuaras
YepHETh — HOBBIN Je()EHUTUBHBIN XO3sIMH y TakuX TelbMHHTOB Kak: Bilharziella
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polonica, Notocotylus attenuatus, Echinostoma revolutum, y nebGens-knukyHa —
Apatemon fuligule, kpskBel — Notocotylus gibbus, yrku mmpoxonocku — Hy-
poderacum gnedini.

Tabauna 2
3apakeHHOCTDh TUKUX BOJOILUIABAIOIIMX MTHI] TPEMATOAAMHU
Bug rensmunTa DU % NN, »x3
Hypoderaecum gnedini 4,5 1
Bilharziella polonica 13,6 6,6
Cotylurus cornutus 18,1 3,75
Echinostoma revolutum 40,9 14,4
Apatemon fuligulae 4,5 6
Notocotylus attenuatus 27,2 10,8
Echinostoma miyagawai 9,0 19,5
Notocotylus intestinalis 4.5 6
Echinostoma dietzi 13,6 2,6
Echinostoma sarcinum 4.5 1
Notocotylus gibbus 9,0 25,5
Echinoparyphium cinctum 9,0 1

Takum 00pa3oM, Ha OCHOBaHMM MPOBEJAECHHBIX MCCIEIOBAaHUI yCTaHOBJIEHA
BBICOKAs 3apaKEHHOCTh JUKUX BOJOMJIABAIOIIMX IMTHUIl YXWHOCTOMATHI030M (DU
40,9%). OOHapy>KeHHbIE TeTbMUHTHI, [IPEJICTABISIOT ONPEACICHHYIO YIPO3y B 3a-
paXEHUM KaK JUKOW, TaK U JOMAITHEH BOJOMIIABAIOIICH NTHUIBI OOWUTAIOIIUX Ha
OJIHUX U TeX e BojoeMax. llapasutupoBaHue y AOMaIIHUX NTHI] JAHHBIX I'ellb-
MUHTOB MPUYHHSIET 3HAUNTEIHHBIA IKOHOMUYECKUN YIIepO, CKIIaIbIBAIOIIUICS U3
CJEIYIONINX TOKa3aTeNlel: THoeb MOJIOAHSIKA, HEAOMOIYYeHHE MPUBECOB, OTCTAa-
BaHUE B POCTE U B Pa3BUTHUHU.
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OIPEJIEJTEHUE BUPYCHOM HAI'PY3KHM PHK TEITATUTA C
METOAOM MNP B PEAJIBHOM BPEMEHU

IHozocan I'.11.

Jo1eHT Kadenpsl 0oTannku KaparaHaIuHCKOTO TOCY1apCTBEHHOTO
yHuBepcurera uM. E.A. bykeToBa, KaHJ1. OMOJI. HAYK,

Kazaxcran, r. Kaparanna

Konosanosa A.A.
crienranuct Jadoparopun JIHK-auarnoctuku «3apaBHunibl JumHepay,
Kazaxcran, r. Kaparanna

IIpomac B.B.

npenoaaBaTeb Kadeapbl 00TaHUKU

Kaparanaunckoro rocynapctBeHHOTro yHUBepcuTera uM. E.A. bykertosa,
Kazaxcran, r. Kaparanaa

JIu K.T.

cneruanuct jgadoparopun [JHK-nuarnoctuku «3npaBuuisl Junnepay,
KaHJI. OMOJI. HayK,

KazaxcraHn, r. Kaparana

Kymanoaesa I'.K.
Bpau-unpexuonuct Ul Kymanbaesa I'.K., 1-p men. Hayx,
Kazaxcran, r. Kaparanna

B Hacrosimieil crarbe ONMCaHbl MCCIENOBAaHUS IO OIPEACIICHUI0 BUPYCHOH Harpys3ku
PHK renartuta C ¢ MOMOIIBIO Pa3IUYHBIX MOJU(GUKAIIMN METO/Ia TIOJMMEpPa3HOH 1IeMHON peak-
nun. PHK Bupyca renarura C onpezneneHa MeToioM (hiyopeclieHTHOM JeTeKIMH 10 KOHEYHOM
touke. KonnuecTBeHHbIN aHanu3 npoBezeH ¢ ucnonb3zoBanueM [P B pexxume peanbHOrO Bpe-
MeHH. B pe3ynbrarte uccieoBaHuil BBISBICHBI IPEUMYIECTBa U HeocTaTku real-time ITLIP ais
OIIpENEICHUS KOJINYECTBA KOIIMI BUPYCHBIX YaCTHLI.

Knioueswvie crnosa: T111P, PHK, Bupyc renarura C.

B Hacrosiiiee BpeMsi U3BECTHO, YTO BUPYCHbIE MH(PEKLIUHU SBISIOTCS MOBCE-
MECTHO BBISIBISIEMBIMU M TPYIHO JHATHOCTUPYEMBIMH, COINPOBOKIAKOTCS TSIKE-
JBIMH OCJIOXKHEHMSIMH JIJIsl OpraHu3Ma 4enoBeka. OQHUM W3 Takux 3a00JieBaHUUN
sBisiercs renatut C, Bei3biBaeMblii PHK copepskaniumM renaToTpomnHbIM BUPYCOM C
NapeHTepalbHbIM MEXaHU3MOM IMepenayd. DTOT (akT CHocoOCTBOBa BBIOOpPY
o0bekTa Hactosmen padoTsl [3,7]. UccnenoBanms o BeisBieHnto PHK HCV nipo-
o, nmpuMenss [11[P-ananu3, KoTopsIii sBIseTCS HanbOJIee TOCTOBEPHBIM Me-
TOJAOM JIMarHOCTUKHU HYKJIEMHOBBIX KHUCJIOT YYKEPOJHBIX OPraHU3MOB B H3y4ae-
MOM OHOJIOTHYECKOM 0Opasle.

[IepBOcTEnIeHHOE 3HAUEHUE IIPHU BBISIBIICHUH BUpyca rernarura C UMEeT KO-
nudecTBeHHas orieHka ypoHs PHK (BupycHOW Harpys3ku) HaHHOTO MH(EKIIMOH-
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HOT'O areHra B Iu1azMe KpoBu [1,2]. BupycHas Harpy3ka — 3TO KOJIMYECTBO €IMHHIL
TF€HETUYECKOI0 MaTepHraa, KOTopas NPUCYTCTBYET B OpraHU3MeE YeJI0BEKa B OIpe-
JeJeHHOM 00beMe KpoBH (00b1dHO 3TO 1 Mi). KoHneHTpamus Bupyca BiIUseT Ha
PE3yIbTaTUBHOCTh TEPAIUU U IJIAHUPOBAHUE JUIUTEIBHOCTU Kypca, TSHKECTh IPO-
XOXKICHHS 3a00JIeBaHus, €r0 XPOHU3ALMIO, a TAK)Ke JJII MOHUTOPHUHTA d(PHEKTUB-
HOCTH JICUECHHS.

OnpeneneHre BUPYCHOM HArpy3Kd IPOBOJUTCS C NMPUMEHEHHEM KOJIUYE-
ctBeHHOM [1L{P. [IpouHble mo3uMK BO MHOTUX Ja00OpaTOpUsIX MHUpa ISl IPOBEie-
HUSI KOJIMUECTBEHHOro aHanu3a 3aHumaet [P B peanbHOM Bpemenu [4,6]. Dtot
METOJ] UMEET psii O€3yCIOBHBIX MPEUMYIIECTB MO CPABHEHHUIO C KJIACCUYECKUM
MeToa0M aiekTpodopesa. O61amast BHICOKON YyBCTBUTEIBHOCTHIO U CIICIIM(UIHO-
CTBIO, OH TApPAHTHUPYET OTCYTCTBHE KOHTAMUHAIIMU (3arps3HEHUs] 00pa3IoB), MO3-
BOJISIET MIPOBOJUTH KOJIMYECTBEHHBIM aHAIN3 MPU MOJHOM aBTOMAaTU3allUU BbIUKC-
JIeHUs1 Kofm4ecTBa Konuid uckomoro ¢parmenta HK B uccinenyemom obpasiie mpu
MIOCTAHOBKE CTAHIAPTOB U MOCTPOCHUH KAJTTMOPOBOUYHOM KPUBOMW, UCKIIOYAsl CyOb-
E€KTUBHOCTb BU3YaJIbHOW OLEHKH KOJIMYECTBA BUPYCHBIX YacTHI [5].

I]enwio HACTOAIIETO UCCIEAOBAHUS OBLTIO OIPEIeNIeHne BUPYCHOU HArpy3Ku
PHK Bupyca renatura C metozom I11[P B pexxume peaibHOro BpeMeHHU.

JIist ToCTHXKEHUsT TTOCTABIIEHHOM 1€ HEOOXOAMMO OBLJIO PEIIUTh CIIEIYI0-
e 3aoayu:

- onpenenuth PHK Bupyca remarura C B mia3mMe KpOBH NAlMEHTOB METO-
nom [P ¢ pmyopecrieHTHOM AeTEKIMEN O KOHEYHON TOUKE;

- ONPEJEIUTh KOJMYECTBO KOMMUI BUPYCHBIX YACTHUI[ B MOJIOXKHUTEIbHBIX 00-
pasnax.

Mamepuanst u memoosvl. MatepuanaoM Jisi HACTOAIIEH PaOOTHI MOCTY KN
oOpa31bl 11a3Mbl nepUPepuuecKoil KpOBU MAIIMEHTOB C AUAarHO30M BUPYCHBIH Te-
natur C.

Bce MonexynsapHO-reHeTHYeCKHe MaHUMYJISUU C KIMHUYECKUMH 00pasia-
Mmu ¢ 1iebio BeisiBiieHns PHK HCV B knmuandeckux obpasmax metoaom [P ¢ ru-
OpuAN3alIMOHHO-(ITYOPECIICHTHOM TeTEKIUeH M0 «KOHEYHOH TOYKE» MPOBOAMIIH,
ucnonib3ysa Habop peareHToB «AmmumCenc HCV-FL» ¢upmbl-npousBoautens
«AmmnCeHey.

[IpoBeneHre OLIEHKH KOJIMYECTBAa BUPYCHBIX YACTHUIl B IIPEICTABIECHHBIX 00-
pasmax npoBoauan mMetogoM I[P ¢ ruGpuan3annoHHO-(IyOpPECIICHTHON TETEeK-
UEH B pPEeKUME PEalbHOIO BPEMEHHU, UCIIONb3Yysl HAOOp peareHToB «AMIuMCeHC
HCV-Monutop-Fl». [Ins1 KOHTpOJs BCEX 3TANOB aHAIM3a UCIOJIb30BAIM BHYTPEH-
HU KoHTpodbHEIN oOpazenr (BKO), monoxwutensusie (IIKO) u orpunatenbHbie
(OKO) xonTposbHBIE 00pa3ipl. Bce MaHUTYNISIMU ¢ OMOJIOTHYECKUMH 00pa3iamMu
MPOBOJMINCH B CTPOTOM COOTBETCTBHUU METOJAMYECKUM PEKOMEHAalUsIM K Habo-
paM peareHTOB.

Pe3ynomamot u oocyymcoenue. Hannurie Bupyca renarura C B HCCIETyEMOM
Marepuaie (IiasmMa KpoBH), MOXKET ObITh omnpenesneHo npu BeisiBaeHun PHK HCV
METOJIOM MOJIMMEpa3HoM LenHoi peakuuu. C 3TOU 1LI€NbI0 B MEPUOJ C HOSOps
2013r. mo siuBaps 2014 1. mpoBoanau usyyeHue 447 OUOIOTUYECKUX MPOO IO BHI-
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apinenuto PHK HCV. ]JlanpHeiiue uccienoBanus mpoBoauiu ¢ 46 oOpasiamu,
MMOKA3aBIIMMH MOJOKUTEIIbHBINA PE3yJbTaT.

CKpHUHUHIOBOE HCCIeI0BaHud 1o onpeaeneHnto HCV-noaoXuTenbHbIX 00-
pastoB, npoBoawin MetoaoM [P ¢ rubpunnzanmoHHO-PIIyOpEeCIICHTHON TETEeK-
uuen mo «koHedyHou Toukey. C aroi nenbto Beaesuin PHK u3 mnasmsl kpoBH,
MIPOBOIMIIA PEAKINI0 00paTHOM TpaHckpunimu (A monydenus kJIHK) n ammn-
¢ukammro. [To okonvyanmu [P mpuctynanm k ASTEKIIMU ¢ TIOMOIBIO (uryopec-
uentHoro [11{P-nerektopa «ALA 1/4».

[TpoTOKOJ OAHOTO W3 UCCIETOBAHUIN MTPUBEICH HA PUCYHKE 1.

H

| 1] HCV

I Hev

E 2 HCV

| 4 3 HCV BKO+ HCV - He oBHapyeHo
E 4 HCvV BKO+ HCV - He o6HapyeHo

| 6] 5 HCV BKO+ HCV - He oBHapyeHo

6 HCV BKO+ - HCV-ofHapykero
8 7 HCV BKO+
9 8 Y BKO+ - HCV-oGHapykeHo
10 9 HCV BKO+ HCV - He oBHapyeHo
|11 0KO HCv BKO+ HCV - He o6HapyeHo
12 MKko HCV BKO+

1 — doHOBEIH 00pazen
2-10 — xk/IHK Bupyca renaruta C, BbIIE/ICHHbIE U3 KPOBU MALIUEHTOB;
11 — oTpuLaTENILHBIA KOHTPOJIBHBIN 00pasetr;
12 — nonoKUTENbHbII KOHTPOJIBHBIH 00pa3zel.

Puc. 1. KauectBennslit ananus o onpeaeneanto PHK HCV B kmuHHUYeCKHX 00pasiax

W3 pucynka BumHO, uTo B 4 oOpasuax BeisiBisiercss PHK Bupyca rematura C.
Hammane BKO (diryopodop FAM) roBopuT 0 BO3MOKHOCTH JIajdbHEHIIICH HHTEP-
MpeTaluu pe3yibTaToB HccienoBanus. B cronbue 2 (payopodop HEX) mpo-
rpaMMHOE obecrieueHue mprudopa BEIBOJUT CTATyC 00pa3loB (HATMYUE WA OTCYT-
CTBUE CHEIUPUKHN).

[To pe3ynbTaThl KaYECTBEHHOTO aHAM3a OTOOpau 46 MOJOKUTEIBHBIX 00-
pasuoB. JlanbHeilme ncciaea0Banus IPOBOAUIIH C LIETBIO0 OLEHKH KOJIWYECTBA BU-
PYCHBIX YacTHIl B M3y4aeMbIX OMOJOTHYECKUX 00pas3lax, ¢ UCIOJIb30BAHUEM TH-
OpuaM3alnOHHO-(DITyOPECIICHTHON JETEKIIUU B PEKUME PEATbHOTO BPEMEHH.

Peakuuu npoxonunu B AetektupytomeM amiuupukatope JAT-322. Tlony-
YeHHbIE JIaHHbIE — KPUBbIE HAKOTUIEHUS (JIyOPECLIEHTHOTO CUTHAIa aHAIU3UpOBa-
JU C TIOMOIIBIO MPOTPAMMHOTO OOECIedYeHusT MCIoyib3yemoro mpudopa JT-322
muist IIL[P B pexxume peanbHOro BpeMEHU B COOTBETCTBUE C MHCTPYKIMEHN K PUOO-
py. Ilo xanamy dmyopodopa FAM peructpupoBajcs CHTHaJ, CBHICTEIbCTBYIO-
il 0 Hakoruiennu npoaykra ammumdukanuun kJ[HK BKO, nmo kanamy ¢mayopo-
¢opa HEX peructpupoBaicst curHai, CBUAETEIbCTBYIOUIUN O HAKOIUIEHUM IPO-
nykrta amridukanuu kK IHK HCV.

[Ipu coctaBieHnn MPOTOKOJIA aHANIM3a 3aJlaBalld KOHIIEHTpAIMIO KaiauoOpa-
TOpOB. B cOOTBETCTBUM C MHCTPYyKIMEH K HAOOPY peareHTOB, PeaKIuu KaauopaTo-
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poB KB1, KB2 npoBoauiau B 2 MOBTOPHOCTAX (JIJIs1 MOCTPOCHUSI KATUOPOBOYHOM
npsmoit). [lo kananam FAM u HEX 3anmaBanu 3nadenust kanuOpatopos: KB1 —
250000, KB2 — 50.

B nannom skcnepumente tectupoBaiu 13 oOpa3uos. [Iporokon uccienona-
HUSI IPUBEJICH HA PUCYHKE 2.

. Hex Farm ABCOMOTHaA
M| Waentueukarop Ct Ct | KoHuesTpauwus

HoERIF_Oopazey

A2 Hosein_Ofpasey 187 24,3
A3 Hoewi_Odpaseu 238 245
A4 Hoseit O6paszen 191 244
A5 | Hoseit_Ofpasey SIEA 24,8
AE | HoBwi_Odpasew 21.9 240
A7 | Hoseit O6paszeun 187 248
AB | Hoswit_Ofpasey 214 24,1
E1 HoBbIF_Oopazey 165 254
B2| Hoeei_06pazey 179 25,8
B3| Hoewid_Oopazey 25,1
B4 | Hoeed_O6pazey 196 25.0
BS| Hoewi_Otpazey 192 25,1
BE K- 243
B7 K+ 252 a3
BB K+ 193 a2
C1 HoBbIF_(opazey .1 18,8

C2| Hoees_Oopazey 149 18.5
C3|  Hoeek_O6pasew 275 as  R0.0
C4| Hoswi_Odpaseu 273 a0 K00

Al — BS — uccnenyemble 00pasisl;
B6 — OKO;
B7, B8 — IIKO;
Cl, C2 - KBI;
C3, C4 - KB2.

Pucynok 2. I[P ¢ ruGpuanzannoHHo-()IyopecieHTHON JeTeKIHeH
B pEKUME PealbHOTO BPEMEHHU

Pacuer pe3ynpTaToB BCEX aHAIM30B MPOBOJWIIN, MUCIHOJIB3Ysl MPOrPaAMMHOE
obecmieuenue k npudopy «JIT-322» AmpliSens Soft Monitor FRT 2.3.

Pe3ynbTaThl BEIYMCIEHUN NPEICTABICHBI HA PUCYHKE 3.

B nacrosimieM skcriepumenTe aHanu3upoBaiu pesyibTaTtsl [ILP 13 o6pas-
noB kJIHK. Jlns kaxaoro u3 HUX ONPEIEICHO KOJIMYECTBO KONUN BHUPYCHBIX 4a-
CTHII, JaHHBIC PUBECHBI HA pUCYHKE B rpade «PesympTaTy.

Bcero npoananusupoBanu 46 Ouosnormueckux oOpasuoB. PesynbpraThl Hc-
CJIEJIOBAaHUS MOKA3bIBAIOT, UTO B TPEX CIIydasX KOHIEHTpALUs BUPYCHBIX YACTHII
cocramsiia 10°, BupycHas Harpyska 10° ompenernena B ueTsipex obpasuax, 10° B
BockMH, 10° — B 21 ciydasx, U B BOCKMH NP0O6AX KOJMYECTBO BHPYCHBIX YACTHIL
cocraBuio 107 xonuit Ha 1 M. B 1ByX 06pasijax mporpamMma BbIaa KOHIIEHTPa-
IUIO B 3HaueHuu «MeHee 3».
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N2| DbGosHaveHue NMopor. uMEae KoHueHTpauHH PEB\U'I bTaT
obpazua Fald HEX FalT HEX
Green | vellow Green vellow DS
BH Cnen BH Cneu,
A8 HEV ROV - ME/us

Name T €T Kemi Ko .3,.-5;7.:'-.'9'.-'- P:‘_;;"V_I cmamyc
1 33 25,1 17,9 3250 34108 1416 733 [o] 3
2z 39 24,3 18,7 5570 19689 477 219 (o] 3
3 40 245 23,9 4365 553 15 347 [o] 3
4 41 249 19,1 3719 14959 543 052 (o]
5 42 248 17,1 3978 59088 2005 436 (8] 3
& 43 24 21,9 G816 21386 43 293 (o]
7 44 24.: 1,7 3978 19689 6GE 224 [s]
g 45 241 214 G373 3082 65 285 (o] 3
9 45 25,9 18,5 1597 59224 6 350 980 Ok
10 47 25,8 17,9 2029 34108 2269 730 [o] 3
11 43 251 3250 meHee 3 Ok
12 449 25 19,6 3477 10611 412032 (8] 3
13 50 25,1 19,2 3250 13966 580 087 (8] 3
14 OKO 243 5570 QKD Ok
15 MESL 23,9 252 7291 227 4 185 NEOL Ok
1& NEo2 242 19,3 5958 13039 295 457 NEO2 Ok
17 KEL 18,8 15,1 Kanui-p
18 KEL 18,5 14,9 Kanui-p
19 KEZ 31,6 275 Kanub-p
20 KE2 31 27.3 Kanub-p

1-13 — Tectupyemble 0OpasLbl;
14 — oTpHLATEIbHBINA KOHTPOIBLHBINA 00paseL;
15, 16 — noyoxuTENHHBIE KOHTPOJIbHBIE 00PAa3IIbI;
17-20 — xanuOpatopsl.

Pucynox 3. OnpeneneHue BUPYCHON HArpy3KH B KIIMHUYECKUX 00pasiax
¢ momoIesto nporpamMmmbl «AmpliSensSoftMonitorFRT»»

Omnpeznenenne BUPYCHON Harpy3ku HEOOXOIMMO, MTOCKOJIBKY MCIIOJIb30BaHUE
pe3ynbratoB [P nmo3BosnseT BeISBIATH HH(EKIIUIO B CAMOM paHHEM NEPHUOE 3a-
6oneBanusi. PHK HCV oOHapyXuBaeTcsi B CHIBOPOTKE KPOBHU YK€ B TEUCHHUE TEp-
BOoi Hexenu mocie uHuupoBanus. KommuectBennoe omnpenenenne PHK HCV
CIIOCOOCTBYET MOHUTOPHUPOBAHUIO MAIMEHTOB, MOJYYAOIIMNX MPOTHBOBUPYCHYIO
Tepanuio, T.K. ITOT MOKAa3aTelb JA€T BO3MOXXHOCTh HE TOJBKO OLIEHUBATh d(pPek-
TUBHOCTH TEPAIIUH, HO U IIPOTHO3UPOBATH €€.

Takum o00pa3om, npuMeHeHue real-time TEXHOJIOTUM U MPOBEACHUS
KOJMYECTBEHHOTO aHajiu3a, Oe3yClIOBHO, HMMEET MHOXECTBO IPEUMYIIECTB.
Opnako mnpu BHeApeHnuu real-time I[P B moBcenHeBHYHO NPaKTHUKYy MOTYT
BO3HUKHYTH CJIOKHOCTH B CBSI3M CO CTOMMOCThIO aHanu3a. HaOGop peareHToB
¢upmbl “AmmnCeHc” mpeanonaraeT MpoBeICHNE UCCIEIOBAHUM OJJTHOBPEMEHHO
12-13 mpo6. Hns nabopatopuil ¢ HEOONBIIMM KOJWYECTBOM AaHAIM30B 3TO
noTpeOyeT HAKOIUIEHUS OIpPEIEJIEHHOr0 KOJIMYecTBa 00pasloB, YTO IOBJIEYET
BpeMeHHbIe 3aTparhl. OJHAKO B KJIMHUYECKOW J1a0OpaTOpPHON JHATHOCTHKE
OONbIIOE 3HAUYEHHE MMEET AaKTyaJllbHOCTh OTBeTa (TOJydyeHue pe3ysbrara B
KpaT4daiiime cpoku). K Tomy ’xe MeToiuka MpoBEIEeHUs UCCIIEI0BAaHUN B PEXKUME
peaJbHOTO BpPEMEHHM HE MNPEyCMAaTPUBAECT XPAaHEHUE TOTOBBIX PEAKIMOHHBIX
CMECei, 4YTO CO3[1aeT OMNpEACICHHbIE TPYAHOCTH. YUHUTBIBasi 3TH ApPTryMEHTHI,
JAJIbHENIINE UCCIIEIOBAHUS IIPEATIONAralOT IIPOBEIECHUE CPABHUTEIBHOIO aHAIN3a
pe3yabTaToOB, MOJNy4YeHHBIX C mnpuMmeHeHueM real-time I[P c¢ TpagunuonHoH
JeTeKIMel MeTOJIOM AIeKTpodopesa B arapo3HOM relie.
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CUCTEMbBI BUOXUMHNYECKOI'O OITPEAEJIEHUSA I'VTIOKO3bI
N XOJIECTEPUHA HA OCHOBE HAHOAJIMA30B

Ponotcun H.O.

MJIaIIIUN HAYYHBIM COTPYAHUK J1a00paTOpUu HAaHOOMOTEXHOIOTUH U
ounomromunecteniuu Macturyra onodusuku CO PAH,

Poccus, r. KpacHospck

bapon A.B.

CTapILUIMi HAYyYHBIA COTPYAHUK JIAOOPATOPUU HAHOOMOTEXHOJIOTUH U
ounomomunecuenimu Mucturyra 6nodpusuxu CO PAH, kann. men. Hayk,
Poccus, r. Kpacnosipck

bonoaps B.C.

3aBeayIoLui 1abopaTopreil HAHOOMOTEXHOJIOTMH U OMOTIOMUHECLIEHLINN
Nucrutyra 6uodpusuxku CO PAH, n1-p 6uon. Hayk,

Poccus, r. KpacHospck

Ha npuMepax Co3gaHusa CUCTEM OMPCACIICHUA TNIIOKO3bI U XOJICCTCPUHA JEMOHCTPUPYCT-
CA IPUMCHUMOCTH HaHOAJIMa30B B3PBIBHOT'O CMHTEC3a B KOHCTPYHPOBAHHWHN HOBBIX CPCACTB ouo-
XHUMHUYCCKOI'O aHaJIn3a (1)I/ISI/IOJIOFI/I‘ICCKI/I BAXXHbIX KOMIIOHCHTOB KPOBH. SKCHCpI/IMCHTaHBHO I10-
Ka3aHO, 4TO CO3JaHHBIC CUCTEMbI MOT'YyT OBITh MCII0JIb30BAHBI JUTA OIIPEACTICHUSA TJIFOKO3bI U XO-
JICCTCPHHA B CbIBOPOTKE KPOBH YCJIOBCKA.

Knrouesvle cnosa: nanoaiMasbl, (hepMEHTHI, UMMOOWIH3AIUS, CUCTEMbl JHATHOCTHKH,
TIII0K03a, XOJIECTEPUH

DU3UKO-XMMUYECKHE CBOMCTBA HAHOAIMA30B B3PBIBHOTO cUHTE3a [1,2] mo3-
BOJISIIOT pacCMaTpUBaTh WX KaK HOBBIM MaTepuan OMOTEXHOJOTHYECKOTO Ha3Haue-
HUS, UMEIOLIUI MEePCIeKTUBBI MPUMEHEHUS B Ouojoruu U meauuuse [3,4]. OxHo
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W3 HaIpaBJCHUI MPUMEHEHHUs HAHOAJIMAa30B CBSI3aHO C KOHCTPYMPOBAHUEM Ha MX
OCHOBE HOBBIX CPEICTB OMOXMMHUYECKOTO TECTUPOBAHUS (BKJIIOYAs MHOIOPA30BbIE
CUCTEMBbl WHIUKAIIUN), PACHIUPSIONINX apCeHall METOJIOB MEAMIIMHCKOW TUArHO-
cTuKd. Jns crneunanucToB, paboTaroOmMX B JAHHOM 00JIACTH, WHTEPEC MOTYT
IpeICTaBIATh MOAUpUIMPOBaHHbIE HaHOAIMa3bl (MHA) neroHanmoHHOTO CUHTE-
3a, 00pasyrolue CBOOOIHOAUCIIEPCHBIE CUCTEMBI U aIalITUPOBAHHBIE JUISI MEIUKO-
OnoJoruYecKux uccienoBanuit [5,6]. Xumudyecku moiaumopdHas, akTUBHAs IO-
BepxHOcTh MHA, o0nanaromux BbICOKON KOJUIOMAHOW CTAOUIBHOCTBIO B JUCIIEP-
CHOHHBIX cpefax [7,8], mo3BOMISIET MPOTHO3UPOBATh BO3MOKHOCTh UX TTPHUMECHECHHSI
B CO3JJaHUM CUCTEM OMOXMMHYECKON AMATHOCTHKU KOMIIOHEHTOB OMOJIOTMYECKUX
KHUJIKOCTEN.

[{enpr0 TaHHOIO WCCIENOBaHUA SBILSUIOCH M3ydeHue npumeHnMoctn MHA
JUIsl KOHCTPYUPOBAHUSI CUCTEM OMOXMMHYECKOTO ONPEIEIICHUs TJIIOKO3bl U XOJIe-
CTEpHHA.

WccnenoBanus BBINONHEHBI ¢ Hcnoib3oBanueM MHA wmapku RUDDM
0-125 (dsp = 49.6 um), npousBogumbeix OO0 «Peain-/I3epxunck» (J3epKuHCK,
Poccust) mo texnonoruu, pazpadorannoit B Ub® CO PAH (KpacHosipck, Poccus)
[5,6]. B pabote ncnons3oBanmu ruapo30iib ¢ KorneHTpanueit MHA 10.0 /.

CucreMbl OMOXUMUYECKOW JMATHOCTHKH TOJIyYald C MOMOIIbIO KOBaJICHT-
HOM nMmoOmm3anuu pepmentoB Ha MHA, moBepXHOCTh KOTOPBIX ObliIa AKTUBU-
poBaHa OEH30XWHOHOM IO U3BeCTHOMY MeToay [9,10]. Merox ucmonb3yeTcs as
aKTHUBALIMM TIOBEPXHOCTU HOCHUTEINSI C LENbIO MOCIEIYIONIe KOBaJEHTHOW UMMO-
ownmmzanuu O6eKoB (Hampumep, (PEepMEHTOB) B OTHOCHUTENIBHO MSTKHX YCIIOBHSIX,
NO3BOJISAIOIIMX B 3HAYUTEIBHON MEpe COXpaHUTh UX akTUBHOCTH [11]. IIpu co3na-
HUW CHUCTEMBI OTpEJICICHNs TIIOKO3bl Ha aKTUBHUpOBaHHBIE OeH30xuHOHOM MHA
OJIHOBPEMEHHO KOBAJIEHTHO MPHILKBANIU ABa (hepMeHTa (TIIOKO300KCHUIA3y U Iie-
POKCHJIa3y), IPU CO3/IaHUU CUCTEMBI ONPEIETICHHs X0JeCcTepruHa — TpU (epMeHTa
(xonecrepuHICTEPA3y, XOJIECTEPUHOKCUIA3Y U IEPOKCHUIA3Y).

OYHKIIMOHATFHYIO aKTUBHOCTh CKOHCTPYHPOBAHHBIX CHUCTEM (KOMIIJICKCHI
MHA-bepmenThl) OLleHUBAIM peakiuell okucauTenbHoro azocoueranus (H,O, —
4-amunoantunupun (4-AAIl) — denon) [12]. Peakuusa mmpoko NMpPUMEHSETCS B
MEIUIIMHCKON JAMArHOCTHKE i (PEPMEHTATUBHOTO OMpeaeiaeHus] (PU3NOIOTHYE-
CKHM Ba)XHBIX BemiecTB [13] u compoBokaaeTcss 00pa30BaHUEM OKPAIICHHOTO IPO-
yKTa Peakinu (XHHOHUMUH).

[Tpu n3MepeHnn akTUBHOCTU JUATHOCTUYECKUX CUCTEM PEAKIMOHHAs CMECh
coxepxkana ¢enon, 4-AAIl u mpenapaT CyCleH3UH COOTBETCTBYIOIIETO KOMITIEKCA
MHA-depmenTs. [locne 3amycka peakiuuu 100aBICHUEM B PEAKIIMOHHYIO CMECh
aHAIM3UPYEMOTO BEIIEeCTBA (XOJECTEPUH, WIH TIII0K03a) 00pa3iibl IEpEeMEInBaIN
U MHKYyOHMpOBaJIM IIpU KOMHATHOUM Temrepatype. [lo 3aBepuieHnH skcriepumeHTa
komruiekcbl MHA-depMeHTsl ynansnu u3 o0pas3ioB 1eHTpudyrupoanuem. [lo-
Jy4YEHHbIE CYINEpHATaHTbl OTOMpaIM JUJIsl CHEKTPAJIbHOW OLEHKU OOpa30BaHUS
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OKpaIIEHHOT0 MPOAYKTa PEAKUUHU MO0 BEJIMYMHE ONTHYECKON MIIOTHOCTH HA JJIMHE
BOJIHBI 506 HM, pErUCTpUPYEMOM CIIEKTPO(HOTOMETPUUECKH.

[Tpuamn paboThl CUCTEM OMOXUMHUYECKOW WHIWKAIMH, CO3aBAaEMBIX Ha
ocHoBe MHA u ¢depMenToB, nipescTaBieH Ha cxeMe (pucyHok 1). Ompenensemoe
BELLECTBO TPaHCHOPMUPYETCS B LIEMIU MOCIEIOBATENbHBIX OMOXUMHUECKUX peak-
uui, Katanusupyemoix pepmentamu E; — E, — ... — E,, uMMOOUIN30BaHHBIMU
Ha HAaHOYACTHIIAX, B MPOAYKTeI P; — P, — ... — P, mocnemuuii u3 xotopeix (P,)
SBJISIETCS. OKPALLIEHHBIM U JIETKO BBISBIISIETCS CIIEKTPAJIBHBIMA METOJAMU.

P,

Onpegenaemoe P
n
B 2 OxpaweHHbIH
NpoAYKT

Puc. 1. Cxema ¢pyHKIMOHUPOBAHUS CUCTEM OMOXUMHUYECKON AMArHOCTHUKH,
KOHCTpYHpYeMbIX Ha ocHOBe MHA u hepmeHTOB

B uccnenoBanHusax ycTaHOBIEHO, YTO 00€ CKOHCTPYUPOBAHHBIE CHUCTEMBbI
OMOXMMHYECKOW MUAarHOCTUKHU KAaTaIM3UPYIOT 00pa3oBaHUE OKPAIIEHHOTO MpPO-
OyKTa IpU J100aBKax XOJIECTEPUHA U IJIIOKO3bl B PEAKIMOHHYIO CMECh, COAEP-
KaIIyI0 COOTBETCTBYIONIYI0 WHAMKATOPHYIO CHCTEMY, U 00ECTIEYUBAIOT JIMHEH-
HBIM BBIXOJ MPOAYKTa B MHTEpBaJIE BpeMeHu 5 — 40 MuH npu temneparypax 20
—22°C.

[TokazaHo, 4TO CO3aHHBIE CHCTEMBI MOTYT ()YHKIIMOHHUPOBATH B IIUPOKOM
unTepBane temrepatyp (20 — 50°C) u mumpokom nuanaszone pH (5.0 — 8.0), nposis-
751 HAUOOJIBIITYI0 aKTUBHOCTH TPHU CIA0OKUCIBIX U HEHUTPATbHBIX YCIOBUAX Cpe-
nbl. Jluarnoctuueckue cuctembl MHA-depmenTsl MoryT 3¢ ¢dekTuBHO padoTaTh B
JICMOHU30BAaHHON BOJIEe, OOecreynBasi BBICOKMN BBIXOJ MPOIYKTA; MPOSIBISIIOT
(GYHKIIMOHAIBHYIO aKTUBHOCTh B T€UEHHUE JBYX MECALIEB XPAHEHUS B JIEMOHU30-
BaHHOM BoJie npu Temneparype +4°C.
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OKCIepUMEHTAIbHO YCTAHOBJIEHO, YTO CKOHCTPYHUPOBAHHBIE JUArHOCTHYE-
CKHE CHCTEMbI 00€CTIeUNBAIOT JIMHEWHBIN BBIXOJ] MIPOAYKTa B MIMPOKOM HHTEpBaJe
KOHLEHTPALUN aHATU3UPYEMBIX BELIECTB (PUCYHOK 2).

, 100 1 rNoKo3a 100 1 XonecrepuH
=S
=
5 &0 80
=
]
&
E 60 60
>
g
8 40 40
c
g
2 20 20 4
m
0 T T T T T 0 T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 0.00 0.05 0.10 0.15 0.20
KoHueHTpauua, mrimn KoHuenTpauws, mr/mn

Puc. 2. O6pazoBanue MpoayKTa peakify, KaTATH3UPYEMOE TUArHOCTUICCKUMU CHCTEMaMHU
MHA-¢epMeHTbI, B 3aBUCUMOCTH OT KOHIIEHTPALIUH TJIFOKO3bI U XOJIECTEPHHA.
JlaHHbIE HOPMUPOBAHBI HA MAKCUMAJIbHBIE 3HAYCHUSI BBIXO/1a MTPOIYKTa
B psiJlaX U3MEPEHUH TIIOKO3bI U XOJIECTEPUHA, COOTBETCTBEHHO

Kak BUAHO W3 MpEeACTABIECHHBIX JAHHBIX (PUCYHOK 2), IPU HCIIOJIb30BAaHUU
CUCTEMbI OTIPEJCICHUS XOJECTEPUHA JIMHEUHBIN BBIXO MPOIyKTa HAOIIOAACTCs B
nuanaszone Hu3kux (0.01 — 0.20 mr/mun) koHUEeHTpaluii ananuta. Cuctema omnpee-
JICHUS TJIIOKO3bl 00eCrieunBaeT JIMHENHBIN BBIXOJ MPOAYKTa B MHTEpBaJie KOHIICH-
Tpanui Tiroko3sl 0.01 — 1.50 mr/mi, mepekphIBaroIieM ee PU3N0IOTHISCKIE 3HA-
YeHHS B KPOBH UEJIOBEKA.

B cepun MOAeNbHBIX AKCIIEPUMEHTOB MPOJAEMOHCTPUPOBAHA BO3MOKHOCTh
MHOTOKpPATHOTO HCIIOJIb30BaHUs nuarHoctuyeckux cucreM MHA-depmenTs aiis
OIpEIEJIEHNs] XOJIECTEpUHA U IIII0K03bI (pUCyHOK 3). [locTeneHHOEe CHUKEHUE BBI-
X0/J1a MPOJIyKTa peakiuu, HabllIo1aeMoe B 000X Caydasx MpH MOCIeA0BaTeIbHBIX
U3MEPEHUSX, MOKET ObITh CBSI3aHO C YACTUYHON MHAKTHUBaLMEW (PepMEHTOB B XO/€
MHOTOKpPATHOTO HCIIONB30BaHUsI cUcTeM. Hampumep, 3To MOXKET MPOUCXOJUTH B
pe3ynbTaTeé MHOTOKPATHOTO PECYCHEHAMPOBAHUS W OCAXKICHUS KOMILIEKCOB
MHA-(depMeHThI Ha CTaAUSIX UX OTMBIBOK OT IPOAYKTA PEAKIIHH.

B cpaBHUTENBHBIX UCCIEIOBAHUAX 0 ONPEIEICHUIO TJIOKO3bl U XOJEeCTe-
puHa B oOpas3iax ChIBOPOTKH KPOBHU HYeJIOBEKAa MOKa3aHO (PUCYHOK 4) BBICOKOE
COBIMA/ICHHUE JTaHHBIX MPHU OMPEICTCHUH 3TUX BEIIECTB C HCIOJIh30BAHUEM aBTOMa-
TU3UPOBAHHOTO  OWoxmMuueckoro aHammsatopa Sapphire 400 (Niigata
Mechatronics, Japan) u auarnoctuueckux cucteM MHA-depmentsl. O0 3TOM
CBUJIETENBCTBYIOT BBICOKHE 3HAYCHUS KOIPPHUIIMEHTOB KOPPEISAIUU MEKIY IBYMS
crocobamu u3MepeHus oboux aHaiauToB. [lomyueHHbIE pe3yNbTaThl UMEIOT BaXK-
HOE TMPAKTUYECKOE 3HAYEHUE, MOCKOJbKY MO3BOJIIOT MPOTHO3UPOBATH BO3MOXK-
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HOCTh TIPUMEHEHUS TMOJIy4eHHBIX cucteM MHA-dpepMenTs mis 1eneit KiimHude-
CKOM TMAarHOCTHUKH.
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Puc. 3. O6pazoBanue MpoIyKTa peakiini Mpyu MHOTOPa30BOM HCITOJIb30BAHUN CHCTEM OHMOXHMHU-
YeCcKOH HHAWKAIIUU — MHA-(l)epMeHTBI. IToxa3anusa HOPMHUPOBAHbI HA MAKCUMAJIbHbIC 3HAUYCHU S
BBIX0/Ia IPOJIYKTA B PsiiaX U3MEPEHUM X0JIECTEPUHA U TJIFOKO3bl COOTBETCTBEHHO
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Puc. 4. KoppensiunoHHbIE 3aBUCUMOCTH MEXY ABYMsI METOJJaMU OTIPEIETIEHUSI TJIFOKO3bI
Y XOJIECTEPHHA B CBIBOPOTKE KPOBH YEIIOBEKA: C IOMOIIBI0 OMOXMMHUYECKOT0 aHaM3aropa Sap-
phire 400 u cucrem nquarHocTuku Ha ocHoBe MHA u pepmeHTOB

Takum 00pa3oM, Ha MpPUMEPE CO3/AAHUS CUCTEM ONPEIEICHUS XOJIeCTEpUHA
U TJIIOKO3bl MPOJEMOHCTPUpPOBaHAa NpuMEeHMMOCTh MHA B3pbIBHOrO CHHTE3a B
KOHCTPYUPOBAHUHM HOBBIX CPEICTB OMOXMMHUYECKON JMAarHOCTUKHU IOCPEICTBOM
KOBaJICHTHOM MPUIITMBKKA ()EPMEHTOB Ha HAHOUYACTHUIIBL. B sKcrepuMeHTax mokasa-
HO, YTO KOBaJEHTHO MMMOOWIN30BaHHbIe Ha noBepxHocTd MHA ¢depmenTs! npo-
SBJIAIOT CBOIO aKTUBHOCTh U KaTAIM3UPYIOT 00pa3oBaHUE OKPAIICHHOTO MPOAYyKTa
B IICTIN TOCJIEIOBATEIHHBIX OMOXMMHUYECKIX PEAKINA mociie J0OaBICHHS X0JecTe-
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puHa (WIM IJIFOKO3bI) B PEAKLMOHHYIO CMECh, COAEPKAIILYI0 COOTBETCTBYIOILYIO
VHJIUKAaTOPHYIO cuctemy. [lokazaHo, 4TO MOMy4YEHHBIE TUATHOCTUYECKUE CUCTEMBI
(GYHKIMOHMPYIOT B IMIMPOKOM JaMana3oHe temneparypsl u pH, obecrieunBaror iu-
HEWHBIM BBIXOJ NPOJAYKTAa B IIUPOKOM HMHTEPBAJIE KOHILIEHTPALUU ONpPENECIAEMbIX
AQHAJINTOB, TO3BOJISIIOT MPOBOJAUTH MHOTOKPAaTHOE TECTUPOBAHUE, JIUTEIBHOE
BpeMs INPOSBIIAIOT aKTUBHOCTb. B CpaBHUTENBHBIX MCCIIEIOBAHUAX YCTAHOBJICHA
npsiMasi KOppesLusa MeXTy AByMs CIOCOOaMU OMPEICICHUsI TIIOKO3bI U XOJecTe-
puHa B 00pasiiax CbIBOPOTKUA KPOBU UEJIOBEKA — C MOMOILbIO aBTOMAaTU3UPOBAHHO-
ro OMOXMMHUYECKOTO aHalW3aTopa U auarHoctudeckux cucreM MHA-depmeHTHI
(ko durmentsr koppemsanuu 0.98 u 0.94, coorBercTBeHHO). COBOKYMHOCTH TO-
JIYYEHHBIX JAHHBIX UMEET BAXKHOE MPAKTUYECKOE 3HAYEHHUE U IO3BOJISET MPOTHO-
3UpOBaTh BO3MOXKHOCTh co3/1aHus Ha ocHoBe MHA HoBoro kiacca 3(ppeKTUBHBIX
WUHIMKATOPHBIX CPEACTB MEIULIMHCKON TUATHOCTUKH.

Hccnedosanus evinonnenvl npu urnancosoui noooepaicke Ilpesuouyma PAH
(npoepamma Ne 24, npoexm 57).
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CEKLMA «CENbCKOXO3ANCTBEHHbLIE HAYKW»

MACHOM MOJAKOMILJIEKC POCCHUU:
COCTOSAHME U TEHAEHIIUU PASBUTUA

Aparcanyes C.A.

3aBEYIOLIMI CEKTOPOM aHAJIM3a U OLIEHKH PE3YyJIbTaTUBHOCTH HAYYHBIX
OpraHM3alMi arpapHoOu HayKH Bcepoccuiickoro Hay4Ho-uCCae0BaTEeIbCKOrO
MHCTUTYTa YKOHOMHUKH CEJIbCKOTO X0351UCTBA, KaH[. 9KOH. HaYK,

Poccus, r. MockBa

®Dponosa A.A.

HAayYHBIA COTPYIHUK OTJIE]Ia OPTaHU3AIMOHHO-3KOHOMHYECKUX POOIeM
UCIIOJIb30BaHUSI PE3yJIbTATOB arpapHOi HayKH, aclupaHT Beepoccuiickoro
HAaY4YHO-UCCJIEJIOBATEIHCKOTO MHCTUTYTA 3KOHOMHUKH CEJIbCKOTO XO351CTBA,
Poccus, r. MockBa

B crartse paccmatpuBaeTcs MACHOW mojakommieke Poccuu, KOTOPBIN SBISIETCS OJHOU W3
Ba)XHBIX COCTABJISIFOIIUX arpONPOMBIIUIEHHOTO KOMIUIEKCA, KaK Juis 0OecredeHus! 3aHSATOCTH
HaceJIeHus, TaK U CHA0XKEHHUsS ero MsICOM M MSCONPOAYKTaMU. YPOBEHb MOTPEOJIEHUS MsAca U
MSICHBIX HPOAYKTOB ABJIACTCA OAHUM U3 TIJIaBHBIX noka3aTeliell KauecTBa >KU3HU HacCCJICHUA,
CJIe/I0BaTEIbHO, PA3BUTHE MSICHOTO MOAKOMIUIeKca Poccun, yMeHbIlIeHHEe MTOCTaBOK UMIIOPTHOTO
Msica M Kak CIIeJICTBUE OOeclieYeHue MpOoJOBOIBCTBEHHON 0€30MacHOCTH CTPaHbI SIBISETCS OI-
HOH U3 IPUOPUTETHBIX 3a/1a4 TOCYAapCTBA.

Knrouesvie crnosa: MsICHON TOJIKOMIUIEKC, pa3BUTHE, MTPOJOBOJILCTBEHHAS O€30MaCHOCTD,
HpOI/I?)BOI[CTBO, MACO U MHCOHpOlIYKTI)I, CBHHHWHA, TOBAAWHA, MsICO IITHUIIBI.

MsicHOM TOJKOMILIEKC MPEACTABIAET COOOK COBOKYIMHOCTh MHTEPUPOBAH-
HBIX OTPacjed U NOJO0TPACIIEH CEIBbCKOTO X035MCTBA, MSCHON IMPOMBILIJIEHHOCTHA U
TOPTOBJIMA, 00ECIIEYNBAIOLIUX MPOU3BOACTBO, 3arOTOBKY, MEpPepaboTKy, XpaHEHHE,
TPAHCIIOPTUPOBKY U Peau3aluio msica U MscHOU mpoaykuuu. Llens GyHKImonu-
pOBaHMUS MSICHOIO TOJKOMILJIEKCa — MaKCHUMallbHOE obOecreueHne MmoTpeOuTesb-
CKOrO CIpoca »JTOM MPOAYKIMEH IMPU HAUMEHBIIMX 3aTrparax JEHEXHO-
MartepuaibHbIX cpeacTs [1, c. 37].

Bce otpaciu, BXOAsIME B MACHOM NOJAKOMIUIEKC, HAXOAATCS B TECHBIX IIPO-
U3BOJICTBEHHBIX U SKOHOMHUYECKHX OTHOLIEHUSX APYT C JPYrOM, YTO 00YCIOBIEHO
MOCJIEIOBATEIBHOCTBIO TEXHOJOTMYECKUX IPOLECCOB: CKOT W NTHLA SBISIOTCA
€UHBIM CBIPEM JIJIs1 TPOU3BOACTBA OCHOBHBIX BUI0B MSICHON MPOTYKIIHH.

MscHoit noakoMIuieke Poccun gBisieTcsl OJHOM U3 BaKHEWILIUX COCTAaBJISI-
IOLIUX arpoIPOMBIIUIEHHOTO KOMIUIEKCA IO CBOEMY 3HAUEHUIO JUIsl 00ecreueHus
3aHATOCTU HACEJICHUs U CHAOXKEeHUs ero MsAcoM U msconpoaykramu. Crieayer oT-
METHUTh, YTO JaJIbHENIIIee pa3BUTHE U (PYHKIIMOHUPOBAHUE MSICHOTO TIOJIKOMITIEK-
ca Poccun Oynet nporekaTs B ycinoBHsIX uieHcTBa Poccun Bo BeemupHoii Topro-
BOW OpraHu3auuy U EBpa3suiicKoM 5)KOHOMHYECKOM CORO3€.

[IpuopureTHblli HaMOHAIBHBIN NpoekT «Pa3zputue AIIK» co3gan nmpouHyo
CTapTOBYIO OCHOBY, a peamu3auus «l'ocygapCTBEHHON NpOrpamMMmbl pa3BUTHUSA
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CEJIbCKOT0 XO34WCTBA U PETYJIMPOBAHUS PHIHKOB CEIbCKOXO3SIMCTBEHHON MPOIYK-
MU, ChIPbA U MPoaA0BOJbCTBUSA Ha 2008-2012 rT.» MO3BOJISAET CAENATH BHIBOJ, UYTO
MeEpbI MPUHSATHIE TOCYJAPCTBOM, OOECTIEUNIIN PEAIM3ALMIO TOCTABJICHHBIX LIeJIel U
MOJIOYKUTEIBHO TOBJIMSUIIM HA Pa3BUTHE MSICHOTO MOJIKOMIUIEKCA CTPAHBI.

B nocnenHue rojibl HAMETWICS ONPEACIICHHBIA POCT OTEYECTBEHHO MPOU3-
BOJICTBa Msica (puc. 1).

8,5
7,5
6,5

2010 2011 2012 2013

Puc. 1. IIpousBoacTBo Bcex BUA0B Msica B Poccun, MITH. TOHH

[TpousBoacTBO Becex BUIOB Msica (B yooiiHOM Bece) B Poccuu B 2013 romy
coctaBuiio 8,5 MiH. TOHH, 4To Ha 0,5 MaH. TOHH WK 6,3% Ooibmie, yem B 2012
rony. [Ipupoct otHOcutensHo 2010 roga cocraswi 2,0 mutH. ToHH win 30,8%, co-
OTBETCTBEHHO.

[ITU1EeBOICTBO MOKA3bIBAET CAMbI€ BBICOKHME TEMIIbI IPUPOCTA, CIEAYET OT-
METUTb, yTO B 2013 roy Ha 10110 MIPOMBIIIJIEHHOTO CEKTOPa B LIEJIOM MPUXOIUTCS
okos10 91% npownszBoxacTBa Msca ntuukl. IIponsBoacteo msca nruusl B 2013 ro-
ny nocturiio 3817 Teic. ToHH, 4TO Ha 5,3% Oombmie, uem B 2012 roxy. Taxxe
JIOCTATOYHO BBICOKHE IMOKa3aTeId MPOMBIINIIEHHOTO CEKTOpa CBUHOBOIYECKOU
otpaciau B 2013 rony SIBISIFOTCS CIAEACTBUEM IPOJOJDKUBLIEHCS CTPYKTYPHOU M
TexHojoruuecko moaepHuszauuu: ¢ 2006 mo 2013 rox monst cenbCcKOXO03sM-
CTBEHHBIX OpTraHU3aIliii B 00beMe MPOMU3BOJACTBA CBUHUHBI MOCTOSHHO YBEJIHU-
yuBaeTCa U B TeueHuu 8 jet Boipocaa ¢ 35% 10 72%, 4To cTajio BO3MOKHBIM
Oyaromapsi peajn3alu MHOXKECTBA MHBECTUIIMOHHBIX MPOEKTOB, Tak B 2013 ro-
Iy IPOU3BOJCTBO CBUHUHBI 10CTUTIIO 2830 ThiCc. TOHH, 4TO Ha 10,6% BhIIE, UEM
B npeapiayeM roay. CieayeT OTMETUTh HEKYH aKTHBU3AIUI0 MHBECTUIIMN B
CO3/IaHUE CPENHUX M KPYIHBIX KOMILUIEKCOB MO BBIPAIIMBAHUIO KPYITHOTO pOTa-
TOTO CKOTa, OJHAKO Ha CETOJAHSIIHUN JICHb COXPaHSIETCs OTpUIlaTeIbHAas JIMHa-
MHKa B MPOU3BOACTBE TOBAAMHBI, TaKk B 2013 rogy npou3BOACTBO COCTaBUIIO
1632 ThIC. TOHH, uTO Ha 0,5% Menbiie yem B 2012 roay. /[oas npOMBIILIEHHOTO
CEKTOpa B COBOKYITHOM MPOU3BOACTBE FOBSANHBI OCTAETCS KpailHE HU3KOW U CO-
cTaBisieT 0koJio 33%, 4TO Bce €Ile HE IMO3BOJIAET OTPaciu ObITh KOHKYPEHTO-
CIIOCOOHOM OTHOCUTENIBLHO UMMOpTa (Tabnuma 1).
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Tabmmna 1
JAuHamMunKka Mpou3BOACTBAa OCHOBHBIX BUAOB Msica (B y0oiiHOM Bece) B Poccumn,

ThIC. TOHH
Biast wsica B xo03siicTBax BceX KaTeropuii 2013 x
2010 | 2011 | 2012 | 2013 2012, %
T'oBsanHa 1705 1625 1641 1632 99,5
CBuHMHA 2350 | 2427 | 2559 | 2830 110,6
Msco nruner | 2840 | 3204 | 3625 | 3817 105.3

YpoBeHb TMOTpeONCHUST MsiCa W MSCHBIX IMPOAYKTOB SIBIIICTCS OJHUM U3
BAKHEHIIMX TOKa3aTeJed KayecTBa KW3HU HaceleHus. HecMoTpsi Ha eXerogHo
pacTyliee OT€YEeCTBEHHOE MPOM3BOJICTBO MsCa, CIECAYET OTMETUTh M 3HAYUTEIb-
HbIE 00BEMBI UMIIOPTA MsiCa M MSICHOM NMPOJIYKLMH, TaK MPUPOCT UMIIOPTHBIX TO-
CTaBOK Tpoaykiuu nruieBojctBa B 2013 romgy cocraBun okosno 7% W AOCTUT
57,6 ThIC. TOHH, N0 cpaBHEHHIO ¢ 2012 rogom. COBOKYIHBIA UMIIOPT TOBSAWHBI
(OXJTaXKIEHHOM, 3aMOPOKEHHOMN U CyOIPOyKThI) yBEIHUUiCS Ha 7,6% U cocTaBUl
830 Tbic. TOHH. VIMIOPT CBMHHUHBI, MUIIEBBIX M HEMUIIEBBIX CYONpPOIYKTOB U
mmnuka cokpatuicsa Ha 17,4% no 1011,4 TeiC. TOHH MO CPaBHEHUIO C MPEABIAYIIUM
rojioM. YpoBeHb CpPEeIHEAYIIEBOr0 noTpedsieHus: msica B Poccuu ¢ yuerom ummnop-
Ta, XOTS U UMEET TMOJIOKUTEIBHYIO JUHAMUKY, MO-MPEKHEMY MPOJ0JIKAET OCTa-
BaThCsl HA HEBBICOKOM ypOBHE (puc. 2).
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73,8
71
i I

2010 2011 2012 2013

Puc. 2. Ilorpebnenne Msica B Poccuu Ha mynry HacelneHHs, KT

Cnenyetr oTMeTUTh, uTo ¢ 7 aBrycta 2014 r. Bctynwio B cuity I[locranosie-
HUE O BBEJCHUU 3alpeTa BBO3UTh B PoccHIO OTHENbHBIE BUABI CEIbCKOXO35M-
CTBEHHOM NMPOAYKLIHHU, ChIPbs U MPOJOBOILCTBUS U3 CTPaH, KOTOPHIE BBEJIU CaHK-
nuu B otHomeHuu Poccum B Teuenue roma (CIIA, EC, HopBerus, ABctpanus,
Kanana).

Bune! msica 1 MSICHON TIPOYKITUH, TTOTMABIINE O] 3MOapro:

- MSICO KPYITHOT'O POraTOro CKOTa, CBEXKEE WM OXJIaX]IEHHOE;

- MSICO KPYITHOT'O POraToro cKoTa, 3aMOPOXKEHHOE;

- CBHHHMHA CBEXKast, OXJIaXICHHAs WM 3aMOPOKCHHAS,
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- MSICO Y MHUILEBbIE CyONPOAYKTHI JOMAIIHEN MTULIBI (JOMAIITHSS NTHIIA KU-
Bas, TO €CTh Kypbl JOMAIllHUE, YTKU, T'yCH, UHIEUKHU U 1I€CAPKU), CBEKUE, OXJIa-
KJICHHBIE WJIA 3aMOPOKEHHBIE;

- MsICO COJIEHOE, B PaccoJle, CyLIEHOE UM KOITYEHOE.

BBeneHue naHHBIX MEP BO MHOTOM OyJieT crnocoOCTBOBATh U3MEHEHUIO T€0-
rpaduu umMnopTa msica u MACHOHN npoaykuuu B Poccuto, B cropony crpan FOxxHol
n JlaTuHCKOM AMEpPUKH, HO M MPEIOCTaBISET OTPOMHYIO0 BO3MOYKHOCTH POCCHIi-
CKHMM IPEANPUATUSAM B HapalllMBaHUH CBOMX MOIIHOCTEN M YBEIMYEHUIO BBITYCKa
U TIPEJIOKEHUS OTEYECTBEHHON MTPOTYKIIUH.

Takum 00pa3oM, B COBPEMEHHBIX 3KOHOMUYECKUX YCIOBUAX (QYHKLIIMOHUPO-
BAHMS arpONpPOMBIIUIEHHOTO KOMILJIEKCA U MSICHOTO MOJIKOMILIEKCA, B YACTHOCTH,
B yCIOBHUsX uieHcTBa Poccun Bo BeemupHou Toprosou opranusanuu u Espasuii-
CKOM 3KOHOMHMYECKOM CO03¢ 0CHOBHOM 3anaueil AlIK sBisiercst yBennueHue mpo-
M3BOJICTBA CENBCKOXO3SUCTBEHHOW MPOAYKIINH, IIeJIbI0 00eCIeYeHus PO I0BOJIb-
cTBeHHOM Oe3zomacHocTu Poccum. Peanmuzanus 3amaum yBenmudeHHs! MOTpEOICHHS
MOJIHOLIEHHBIX OEJKOB M TMOBBIIMICHHUS] HYTPUJIOTUYECKON LIEHHOCTH palrdoHa MO-
XKET OBITh PEIICHO UCKIIOYUTENIHHO 332 CUET 3HAYUTEIHHOTO MPUPOCTA MPOU3BOI-
CTBa OTEUECTBEHHOTO MSICHOTO CBIPbS, 3TOMY MOXET crocoOCTBOBATh d(PPEeKTHB-
Has peanu3anus ['ocy1apCTBEHHOW MPOrpaMMbl Pa3BUTHS CEJILCKOIO XO035KCTBA U
PEryJIMpOBaHUsl PBIHKOB CEIbCKOXO3SMCTBEHHOM IPOAYKIMHU, CBIPbI WU IPOJO-
BoJIbcTBUS Ha 2013-2020 rojpwl.

CnMcok JIuTepaTyphbl
1. Apxanues, C.A. Pa3BuTue MACHOTO KMBOTHOBOZICTBA [ Tekct]: Posib Mosioaexu B MH-
HoBarronHoM pa3Butuu AIIK / C.A. ApxkanneB. — Mocksa, 2010. — 436 c.
2. Maromenos, H.JI. Tenaennuu pa3Butus MscHoro nojakomiuiekca Poccum [Tekcrt] /
H.Jl. Maromenos // ATIK: sxonomuka, ynpasienue. —2012. — Ne 7. — C. 56-63.

HYT - KYJbTYPA BOJIBIINX BO3MOXKHOCTEHA

I'epmanuesa H.H.

IJIaBHBIM HAYYHBIN COTPYAHUK KpacHOKYTCKOM CEIEKIIMOHHOW ONBITHOM CTAHIIUU
HUHNCX Oro-Bocrtoka, 1-p c.-x. HayK,

Poccus, r. Kpacusiii Kyt

JlaHo onucaHue MUIIEBBIX M KOPMOBBIX JIOCTOMHCTB LIEHHON 36pHOO000BON KYyIbTYpPhI —
HyTa, Onomornueckux cBoiicTB. [IpuBeneHa kpaTkas XapaKTepHUCTHKa Hamboyiee pacrpocTpa-
HEHHBIX COPTOB HyTa KpacHOKYTCKOM cTaHIUU.

Kniouesvie cnosa: uyt, 06€10K, aMHUHOKHCIIOTAa, COPT, YpPOXKAHHOCTh, CEMEHa, 3acCyXo-
YCTONYUBOCTb.

[IpoGnema muIIEBOrO0 U KOPMOBOTO O€NKa SIBISIETCS] OJJTHOM M3 OCHOBHBIX B
Poccun. Penienue ee cBsi3aHO ¢ yBEIMUYEHUEM MPOU3BOJICTBA 36pHOOOOOBBIX KYyJb-
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Typ — OCHOBHBIX HCTOYHHUKOB pacTUTENIbHOTO Oenka. B cyxocrenHnoii 30He [1oBo-
Kbsl OJHOM M3 TaKHUX KYJbTYp sIBIIIeTCS HYT. B ero cemenax couxepxurcs ot 20,0
1o 32,5% ceiporo nporeuHa, 10 8% xupa, 47-60% kpaxmana [5]. Conepxanue
YIJIEBOJIOB B HYTE€ B HECKOJBKO Pa3 MPEBBIIIAECT UX COAECPKAHUE B COEBOM ILIPOTE.
benku HyTa cOamaHCMpOBaHbI 0 AaMUHOKUCIOTHOMY cocTaBy. [lo konuyecTBy oc-
HOBHBIX HE3aMEHHMbIX aMUHOKHCIOT — METUOHHUHA M TpUNTO(aHa — HYT MPEBOC-
XOJUT BCE Apyrue O00OBBIE KYyNbTYPHl U B OTIWYHE OT TOpOXa MPAKTUYECKH HE
COJICP)KUT aHTUIIUTATEIIbHBIX KOMIIOHEHTOB [1]. benok HyTa 01M30K K OCNKy KH-
BOTHOTO MPOUCXOXKJIEHUS, COJEPKUT MOYTH TOT K€ COCTaB aMUHOKHUCJIOT B OITH-
MaJbHOM COOTHOLIEHUH [2]. B 3epHe HyTa COAEPKUTCS 3HAYUTEIBHOE KOJINYECTBO
MUHEpaJIbHBIX coJiel. o comepkaHuIo ceieHa OH 3aHMMAET MEPBOE MECTO CPEIU
BCeX 3epHO0000BBIX KyIbTYp. HyT — XOpoluii HCTOUYHUK JeuTHHA, pudbodiaBuHa
(ButammHa B:), TMamuHa (BuTamuHa Bi), HHKOTHHOBOW M IMAHTOTEHOBOW KHUCJIOT,
XOJIMHA.

bnarogapst BbICOKOW MUTATEIBHOCTH, HYT IIUPOKO HCTIOIB3YETCS B THIILY
Haponamu Cpenneil Azum, 3akaBkazbs, Typuuu, bonrapuu, Wcnanuu, Unnuu,
Cupuu u apyrux ctpasn. K coxanenuro, B Poccun HyT, Kak MpoI0BOJILCTBEHHAS
KyJbTypa, NOKa HE Halled JOCTOWHOTO MPUMEHEHHUs. XOTs €Ule B IMSTHIECATHIE
roJiel iponuioro crojietus npod. ['ymsesim B.P. (1946) Obuta mokazana BO3MOX-
HOCTH MCTIOJIH30BaHUsI HYyTOBOM MYKH B KauecTBe J00aBkH K mimeHnyHou (10-20%)
P BbITNEUKe XJieba, U3rOTOBICHUH KOHAMTEPCKUX W MAKapOHHBIX W3JETUH, 4TO
3HAYUTENIBHO MOBBIIIAIO MUTATENIBHOCTh U BKYCOBBIE CBOMCTBA 3THX MPOAYKTOB.
N3naBHa 3epHO HyTa HE TOJIBKO YHOTPEOJISIN B MUILY, HO U IIHUPOKO MCHOIb30Ba-
T B JIeU€OHBIX LIETIAX.

KopmoBeIe 1O0CTOMHCTBA HyTa XOpOmIO M3y4yeHbl Ha KpacHOKyTCKOW CTaH-
1uu. B MpoBOJUMMBIX OMBITaX HA KOPM KUBOTHBIM HCIIOJIb30BANIM KAK IEJIbHOE, TaK
U apoGrneHoe 3epHo. Jlydiie pe3ynabTaTbl OBUIM MOJYYEHBI MPH HCIIOJIB30BAHUU
Ipo0JIeHOTO 3epHa B 3amapeHHOM Buje. B (da3e HanmmBa ceMsiH 3e1eHast Mmacca HyTa
M0 KOPMOBBIM JIOCTOMHCTBaM OJM3Ka K KOHIICHTPUPOBAHHOMY KOPMY M OXOTHO
MOEIa€TCS CBUHBSIMU U OBLIaMU [3].

Cpenn Bcex 3epHOOO0OOBBIX KYJIBTYp HYT SIBJISIETCSI CAMOM 3aCyX0- U Kapo-
CTOMKOM KyJbTYPOH, UTO CBSI3aHO C BBICOKMM COJEpKAHUEM CBSI3aHHON BOJbI B
TKaHSIX JIUCTHEB, KCEPOMOP(HHON CTPYKTypOH WX CTPOEHUS, OMYIICHHOCTHIO U
HaJM4YUEM B HUX OPraHUYECKUX KUCIOT [3]. B TO ke BpeMsl HyT OTJIMYAETCs U BbI-
COKOM yCTOMYMBOCTBIO K X00y. IIpy oceHHEM moceBe Moji CHEXXHBIM TOKPOBOM
HYT BBIIEPKUBAET MOHWKEHUE TeMreparypbl 10 — 25°C. BecHOW BCXOABI JETKO
MEPEHOCAT 3aMOpOo3KkH 10 7-8°C.

Hyt, xak u apyrue 6000BbI€ KyIbTYPHhI, C IOMOIIBIO KIIYOCHHKOBBIX OaKTe-
puil, OCETSIONIMXCS Ha €r0 KOPHSX, HaKaruIuBaeT B ouBe aTMocdepHbIi (Onoso-
rudeckuii) a3oT. [1oKHUBHBIE U KOPHEBBIE OCTAaTKU IOce YOOpKHU HyTa oboraia-
10T MOYBY a30TOM, OJIarojiaps YeMy OH CIIYKUT XOPOIINM TMPEIIICCTBEHHUKOM ISt
3€pHOBBIX KYJIbTYp. SIpoBasi TBepjas MILEHUIIA, TOCEsIHHAs TIOCNe HYyTa, JaeT 0o-
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Jiee BBICOKHM yporkail U OBBILIEHHOE COJIEpKaHue Oelika B 3epHe MO CPAaBHEHUIO C
IPYTUMH MPENIIECTBEHHUKAMU.

[IpeumyiecTBO HyTa INepea APYruMU 3€pHOOOOOBBIMU KYyJIbTypaMU U B
TOM, YTO OH MEHBIIIE MMOBPEXKIACTCS BPEIAUTEISIMU, UMEET IMTaMOOBBIN KYCT C BbI-
COKUM MPUKPEIUVICHUEM HIKHUX 0000B, HE mojeraer, 000bl MpU CO3PEBAaHUU HE
pPacTPECKUBAIOTCS U HE OCHINAIOTCA. YOupaercs OObIYHBIMH 3€pPHOBBIMU KOMOaii-
HaMH.

B nacrosiiee Bpems 3epHO HyTa BOCTpeOOBaHO HA MUPOBOM PBIHKE, YTO MO-
BBIIIAET UHTEPEC K ATOU KyJIbType. bruonoruueckie 0coOOEHHOCTH HYTa MO3BOSIOT
pacIIMpUTh apeall ero Bo3AeabiBaHus. IT0 He Toabko [ToBoikbe, CeBepHbiii Kag-
Ka3 u Ypai, HO u LlenTpanbHo-YepHO3EMHBIN PETHOH.

Ha KpacHokyTckoli cTaHIIMHM, 3aHUMAIOIICICS M3yueHHeM HyTa Ooliee cTa
net, u3 Hux 80 JeT celeKuuen, CO34aH LENbId psii COPTOB, JOMYIIEHHBIX K HMC-
MI0JIb30BAHUIO BO BCEX PETMOHAX BO3/EIBIBAHUS KYJIBTYPBI.

Onun u3 HuX — KpacHokyTckuii 36 moiaydusi caMoe IIUPOKOE pacipocTpa-
HeHue. OH MMeeT BBICOKYI0 YCTOMUMBOCTH K 3aCyXe M CyXOBEsIM, CO3PEBAET 3a
85-90 nueit. CemeHa KenTO-pO30BBIC, MPOMEKYTOUHOU (OPMBI, OJIMKE K OKPYT-
noi1. Macca 1000 cemsan 240-260 r. YcTOWYNBOCTh K ACKOXUTO3Y CPEIHSsA, HE I10-
BpPEKIAETCS TOPOXOBOM 3epHOBKOM. COpPT BBICOKOYpOKailHbIM. MakcumasnbHas
YPOXKaWHOCTh B yCIIOBHSIX Oorapel Ha IlyradeBckoM coproydactke CapaTOBCKOM
obnactu cocrapisiia 39,3 m/ra. CouetaeT BHICOKYIO MPOAYKTUBHOCTh C YCTONUYM-
BOCTBIO K IOJIETaHUIO U Ocbllanuto. [lumeBoro ucnonap3oBanus. ToBapHbIE U Ky-
JIMHApHBIE KAYECTBA OTJIMYHBIE, OTHOCUTCS K TPYIIIE HEHHBIX COPTOB HYTA.

Copt 3aBomxckuil mo cpaBHeHuto ¢ KpacHokyrckum 36 Gojee ckopocrie-
JIBIH, co3peBaeT Ha 2-3 mHSA paHbire. CeMeHa 0eKeBbIe C OPaHKEBBIM OTTCHKOM M
OeNbIMH MPOXKUIKaMu, 1o Gopme okpyrisie. Macca 1000 cemsin 280-300 r. 3acy-
XOYCTOWYUB, YCTONYMUB K aCKOXUTO3Y, K MOJIETAaHUIO U Ocbinanuio. COpT BBICOKO-
ypoxxanHbli. [I0 maHHBIM KOHKYpPCHOTO COPTOMCIIBITAHUS OH 3aHUMAaET IEpBOE-
BTOPOE MECTO CPEAM M3yyaeMbIX cOpTOB. TOBapHBIE U KyJMHAPHBIE KA4eCTBA COP-
Ta BBICOKHE, BKJIIOUYEH B IPYIIY LIEHHBIX COPTOB.

Kpacnokyrtckuii 123 co3peBaer 3a 90-95 gueit. imeer kpacHO-KOPUYHEBBIE
KpyITHbIE ceMeHa yriioBatoil opmbl B Bujie Oapanbeit rosoBel. Macca 1000 3epen
310-360 r. BeicokoyporkaiiHbIM, MakCUMallbHAsI YPOKAMHOCTh JocTurana 45 1/ra.
CopT KOpMOBOTO HCIOIAB30BaHUsA. VIMeeT MHUPOKHil apeall paclpoCTpaHEHUs, 10-
NyLIEH BO BCEX 30HaX BO3JEJbIBaHMS KyJIbTyphl B Poccuiickoit ®denepauuu, a
takke B Pecniyonuke Kazaxcran u Ykpaune.

Copt Bekrop cospeBaet 3a 77-81 nenb. OTnnyaercs KpynHBIM 3€pHOM Oe-
KEBOT0 I[BETA, THAMETPOM 8-9 MMm. Dopma — OT OKPYTIIOi O yriIoBaToOM, MOBEPX-
HOCTh cierka MopumHuctas. Macca 1000 cemsin 320-360 r. YcToluumBOCTH K
a0MOTUYECKUM U OMOTHYECKUM cTpeccopaM Bbicokas. CopT ycTOMYMB K moJjera-
HUIO W OCBHITIAaHUIO, TIPUTOJIEH K MEXaHU3upoBaHHOU ybopke. Ha coproyuacTkax
PocToBckoit o6nactu, CtaBponoiabsckoro u KpacHogapckoro kpaes 3a rojisl UCIbI-
tanus (2009-2010) mokazas camyro BBICOKYIO ypoxaiHocTh —31,5-37,4 1/ra u ObL1
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OpUHAT cTaHAapToM. OTiIMYaeTcss BBICOKMM COJEp)KaHueM Oelka B 3epHE —
26-27%.

30710TOM OOMIIEN — CpeaHecIeNblii COpT, BEreTallMOHHbIN mnepuon 78-85
nueil. CemeHa xentele, popmMa IPOMEKXYyTOUHAsI, PEOPUCTOCTh OTCYTCTBYET. Mac-
ca 1000 cemsn 240-260 r. O0nanaeT BHICOKOW yCTOMYMBOCTBIO K 3acyxe, MoJjera-
HUIO U OchInanuio. OTinyaeTcs cTabuibHON yposkaitHOCThI0. COpPT MUIIEBOTO HC-
MOJI30BAHMSI, 110 KAYECTBY 3€pHA BXOJUT B TPYMITY IIEHHBIX.

Cnucok JinTeparypbl
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XOPOIIASI MPUCITOCOBJEHHOCTH K MEXAHU3UPOBAHHOM
YBOPKE - BA’/KHOE KAYECTBO HOBBIX COPTOB
APOBOI'O AYMEHA JJIA 3ACYIHJIMBOI'O ITOBOJIZKbA

Hnvun A.B.

3aB. 1a00OpaTOPHUEH CENEKIINU STUMEHS

OI'bHY KpacHOKYTCKOH CENEKIMOHHOM ONBITHON CTaHLIUN
HUHNCX Oro-BocToka, CT. HAyYHBI COTPYAHUK, I-p C.-X. HAYK,
Poccus, r. Kpacusiit Kyt

B crarbe noka3sIBaeTCa BAKHOCTD I COPTOB SIPOBOTO SUMEHS 30HBI 3acylunBoro Ilo-
BOJIKbsI TAKOTO KauecCTBa, KaK MPHUCIOCOOIEHHOCTh K MEXaHU3UPOBAHHOM yOOpKe, KoTopas 3a-
BHCHUT OT JOCTAaTOYHOU BBICOTBHI PACTEHUI U BBICOKOM YCTOMYMBOCTH K IOJIeraHuo. IIpuBeneHsl
pe3yabTaThl PA0OTHI HA YJIyUIIEHUE STOrO IPU3HAKA.

Kniouesvie cnosa: coprt, BbICOTa, YyCTOMUUBOCTb, IIOJIETAHUE, YPOXKAM.

[IpoGnema yiydiieHust MPUCIOCOOJIEHHOCTH K MEXaHU3UPOBAHHON YOOpKe B
CYXOCTEITHOM pErHoHEe BKJIIO4YaeT B cebsa psa acnektoB. K Hambosee BaKHBIM
HY’KHO OTHECTH: JIOCTaTOYHYIO BBICOTY PACTEHUH B CyXue TOJbl (B 3aCYILINBHIC
TOJIBI 3/IECh SIYMEHb TPYAHO YOUpPaTh U3-3a MaJjOi BBICOTHI CTEOIECTOS), BHICOKYIO
YCTOMYMBOCTh K MOJIETAHUIO B TOJIbI C XOPOIIMM OOECHEYeHHEM OCaJKaMHU H,
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HECOMHEHHO, MOBBIIIEHHYIO MTPOJAYKTHBHOCTh B PA3JIMYAIOIINECS 110 YBIAKHEHUIO
roxasl [1, 3].

BrinBmkeHne Takux TpeOOBaHUM CBSI3aHO C BHICOKOW M HApacTaroOIICH KOH-
TPaCTHOCTBIO BJIAroo0ecreyeHHOCTH MEepro/ia BEreTaluu spoBOTo SIUMEHS B peru-
one Hwxuero IloBomkbsi. Tak npu cpenneid Hopme 74,5 MM OCaJIKOB 3a Berera-
LU0, ATOT TOKa3aresb Koieonercs ot 4,5 mm (1998 r.) no 200,0 mm — (2000 1.).
OO0mmas TeHeHIMsl TOBOPUT 00 YMEHBIIICHUH CTAOMIBHOCTH BBIMAJICHUS OCAIKOB
3a epUoJ] BereTalum, Tak no cpaBHeHuto ¢ 60mu rogamu XX Beka KodhHUIIMEHT
Bapualmu 3Toro npusHaka Bo3poc ¢ 50,5% no 88,0% B 2000-2010 rogsl. Bennuu-
Ha THAPOTEPMUYECKOTO KOd(PPHUIMEHTA 3a 3TOT Mepuoja BpemeHnu Bozpocna ¢ 0,47
10 0,55, koapdurment Bapruanum ero Takxke Bo3poc ¢ 48,8% mo 84,7%.

Kak B ycnoBusix ocTpoil 3acyxu, Tak U BO BJIa)KHbIE I'OJIbI IPUCIIOCOOIEH-
HOCTh K MEXaHU3UPOBAaHHOW yOOpKe CBsi3aHa C BBICOTOM pacTeHUil. AHaiIu3 JaH-
HbIX KOHKYPCHOTO COpPTOMCIIBITaHUs KpacHOKYTCKOW CEeIeKIIMOHHO-OMBITHOM
cranimu 2008-2014 T0M0B MOKa3bIBa€T, YTO TpPyINa COPTOB C OTHOCUTEIIHHO
CpellHEel BBICOTOM pacTeHMil HauOoJiee MOJHO YIOBIETBOPSET KOMILUIEKCY MPEab-
SBIIIEMBIX TpeOOBaHUN. DTa TpyImIa JUHUAN TOKA3bIBAET IOBOJBLHO BBICOKYIO YPO-
JKalHOCTh BO Bce TumbI JeT (3,93 1/ra — BO BiaxHsle, 2,33 T/ra — B cpeaHue u
1,11 1/ra — B akcTpeManbHO cyxue). OTHOCUTEIHLHO BBICOKOPOCIHBIE COPTa Xapak-
TEPU3YIOTCS TEHJEHIMEN K CHIKEHUIO yposkas B cpennue (2,18 1/ra) u Onaronpu-
arapie roabl (3,82 T/ra), a TakXKe MEHbBIIEH YCTOMYMBOCTHIO K IMOJICTAHUIO
(4,5 6anna npotus 5,0 6aI0B y ABYX Apyrux rpyii). Huskopocisie copta oTiiu-
YarOTCSl HEIUIOXOW MPOAYKTUBHOCTBIO BO BIIaXKHbIE roibl (3,98 1/a), HO CHIIBHO
cHmxkarot e€ B cyxue (10 0,84 1/ra).

W3 rpynmbl BEICOKOPOCIIBIX COPTOB BBIJEICHO MEHBIIIEE KOJIMUYECTBO 00pa3-
L[OB, IMMOKA3bIBAIOIINX BBICOKYIO YpPOXKalHOCTh — 25,9%, y CpemHEpOCHbIX TaKUX
bopMm — 36,9% u y Huzkopocubix — 34,6%. IIpu sTom, rpyrina HU3KOPOCIBIX COP-
TOB HE SBJIETCS BBITOJIHOM, TAK KaK HE yJIOBJIETBOPSET ABYM Ba)KHbIM TpPEOOBaHU-
SIM B 3aCyLJIMBOM 30HE — JOCTATOYHOM BBICOTE PACTEHUM U MPOJTYKTUBHOCTH B CYy-
XH€ TOJIbI.

JlanHble aHanM3a 3JIEMEHTOB CTPYKTYphl ypoXkash M3ydaeMoro marepuaia
TOBOPST O TOM, YTO HanboJiee BBICOKOPOCIbIE (POPMBI HAMBAIOT OOJee KPYIMHOE
3epHO, OJHAKO, 00Pa3yIOT Ha EUHUIIE TUIOIIAIA MEHBIIIEE KOJIUYECTBO KOJIOCHEB U
3épeH. ['pynmbl CPeHEBBICOKUX U HU3BKOPOCIBIX COPTOB OTIMYAIOTCS OOJIBIIIEH
MPOIYKTUBHOM KyCTUCTOCTBIO U KOJIMUECTBOM 3EPEH C €AMHULIBI IIJIOLIAIH.

Jlnst mosydeHusi COpToB siuMeHsi 0ojiee OTBEHAIOIMIMX MPUBEIEHHBIM BBIIIE
TpeOOBaHUAM HaMH ObLIa IPUMEHEHA METOAMKA OTOOpA M OLIEHKH CEIEKIIMOHHOTO
MaTepualia Ha pa3HbIX 10 MHTEHCUBHOCTU (hoHax [2]. B pesynbrare aTol padoTHI
yaanock BeiBecTu psifg coptoB (Hyranc 108, Hyranc 642, Hyranc 553, Hyranc
278, K 401u Menukym 269) 3HaYUTENBHO MPEBOCXOMSAIINX CTApblii U BechMa
pacnipoctpan€HHbI B XX Beke copT ctaHuuu Hyranc 187, kak mo yCTOMYMBOCTH
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K nosieranuio (5,0 6amioB mpoTuB 3,5), Tak U MO ypOKAMHOCTH, T/i€ MPEBBILLICHUE
cocrasiet 0,34-0,81 1/ra (17,7 —42,2%).

Hogwie copra (ocobenno Hytanc 278, SIK 401 u Memukym 269) cytie-
CTBEHHO mpeBocxoasaT copt Hyranc 187 mo ypoxkaro 3epna (Ha 0,59-0,81 1/ra,
HCPos5-0,17 T/ra). DT TMHAMA XapaKTEPU3YIOTCS U TEM, YTO MEHBIIIE pearupyroT
Ha YPOBEHb YBJIQ)XHEHHUS U3MEHEHUEM BBICOTHI PACTEHUH — MEHEE 3HAYUTEJIbHO
CHIKAIOT €€ B CyXHe T'OJIbl M HE TaK CHJIbHO YBEJIMYMBAIOT BO BIIaXKHBIC (PA3HOCTh
BbicoT 11-13 cm, mpu 21 cm y Hyranc 187), mokaspiBas mpu 3TOM BBICOKYIO
YCTOWYMBOCTH K MOJIETaHUI0. B yCIOBUSAX 3acyXu OHU 00ECTIEUNBAIOT BBICOTY pac-
TeHuit Ha 8-10 cM Oomble, yeM y copta HyTtanc 187, uro 3HaunTeNnbHO 00Jeryaer
uX yOOpKY M COKpaIaeT moTepu 3epHa. B GnaronpusTHbeIe TOIbI HOBBIE COpTa OKa-
3bIBAIOTCS JIy4llle MPUCIIOCOOICHHBIMA K MEXaHU3MPOBaHHOM yOopke Oiaropaps
BBICOKOW YCTOMYMBOCTH K MOJIETAHUIO.

K monoxutenbHbIM KauecTBaM HOBBIX COPTOB HYHO OTHECTU U 00Jjiee BbI-
COKYI0 YCTOMYMBOCTH K TOJOBHEBBIM 3aboneBaHusM. OHH XapaKTEpU3YIOTCS
KPYIHBIM, BBIPOBHEHHBIM 3epHOM, ocoOeHHo Hyrtanc 642, Hyranc 278, SIK 401 u
Menukym 269. Copra Hyranc 553, K 401 u Meaukym 269 oTiauvarorcs Xopo-
IIMMHA KOPMOBBIMH Ka4€CTBAMHM 3€pHA. YIYULIEHHbIE TMBOBAPECHHBIC U IHILEBBIC
XapaKTEePUCTUKH 3epHa y copTa Hyranc 642.

Takum o0pa3om, B pe3yJbTaTe CEICKUNOHHOW paboThl C IPUMEHEHUEM Pa3-
JUYHBIX TI0 UHTEHCUBHOCTHU ()OHOB YJATOCh BBIBECTH YCTONYMBBIC K IOJICTAHUIO
copTa ¢ MEHEE BapbHUPYIOMICH BBICOTOM pacTeHU W OoJiee MPUCITOCOOJEHHBIE K
MEXaHU3UPOBAHHON yOOpKeE, B TOM YMCIIe U B cyxue roasl. [Ipu 3ToM Oblia 3HAUU-
TEIbHO YBEJIMYEHA YpPOXKAWHOCTb, KaK B CPEIHEM, TaK U B KOHTPACTHBIE IIO
YBIQXHEHUIO TOJbl. YIIyYIIEHbl TaKKe M  HEKOTOpbIe  XO3AMCTBEHHO-
OMOJIOTHYECKUE XapAKTEPUCTUKU COPTOB.
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JOMHUHAHTHOCTD IUBETEHUSA XJIOITYATHUKA

Paxmonoe 3.3.

no1eHT Kadeapsl ['eHeTrKa, CeeKIus 1 CEMEHOBOJICTBO C/X KYJIbTYD,
AHAMKAHCKUN CEJILCKOXO3SIMCTBEHHBIX MHCTUTYTA, KaH/I. C.-X. HaYyK,
V30exkucran, r. AHIMKaH

Dzamoe X.

JOIICHT Kadeapnl [ eHeTHKa, CEIEKINI M CEMEHOBOICTBO C/X KYJIBTYD,
AHIVKAHCKUH CEITbCKOXO3HCTBEHHBIX MHCTUTYTA, KaHI. C.-X. HAYK,
V306ekucran, r. AHIMKAH

Pacynoes C.

acCUCTEHT Kadeapbl ['eHeTHKa, CeeKIUsI 1 CEMEHOBOCTBO C/X KYJIBTYD,
AHIMKAHCKUHN CEIBCKOXO03IMCTBEHHBIX HHCTUTYTA,

V306ekucran, r. AHIWKAH

Paxumoe T.

accucteHt kadenpsl ['eHeTrka, CeNeKIus 1 CEMEHOBOJICTBO C/X KYJIBTYP,
AHIWKAHCKUHN CEIbCKOXO03IMCTBEHHBIX HHCTUTYTA,

V30ekucran, r. AHIHKAH

Mupaxmeodos @.

accucteHt Kadenpsl ['eHeTrnKa, CEeKIUs U CEMEHOBOJICTBO C/X KYJIBTYP,
AHIMKAHCKUHN CENbCKOXO3MCTBEHHBIX MHCTUTYTA,

V306exkucran, r. AHIMKaH

Haoueea H.

acCUCTEeHT Kadeapbl ['eHeTHKa, CeIeKIUs 1 CEMEHOBOCTBO C/X KYJIBTYD,
AHIMKAHCKUHN CENbCKOXO3MCTBEHHBIX MHCTUTYTA,

V306ekucran, r. AHIMKAH

[Tokazarenu k03((UIMEHTOB TOMUHAHTHOCTH, YKa3bIBAIOIINE HA XapaKTep HAciIeq0Ba-
HUS IPU3HAKA, CBUJIETENIbCTBYIOT, YTO U3 30 ruOpuaHbIX KOMOMHALWH B 4-X ciyyaeB HaOona-
€TCsl CBEPXIOMMHUPOBAHNE WU TreTepo3uc. HeratuBHbIN reTepos3uc, WM Koraa moka3aTelu Ti-
Opuaa OKazajanCh HUXKE TMO3IHO CIEIBIM POAMUTENS ¢ KOIPPHUIMEHTOM TOMHHAHTHOCTH hp<-1
oOHapyxeHo B 6 koMOMHaIMsIX. AHanu3 npusHaka 50% [BeTeHMs MOKasaia, 4To THOPUIBI C
y4acTHeM CKOpocHensix (GopM GopMupyroT Oojiee CKOpOCIenble MOTOMCTBA, a THOPUAM3ALIUS
KOHTPACTHBIX pPOAUTENEeH 00pa3yroT MOTOMCTBO MPOMEKYTOYHBIM THIIOM HAaCJI€OBAHUS.

Kntoueguvie cnosa: rereposuc, 1IBETEHUs, XJIOMYATHUKA, TIOJUTCHHBIA, TEHOTHII, T€H, KU3-
HECIOCOOHOCTD, JOMHHAHT.

CkopocnenocTb onpeAensieTcs: CyMMON MPOI0JKUTENFHOCTBI0 MEX(a3HbIX
MEePHOJ0B — BCX0/10B, OyTOHU3AIUH, LIBETEHUH U CO3PEBAHUMU.
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XapakTep HacjaeI0BaHUS MPHU3HAKA CKOPOCIEIOCTU 3aBUCUT OT POJUTENb-
ckue Gopm yuacTByromux B ruOpuan3anuu. O6 3ToM cooOIaiu MHOTHE UCCIIE0-
Barenu [1, 2, 3, 4, 5].

SIBneHus rerepo3uca, WIK MOBBIIICHHON )KM3HECTIOCOOHOCTH U MPOAYKTHUB-
HOCTU THOPUIOB, UMEET OOJIBIIOE 3HAYCHUE JUISI CEJIEKIIMM U HEMOCPEICTBEHHO
CEJIbCKOXO034MCTBEHHOM NMpakTUkU. Hanbomnee pacpocTpaHEHHOM U3 KOTOPBIX SIB-
JSIeTCS TEOPUSIM — HAKOIUICHHMSI U B3aMMHOE JCMCTBHE IMOJIOKHUTEIbHBIX TOMH-
HAHTHBIX T€HOB U TEOPUHM CBEPXJIOMUHUPOBAHUS, CIIEIOBATENIBHO, IJIaBHbIE MPU-
YUHBI TETEPO3MCA 3aKIIIOUAIOTCS CIACAYIOIUMU:

a) MOJABJICHUE y TeTePO3UTOT BPEIHOTO d(PdeKTa OTpUllaTeIHHBIX perec-
CUBHBIX T'€HOB;

0) KOMIUIMMEHTApHOE B3aMMOJICHCTBUE TOMHHAHTHBIX ajieleil pa3HbIX
I'€HOB;

B) CBEpXJIOMHHHPOBAHWE, WM TMPEBOCXOJICTBA, T€TEPO3UTOT HAJ 00EUMHU
TOMO3UIOTaMM BCJIEICTBHE TOTO, YTO Pa3HbIE ajUIEIU IeHa MOTYT OCYIIECTBISATh
pasHble GYHKIUH, TUOO BBITOIHATH CBOM (DYHKIIMU TIPU Pa3HBIX YCIOBUSX.

[TokazaTtenu creneHu TOMHUHAHTHOCTH y TuOpuaoB F; Beruucisim no ¢op-
myiie S.Wright, npoussenennoit B pabore G.M.Beil and Atkins [6]:

F — MP
" P-MP’

F, — cpennss apudpmernueckas F,

MP — cpennss apudmeTraeckas 000UX poAUTENEH,

P — cpennsis apudmeTrdeckas JIyqiero poauTens,

hp = 0 — nToMMHHpOBaHUE OTCYTCTBYET,

hp > 0 HO < | — yacTUYHOE UM HEMIOJIHOE TOMUHHPOBAHUE,

hp = 1 — monHOE TOMUHUPOBAHUE,

hp > 1 — cBepX1OMUHUPOBAaHNE UIIU TETEPO3NUC.

UccnenoBanus nmpoBoAuiack B y4eOHOM XO034WCTBE AHAMKAHCKOM Cellb-
CKOXO3SIICTBEHHOM HMHCTUTYTE. B KauecTBe MCXOMHBIX (HOPM A CKpEIUBaHUS
rcnoJib3oBauch copra deprana-3, Hamanran-77, C-5619, Ilaiimactep-266, K-
010305 1 K-010306. CkpemnBanus MpoOBOAMIACH PELIUIIPOKHOM METOJ0M, U3 TO-
ro Moay4dnsoch 30 KOMOUHAIIHA.

CkpeluBaHus MPOBOJUIINCH C KaCTpalMel IBETKOB HAKaHyHE JHSI OIbLIe-
HUS U U30JISIUEN MIECTHKA OT cllydyailHOTo onbuleHus. Ha cienyromuii 1eHp yTpom
MBUIBLIBI Y OTLOBCKON ()OPMBI COOMPANTUCH B OJJHY MPOOUPKY U ONBUISIINCH MaTe-
puHCKOM (Qopmoi. B ceHTsiOpe coOupanuch CKpelieHHbIE KOPOOOYKH IO BCEM
KOMOUHAIUSIM.

Ha cnenyromuii rog moceB MpOBOJMIICS MO CXEME OJHOPSIKOBBIX JICJISHOK,
B TPEXKPATHOM MOBTOPHOCTH, B KaXJI0M psiake no 12-13 pacrenuid.

[IpencraBrneHHas UCXOAHBIMU POJUTENBCKUMU (pOpMaMHU U UX THOPUAAMH,
CBHJICTEIILCTBYET, 4yTO Hadajao 50% 1BeTeHHs KojebneTcs oT 69 mHe# y copra
[TaitmacTep-266, 76 nueit y K-010306. Kak HanboJsiee KOpOTKMM MEPUOJIOM Havaia
LBETCHUS XapakTepu3yrorcsa Takxke copra Hamanran-77 (71 gueit) u ®deprana-3
(72 nus). Kak Bunum copta nquddepeHuupyeTcs 1o nepuoly Hayajia [BETEHUS OT
HanboJIee CKOPOCIIEIIOTO J0 MO3HETO, COCTABIISIFONTNX PAa3HUILYy B 7 THEH.

hp rac
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['uGpuaHble KOMOMHALIMY, C YYaCTUEM PA3IUYHBIX 10 HaYaly [BETCHHS PO-
TUTENBCKUX (OPM, XapaKTePU30BAINCH TAK)KE€ KOHTPACTHOCTHIO MO BBIPAKEHHO-
ctu npusHaka 50% userenust. Haubonee kopotkum nepuoaom 50% nsereHus oT-
auamirch kKomOuaau deprana-3 x Hamanran-77 (68 mueit), [lalimactep-266 x
®eprana-3 u Ilalimactep-266 x Hamanran-77 mokazanu 69 aHeil, a Takxke psij
KOMOMHAIMM MPEUMYILECTBEHHO CKpelieHHbIMU copTtaM C-5619 B kauecTBe OT-
IIOBCKOTO (hopMe uMmeronue mokasarenu 71-72 nusa. Hanbosmee mpoaomKuTeIbHBIHN
NEepHoJ 0 IIBETEHUS MOKa3ajd B OCHOBHOM KoMmOuHanuu ¢ yyactuem K-010305 u
K-010306, xoTopble UMEIHN MPU CKPEIIMBAHUU B KaueCTBE OTIIOBCKUX (OpM 3Ha-
yeHus 75-77 nqueit. OqHaKo B KaueCTBE MaTepUHCKOM (opMol, oHa ObLIa JTydIle U
nokaspiBana 71-73 nus.

B menom ananu3 maHHOTO MpH3HAKA MOKA3bIBAET, YTO Hanbosee KOPOTKUMN
nepuoa 10 50% usereHus: GopMUPYIOT KOMOMHALIMU ¢ ydyacTueMm copToB Deprana
3, C-5619, Hamanran-77 u Ilaitmactep-266 CKpEIIeHHBIX MEXITY COOOM.

[Toka3zarenu ko3¢(HULIMEHTOB JOMUHAHTHOCTH, YKa3bIBAIOIIME HA XapaKTep
HacJeI0BaHus MPU3HAKa, CBUIETEIbCTBYIOT, UTO U3 30 ruOpuIHbIX KOMOUHALIUN B
4-x ciydaeB HaOJIIOaeTCAd CBEPXJIOMHUHHPOBAHUE WIIM T€TEPO3HC, Tak Kak hp>1.
[TonHoe noMHHMpPOBaHUE 00JIEE CKOPOCHENOr0 pOAMUTENsE OOHApYKUBAeTcs B 3-X
KOMOUHaIusx, To ectb hp=1. [IposiBnsieTcs Taxxke MoJIHOE JOMUHUPOBAHUE OHO-
ro W3 MO3MHUX poauTenei, rae hp=-1, 3To umeno mecto B 4-X KOMOMHAIIHSIX.
HeratuBHblii TeTepo3uc, WK KOTJa MOKa3aTeld THOpra OKa3alluCh HIKE MO3IHO
CHENBIM POAUTENS ¢ KOIPPUIIMEHTOM IOMHHAHTHOCTH hp<-1 oOHapyxkeHO B 6
koMmOuHanusax. Hanbonee uncno cimydaeB HaOMOMAE€TCS ¢ MIPOMEKYTOYHOM THIIE
HACJIeI0BaHUsI C HEKOTOPBIM YKJIOHEHHEM CTOPOHY JYYIIETO WIN XYAIIETO POJIH-
TeJs, TJIe ToKazaTtean hp OoJbIe HOMS HO MEHbINE €IUHUIIBI C IITIOCOBBIMH HIIN
MUHYCOBBIMU 3HAKAMHU.

Takum 06pa3zoM, aHanu3 npusHaka 50% 1BeTeHus Mmokasaia, 4To THOpuabl ¢
y4acTHEM CKOpocTenbiXx Gopm GopMUpYIOT OoJiee CKOPOCTIEbIe TOTOMCTBA, a TH-
Opuau3aiis KOHTPACTHBIX POJUTENEH 00pa3yloT MOTOMCTBO MPOMEXYTOUHBIM
TUIIOM HacJIeJOBaHUS.

Buigoowi:

1. ITokazarenu k03¢ (HUIMEHTOB JOMUHAHTHOCTH, YKa3bIBAIOIINE HA Xapak-
TEp HAcCJIEeJI0BaHUS NMPU3HAKA, CBUAETEIbCTBYIOT, YTO U3 30 ruOpuIHbIX KOMOUHA-
Ui B 4-x ciaydyaeB HaOMIOJAETCS CBEPXIOMUHUPOBAHUE WM TE€TEPO3HC, TaK KaK
hp>1. [TonHOoe toMUHUpPOBaHKE 0OJIEE CKOPOCIIENOrO POUTENSI OOHAPYKUBAETCS B
3-x xomOuHanusx, To ectb hp=I. [IposiBisieTcss Takxke MOTHOE TOMHUHHPOBAHUE
OJTHOTO M3 TIO3HUX POAUTENEH, rae hp=-1, 3To nMeno mecto B 4-X KOMOMHAITHSX.

2. HeraTuBHbIi1 reTepo3uc, Wik KOorja noka3aTenu ruopua oka3aaiuch HIXKE
MO3/HO CTIETBIM POAUTENS ¢ KOAP(UIIMEHTOM JOMUHAHTHOCTH hp<-1 oOHapyx’eHO
B 6 koMOuHanusix. Hanbonee uncio cmyyaeB HaOIOAAETCS C IPOMEKYTOUHOM TH-
e HACNEJOBAHMS C HEKOTOPBIM YKIIOHEHHEM CTOPOHY JIYUIIIETO WM XYJIIETO po-
IUTENs, TAe MoKazarenu hp 6oJblie HOJS HO MEHBIIIE €MHULIBI C TUTFOCOBBIMU HITU
MUHYCOBBIMU 3HAKAMHU.

3. Anamu3 mpusHaka 50% mBeTeHHUs TMoKa3aja, YTO THOPUIBI C y4acTHEM
ckopocnenbix GopMm GopMUPYIOT 0oJjiee CKOpOCIeIble TOTOMCTBA, a THOpUIU3a-
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U KOHTPACTHBIX pOI[PIT@J'IGﬁ 06pa3y10T MMOTOMCTBO TIPOMCKYTOYHBIM THUIIOM
HaCJICAOBAaHUA.
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IOPEKTUBHOCTD PECYPCOCBEPET' AIOIIUX IEXHOJIOFI/IFI
B BUHOI'PAJAPCTBE KABAPJANHO-BAJIKAPCKOHU PECITYBJIUKH

Tamaxuna A.A.

npodeccop kadeapbl TOBAPOBEACHUS

Kabapanno-bankapckoro rocy1apcTBEHHOTO arpapHOTO YHUBEPCUTETA,
Poccus, r. Hanpunk

Tuee b.P.

acrupaHT Kadeapsl TI0/I00BOIIEBOJICTBA M BUHOTPAIapCTBA
KabapanHo-bamkapckoro rocy1apcTBEHHOTO arpapHOTO YHUBEPCUTETA,
Poccus, r. Hanpuuk

[To pe3ynpTaTtaM HCCIEIOBAHHUS YCTAHOBIIEHO, YTO OMOJIOTHYECKOE COIEpIKAHUE MOYBBI
Ha BUHOTPAJHMUKE MO CPABHEHHMIO C TPATUIMOHHBIM (YEPHBIM Map) COCOOCTBYET MOBBIIICHUIO
IJI0JIOPOJIMSL TIOYBBI, YPOKaWHOCTH M KayecTBa BUHOTPAJa, MOBBIIICHHIO PEHTA0EIbHOCTH TMPO-
M3BOJICTBA BUHOTPAIHOTO CYCJIa M CHI)KEHUIO SHEPreTHYECKUX 3aTpaT Ha cOOp yporkasi.

Kniouesvie cnosa: BUHOTpaj, pecypcocOeperarone TeXHOJOTUH, M0YBa, MIOJA0POAME,
peHTa0eIbHOCTh, SHEPrETUUECKUE 3aTPAThI.

Crparerueil pa3BuTusi BUHOrpajgapckux xo3sictB KbP Ha coBpemeHHOM
JTane SBISETCS MHTEHCU(UKALUs IPOU3BOJCTBA MPOAYKIMU BUHOTPAAAPCTBA, B
OCHOBE KOTOPOH JIEKHUT MIUPOKOE MPUMEHEHNE JOPOTrOCTOSIIMX CPEJICTB MEXAHU-
3al1u, T.€. YBEIUYEHUE PECYPCOEMKOCTH OTPACIIH C LEJIbIO MOBBIIICHHS YPOKall-
HOCTH BUHOTpana. Mexay Ttem 10 88% BO3MOXKHOTO ypoxkasi BUHOTpaaa Tpedye-
MOTo KauecTBa (popmupyercsi mouBoid. B cBsizu ¢ 3TUM, NpU KyJIbTUBUPOBAHUU
HACaXX/IeHWH BUHOTpaJia nojjep:kanue 3pQeKTUBHOrO TUIOAOPOIUS U €r0 BOCIPO-
W3BOJICTBO SIBJISIFOTCS OJTHOM M3 TJIABHBIX 3a]1a4 BUHOTpajapcerna [ 1, c. 32].

B ocHoBe amanTuBHO-TaHAIMA()THON CHUCTEMBI BEACHHS BUHOTpAZa JICKHUT
CTPOro€ COOTBETCTBHE CUCTEMbI BEJICHUS HACAXKICHUI pesibedy, KIMMaTy, IoYBaM
Ha OCHOBE NPUMEHEHHUS SHEPro- U pecypcocOeperaronmx OMOJIOTU3UPOBAHHBIX
CHUCTEM M TEXHOJIOTMI BO3JIENbIBAHUS, B YACTHOCTH, IPUMEHEHHUS CUAEPATOB, 3a-
JICPHEHUS CeSTHBIMU TpaBaMH WM ecTeCTBEHHOU uiopoit [2, c. 30]. [To cpaBHEHHIO
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C YEpHBIM IapOM 3TU npueMsbl Ha 45-50% cokpalnaroT Tpya03aTpaThl U SHEProeM-
KOCTh BO3JEJIbIBaHUSI BUHOTPaaa. B CBA3M C BbIIIE U3T0KEHHBIM MPAKTUYECKUM
WHTEpEC MPEACTABIsCT BHEAPEHUE U M3yueHue 3PGHEeKTUBHOCTU pecypcocOepera-
romux TexHosioruii B BuHorpagapctse KbP. Ilenbro paboThl cTano u3ydeHue 3Hep-
TeTHYECKOW U DKOHOMUYECKON A((HEKTUBHOCTH 3amaxvBaHUS B MOYBY MEXKIypsi-
Il BUHOTPAJHUKA U3MEJIbYEHHON BUHOTPAJAHOM JIO3bI U 3aTy’KEHUS MEXKTypaIni
0000B0-3]1aKOBO TPABOCMECHIO.

WccenenoBanus MpOBOAWIIA HA BUHOIPAJIHHUKAX copToB JleBokymckuii u Ilo-
napok Marapaua B npearopHoit 3oHe KBP Ha anitoBUanbHBIX JYTrOBBIX MOYBAX.
N3menpbuenne oOpe3aHHON J103bI MPOW3BOJIUIIOCH HUTATBIHCKAM H3MEIbYUTEIIEM
no3bl CRY. BL AA, arperatupoBanHbiM ¢ TpaktopoM «bemapyce 80.1». M3mens-
YeHHYIO0 J103y pasmepom 40-50 MM 3amensiBayii B ouBy auckatopom b/ 4*411 B
MEXAYPALIbS YEPE3 PAJl paHHEN BeCHOW. KOHTpOob — uepHblii nap.

AP hEeKTUBHOCTD IEPHOBO-TICPETHONHON CHCTEMBI COJICPKaHUS TOYBBI MEXK-
Oypsaauil n3ydanu Ha BuHorpaze copra [lomapok Marapada Ha CKJIOHE KPYTU3HOM
oonee 10° myTeM YepecHoONIOCHOTO 3alyKEHUS MEKIypAAnuii 6000BO-371aKOBOM
cMechio. TpaBbl BbICEBAIM B TPEThEH JIeKaJe MapTa MO LHEHTPY MEKIYPSAUM 1Iu-
punoit 1,4 m cesuikoit C3H-1,4 ¢ rimyOuHoM 3anenku ceMsiH 2 cM. [[s moceBa uc-
MOJIb30BAJIM TPEXKOMITIOHEHTHYIO CMECh (OBCSHUIIA JIyrOBasi, TUMO(EeBKa JIyroBas,
JIJIBEHEIl pOraThlif) ¢ JOMUHUpPOBaHMEM JisifBeHIa poratoro (43%). Exxeromno
TPaBOCTOM CKamMBajiu Ha BeicoTe 10 cM: B mepBbIil o1 1 ykoc, B MocCienyromme
nBa roja — 2-3 ykoca. CKOIIEHHYIO HAaJ3€MHYI0 MacCy OCTABIISUIA B MEXAYPSAbIX
UL MyJIbYMpOBaHus 1Mo4Bbl. Ha Tpetuii ron nmpou3BeneHO 3araxuBaHUE MOYKOC-
HBIX U KOPHEBBIX OCTATKOB B MO4BY. KOHTpOJIb — YepHBIil map.

3anenka U3MENbUCHHOM J103bl CIIOCOOCTBYET YIYUIIEHUIO arpo(pu3nIecKux
CBOMCTB IIOYBBI BUHOI'PAIHHUKA. 3aI1achl JOCTYITHOW PACTEHUSAM BJIaru JOCTOBEPHO
IpeBbILIAIN KOHTPosb B ropuzoHTe 10-20 cm — Ha 22-27%, B ropuzonte 30-40 cm
— Ha 23-25%. I1o cpaBHEHUIO C KOHTPOJIEM IUIOTHOCTD CIIOKEHHS U3YYEHHBIX M0Y-
BEHHBIX TOPU30HTOB cCHU3MIAch Ha 9,2-11,2%. Jlons obmiero a3ora B BapHaHTE C
3araikoi J103bl coctaBuia 8,45% oT copepxanusi rymyca (B KoHTpouse — 6,45%),
a jerkoruapoiuszyemoro azora — 7,91% ot oOmero azora (ropuzont 10-20 cwm),
npeBbICUB KOHTpOJb Ha 0,5%. Ilpu 3aaenke W3MEIbYEHHOUR J03bl YCTAHOBJIEHO
MOBBIIIEHUE OMOJIOTHYECKOM aKTUBHOCTU MOYBHI B 1,4-1,5 pasza mo cpaBHEHHIO C
KOHTpOJIeM. 3amaxruBaHue U3MEIbYCHHON JI03bI CITOCOOCTBYET YBEITUUYCHHUIO BBIXO-
na coka Ha 4,5-6,6% u TIOBBIIEHWIO MAacCOBOM KOHILEHTPAIMKM CaxapoB Ha
0,3-0,5 /100 cM’ [3, c. 60].

[Ipu 3amyxeHUH MEXKIypAIUi MHOTONETHUMH TpaBaMud Kod()HIMEeHT
CTPYKTYPHOCTH TOYBBI [0 CPAaBHEHUIO C KOHTpOJEeM Bo3poc B 1,6-1,8 paza, cymma
arpOHOMMYECKHX IIEHHBIX arperatoB B MaXOTHOM ciioe yBenuumiack Ha 14,4%, a B
noarnaxoTHoM — Ha 10,4%. BomonpoyHocTh arperatoB BO3pociia B TaXOTHOM CJIOE —
Ha 10,9%, B moamaxotHom cnoe — Ha 23,2%. C yderom ko3 PuiieHToB rymudpu-
Kallid PacTUTENbHBIX OCTATKOB U Kod(dulMeHTa MUHepaIu3aluu CyNeCUaHbIX
MOYB MPHUXOJ BHOBb 00pPa30BaHHOTO rymyca Ha TpeTuil rox cocrasui 5,07 1/ra.
O6miee coaeprkanue rymyca Bo3pocio ¢ 2,62% no 2,79%. Hakomnnenue opraamnde-
CKOM Macchl B MOYBE B PE3yJIbTaTe 3aTy>KEHHUs] MHOTOJIETHUMHU TpaBaMU M CHUXKe-
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HUS MEXAHU3MPOBAHHBIX ONEpAlMi MO yXOAy 3a BUHOIPAJHBIMHM HACAXKICHUSIMU
CIIOCOOCTBYIOT YMEHBIIICHHUIO TNIOTHOCTH MOYBHI B MaXOTHOM ropu3onTe Ha 0,14, B
noAnaxoTHoM ropuszonte — Ha 0,08 r/em’. C YYETOM €XKETOJHOTO 3araxvuBaHUs
OCTaTKOB M3MEJIBYEHHOU JI03bl, IOYKOCHBIX, KOPHEBBIX U CTEPKHEBBIX OCTATKOB
0000B0-37TaKOBOM TPAaBOCMECH 3aIlachl TyMyca B ITO4Be BO3pociu Ha 2,82%.

[Ipu 3amyxeHun coxaepkaHue azora B ropuzoHTe 0-20 cM BO3pocio 1o
cpaBHeHHto ¢ KoHTposieM Ha 0,08%, a Ha riyoune 20-40 cm — Ha 0,06%. Conep-
KaHUE JIETKOTUIPOIU3YEMOr0 a30Ta MPEBBICUIIO KOHTPOJb Ha riayoune 0-20 cM B
1,7 pa3a, a B moanaxoTHOM ropu3oHTe — B 2,2 pasa. [lons obiero azora coctaBuia
8,74% ot copepkanus rymyca (B KoHTpose 6,45%). Jloas nerkoruapoan3yemoro
a30Ta B BapuaHTE C 3ajykeHueM cocraBuiua §,5% Ha rimyoOune 0-20 cM u 8,2% Ha
rinyoune 20-40 cM, nmpeBbICUB KOHTpOJb B 1,7 1 2,0 pa3a cooTBeTcTBeHHO. brioio-
rudeckasl akTUBHOCTb IOYBHI Bo3pocia B 1,5-1,6 pa3a 1o cpaBHEHHUIO C KOHTPO-
nem. B BapuanTe ¢ 3amyxeHHEM HaOMIOAAeTCs yBEIMUYEHUE YPOKAWHOCTH BUHO-
rpana Ha 2,8-3,4% 3a cuer Bo3pacTtaHus cpeaHero Beca rposau (ua 0,2-0,6 r); mo-
BBILICHHE MACCOBOIl KOHIIEHTpAIMH caxapoB Ha 0,2-0,6 T/CM’ 1 CHIKEHHE THTPY-
eMbIX KuCI0T Ha 0,2-0,3 r/am’.

C yuerom cpenHelt ypokaitHoctu BuHOrpazga Ilomapox Marapaua Ha uyep-
HoM nape 31830 kr/ra, a pu 3anepHeHun — 32912 kr/ra, sHeprosarparsl Ha Mpo-
M3BOJICTBO | II CBHIPOM MaccChl TPO3/eH BUHOTpaZa B OMOJOTUYECKON CHUCTEME CO-
Tep)KaHusl BUHOTPAIHUKA CHIKAIOTCS Ha 17%, a oOmme sHepro3aTpaThl Ha Beje-
HUE BUHOTpamHuka — Ha 15,8%. PeHTabenmbHOCTh TPOM3BOACTBA BHHOTPAIHOTO
cycia Ipy TPaJAULIMOHHOM COJEpKaHWU MOYBHI (YepHbIN map) coctasisieT 45,7%.
buonoruueckoe conep:kanue MOYBBI BEJAET K MOBBIIICHUIO PEHTA0EIBHOCTH TMPO-
u3BojcTBa cycia Ha 0,8% 3a cyeT MoBBIICHUS ypoxkalHOCTH Ha 3,4% U BbIXOJa
cyciia Ha 6%.

Takum o0pa3om, nmpuembl OMOJOTHYECKOTO COAEP)KaHUsl MOYBBI BUHOTPA-
HUKOB (€KEroJJHOE 3alaxMBaHWE U3MEIbYEHHON BUHOTPAIHOM JIO3BI U 3aIyKEHHE
0000B0-3]1aKOBOM TPABOCMECHIO Y€pe3 MEXKIYPSAIbE) CIOCOOCTBYIOT MOBBIIIICHUIO
PEHTa0EIbHOCTH MPOU3BOICTBA Cycia MPU OJHOBPEMEHHOM CHUKEHHMM SHEeprosa-
Tpat Ha cOop sroa. CienoBaTebHO, pecypcocOeperarone TeXHOJIOIHH CoIepKa-
HUS MOYBBI B BUHOTPAJAAPCKUX XO3SIMCTBAX SIBIISIIOTCA OAHUM U3 BaXKHBIX HETOCY-
JApCTBEHHBIX PECYPCHBIX MOTEHIIMAIIOB pa3BUTHS ceslbckoro xo3siictsa KBP.
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N3YUYEHUE COAEPKAHUSA CAXAPA B CTEBJIAX COPI'O

Toeonoues T.

no1eHT Kadeapol ['eHeTrka, ceeKus 1 CEMEHOBOJCTBO C/X KYJIbTYP
AHJIM)KaHCKOTO CEJIbCKOXO03IMCTBEHHOTO MHCTUTYTA, KaHI. C.-X. HAYK,
V30ekucran, r. AHIMKaH

Pycmamosa I.

accucTeHT Kadeapsl [ eHeTnka, CEeNeKIus 1 CEMEHOBOCTBO C/X KYJIbTYP
AHIMKAHCKOTO CEITbCKOXO03SHUCTBEHHOTO HHCTUTYTA,

V30ekucraH, r. AHIWKAH

Xycanos b.

acCUCTEHT Kadeapbl [ eHeTHKa, CEIeKIUsI U CEMEHOBOCTBO C/X KYJIBTYD
AHIMKAHCKOTO CEJIbCKOX03IHCTBEHHOIO HHCTUTYTA,

V306ekucran, r. AHIMKAH

Habueesa H.

accucteHT Kadenpsl ['eHeTrnKa, CENEeKIUsI 1 CEMEHOBOJICTBO C/X KYJIBTYP
AHANKAHCKOTO CEJIbCKOXO3SIMCTBEHHOI'O MHCTUTYTA,

V306ekucraH, . AHIKaH

Copro Sorghum Moench oTHOCHTCSI K CEMEHCTBY MSTIMKOBBIX W BKIIOYAaeT MHOTOYHC-
JICHHBIX BUJIOB BO3JIEJIBIBAEMOTO COPTO U TPYIITY MOMYAUKUX U TUKUX pacTeHui. I1o HeKoTopbIM
JTAHHBIM COpPro ObLIO BBEAECHO B KyIbTYpy B Adpuke 3a 2500-3000 et g0 Hamiel 3pbl. Jta pac-
TEHUE JaBHO BBIPAIIMBAIOTCS KAK 36pPHOBBIX M TaKk KOPMOBBIX pacTeHus B Cpenneit Asuu u Bo-
croka. Ero 3epHa ynoTpeOIsOTCs Kak IMIIEBOrO, a U3 CTEOJIs MOJIB3YIOTCA KaK BBICOKOKAJIO-
PHUIMHBINA MPOIYKT [T )KUBOTHOBOICTBA. PacTeHne oueHb YCTOHYMB HEOJIArONpPUATHBIM yCIOBU-
M KaK BBICOKOT'O COJEp KaHUS COJEH B MOYB, )KAPOYCTOMUUB M MOXKET PacTU caMmoe Hebsaro-
NPUATHON MOYBEHHOM KJIMMAaTHYECKMX YCIOBUSAX M COPro OTIMYAETCs YPE3BbIUANHO OONBIINM
pasHooOpa3reM BUI0B, TOIBUIOB U Pa3HOBUIHOCTEH.

Kniouesvie cnosa: Copro, caxap, OHOITaHON, 3aCyXOYCTOWYUBOCTh, 3€pHO, TAaHUH, CH-
HUJIbHAS KUCJIOTA, 3eJICHHas Macca, PepPMEHTBI, TOJIMMEPHI, KaJTopus

[To nmuTaTenbHBIM CBOMCTBAM 3€pHO U 3€JIEHAs Macca COpro MOYTH HE YCTY-
MarT KyKypy3e, a B HEKOTOPBIX perruoHax u npeBocxoast e€. Kpome dypaxa 3ep-
HO COPTO MCHOJIb3YETCs ISl CIMPTOBOM M KPaxMaJIONAaTOUYHOM IPOMBIIIEHHOCTH.
TexHuueckoe copro MUPOKO UCIONB3YETCS JUIsl TPOU3BOACTBA PA3IUUHBIX METEN
Y BEHUKOB [1].

MHorue BUIbI COPro Hapsiay C BBICOKMM Ka4yeCTBOM 3€pHA U 3€JIEHON MACCHI
COJIEpP>KAT B 3€pHE TAHHUH U CUHUJIbHYIO KHCIIOTY B JIUCTBSIX U CTEOJISIX pacTEHUH,
YTO B HEKOTOPBIX CIIy4asix MPHUBOJMWIIO K OTPABIICHUIO KMBOTHBIX [4]. A mpu Xpa-

62



HEHUU CTe0JI B TeUeHHE 2-4 HeeNr MOCTENEeHHO YMEHBIIAIOTCS KOJIMYECTBO Bpe-
JIOHOCHBIX BEIIECTB U CTAHOBUTHCSI BHICOKO KAJIOPUMHBIM KOPMOM JIJISl 5KUBOTHBIX
[2]. A u3 cTebas cOproBOro pacTeHHe KOTOpoe, HaumHash ¢a3bl TUIOAOHOIICHHE
HAKaIJIMBAETCsA JIOCTATOYHOM KOJIMYECTBE PACTBOPUMBIEC caxap KOTOPBIE MOKET
OBITh MOJyYEHBI B IPOMBINIICHHBIX MaciITabax.

CaxapHoe copro M CyJaHCKas TpaBa XOpPOLIO 3apeKOMEHI0Bajiu ceds B
CMEIIaHHBIX TOCeBaxX ¢ 00OOBBIMH TpaBaMH, KyKypy30i, mojacomHeqHukom. Cou-
HBI cTeOenb, OoraThlii caxapaMu MO3BOJISET MOIyYaTh COATAHCUPOBAHHBIA CHIIOC
Y CEHaX, IPH 3TOM MPOAYKTUBHOCTH TTOCEBOB OCTAETCS OYEHBb BBICOKOH [2].

Copro — cBeToNIt00MBOE pacTeHHne KOPOTKOTO JHS. DTO 00YyCIOBIEHO, MPHU-
CIIOCOOJICHHEM €r0 K BBICOKOMY COJHIIECTOSIHUIO U CBSI3aHO ¢ 00JbIoil TpeboBa-
TEJIbHOCTBIO K HANPSKEHHOCTU KOPOTKOBOJHOBOM paguanuu. Y OOJbIIMHCTBA 00-
pasLoB COPro Mpu KOPOTKOM JIHE BEreTalus COKpAILAeTcs, a IpU JIMHHOM — yBe-
nuuuBaeTcs. B To ke Bpems UMEIOTCS HeUTpaiabHbIe U Ca00-4yBCTBUTENBHBIE K
MPOIOHKUTEIIFHOCTH JTHS copTa U popmMbI copro [1].

B MupoBbix MacmiTabax TEXHUYECKHE CaxapOCOJEpKalllue pacTeHUs OYEHb
OTpaHUYEHBI, caxapa JOOBIBAIOT B OCHOBHOM CaxapHOW CBEKJIbI M CaxapHbIU
TPOCTHHUK. B 3e1eHHOI Macce caxapHOro TPOCTHHKA COAEPIKAHMS caxapa COCTaB-
ngeT Bcero 6-8%, mpuyeM 3TO pacTeHUsI MIPOU3PACTAET, TOJIBKO YMEPEHHBIX yCII0-
BUSIX, IJIE CPEIHECYTOUYHAsl TEMIIepaTypa U BIAXKHOCTh BO3/AyXa JOJKHA OJIM3KO K
CyOTpONUYECKOMY KIIMMATY.

[lenp HacTOSIIETO MCCIENOBAHUA SIBISICTCS M3Yy4YEHUs JUHAMHKA COZIEpIkKa-
HUS caxapa B pa3jMuYHbIX (a3zax pocrta pa3Butus pacteHus. OOBEKTOM UcCcIe10Ba-
HUS CITy’)KUJIM cOpTa copro-Y30ekucran-1, Y30ekucrtan-3 v u3iaHo KyJbTUBUPYE-
MBIl copT-Jlkyrapa. Pactenusi BeIpamuBaiu B y4eOHO-OMBITHOM XO3SHCTBE AH-
JIMKAHCKOTO MHCTUTYTa CeJIbCKOro xo3siictBa B TeueHue 2011-2013 romax. Co-
JepKaHUs caxapa ONpeesiid METo10M pedpakToMeTpuu, caxapomeTpom RL-30.

VYpoxkaitHocTh 3epHa B cpenHeMm 3.2-3.4 1/ra, B coctaB 3epHa BXoasT 68-
80% yrneBonpl, 8-15% mnporeunsl, 1-3% mnunuabl, 1-2% xneruatku u 1.5-3%
30JIbHBIE 3JIEMEHTBI. YPOXKAWHOCTh 3€JEHHON Macca mpesbimatoT Ooinee 40-50
T.ra. B crebnsax pacTteHus B mpolecce MJI0JOHOUIEHUS U pOCTa, pa3BUTHS HaKarll-
JTUBAIOTCSI OOMIIBHOE KOJIMYECTBO PACTBOPUMBIX caxapoB. Mx KoHieHTpamus B Qa-
3¢ co3peBaHMA pacTeHms gocTturaercs a0 15-18% um Gomnee. OgHako 3TO TMOKa3a-
TeJb B MPOIIECCE CO3PEBAHUS PACTEHUS 3HAUUTEIbHO YMEHbIIACTCS.

Tabnuna
Copep:xaHusi caxapa B pa3jIHuHbBIX y3J1aM COPro
Vien 5.VIII 15.VIII 1.IX 151X 1.X 15.X
1 10.3 12.7 13.4 13.0 12.7 12.1
3 11.1 13.8 16.2 15.4 14.4 14.0
5 14.6 18.4 20.3 19.1 16.8 16.2
7 13.4 17.2 19.1 17.8 16.1 16.1
9 10.7 14.4 16.4 14.4 13.4 14.7
Cpennee 12.0 153 17.1 17.2 14.7 14.4
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Kak BuHO M3 TaOAMYHBIX JAHHBIX JUHAMHUKA HAKOILJIEHUS caxapa B pas-
JIMYHBIX YacTsX cTeOJIsl HEOIMHAKOBA TakK, B (pa3e MIIOJAOHOIICHNS aKTUBHO HaKall-
JUBAIOTCS PAaCTBOPUMMBIE KOMIUIEKC caxapoB. B mepmosn co3peBaHHs CeMsH KOH-
LEHTpAlMsI caxapoB MOCTENEHHO CHUXKaeTcs. A moclie yOOpPKH 3TOT THoKa3aTenlb
YMEHBIIAETCS 1O MUHUMYMa.

B cocraBe crebnst conepkutcs HEOONBIIOTO KOJMYECTBO HEXKENATEIbHbIE
OpPraHMYECKHX COCIMHEHUN HEM3BECTHOTO MpoucxoxaeHus. OmHako nocue yoop-
KM B T€UEHHE HECKOJBbKUX JIHEW BpEIHbIE CBOWCTBA CTEOJI MOCTENIEHHO YMEHb-
HIar0TCs, ¥ 0co00ro Bpedaa He Hec€T. Ero MOKHO HMCHONB30BaTh B KOPMOBBIX
LESIX.

[Tocne yGopku 3eneHblii Macchl KOJUYECTBO YIJIEBOAOB JIOCTUTAETCs J10 6-
7% ot obmero Maccel pactenus. [Ipu nepecuere cplporo caxapa Ha rektap Moiy-
gaem 2.0-2.4 1/ra [lyTeM TEXHOJOTUYECKUX OYHCTKH OT MPUMECEH MOXKET OBITh
MOJIYYEHBI CTOJIOBBIE caxapa WU MyTeM UX OpPOXKEHUS SKOJIOTHYECKH YUCTHIM TOTI-
J1Ba — OMOATAHOIL.

[To HamMM Kccaen0BaHHBIM JaHHBIM TOCIE€ YOOPKHU COPro, B €ro credssax
KOHIIEHTPAIIMM PACTBOPUMBIX YIJIEBOJOB MOCTENEHHO, 3aKOHOMEPHO YBEINYMBa-
etcs. B cpennem 3a 8 Henenu HaOIO1aJICs MOBBIIICHUS KOJUYECTBO caxapa Ha 2-
2.5 %. DTOro MOXHO OOBSICHUTH, YTO aKTUBHOCTH CaxapoOpasyromux (pepMeHTOB
COXpaHsIeTCsl, B CBSA3M 3TOr0 B CTEOJISIX U3 BBICOKOMOJIEKYJSPHBIX MOJIMMEPHBIX
YIIIEBOIOB CUHTE3UPYHETCS M HAKATUTMBAETCS PACTBOPUMEIE caxapa.

B ycnoBusx cpenneit A3uu copro MOKeT ObITh UCIOJIB30BAHbBI KaK caxapo-
cojepKaume Kyinbrypa. B kaxaplii rektap MoxKeT ObITh noiyueH 2-2.4 1. Ceiporo
caxapa. Ero moxet ObITh UCHOJIb30BaH KAK MUIIEBBIX M TAK TEXHUYECKUX IIEJISX.
[Tyrem OGMOTEXHOJIOTUU C JIETKUM ITyTEM CHHTE3UPYIOTCS OMOITAaHOJ KOTOPHIN SB-
JsieTCsl BBICOKOA(D(PEKTUBHBIM TEXHOJIOTHS YEM 3€pHA.

Cnucok JiuTepaTypbl
1. Kanamnuk H.C. Copro- craTthst u3 boubiioii coBeTCKON SHITMKIONEANH.
2. AzuzoB K. «M3yuenue caxapuoro copro» AGROILM 2009. Ne 1.
3. TonBonaues T., Pycramosa I'. «M3y4yenue coctaB yrieBoaoB B cTeOsixX copro» // AH-
mkoH 2008 i. 17-18 oer.
4. TonBonaueB T. buostanon tormBo Oyaymiero // Pons mapTHepcTBa B pa3BUTHIA
NPEINPUHUMATENILCKON ASITEIbHOCTH MKy yueOHbIME 3aBeaenusmMu 2007 T.
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PE3YJIbTATHI ONIBITOB 110 CO3JJAHUIO YCTOMYUBBIX COPTOB
XJIOMMYATHUKA K BPEAUTEJISAAM

Deamoe X.

To1eHT Kadeapsl ['eHeTrKa, CeeKIus 1 CEMEHOBOACTBO C/X KYJIbTYP
AHAMKAHCKOTO CEJIbCKOXO03SIMCTBEHHOTO UHCTUTYTA, KaH/. C.-X. HaYK,
V306ekucran, r. AHIMKaH

Paxmonoe 3.3.

JOIICHT Kadeaphl [ eHeTHKa, CEIEKIUSI ¥ CEMEHOBOJCTBO C/X KYJIBTYD
AHIMKAHCKOTO CEIbCKOX035HCTBEHHOTO MHCTUTYTA, KaH/. C.-X. HayK,
V30ekucran, r. AHIWKAH

baxpomos C.

JOIICHT Kadeapsl [ eHeTHKa, CEIeKINI ¥ CEMEHOBOCTBO C/X KYJIBTYP
AHIMKAHCKOTO CEIbCKOX035HCTBEHHOTO MHCTUTYTA, KaH/. C.-X. HayK,
V306ekucran, r. AHIWKAH

Pacynoes C.

aCCUCTEHT Kadeaphl [ eHeTHKa, CEIEKITUSI M CEMEHOBOCTBO C/X KYJIBTYD
AHIMKAHCKOTO CEJIBCKOXO03IHCTBEHHOI'O HHCTUTYTA,

V30ekucTaH, r. AHIWKAH

Mupxomuooea H.

accucTeHT Kadeaps! [ eHeTHKa, CeNeKIus 1 CEMEHOBOJICTBO C/X KYJIBTYP
AHIMKAHCKOTO CEITbCKOX03SHCTBEHHOTO HHCTUTYTA,

V306ekucran, r. AHAWXKAH

Paxumoes T.

accUCTeHT Kadeapsl I eHeTHKa, CeeKIUsI 1 CEMEHOBOACTBO C/X KYJIBTYP
AHJIMKAHCKOTO CEIHCKOX035UCTBEHHOTO MHCTUTYTA,

V3b6ekucran, r. AHIMKaH

Mupaxmeodos D.

aCCUCTEHT Kadeaphl [ eHeTHKa, CEJIEKITNS 1 CEMEHOBOACTBO C/X KYJIBTYP
AHIMKAHCKOTO CEITbCKOX03IMCTBEHHOTO HHCTUTYTA,

V30ekucTan, r. AHIWKAH

B craree noaHATH npoGiieMBbl, CO3aHUsl YCTOMYHUBBIX COPTOB XJIOMUYATHUKA K COCYIIUM
U TpbI3ylUM BpenuTensiM. OnbIThl NPOBOAMINCH y ruOpuioB 4,5,6 mokonenuil. OToOpaHsI
YCTOMUYMBBIE THOPUIBI XJIOMYAaTHUKA K BPEIOHOCHBIM BPEIUTENSIM, KaK TS, MAyTHHHBIA KIIEIl,
KOpOOOUHBI 4epBU. Pe3ymbraThl NMpOBENEHHBIX OMBITOB IMOKA3aJId yCTOWYMBOCTH THOPHIIOB
Nobpar x ArmmwkoH-37 x Tiusim coctaBwio (0%), k mayruaHOMY Kienry MOpaT X AHImKoH-36
(0%),kopobounoit uwepu HOpar x AwrmmwkoH-37(0%). [lpu u3ydeHHue TEXHOJOTHUYECKHUX
MIOKO3aTeJIell KauecTBa BOJIOKHA CaMble BBICOKHE Pe3ysIbTaThl onpezaeneHs! y rubpumaos 09217 x
AnmmkoH-36  m Hbpar x AvmmwkoH-37. Onm  Oynyr w3ydeHsl Ha “KoHkypcHOM
coproucnbiTanue”. M3 HBIX cample Jydmiple JUHUM OyayT TepeiaHbl KOMHCCHH
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['ocynapCTBEHHOrO COPTOMCIIBITAaHHST MMHUCTEPCTBY CEIBCKOTO ¥ BOJHOTO  XO3SIMCTBO
PecniyOnuku Y36ekucras.

Kniouesvle cnosa: XNOMYaTHHUK, COPT, THOpPHUMA, JIMHWSA, KOMOWHAIUS, CeMs, UTHHA
BOJIOKHA,BBIXOJI BOJIOKHA, YPOXXAWHOCTh, MHKPOHEHp, TMAyTHHHBIA KJCHI, TJs, KOPOOOUYHBIC
YEPBH.

Jlist mosrydeHus: OYeHb CKOPOCIIENBIX,BBICOKOYPOKANHBIX, POMBIIITIEHHBIX
COpPTOB XJIOITYATHUKA HY>KHO MPOBOAUTH MOCTOSTHHbIEC, O€3MpepbIBHBIE HAYYHO-
uccienoBarenbckue padoTel. Ha CcOBpeMEHHBIX XJIONKOBBIX TMOJSX MHpa K
CHI)KEHMIO POCTa U Pa3BUTHE XJIOMYATHUKA BIUSAIOT BPEAUTENU Kak TJis, TPUIIC,
NAayTUHHBIA  KJIell, KOPOOOYHBIM dYepBH, TOMMO3, KOpHeBas THWIb [1].
CBoeBpeMeHnHas 1 3¢ dexTuBHAs 00pHOa C COCYIIUMHU U TPHI3YIIUMHI BPEAUTEIIMU
XJIOITYATHUKA MPUBOJUT CO3JAHUIO YCTOMYMBBIX COPTOB XJjom4yaTtHuka. [l
CO3JJaHUs TAKUX COPTOB MPOBOJIUIUCH ONBITHI [4.5.6].

B Teuenune 2012-2014 romoB B AHIMKAHCKONW 00JIACTH TPOBEACHBI
uccienoBaHuss Ha 9 KOMOMHAIUSX,IOCEEHBI YETBIPEX  PSAKOBBIX,YETHIPEX
noBTOpHOCTSIX, 50 nyHouHbIX 1O cxemMe 90x20-1. Yuérsl u HaOdrOACHUE
MPOBOJWINCH IO METOJUKE [2], MaTeMaTu4eckasi 00paboTKa JaHHBIX 10 METOAY

[3].

Tabmuma 1
[oBpexnennss ruOPHUI0B BpeIUTEJIAMH XJI0MYATHUKA, Y (CEHTAOPSH)
CraHaapt u rHGpHbI Tus [MayrnHHUH Kopo6ounsrii
KJIeTI] 4epBU
AHIKOH-35 (cTanaapT) 10,5 9,0 4,5
AnnnmxkoH-35X AHIKOH-36 6,5 9,0 1,5
AnamxoHn-35xM6par 6,0 0 0
AHnnmkoH-36X AHIMKOH-37 5,5 2,5 2,0
AnmmkoH-36xM0par 10,0 11,5 3,5
No6paTtx AHIMXKOH-36 3,0 0 0
HobparxAnamxon-37 0 0 0
09217x AummxoH-36 2,0 1,5 4,0
09217x961-T 5,5 8,0 8,5
961-TxAuamxoH-35 12,5 10,0 0

[lens ombita: IlomyyaTh MCXOAHBIE THOPHUABI XJIOMYATHUKA YCTOWYMBBIX K
BpenutensiM, Bo Bpems mpoBeneHHE OMNBITH IMOKa3add YCTOWYUBOCTU K TIIIO
rubpua Mopat x Auauxon-37 (0%), MOpat x AHauk0oH-37 K HayTUHHOMY KJIEIIY,
N6pat x Auamkon-37 k kopobouHoit uepBu. Ha 1-tabnuiie npuBeaeHbl pe3yaTaThl
OTIBITA.

B nepuon pocta u pazButHs ruOpu10B HabIr0AaH 4 pas3a 1Mo MOBPEKICHUE
BpPEAUTENIIMU XJIOMTYaTHUKA.
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Tabnmma 2
Xo0351iicCTBEeHHO-IIEHHbIE MPU3HAKHN THOPU/I0B Y€TBEPTOr0, MATOTO M MIECTOT0 MOKOJIEHUS

Vpoxait | Bec ogHoit Brixon Jnuna Tun
Cranmapt u THOPHUIBI HOCTh, | KOpPOOO-YKH | BOJIOKHA, | BOJIOKHA, | BOJIOK- MHKUPO_
m/ra XJIONKa, T % MM Ha Henp
AHIKOH-35 (aHmo3a) 36,8 6,7 36,0 32,7 \% 4.7
AnmxoH-35X AHAMKOH-36 41,0 5.9 40,1 34,1 v 4.5
AnmmkoH-35xM6par 38.3 7,1 36,0 33,0 \Y 4.3
AHnmxoH-36X AHIMKOH-37 37,6 5.8 38,1 344 1A% 4.6
AnnnxoH-36xM06pat 37,2 7,2 40,4 33,8 1Y 4.4
Nb6parx Aunnxon-36 36,9 5,0 39,2 33,0 \% 4.5
No6parx Aanmxon-37 349 6,0 38,3 34,6 1Y 44
09217x AummxoH-36 423 7,4 39,2 33,2 A% 4.5
09217x961-T 41,3 5,9 37,5 34,0 1A 43
961-TxAHImKOH-35 38,6 6,2 39,2 32,1 \ 4.6

HCPys=1.6411/ra

[Io mamEpIM Tabn. 2 BumgHOo uro  09217xAnmmwkan-36(41,31/ra)
XapaKTepU3yeTcsl BBICOKOYPOKaMHOCTHIO. [lo Macce cwipria omHON KapoOOUKH
pUBOCXOMIN THOpUABI AHIKOH-36XM0paT (7,2 1) 1 Anmmwkon-35xM6par (7.1 1).

[To BeIXOmy BOJOKHA AHIUKOH-36x10pat(40,4%) mnokazanb BBICOKHE
pe3yabTaThl. BakHEWIIMMH MepaMH ONpeeeHUs TEXHOJIOTMYECKUX KadecTBa
BOJIOKHA SBJSCTCS JJWHA BOJIOKHA. B HameM ONBITe IO JIMHE BOJOKHA
oTIIMunIuCh TuOpuasl Mopar x Anamkon-37(34,6mm) u Anamkan-36xX AHamkaH-
37(34,4mm) .I1o mokazatensm MukpoHeiepa AuamkoH-36xMo6par (4,3) u 09217 x
Annmxan-36 (4,3) TMHUY TOKA3aJi CaMbl€ BBICOKHE PE3YJbTAThI.

B pgampHeWIneM  BBIIEIEHHBIE JMHUM BBICOKMMH  XO3SUCTBEHHBIMU
MoKa3aTeasiMu OYIyT U3y4aThCsl HA MUTOMHUKE “KOHKYPCHOTO COPTOUCTIBITAHUS .

N3 HBIX caMmbple JIydiipe JIMHUM OyAyT MepelaHbl  KOMHUCCUU
l'ocynapctBeHHOr0 copTOMCIBITaHUS MHMHUCTEPCTBA CEIILCKOTO W BOJHOTO
x03s11cTBO PecnyOnuku Y30ekucTaH.

Cnucok JiuTepaTypbl

1. Anmumyxammenos C.M., Ycnenckuii @M., Anunos 3.K. «F'y3a 3apapkypannanapu,
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CEKUMNA «HAYKN O 3EMIIE»

MN3YYEHUE BJIUSAHUA TEXHOI'EHHBIX ®AKTOPOB
HA ®OPMUPOBAHUE 'NIAPOI'EOXUMHNYECKOI'O OBJINKA
HPECHBIX ITOJA3EMHBIX BO/l B 30OHE PA3BBUTUA
CYPI'YTCKOI'O HE®GTEI'A30HOCHOI'O PAMOHA

Axorcanos P.C.

acniupant kadeapsl ['eonoruu MectopoxaeHuii HeTy U rasa,
WNuctuTyT reonoruu u HedTerazonoomnd,

TroMeHcKkHi rocy1apCTBEHHBIN HEPTETa30Bbli YHUBEPCUTET,
Poccus, r. Tromenb

B crarbe BiusiHUE TEXHOT€HHBIX (PaKTOPOB Ha (POPMUPOBAHUE THIPOTEOXUMHUEKOT0 00-
JIMKa IMPECHBIX IMOA3CMHBIX BOA paCCMATPHUBACTCA KaK TEXHOI'CHHOC BO3II€I>'ICTBPIC Ha II0OJA3€MHBIC
BOJbI CBEPXY U CHU3Y Ha MPUMCPE NPECHLIX MOA3CMHBIX BOA aTJIBIM-HOBOMUXAJIOBCKOTO I'OpU-
30HTa Ha TeppuTopru CypryTcKkoro He)Tera30HOCHOTO paiioHa XaHThI-MaHCHHCKOTO aBTOHOM-
HOT'O OKpyra.

Kniouesvie cnosa: TexHOreHHbIe (AKTOPBI, IMPECHBIE IOA3EMHBIE BOJbI, BO3JEHCTBHUE
CBEpXY, BO3/IEUCTBUE CHU3Y, aTJIBIM-HOBOMUXAWJIOBCKUI BOJIOHOCHBIN TOPHU30HT.

Bopna, sBnsisich BaKHENIIEW COCTABHOM YAaCThKO OKPYXKAKOUIEW CpPEIbl, 3aHU-
MaeT 0co00€ MOJIOKEHHE CPEer MCIOJIb3YEMbIX MPUPOIHBIX PECYPCOB, KOTOPOE
oTIpeIeIIeTCS KaKk OrPOMHOM, HE3aMEHUMOM POJIbIO €€ B T€OJOTHUYECKUX HOMOI0-
TUYECKUX MPOIECcax, TaK U 3HAYCHUEM B HAPOJHOM X03siiicTBe. TeM cambIM BIIH -
HUE TEXHOTCHHBIX (PaKTOPOB Ha IMOJ3EMHBIC BOJBI B HAIIIC BpEMs SBIISICTCS aKTY-
aJIbHOM TEMOM B KM3HH YEJIOBEKA.

TexHOreHHOE BIIMSIHUE HA IMOJI3EMHBIC BOJIbl MU3MEHSIET THMAPOXUMHUYECKUE,
TUAPOIMHAMUYECKHE, THApoTepMudeckue napametpsl. FO.I1. ['atTen6eprep, npen-
JIOKUJT CUCTEMATU3UPOBATH TEXHOTCHHBIE M3MEHEHHUS MOJ3E€MHBIX BOJ MO BIIUS-
HHUIO Ha HUX «CBEpPXy» U «CHU3Y» [1]. '0oBOpsl O TEXHOTEHHOM M3MEHEHHUE «CBEP-
Xy» HUMEETCS BBUJY 3arpsA3HECHHUE MOPOJ 30Hbl a’pallid U TPYHTOBBIX BOJ C IO-
BEPXHOCTH 3€MJIM U UBMEHEHUEM THAPOJIMHAMUYECKOTO PEXUMA BOJIOHOCHBIX T'O-
pu3oHTOB. Takue U3MEHEHUs CBS3aHbI ¢ OOJIBIIMMHU TOPOJaMU UMEIOIIIUE BCE BO3-
MOKHBIE BU/JIbI 3aTPSI3HEHUS aHTPONIOTEHHOTO MPOUCXOKICHUS, POMBIIIJIEHHONW U
CEIIBbCKOXO03IMCTBEHHOM eI TEIbHOCTH YCJIOBEKA.

B ropogax 3HaYMTENBHYIO POJIb UTPAET 3arps3HEHHUE MOA3EMHBIX BOJ KOM-
MYHaJIbHBIMU CTOKaMH. KpoMe XMMHUUYECKOro 3/1€Ch 4aCTO MPUCYTCTBYET PaJMOAK-
TUBHOE, OaKTEpHAIBHOE, TA30BOE U TEIIOBOE 3arpsisHeHus. Jis1 KpyIHBIX TOPOIOB
XapakTEpPHO KaK 3HAUUTEIbHOE MOHUKEHHE YPOBHEH BOJOHOCHBIX TOPU30HTOB,
HCIIOB3YEMBIX JUIS IICHTPAJM30BAaHHOTO BOJIOCHAOXXEHUS, TaK M IIOBBIINICHUC
YPOBHSI TPYHTOBBIX BOJ] 3@ CUET YTEUEK M3 BOJOMPOBOJAHON CETU U YMEHBIICHUS
TaKMX PACXOJHBIX CTaTe BOAHOTO OanaHca, Kak UCTIapeHHe W TpaHcmupalms. Bee
ATO CIOCOOCTBYET YCHJICHUIO MUTPAIMH 3arpsi3HEHHBIX TPYHTOBBIX BOJ B HIDKE-
JIeXKAIe BOJOHOCHBIC TOPU30HTHI. OTACIbHBIM (aKTOPOM BO3JACHCTBUS Ha IO/I-
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3eMHBbIE€ BOJbI B palilOHE HACEICHHBIX MTyHKTOB SBIISETCS UX SKCIUTyaTalllsl B LENSIX
XO03SIUCTBEHHO-TIUTHEBOTO BOJOCHAOKEeHMsI. B mporiecce oTkauyku BOJBI U3 CKBa-
KHUH MOTYT BO3HHKATh OTPHUIATENbHbIE TEXHOT'CHHBIE IMPOIECCH BIUSIONIUNE Ha
JTMHAMUKY PEXKUMa BOJOHOCHBIX TOPH30HTOB.

Cpenu IpOMBIIITIEHHBIX OTXOJO0B OCHOBHOE 3HAYEHUE B 3arpsi3HEHUU MO/I-
3€MHBIX BOJI UMEIOT MPOMCTOKH. 3arpsi3HeHUE MPOUCXOIUT B Ipolecce GpuibTpa-
IIUU CTOYHBIX BOJ| M3 HAKOMHTENEH, MIaMoxpanmmil. He penku ciydan paznusa
HEPTH U TOKCUYHBIX OTXOJOB MPHU TPAHCTIOPTUPOBKH. Ellle OMHUM HCTOUHUKOM
MIPOMBIIIJIEHHOTO 3arpsi3HEHUs MOA3EMHBIX BOJ| SBISIOTCS aTMOC(EpHbIE OCalKH,
HACBIIIICHHBIC Ta30IBIMOBBIMU BEIOPOCAMU U MIPOAYKTAMHU UCHIAPEHUS C TTOBEPXHO-
CTH T0JIeH (PUIIbTPAIMU ¥ HAKOIIUTENIEH CTOYHBIX BOJI U OTXOIOB.

CenbCKOXO03SMCTBEHHOE 3arpsi3HEHUE TOA3EMHBIX BOJ CBS3aHO C BBIHOCOM
U3 TIOYBBI C JIOXIE€BON WJIM UPPUTALMOHHON BOAOW SAOXMMHUKATOB M yI0OpPEHUIA.
Tax)ke MCTOYHUKOM 3arpsi3HECHUS SBISIFOTCSI CTOKUM OT JKUBOTHOBOJYCCKUX KOM-
TieKcoB nTHie U 3BepodepM. CenbCKOXO03sIICTBEHHOE 3arpsi3HEHHE HOCHT ILI0-
IaJTHOM, U JJaKe PETUOHATBHBIN XapakTep. 3HAYUTEILHOE BIUSHUE HA TTOA3EMHbBIC
BOJIbl OKa3bIBAIOT MENHMOpATHBHBIC Pa0OTHl. OpOIIeHHE CEeNbXO3yrOAWM MOYTH
BCErJa MPUBOJIUT K HAPYIICHUIO BOJHOIO M COJIEBOrO OajaHca TPYHTOBBIX BOJ,
M3MEHEHUIO X YPOBHSI 1 MUHEPATH3AIIHH.

[Tor TEXHOTCHHBIM BO3JICHCTBUEM «CHH3Y» IMOHUMACTCS BIMSHHUE HA IMOJ-
3eMHBIC BOJIbI C Pa3NUYHON IyOuHBL. Oc000€ BHHUMAHME 3/€Ch YICISETCS U3Me-
HEHUIO TUTACTOBOTO JABJICHUS MPHU 0TOOpe He(TH U Tra3a U MpU CUCTEMaX MOJIep-
’KaHMS TUTACTOBOTO JABIICHUS M M3MEHEHUS] XUMUYECKOTO COCTaBa MPH 3aXOpOHE-
HUSX MPOMCTOKOB, MUTPAITUH 3JIEMEHTOB M3 HIDKEIEKANINX BOJIOHOCHBIX TOPH-
30HTOB IO 3aTPyOHOMY MPOCTPAHCTBY B CIIy4yasX HEKaue€CTBEHHOTO [IEMEHTHPOBa-
HUS 1 HET€PMETHYHOCTH 00CAIHBIX KOJIOHH.

C uenpio M3y4yeHHs BIMSIHUS TEXHOTEHHBIX (DAaKTOPOB HA XUMHYECKHUU CO-
CTaB MPECHBIX MOJ3EMHBIX BOJI OBUIH MPOBEACHBI THAPOTEOXUMHUYECKHUE UCCIIE0-
BaHUS TOA3EMHBIX BOJ| aTJILIM-HOBOMHUXAMIOBCKOTO BOJOHOCHOTO TOPH30HTa HA
tepputopun Cypryrckoro paiiona XaHTbI-MaHCHHCKOTO aBTOHOMHOI'O OKpYyTa.
Tepputopusi Xantel-MaHcuiickoro aBToHoMHOro okpyra — IOrpa, no paznoo6pa-
3UI0 TIOJIC3HBIX HMCKOMACMbBIX HE YCTYHAaeT IPYT'MM IPOMBINIICHHO OCBOCHHBIM
paifonam Poccun. 3pech Benercs no00b4a HepTH M raza, pOCCHITHOTO 30JI0Ta,
KWIbHOTO KBapua. OOHapy>KEHBI 3aJIeKH >KEJIE3HbIX Py, MEIH, LIMHKA, CBUHIIA,
HUOOMS, TaHTaNa, TPOSBICHHUSI OOKCUTOB U JIp. Pa3Bemanbl 1 yTBEPKIEHBI IKCILTY-
aTallMOHHBIE 3aMachl MUHEPAJIBbHBIX BOJ. Benercs pa3paboTka U OCBOEHUE MECTO-
POXACHUN TPECHBIX TOJ3EMHBIX BOJI, KOTOPhIE MOTYT OBITH MCIOJB30BaHBI IS
X03SCTBEHHO-TTUTHEBOTO BOJIOCHAOKEHHUS.

['unporeonornyeckue ycnopust CypryTcKoro pailoHa OINpPENeNsIFOTCS TpH-
HA/IJISKHOCTBIO TeppuTopuu K 3amagHo-CHOUpCKOMY THIPOT€OIOTHUYECKOMY Me-
rabacceriny (3CMBb) — HaAOPSAIKOBOM THAPOTEOTOTHUESCKON CTPYKTYpe 3araIHo-
Cubupckoil reocunexiansbl, kK KOxxHol rpymnie 6acceiiHOB cTOKa MOA3EMHBIX BOJ,
Cpenneobckomy Oacceiiny croka. Ilo ycnoBusim 3aneranusi, popMupoBaHus, Xu-
MHYECKOMY COCTaBY, MaJICOTHIPOTEOIOTUA U TE€OJAMHAMHYECKOW 3BOJIOLUHU, B
npenenax 3CMb BbiieNieHbI TPU CIOKHBIX, HAJTOKEHHBIX APYT HA JIpyra pe3epBya-

69



pa MepBOro NopsiaKa: Najneo30MCKUN, ME3030MCKU U KaWHO30MCKUI THUAPOre01o-
rudeckrue OacceiHsl. [ maporeonornueckas crpatudukaius paspesa 3CMb mpen-
CTaBJISIETCA B BUJIE 7-MU 3TAXHO 3QJIETAIOLINUX TUAPOTE€OIOTHYECKUX KOMIIJIEKCOB:
| — omMroneH-4eTBEPTUYHBIX U 2 — AaT-TYPOHCKUX OTJIOKEHUW B KaiTHO30MCKOM
Oacceiine; 3 — anT-anb0-CECHOMAaHCKHX, 4 — HEOKOMCKHX, 5 — BEpXHEIOPCKUX U 6 —
HIKHE-CPEIHEIOPCKUX OTIIOKEHUN B Me3a30iicKOM OacceiiHe; 7 — Mmajie030MCKuX
OTJIOKCHHUH — IaJIe030MCKOM Oacceitne [2].

OOBEKTOM UCCIIEIOBAaHUN BOJbI OJIMTOLIEH-YETBEPTUUHOTO THUAPOTEOIOrHU-
YECKOT0 KOMIUICKCAa KaWHO30MCKOTO THAPOTEOJIOTHYECKOro OacceiiHa, KOTOpbIE,
KaK MPaBUJIO, UCTIONB3YIOTCS IS BOJocHaOkeHUs. OH BKIIIOYaeT B ceOst BOJBI aT-
JILIM-HOBOMUXANJIOBCKOTO TOPU30HTA U BOJABI KYPTaMBILIICKOTO TOpPU30HTA. AT-
JTEIM-HOBOMUXAMIIOBCKUN BOJOHOCHBIN TOPH30HT MPEIACTABIACT COOOW CIIOXKHO
MIOCTPOEHHYIO CIIOUCTYHO BOJOHOCHYIO CUCTEMY, IJIe BEPXHHUM CIIOW — TIIMHU3UPO-
BaHHBIC OCAJIKW HOBOMHUXAMJIOBCKON CBUTHI, & HUKHHUM MPUYPOUEH K MPEUMYIIE-
CTBEHHO NECYAHBIM OTJIOKEHUSIM aTILIMCKON CBUTHI.

HccnenoBanns XUMHUYECKOTO COCTaBa MOJI3EMHBIX BOJ MPOBOAMIHUCH 1O (HO-
HOBBIM JaHHBIM 1967-1986 rT. MOIydeHHBIM B pe3ynbTaTe OypeHUS CKBAXKUH JIJIS
XO35UCTBEHHO-NIUTHEBOIO  HA3HAYEHUST M 1O  JAOOpaTOPHBIM  JTAHHBIM
2005-2014 rr. MOHUTOPUHTA 3TUX CKBaXUH.

Tab6mnuma
XHUMHUYECKHIl COCTAB MPECHBIX MOA3EMHBIX BO/I ATJILIM-HOBOMHUXAJOBCKOT0 BOJOHOCHOIO
ropu3onTa Ha TeppuTopun Cypryrckoro paiiona

doHoBEIE JAaHHBIC MICpUoaa .Ha60paTOpHBI€ JAaHHBIC MICpUoaa
KoMmOoHeHT ¢ 1967 mo 1986 rr. ¢ 2005 mo 2014 .
Cpen. Mumn. Makec. Cpen. Mun. Make.
pH, ex. 7,1 6,1 8,1 7,3 6,4 8,2
Obmas Mux-1s, 226,9 100,0 520,0 314,8 159,1 705,0
Mr/am
Obmas xecTroCTE, 1,5 0,9 3,1 1,7 0,9 2,7
MTI-3KB./JIM
HCO3, Mr/am’ 183,4 103,7 256,2 174,5 109,8 390,4
SOy, Mr/am’ 2,1 1,5 2,7 1,4 0,3 2
CI, Mr/am’ 23,5 0,5 82,4 39,5 3,0 149,0
Ca®’, mr/am’® 12,7 1 20,0 13,9 4 30,1
Mg, mr/am’ 11,7 4,9 21,8 13,1 4,59 48,4
Na+K, mr/am’ 46,5 5.4 101,3 51,2 53 156,0
Feobw, Mr/am’ 2,0 0,4 7,0 2,9 0,9 5,5
Koi-Bo npo0, 1. 36 33

Kak BumHO M3 TaOJMIBI, KMCIOTHO-IIEIIOYHOM OajaHC MOJ3EMHEIX BOJ 11O
CpPEIHUM 3HAUYECHUSIM J1a00paTOpHbIX AaHHBIX 1967-1986 u 2005-2014 rr oTHOCHUT-
Csl IPEUMYIIECTBEHHO K HEWTpaidbHbIM BojgaMm. OOmias MuHepanmuzanus ¢ 1967t
yBEJIIMYWJIACh npumepHo B 1,4 paza ¢ 226,9 mr/om’ 10 314,8 mMr/am’, Bozsl — npec-
Hble. [0 )kecTKoCTH HCClieyeMbIE BOBI MATKHE.
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[To xuMHUYECKOMY COCTaBY MPECHBIE MOI3eMHbIE BOAbI CypryTckoro paiiona
U3MCHWJINCh C THAPOKOPOAHATHBIX MAarHUEBO-HATPHUEBBIX HA  XJIOPHUIHO-
TUAPOKOPOOHATHBIE MarHUEeBO-HATpUeBbie BO/AbL. CojJiepKaHUE aHUOHOB U KaTHO-
HOB 32 BpeMs dKCIUTyaTaluu CKBaXHUH ¢ 1967 o 2014 T OTHOCUTENHHO CTAOUIIb-
HO, KPOME XJIOPHI-HOHA COACPIKAHNE KOTOPOTO YBEINIMIOCH ¢ 0,5-82,4 Mr/am’ 1o
3,0-149,0 mr/om’, 4o MIPUBEJIO K HE 3HAYUTEIbHOMY YBEJIIMYEHUIO MUHEpAINA3a-
UMM U CyMMBbI Hatpus U Kanusa. CyMma HaTpusi U KaJidsl IO CPEJHUM 3HAYEHUSIM
MeHsieTces ¢ 46,5 MF/I[M3 1o 51,2 MF/,Z[M3.

OOmiee >xene30 MOBCEMECTHO HMMEET BBICOKOE COJEp>KaHWEe, MEHSSCh OT
0,4mr/nM 10 7,0 MIr/aM° TIpeBBIMAst MPEACTbHO OMYCTHMYIO KOHI[CHTPALHIO B
0,3Mr/zxM3 emte ¢ 1967 r. Ha 2014 rog MUHMMaNIbHOE 3HAYEHUS KOHIICHTPAIUU Ke-
sie3a B Bozie cocrasisieT 0,9 Mr/mm’.

Hcxonast u3 mpoBEIEHHBIX UCCIEAOBaHUN, MOKHO TOBOPHUTH, YTO TEXHOTEH-
HbIe ()aKTOPBI CYIIECTBEHHO HE BIUSIOT HAa BOJbI ATJIBIM-HOBOMHUXANIOBCKOTO BO-
JIOHOCHOTO Topu30HTa. OHAKO KOHILIEHTpALUs XJIOPUIOB, HATPUS U Kajus, yBe-
JUYUIaCh C MOMEHTA OypeHHs] CKBOKUH. UTO MOXKET OBITh BBI3BAHO TEXHOTECHHBI-
MM BO3JICUCTBUAMHU «CHHU3Y», & UMEHHO MUIPAIUsl JIEMEHTOB W3 HIKEJIEKAITUX
BOJIOHOCHBIX TOPU30HTOB IO 3aTPyOHOMY MPOCTPAHCTBY B ClIydasiX HEKaueCTBEH-
HOTO [IEMEHTUPOBAHUS U HETEPMETHYHOCTH 00CaTHBIX KOJIOHH.

Cnucok JuTepaTypbl
1. KapueB A.A., I'arrenbeprep HO.IL., 3opekun JILM. u ap. Teopernueckue OCHOBBI
HedTera3zoBoit ruaporeonoruu. — M.: Henpa, 1992. — 208 c.
2. MaryceBnu B.M., PeutbkoB A.B., Ymarunckuii U.H. I'eodnronganpabie cCHCTEMBI U
npobsieMbl HedrerazonocHoctu 3amagHo-Cubupckoro merabacceitna. — Tromens: Trom[HI'Y,
2005. -225c.

_ OHEHKA TEXHUYECKOI'O HIOTEHIIUAJIA
YCTOUYUBOI'O PABBUTHUA HOBOCUBUPCKOMU OBJIACTH

Apmamonoesa /I A.

Maructp 1 rona obyuenus kadeapbl IPUPOIONOIb30BAHUS
TomMckoro rocy1apcTBEHHOTO YHHUBEPCUTETA,

Poccus, r. Tomck

B pabore Ha ocHOBe NaHHBIX DenepalibHOM CiTy:KObl CTATUCTUKU OBLIIM PACCUUTAHBI Clie-
JYIOIIME TOKa3aTeNln: BO3/JHCTBUE HA OKPYKAIOLIYI0 Cpely, MOTpedIeHHe SHEpruu U MpOoM3-
BOJICTBO TOJIe3HOU mpoaykiu HoBocnOupcekoit obmactr. Ha ocHOBaHMM TOTydeHHBIX 0a30BBIX
mokaszareneil ObUIM pacCUMTaHbl COOTHOUICHHMS: DHEpPreTHyYecKas, OSKOJOrM4yecKas, 9KO-
SHEepreTHuyYecKas TeXHosorudeckas 3pHekTuBHOCTH U K03 GuIMeHT BpenHoro aerctsus Hoo-
cubupckoit obmactu. Tak ke ObUT ompenenéH TeXHUYeckuil moteHnuan HoBocubupckoit
obmacTH.

Knroueswvie cnosa: YCTOﬁQHBOQ Pa3BUTHUC, TEXHUYSCKUI IOTCHIHAJI, SKOJIOrM4CCKasi 3(1)-

(eKTUBHOCTb, BHepreTuueckas 3()(PEeKTUBHOCTh, TeXHOJOrn4Yeckass 3(PPEKTUBHOCTb, KO-
sHepreTryeckas 3¢ (HeKTUBHOCTb.
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VYcToitunBoe pa3BUTHE — MPOLECC MPOTPECCUBHBIX U3MEHEHMI, B KOTOPOM
OKCIITyaTalus TPUPOJHBIX PECypCoB, HAIMpPABICHUE HWHBECTHUIMH, OpUEHTAIUs
HAyYHO-TEXHUYECKOTO PA3BUTHUS, PA3BUTUE JIUYHOCTH M MHCTUTYLMOHAJIbHBIE U3-
MEHEHHSI COTJIAaCOBaHbI IPYT C JAPYTrOM U YKPEIUISIOT HBIHEIIHUM U OyayIIuid mo-
TEHIMAJ IS yIOBJICTBOPEHUS UEIOBEUECKUX MOTpeOHOCTEH M ycTpemiueHuil. To
€CTh TaKO€ Pa3BUTHUE, KOTOPOE HE MPOTUBOPEUUT JAJIbHEHIIEMY CYIIECTBOBAHUIO
YeJIOBEYECTBA M PA3BUTUIO €r0 B MPEKHEM HaIpaBICHHUH. «YJOBIETBOPEHHUE MO-
TpeOHOCTEN HBIHEIIHETO MOKOoJIeHUs Oe3 yiiepOa Jisi BO3MOXHOCTU OyAylIuX Mo-
KOJICHUH YZOBIETBOPSITH CBOU COOCTBEHHBIE TOTPEOHOCTUY.

K Hacrosimiemy BpeMeHU BO3HHUKJIA HEOOXOIUMOCTh B OMPEIEICHUH YKOHO-
MUYECKOM, 3IKOJIOTMYECKOM, TEXHOJOTHYECKON 3(PPEeKTUBHOCTEN NeATEIbHOCTU
MPEeANpUsATUN, OTpacieil SKOHOMUKH, perHoHOB. MmenHo oreHka 3>¢¢eKkTuBHO-
CTE€Il COCTaBISET AESITENBHOCTh PETMOHOB, MO3BOJISIET BCECTOPOHHE KOMILJIEKCHO
OLIEHUTh BCE CTOPOHBI JIEATEIBHOCTUA peruoHa. K jaHHOMy MOMEHTY CyIIECTBYET
HECKOJIbKO METOJMK OLIEHKH 3¢ dexTuBHOCTENW pervoHa. [lo Hamemy MHEHHIO
HanOoJee MoJIHO oTpaxaeT 3ppekTuBHOCTh MeToanka Nutepdakc-OPA «PeiTunr
YCTOMYHMBOTO pa3BuTHs pernoHOB Poccuniickon deneparum».

KayecTBO paboThl TEXHUUECKOTO KOMIUIEKCA OTPAXKAET SHEProdP(HEKTUBHOCTD
ITPOM3BOJCTBA U €r0 AKOJIOIMYHOCTh. [oBBIIIEHNE U TOTO, U APYTOro CIEICTBUE MO-
JICpHU3AIMN TTPOU3BOICTBEHHBIX MPOIIECCOB, 3aMEHbI YCTApPEBILIEro 000pyI0BaHUS U
ONTHMU3AIAN YIIPABIICHUS TTPOU3BOJACTBOM. B HaOOp mokazaTeneid, XapaKTepu3yro-
[IUX YCTONYMBOE PAa3BUTHE, JODKHBI BXOAUTH 0a30BbIC TIOKA3ATEINH O:

* BO3JICHCTBUM Ha NPUPOIHYIO cpeny, B

* noTtpeOJaeHue SHeprun, J

* (usznyeckoM o0ObeMe MPOU3BEICHHON MOIE3HONW MpoayKiuu u ycuyr, I1.

OTU JaHHBIE OTPAXKAIOT PEaJbHOE COCTOSIHUE MPOU3BOJACTBEHHON CUCTEMBI.
dusznyuecku U3MEpeHHasi SKOJIOTHYecKas U dHeprerudeckas 3pQPeKTUBHOCTh KO-
HOMHKHU TOJIXOJUT AJIi MOHUTOPHHIA Pe3yJIbTaTUBHOCTH MPOTpaMM MOJIEpHHU3a-
LMY, HA BCEX YPOBHIX — OT KOHKPETHBIX MPEAIPUATUI 1O pa3HbIX cTpaH [1].

B kauecTBe MCXOAHBIX JTAHHBIX OBUIM MCIOJB30BAHBI PECYPCHI CIEAYIOLINX
HUCTOYHUKOB: [2], [3].

Ha npoun3BoAcTBO MOJIE3HOTO MPOAYKTAa BCETJa 3aTPAauyMBAETCS ONpPEEIICH-
HOE KOJIMYECTBO BEILIECTBA-IHEPIUH, YAaCTh KOTOPOTO B IpoOLECcCce MPOU3BOJCTBA
HEN30eKHO PACCEUBACTCS B OKPYXKAIOUIYIO CPEAY B BHJIC Pa3HOOOPa3HBIX BO3CH-
ctBuil. [lonmHbie 3aTpaTel BemecTBa-OHepruu Ha paboTy cCUCTEMBbI 0003HAYEHBI KaK
D, TOJIE3HO HCIIOJB30BaHHBIC Ha Tpom3BencHHyo [Ipoaykmuto kak I1, a BeIOpoO-
LICHHBIE B OKPYXaKLIYyI0 cpeny B BuAe Bo3aeicTeuil kak B. Hac unTepecyroT He
BaJIOBBIE (3KCTEHCUBHBIE) MOKA3aTEIM, KOTOPbIE MPEACTABIEHbI 3eMeHTamu O, I1
u B, a xapakrepucTtuku 3¢p(HeKTUBHOCTH, BBIPAKAIOLIUECS YePE3 UX OTHOIICHUSI.

1. Otnomenue I/ — 310 KO3PPUIUEHT MONE3HOTO JEUCTBUS MPOU3BO-
CTBEHHOM CHCTEMBI, KOTOPBIH, OTPaXKaeT €€ IHEPreTHUECKYI0 3PPEKTUBHOCTH (CM.
puc. 2). CootHouienue IlI/B xapakTepu3yeT 3KOJOTHUYECKYIO «UYUCTOTY» €IUHUIIbI
KOHEYHOU NMPOAYKLHU U HA3bIBAETCS IKOJIOTUUECKOM 3((HEKTUBHOCTHIO (CM. puC.
Ne 2). II/(Bx3J) — 0003HAYAIOT BBICOKYIO JKO-IHEPreTHUECKYI0 3((HEKTUBHOCTD
(cM. puc. Ne 2).
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2. COOTHOIIEHHE CYMMBbI 3KOJOTHYECKUX BO3ICHCTBUN M OoOHIEro 0O0beMa
notpebnénnoit suepruu (B/J) xapakTepusyer A0JI0 BEIIECTBA U YHEPrUuM, Oecro-
JIE3HO pacCEesTHHOM B OKpy»karoriei cpene. 91o HaszpiBaeTcsi KB/ (ko3¢ dummert
BpPEIHOTO JIEHCTBUA) MPOU3BOJICTBEHHON cucTeMbl. OOpaTtHOEe oTHOIIeHHE — J/B,
HA3bIBAIOT TEXHOJOTHYECKOW 3(P(EKTUBHOCTHIO, OHO OTPa)KaeT BHYTPCHHHE Xa-
PAKTEPUCTUKU TEXHOJIOTMYECKHUX MPOLIECCOB B cucTeme (cM. puc. Ne 2).

Texnonoruueckas 3pPeKTUBHOCTH — 3TO OTHOIIEHHE 00BheMa MPOIeTaHHON
peruoHoM paboThI B BUE MOTPEOICHHON MepBUYHOM dHEpTruu (), K YPOBHIO BO3-
JeNCTBUS Ha OKpy»karotyio cpeay (B). Pacuer kputepus o0cCHOBaH Ha YCTaHOBKE O
TOM, YTO Ha MPOU3BOJCTBO 3aTPAUMBAETCS OINPEAEIEHHOE KOJIMYECTBO BEILIECTBA-
SHEPTUH, YacTh KOTOPOTO B MPOIIECCE MPOU3BOJCTBA HEU30EKHO PACCEUBACTCS B
OKPYXAaIOIIyI0 Cpeay B BUIEC pa3HOOOpa3HBIX Bo3nencTBuid. J[yig Toro uto ObI Bce
NoKa3aTeau ObUTM B €UHBIX €IMHULAX, Mbl COCTABIISIEM MPOIOPLIUIO U ONpEaAesi-
€M IpoLeHT noTpednenus HoBocubupckoil 001acTu 31€KTPOIHEPTUU OT MOTPED-
nenus ee B Poccuiickoin @enepannu [1].

Dko-3HepreTudeckas 3(pQPEeKTUBHOCT, — 3TO OTHOIIEeHUE mokaszatens I1 —
obbema mosydeHHoil mpoaykiuu (BPII), k mpousBeneHuro mokaszartessi moTpeo-
JIEHHOM TMepBUYHON SHepruu (D) U MHTETPaJbHOTO TMOKa3aTelNs BO3JEHCTBUSA Ha
okpyxatouryio cpeny (B). Kputepuii [1/(B*3) oTpakaeT mpou3BoACTBO MOJIE3HOM
NPOAYKIIMU HAa €AWHMILY 3aTPAYeHHOW SHEPTUU U BO3JCHCTBUS HA OKPYKAIOIIYIO
cpeny [1]. [us Toro 9To OBl €MWHMIBI W3MEPEHUS OBLIN €IWHBI, MBI BBIYUCIISIEM
npoueHt BPIT HoBocubupckoii obnactu ot Poccuiickoit denepanuu.

Tabmuma 1
ba3oBble moka3aresin U nokasareju oueHku dppexruBHocreilt HoBocudupckoii od1actu
IHoka3zaTenn
Ton B (%) | I1(%) (%) | /I (%) | II/B (%) | /B (%) | B/3 (%) H/(((],;Sa)
2000 0,92 1,25 1,51 0,83 1,36 1,64 0,61 1,11
2001 0,87 1,33 1,48 0,90 1,53 1,70 0,59 0,97
2002 1,00 1,41 1,45 0,97 1,41 1,45 0,69 1,03
2003 1,15 1,43 1,47 0,97 1,24 1,28 0,78 1,18
2004 1,03 1,37 1,46 0,94 1,33 1,42 0,71 1,10
2005 1,10 1,31 1,47 0,89 1,19 1,34 0,75 1,23
2006 1,10 1,32 1,45 0,91 1,20 1,32 0,76 1,21
2007 1,05 1,31 1,43 0,92 1,25 1,36 0,73 1,15
2008 1,11 1,34 1,46 0,92 1,21 1,32 0,76 1,21
2009 1,15 1,33 1,55 0,86 1,16 1,35 0,74 1,34
2010 1,15 1,28 1,49 0,86 1,11 1,30 0,77 1,34
2011 1,21 1,32 1,58 0,84 1,09 1,31 0,77 1,45
2012 1,09 1,32 1,52 0,87 1,21 1,39 0,72 1,26
Hcele’:j_‘l'z 1,07 1,33 1,49 0,90 1,25 1,40 0,72 1,20

73




9 basoeblie nokasatenu B, I, 3

14
1,2
1
0,8 ——B (%)
0,6 n (%)
3 (%)
0,4
0,2

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
r. r. r. r. r. r. r. r. r. r. r. r. r.

Puc. 1. I'paduk quHaMuKH 0a30BBIX TIOKa3aTeNICH: BO3ACHCTBHS HA TIPUPOTHYIO CPEIy,
NOTpeOIICHUS SHEPTHH U IPOU3BEJICHHON MOJIE3HON MPOIYKIIUU U YCIYT

SHBpI‘B'IH‘IBCKaH, JKONIOIHYCCKad, SKO-DHCPIHTHYCCKAA,

% Texan4deckas dpdekTuBHOCTH H KOADGHUITMEHT BPETHOTO
IeicTBHA

1,8

1,6

1,4

1,2 —T113 (%)
1 —T1/B (%)

0,8 3B (%)

0,6 —B/3 (%)

04 ——11/(8%3) (%)

0,2

200020012002 200320042005 20062007 20082009201020112012
r. r. r . [ r. L T T. T . I I

Puc. 2. I'padmk qTuHAMHKH SHEPTETHIECKOH, SKOJIOTHIECKOH, IKO-IHEPTeTHIECKOM,
TEXHOJIOTHYECKOH AP PEKTUBHOCTEN M KOA(P(PUIIMEHTA BPEIHOTO ACHCTBUS

N3menenne TexHONOrHUeCKOW 3(PPEKTUBHOCTH — ATO OTHOIICHHUE YPOBHS
TexHoJorndeckoit a3 dexruBHoCcTH B 2012 romy K ypPOBHIO TEXHOJOTUYECKOUN -
¢dbexTuBHOCTU B Tipeabiayue nepuoibl (2011 u 2000 rompr). AHaIOTUYHBIM 00pa-
30M OIPEACIICHO HW3MEHEHHE JKO-dHepreTndeckor 3ddextuBHOCTH. J[MHAMuUKa
TEXHOJOTUYECKON 3(h(PEKTUBHOCTH OTpakaeT M3MEHEHHE OTPEOJICHNS YHEPTUH U
o0pa3oBaHUsl BCE COBOKYMHOCTH OTXOJIOB, Ha KAXAYIO €IWHUILY MPOJACIaHHOU
TEXHUYECKUM KOMIUIEKCOM paboThl. CHM)KEHHE KPUTEpHsl TOBOPUT O TOM, YTO
«MOTOpP» SKOHOMHUKM MOTpeOasieT Bce OOJblle HHEPrud U Bce OoJiblie
«kortut» [1].

Pacuyer nuHaMUKM TEXHOJNOTHYECKOW 3(PQPEKTUBHOCTU IO OTHOIIECHUIO B
2011 u 2000 rr.:
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2012 r./2000 r.=1,39%/0,61%=0,85%
2012 r./2011 r.=1,39%/1,31%=1,07%
Pacuer nuHamMuku 3K0-3HEpreTHUecKoi 3pPeKTUBHOCTH 10 OTHOIIEHHUIO B 2011 1
2000 rr.:
2012 r./2000 r.=1,26%/1,11%=1,13%
2012 r./2011 r.=1,26%/1,45%=0,87%
Texnuuecknii norenuman = 1) (0,85%+1,07%+1,13%+0,87%)/4=0,98%
2) (1,39%+1,26%+10,98%)/3=1,21 %

3akiiouenune

B pesynbraTe npoBeAEHHBIX MCCIEI0BaHUN ObUIM MOJY4YEHBI: SHEpreTuye-
CKasl, DKOJIOTUYECKasi, IKO-dHEPreTuueckas TeXHoJorudeckas 3(pQPeKTUBHOCTH U
ko3¢ duUIMeHT BpeaHoro AeicTBus HoBocnOupckoii oomacTu.

[Tomy4yennble pacdeTbl AMHAMHKKA TEXHOJOTHYECKOW >(PQPEKTUBHOCTH e-
MOHCTPHUPYIOT MOBBIIIEHUE C TOJIAMH, YTO 3HAYUT, YTO MIPOUCXOIUT MOJICPHU3AIHUS
MPOU3BOJICTBA U YIyUIIEHUE TEXHOJOTUYECKON 3(PPEKTUBHOCTH 3a PaCCMOTpPEH-
Heli mepuoa B HoBocuOupckoit oOnactu. Ho moHmkaercs IuHAMHKA KO-
SHEpreTuueckoil 3p(HEKTUBHOCTU, YTO O3HAYAET, YTO MOJACPHU3UPYIOT TEXHOJIO-
UM MPOU3BOCTBA JJISl OJyUYeHHUs OOJbLIEH MOJE3HON MPOAYKIHUU, HO TPU 3TOM
HE MOJCPHU3UPYIOT OYUCTHBIE COOPYKEHHUSI, M ATO OTPHUIIATEIILHO CKAa3bIBACTCS Ha
9KOJIOTHH.

Tax wHampumep TeXHMUYECKHMH TMOTEHIHMAN TOMCKOW 007acTH COCTaBIISIET
0,8 %, a HoBocubupckoit obnactu 1,12 %. ¥ HoBocubupckoit odiactu TexHU4Ie-
CKHi ToTeHIan 6ompiie yeM y Tomckoi moromy uto HoBocmbOupckasi 001acTh
BXOJIUT B TPYIITY TOPTOBO-(PUHAHCOBBIX PETHOHOB, J0JIs1 BAJIOBOTO PETHOHAILHOTO
MPOJIyKTa, CO3JaHHOTO B TOPrOBJIE, TOPrOBO-(hMHAHCOBOM CEKTOPE, apeHe U cde-
pe TpeaocTaBieHus yciyr, npesbimaer 29%. A Tomckas 0051acTh OTHOCHUTCS K
rpynne 100bIBAIOIINX PETHOHOB.

WToroBbie pe3ynbTaThl TOJDKHBI OTPaXKaTh MOTEHIIHAT CAMOCOXPAHEHUS pe-
FMOHA KaK XO35ICTBEHHO-MIOIUTUYECKON eAnHuIbl. Ha OCHOBE MOJMy4YeHHBIX AaH-
HBIX MOKHO pa3paboTaTh IJIaHbl TOBBIIIEHUS! YCTOMUYMBOCTH — CO3/IaHUE «OPOXK-
HBIX KapT» BOCCTAaHOBJICHHE M MPUYMHOKEHHE TEXHUYECKOTO U MPUPOIHOTO TO-
TEHIIUAJIOB.

Cnucok JuTepaTypbl

1. AptioxoB B. B., 3a6enun C. U. Jle6enes E. B u np. Peittunr ycroituuBoro pa3su-
TS pernoHoB Poccuiickoit @enepannu: — M. — Uatepdaxc: —2011. — 96¢.

2. http://www.gks.ru/ — ®enepanbHas ciry>k0a rocy1apCTBEHHOW CTaTUCTHKH.

3. http://novosibstat.gks.ru/ — Teppuropuansubiii opran denepaibHON TOCyIAp-

CTBEHHOM cTaTUCTUKU 10 HoBocuOupckoit odmacTu.
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COBPEMEHHBIE HEPCIIEKTUBBI PABBUTHUSA TEPPUTOPUN
I'YBKMHCKOI'O PAMOHA

/lponosa O.B.

CTyJICHTKa Kadeapsl reorpadun, TEOIKOJIOTHH 1 0€30IMacCHOCTH
KUBHEACSITEIHHOCTH (PaKyIbTETa TOPHOTO JeJia U MPUPOJI0NI0IH30BAHUS
HINY «beal'Vy»,

Poccus r. benropon

benoycoea JI.U.

TO1eHT Kadeapsl reorpaduu, T€OIKOJIOTUHN U 0€30IMACHOCTH KU3HEACATEILHOCTH
(hakysmpTeTa TOPHOTO JIeaa U npupoaonoas3oBanus HUY «benl Yy,

Poccus, r. benropon

B cratbe coBpeMeHHbIE MEePCIEKTUBBI Pa3BUTHSI TeppuTOpun | 'yOKMHCKOTO palioHa pac-
CMaTpHUBAETCsl OXpaHa OKPYXKAIOIIeH cpelsl U MPOEKTHI, CIOCOOCTBYIOIINE YITYUIIEHHIO YKOJI0-
THYECKOTO COCTOSHHSI M ACTETHUECKOrO BUJIA PacCMaTpUBAaeMOl TeppuTOpuH. Pa3BuTue mpoek-
TOB TI0 JIaHAIMAa(GTHOMY 00yCTPOHCTBY OYIyT CIOCOOCTBOBATH MOICP)KAHUIO JAHHOTO HAIpaB-
JICHUSI, COBEPIICHCTBOBAHUIO U MOJICPHU3AIINY MTAPKOBBIX 30H.

Knouesvie cnosa: IIprupoaa, 5KOJ0rusi, 03CJICHCHUE, ITapK.

CoBpeMeHHbIE TOpO/ia He YacTo OaNyIOT JKUTeNed 3eJIeHbIMU 0a3ucaMu JJIs
penakca. Bce MeHbIIe MecTa 31€Ch OCTAeTCs Ul NapKoB U cKkBepoB. Ho, HECMOTpA
Ha OYEBUHBIN TEXHUYECKUN MPOTPECC, YEIOBEK SIBISETCSA YacThulied npupoasl. OH
HE MOXXET HE PaJIOBAThCS JIEPEBbSIM, LIBETAMU, IBETYIIIMM KyCTapHHKAM, TOJbKO B
OKpPYKEHUH 3€JIEHU OH YyBCTBYET C€0s1 CIIOKOITHO U YMUPOTBOPEHHO.

Tepputopusi ['yOKMHCKOTO TOPOJCKOTO OKpyra IOCTOSIHHO HCIIBITHIBAET
3HAYUTENIBHYIO DKOJOTHYECKYIO Harpy3Ky. JTO, IPEKIAE BCETO, CBS3aHO C Pa3BU-
THEM TOPHO-METALTYPrHUeCKOro KOMIUIEKCa, NepepadaThiBaomeld MpOMBIIUICH-
HOCTH, a TaKX€ TOCTOSTHHBIM MPUPOCTOM aBTOMOOHMIILHOTO TPAHCIIOPTA.

Havasiom co3nanus 651aronpusiTHOM cpesbl ¢ JOMOTHUTEIbHBIM 03€JIEHEHU-
€M TEpPPUTOPHM TOPOJICKOr0 OKpyra cTaja peajm3auus 00JIaCTHOW MpOrpamMMbl
«500 mapkoB benoropbsi», a B MOCIEAYIONMEM M OOJACTHOTO MpoeKTa «3eieHast
CTOJIMIA», MHULIMUPOBaHHBIX rybepHaTopom obnactu E.C. CaBuenko. OnHuM u3
IJIAaBHBIX HANpaBJIEHUH ATOro MpOeKTa SBISETCS MAacCHITaOHOE O3€JeHEHUE |
nanamadTHoe 00yCTPONUCTBO TEPPUTOPUH U, MIPEXK]IE BCETO, HACEIIEHHBIX ITYHKTOB
[2, c.156].

B mocnennee Bpemst ['yOKuHCKHMI pailoH ynemnseT OOJIbIIOe BHUMAaHHE CO-
3/IaHUIO MAPKOBBIX 30H U C Pa3BUTUEM MPOEKTOM «I'YOKHMH-NIApK», Mbl PEIIUIIU CO-
3/1aTh CIIOPTUBHBIN Napk B cese MenaBoe. Cento pa3BUBAEeTCs, YUCICHHOCTh Hace-
JICHUS! pacTeT, aIMUHUCTPALIUS cela yaenseT O0ybllioe BHUMAHUE ICTETUKU Hace-
JIEHHOTO MyHKTa. PaccMOTpeB Bce BapUaHThl MECTHOCTH, MBI BCE K€ OCTAHOBUIIUCH
Ha CBOOOJHOM y4YacTKe B LIEHTPE Cella.
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Puc. 1. CBoOGoaHbIN yuacToK B LIeHTpe ceina [(HoTo aBTopa]

TeppuTtopus JaHHOTO y4acTKa UMeeT Iutomans B 1 ra, popma HamomuHaer
kBazpar. [Ipoananu3mpoBaB JaHHYIO TEPPUTOPHUIO, MBI PEIIIIN Pa30UTh €¢ Ha He-
CKOJIbKO 30H: MUHM TIoe [yt GpyTOoa, momne s 6ackeT0oa, MeCTO IS 3aHATUS
CIIOPTOM Ha KOTOpOi Oyay pacronaratbesi pa3InyHbIe TPEHAXKEPBI U 30HA OTIbIXA
C BOJIOEMOM.

B neHTpe mapkoBoOil 30HBI MBI TIPOKIIAIbIBAEM ac(halbTHPOBAHHYIO TOPOK-
Ky. OT HEeHTpaTbHON MOPOKKH 10 KaXJI0T0 CHOPTHBHOTO 0OBEKTa OYIEeT Mmpoiio-
’KCHBI TPOIIMHKH, YJIOKCHHBIC TUTUTKON. BIIOJIb BCeX MOpOkKeK OyIyT MOCTaBICHBI
CKaMeiKku, 000py0BaHHBIC ypPHAMH.

Ha Bceii TeppuTOpUM CIOPTHBHOTO MapKa Mbl BBICAINM WBBI U Oepe3bl, B
MEPBYIO OYEPEe/Ib IS YIYUIIECHHs SCTETUIECKOTO BUIA U OIIYIICHUE TPUPOJIBI.

Tak kak B ceje pa3BUBAIOT MHOTHE CIIOPTUBHBIC HAMPABJICHUS U YACTO MPO-
XOJAT COpeBHOBaHUA 1o (yTOoIy, 6ackeTd60Iy. B 10ro-Boctounoit 4actu Mel pe-
IIWJIA CO371aTh MUHH (yTOOJIEHOE TToJie. B ceBepo-BOCTOUHOI YacTH MBI 000pYTy-
eM TUIOIIAKY A OackerOomna. s mpomaranasl 3M10poBOro odpasa KU3HU CEllb-
YaH B CeBEpO-3amaHoi yacTtu OyneT o0opyqoBaHa CIOPTHBHAS TUIOIIAIKA C Typ-
HUKaMU U TpEHaKepamu. B oro-3amamHoil 4acTu MbI 30HY OTIbIXa C UCKYCCTBEH-
HBIM BOJIOEMOM, Pa3JIMIHBIMH KIIyMOaMHU U KYCTapHUKAMH.

Puc. 2. Mozens napkoBoi komnozunuu: 1 — MuHA-(QyTOOIBHOE TTOJTE; 2 — TI0JIe
must 6ackerOona; 3 — CHOPTUBHAS IUIOMIAJKA; 4 — 30HA OT/bIXa C HCKYCCTBEHHBIM BOJIOEMOM

JlaHnHbli IpOEKT ObLT 0J00peH aJIMMHUCTpAIMEil cela U KIET CBOEro BO-
IUIOLIEHUS B )KU3HBIO.
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1. bubnmoreka no mapkam benropojckoii obnactu [DnekTpoHHBIN pecype]. — Jlara 00-
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METO/IMKA PACUETA COCTABOB TBEPJEIOIIEN
MOPOIO-BETOHHOM 3AKJIAJIKHA
JJIA KAMEPHBIX CUCTEM PA3PABOTKH

Meoeseoee B.B.

noteHT kadeapsl [loazeMHol pazpabOTKu MECTOPOKIECHUHN TTOJIE3HBIX UCKOTIae-
MBIX 3a0aliKaIbCKOTO TOCYaPCTBEHHOT'O YHUBEPCUTETA, KaH 1. TEXH. HaYK,
Poccus, r. Uura

B craree npeacrasiienbl 0J0K-cxemMa BbIOOpa TEXHOJIOTUYECKOM CXeMbl IT0J1a4M 3ar0IHU-
TeJis ¥ JIUTOW TBEPJICIONICH CMECH, METOJIMKA pacueTa coCTaBa Mopoa0-0eTOHHOM 3aKIaJKu JIjIs
KaMEpHBIX CHCTEM pa3paboTku. J[aHbl peKOMEHIAIMH M0 ONTHUMAJIbHBIM COCTaBaM JIUTON TBEp-
NIEIOMIEH 3aKIIaIOYHON CMeCH M 00bEMa TTOTa4H ITOPOIBI B PACTBOP 3aKIIAIKH.

Knroueswle cnosa: 6HOK-CXCMa, BH)KyH_[I/Iﬁ pacTBOp, 3aKiagKa, 3allOJIHUTC]Ib, KaMepa, MC-
TOJHKA, COCTaB CMECH, TCXHOJIOMYCCKas CXcMa.

Kak noka3piBaeT aHanW3 MHUPOBOTO M OTCYECTBEHHOTO OIBbITA, OJHUM W3
MEePCIEKTUBHBIX MYTEeW CHIKEHHE CEOECTOMMOCTH 3aKJIaJI0YHBIX pabOT MpH Ka-
MEpHBIX CHCTEMax pa3pabdOTKH SBISICTCS MPUMEHEHHE MOPOA0-O0CTOHHON 3aKiia-
KU, TJI€ B KQUECTBE 3aIOJHUTENS UCIOJIB3YETCS MOPOJa U3 MOPOJHBIX OTBAJIOB H
OT MPOXOJKH BBHIPAO0TOK. DOPMHUPOBAHKE MOPOTO-OETOHHOTO 3aKJIaI0YHOTO Mac-
CUBa TMPOU3BOJUTCS Pa3ACbHBIM CIIOCOOOM, C TMOAA4Yel BSDKYIIEro pacTBOpa U
KPYITHOKYCKOBOTO 3allOJHUTENS K MECTY 3aKJIaJOuHbIX paldoT pazaenbHo. [lpu
3TOM B OJTHOM TEXHOJOTMYECKOU JINHUHA TPOUCXOJUT NPUTOTOBIICHUE TBEPICIOIIECH
3aKJIaJIKK U TPAHCIIOPTUPOBaHUE €€ 10 TpyOam 70 BEIPpabOTaHHOTO TIPOCTPAHCTBA,
a B JPYroil — TPaHCIOPTUPOBAHMUE 3AMOJHUTENS JI0 3aKIaJbIBAEMON KaMephl.
CwmenvBaHue MaTepuayioB MPOUCXOJIUT B Kamepe B Mpollecce Mojaadyu Mopoibl B
TBEPCIOIIYIO 3aKIIAJKY.

Br100p TEeXHONIOTHYECKON CXEMBbI BO3BEICHHS 3aKJIaJIOYHOTO MacCHUBa H
pacyeT cocTaBa Mopo10-OETOHHOW 3aKJIaJKH, MOKHO MPOU3BOAUTH MO Mpeaiarae-
MO METOAMKE, TIPEeACTaBICHHOMN Ha OJI0K-cxeMe (pucyHoK) [1]:

1. ITpou3BoOAAT aHAIN3 CHIPHEBOM 0a3bl MPEANPUATHS, ONPEaess (HU3UKO-
MEXAHUYECKUE XAPAKTEPUCTUKH UCXOJHBIX MaTEPUAJIOB, UCIIOIb3yEMbIX ISl TIPHU-
TOTOBJICHHUS JUTOHN 3aKJIQJOYHOM CMECH Ha 0a3e IIEMEHTHOTO HJIHM KOMIIJIEKCHOTO
BsDKymero. Jlemaercsa aHanu3 (QU3MKO-MEXaHUYECKUX CBOMCTB IYCTBIX MOPOJ
MPEIAra€MbIX K UCIOJIb30BAHUIO B KAUECTBE 3AIMIOJHUTEIIS,
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MeToauKe (puc., [-as TexHomoruyeckas juHus). Meroauka noadopa cocraBa Jiu-
TOM 3aKJIaIOYHON cMecH it POPMUPOBAHUS TTOPOI0-OETOHHOM 3aKJIa KU pacyeT-
HO-3KCIEpUMEHTaIbHAasl, UCXOAHBIN COCTAaB OINpPENENSAIOT PACUETHBIM IIyTEM, a 3a-
TEM COCTaB CMECHU KOPPEKTUPYIOT U YTOUHSIIOT SKCIEpUMEHTaIbHO. ONnTHMab-
HBIM COCTaBOM SIBJISIETCSI TOT, B KOTOPOM COKpAIllEHHWE PacxXoja LIEMEHTa MPH Ofl-
TUMaJIbHOM XMMHUYECKOI A00aBKe o0ecneunBaeT TpeOyeMyto MPOYHOCTh 00pa3lioB
MIPU COXPAHEHUU 33JJaHHOM MOABMYXHOCTU M BPEMEHU CXBAThIBAHUSI.

MeTtonuka nogdopa coctaBa JIMTOM TBEpCIOLIEH cMecH Ui (POPMUPOBAHUS
NOpOJ10-0ETOHHOM 3aK/Ia K1, OCHOBaHA Ha MOJ00pE COCTABIISAIOIUX CMECh KOMIIO-
HEHTOB T10 BOJOYACP)KUBAOIIEH CIIOCOOHOCTH, 00ECIIEUNBAIOIINX TOJBUKHOCTD,
TpaHCHOPTaOEIbHOCTb, IPOYHOCTh NP MUHUMAJIBHOM pacxoje Bsxkyiero. B co-
CTaB JIMTOW TBEPACIONICH CMECH BBOAMTCA KOMIUICKCHAs 3aMeJUIsSIolias 100aBKka
(manpumep «Meranut C-3PCy»), cmemaromas npu go3uposke 0,4...0,7 % ot mac-
ChI LIEMEHTA (B pacyeTe Ha CyXO€ BEIECTBO) HAayajlo CXBAaTbIBAHMS PacTBOpa /10 §
4, KOTOPOE HEOOXOAMMO JIsl 00eCIedeHHs] BpEMEHH 110J1a4l PacueTHOro o0bema
WHEPTHOTO 3aIOJHUTENS B TBEPACIOLINN paCTBOP J0 Hayaja ero CXBaTbIBaHUsA [2].

[Tocme pacyera coctaBa JUTOM TBEPACIOIIEN CMECH MPOU3BOLAT IMPOBEPKY
€ro Mmo o0bEMy MyJbIbl TOHKOJAUCIEPCHON (PpaKIUHU, KOTOPBIA JOJIKEH IPEBBI-
IIaTh 00BEM MyCTOT 3alOIHUTEN He MeHee, deM Ha 40 11 (0,04 m°). Onpenemsior
BBIXOJ] MCKYCCTBEHHOTO KaMHS, KOTOPBI TOJKEH COCTaBJIATH HE MeHee 95 %,
9TOOBI OOecrieunBaTh OOBOJIAKMBAHUE BCETO0 O0bEMa MOJABAEMOTO 3arOIHUTENS
MIpH TI0JIa4ye ero B JUTOW TBEpCIOMUi pacTBOp. [Ipou3BOAAT MPOBEPKY IO MOTY-
YEHHOW TUIOTHOCTHU JIUTOTO TBEPJCIOLIEr0 pacTBOPa M IMJIOTHOCTH KYCKOBOI'O 3a-
noJIHUTENS (TyCTON MOPOABI) JUIsl 00ECTIeUeHUsl YCIOBUS OCAKICHUS KYCKOB TO-
poast B emecu o, <0,95-p,,,.

[Tocne KOpPEKTUPOBKU COCTaBa CMECH I10 BEAEHUIO KOMIUIEKCHON 3aMeIsI-
fole T0OaBKU U MPOBEPKE pacTBOPA Ha MOJBMKHOCTD M BBIXOJ KaMHS U3 HEe U3-
TOTOBJISIOT KOHTPOJIbHBIE 00pa3Iilbl Ha TPEOYEMbIil CPOK UCTIBITAHUS.

Pe3ynbrarel HMCHBITAHUS OOpPA3IOB 3aTBEPCBIIMX 3aKJIAJOYHBIX CMecei
TpeX WJIM YeThIPEX COCTABOB (C Pa3IUYHBIM PACXOJIOM IIEMEHTa) 00padaThIBAIOT H
CTpOST TpaduK 3aBUCUMOCTH MPOYHOCTH OT pacxoja memeHrta. I[locme 3toro mo
rpauKy MyTeM WHTEPIOJISIIIUU BBHIOMPAIOT COCTAB C TAaKMM PacXoJIOM IIEMEHTa,
KOTOPBIN MO3BOJISIET MOJYYUTH TPEOYEMYIO0 MPOYHOCTH 3aKJI1aJI0YHOTO MaTepuasa B
ONPEACICHHOM BO3pacTe TBEPACHUS,

3. IIpoBoasT BBIOOP CXEMBI MOJAUYM 3aMOJTHUTENSI HA OCHOBE aHanu3a (hu3u-
KO-MEXAHUYECKUX CBOWCTB, I'PaHYJIOMETPUUYECKOIO COCTAaBa MyCThIX MOPOJ, OIpe-
JIeJICHUU O00BEMOB TYCTOM TOPOABI, MOJYy4aeMOM OT IMOJA3EMHOU TEXHOJIOTHH W
HaXOJAIICICS B MOPOAHBIX OTBanax mpeanpustus. [lo cremenu aOpa3uBHOCTH,
00BEMY 3aKiIaJbIBAEMON KaMephl, 00bEMHOI Macce MOpoj U pa3Mepy KYCKOB ITy-
CTOM TMOPOABI MO PEKOMEHAAUMAM MPUMEHEHHS TEXHOJIOTHMYECKHX CXEM IOJAa4Yu
3aKJIaJIOYHOIO0 MaTepualia MPUHUMAIOT TEXHOJOTHMYECKYIO CXEMY C Pa3/eiibHON
IMHEBMO3AKJIAJIOYHON, KOHBEUEPHON WJIM MAIIMHHOW TEXHOJIOTHEHW IOJa4d MaTe-
puana (puc.l, Il-as TexHonmormueckass nuHus). [lpu 3TOM Taxke BbIOMparoTCs
CpEeACTBA MEXAHU3AIMH, U PACCUUTHIBAETCA MPOU3BOJUTEIBHOCTh MO MOJIa4€ KycC-
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KOB 3aIIOJTHUTENIS B 3aKJIA/IbIBAEMYIO KaMEpY;

4. BBITIOJNHSIOT pacyeT BHICOTHI 3AJIMBAEMOTO CJI0SI JIUTOW TBEPACIOLIEH cMe-
CBIO 110 pa3MepaM U 00bEMY 3aKJIaJIbIBAEMOM KaMephbl, BPEMEHHU CXBaThIBaHUS pac-
TBOpA, @ TAK)KE OT YCJIOBHUS PEryJUPOBAHUS IUIOTHOCTH YIIAKOBKHM MHEPTHOTO 3a-
MOJTHUTEJS B 3aKJIaJbIBAEMOM MaccuBe 1o Gopmyre:

b T P-(1-K,)

K -L-B
rae T, — BpeMs 3al0JHEHUs MyCTOW MOPOJOH 3aKJIabIBAEMOrO CJIOS B Ka-
MEPE, (T3an S Texs— T3ak) 4,

T..; — BpeMs Hayaya CXBaThIBaHUsI TBEP/CIOLIErO pacTBOPA, U;

T, - Bpems Ha ofiady B KaMepy JINTOW TBEPACIOLIEU CMECH, U;

P — cxopocTb 3amomHeHUsT BEIPAOOTAHHOTO MPOCTPAHCTBA CHITTYYUM 3aKia-
JIOYHBIM MATEPUATIOM, M/4;

K; — k03 dunueHT 3anonHeHnst KyckaMu MyCTO MOpo/Ibl 00bemMa 3aKiaibl-
BAaeMOrO CJIOSl B KaMepe;

L, B — nnvHa ¥ mMprHa BIpaOOTaHHOTO MPOCTPAHCTBA, M.

Bpewms 3amosiHeHus pacTBOPOM KaMepbl ONPEIEISETCs M0 MPOU3BOIUTENb-
HOCTHU 3aKJIaJJOYHOTO KOMIUIEKCa, C BBIOOPOM ONTUMAJIBLHOTO JUaMETpa 3aKiIag04-
HOTO TpyOompoBoaa. CKOpPOCTh ABMKEHHS 3aKIaA0YHOW CMECU NMPUHUMAIOT U3
YCIIOBHSI YCTOMUMBOCTU €€ K PAcCIOCHUIO U MPOMYCKHOM criocoOHOCTH TpyOOIpo-
BOJIa, ONTUMAJIBHBIE CKOPOCTH [JBM)KEHHMSI CMECH IIPU CAMOTEYHOM pEKUME
0,5...0,7 m/c, B oTmenbHBIX cirydasx mo 1,5...2,0 m/c.

[Ipenmaraemass TEXHOJIOrMS NPEAYCMATPUBACT MOJAYy B CIIOW JIMTOU TBEP-
JICIONIEH CMEeCH 3aroJHUTENS B BHJAE IYCTOW TOpPOABI 0€3 MpeaBapUTEeIbHOTO
npo6isienusd. Ilpu sToM B Kamepe, JUisl CO3aHusl YCIOBHM cerperaiuuu Mpu JIBHKe-
HAWA KYCKOB TNOPOJbI, MOJIEPKUBACTCI MUHUMAJIBHAS BBICOTA CJIOSI pacTBOpa B
Kamepe MyTeM MEepUoJUYEecKOr MoJaun TBEpJEIoNero pacrsopa. Komnuectso no-
JaBa€MOI MOpOJIbl B TBEPACIONIYIO 3aKJIAJKy JOKHO COOTBETCTBOBATH 00BEMY
JOTIOJIHAEMOT0 PacTBOpPA 3a BpeMsl O Hayajla €ro CXBaTbIBaHUs, IIPU UCIOJIb30Ba-
HUUW 3aMeJyIsIonIel 100aBku 0 8 yacoB. 3akiajika Kamepbl MPOU3BOIUTCS /10 €€
KpOBIJIH.

Kak moxa3pIBatoT mpoBeJieHHbIe Ja0opaTOpHbIe HCCIeIOBaHUs IO Mpejia-
raeMoi MEeTOJuKe, YTO Hanbosee NOIXOAIIMM BApUAHTOM JJIsi TOPO10-0€TOHHOU
3aKJIaJIKU SIBJSIOTCS JTUTHIE TBEPJCIOUINE PACTBOPHI HAa 0a3e 1IEMEHTHO-TIECUaHbIX
coctaBoB ¢ cootHomenuem LI:IT =1:13 (mpu BOOIIEMEHTHOM OTHOIIEHUH HE 00-
nee B:11=1:2,5), ¢ nobaBmeHreM KOMIUIEKCHOM 3aMeUISIFONIeH T00aBKHU MPH J03H-
poske 0,4...0,7 % ot maccel ueMeHTa (B pacuere Ha cyxoe BeuiectBo). [Ipu atom
IIOTHOCTB PACTBOPA MOXKET MeHsAThes oT 1700 10 2200 kr/m” TloaGop cocrapa 3a-
KJIaJIOYHOM CMECH MPOU3BOJIUTCA MHIAMBUAYAIBHO JUISl KAKJOTO MPEANPUSATUS C
YUETOM €ro ChbIpbeBOM 0a3bl, CBOMCTB U XapAaKTEPUCTUK CHIPHEBBIX MAaTEpPUAJIOB.
KonunuecTBo nmogaBaeMoro 3anojHuTeNsl (IIyCTON MOPO/Ibl) IO BTOPOH TEXHOJIOTH-
YeCKOM JIMHUU MOXKET Jocturarh 10 60% oT 00béMa 3aKiIaj Ky, B 3aBUCHMOCTH OT
(PM3UKO-TEXHUYECKUX CBOMCTB MOPO/IBI.

Brenpenue npeaimaraeMoro Merona GopMUPOBAHUS TIOPOI0-OETOHHOTO 3a-

b
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KJIQJIOYHOTO MacCHMBa M METOJUKU pacdera cocTaBa MOpPOJ0-OETOHHOM 3aKiIaaKu
JUISI KAMEPHBIX CUCTEM pa3pabOTKH MO3BONMT HE MeHee 4eM Ha 30 % yMEeHBIIUTh
CTOMMOCTbH 3aKJIQJIOYHBIX PaboT, a TaK)Ke CleNiaTh peHTa0eIbHON 0TpaboTKy OeI-
HBIX U CpeIHEH IIEHHOCTH Py BBICOKOMPOU3BOIUTEIHHBIMA KaMEPHBIMH CHUCTE-
MaMu pa3paboTKu ¢ 3akaaakoit [3].

Cnucok JiMTepaTypsl
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CEKUMNA « TEXHUHECKUNE HAYKU»

PACYHET BEPOSITHOCTH INIOABJIEHUA
BHYTPUKAHAJIBHOU ITOMEXMU B IMKOCETHU BLUETOOTH

banawosa T.B.

OaxanaBp 0 HaMpaBJICHUIO MPHUKJIaJAHAs UH(POPMATHKA,
OUHAHCOBO-TEXHOJIOTHYECKas aKajeMus,

Poccus, r. Kopouies

TI'opoamenko B.IO.

OaxanaBp M0 HAMpaBJIECHUIO MPHUKJIaAHA HH(POPMATHKA,
DUHAHCOBO-TEXHOJOTHUYECKas aKaIeMHus,

Poccus, r. Kopoiie

Onugpep C.C.

OakanaBp IO HAMPaBICHUIO MIPHUKJIaAHA UH(POPMATHKA,
DUHAHCOBO-TEXHOJOTUYECKas aKaIeMus,

Poccus, r. Kopoiie

B cratbe paccMOTpEeHBI BOTIPOCHL, CBS3aHHBIE C PACYETOM M MOJEIHMPOBAHNUEM BEPOSITHO-
CTH TIOSIBJIEHUSI BHYTPUKAHAJIbHBIX ToMeX B mukoceTsix Bluetooth, mpu pabote 6ecrnipoBogHBIX
YCTPOMCTB MaJoOro pajanyca JecTBHs.

Kniouegvie cnosa: ycTpolicTBa MaJloro pajuyca ACHCTBHs, BHYTPUKAaHAIbHBIE MTOMEXH,
CKaYK000pa3HOE U3MEHEHUE YaCTOTHL

Ha ceroansimnuii neus B Bluetooth-rexHonmoruu choxycupoBaHbl TyyIIne
JTOCTUKEHUSI COBPEMEHHOM MUKPO3JIEKTPOHUKH, KaK B 00JIaCTH amnmapaTypsl, Tak U
B mporpaMMHOM obecrieuenud [1, 5]. bnarogaps HU3KOH CTOMMOCTH U MEXIPOTO-
KOJIbHOM COBMECTUMOCTH CBEPXMHUHHUATIOPHBIX MPUEMOTIEPEIATIMKOB OHU HAIILTU
[IMPOKOE MPUMEHEHUE B KOMIIBIOTEpaxX, HOYTOyKax, COTOBBIX TeiedoHax, Nei-
JUKepax, a Tak ke B oOjacTtu ObIToOBOM TexHWKU [4, 5]. PammokoHTposuieps
Bluetooth mo3BossrOT ynpaBiarh pexxumamMu paboThl KOHIUIIMOHEPOB, TU(POBBIX
dbotokamep, CBU-neueil, XOJOIUIBHUKOB, CTHPAJIBbHBIX MAIWH, TEJIECBU30POB.
CymiecTByeT MHOXECTBO JPYIMX THOTEHUUAIbHBIX 00JIacTell NpPUMEHEHHUs
Bluetooth [8, 9].

Ces3p B cucteme Bluetooth oGecrieunBaercs B amanazone ISM (Industrial,
Ssientific, Medical) 2,45 I'T'u, oTBeqeHHOM AJIsSi IPOMBILIUIEHHOM, HAYYHOU U Me-
TUIUHCKON paanocityx0. DTOT auana3oH SBISETCS OTKPBITHIM (HEJIHULIEH3UOH-
HBIM), a, CJIEI0BAaTEIbHO, TIOJIBEPKEH BO3JIEHCTBUIO OOJIBIIIOTO YUCIIa UCTOYHUKOB
HEMpEHAMEPEHHBIX MoMeX [2-4].

Jns ycTpaHeHus NOMEX B 3apaHee HENpeICKa3yeMO 3JEeKTPOMarHUTHON
00CTaHOBKE BO3MOXKHO IPUMEHEHHUE JIByX crioco0oB. IlepBriii criocod 3akitovaeT-
Csl B IOMCKE CBOOOJHBIX OT MOMEX YYACTKOB CHEKTPa M JUHAMHYECKOM pacIipejie-
JIEHUU KaHaJIOB. BTOpOM COCTOMT B pacIIMPEHHH CIIEKTpa MEpeIaBaeMbIX CUTHA-
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JIOB 3a CUET CKauKooOpa3HOU mepecTpoiiku paboueil yacToTsl. Bo Bpems paboTb
paguonepelaTyuKy MCEeBAOCTyYalHbIM 00pa3oM NEPECTPAUBAIOTCS C OJHON 4Ya-
CTOTBI Ha JPYT'yI0, U «MTHOBEHHAs» I0JIOCA YACTOT OCTAETCS CYIECTBEHHO MEHb-
e, yueM o01mas mupuHa MOJ0Ch 4acToT. IMEHHO 3TOT croco® mpUMeHseTcs B
texHosoruu Bluetooth.

OcHoBormonararmuM nNpuHIUMNoM nocrpoenust cuctem Bluetooth sBisiercs
MCIOJIb30BAHME METOJa PACUIMPEHUS CIEKTpa MPU CKAYKOOOpa3HOM H3MEHEHUU
yactotel FHSS (Frequency Hop Spread Spectrum), npu kKoTopoMm Bech BbIAEIICH-
b1 17151 Bluetooth-paguocssasu wactotaeiid auanaszon 2,402...2,480 I'T' pazour
Ha N yactoTHbIX KaHanoB. Ilonoca xaxmoro kanana 1 MI'n, pasHoc kaHalnoB —
140...175 xl'u. s CIIA u EBponiel N = 79. Uckmtouenne cocrasisitoT Mcnanus
u Opannus, rae aa Bluetooth mpumensiercst 23 yacToTHbIX KaHana. CMeHa KaHa-
JIOB TIPOU3BOUTCS IO TICEBIOCTYYaliHOMY 3aKOHY ¢ yacToToi 1600 I'm.

[TocTostHHOE YepenoOBaHWE YACTOT MO3BONSAET pamuouHTepdericy Bluetooth
TpaHCIUPOBATh MHPOPMALUIO IO BceMy auanazoHy ISM u 3HauuTENbHO CHUBUTH
BO3JICHCTBUS MTOMEX CO CTOPOHBI YCTPOMCTB, pabOTAIOIINX B 3TOM K€ JHMAINa30HE.
Ecnu nanHbli KaHanm 3amrymi€H, TO cUCTeMa MepeiaéT Ha Apyrod, u Tak Oyner
IPOUCXOJUTH 10 TEX MOpP, IOKA HE OOHAPYKUTCS KaHall, CBOOOIHBIN OT MOMEX.

OpaHako, HECMOTPSl Ha BBIIICU3JIOKEHHBIE MEpBI, B CBSI3U C MOSIBICHUEM
OO0JIBIIOTO YKCIIA PA3TMYHOTO 000PYAOBaHUS OECIIPOBOHBIX CETEH M YCTPOMCTB C
ManeiM paauycom aeiictBusi SRD (Short Range Devices), 1ist KOTOpbIX OTBeIEH
€IMHBINA YaCTOTHBIN JAMAMa30H, 04YCHh OCTPO BCTAET BOMPOC 0OECTICUEHUS UX DJICK-
TpomaruutHoi coBMectumoctu (OMC) ¢ ycrpoiictBamu Bluetooth, paboTaromu-
MH HETIOCPEICTBEHHO PSAIOM C HUMH [6-8].

[Tpoananmu3upyem npobiaembr DMC Ha mpumepe yctpoiictB SRD, BbImo-
HEHHBIX Mo TexHojoruu Bluetooth. I[IpousBenem pacuer BEposSATHOCTH MOSBICHUS
BHYTpPUKaHAIbHBIX TOMeX B nukoceTsx Bluetooth.

[Tycts B 30He neiictBusi SRD paboTaer paanosiaeKTpoHHOE 000pyJ0oBaHHUE
WCIIONB3YIOIee, Tak ke Kak u Bluetooth-ycTpoiicTBa, ckaukooOpasHyr Tmepe-
ctpoiiky yactotrel FHSS. Eciu npeamnonoxutb, 4To mepecTpoiika 4acTOThl MpH-
OCTaHOBJIEHA, TO HA OCHOBE TPAJAUIIMOHHON MOJEJIH PACIIPOCTPAHEHUS PaJInOBOIH
MOHO PacCUMTaTh BEPOSATHOCTh BOSHUKHOBEHHS IMOMEX B COBNAJAIOLIEM KaHase
(BHYTpUKaHAJIbHbIE TIOMEXH), U BEPOSTHOCTh BO3HUKHOBEHMSI NTOMEX OJIOKMpPOBa-
HUS (YMEHBILIEHUE YCUJIEHUS MTOJIE3HOTO CUTHAJA BO BXOJHOM TPAKTE MPUEMHHUKA).

AHanu3, MpOBEJICHHBIN B [§], MOKA3bIBAET, YTO €CIIM YPOBEHb MEMIAIOIIUX
MOMEX HAXOAUTCS HUXKE YPOBHS, MPU KOTOPOM MPOUCXOIUT OJOKMPOBAHHUE MPH-
€MHOT0 O0OpY/JOBaHHUSA, TO BHYTPUKAHAIBHYIO MOMEXY MOXKHO OMPEICIUTH pas-
J€JIbHO OT OJIOKMpOBaHUs. BeposATHOCTh BHYTPUKAaHAIBHON MOMEXU Py, A Ka-
Hana Bluetooth ot omnoro wucrounmka mnomex (FHSS-yctpoiictBa) Oymer
COCTAaBJISITh:

P, Bu.l — DN 19

rae: D — pabounit mukn FHSS-ycTpoiictBa; N — 4HCIIO CKaYKOB YacCTOTHI
ycTpoiicTB TexHosoruu Bluetooth.

3aBUCUMOCTh BEPOSITHOCTH BHYTPHKaHAIBHOU Mmomexu nukocetu Bluetooth
oT BenuuuHbBI padbodero nukia FHSS-ycrpoiicts, mpencraBnena Ha puc. 1.
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Puc. 1. 3aBUcHUMOCTb BEpOSITHOCTH BHYTPUKAHAJIBLHOM MOMEXHU OT paboyero uKia

W3 mpeacTaBieHHON 3aBUCUMOCTH BHJIHO, YTO C YMEHBIIICHUEM BEITUYHHBI
pabouero mukina FHSS-ycTpoiicTB, BeposATHOCTH BHYTPUKAHAILHON MOMEXH B TTH-
kocetu Bluetooth Taxxe ymensbIaercs.

C pocToM uHciia UCTOYHUKOB TMOMEX 7 BEPOATHOCTh BHYTPHUKAHAJIbLHOU
noMmexu B TMkocetn Bluetooth yBenmuumBaercss ' MoOXeT OBITH HaifjeHa U3
BBIPAKCHHUS:

Pyyi = D(1- [(N-DN'T7).
['paduk, oTpakarouiuii HOJy4YE€HHYIO 3aBUCUMOCTD, IIPEJICTABJIEH HA PHC. 2.

0,05
0,045

0,04 P

>

0,03 ~
o

0,025 ~
0,02 //

>

0,015 ~
0,01
0,005
0

BHYTPUKaHallbHOU NoMexu

BeposaTHoCTb

1 4 7 10 13 16 19 22 25 m

Puc. 2. 3aBucuMOCTb BEpOSTHOCTH BHYTPUKAHAIBHON TOMEXH
OT YMCIIa UCTOYHUKOB ITOMEX

3aMeTuM, YTO B PACCMOTPEHHBIX CIydasX BHYTPUKAaHAJIbHAs TOMEXa HE
MPUBOAMIA K CHIKEHUIO MPOIMYCKHOU ciocooHocTu HUxke 90%, Tak kak Ooisee
90% cnekTpa octaBajiack CBOOOIHOM OT Tomex [9].

Takum 00pa3oM, OCYILECTBIIEH pacueT BEPOSITHOCTU TOSBICHUSI BHYTPHKA-
HAJBHBIX TTOMeX MpueMHbIX Bluetooth-ycTpoiicTB mpu paboTe B HEMOCPEnACTBEH-
HOM Onm3octu oT nepeparoniero FHSS-ycrpoiicta. [lonyueHsl 3aBUCUMOCTH Be-
POSITHOCTH BHYTPHUKAHAJIbHON MOMEXH OT BEIUYHHBI padOyvero IuKIa U 4Yucia
ucrouyHukoB nomex FHSS-yctpoiictB. IlokazaHo, 4TO BEpOSTHOCTh BHYTpPHKA-
HaJnpHOM momexu npueMHbIX Bluetooth-ycTpolicTB yBennuuBaeTcs HE TOJIBKO C
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poctom unciieHHocTH FHSS-ycTpoiicTB, HO M ¢ yBeTUYCHHEM BEIIMYMHBI UX pa-
0o4Yero uKIia.

Jannas paboma ewvinonnena 6 pamxax HUP «llpoekmuposanue cemeiiy
nposooumoti 8 I' BOYBIIO MO «®DTA» noo pykosoocmeom 0.m.H., npogheccopa
Apmrwowenxo B.M u x.m.n., ooyenma Ab6acosoti T.C.
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JANPDY3UA I'A30BO3AYITHOI'O ITIOTOKA
IHPU NOBBIIHIEHUU TEMIIEPATYPbI

benakoe B.H.
HoBropoackuit rocyiapcTBEHHbBINM YHUBEPCUTET UMEHU Spocnasa Myxaporo,
Poccus, r. Benukuit Hosropon

Inyscnukos A.A.
HoBropoackuit rocy1apcTBEHHbBINM YHUBEPCUTET UMeHU SApocnasa Myxaporo,
Poccus, r. Benmukuit HoBropon

Illséeuoe U.B.

3aB. Kadeapoi mpoMbIIIEHHOM 3HepreTukr HoBropoickoro rocy1apcTBEHHOTO
YHUBEpCHUTETa UMEeHH SpocimaBa Mynporo, A.T.H., ipodeccop,

Poccus, r. Benukuit Hosropon

[Tonnepxanue HOPMAIBHOM TEMIEPATYPhl B JKUJIBIX MOMEIICHUAX WIM Ha MPOMBIIUICH-
HBIX IPEINPUATHIAX HEOOXOAUMO JJIsi HOpMAJIbHOM JKU3HEIEATEIbHOCTH YenoBeka. B HacTosmee
BpeMsl HauboJee pacipoCTPaHEHbI CIIOCOOBI MOBBIIIEHUS TEMIIEPATYPBI C MIOMOIIBIO PA3IMUHBIX
HCTOYHUKOB TeIlIa. 3a/1a4a 3aK/II04aeTcsl B COKPALICHUN MOTPEOIEHUS] SHEPTUU 3a CUET UCIOJb-
30BaHMsI SHEPro3(h(HEeKTUBHBIX IHEProcOEPEraroNnX TEXHOIOTHI 3a CUeT YBEIMUCHHS TeMIlepa-

Typhl BO3yXa.

Knrouesvie cnosa: nuddysus, TeriomaccooOMeH, TeMreparypa, TerIOHOCUTEINH.

Ha mpoMBIIIUIEHHBIX TPEANpUITHSIX U B KUJIBIX MOMEIIEHUSX UCIOJB3YIOT
o0opyoBaHME Ui MOBBIIICHUS TeMIEpaTypbl Bo3ayxa. K HUM OTHOCST Terio-
HarpeBaTesiy BO3/lyXa ¢ IPsIMbIM MJIM HEMIPSIMBIM HarpeBoM, KOPIYyCHbIE WJIM Ta30-
BbI€, TEIUIOBBIE 3aBEChl WM TeEIIOreHepaTtopbl. OCHOBHBIM HEIOCTATKOM 3THUX
YCTPOUCTB SIBISIETCS. HEOOXOAUMOCTb HCIOJIb30BaHUSI HArpeBaTeNIbHBIX 3JIEMEH-
TOB, TAKUX KaK CIHpaIM WU MHPPAKpACHBIE U3Ty4aTENIH, KOTOPHIC MOBBIMIAIOT
pacxof 3JIeKTpodHepruu. J[aHHbI HEIOCTATOK OMpPENEseTCs] CI0KHOCThIO MOH-
Taka MPOBOJIKM B TIOMEIICHUAX, TAK KaK HE BCETJa MOXKHO TOYHO PacCuMTaTh Ha
KaKOM pacxo/ dJAEKTPOIHEPTUN TIPETOIaracTcs B JaIbHEHIIIEM paCCYUTHIBATD.

OcHoBHas npoOjema, KOTOpOil MOCBAIEHa MyOJuKalus — pa3padoTka Me-
POTIPUATUN JUIS CUCTEM 3HEProd(PPeKTUBHOCTH Ha OCHOBE IMOBBILICHUS TeMIlEpa-
Typbl TEIJIOHOCUTENEM ¢ MHUHUMAJbHBIMHM 3aTparamu. JlaHHOE yCTpOMCTBO HcC-
MOJIB3YETCSA ISl TIOBBIIICHHUS TEMIEpPaTyphl TEIUIOHOCUTENS C HCIOIh30BAaHUEM
TEMIIEPATyPOIOBBIIAIOIINUX 31EeMEHTOB [1,2].

[Ipn uccnenoBaHUM UCIOJB30BAHBI TEOPETUUECKUE U DKCIEPUMEHTAJIbHBIC
MeTonbl. TeopeTnyeckre ucclieoBaHus 0a3upyIOTCS Ha HAYYHBIX OCHOBAaX MpH-
KJIQJTHOM MEXaHUKH >KHJIKOCTU U rasza, TMAPOra3oJMHaMUKH U TEPMOJIUHAMUKH,
¢u3nUecKol XMMHUHU, Ta30BOTO aHAIM3a U MATEPHATIOBEACHHS. DKCIEPUMEHTAIb-
HbIE€ WCCJIEIOBAHUS BBITIOJHSUIUCH C HUCIIOIB30BAaHUEM COBPEMEHHBIX aIlMapaTHBIX
CpPeICTB M HPUOOPOB ISl KOJIMYECTBEHHOM M KAaueCTBEHHOM OIEHKU (PU3HKO-
XUMHYECKHUX MPOIIECCOB.
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Ha ocHOBaHMM NOJIy4eHHBIX PE3yJIbTATOB MPEIIIOKEHA TUIIOTE3a U TEOPETH-
YECKH YCTAHOBJICHA B3aUMOCBS3b AU(PQY3UU M MaccolepeHoca ¢ TeMIepaTypoi
ra3o00pa3HbIX TEIIOHOCUTEJEH B 30HE HCCIIEOBaHUS, MPOBEACHBI IKCIEPUMEH-
TaJbHBIE HCCIEAOBAHUS, MOATBEPXKIAIONINE a/IeKBATHOCTh Mpe/iaraeMbix (husu-
YECKHX U MaTEeMaTUYECKUX MOJEIICH.

Ha ocHoBe npeiaraeMoil MOJEIN CO3/1aHa METOAUKA UCCIIEOBAHUS ITOBbI-
HICHUS] TEMIIepaTyphl ra3000pa3HbIX TEIUIOHOCUTENEH 0€3 MCIONIb30BaHUS JI0MOJI-
HUTEJbHBIX HAarpeBaTelbHbIX IPUOOPOB, MPOU3BEIECHHBIE PACUETHI 110 IaHHON Me-
TOJIMKE TTOKA3bIBAIOT 11€JI€CO00PA3HOCTh MPUMEHEHUS MPEAJIaraeMoil CUCTEMBI T10-
BBIIIICHHS TEMITEpaTyphl TEIUIOHOCHUTENEH, 3P PEKTUBHOCTH KOTOPOW TOTBEPKIa-
€TCsI IKCIEPUMEHTAIIBHO.

Pa3paboTka Mozenell B €CTECTBEHHBIX U TEXHOJOTUYECKUX (DU3UUECKUX CHU-
CTeMax B 3aBUCHUMOCTH OT BHEIIHHMX BO3JCUCTBUH SIBISIETCS aKTyaJbHOW MpoOsie-
MOM, KOTOpasi KCCIEIYETCS B paMKax psJia HalpaBJICHUM, OMMCAHUE KOTOPBIX Be-
JET K HEJIIMHEWHBIM WJIM HECTAlMOHAPHBIM YPABHEHUSIM [UJIl CUCTEM, BKIIIOYAIO-
IIUM JOTOJIHUTEIBHBIE YCIOBUS MOJEIUPOBAHUS MPOLIECCOB. JTO BAXXHO IMPH MO-
CTPOEHUU aJTOPUTMOB, PA3BUTHH YHCIECHHBIX METOOB, Pa3pabOTKe MporpamMm u
UX peAIN3aLUI0 IS IPOBEACHUS KOMIIBIOTEPHBIX PACYETOB.

OaHUM M3 MaJIOM3YYEHHBIX IEPEXOIHBIX MPOIECCOB B (PU3MKE SBISETCA
MpoliecC HarpeBa ra3o00pa3HOro WiH, TeM 0OoJee, )KUAKOTO BEIECTBA MpHU MpPo-
XOXKJICHUH Yepe3 o000 MaTepuall. IHTepec K 3Toi mpoOiieMe CBsI3aH C dKCIEPH-
MEHTAJIbHBIMU UCCIIEOBAHUSAMM JTAHHBIX MPOLIECCOB U SIBJICHUM, HA HE CTaHAApT-
HOM TOJIKOBaHUHU TepMOAU(PDy3UH.

[Tpu pemiennu 3amayd TEMIOPU3UKHU MIMPOKO KCIOJIB3YIOT MAaTEMAaTHYECKOE
OMMCaHUE TEMIIEPATyPHBIX MOJIEH, BOZHUKAIOIIKUX B TBEPABIX TeJIaX MOJ JACHCTBU-
€M Pa3JIUYHBIX UCTOYHUKOB TEILIOTHI, B OCHOBE KOTOPOIO JIEKHUT CIEAYIOLIEE I10-
noxenue. Coznanue oOIe MOIEIH, MPOXOSIINUX MPOLIECCOB, SABISETCS CIOKHBIM
U rpoMo3akuM. [loaToMy BO3HMKaeT HEOOXOAMMOCTh OOBEIMHUTH YaCTh CBSI3aH-
HBIX MEXTy co00il siBieHuid. TeopeTndeckne UCCIe0BAaHUs U TIPOBEICHHBIE YKC-
IIEPUMEHTHI ITOKA3bIBAET, YTO CHWXKCHUE DHEPro3arpar OCYLIECTBISAETCS IIyTEM
NpUMEHEHHs] SHEprodPQPeKTUBHON M HHEprocOeperaroneil TEXHOJOTUU ITyTEM
MPUMEHEHHS TEMIIEPATYPONOBBIIIAIOIINX SJIEMEHTOB.
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OCHOBHBIE OTAIIbI PA3BUTUSA HAT'PY3OYHOI'O
TECTUPOBAHUSA NHOOPMAIINOHHBIX CUCTEM

bopooun A.A.

accUCTeHT Kadeapsl « BeraucauTenbHas TEXHUKA
MOCKOBCKOTO rOCy1IapCTBEHHOTO YHUBEPCUTETA JIECa,
Poccus, r. MpIituimu-5

QDunozees A.T.

npodeccop kadeapsl «CHCTEMbI aBTOMATU3AINH TPOSKTUPOBAHKS
[TeH3eHCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA, J-p TEXH. HAYK,
Poccus, r. Ilensa

WNudopmanus sBISETCS caMbIM IIEHHBIM PECYpCOM COBpEMEHHOW muBHian3anuu. [1osTo-
MY BOIIPOCHI HaJIEKHOCTH MH(POPMAIIMOHHBIX CUCTEM MPUOOPETAIOT UCKIIOYUTENILHOE 3HAUCHHE.
BaxxneimmM crmoco6oM ITHAarHOCTHKU ATHX CHUCTEM SIBISIETCS TecTupoBanue. J[ns mHbopmaiu-
OHHBIX CHCTEM IJI00AIBLHON CETH BaKHEHIITNUM BUAOM TCCTUPOBAHUS SABJIACTCA HArpy304HOC. B
JJAHHOM CTaTb€ OTPaKEHbl OCHOBHBIE 3Tallbl PAa3BUTHs HArpy304YHOI'O TECTUPOBAHMUS U €ro CO-
CTOsAHHEC Ha CGFOI[HSIH_IHI/Iﬁ JCHB.

Kniouesvie cnosa: Harpy3ouHoe TECTHPOBAHUE, MCTOPHUS Pa3BUTUSA, MHPOPMALMOHHBIC
CHCTEMBI.

['moGanbHasi ceTb 3HAUMTEIBHO MOBJMsUIA HA KM3Hb COBPEMEHHOro o0IIie-
cTBa. Ee nosiBnenne N3MeHnI0 SKOHOMUYECKYIO0, MOJIUTUYECKYIO U OOILIECTBEHHYIO
xu3Hb. BceoOuuii, ierkuii u ObICTPBIA MOCTYN K MH(POpPMAIMK OKa3ayl BIUSHUE
Jla’)ke Ha MBILIUIEHHE COBPEMEHHOro 4yeyoBeka. C OIHOM CTOPOHBI, TioOanbHas
CeTb MO3BOJIAET JIETKO HAWTH HYXKHYIO HH(OpMaLIKIo, KOTOpasi paHee Oblila CKPhITa
B Pa3pO3HEHHBIX CHEIUATM3UPOBAHHBIX HUCTOYHHUKAX, YBUACTH JIIOOYIO TOUKY MH-
pa, MO3HAKOMUTHCS C MHEHUEM MHOKecTBa Jtojieit. C qpyroil CTopoHbl, BCEOOIIni
JOCTYTI K TJI00aTbHON CEeTH MPUBEN K TOMY, YTO MHOTHE T10JIb30BATEIH MEPECTAIU
3alOMUHATh, aHAJM3UPOBATh U CHHTE3UPOBATh MH(HOPMAIINIO, TAK KaK MPOIIE CTa-
JI0O HANTH TOTOBBIE OTBETHI. JloCTYHOCTH MH(pOPMALINK CTalla Jaxke 00eCIEHUBATh
ee. ['mobanbHas ceTb MMeEET CBOM JOCTOMHCTBA M HEJOCTATKH, TEM HE MEHEE €e
3HaYeHHE TPYJHO NepeolieHUTh. COBPEMEHHOE OOIECTBO YK€ HE MOKET YCIIEIIHO
byHKIIMOHUpPOBaTh 0e3 riaobanbHoi cet. [losToMy HanekHOCTH MH(POPMAIHOH-
HBIX CHCTEM, SIBJISIONIUXCS Y3JIaMU COCPENOTOYeHHUST MH(POPMAIlUK, UMEET TIEPBO-
CTeneHHOe 3HaYeHue. Hemonaaku B HUX MOTYT MPUBECTH K TSKEJIbIM SKOHOMHYE-
CKUM, COLIMAIBHBIM M TOJUTUYECKUM TociencTBusiM. [lo sToii mpuunne HEoOXo-
auMa pazpabotka dPQPEKTUBHBIX METOJOB 00ECTICUCHUS UX HAJIEKHOCTH.

Baxuelimmm crocoboM obecrieueHus: HaAeKHOCTH MH(POPMAIMOHHBIX CH-
cTeM siBisieTcsl TectupoBaHue. OHO MPEACTaBISET cOOOW MPOBEPKY CHUCTEMBI Ha
MpeIMET TOTO, COOTBETCTBYET JIM €€ paloTa, MpeabsBiIseMbIM TpeOoBaHUAM. B
XOJIe CBOETO Pa3BUTHS MPOIECC TECTUPOBAHUS MPOIIEI JIMHHBIN MyTh Hepa3pblB-
HO CBSI3aHHBIN C KOMITBIOTEPHBIMU TEXHOJIOTHSIMHU.
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Uccnenoatenu u3z Amepuxu JpBun ['ennepun u bunn Xensen [1] nposenu
aHaJIM3 WCTOPUM PaA3BUTHUA IIpollecca TECTHUPOBAHMS M BBIICIWIM CIETYIOUIUE
STarbl:

10 1956 rona, nepuona OTIaAKY;

1957 — 1978, nepuoa 1eMOHCTpALINH;
1979 — 1982, necTpyKTHUBHBIN IEPUO;
1983 — 1987, nepuon OLIEHKH;

nocie 1988, nmepuon npeaoTBpalieHus.

[Tocne co3maHus MEPBBIX SJIEKTPOHHBIX BBIYMCIMTENBHBIX MAIIUH TEOPHUS
TEeCTUPOBaHUs OblIa C(hOKYCUPOBAHA Ha ammaparype. DTOT EPUOJ] UCCIIEI0BATENN
HA3bIBAIOT OTIAJ0YHO-OPUEHTUPOBaHHBIM. [IpoOieMbl, CBs3aHHBIE C MPOrpaMM-
HBIM 00E€CIIEYeHHEM, PAaCCMATPUBAIUCH BO B3aUMOCBSI3H C alapaTHOW HaJEKHO-
cThi0. HayuHble paboThl 3TOro neproaa ObUIM NOCBSIIEHBI, B OCHOBHOM, anmapar-
HbIM KOMIIOHEHTaM. B Te BpemMeHa Takue MOoHATHS, KaK MPOBEPKA IPOrpamMMBbl, OT-
Ja/IKa ¥ IpoLecc TECTUPOBaHUs, eule He Obuid pasneneHsl. OTinagKkol cuuTaiach
mo0ast TesITEIbHOCTh MO BBIABJICHHUIO OmMOOK. Hamboee panneir paboToi, Kaca-
IOIICHCS TTPOBEPKU TPOrpaMM, CUMTAETCsl CTarhsi AJlaHa ThrOpuHra, B KOTOPOM
paccMaTpUBaIOTCSl BOIPOCHI J10KA3aTeNIbCTBA KOPPEKTHOCTH palbOThl MPOTrpaMMBbl
[2]. OH Takxke SIBIISIETCS aBTOPOM MEPBOM CTAaThH, MOCBSIIIEHHONW TECTUPOBAHUIO
nporpamm [3]. OHa HampaBjeHa Ha peIIeHHe BOMpoca O TOM, 00JIagaeT Ju Mpo-
rpamMMa UHTEIUIEKTOM. Asian ThropuHTr pa3zpaboTan onepaloHHbIN TECT AJi BbI-
SBJICHUS WHTEJUIEKTYaJIbHOTO MOBEACHUS MporpaMMbl. B pa3BuTue uccieaoBaHui
B 00JaCTH TECTUPOBAHMSI BHECIM 3HAUYMTENbHBIM Bkiaa Takxke kHuru «Quality
Control Handbook» JIxo3zeda IOpena[4] u «Total Quality Control» Apmanna
Oeiirendoaymal5].

B Teuenue cienyromero nepuoia KOJIM4ecTBO, CI0KHOCTh U LIEHAa KOMITbIO-
TEPHBIX MPUIOKEHUN 3HAUUTETHFHO BO3POCIU. ITO 00YCIOBUIIO MOBBIIICHUE BaX-
HOCTH Y 3HAYEHUS TECTUPOBAHMS. B 3TO e BpeMs MPOU30ILIO pa3/ieJ]eHUE TECTHU-
POBaHUA U OTJIAJKH, KaK Pa3HbIX BUIOB JIEATEIBHOCTH, UMEIOLIUX Pa3HbIC LIEIIH.
TecTtupoBanue TOraa UMEINO LENBIO MMPOBEPUTH, PEIIAET JU IIporpaMma IOCTaB-
JICHHYIO TIepe]l Hel 3ajauy, a OTiIagka — QYHKIIMOHUPYET JIK mporpamMma. [laHHbIiA
MEePUO/ HA3bIBAIOT JIEMOHCTPALIMOHHO-OPUEHTUPOBAHHBIM, MOAYEPKUBAsl, 4TO Iie-
JbI0 TECTUPOBAHUS SBIIAETCS JAEMOHCTpAIUsl TOTO, YTO MpOrpamMma BbIIOJIHAETCS
MpaBWIbHO. B 3TOT mepuoj 3HaYUTENBHO BO3PACTAET KOJIMYECTBO MyOIHMKAIUN U
HAy4YHBbIX CTaTell Mo JAaHHOW mpobOiieme. B mepBoil KHHre O MPOrpaMMHPOBAHUU
Hanmsna Mak-Kpakena «Digital Computer Programming» [6] aBTop mpemaran
UCIIOJIb30BaTh TOYKM OCTaHOBa Js (YHKIMOHANbHON Bepudukauuu. Torma ke
ObUIM pa3zpaboTaHbl MeToAbl Kputnueckoro nytu JDxeiimca Kemnmu m Moprana
Bonkepa[7], Tabnuma npursTus pemenus beptona I'paga[8], cTpykTypHbIe WH-
dopmarmonnsie nuarpammbl Yapnb3a baxmana[9], kackaanas monens Buncrona
Potica[10], ocymecTBiaeHa cTanaapTH3aIis OJIOK-CXeM, 3aJTI0)KEHBI OCHOBBI CTPYK-
TYpPHOTO IporpamMmmupoBanusa acrepom Jlerikctpoiut[11] u T.1.

Crnenyromuil 3a NI€EpUOAOM JTEMOHCTPAIMU — JECTPYKTUBHBIN MEPUO, KOTO-
pBIl XapaKTepHU3yeTCsl CMEIIECHUEM IeJIed TEeCTUPOBAHUS U OTJIAJIKM Ha TMOMUCK
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omnbok. Teneps 3aaauell TECTUPOBAHUS CTAJIO OOHApyXeHHE OIIMOOK, a 3a1auei
OTNAJKW — MX JIOKAJTM3alus U UcIpaBieHue. B 3To Bpems Obuta omyOimKoBaHA
kaura I'nendopna Maiiepca «The Art of Software Testing» [12], okazaBiias
00JBIIIOE BIMSIHUE HA pa3pabO0TKy BOMPOCOB TECTUPOBAHUA. JTO ObLia mepBas pa-
00Ta, IIETMKOM TOCBSIIEHHAs TECTUPOBAHUIO MPOTPaMMHOTO obecrieueHus. B Hel,
OMMMO IIPOYEro, Mpeajarajcsi U MEXaHU3M YEPHOIo SIIMKA, a TAKXKE TPEYroJib-
Has mporpamma. B 310 Bpems paspabaTbiBaeTcs METOJ aHajdu3a BUIOB M MOCIE-
ctBuii oTka3zoB (FMEA) nnst mporpamMmHubix nipuiokenuit [13] u MeTton aHanm3za
CRUD (co3manue, momydenue, oOHoBIeHue, ynainenne) [14]. Ha pa3sutue mpo-
1ecca TeCTHUPOBaHUS WHGOPMAIMOHHBIX CHUCTEM TIOBIUSIN TaKXKe MyOJIMKAIIUU
«Structured Analysis and System Specification» Toma Jlemapko[15], «Software
Engineering Economics» bappu boema[16] n «Rethinking Systems Analysis and
Design» [Ixepansaa BaitnOepra[17].

B 1983 romy wnammonampHOe Oropo cranmaptoB (National Bureau of
Standarts) omy0GnMKoBano pyKOBOJACTBO AJIi TECTUPOBAHUS, B KOTOPOM OIMUCHIBA-
€TCSl METOJ0JIOTHS, COJeprKallasi AOMOJHUTEIbHbIE AEUCTBUS, MPEAHA3HAYCHHbBIE
JUTSL OLIEHKH COCTOSIHMSI TIpoliecca pa3padoTku mpuioxkenus [18]. B aTtom pykoBoa-
CTBE PEKOMEHJYETCs MCIO0JIb30BaTh TPU HA0Opa OLIEHOYHBIX TEXHUK — OAa30BBIM,
BCECTOPOHHUH U KpUTUYECKUN. BMecTo TOro, 4ToObl IPOBOAUTH OLIEHKY KayecTBa
MyTeM TECTUPOBAHMS, MOCJIE 3aBEPIICHUS Pa3paOOTKH, MpeJiaracTcsl OCyIIeCTB-
JSTh MPOBEPKY KauecTBa Ha BCEM MPOTSHKEHUU Tpoliecca pa3paboTku. B 3ToT me-
pHUOJ, Ha3BaHHBIN MEPUOIOM OIEHKH, TIOSBWJIMCH TIEpBasi BEpCHUs CTaHAapTa s
tectupoBanus npwioxkeHud IEEE 829, teopust orpanmuenuit Onusxy [ongpat-
Ta[19], peBepc-unxkunupunr[20], V-moaens [21] u MHOTOE JIpyTOE.

B HacroAmmii MOMEHT OCHOBHOM IMAPAJAUTMOM IPOLIECCA TECTUPOBAHUS SB-
JseTCs MpeAoTBpallieHne Bo3HUKHOBEeHHs ommOok. C 1988 roga o Hacrosiiero
BPEMEHU OBLIO CO3/1aHO OOJIBIIOE KOJIUYECTBO MOJEIIEN, METOI0JIOTHI U METOJIOB,
LEJIbI0 KOTOPBIX SBJIAETCS TMOBBIIMIEHUE KauecTBa MporpaMmHoro odecrnedyenus. C
ATOM Tenbl0 ObUTM pa3paboTaHbl cnupalibHas Mmojaenb bappm boema[22], fuzz-
tectupoBanue, Rational Unified Process-meromonorus[23], Decision Tableau-
Meron [24], a3pik UML u MHOTO€ nipyroe [25].

Takum 006pa3om, K HACTOSIIEMY BPEMEHH TECTHPOBAHHME MPEBPATHUIOCH B
CJIOHBIA TPOLECC HEMOCPEACTBEHHO BCTPOEHHBIM B METOJIOJIOTHIO ITPOEKTUPOBA-
Hus. Ceifuac CymecTBYIOT pa3InYHbIC BUIbI TECTUPOBAHUS, HAMPABICHHBIC HA JTH-
arHOCTUKY OTJEJbHBIX YacTell nH(OopMalMoHHOH cucteMbl. Hanpumep, o o0Obek-
Ty TECTUPOBAHUS BBLICIISIOT CIEAYOIINE BUABI [26]:

o dhyukmoHaNpHOE TecTupoBanue (functional testing);

TECTUPOBAaHUE MTPOU3BOAUTENBHOCTHU (performance testing);
TECTUPOBAaHUE yI00CTBa UCTOIb30BaHus (usability testing);
TeCTUpOBaHUE 0€30MMaCHOCTH (security testing);
TectupoBanue Jokanuzanuu (localization testing);
TECTUPOBAHUE COBMECTUMOCTH (compatibility testing).

Harpy3ouHoe TecTrpoBaHue SIBISETCS OJHUM M3 BaXHEHIINX BUAOB TECTHU-
poBaHus HHPOPMALIMOHHBIX CUCTEM, (PYHKIIMOHUPYIOIIUX B TII00anbHOM ceTh. Ero
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LEJbIO SIBIISIETCS aHANW3 TOBEACHHSI U cOOp XapaKTepPUCTUK HUCCIEeTyeMON CUCTe-
MBI, KOTOpasi HaXOJAUTCS B IKCIUTYyaTAIlMOHHBIX YCIOBUAX. OHO SIBISICTCS] MOATH-
MIOM TECTHPOBAHUS MTPOU3BOAUTEIHHOCTH.

HcTopuyecku, NMpOU3BOAUTENHLHOCTh MPOTPAMMHOIO OOECIEYEHHS] YUUThI-
BaJIaCh C CaMOro Hayaja pa3BUTHSl KOMIIBIOTEPHBIX TexHonorui [27]. IIporpammer
TIIATEIHHO KOPPEKTHPOBAIUCH, YTOOBI pa3Mep U CKOPOCTh COOTBETCTBOBAIHN BO3-
MOXXHOCTSIM BBIYMCIUTENbHBIX MaminH. Co BpeMeHeM, armapaTHble BO3MOKHOCTH
PaCIIUPSIUCH, HO 3TO HE MPUBOJIWIO K JMKBUJAUHU MPOOJIEM C IPOU3BOIUTENb-
HOCTBIO. B mepByro ouepenp 3T0 ObUIO CBSA3aHO C TE€M, YTO POCia CIOKHOCTh CO-
3/1aBa€MbIX TIPOTPaMM, KOTOPBIE MPEBPAIIATUCH B IIeNble cucTeMbl. HekoTopsie u3
HUX HUMEJIH >KECTKHE TpeOOBaHUS MPOU3BOAUTEIBLHOCTH, HANPUMEpP, CHCTEMBbI
yIOpaBIICHUS JIETAaTENbHBIMU ammapaTaMi W BCTpauBaeMble CHUCTEMbl. Mojeaupo-
BaHUE MPOU3BOIUTEILHOCTU JJISi HUX ObUIO TPYJOEMKHM U JOPOTOCTOSALINM IPO-
1eccoM. JIms 3TUX CHCTEM HCIOJIb30BAIUCH JIETATU3UPOBAHHBIE WMUTAIMOHHBIE
MOJIEJIH, CO3/IaHUe U MPUMEHEHNE KOTOPBhIX TpeboBaio MHOTO BpeMeHH. [loaTomy
MozaenupoBanue u oneHka [10 Opi1a peHradenbHa TOJIBKO IS CUCTEM C KECTKUMU
TpeOOBaHUAMHU MTPOU3BOIUTEIHLHOCTH.

Pa3zpaboTunku OCTaNbHBIX CHCTEM aJalTUPOBaIU MeTojojoruio «fix it
later» (ucmpaBb 310 Mo3xke). OHA JeKIapupyer, uto B xoAe pazpadotku 10 HeoO-
XOJUMO KOHIIGHTPUPOBATh BHHMaHWE HAa KOPPEKTHOCTH (DYHKIIMOHUPOBAHUS, a
BOIPOCHI POU3BOJUTEIBHOCTH CABUHYTHh U HHTETPUPOBATH B (pa3y TECTUPOBAHUS.
B ToMm ciydae ecny mpou3BOIUTEIHLHOCTD HEIOCTATOYHA, MTPEAIaraioch HapacTUTh
anmnaparypy WIM HacTpOUTh IporpamMmHoe obOecrieueHue. Co BpeMeHeM, JaHHas
METO/I0JIOT U CTAHOBUIIACH MATO3(()EKTUBHOI MO CIETYIONINM MPUYNHAM:

e st Hee TpeOyeTcst BpeMs ISl YCTAaHOBKH JIOMOJHUTEIBHOTO 000pya0Ba-
HUS U HACTPOMKHU MPHUIIOKECHHUS,

® TECTHUPOBAHUE JIOJDKHO TOBTOPSATHCSA TOCIE KaXXIOTO0 M3MEHEHHUs Mpo-
rpaMMHOI0 KOJa;

® IIPOMEXKYTOK BPEMEHH, KOTJa MporpaMma HWMeeT HU3KYI MPOH3BOIU-
TEJBHOCTH OCTABIISIET HETaTUBHOE BIICYATIICHUE Y TIOJIb30BaTeNeH.

[Ipennonaranock, 4YTO JaHHAs METOJOJIOTHS MO3BOJISIET SKOHOMHUTH BpPEMS
pa3paboTku U ee CTOMMOCTh. OJTHAKO 3Ta SKOHOMUS HE OyAeT peain30BaHa B TOM
cilydae, eCi HadajabHasi MPOU3BOJUTEIBHOCTh OKAKETCS] HU3KOM.

Henocratounoe Bpemsi OTKJIMKa OBLIO PEIKOW MPOOJIEMON Il MaKETHBIX
cucteM. [lepBbie OHMAMH cUCTEMBI OBUIM MajoTpeOOBATENbHBI K pecypcam, a Ko-
JMYECTBO MOJB30BATENICH U MPOTPAMMHBIX CUCTEM, KOHKYPUPYIOIIHUX 32 PECYPCHI,
ob110 HeOompIM. C TeX TOp, KOJIWYECTBO OHJIAMH CHCTEM U TMOJIb30BaTeNel To-
CTOSIHHO pociio. TakuMm 00paszom, pa3BuTHe WHGOPMAIIMOHHBIX CUCTEM MPHUBEIO K
pocTy MpobIeM ¢ IPOU3BOIUTETHHOCTHIO.

BBuly BBIIIICONUCAHHBIX MPUYUH, HAa TIPOTsDKeHnH 80-X Obla pazpaboTana
metononorus «uxenepus npousBoautenabHocT» (Software Performance Engi-
neering). OHa AeKIapupyeT HEOOXOIMMOCTD NMPOBEIEHUS CIEIUATBHBIX MEPOIPH-
ATUNA HAa BCEM MpPOTsHKEHUU mpoiecca pazpadotku [10. Ha mpouecc ¢popmupona-
HUS JTAaHHOW METOOJIOTHH OKa3ajo BiusHuEe ucciaenoBanue [28] [xeddpu byse-
Ha, B KOTOPOM OH TIPEJIONKUIT MOJACIUPOBATH CHCTEMBI C TIOMOIIBIO CETEBBIX MO-
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neneit ¢ ouepensimu. B manHo# pabote mpemnaranuch 3PQGEKTUBHBIE aITOPUTMBI
IUIs. pelIeHus psiaa BaxkHbIX Mojenend. Ha paszButue mertononornun «MuxeHnepus
MPOU3BOJAUTEILHOCTA» BHECIHM CBOW BKJIaJ wHccienoBarenu [29-31], kotopelie
MPEAJIOKUIN aHATTUTHYECKUE MOJIENU Il MporpaMMHOTo obecniedenus. C ux mo-
MOUIBIO YAAETCS MPOBECTU MOACIMPOBAHME HMCIOJHEHHUS MPOrPAMMbl, OLEHUTH
TpeOyeMble pecypchbl U pacCUUTaTh METPUKU MPOU3BOAUTEILHOCTH. Elie ogHuM
BKHBIM BKJIQJIOM JUIsl pPa3BUTHUSL JAHHOW METOAOJOTHHU CTaJI0 KOMOMHHPOBAHHE
JIBYX BBIIIEYyKa3aHHBIX Mojenen [32, 33]. DTo mO3BOJIMIIO €1I€ TOUHEE MOJIEIIUPO-
BaTh XapaKTEPUCTUKU UCIOIHEHUs mporpamMM. Takum oOpa3om, Obi1a copmMupo-
BaHa MeTojosorust «HxeHepuss mpou3BOAUTEILHOCTHY, COCTABHONW YacThIO KO-
TOPOH SIBJISIETCSI UCCIEAyEMOE B Halllel paboTe Harpy3ouHoe TectupoBanue. Cie-
IyeT OTMETHUTb, YTO HECMOTPS Ha HATHUYKE MTOJT0OHON METOI0IOTHH, YCTapeBIlas B
HacToOAIMK MOMEHT «fix it later» Bce elre muUpoKo MPUMEHSETCS.

Harpy3ouHoe TecTupOBaHHE CETOMHS MPEACTABIIICT COO0H MHOTOILTAHOBBIH
Y CIIOXKHBIN MPOLECC, COCTOSINMNA U3 MHOKECTBA IIAaroB. AHAJIU3 COBPEMEHHBIX
WCCIIENOBAaHUI MTOKA3BIBAET, YTO aBTOMATH3aLMs MPOLECCa CO3/IaHUs TECTOB, pas-
paboTka Mojieniell Harpy3KH U YCKOpPEHHE TMpoliecca aHallu3a Pe3yIbTaToOB SBIISICT-
Csl MPEeIMETOM MPUCTAIBLHOTO BHUMaHUs yueHbIX. Tak, B padborte [34] npeniaraer-
Cs MEXaHM3M CO3JaHMs TECTOB C IOMOUIbIO aHajin3a HCXOJHBIX KOJOB BeO-
MIPUJIOKCHHM, a TaKkKe CIIOCO0 MPOBEPKH YCIEIIHOCTH MPOXOXKACHHUS TECTOB 0e3
BMEIIATENIbCTBA YesioBeka. B uccienoBanuu [35] npeayiaraercsi TEXHOJIOTUS pas3-
paboTkH (YHKIIMOHAIBHBIX TECTOB Ha OCHOBE MOJIEJCH, KOTOPBIE MCIOIb3YIOTCS
JUISl OIEHKH KOPPEKTHOCTU MOBEACHUS LIEJIEBOM CUCTEMBl U aBTOMAaTUYECKOW Te-
HEpaLUu MOCIEA0BATEIBHOCTEN BO3ACHCTBUM, Ha3bIBAEMBIX TECTOBBIMHU I1OCIIEI0-
BarenbHOCTAMHU. [Ipumenenne Texnonorun TTCN-3 nis aBToMaTU3aIMU TECTUPO-
BaHMs BeO-CepBUCOB OMMUChIBaeTCs B Tpyae [36]. B aToil crathe nmpemsiaraercs BbI-
HECTH BCe TIaTPOPMO-3aBUCUMBIE aCTIEKThI B3aMMO/ICHCTBUS TECTOBOM CHCTEMBI C
BeO-CepBUCOM Ha ypOBEHb aJanTallli TECTOB, a 00pabOTKy MPUBSI30K BeO-cepBUCa
OCYILIECTBIIATh C IMOMOUIBIO CTOPOHHUX CPEACTB. MeToja reHepanuu TECTOB pac-
cmarpuBaercs B [37]. ABTOpHI NpeajiaraloT OCYIIECTBISTh aHAIU3 UCXOJHBIX KO-
JIOB MPHJIOKEHUHM C MOMOIIBIO CUMBOJIBHOTO McnojiHeHus. [Ipu aTom st reHepa-
AU TECTOB OCYILECTBIISIETCS MMOUCK MyTEH, BIUSIOUIMX HA UCKOMBIE MapaMeTphl,
TakHe, KaK MmoTpedisemMasl mamMsTh, BpeMsi OTBETA, MPOIIECCOPHBIE PECYpPCHI U T.1I.
BBuay Toro, 4To /I KpYyHMHBIX MPUIIOKEHUN 3((HEKTUBHOCTH CHUMBOJIBHOTO HC-
MOJTHEHUSI CHUXaeTcsl, B [38] aBTOpBI mpearatoT MeXaHusm ontumusanuu. OH
3aKJII0YAETCS B MPOBEJCHUHA CHMBOJIBHOTO MCIOJHEHUS KaXJI0ro OTAEIBHOIO MO-
IyJii CHUCTEMBI, MOCIE YEro, UCMHOJb3ys IMOJTYYEHHBIE aHHbIE, OCYIIECTBISETCS
aHaJIn3 BCEU CHCTEMBI B 1ienoM. MccnenoBarenu npeaiaraloT UCIOIb30BaTh JIaH-
HBIA METOJ ISl IPUJIOKEHUN, OPraHU30BaHHBIX B BHUJIE IPOTPAMMHOIO KOHBEME-
pa.

WNHOM moaxo[ yiIy4dlleHus: MpoLecca Harpy304HOro TECTUPOBAHUS Mpejia-
raercs B [39]. ABTOpbI peKOMEHAYIOT BBECTU B TECTUPYEMOE MPUIIOKEHHUE CIICIIH-
aJIBHOTO areHra 3anvch. Ero 3agadeil sIBISETCS 3alUCh JAEHCTBUM, MPOBOJAMMBIX
MOJIb30BATEISIMA C TECTHUPYEMBIM MPUIOKEHHEM. VCMOIb30BaHUE ATUX JAHHBIX
MO3BOJISIET CO3/1aTh PEATMCTUYHBIE TECTOBBIE CIIEHAPUU, KOTJa HArpy304HOE Te-
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CTUpOBaHUE OYyJIeT OCYIIECTBIISITHCS IMOCJE TOro, Kak CHUCTEMa CTaHET JOCTYITHA
peaIbHBIM MOJIB30BATESAM WJIU TPYIIE MOJIb30BATEIEH.

Agtopsl [40] mpegnarator METOJI CO3/1aHUSI HArPY30YHOM MOJIENIM C TTOMO-
IIbI0 MEXaHU3Ma CKaHUPOBaHHUA BeO-pecypcoB. B cBoell paboTe OHU paciIupiiv
CO3aHHbIM paHee MHCTpymeHTapuid MaramaMTE, ocHOBaHHBIM Ha CTOXAacTHYE-
ckux rpadax paxema m BebGepa. CyTh METOJla COCTOUT B TOM, YTO, UCIOJIb3Ys
CTOPOHHHE CPEJICTBA, COOMPAIOTCS JaHHBIE O CTPYKType BeO-mpuioxenus. Ha oc-
HOBAHUM 3THUX JAHHBIX CTPOSITCS Tpadbl, KOTOPbIE 3aT€M CHA0XKAlOTCS CHElUaIN-
CTOM TI0O TECTHPOBAHHMIO CTOoXacTmueckor wuHpopmarmen. I[lociae atoro Mara-
maMTE+ reHepupyer peamucTHUHbIE MOJEIN padOTHI MOJIb30BATENIC B BHJIC
CKPUIITOB, KOTOPbIE€ MOTYT OBITh MCIOJb30BaHbl PA3NMYHBIMH HHCTPYMEHTaMHU
Harpy304HOIO TECTUPOBAHUS.

B psine crateit paccMatpuBaroTCs BOIPOCHI aBTOMATH3allMM Mpoliecca aHa-
Jv3a pe3ysibTaToB TecTUpoBaHus. Tak, B [41] onucan MeToa Harpy304HOTO TECTH-
POBaHUs, IPU KOTOPOM aHATU3ZUPYIOTCS KYpPHAJI COOBITUH (JIOTU) U METPUKH MPO-
M3BOJUTEIBHOCTU. DTOT MPOIECC BKIIOUAET B ce0s aBTOMATHU3MPOBAaHHYIO ab-
CTPAKIMIO PE3yJbTaTOB, BEpUPHUKAINIO KOPPEKTHOCTH (YHKIIMOHUPOBAHUS CH-
CTEMBI U OLIEHKY KPUTEPHUEB TPOU3BOAUTEIHLHOCTH.

Cratbsa [42] TakKe MOCBAIIEHA BOIPOCaM aHajlv3a pe3ysibTaTOB. ABTOPOM
pa3zpaboTaHa METOAMKA, MO3BOJISIONIAS aBTOMATUYECKU BBIJEIATH Haubolee 3Ha-
YUMbIE METPUKH U3 MHOTUX ThICSY NOJIydeHHBIX. KpoMe Toro, oH npeajaraer Bee-
CTHU MEXaHHU3M CpPAaBHEHUS PE3yJbTAaTOB TECTHUPOBAHMS Pa3IMYHBIX cHUCTEM. B pe-
3yJlbTaTe MOSBIISIETCS BO3MOKHOCTD BBIJICIUTH OOIINE C JPYTUMH CUCTEMaMH Yep-
ThI U HAa 3TOM OCHOBE BBIABJISITH BO3MOXKHBIE PUYMHBI HEMONAI0K UM Y3KHX MECT
cucTeMbl. MexaHu3M BBIJICIICHUS] HAau0OJIee 3HAUUMbIX XapaKTEPUCTUK OCYIIECTB-
JII€TCS C TIOMOIIBI0 CTATHCTUYECKOTO MEXaHM3Ma METOJa TJIaBHBIX KOMIIOHEHT
(principal component analysis) ¥ TEeXHHUKH COOCTBEHHBIX BEKTOPOB (eigenvectors
technique).

[IpoGneme HAarpy304HOTO TECTUPOBAHUS OBLIO MOCBAIIEHO TUCCEPTALUOH-
Hoe uccienoBanus EpMeikuna A.A. «Pa3paboTka MeTo/1a TOCTPOCHUS KOMITJIEKCa
HArpy304HOr0 TECTUPOBAHUS paclpeeeHHON HH()OPMAIMOHHON CHUCTEMBI», KO-
topas Obuta 3ammumieHa B 2005 roxy. ABtop paspaboran kommieke KHTPUC, oc-
HOBAaHHBIM HAa CO3JaHUU CIEHMAIBHOIO MOIYJS JUIsl Paclpe/ieIeHHONM CHUCTEMBbI,
YIIPOIIAIOIICH mporiecc TecTupoBanus [43].

Ycunus uccnegoBaTeneil B HACTOSIIIEE BpeMsl HAIIPaBJICHbI Ha PEIICHUE 3a-
Ja4 yJIy4lIeHUsl MpoLecca Harpy304YHOTO TecTUpoBaHHs. OIHAKO BOIpOCaM CTa-
JIUH 3aIlyCKa TECTOB M cOOpa pe3yNbTaTOB YAENSETCS 3HAUYUTEIHHO MEHbIIE BHHU-
Manus. Kak mokasbiBaeT MpakTUKa HArpy304YHOTO TECTHUPOBAHMS, JJISI CO3JaHUs
JOCTATOYHOM BEJIMYHMHBI HAarpy3Kd PECYpCOB OJHOTO KOMIIBIOTEPA OKAa3bIBACTCA
HEJ0CTaTOYHO. BBHly 3TOro, OOJIBIIMHCTBO MPOrPaMMHBIX CPEICTB JUIsl Harpy-
30YHOTO TECTUPOBAHMS IMPEJIAraroT MOJb30BATENI0 UCIOIb30BaTh COBOKYITHOCTh
COCIMHEHHBIX KOMIIBIOTEPOB, KOTOpPbhIE COOpaHbl B BUJIE pACHpPEACICHHBIX, Kia-
CTEpHBIX U OO0JayHBbIX BbluMciaeHUil. [IpumeHeHue KiacTepHbIX U OOJAYHBIX BBI-
YHUCJICHUN TpeOyeT MOIKII0UeHUSI HH(OPMAIIMOHHOM CUCTEMBI K TJI00AbHOM CeTH,
YTO HE BCEr/a sBIACTCS palroHadbHBIM. [l03TOMY, B momaBstonieM OONbIIMH-
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CTBE CIIy4aeB, IPUMEHSIOT PACIPEACIIEHHbIE CXEMbI CO3/1aHUsl HAarpy3Ku, MOCTPO-
eHHBbIC Ha 0a3e JIOKaJIbHOU ceTu. BBuay TOTO, 4TO MH(MOPMAIIMOHHBIE CHCTEMBI C
KaXIbIM TOJIOM CTAHOBSITCS BCE 0OO0J€e MOIIHBIMH, TpeOyeTcs NPUMEHATHb BCE
00JbIIIe KOMIBIOTEPOB JUISI UX TECTUPOBAHUSA. DTO B CBOIO OYepe/lb BEAET K IMO-
BBIIICHUIO PAcXOJ0B Ha COACPKAHHUE U MOANCPKAHMS TaKUX PACIpeIeTICHHBIX CH-
CTEM CO3/1aHus Harpy3ku. BBuay 3Toro He0OXOAMMBI HOBBIE CIIOCOOBI U METO/BI,
MO3BOJISIIOIINE UHTEHCU(DUIIMPOBATH JAHHBIN TPOIECC.

CymecTByrolias METOJUKa MPOBEACHUSI TECTUPOBAHUS UMEET IJIUTEIbHYIO
HCTOPHIO, KOTOpasi HEPa3phIBHO CBSI3aHA C KOMIIBIOTEPHBIMHU TEXHOJOTUSMU. Y CH-
TUsl MCCTieioBaTeNiell U ceiyac He OCia0eBalOT B HAMPABICHUU YJIYYIICHUS TPO-
necca tectupoBanud. Kak mokaspiBaeT npoBEAEHHBIH aHAIU3 JUTEPATYpPbI, HEOO-
xoauMa padoTa Mo HHTEHCU(UKAIIMK CTAIUH 3aMycKa TECTOB U cOopa pe3yabTaToB
npolecca Harpy304Horo rectupoBanus. Ha pemenue 31oil mpoOieMbl U Harpas-
JIEHO MCCJIEIOBAHKME aBTOPA JAHHOM CTaThU.
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BO3MOKHOCTHU CMS JOOMLA JIJISA PEAJIM3ALINN
KOPIIOPATUBHOI'O CAWTA OTEJIS

Bacunesa C./K.

I-p, 1. ac. kaenpsl Mupopmatuku u matemaruku Lllymenckoro ynusepcurera
«9nuckon Koncrantun [Ipecnasckny, Komiemx — 1o0puy,

bonrapus, r. Jlo6puu

Pogpemosa U.K.

CTYJEHT-MarucTp no cnenuanbHoctu CoTyepHble TEXHOJIOTUN
[lIymenckoro yauBepcurera «nuckon Koncrantun [IpecnaBckny,
daxynprer Matematuku u Madopmatukw,

bourapus, r. lllymen

Cuctembl ympasnenusi coaepxkumbiM  (Content management systems — CMS)
aBTOMATH3HPYIOT U O0JIEryaroT Mpolecc 100aBIeHus M K3MEHEHHs cojiepkumoro B Web caiiTax,
OpraHM3alMio, KOHTPOJIb U MyOJUKaIKI0 OOJIBIIOrO YKCIa TOKYMEHTOB U JIPYrOro COAepkKaHMUs,
KaK HanmpuMep n300pakeHui U MylIbTUMeInHHBIX pecypcoB. CMS obecreunBaroT BO3MOXKHOCTb
yIpaBlIeHUS] CTPYKTYPOH caiiTa, BHEITHUM BHJIOM OMyOJMKOBAHBIX CTPAHUIl M HaBUTAIIUEH IS
Mojb30BaTeyeil. DTO JieJaeT CHUCTEMbl YIPaBICHUS KOHTEHTOM MPEINOYUTACMBIMUA  JJIS
CHEIHMAIMCTOB Pa3HbIX O0JIacTEed 4YelOBEYECKOW JEATENbHOCTH, Y KOTOPbIX HET YMEHHS
MpOrpaMMUpOBaTh (0COOEHHO B Web MporpaMMHUpOBaHHUN), HO KOTOPBIE XOTAT MyOIMKOBAThCS B
NnuTteprere. OrpoMHOE YHCIO KOMITAHUH BBIHOCHT CBOW OM3HEC B MHTEPHET M JTO SIBISETCS
00s3aTeTPHBIM  JIIT  MaJCHBKUX CEMEHHOTro Tuma oTeneld. B Jokmage mpeicTaBiieHBI
Bo3MokHOCTH CMS Joomla! nyst KOHCTpyHUpOBaHUs caifTa oTensi. PaccMoTpeH mpumep MOPCKOTo
xocrena ,,Kaccanapa”.

Kntouesvie crnosa: cucteMsl ynpaBiieHUus: KOHTEHTOM, Web CaliT, HHTEPHET, OTEJIb.

HmeTh KOpriopaTUBHBINA web calT ceroHs i KaKIOW KOMIAHHUH SIBIISIETCS
O00BEKTUBHONW HEOOXOAMMOCTBIO JUISI YCIENIHOTO BeneHus OusHeca. C apyroi
CTOPOHBI CHUCTEMBbI YIPABICHUS COACPKUMBIM PpPa3BUBAIOTCA HMHTEHCUBHO B
MOCJIETHUE TOABl W SBISIOTCA OJHOW U3 CaMbIX HOBBIX TEXHOJOTHH st
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KOHCTpyUpoBaHusi web cailToB. Llenb 1oknana — noka3zaTb BO3MOKHOCTH CUCTEMOM
YIOpaBICHUS CONEPKUMOTo Joomla! (KOTOpOs SBISETCS MOIMYJISAPHON, MOIIHON U
OTKPBITOM CHCTEMOM, YNpOILAIOIIEH MyOJIMKAIUIO, YIPABIECHUE U OPraHU3alUIo
CalTOB) I pa3pabOTKU KOPIIOPATUBHBIX Web CalTOB.

KoprnopatuBHble cailThl MOrYT OTJIMYATBhCS MO LEIAM M 3aJa4dam,
MIOCTABJICHHBIM II€pPE/l HUMH, HO TJIaBHAs UX 3a/laya OCTAeTCsl HEM3MEHHOM: CalT —
3TO JIMLIO KOMIIAHUU U UMEHHO 10 HEMY IOJIb30BATENIH ONPEAEISIIOT CBOE JKEJIAHNE
MMETh WJIM HE UMETh JIeJI0 C Heil. [2] DTo OTHOCHUTCS B OOJIBIION CTENEHU U K
caiTaM pa3JIMYHbIX OTEJIEH U TOCTUHHULL.

[Tpu mocTpoenuu web caifta i oTeNs Yepe3BbIYAtHO BaXXHO OPOpPMIICHHE
caiita. Web nuzaiin caiiTa JOJKEH OTpakaTh OLIYILEHWE TUIA OTENs (CEMEHHbIH,
CE30HHBIM, JIBDKHOW, MOPCKOM U T.I.); €ro CE30HHOCTh (€CIM HAJIOXKHUTh
NOAXOJAIIME KpPacKH, WUIIOCTPAllMM W  TEKCTOBBIE IIOCJIaHUs); HYXHO
WJUTIOCTPUPOBATh TMOAXOASAIIMUM 00pa3oM MPUPOAHBIC TOCTONPHUMEUYATEIHHOCTH
MecTHOCTH. O4eHb Ba)KHO IMOKa3aTh B JETAJISAX YCJIOBHS pa3MEIlEHUs — rajuepes
CHUMKOB KOMHAT, allapTaMeHToB, 1ad. Eciau otens umeer b6acceiin, pectopan, 6ap,
JTUCKOTEKY WM pa3jdudHble AaTTPAKIMOHBI, TO OHH TOXE JOJDKHBI OBITh
IpeICTaBIEHb! MOAXOASAIINM CIOCOO0M B ranepee web caitta. (Kak npumepHo 3to
caemano B [6], [8], [10]) Cnexyer mpencTtaBuTh MOAPOOHO BCE BO3MOXKHOCTH
3aHSATUS CIIOPTOM, CHA, PAa3BJICUEHUN, KYJbTYpPHOIO TypHU3Ma, MPOTYJOK H
OKCKYPCHM B OKPECTHOCTAX M JOCTONPUMEYATEIIBHOCTEN. XOpPOLIEH IMPAKTUKON
SABJISIETCSL TaKKE€ MPEACTaBUTh BCE YCIYT'H, OKa3bIBa€MbI€ TOCTUHHUIICH (€ciu OHa
3UMHSISI — JIBDKHBIA MHBEHTapb, IIKOJIA JIBDKHOIO CIOPTAa, CEPBUC MJISL JIBIK).
BaxxHbIM COBpeMEHHBIM TpeOOBaHHEM SIBISIETCS HAJMYU€ BO3MOXHOCTU
OponupoBanus HoMepoB u amaptameHTOB. ([Ipumep — [8]) Henp3s 3abbiBaTh 1 0
TOM, 4TOOBI OMHCAaThb HAa OTHEJIBHOM Wweb CTpaHULE BCE BO3MOXHBIE KOHTAKT-
JEeTaJIH.

Baxxno npu odopmieHnn nu3ailHEpCKOW YacTU yMENIO PacloJIOKUTh JIOTO,
CJIOTaH OTEeJNs W HAJIOXKHUTh (MOMYEPKHYTH) (PUPMEHHbIE 1IBeTa. B web nuzaiine
TOCTUHHUIBI ~ OYEHb  XOpPOLIEM  NPAKTUKON  SBISETCA  MCIOJIb30BaHUE
MHTEPAKTUBHOCTH (JdII TEeXHOJOTMH. B 1ensax web nuzaiiHa OTeNIsl MOXHO
M3rOTOBUTh TaK Ha3blBa€Mble IaHOpaMHbIe Mporyiku — 360 rpaaycoB u
MOAXOAIIMM CIIOCOOOM IPEICTaBUTh UX Ha CalTe.

IIpoexTUpoBaHue caiiTa OTe/IA

JIrobas xomMmaHusi HyXZaeTcsli B KOPIOpPAaTHUBHOM web caifte s TOro,
4YTOOBI OHA YCIEIIHO pa3BUBaNach. B CyIIHOCTH BeCh MPOIECC BBIPAKAETCS B TOM,
gT0OBI Hambosee OBICTPO W JIETKO 10 MPEBPATHTh CAWT B 3€pKajbHBIN 00pa3
¢bupMbl B uHTEpHET npocTpaHcTie. [3], [S] s aToi nenu Heodxoaumo 00CyIuTh
B JIETAISIX COBOKYITHOCTH 3JIEMEHTOB, XapaKTEPU3HPYIOIIUX COACPKUMOE CanTa,
ayJIMTOpHUIO, JJI1 KOTOpoil oH OyaeT mpenHasHaueH u Jp. [Ipouecc Moxer ObITh
KOPOTKHUM TIpH YCJIOBHUM, YTO MH(OpMAIMS JJIs caidTa sICHO CTPYKTypHUpOBaHa, a
UJeH 0 HeM XOpoIo 06ocHoBaHbl. He00X0 MO BBISIBUTD:

- XapakTepHble 3Tarbl B IPOIIECCEe U3TOTOBIICHUS web caiiTa:

- O6CyXIeHHE IETOCTHOM HICH O CalTe;

- Ha xakyto aynutoputo OyaeT pacCuuTaH CauT;
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- AHaJIU3 KOHKYPEHTHBIX CaliTOB

- [louck u HaxXOXKIEHUE JETKUX, TPAKTUIHBIX, YAOOHBIX U (YHKIIMOHAIBHBIX
pELIECHU.

Bo3Mo:kHOCTH cHCTEM yIIPaBJIeHUS] KOHTEHTOM

On-line cuctemsl yrpaBieHnus conaepxxumbiM (Content management systems
— CMS) dacto WUCHONB3YIOTCA Uil  COXPAaHEHMs, KOHTPOJUPOBAHUA,
PEAAKTUPOBAHUA U MyOJUKALMK CHICHU(UIECKON ISl JeSITEIbHOCTH OpraHu3aluu
JOKYMEHTAllUd, TakOM Kak HOBOCTH, OHW3HEC JOKyMEHTalus, TEXHUYECKUE
PYKOBOJICTBA, OOydaromipe  MaTepuanbl, KaTajJord  NOPOAYKIMH,  IEHBI,
MapkeTuHTroBble Opommtopsl u ap. [1], [4], [7] OHu MoOryT mnoamepKuBaTh
CIEYIOIINE BO3MOKHOCTH [1]:

- Co3nanue TOKyMEHTOB U MYJIbTUMEIMHHBIX MaTEPHAIIOB;

- Unentudukanust Bcex KIIOYEBBIX [OJIb30BaTeied M WX poyied B
YIPaBICHUU COJIEPKAHHUEM;

- Bo3MOXXHOCTh NpUCBauMBaHUS POJIEM M MpaB Pa3IUYHbIM MOTPEOUTENSIM,
Pa3TUYHBIM THUIIAM WM KaTErOpHUsM COJIeP KaHMUS;

- YropasieHue pabodnM IMPOIECCOM CO3MaHus coaepkumoro: OH sBiseTCS
IPOLECCOM CO3JaHMsl LUKIOB IOCJIEN0BAaTENbHBIX W MapaliedbHbIX 3a/ad,
KOTOpbIe HEOOXOIUMO BBIMOJHATH B CHUCTEME YIPABICHUS COJACPKAHHEM. ITO
94acTO CBSA3aHO ¢ OOMEHOM COOOIICHUSMH, TAKMM 00pa3oM, YTOOBI MOJb30BaTEIH,
YOPABIAIONINE COACPKUMBIM OBbUIM yBEAOMJICHBI, KOTJIa B HEM MPOUCXOIAT
MIEPEMEHBI;

- Bo3MOXXHOCTh TIPOCNEXKMBAHMUSI U YNPABIEHUS MHOKECTBOM BEpCHid
OJIHOTO M TOTO K€ COACPIKUMOTO;

- Bo3aMoxHOCTB MyONMMKamu Co/iep:KaHus B XpaHUIIHUIIE, 00SCTICUNBAIOIINM
JOCTYNI K HEMY. XpaHWINLIE BCE Yallle SIBJISIETCS] HEOThEMIIEMOM YacCThIO CUCTEMBbI
U J1aeT BO3MOXHOCTH ISl TOMCKA U BBIBOJIa HH(POPMALIUU;

- ABTOMaTU3UpPOBAaHHbIE MIA0JOHBI: CO3JAIOTCS CHUCTEMOM M MOTYT OBIThH
aBTOMATHYECKH MMPUMEHEHBI K HOBOMY WJIU CYIIECTBYIOIIEMY COJEPKUMOMY U UX
U3MEHEHHE OTPaXKaeTCsl Ha BHEIIHEM BHJIE BCEX CTPAHUIL CaliTa;

- Conmepxanuie, KOTopoe penakrupyercst jerko: Cpa3y mociie OTIeIeHHUs
COJIEP>KMMOT0 OT BU3yaJbHOTO MPEACTABIICHUS HA CaiiTa, OHO OOBIYHO CTAHOBUTCS
0oree TOJAAIOIIUMCS PENAaKTUPOBAHUIO M MaHUITYJIMPOBAHUIO. BOJBIIMHCTBO
CMS Brirouaror WY SIWYG uHCTpYMEHTBI ISl peJlaKTUPOBAHUS, MO3BOJISIIOLINE
HETEXHUYECKOMY MEPCOHAITY CO3/1aBaTh U PEIAKTUPOBAThH COJEPIKAHUE;

- YopomieHHoe a00aBieHHE HOBBIX BO3MOXHOCTeH: bompmmucTBO CMS
uMeroT plug-ins WM MOIynH, KOTOpPbIE MOTYT OBITh JIETKO WHCTAIJTUPOBAHBI U
MOTYT PacCUIMPATH CYIIECTBYIOLYIO (PYHKIMOHAIHOCTh CailTa;

- Perynsipupie  oOHOBneHusi.  BodBIMIMHCTBO ~ cHCTeM  yIpaBJeHHS
COJIEp’)KaHUEM OOBIYHO TMpEAJiaraloT Takue OOHOBJICHMSI, BKJIIOYAIONINE HOBBIE
BO3MOXXHOCTHU M TIOJIZICP)KMUBAIOIINE CHCTEMY B COOTBETCTBUHU C aKTyalIbHBIMU Web
CTaH/JapTaMu;

Buenpenue u ncnonb3Banne CMS naet oueHb MHOTO HPEUMYIIECTB:

- CokpallieHre HaKJIAAHBIX PACXOOB IS MOIACPKKUA U pa3padaThIBaHUS
camra;
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- X0Opo1110 OpraHn30BaHHbBIN MPOLECC CO3/1aHNs KOHTEHTA;

- YCKOpEeHHOE CO3/TaHie HOBBIX CTPaHHUIl U OOHOBJICHUE CTPAHHUIL,

- JIyuias cornacoBaHHOCTb;

- Y1ydIlleHue HaBUT AUy CauTa;

- VydiieHue THOKOCTH cailTa;

- Ilopaeprka neneHTpaaIu3upoBaHHOTO CO3JaHUs COJIEP KAHMUS;

- IloBblieHHAst HAZIEKHOCTH pa3pabaThIBAEMbIX CalTOB;

- YMeHnbleHue qy0nupoBanus nHGopMaluu;

- Bonbiine BO3MOXKHOCTH /1711 MAacCIITAOMPOBAHUS CaiTa.

binaronaps ucnonb3zoBanuto CMS opranuzaiysi MOKET COKOHOMUTD BpeMs U
cpelcTBa Uil OOy4YeHHs NepcoHana MyOJUKALMU COACPKUMOro. YMEHbIIAETCs
KonmdecTBO pabotel IT ornena mis BHeIpeHUs H3MEHEHHH B web caiiT. IToT dakT
OUYEHb BaXKEH JIJI1 MAJICHBKUX KOMIIAHWM, U B YACTHOCTHU JIJI1 MAJIEHBKUX OTEJEeH U
XOCTeIoB, 00CyXJaeMbIX 37ech. Yem ObICTpee AOCTYN K OMyOJIMKOBAaHHOMY
COJIEP>KAHUIO, TEM OHO aKTyaJlbHee U 0oJiee 3HaYNMO.

Eme odens BaxHOE MPEUMYIIECTBO, KOTOpoe obecmneunBaer CMS, 310
IIOMOIIb B OCYUIECTBJICHUM LENEN W CTPATETMM OpraHu3alvy, TaKUX Kak
MOBBILLIEHUE JI0BEPUS TI0JIB30BATENEH U MIOMOILD B CBSI35X C KIMEHTAMHU.

Oco0enoctu CMS Joomla!

Cucrema yrpaBiieHuss KOHTEHTOM Joomla! Xapaktepusupyercs [4]:

- JIerkoi MHCTAJJISILIUCH;

- 'ubxoit koHdpurypanmei;

- ApyX&ecTBEHHBIN U UHTYUTUBHBIA HHTEPQEIC;

- Xpaammmme w3 npuommsurensHo 7000  pacmmpenmit  (MOyJieH,
KOMITOHEHTOB U JJ00OABOK) — U OOJIBIIIEH YacThI0 OHU OeCIIIaTHBIC;

- ACL criCOK KOHTPOJISL JOCTYIIA HA CAMT;

- UcxmrountenbHo Oorartast KOJUIEKIMS 11a0JI0HOB;

- becniatHble KOMIIOHEHTBI, MOAYNHU U plug-ins nns on-line KOMMepIUH,
oOMeH ¢ainamu, IepeBo, Tajaepesi, COIUaIbHBIC TUPEKTOPHUH H JIP.

®yukunoHanHocrs CMS Joomla!

CMS Joomla! nipepyaraer cieayromue BO3MOXXHOCTH JJIsi CO3AaHUST web
CalTOB OTEJICH:

- [locTaBnsiembple BMECTE C CUCTEMON PAa3IMYHBIX BUJIOB MEHIO, UTO CHJIBHO
MOMOTaeT B OpTaHU3aIui HHPOPMAIIUU Ha CANUTE;

- B pacnopstkeHnM TpOEKTHPOBIIMKA caWTa: biior s JaHHOW CeKIuu,
CIHUCOK JJIsi CEeKLMH, OJIOT ISl KaTerOpuu M CIHCOK ISl KaTErOpUH. DTH BUBI
MEHI0, Ha3bIBaeMbI€ eIle /ayouts, ynpoIarT CYIIECTBEHHO BU3yaU3allMI0 CTaTe,
MPUHAIEKAIINX ONPEEIEHHON Kateropuu uim cexuuu. [Ipu myOnukannuy HOBOM
CTaTbM OHA Cpa3y pacrojlaraercs Ha OJHOM M3 ATUX CTPAHUIl KAaTerOpUi WM
CEKLIUH B 3aBUCUMOCTHU OT BBEJICHHBIX TAPAMETPOB;

- CucremMa moaaepKUBAET OOJBIIOE YUCIO MYJIbTUMEIUNHBIX CHUCTEM —
Flash, Quicktime, Shockware, Windows Media w Real Media,

- JlononHuTeNnbHBIE KOMIIOHEHTHI, Moaynu M plug-ins B CMS Joomla —
Joomla! wmeer MHOXECTBO TPUIIOKEHUN, KOTOpPbIE HMHCTAIUIUPYIOTCS IS
OompiIel (QyHKIIMOHATHHOCTH JIOMOJHUTENBHO. Mes BBHUIY OTpOMHOE YHCIIO
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pa3zHoO0Opa3HbIX pacHIMPeHU U 100aBICHUI MOXKHO UCHOJB30BaTh Joomla! nns
peanu3any OM3HEC CAaliTOB, OHJIAMH Mara3uHOB, CAWTOB PA3IMUHBIX BUIOB OTEICH
U T.JI.

Peanuszaums caiira orens cpeacrsamu CMS Joomla!

CpenctBamu CMS Joomla! peannzupoBan web caiit xoctena ,,Kacanapa” (c.
O0630p, bonrapus), KOTOpbI mpeacTaBisieT CcOOOW JIETHUH MOPCKOH OTenb
cemeitHoro tumna. OCHOBHbIE KIMEHTHI XOCTEIa — CEMbU C JEThMU WM TMaphl,
MpUEXaBIIUE OTIAbIXaTh Ha MOpPE, OOBIYHO HIIYIIME TUIIUHY U TOJB3YIOLIUECs
MopckuM tsbkeM. Ha puc.l mpomeMoHCTpupoBaHa TiaBHAs CTpaHUIA CaiTa.
OcHoBHBIC 11BeTa Web caiiTa xocTena — roiy0oi (IiBeT He0a) M CHHETO MODSL.

(IIPSTY

P X

cassandra

Puc. 1. HauanbHas ctpanuna caiita

Ha puc. 2 nokazana ctpanuiia caiita ,,KoMHaThI”, TJie 0OJIH30BATEIb MOXKET
MPOCMOTPETh Taliepero ¢ (ororpadusMu HOMEPOB OTENs, W3 YHCIA KOTOPBIX
YKEJIAIoMUNA OTABIXaTh HA MOPE B 3TOM XOCTEJIe MOXKET BhIOpATh, KAKyl0O KOMHATY
3aKa3aTh.

"o
cassandra

Puc. 2. Ctpanuna ,,Komuatsr”
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Ha puc. 3 noka3ana crpanuna caita ,,llensr”. B Ta0nuuke ykazaHbl 1IEHBI

KOMHAT Ha OJIHOTO YeJOBEKa MO MecsIaM, M0 YHUCIy AHEH | Mo BO3pacTy (st
nerei ¢ 6 1o 12 ner).

U 20 exse wrpormor Lo m save
a1 12 rene " 0.5 17 Yesme-

Uswe e aere
en b enaree

Mo 7 oo? Maz? a7
MOLIIWO!  pimmee  MoRreet

Fam TIOBNE AN RIS SBwn BRI

rw 1bCuce ORuor  SOuwar 45 fume

Puc. 3. Crpanuna ,,llensr”

Ha puc. 4 nponemoncrpupoBana web crpanuna ,,Kontakter”. B okne web
CTPaHHUIIBI TOJIb30BATENb MOXET YBUACTh KPOME ,,IOCTOSHHOUN WH(MOpMAIMH C
azpecoM xocteiaa W TenedOHOM JUIs CBSI3U, M KapTy C MECTOHaXOXICHUEM
MoOpcKoro kypopta. Kpome Toro st yno06cTBa, 0COOCHHO HHOCTPAHHBIX TYPHUCTOB,
BKJTFOUCHBI U TTOJIS JUTS OTIIPABKU XO3SIMHY XOCTENa MUChMa 3JICKTPOHHON TTOYTOH.

Canta beac =S

Puc.4. Crpanuna ,,Kontakter”’

133 80:10011 81
B wenmom CMS Joomla! aBngerca WCKIIOUUTEILHO MOIIMHONW M THOKOM

KOMGI/IHaHI/Ieﬁ KoJa " (bYHKIII/IOHaHI)HOCTI/I, KOTOPBIC MOT'YT OBITH MCIIOJIL30BAHBI
KaK 6OJII>HII/IMH, TaK U MAJICHBKUMHU KOMITaHUSMH.
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Joomla! mpepnaraer pa3zpaboTynkaM CTaOWJIBHYIO OCHOBY, Ha KOTOPOM
MOYHO CO3AaBaTh plug-ins, MOIyJIA U IPyrue KOMIOHEHTHI. Ho ¢ 1pyroit cTOpoHBI
Joomla! npenoctasnsier 6oapIIOoe YUCI0 (GYHKUMUN IOJIH30BATEN0 O€3 HaBBIKOB
MporpaMMHUpPOBaHMs (KaKk BIAAENbI[y XOCTeNa), KOTOpPBIA XOYeT CO34aTh
(yHKIIMOHAIBHBIN U aTPAKTUBHBIA Web CallT [J1sl CBOCM KOMITAHUH.

PaGota Hax npoexkTom web caiiTa MOPCKOTO XOCTENA MOKA3bIBAET KaK JIETKO
U JOCTYMHBIMU cpeAcTBaMu B MHTEpHETE MOXKHO pa3paboTaTh HE TOJBKO CaWT
MaJeHbKOTO, HO ¥ OONBIIOrO OTens, U Kak B ¢opMe web caiiTa MOXKHO
pazpaboraTte HMH(POpPMAIMOHHBIE CHUCTeMbl B HTepHeTe, MO3BOJAIOIINE
aKTyaJU3upoBaTh U 100ABIATh HH(OPMAILHIO.
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AHAJIN3 THHOBAILIMOHHBIX PEIIEHUM B PA3BUTUHA
HUHTEJ/UIEKTYAJIBHBIX TPAHCIHHOPTHBIX CUCTEM

Bacrozoea C.A.

acnupaHT Kadenpsl « ABTOMaTU3NPOBAHHBIE CUCTEMbI YIIPABICHUS,
OI'BOY BIIO MockoBckuii aBTOMOOUIBHO-TOPOKHBIN TOCY1apCTBEHHBIM
texHuueckuil ynusepcutet (MA/IN),

Poccus, r. MockBa

Hukonaes A.b.

3acIy’KeHHBIH aesTens Hayku PO, n.1.H., mpodeccop, nekan dhakynpTeTa,
OI'BOY BIIO MockoBckuii aBTOMOOUIBEHO-TOPOKHBIN TOCY1apCTBEHHBIH
TexHuyeckuit ynusepcuret (MAJIN),

Poccus, r. MockBa

B ﬂaHHOﬁ CTaTbC AHAJIMU3HUPYIOTCA MWHHOBALIMOHHLIC PCUHICHUSA B Pa3SBUTUH HUHTCIIJICKTY-
AJIbHBIX TPAHCIIOPTHBIX CHCTEM (HTC) HHTCJ’IJ’ICKTyaJ’IbHBIe TPaHCIIOPTHBIC CHUCTEMbI CCI'OIHsA
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SBIISIOTCSI Pa3BUBAIOLIEHCs 001AaCThIO, IIPU3BAHHON YIYUIINTh CUTYAalMI0 HA JOPOrax CTPaHBbI.
JlaHHBIE cHCTEMbI HOBBIIIAIOT 0€30IIaCHOCTh MPOLECCOB Ha J0pOrax, YTO YMEHBIIAeT KOJInde-
crBo JITII. B cratbe paccmarpuBaeTcsi TEXHOJIOTHS KOMMYHHUKAIIMH MEXIY aBTOMOOWMIISIMH.
Jlanubrii MeToJ pa3pabaTthiBaeTcsl i oOecreueHrss 0e30IacHOTO MEePEBMIKEHUS Ha OIMacHBIX
Y4aCTKax JOPOT U IEPEKPECTKaX.

Kniouesvie crosa: nHTENNEKTyallbHbIe TpaHcopTHBIE cucteMbl, UTC, 60pTOBOM KOMITH-
totep, aatuuk, Car-To-Car, C2C, Car-To-X, C2X.

BBenenne. PazpaboTka U COBEPILIEHCTBOBAHWE MHTEIUIEKTYaJIbHBIX TpaHC-
MOPTHBIX CUCTEM CETrOJHS SIBJISIETCS Ba)KHBIM HAIPABJICHWEM B OpPraHu3allu J0-
POXHOTO NBWKEHHUS. B COOTBETCTBUM C TaHHBIMU BceMHupHOM OpraHu3anuu 31pa-
BooxpaHeHus «3a 2013 rox Gonplas 4acTh AOPOKHO-TPAHCIOPTHBIX MPOUCIIIE-
CTBUI MPOUCXOAUT 1O BUHE BoauTeinei» [1]. OTcrona ciienyer BBIBOJ, YTO CETo-
JHS HEOOXOAMMO MAaKCHUMAaJIbHO YCOBEPLICHCTBOBATh IMYyTH OPraHU3alMU JOPOXK-
HOT'O JIBUKEHUS IyTeM pa3paOOTKU M BHEIPEHUS] aBTOMAaTU3HPOBAHHBIX CUCTEM U
ycTtpoiicTB. Heobxoanumo mMakcumanbHO obecnieunTh WH(GOPMAIIMOHHON U TEXHU-
YECKOW MOAJIEPKKOW BOJUTENEH U IPYTUX YYACTHUKOB JBHKEHHUS. DTO MO3BOJIAT
cokpatuth koanuectBo JATII, 4yTo Takke NOBIUSIET HA 3arpyKEHHOCTh aBTOAO0POT.

Ceronns unHTelekTyanbHble TpancnopTHele cuctemsl (MUTC) cymectByror
KakK cucTembl cOopa M aHanu3a MH(pOpMalUu O JABMKEHUH TPAHCIIOPTAa HA OCHOBE
HABUTAIIMOHHO-CBSA3HOTO 000opynoBaHus. B Poccun maHHBINA mporiecc ocyIiecTs-
JSETCS «IIPEUMYIIECTBEHHO HA OCHOBE HaBUraunoHHOM cucteMsl I JIOHACC» [2].
MuHuManbHBIM 3JIEMEHTOM YIIPABJICHUS BBICTYNAET €AMHULIA TPAHCIIOPTA (BEAOM-
CTBEHHOTO, JIUYHOTO, OOIIECTBEHHOTO, CIEHUAIBbHOTO U T.1I.), 000PYIOBAHHOTO
HaBUTALIMOHHO-TEIEMATUYECKUM TEPMHUHAIOM. J[aHHBIE O MEPEIBUKEHUU TPAHC-
nopra v paboTe IOMOJHUTEIBHOIO O00OpynOBaHUs (KaMep BUIEOHAOIIOJACHUS,
JATYMKOB ydeTa MacCaKMPONOTOKOB, JATYMKOB IO KOHTPOJIIO MOTOAHBIX YCIOBHM
U T.J.) C YKa3aHHOTO HaBUTAlIMOHHO-TEJIEMATUYECKOIO TEPMUHANIA IEPEJAIOTCS «B
€MHBIN TUCTIETYCPCKUIN 1IEHTP, B KOTOPOM, HA OCHOBE MOJIYYEHHOW HH(POpPMAIIUH,
MIPUHUMAIOTCSL ONEPATUBHBIE PEUICHUS [0 YIPABICHUIO TPAHCIIOPTHBIMHU CpEN-
CTBaMU U JIOPOKHBIMU TTponieccamm» [3].

TexHo0rUsI KOMMYHUKAIMU MEXK1Y aBTOMOOMIsIMU. CeroHsi OTHUM U3
HanOoJee pa3BUBAIOIINXCS HAIPABJICHUN, OPUEHTUPOBAHHBIX HA TOBBIIIEHUE 0€3-
OTACHOCTH JIBIKEHUS SBJSETCS pa3padOTKa W BHEAPEHHUE CHUCTEMbl KOMMYHHKA-
MU MKy aBTOMOOWIsIMU. [laHHas cucTema npecTaBisieT co00i pa3HOBUAHOCTD
o6ecnpoBosHoi cetn (WLAN, Wireless Local Area Network), B koTopo#t Bbiiens-
I0TCS JIBa TUIIA Y3JIOB — TPAHCIIOPTHOE CPEACTBO (aBTOMOOMIIb, MOTOIIMKI) U 00B-
€KTbl MHPPACTPYKTYpHl (cBeTOGOp, LEHTP peryiupoBaHus ABkeHus). Cucrema
KOMMYHUKALIUKA MEXy aBTOMOOWIISIMU SBJISIETCS COCTABHOW YaCThIO MHTEIJUIEKTY-
anpHOM TpaHcnoptHoi cucteMbl (UTC) [4].

Bomnpoc 6GecnpoBonHoro gocryna K TpaHcnopTHeiM cpeactBam (WAVE,
Wireless Access in Vehicular Environments) MokeT ObITh OpraHu3oBaH B COOT-
BerctBuu co crangaptom IEEE 802.11p. Cucrema cBs3u OJMKHETO ACHCTBUS
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(DSRC, Dedicated Short Range Communications) peasmsyercs ¢ 2002 roma. Oc-
HOBHBIE XapaKTEPUCTUKHU CUCTEMBI: yactora — 5,9 I'Tu, paguyc nencrBus — 10
1000 M, ckopocTh TpancmopTHOTO cpeactBa — g0 100 km/4. Ilo cBoeit cyTtu 310
3Hakombii HaM Wi-Fi 1151 aBTOMOOMITEH.

CucreMa KOMMYHHMKAIIUU MEX1Yy aBTOMOOMIIIMU MUMEET HECKOJIBKO YCTOSB-
muxcs HazBanui, B EBpomne 310 Car-to-Car (Car2Car, C2C), B CIIIA — Vehicle-to-
Vehicle (V2V). CBsa3p aBTOMOOUIIS ¢ 00BeKTAMU HHPPACTPYKTYPHI 0003HAYACTCS
kak Car-to-Infrastructure (C21), Vehicle-to-Roadside (V2R). Ho Bce atu Ha3BaHus
HE PACKpPBIBAIOT CYIIHOCTH CUCTEMbI KOMMYHHUKAIIUU, TTO3TOMY B IOCJIEIHEE BpEMs
B X0Ay Hcnoib3yercs Apyroe HazBanue — Car-to-X (C2X). [Tox «X» noHumarorcs
TPaHCTIOPTHBIC CPEICTBA U 0OBEKTH HHPPACTPYKTYPHI [4].

//////////’//////
iy, o
’/////////
’ ; »
y ¢
&

Puc. Cucrema KOMMyHHKAIIMHA MEXITY aBTOMOOUIISIMHU

Ha pucynke 1 nzo0pakeHa cucteMa KOMMYHUKALIUN MEX]Ty aBTOMOOUIISIMU.
Mexly aBTOMOOWISIMA OpPIaHHW30BaHO COOOIIEHHE, KOTOPOE IMO3BOJIAET KOHTPO-
JIMPOBATH IIPOLECCHI NIEPEABMIKEHUS HA J0OPOre, B TOM YUCJIE U HA OIIACHBIX y4acT-
Kax JI0por.

becnipoBoiHOE coeaMHeHHE B aBTOMOOMJIE OCYILECTBIISIETCA MPH MOMOIIU
BHEJIPEHHSI OTPEICTIEHHBIX YCTPOUCTB — aHTEHHA, MPUEMHHUK, MEpPEAaTuuK, OJIOK
YIPAaBIICHUS, KOTOPbIE MOTYT ObITh 00BbeArHEHBI B eAHbIE WLAN-monynb. B ka-
YECTBE MOJYJISI MOKET UCIIOIb30BATHCS OOBIYHBIA CMapT(OH ¢ COOTBETCTBYIOIIUM
IPOrpaMMHBIM OO€CTIeYeHUEM U CUHXPOHU3UPOBAHHBIN C aBTOMOOHUIIEM.

AHTEHHa B MOJlyJie OpraHU3yeT OecrmpoBOJHOE coenuHeHue. lIpueMHUK U
NepelaTyuK MPUHUMAIOT U MepelaroT UHPOPMaLMI0 COOTBETCTBEHHO. OCHOBHYIO

105



paboTy BHITIONIHAET OJIOK yrpaBieHUs. [{aHHbI OJI0K siBIsieTCS OOPTOBBIM KOMITb-
10TepoM. bopToBOI KOMITBIOTEP OMPAIIMBAET AATUUKH U CEHCOPbI, YCTAHOBJICHHbBIE
B pa3HBIX YaCTAX aBTOMOOWIIS, MOciie 4ero oopadbarbiBacT coOpaHHyto HH(popma-
[IMI0 U BBIJACT YIPABIISIIONINE CUTHAJIBI Ha YCTPONCTBA aBTOMOOWIS M MHPOPMHU-
pYIOIIME CUTHAJIBI HA MOHUTOpP Boautens. Takke OH oOpalaThIBaeT BXOASILIKE
BHEIIIHUE (M3 CETH) CUTHAJIBI U MPeoOpa3yeT UX B YIPABIISIFOLINE BBIXOJIHBIE CHUT-
HaJbl, KOTOPBIE, B CBOIO OYepe/b, TPAHCIUPYIOTCA Ha aBTOMOOWIIBHYIO ayJAHOCH-
cTeMy U MHGOPMALMOHHBIA aAuciiel. B skcTpeHHOM ciyyae cucteMa KOMMYHH-
KalluM MOYXET BO3/ICHCTBOBATh Ha OPraHbl yNpaBlIeHUS aBTOMOOUIIEM, TIpeaympe-
KJ1asl aBapuIo.

B cucreme C2C pa3nuuaroT HECKOJIIBKO CIOCOOOB MpPENyNpeKICHUS BOJAU-
TEeJs: 3ByKOBOW CHUTHAJ M IBETHAs IMOJIOCAa HA MPUOOPHON MaHeNu, U3MEHSIOas
1BET B 3aBUCUMOCTH OT crerneHu omnacHoctu (Ford, Mercedes-Benz), 3BykoBoii
CUTHAJl M MpEeNyNpeXIallnii 3HaK Ha LeHTpaibHOM KoHconu (General Motors,
Toyota), mpubopuoit manenu (Honda, Hyundai, Nissan, Volkswagen). HexoTopsie
IIPOU3BOJIUTEIN B JOMOJHEHUE K BU3yaJIbHOM M 3BYKOBOW CHTHAJIM3AIUM IpeJa-
raroT K HKCIIOJIb30BAaHUIO BHOpAIMIO CIUHKHU CHUICHUS BOAMTENS (BUOpHpYyeT Ta
CTOpPOHA, C KOTOPOM yrpokKaeT OMacHOCTb).

3akirouenne. BHenpeHne U pa3BUTHE MHTEIUIEKTYaJbHBIX TPAHCIIOPTHBIX
CUCTEM SIBJISIETCS OYEHb BAXKHBIM (DAKTOPOM JIJIs1 pa3BUTHS TPAHCIIOPTHOM CHCTEMBI
cTpanbl. Takue MHHOBALIMU TMO3BOJISIOT OOJETYUTH B3aUMOJCHCTBUE BOJIUTENS C
aBTOMOOMJIEM, a TaKXe, MO3BOJIUT OCYLIECTBIISITH KOHTPOJIb 3a MPOLIECCaMU Ha J0-
porax. Bce 3t (hakTOphl MOMOrYT 00ecneunTh O€30MacHOCTh Ha JOPOTax CTpaHbl
Y YMEHBIINUTbH KOJIMYECTBO JOPOKHO-TPAHCIIOPTHBIX POUCIIECTBHIA.

Pa3paboTka TEXHOJIOTHH KOMMYHHUKAITUU MEXKIy aBTOMOOWMIIIMH OOJierdacT
JBUKEHUE HA TPYJHBIX y4acTKaX JOPOTH U MEPEKPECTKAX.
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PACYET 3AIIUTHOI'O PACCTOSAHUSA OT BJIOKUPOBAHUSA
MNPUEMHBIX BLUETOOTH-YCTPOUCTB

TI'opoamenko B.IO.
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DUHAHCOBO-TEXHOJIOTMYECKas aKajeMus,
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OakaaBp M0 HaMpaBJIEHUIO IPUKJIaHAS HH(POpPMATHKA,
DUHAHCOBO-TEXHOJOTUYECKAs aKaIeMHUs,

Poccus, r. Kopoies

B craTtbe paccMOTpeHBI BOIPOCHI, CBSI3aHHBIE C pACUYETOM M MOJICTUPOBAHUEM 3ALUTHOTO
paccTosiHUS MO3BOJIAIONIEr0 H30eXaTh OJIOKUPOBaHUS NMPUEMHBIX ycTpoiicTB Bluetooth momexa-
MU OECTIPOBOHBIX YCTPOMCTB pabOTAIONINX B 30HE MeHCcTBUS mrKkoceTr Bluetooth.

Kniouesvle cnosa: yCTpOWCTBa Malloro pajauyca JISHCTBUS, 3alIUTHOE PACCTOSHHUE,
ycrpoiicra Bluetooth.

PaccMoTpum mipo6iieMbl 3JIEKTpOMAarHUTHOM coBMecTUMocTH Bluetooth
YCTPOMCTB C OECHpPOBOAHBIMU YCTPOWCTBaMU Majoro paauyca neiictBus SRD
(Short Range Devices), paboTtarommm B 30HE JICUCTBUSI MHUKOCETH TEXHOJIOTHUU
Bluetooth, B quama3zone 2,45 I'T'1y [5-7].

[Tycte B 30He neiictBusi SRD paboraer paanolsneKTpoHHOE 000pY/I0BaHHE
UCITONB3YIOIee, TaKk ke Kak W Bluetooth-ycTpoiicTBa, ckaukooOpasHyr Tmepe-
ctpoiiky yactotbl FHSS (Frequency Hop Spread Spectrum) [4]. Onipenenvm Benu-
YUHY 3alIUTHOTO PACCTOSHUS, TTO3BOJISIIONIETO n30exkaTh 010kupoBkHu Bluetooth-
ycTpoiictB nomexamu oT FHSS-ycTporicts.

Ecnu mpenmnonoxuTh, 9To MEpecTpoiika 4acTOThl MPUOCTAHOBICHA, TO HA
OCHOBE TPAJAMIIMOHHOW MOJEIH PAacIpOCTPAHEHUsI PATUOBOIH MOXHO PACCUUTATH
3aIUTHBIC PACCTOSIHUS L.y, MEXITY MEMIAIONUM PaIUOdJIEKTPOHHBIM 000pY/10-
BaHneM U Bluetooth-mpueMHUKOM, KaKk B ciiydae BOSHUKHOBEHUS TIOMEX B COB-
najaoleM KaHale (BHyTpUKaHaJbHbIE TIOMEXH), TaK U B CIy4ae ero OJIOKMpOBa-
HUS (YMEHBIICHHE YCUIICHUS TMOJIE3HOTO CUTHAIA BO BXOJAHOM TPAKTE MPUEMHHKA,
BBI3BAHHOE JIEWCTBUEM HMHTEHCUBHOTO MEIAONIET0 CHTHAajla, 4acToTa KOTOPOTO
HaXOJUTCSI BHE OCHOBHOTO KaHaja rpuema) [1-3].

B OTKpBITBIX TEXHUYECKHMX HMCTOYHHUKaX [8], MPUBOASATCA HEKOTOPBIE 3a-
IIMTHBIE paccTOsHUS 711 yeTpoiicTB Bluetooth mpu Bo3aeiicTBuM Ha HUX pa3iHy-
HBIX MCTOYHUKOB momex, Hampumep oT: SRD — Short Range Devices; CATV —
Community Antenna TeleVision; RLAN — Radio Local Area Network; ENG/OB —
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Electronic News Gathering/Outside Broadcasting; RFID — Radio frequency
identification devices. OnmHako, HEOOXOAUMO OTMETHThH, YTO B pacueTax, MpHUBe-
JIEHHBIX B 9THX MCTOYHMKAX, MPEANoarajics HauxXyamui ciydai, korja pado-
YUl UK UCTOYHUKOB nomex paBHsuicss 100%. To ecTh, ICTOUHUKU TTOMEX BO3-
nerictBoBasin Ha Bluetooth-ycrpoiictBa B Teuenne 24 4dacoB B cyTku. OmHaAKo
MPOBEICHHBIE MCCJIEJOBAaHUS TOKa3alu, 4To 00BIYHO paboumii nuki SRD co-
crasisiet Bcero 15% [7].

[Ipu ymeHblIeHUH paboyero IMUKjIa UCTOYHUKOB MOMEX 3allMTHBIA WH-
TepBan obecrneynBaeTcs Mpu 00Jiee HU3KUX 3HAUYCHHUSX BEJIHMYUHBI OTHOIICHHS
curHar/mym (OCII). B 3aBucumocTH OT BEeTWYUHBI paboOYero IMKIA, MUHU-
ManbHble 3HaueHus: OCI nst pa3IMYHbIX TUMOB NEPEAATYUKOB CO3/IAIOIIUX I10-
Mexu Bluetooth-ycTpoiicTBam HE OCTAIOTCS MTOCTOSHHBIMH, a U3MEHSIOTCS, UYTO B
CBOIO OU€pe/ib BEJIET K U3MEHEHUIO BEJIMYMHBI 3AIIIMTHOTO PACCTOSIHUS.

Ha puc. 1 u 2 mpuBeneHsl 3aBUCUMOCTH, COOTBETCTBEHHO, MUHUMAJTHHBIX
3HaueHni OCIII v 3HaueHul 3alUTHBIX PACCTOSHUN, PACCUUTAHHBIX C TOMOIIBIO
MOJIETM PACIIPOCTPAHEHUs PAIUOBOJIH JJIsi HAUXYJIIIETO Clydas, OT BEJIWYHUHBI
pabouero mukia ycrpoicts RFID [5, 8].
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Puc. 2. 3aBUCHMOCTB 3aIIUTHOTO PACCTOSIHUS OT BETMUMHBI PaO0YEro IHKIIa

CornacHo mpoBeJeHHBIM B [8] pacueTam, 3alIUTHOE PacCTOSTHUE OT OJOKU-
poBanus npueMHuka Bluetooth ycrpoiictBamu RFID cocraBisier okono 14 mer-
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poB. M3 npuBeaeHHbIX rpaduKoB BUIHO, 4yTO 171 15% -ro paboyero nukia 3amuT-
HBI uHTEpBaNl 14 MeTpoB obecrieunBaetcs pu 6osee Hu3kux 3HaueHusx OCI.
Vmenpmenne Beauunabl OCIHI moxeT mocturats 15 nb.

Bocmonp30BaBImMcy METOMKOW HW3JIOKEHHOW B pabore [8], B pesynbrare
MaTEMaTHYECKOTO MOJCIUPOBAHM, OBLTM TOJYyYEHBI 3aBUCUMOCTH 3allUTHOTO
paccrosiaus Bluetooth-yctpoiicTs, oT nucrounnkoB nomex FHSS-yctpoiicTs.

Ha puc. 3 mpencraBieHbl 3aBUCUMOCTH 3alIUTHOTO paccTosiHus Bluetooth-
YCTPOUCTB OT BenuuuHbl pabouero nmkia FHSS-ycTpoiicTs, nius Hamxyaiiero
CiIyyasi, KOrja Ha IMyTH MEIIAIONIEro CUrHaida OTCYTCTBYIOT MPEMATCTBUS ISl €r0
pacrpoCTpaHeHHUs.
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Puc. 3. 3amuTHOE paccTosHME NMPU BO3IEHCTBUU UCTOYHUKOB TOMEX
Ha Bluetooth-yctpoiicTBa

W3 npencraBieHHBIX 3aBUCUMOCTEN BUJIHO, UTO C BO3PACTAHUEM MOILHOCTH
MOMEXH 3aIIUTHOE PACCTOSHUE JOJDKHO ObITh yBennyeHo. [lokazaHo, 4To ¢ yBenu-
yeHue BeJnyuHbl padbodero mukina FHSS-ycTpoiicts, nns HepomyiieHus OlOKH-
poBku npueMHbIX Bluetooth-ycTpoiicTB q0MKHBI BO3pacTaTh HE TOJIBKO 3aIIUTHBIC
paccrosinus, HO U 3HaueHust OCILLL

[Ipu pasmemenun FHSS u Bluetooth-ycTpoiicTB BHyTpH 0JHOTO TOMeIIe-
HUSL HEOOXOJMMO YYMUTHIBATh HE TOJIBKO HAMpaBlIEHWE IJIABHOIO JIETIECTKA Jua-
rpaMMBbl HaIllPaBJICHHOCTU MPUEMOTIEPEAAIONINX AHTEHH, HO U OOKOBBIX JIETIECTKOB
(puc. 4).

DKcrnepuMeHTalbHbIE MCCIENOBAaHUS MOKa3bIBAIOT, YTO JJiT OOKOBOTO Jie-
nectka FHSS-ycrpoiictB co 100% pabounm LMKIOM, 3alIUTHBIA MHTEpBAN OT
nomex, Bo3zaeicTByromux Ha Bluetooth-ycTpoiicTBa BHyTpu KaHasia, MOKET OBITH
YMEHBIICH B TPU pasa, MpH MOJIHOM OJIOKUPOBAaHUH — OoJiee YeM B ISTh pas.
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Puc. 4. Pazmemenune FHSS u Bluetooth-ycTpoiicTB BHyTpH 0/1HOTO TOMEIIEHUS

Ha puc. 5 npencrasiieHsl 3aBUCUMOCTH 3aLIUTHOTO PACCTOSHUS IIPU BO3EH-
CTBUM HMCTOYHMKOB nomex Ha Bluetooth-ycTpoiictBa uepe3 OOKOBbIE JENECTKU
auarpaMmbl HampaBiieHHOCTH anTeHHbl FHSS-ycTpoiicTBa oT Benuuunsl paboue-
ro HMKJIa M MOIIHOCTH mepexaaromero oOopyaoBanuss FHSS-yctpoiicts, ais
HauXyAILIero ciryvasi, KOrja Ha IIyTH MEILIAIIIEr0 CUTHAIa OTCYTCTBYIOT MPEMST-
CTBHUSI JIJIS1 €r0 PACIPOCTPAHEHHUS.
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Puc. 5. 3amutHoe paccTosiHie NPU BO3IEHCTBUU UCTOUHUKOB ITOMEX
Ha Bluetooth-yctpoiicTBa yepe3 G0KOBOI JIETIECTOK THArPaMMBbI
HarpaBjaeHHoCcTH anTeHHbl FHSS-ycTpolicTBa

W3 mpeacTaBieHHBIX rpadUKOB BUIHO, YTO MPH BO3JACHCTBHU UCTOYHU-
KoB ToMex Ha Bluetooth-ycTpoiictBa depe3 OOKOBBIE JEMECTKH IUarpaMMBbI
HanpaBlIeHHOCTH aHTeHHb FHSS-ycTpoiicTBa 3amuTHBIE paccTOSHUS, MPU OJI-
HOU W TO¥ € MOIIHOCTH MEIIAIOIIET0 CUTHAJIA, MOTYT ObITh YMCHBIIICHBI TTOYTH

B TPH pasa.
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Takum 06pa3oM, OBITH MPOAHAITM3UPOBAHBI 3aBUCHMOCTH 3aIlIUTHOTO pac-
CTOSTHUS OT BO3JICHCTBYIOIIUX MOMEX MPHUBOISIIINX K OJIOKMPOBAHUIO TTPUEMHBIX
Bluetooth-ycTpoticts. [lokazaHo, 4yTo ¢ yBelIMUYEHHE BEIUYUHBI pab0OYero LukKiIa
FHSS-yctpoiictB, ana HenmomymeHuss OJIOKMpOBKHM mpueMHbIX Bluetooth-
YCTPOMCTB JIOJDKHBI BO3pAacTaTh HE TOJBKO 3AIIUTHBIC PACCTOSHUA, HO U 3HAYe-
Hus OCII.

[TokazaHo, 4YTO HpU COBMECTHOM (PYHKIITMOHUPOBAHUHU PAJUOIIEKTPOHHOTO
obopyaosanusi FHSS u Bluetooth-ycTpoiicTB HEOOXOAUMO YUUTHIBATH HE TOJBKO
HaIpaBJICHUE TJIABHOTO JICTIECTKA JUArpaMMbl HApaBlICEHHOCTH MPUEMOTIEPEIat0-
mmx anTeHH FHSS-ycTpoiicTB, HO 1 X OOKOBBIX JienecTkoB. [lokazaHo, 4To s
6okoBoro nenectka FHSS-yctpoiictB co 100% -m pabounM HUKIOM, 3alTATHBIHN
WHTEpBaJ OT MOMEX, Bo3aelcTByommXx Ha Bluetooth-ycTpoiicTBa BHyTpH KaHama,
IpU OJTHOM M TOM K€ MOIIHOCTH MEIIAIOIIETO CUTHala, MOXKET ObITh YMEHBIIIEH B
TpH paza, Mpy MOJTHOM OJOKHPOBAHUH — OOJIE€ YEM B IISITh Pas.

Jlannas paboma ewinonnena 6 pamxax HUP «llpoexmuposanue cemeiiy
nposooumoti 6 ' BOYBIIO MO «®DTA» noo pykosoocmeom 0.m.H., npogheccopa
Apmiowenko B.M u x.m.n., ooyenma Abbacoeoui T.C.
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COBPEMEHHBIE MATEPHAJIBI 1J151 OJEXKAbI JIETEN
N IMOAPOCTKOB C METABOJIMYECKUM CHUHAPOMOM

Heawenko U.H.

TOLIEeHT Kadeapsl Au3aiHa KocTioMa Ky0aHCKOTo rocy1apcTBEHHOTO YHUBEPCHUTETA,
KaHJ. TEXH. HayK,

Poccus, r. Kpacnonap

HopMaTuBHBIE TOKYMEHTHI 110 KQ4€CTBY OJCKIBl M MATEPUAJIOB HE YUUTHIBAIOT OCOOEH-
HOCTEH OpraHu3Ma JIeTeil ¥ MOAPOCTKOB € MATOJIOTHEN 0KUPEHUS PU IPOEKTUPOBAHUU OJIEK b
1 BbIOOpE U1 Hee MaTepuasioB. B cTarbe 000CHOBAHO MPUMEHEHUE COBPEMEHHBIX MaTEPHUAJIOB B
C YY4eTOM OCOOCHHOCTEH CTpPOEHHsI MOBEPXHOCTH KOXH M MOJKOXKHO-)KUPOBOW KIIETYATKH,
CBOMCTB MaTEpUaJIOB U BHINOJIHAEMBIX UMU (DYHKIIUH.

Knrouesvle cnosa: IMPOCKTUPOBAHUEC OACKIbI, ICTH U MMOAPOCTKHU, MeTa0OINYECKUI CHH-
APOM, IAaTOJIOIUs OXKUPCHUSA, MATCPUAJIbI, THATUCHUYICCKUC CBOﬁCTBa, IIOKa3aTcCJIu, Q)YHKIII/II/I

B o0miem 06beMe mpon3BOACTBA OBITOBBIX TKaHEH, MPOU3BOIUMBIX POCCHM-
CKMMH TEKCTUJIBHBIMU MPEINPUATAIMH, YACIbHBIA BEC TKAHEHN IS 1€Te COCTaB-
nsiet Mmenee 1%. CoBpeMeHHbIe TpeOOBaHUS K KaU€CTBY JIE€TCKOW M MOJAPOCTKOBOU
olleXxabl 0a3UpPYIOTCS Ha 3aKOHOJATEIHHOW W HOPMATHBHO-TEXHUYECKOW Oase.
TpaguimonHo ¢GuU3NKO-TUTHEHUYECKHE TpeOOBaHUS, HAMpaBICHHBIE Ha TMOJIEP-
YKaHUE TIOCTOSIHCTBA TEIUIOBOIO COCTOSIHUSL OpPraHM3Ma M KOYKHOTO JBbIXaHUs COOT-
BercTBYIOT ['OCTam, CanlluHy, IlpaBunamu no ceprudukainuu, TexHuueckoMmy
pernamenty TamoxkenHoro Corosa [1, 2]. OnHako, AeHCTBYIOIIUE HOPMATUBHbIC
JOKYMEHTHI HE YYUTHIBAIOT OCOOCHHOCTEH OpraHu3Ma JeTeil U MOJPOCTKOB C Ma-
TOJIOTHEN 0KMPEHUSI.

CoBpeMeHHbI 00pa3 XKU3HU JETeHd M MOAPOCTKOB BBIHYXKIAEeT oOpalaTh
BHUMAaHNE Ha OJCK/y MOBBIIMIEHHON KOM(DOPTHOCTH, OTpaKarOIIeH NHANBUIYaTb-
HOCTb MOTPEOUTENS], YTO MOTUBUPYET JU3aWHEPOB OJEXK/bl U TEKCTHJIA K IOUCKY
HOBBIX pelieHui. B Hacrosmiee Bpems 0ek/1a MPOEKTUPYETCS C UCTIOIb30BAHUEM
MH(OPMAIIMOHHBIX ¥ MHHOBALIMOHHBIX TEXHOJIOTWMA: OT 3CKH3a MOJEIH IO BOILIO-
LIEHUS €€ B MaTepHale.

Hannyummm criocoOoM opraHu3anuy OJeXKAbl AJis AETed U MOIPOCTKOB C
O’KHPEHHUEM SIBJISIETCA €€ MHOTOCIIOMHOCTh. Q€K 1a CO3/1aeT BOKPYT Tejla MUKpPO-
KJIMMAT, KOTOPBIM MpHU parioHaJILHOM BBIOOPE MAaTEpPUANIOB KaXKJIOTo cios, odec-
neynBaeT OJaronpusTHbIC YCIOBUS JJIs MOJAJEPKaHUS TEIJIOBOrO PaBHOBECHUS K
M3MEHSIIOIIMMCST YCTIOBUSIM JKCIUTyatanuu. OHa J0bKHA ObITh KOM(OPTHOM, 3a-
HIUIIATh OT HEOJArompHUsITHBIX (PAKTOPOB OKPYXKAIOIIEH Cpellbl, BOCCTAHABIUBATH
(GYHKIMU KOKHBIX TOKPOBOB. CaMO4yBCTBHE JETEH U MOAPOCTKOB ¢ MeTaboInue-
ckuM cuaapomoM (MC) cBs3aHO ¢ KOMGOPTHBIM COCTOSTHUEM TOO0JICKHOTO MPO-
CTPaHCTBa, KOTOPOE 3HAYUTENHHO 3aBUCUT OT CBOMCTB MaTtepuaioB. Beibop mare-
pHUanoB I OACKIbI AeTell U MoJpocTKOB ¢ MC OMKEH OCYIIECTBIATHCA C y4de-
TOM BO3pacTHOr0 MOP(HOPYHKIIMOHAIBHOTO PAa3BUTHS OpraHU3Ma U IMOAKOXKHO-
AKUPOBOM KJIETUATKU, OCOOEHHOCTEN COCTOSHUS KOKHBIX MOKPOBOB (ITOBBIIIICHHAS
MOTJIMBOCTh U CaJIbHOCTh KOXKH, YIPEBasl Chlllb, AKHE, aKTUBALIUSI MUKPOOHOH (1o-
PBI, MIOpaKeHUsI KOYKU B BUJIE CTPUI U KaK CJIEACTBUE HENIPUATHBIN 3amax) [3].
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Teruto3amuTHbIe (YHKIIMM CIOEB OJEXKIbl HeoauHakKoBbl. K maTepuanam,
BXOJISIIMM B ITAKET W3JICTUS, TPEIBIBISICTCS KOMILIEKC B3aUMOCBSI3aHHBIX TPeOo-
BaHMil. ParmoHanbHOE coyeTaHWE MOKPOBHOIO MaTepualia, MOAKIAJAKA U TeIio-
M3OJIAIIMOHHOTO CJIOS 1O MPUHINAITY €IUMHCTBA CBOWCTB 00ECTICUMBAET HAIEKHYIO
TETUIOU30JISILIMI0 OpTaHu3Ma JeTeid u moApocTkoB ¢ MC mpu Majiol macce OJIexK-
1el. Mojienib CUCTEMBI MaTEPHUAJIOB MPEJCTaBIEHA HA PUCYHKE.

DVHKIIHH H CBOHCTEA MHOTOCIIOHHOH TeXHHYeCKOH CHCTEMEI « IAKeT»

|

1.1 BoccTanoEnemie KO#HEI HADVIISHHA

T1 |« KoHTaxkTHEIH
CIIOH 1.2 ®VHEUHH TeILTOH0/IALIHE

1.3 CroerpemenHHOe VIATIEHHE NPOIVEIOE METa-
Domm2Ma W2 MOJ0Ae#HOr0 NPOCTPaHCTEA

1.4 Tlpegoxpadense Ko%HM 0T DAKTEpIll W Zarpas-
HeHHH

2.1 PopMHpYVET BHEIIHHHA BHI

- 2.2 MuorodvexmoHaTEHEIR
T2 1 TlokpoBHbIi —«IBIIANIHEY CEOHCTEA OIeIE

CclIoM — AHTHMEEDOOHELS
— MACIOEOLO0TTANKHBAINIHE

2.3 CoxpaneHre TEUIOBOr0 TOMEOCTAza 3a CHET
BO2OVXONPOHMITASMOCTH H TADOIPOHHIT MO CTH

2 4 HzmococToHKOCTE K HCTHDPAHHED H
3arpasHEHHI0

2.5 CoanmaHcHpOBaHHOE COOTHONISHHE IPOSHOCTH
H KoMDODTHOCTH

—‘ 3.1 CoxpameHne TEIUIOBOT0 COCTOAHINA

T3 |,| Homkn ano 3.2 ©VHKIUHH 3CTeTHIHOr O BHIA
YHEIH H H3HOCOCTOHKOCTH
caof
3.3 IlpegoxpaHeHHe OT PACTOKCHHA H
sarpasHeHHA
3.4 Yoobereo # KoMbopT B SKCIITVATALTHE
T4 BeTposalIHTHEI 4.1 ObecrieqeHHe ONTHMATEHOH
M EO03IVXONIPOHHIIAEMOCTH
CII0H
5.1 HeobxomiMad TeNIoHIOUIAIHSA
T5 || TemIoH30IMIHOHHEIH H OTCYTCTEHE MHT DAITHH
clI0H
5.2 BnaronpoBogHOCTE H
NapOoTIPOHHITAEMOCTE

Puc. ®dyHKIIMOHANTBHO-MOP(OIOTHYECKAS MOJICTh MHOTOCIIOWHON TEXHUYECKOU CHCTEMBI
«IaKeT» MaTepHuaioB
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Marepuain Bepxa (MMOKpOBHBIN) GOPMUPYET BHEIIHUIN B U3JETUS U SIBIIS-
eTCsl CaMbIM MHOT'O(YHKIIMOHAJIBHBIM CJIIOEM COBPEMEHHOM onexbl. OH obecrie-
YUBAET HEOOXOJUMYIO IMPOYHOCTh, U3HOCOCTOMKOCTD, 3aIIMTY OT BHEIIHUX MeXa-
HUYECKUX U KIIMMATUYECKUX BO3AeUcTBUM. OH MOAIEP:KUBAET OCHOBHBIE (DYHK-
MU OpraHu3Ma 4YelioBeKa (COXpaHEHHUE TOMEOCTas3a), 3a CUET CBOMCTB BO3AYXO-
MPOHULIAEMOCTH, aponpoHuIaeMocTH. [IOKpOBHBIN ci10l 0oOecrieunBaeT «JIbliia-
I1e» CBOWCTBA OJEXK/bI, BOJAOOTTAIKUBAIOIINE, aHTUMUKPOOHBIE B 3aBUCUMOCTHU
OT Ha3HAYEHUs OJEXKIbl. ITO HauOosiee (PYHKUMOHAIBHBIA CIONH B OMOTEXHHYE-
CKOH CHCTEME «YEJIOBEK — OJIK/1a — OKPY>KaIoIlas Cpeiay 4acTo ¢ KpaiHe MPOTH-
BOPEUMBBIMU TPEOOBAHUSAMH, YIUTHIBAIOIIMMU KaK CBOWCTBA CAMHX MAaTE€pPUAJIOB,
TaK ¥ CBOMCTBA CUCTEM (ITAKETOB) MAaTEPHAJIOB.

HoBsie BoIOKHA, MaTepuaibl U U3EUS SBISIOTCS KOMOMHAIIMEH TEKCTUIIb-
HBIX TEXHOJOTHH, HHPOPMATUKH U DJIEKTPOHUKHU, KOTOPHIE AENAIOT BO3MOMHBIM
CO3/IaHME AJIEMEHTOB OJICK/IbI MOJIE3HBIX IS YeJIOBEeKa. ACCOPTUMEHT MaTEPHAIOB
JUIsL OA€XK]Ibl HETPEPBIBHO pacliupsieTcss U oOHoBisgeTcd. Jlu3aliHepbl HaYMHAIOT
pa3paboTKy KOJUIEKIIMM M3 TKaHEH, KOTOpble TapaHTUPYIOT SKCKIIO3UBHOCTH
U3JICIIAN.

[IporpeccuBHble METOABI KOHCTPYMPOBAHUSI OJAEKIbl OCHOBBIBAIOTCA Ha
ydeTe CIOCOOHOCTEN MaTepuaioB YCTOMYMBO COXPAHATh 3a/laHHYI0 opMy, U3Me-
HSTh CBOM reoMeTpudecKkre pa3mepbl. HoBble TexHOIOTUN U 00pa3 KU3HH JOEH
BO3BpAIAIOT MHTEPEC K MPUPOJAHOMY MUPY, KaK UCTOYHHUKY JIPY>KECTBEHHOTO 4e-
JIOBEKY CBIPBS, pacIIupsis Pa3HOBUIHOCTU HUCIIONH30BAHUS HATYypaTbHBIX BOJIOKOH:
nyOstHBIX (JI€H, KOHOIUIS, paMH, aHaHaca, KOKOCOBOW MalibMbl, KeHada U Jp.) H
XJIOMKOBBIX, a TAaK)KE€ )KUBOTHOTO MPOUCXOKIEHUS: MIepCTH U 1ienka. HoBble cuH-
TETUYECKHE BOJIOKHA pa3pabaThIBAIOTCA M3 HATYPAITBHOTO CHIPhS WJIM UMUTHUPYIO-
X UX QyHKIUH.

3aBOEBBIBAIOT MOIYJISIPHOCTh BBICOKOKAUYECTBEHHBIE BHUCKO3HBIE BOJIOKHA
modal u npoBucko3za. SBNSSICH CaMbIM MPOYHBIM LIEJUTIOJIO3HBIM BOJIOKHOM, IPO-
BHUCKO3a aKTUBHOY JIBIIINTY», COXPAHIET BHEIIHUNA BUJ, TAKTHIILHO TIpusiTHA. MHTE-
PECHBIM HAIPABJICHUEM B IPOU3BOJCTBE BOJIOKOH SIBIISIETCS MPUAAHME UM SUCH-
CTOM, TIOPUCTOM CTPYKTYPHI C HAHOpa3MepaMu Mop. Takum o0pa3oM, TOCTUTAETCS
MOJIyYeHHE OOJICTYCHHBIX MATEPUAJIOB C MOBBIIICHHOW TETIOM3OJISIIMOHHON CIO-
cobHoCcThI0. OOpa3yrouirecss HAHOMOPBI BOJIOKOH MOTYT OBITh 3aIlOJIHEHBI Pa3INy-
HBIMH JKUIKAMH, TBEPABIMH U Ta3000pa3HBIMU BEIIECTBAMU C HEOOXOJAMMBIM
(G YyHKIIMOHATBHBIM () PEKTOM.

Tak, cpeau COBpEMEHHBIX MaTEpUaOB TKaHb C HAHOPA3MEPHBIMHU YaCTHUIIA-
Mu cepebpa 10 HM, «aplmiamas» C 3JMACTUYHBIMUA CBOWCTBAMHU, 3aMEIJISIET POCT
OakTepuil 1 yMEHbIIAET PUCK 3a00JIEBaHUS U TNepeaaur MHPEKUUd aeTell u noa-
pOCTKOB. MHOTO(yHKIIMOHATIbHAS TKAaHb KOCTIOMHO-IUIATEIHHOIO aCCOPTHUMEHTA
JUISL IOAPOCTKOB € MOBBIIIEHHOM CIIOCOOHOCTHIO K (POPMOYCTONUYMBOCTH, BHICOKH-
MU TUTUEHUYECKUMU CBOMCTBAMU, BBIPAKEHHONW OMOJOTUYECKON aKTUBHOCTHIO 32
CUeT MPeIOTBpaIIeHUsI pocTa OakTepuil (MUKpOGIOPHI) MPU COXPAHEHUU BBICOKHUX
IIPOYHOCTHBIX NoKa3arenen [4]. CTpyKTypa TKaHU pallMOHANIbHA, OTINYAETCS MST-
KOCTBIO, TAPAHTUPYET YUCTOTY, OMOJIOTUYECKYIO O€30MaCHOCTh U KOM(OPTHOCTD.
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JIbHSIHBIE W JIBHOCOZEpIKAlllue MaTephasibl CIIOCOOHBI MpenyNnpexIaTh Iie-
TBIA psif 3a00seBaHuil y aeTel u moapoctkoB ¢ MC, a Tak e y JKUTeNel ceBep-
HbIX paiioHoB (Cankt-IlerepOypr), y KOTOPbIX UMMYHHUTET KOXXM CHUXKEH, 4acTO
HaOJII0IaeTCs MISTyIIeHne, UCTOHUYCHHE W XPYMNKOCTh poroBoro cios. Obmamas
IPUPOJHBIMU AHTHOAKTEPUATBHBIMU CBOMCTBAMHM, JIbHSHBIE W JIBHOCOAEpPIKAILNE
MaTepHualibl HEUTpaNIU3yloT 3anaxu. JIbHSIHOE XUMHUYECKH 00JaropoKE€HHOE BO-
JIOKHO ¥ TKaHM U3 TaKUX BOJIOKOH TMPOU3BOAAT MO HKOJIOTMUYECKH Oe30MacHbIM
TEXHOJIOTUSIM JUJISI COPOYEUHO-OJy304YHOTO aCCOPTUMEHTA JETCKOM OJEKIbl.
JIpHSIHAS AKOTKaHb 00JIa[laeT yMy4YIICHHBIMU TUTHCHUYECKUMH, aHTUMHUKPOOHBI-
MU, SKCIUTyaTallMOHHBIMU CBOMCTBaMH [5].

Cpeau pocCHIICKUX NPEeanpHUsITHI HHTEPECHBl pa3padOTKU TEKCTUIbHOU
Koproparuu «HYalKOBCKHM TEKCTHIIBY. DTO pa3pabOTKa KOJIEKIIMH MaTepHaIOB
JUIA  IIKOJBbHOM (OpMBI C MSTKOW OTAENIKOM, HEOOXOIUMBIMU (PHU3HKO-
MEXaHUYECKUMHU CBOMCTBAMU M MOJIHOM IIBETOBOM raMMOM. [[JIs OCEHHEe-3UMHET0
ce3oHa mMeercs oboraunieHHass xsonkoM (80%) MacioBOAOOTTAIKUBAIOLIAs CO
cOalaHCUPOBAHHBIM COOTHOIIIEHHUEM MOBBIIIEHHOW KOM(OPTHOCTH U MPOYHOCTH.

JIKMHCBHI TTONIB3YIOTCST 0CO0O0M MOMYJISIPHOCTBIO Y AETEH M MOJAPOCTKOB C Me-
TaboIM4YecKuM CUHAPOMOM. COBpeMEHHbIE J)KUHCOBbIE MAaTepUalbl U3rOTAaBIMBA-
0T C MacJI0BOJOOTTAIKMBAIONIEH OTIENKONU ¢ (PyTepOBaHHOM (JI€TrKOW MOBOPCOB-
KOM) M3HAHOYHOM CTOPOHBI TKaHU, YTO OOecrmeunBaeT KOM(OPTHOE COCTOSHUE
MOJIOACKHOTO MPOCTPAHCTBA, CO3/1aBasi HEOOXOIUMBIN TEIUIOBOM OanaHC C OKpY-
YKAIOIIIEH CPEeION.

J{ns nerei M MOJPOCTKOB C MATOJIOTUEN OKHPEHHSI PEKOMEHI0BAHO IIPUMeE-
HEHME TPUKOTAXHBIX MOJIOTEH. TPUKOTAXK C Pa3IMYHBIMU CBOMCTBAMM: CTOMKO-
CTBIO K aTMOC(EPHBIM BO3JCUCTBHIM, 3arpsI3HEHUIO M BJare, BO3IyXOIPOHHMIIAC-
MOCTbIO, MATKOCTBIO ¥ U3BICKAHHOCTBIO — MOJIYy4aIOT, IPUMEHSSI TPOPUIIbHbIE HU-
TH, CIELUUAIBHOW TEXHOJIOTMH M3roToBIeHUS. OCOOEHHO pa3HOOOpa3eH BBITYCK
(bacoOHHOM TpPsIKHU: BOPCOBOM, MYILIKOBATOM, OaXpOMUaTOM, IEHTOYHOM, BOJIHOOO-
pPa3HOU.

O0beM mpou3BOJCTBA U NOTPeOICHNU HETKAHBIX MaTEpPUaOB PacTeT OBICT-
pee, 4eM TKaHeW M TPUKOTaxa. ITO OOBACHIETCS CaMblM KOPOTKHUM M JCIIEBbIM
CIIOCOOOM TMOJIYYEeHHsI IIUPOKOTO ACCOPTUMEHTA TaKWX IMOJOTEH OT HCXOJIHOTO
CBIpbsl 1O TOTOBOM NMPOAYKIUHU. B ITPOU3BOACTBE HETKAHBIX MAaTEpPUAJIOB, IIPUME-
HAEMBIX B JIETCKOM aCCOPTUMEHTE OJAEXKIIbI, CIEIYET OTMETUTh TEPMOCKPEIICH-
HbI€ TMOJIOTHA C UCIHOJB30BAHMEM HATYPAJIBHOTO WIEPCTSHOTO ChIPbs (KO3bs
HIepCTh).

Takum oOpa3om, MaTepuasbl g OACKIbI AeTel u nmoapocTkoB ¢ MC, mo-
CTENIEHHO CTaHOBSTCS 00JIee HKOJIOTMYHbIE, IPUPOAHBIE, C YIYUIIEHHBIMU CBOM-
CTBaMH, CO cOaJaHCHUPOBAaHHBIM COOTHOIIEHHEM MOBBIIIEHHOW KOM(OPTHOCTH U
NoKa3aressiM MPOYHOCTH, YTO BaKHO B BBIOOpE MATEpUATOB B COOTBETCTBUM C
KU3ZHEJEATEIHHOCTPI0O U PA3BUTHEM OpraHu3ma. PaimoHanbHBIA BBHIOOp TakKeTra
MaTEepUAJIOB MO3BOJIUT 00ECIEUUTh COPa3MEPHOCTh M TEPMOCTAOMIBHOCTD OEK-
IIbl, TAPMOHUYHOE (PU3MUECKOE Pa3BUTHE, BOCCTAHOBIECHUE KOXKHBIX HAPYILIECHUH,
COOTBETCTBHE OCHOBHBIM TMTHMEHUYECKUM MPUHIUIIAM U 3JOPOBOMY 00pasy Ku3-
HU JeTei u moapoctkoB ¢ MC.
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HUHTEJ/VIEKTYAJIBHASA AJAIITAIIUA MOJAEJIM OBYYAEMOI'O
ITPHU TPOBJIEMHOM OBYYEHUNH

Knwoxkun B.J.

JIOIIEHT Ka(eaphl BBIYUCIUTEIHHOM TEXHUKN DUZNKO-TEXHOJIOTHIECKOTO
UHCTUTYTa Y PaIbCKOro (eepaJbHOr0 YHUBEPCUTETA,

KaHJl. pu3.-MaT. HAYK,

Poccus, r. ExatepunOypr

Inomnuxoe B.IO.

CT. IIpenojaBareib Kadeapbl BBIUUCIUTENIbHON TeXHUKN Du3uko-
TEXHOJOTUYECKOTO HHCTUTYTa Y PajbCKOro (heaepaqbHOTO YHUBEPCUTETA,
Poccus, r. EkatepunOypr

Eecuxkoe /1.C.

CT. IIpenojaBareib Kadeapbl BBIMUCIUTENbHON TeXHUKN Dusnko-
TEXHOJOTUYECKOTO HHCTUTYTa Y PajbCKOTo (heaeparbHOTO YHUBEPCUTETA,
Poccus, r. ExatepunOypr

PaccmoTpeH TeXHOMOTHUeCKni actekT pa3padoTkn Web-oprueHTHPOBaHHOM o0ydaromeit
CHCTEMBbI Ha OCHOBe HeueTKoro JesiTelIbHOCTHOTO MOJX0/1a, B KOTOPOM MOJIENb 00y4aeMoro u
nporecc 0O0yueHHsl OCHOBaHbI Ha HEYETKUX 3HAHHMAX U METOAAX UCKYCCTBEHHOTO MHTEIICKTA:
MHTEIJIEKTyaJIbHas aJlanTaus 00y4aeMoro npu mpooJeMHOM O0yUYEHHH.

Kniouesvie cnosa: web-opHeHTUPOBaHHBIE WHTEUIEKTyalbHbIE OOydYalOlIMe CHCTEMBI
(MOC), HeuyeTkuii AEATEINBHOCTHBIA MOAXO B O0OYYEHUH, MPOOJIEMHOE 00yUYeHUE, WHTEIUICKTY-
asibHas aganrtauus odydyaemoro, mporpammHuas apxutektypa MOC.

Ilpobremnoe obyuenue — OpraHW30BAaHHBIN TIpemoaaBaTeneM (oOydaromiei
CUCTEMOM) CMoco0 AaKkTUBHOTO B3aUMOJCUCTBHS O0y4aeMOTO ¢ HpoOIeMHO-
npeoCcmasieHHbIM COOepAUcanuem 0oyueHus, B X0Je KOTOPOTO OH MPUOOIIAETCs K
00bEKMUBHBIM NPOMUBOPEUUAM HAYHUHO2O 3HAHUSL U CNOCOOAM UX peuleHUsl, YIUT-
Cs1 MBICJIUTh, TBOPYECKH YCBauBaTh 3HaHUA [1].
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Kak cooOmanoce panee, B ®U3UKO-TEXHOJOTUYECKOM HHCTUTYTE Ypajlb-
ckoro denepanbHOTO YHHUBEPCHUTETA MPOBOIATCA HCCICAOBAHMS M pa3padoOTKa
Web-opuentupoBanHOil 00y4aroiieil CUCTEMbI HAa OCHOBe Heuemkozo Oesameinb-
HOCMHO020 N00X00d, B KOTOPOM MOJIENIb 00y4aeMOoro U mpolecc 00y4eHus: OCHOBa-
Hbl HA HEYETKUX 3HAHUSAX M METOJaX MCKYCCTBEHHOTO MHTe/IekTa [2]. B nanHOM
COOOIIIEHUH KPATKO PaCCMOTPEH TEXHOJIOTMYECKHUM acleKT MPOBOJUMBIX UCCIIEN0-
BaHUI: UHTEJUICKTyalbHAas aJanTtanus 00y4aemMoro mpu npodJeMHOM 00yUYEHUH.

Cxema mpoOieMHOro oOy4yeHus, IpeJCTaBlIeHa KaK IOCIeA0BATEIbHOCTD
MpoLeayp, BKIOYAIONINX: 1) MOCTAaHOBKY mpemnojaBaTeneM (oOydaromiend cucrte-
MO#) y4eOHO-TIpoOIeMHOM 3a/aun, 2) CO3MaHue I ToJib3oBarens (00ydaemMoro)
npobnemnou cumyayuu, 3) OCO3HaHUE O0y4YaeMbIM, IPUHITHE U pa3pelICHUE UM
BO3HUKIIICH TIPOOIEMBI, B MPOIIECCE KOTOPOTO OH OBJIAIEBACT 000OIICHHBIMH CITO-
co0amu MpHOOpPETEHHsI HOBBIX 3HAHUM, 4) MPUMEHEHHE YCBOSCHHBIX CIIOCOOOB /ISt
pelIeHnsi KOHKPETHBIX 3a/1a4d. HamoMuuMm, npobdiemnas cumyayus — 3T0O TIO3HABA-
TeJbHAs 3a/laya, KOTopas XapaKTepU3yeTcsl IPOTUBOPEUNEM MEXKY UMEIOLIUMUCS
3HAHUSIMH, YMEHUSIMHU, OTHOIICHUSIMH U MIPEAbSIBISIEMBbIM TPEOOBAHUEM.

W3 onmcaHHOW cXeMbI MPOOIEMHOTO OOYYEHHSI XOPOIIO MPOCMATPUBACTCS
ee JIOTMKa, KOTOPYI0 MOXHO onucarh ¢ nomoiubto [T (mpenukarsl nepsoro mo-
psaka), W, pacuiMpss jAajiee, — C MOMOUIbI0 HEYETKMX MpaBuil Ha si3bike SWI-
Prolog. ®aktuyecku B pa3pabaTbiBaeMoil oOydaromield cucTeMe Jjisi STOTO BbIje-
nena [loacucrema Anantammu O6yuaemoro (ITAO), Bimrodaromast 6a3y 3HaHMIA,
OMHCHIBAIOIIYIO CXEMY MPOOJIEMHOTO OOyYeHHsI C TOMOIIbIO (DAaKTOB WM TIPABHII,
pemaTtenb 3ajad, ONEPUPYIONIMN C 3ToM 0a30i 3HAHUNW U MOJIH30BATENIEM
B IMAJIOTOBOM PEXUME, U COOTBETCTBYIOIIUN JAHHOW MOJCUCTEME MHOTOOKOHHBIN
TI0JI30BaTEILCKUI HHTEpdETC.

Anpo ITAO — 6a3a 3HaHuii U pemiarens — HanucaHbl Ha si3pike SWI-Prolog u
pasmMetnieHsl Ha oTaenbHOM cepBepe SWI-Prolog http, [3]. JlocTym k aTomy mpoJio-
TOBCKOMY CEPBEPY OCYIIECTBISETCS U3 MPOKCH-CEPBEPA, BHIIIOJHEHHOTO 10 CTaH-
TApTHOM cXeMe, HO pabOTaroIIero C yIMpaBiIIeMON CecChuel CBsI3U, 00ecTieUnBaro-
e perieHne HeopMaNM30BaHHBIX 3a/lau B pekuMe auanora. KinmeHrckast 4acthb
noacucteMbl [IAO MoxeT pa3meniaTbes Ha JOOOM CTaHIApPTHOM Opaysepe (Te-
cTupoBanack Ha Opaysepe Mozilla Firefox) n manucana Ha s3sike JavaScript ¢ uc-
M0JIb30BaHueM OnOmoTeku jQuery.

O¢ddexTuBHOCTL MPOOIEMHOTO O0YUYEHUS €Ille MPEICTOUT MPOBEPATh, HO
(YHKIIMOHAIBHBIA MHCTPYMEHT JJIsi 3Toro — mnojacuctema [TAO nuctanimoHHON
oOyyaroleil cucTeMbl pa3padoTaHa ¥ MPOTECTUPOBAHA.

Cnucok JiuTeparypbl

1. Kacesnor B. H., Kacesnosa E. B. /luctaniimonHoe o0yueHne: METOJIbI M CPEJICTBA
aJalTUBHOU TUIIEpMeEIna.
http://www.iis.nsk.su/files/articles/sbor_kas 11 kasyanov_kasyanova.pdf

2. Kimokun B. D. Web-opueHTHpoBaHHbIE WHTEIUIEKTyalbHbIE OOYYaIOUIHE CHUCTEMBI
Ha OCHOBE HEYETKOTO JESTeIbHOCTHOrO moaxona B oOyuenun // Hayka m oOpa3oBaHue: dIeK-
TpOHHOE Hay4yHO-TexHu4eckoe u3aanue. Cepus Muxeneproe obpazosanue. 11 HOg6ps 2012, —
C.23-43
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3. Kmokun B. 3. [Iporpamma-pemarens A I€AyKTUBHOI'O BBIBOJA U3 CHUCTEMBI He-
YeTKUX UMILUTMKAIUI C IPOU3BOJIBHBIM YHCIIOM MOCHIIOK Ha sizbike SWI-Prolog. CunerenbctBo
0 rocyJapcTBEHHOM peructpauuu nporpammsl 11t IBM Ne 2013615326 ot 04 urons 2013 .

BJIMAHUE TPAHCIIOPTHO-OKCIINIYATAIHUMOHHBIX KAYECTB
ABTOMOBUWJIBHBIX TOPOI' HA MAPHIPYTHYIO CKOPOCTD

Konopawoea E.B.

npodeccop kadeapbl TEXHUYECKOTO CEPBHUCA U TEXHOJIOTHH MAIIMHOCTPOCHUS
®I'bOY BIIO Boponexckunii 'AY, n-p TexH. Hayk,

Poccus, r. Boponex

Ckpvinnukoe A.B.

3aB. kadeapoi nHpopmannonHoi 6ezonacHoctu PI'BOY BIIO «Boponexckuit
rOCYJapCTBEHHBIN YHUBEPCUTET UHKEHEPHBIX TEXHOJIOTUIY, 1-p TEXH. HAYK,
Poccus, r. Boponex

Jlopoxun C.B.

noueHT kadeapsl aTomoomiieit u cepsuca PI'bOY BIIO «BopoHnexckast
rOCyJapCTBEHHAS JIECOTEXHUYECKAs AKaAEMUsD), KaH/I. TEXH. HAYK,
Poccus, r. Boponex

Ckeopuosa T.B.

TOTICHT Kaeaphl BEIYUCIUTEILHON TEXHUKA U HHPOPMAITMOHHBIX CUCTEM
OI'bOY BIIO «BopoHexckas TocyJjapCTBEHHAs JIECOTEXHUYECKAsT aKaJgeMUsI»,
KaHJ. TEXH. HAYyK,

Poccus, r. Boponex

Yucmakoe A.T.

acniupant kadenpsl nHpopmanmonnoi 6ezonacnoctu ®I'6OY BIIO «Boponex-
CKHMM I'OCYJTapCTBEHHBI YHUBEPCUTET NHXKEHEPHBIX TEXHOJIOTHUIY,

Poccus, r. Boponex

B pe3ynbrare npoBen€HHBIX SKCIIEPUMEHTAIBHBIX Pa0OT YCTAHOBJICHBI KOJUYECTBEHHBIC
CBSI3M MapUIPYTHOH CKOPOCTH JBUKCHHS C OCHOBHBIMH ITapaMeTPpaMU TPAcChl JOPOTH U e€ 00y-
CTpOﬁCTBa. HO.HyLICHLI JaHHBIC, ITO3BOJIAIOIINEC OLICHUTH BIHUAHUC pOBHOCTI/I Ha CKOpOCTI) ABU-
YKEHHUs aBTOMOOHIIEH.

Knrouesvie cnosa: MapuipyTHasi CKOpOCTb, JOpOTra, MOMEXH, MPOJOJbHBIA YKJIOH, POB-
HOCTb JJOPOKHOTO MOKPBITHS, TPAHCTIOPTHBIN MOTOK.

POBHOCTH JOPOKHOTO TOKPBITUS OKAa3bIBAET BIIMSIHUE, IMPEXKIE BCETO, Ha
CKOPOCTb JBUKEHUSI aBTOMOOUJIEH. ABTOpaMU MPOBOJUIUCH MAaCCOBBIE 3KCIEPU-
MEHTaJIbHbIE PAOOTHI C UCIOJIB30BAHUEM JIBYX METOJIOB: 1) METON «CieI0BaHus 3a
JUAEPOM»; 2) METOJ MCCIEAOBAHMSI Ha JIOKAJIbHBIX ydacTKaxX. OTIMYMTENbHOU
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O0COOCHHOCTBIO TIPOM3BOJICTBA IMOJIEBBIX PAOOT MO MEPBOMY METOAY SIBIISICTCS M3-
MEpEHHS POBHOCTH TOKPBITHS M CKOPOCTH ABWIKEHHUS IO MapIIpyTy Ha BbIOpaH-
HOM y4acTke aoporu (jumHou 4-10 km). OgHako, peajibHble YCIOBUS JBUKECHUS
aBTOMOOWJICH TOYHEE OTpa)kaeT MapPIIPYTHASI CKOPOCTh ABMIKEHUS TPAHCTIOPTHOTO
nmoroka [1, c.67].

VYcraHoBieHa cieayronias 3aBUCUMOCTb ISl MapIIPYTHOTO IBUYKEHUS

V =73,93-0,12S, (1)
rae V. — CpeiHssi CKOPOCTh TPAHCHOPTHOIO IOTOKAa MO Mapuipyry, KM/4; S -
CPEIHSSI POBHOCTB MOKPBITHS 110 MapIIPYTY, CM/KM.

3aBucumocTb 11s 2 Metoga V; =a, —b, S, (2)

rae V; — cpemHss CKOPOCTb i MApKU aBTOMOOMIIS, KM/4; a b, — IAPaMETpPhl ypaB-
HeHusi (tabnuma 1). B pesynpTaTe mpoBEeAEHHBIX JKCIEPUMEHTAIBHBIX pPadoT
YCTAHOBJIEHBI KOJIMYECTBEHHBIE CBSA3M MapIIPYTHOM CKOPOCTU JIBUKEHHUS C OCHOB-
HBIMH ITapaMeTpaMH TPACChl JOPOTHU U €€ 00yCTPONCTBA.

VYpaBHeHue perpeccuu B 00111eM BUJIE UIMEET BH/]T

Y =a, +a;N+a,P, +a;i+a,c; +asll, (3)
rie Y — mobas u3 JBYX XapaKTePUCTHUK MApUIPYTHOW CKOPOCTH, KM/4;
a,.a,....,as — koopduuuente! perpeccun (Tabamna 2); N — 4acoBasi MHHTEHCHB-
HOCTb JIBIDKEHUS

N =0,076N_ 4)

rJe N_ — CPEIHEro0Basi CyTOYHasi MHTEHCUBHOCTh JIBMJKEHUS, aBT/CyT; p, — CO-

CTaB JBIDKEHUS, XapaKTepU3yeMbIl yIETbHBIM BECOM JIETKOBOT'O aBTOMOOWJIS B

MOTOKE, B JIOJISIX €MHUIIBL, i — CPEIHEB3BEIICHHOE 3HAYCHHUE MPOJOIBHBIX YKIIO-
n

HOB Ha Mapuipyte [ = . [;i/ L, rie 1, — AJMHA y4acTKa ¢ i yKIOHOM, KM; L — 06-
i=1

1as MPOTSHKEHHOCTh MapIpyTa (L =31, ), KM; o, — CTaHAapT OTKJIOHEHUs YKJIO-

HOB, %o;

0 2
Y1 -i) | XL
Gi == i=] L - iZIL/ 7 (5)

rae 11 — ko3 dpuumeHT noMeXoHaChIIIEHHOCTH, ONpeAeIIsieMblil o (hopmyIie

k
> n,(100 —m, )l

== 6
L ; (6)

rae k — 4MCIIO BUJIOB IMOMEX, BCTPCUHAIOIUXCA Ha JAHHOM YYACTKC AOPOIH, IIT,
n; — YHCJIO IIOMCX KaXXA0ro BHUJa, IIT, m; — IIapaMCTPp YpaBHCHU:I, OHpeHeH}IeMHﬁ

m; =V, -100%/V,, TA€ V, — CKOPOCTb JBHXEHHS O M IOCIIE MPOXOXKIECHUS T10-
MEXH, KM/4; y, — CKOPOCTb JIBMJKCHHUS NPH INPOXOXKJCHUM ITOMEXH, KM/4; 1 —
JUUIMHA 30HbI BJIMSHUS IOMEX JAaHHOI'O BHJA, KM.
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Ncnonw3ys nanHeie TaOMUIbI 2 U ypaBHEHHUE (2), MOYKHO OLIEHUTh BIIMSIHUE
POBHOCTH Ha CKOPOCTh JIBHXKCHUSI aBTOMOOUIIEH.

Tabmuma 2
3HaveHus napamMeTpoB ypaBHenus (2) [2, c.13]
3HaueHUs NapaMeTPOB
Mapku aBToMoOUIEH
a, b,
JlerxkoBrle 81,76 0,074
I'py3oBbIE 68,17 0,054
ABTOOYCHI 71,49 0,060
[ToTok 72,12 0,060

Bemmuunel M; u |, MoryT GBITH ompejienens! ¢ HCTIONb30BaHUEM TaOIUIIBE

3.
Tabmuma 3
I'panuyHble 3HaYeHHsI APTYMEHTOB YpaBHeHusl perpeccuu (3)
No Xapakrepuctuka | [lo mupune 3HavyeHust K03)HUIMEeHToB
0 MapuIpyTHOU npoexen a, a a a5 2 as
CKOPOCTH 4acTu
Maremaruueckoe 7,5 65,68 | -0,012 | 6,606 | -0,242 | -0,11 -1,643
1 OKUJIaHUE 10,5 74,76 | -0,01 |11,282 | -0,219 | -0,098 | -1,722
CROPOCTH 2x7,5 | 83,26 | -0,008 | 13,764 | -0,202 | -0,087 | -0,936
IBIDKCHUS, V
Crannmapt 7,5 10,62 | -0,02 1,72 | 0,019 0,02 0,113
) OTKJIOHEHHSI 10,5 12,27 | -0,005 1,99 | 0,017 | 0,019 | 0,0205
ckopoctH, Oy, 2x7,5 13,89 | -0,001 | 2,062 | 0,016 | 0,018 0,088

B Tabnuue 4 npencraBieHbl AaHHBIC, MOJXYYECHHbIC JJI Pa3IUYHBIX BUIOB
oMeX JIBUKEHUIO B pe3ysibTaTe 00pabO0TKHU OOIMIMPHOTO HKCIIEPUMEHTAILHOTO Ma-
tepuasnia. K momexaMm ABMKEHHUIO OTHECEHBI MEPECEYCHHs] ¢ aBTOMOOUIBHBIMHU U
’KeJIe3HBIMH OPOTaMH M JIPyTHe COOPYKEeHHs Ha JOporax, B IIEJIOM CIIOCOOCTBY-
IOLIME YIYYIIEHUIO YCIOBUN JIBHXKEHUS TPAHCIIOPTHOTO MOTOKA, HO BBI3BIBAIOIINE
MOBBIIIEHHOE BHUMAHUE BOAMTENEH, HEOOXOIUMOCTh MAHEBPUPOBAHUS U, B KO-
HEYHOM Cu€Te, CHI)KEHHE CKOPOCTHU JABIKEHUs. B Tabnmie 5 mpencraBieHsl rpa-
HUYHBIC 3HAYEHUSI apTYMEHTOB, MPU KOTOPHIX JACHCTBUTEIHHO YpaBHEHUE perpec-

cuu (3).
Tabnuua 4
3navenus Beauyun IM; u 1 ypaBuenus (5)
2-X TIOJIOCH. 3-X TTOJIOCH. 4-X TIOJIOCH.
Buabsr momex

LT ln i ln i ln

MocTts! piuHo#i 10 50 M 82,5 0,4 92,9 04 92,5 0,7
Cbe3 bl ¢ J0por 92,0 0,3278 94,3 0,454 96,4 0,383
Dcrakajipl HaJ| JOPOTOi 92,0 0,275 98.0 0,363 99.0 0,402
[TyTenpoBoib 84,9 0,550 90,8 0,704 91,7 0,803
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Tabmuna 5
I'panuyvHbIe 3HAYEHUS APTYMEHTOB YPABHEHHS perpeccun

[Inpuna npoesskeit I'paHKYHbBIE 3HAYEHUS apIyMEHTOB
4acTH JT0POTH, M No;, aBT/4 Py, % 1, %o Gy Y00 I
7,5 30+300 0,15+0,40 0+35 0+32 0+10
10,5 80+500 0,15+0,40 0+22 0+18 0+8
2x7,5 100+800 0,15+0,40 0+12 0+9 0+10

B cBsi3u ¢ Tem, uTo ypaBHeHUE (3) YCTAaHOBJIEHO IO MaTepuaiaM SKCIepu-
MEHTAJIbHBIX pa0O0T, MPOBEIEHHBIX B JIETHEE BPEMs, MPU ONPENCICHUN CPETHErO-
JIOBOM MapIUIPyTHOW CKOPOCTH, HEOOXOIUMO YUUTHIBATH MOTOAHO-KIMMATHUECKHE
YCJIOBHSA ITyTEM YMHOKEHHSI OKOHYATEJILHOTO PE3yNbTaTa Ha KOOQOHULIUEHT 4, ; .

Cnucok JiuTeparypbl
1. Konmpamosa E.B., BoakoB A.M. [loBbimenue TpaHCIIOPTHOW pabOTHl aBTOMOOHMITh-
HBIX JOPOT B paiioHe Jieco3aroToBok. — Boponex: Tunorpadus BI'Y, 2012. — 230 c.
2. CxprinaukoB A.B., Kongpamosa E.B., CkBopuosa T.B. MeTton ontuMu3anuu miaHoB
PEMOHTa y4acCTKOB JIECHBIX aBTOMOOWIBHBIX jgopor // CoBpeMeHHbIE TPOOIeMbl HAYKH U 00pa-
3oBanug. — 2011. — Ne 6; URL: www.science-education.ru/100-5155.

®OPMUPOBAHMUE I'OJIOCOBBIX OITOBEIIEHUI
JJISI CACTEMBI MOHUTOPHUHI'A NAGIOS

Konaues E.B.

MarucTpaHT MO HampaBieHuo nHpopmaTika u BT,
CoBpemMeHHas TyMaHUTapHAs aKaJeMus,

Poccus, r. MockBa

B craTthe paccmarpuBaroTcsi 6a30Bble HACTPOMKHU Uit (POPMUPOBAHUS TOJIOCOBBIX OTIOBE-
HIeHu# 1o TenedoHy OT cHcTeMbl MOHUTOpPHHTA Nagios A aIMHHUCTPATOPOB CEPBEPOB WIIH
CEpPBHUCOB.

Knrouesvie crnosa: nagios, asterisk, rosocoBbie OMOBEIIEHNUs, CHCTEMbI MOHUTOPHHTA.

MOHUTOPUHT — 3TO OJIHA U3 OCHOBHBIX COCTABJISIOIIMX KaYECTBEHHOTO CEp-
Bruca [1-4]. CioXHO MpencTaBuTh ce0e HOPMAJIBHOTO XOCTHUHT-TIpoBaniepa 0e3
CUCTEMbl MOHUTOPHUHTA, KOTOpass Obl CBOEBPEMEHHO OIMOBEIIAa CUCTEMHBIX aj-
MUHHCTPATOPOB O JIIOOBIX TIpobiemMax ¢ cepepamu [5-7]. He Bcerma ObiBaeT BO3-
MO>XHOCTb OIEPaTUBHO MPOBEPUTH CBOM MOYTOBBIN SIIIUK U CBOEBPEMEHHO OTpea-
rUpOBaTh HAa BO3HUKIIHUE MPOOJIEMBbl. BONBIIMHCTBO peIieHui, KOTOPhIE MOXKHO
HaWTHU B HHTEPHETE, 00JIaIaf0T PSJIOM HEOCTATKOB [8, 9]:

o Nagios u Asterisk TOJKHBI HAXOUTHCS HAa OJTHOM CEPBEPE.

o Tpebyetcs Hanmmuue yctanosnenHoro [10 ans cunTesa peyn.

o Temedon ammuHUCTpaTOpa 3apUKCHPOBaH B CKpurite u oH noixydaeT BCE

YBCIOOMIICHUS.
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° Hcnons3oBanue maOI0HOB HE MO3BOJISICT IMPOU3BOAUTL IIPOU3BOJIb-
HBIC PCUYCBBLIC YBCAOMIICHUSI.

B crarbe mpeuraraercs peanu3amys penieHuss B 00IUX YepTax ¢ MpUMeHe-
HueMm cepuca Google Translate. B nagios co3maroTcst 00beKThI contact ¢ yKa3aHH-
eM HoMmepa Tenedona B mapamerpe address m koMaHzwl notify-by-phone n host-
notify-by-phone, xoTopble 3alyCKalOT CKPUNT /etc/nagios3/notify by phone.sh ¢
napamMeTpaMu IMoJTyJaTesis YBEeJOMIICHUS 1 HAMMEHOBAHHWEM CepBHCa WM CepBepa,
TpeOyromero BmemiarensctBa. CKpUnT, B CBOIO ouepenb, o ssh mepemaer mapa-
MeTpbl Ha Asterisk cepBep, rie BBIOTHSICTCS MPEOOpa3OBaHUE TEKCTa B PeYb C
nomotisio cepBruca Google Translate ¥ BBIMONHIETCS 3BOHOK 1O YKa3aHHOMY B
napamMeTrpax KoHTakra Homepy [10, 11]:

Ha ctopone Asterisk 3amyckaetcst ckpunt /etc/asterisk/nagios call.sh, xo-
TOpbIN TeHepupyet call files nns Asterisk ¢ mepemMeHHOU, copepiKaliel CIHCOK
¢dpa3, KOTOpbIC HYKHO O3BYUHUTb.

[Ipomecc ycranoBku Nagios u Asterisk omucan He Oyner, IMPeAnoaoXu-
TeIbHO 00a ATHX CEpBHCA y BaC HACTPOCHBI M yke paborator. Haunem c¢ dactu
Asterisk cepepa. CoznaeM CKpunT /etc/asterisk/nagios call.sh:

#!/bin/bash

#Pa3z0upaem Mory4eHHOE YBEIOMIICHHE

number=$1

alarmtext=$2

alarmid=$3

alarmtext="echo ${data} | tr "[:upper:]" "[:lower:]" | sed 's/ /+/g""

#IIpeobpazyeM MmoslydeHHOE TEKCTOBOE YBEAOMIICHUE B 3BYKOBOH (haiii.

cd /var/spool/alarm

wget -U "Mozilla/5.0 (X11; Ubuntu; Linux 1686; 1rv:33.0) Gecko/20100101
Firefox/33.0" "http://translate.google.com/translate tts?q="$alarmtext"&tl=ru" -O
alarm$alarmid.mp3

#BpimonHsiem mpeoOpa3zoBanue mp3 ¢daiima B ¢GopMaT COBMECTUMBIN C
Asterisk

/usr/bin/sox alarm$alarmid.mp3 -r 8000 alarm$alarmid.ul

/bin/mv -f alarm$alarmid.ul alarm$alarmid.ulaw

/bin/rm alarm$alarmid.mp3

#Co3naeM UCXOIAIIUNA 3BOHOK

echo "Channel: SIP/$1

MaxRetries: 2

RetryTime: 60

WaitTime: 30

Context: alarm

Extension: s

Priority: 1

Set: alarmid=$alarmid" > alarm$alarmid.call

#YcranaBnuBaeM mpasa s ¢aiiaa 3BOHKA W ITOMEIIAEM €ro B UCXOISIIYIO
ouepenb
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/bin/chmod 666 alarm$alarmid.call

/bin/mv alarm$alarmid.call /var/spool/asterisk/outgoing

Coznaem dialplan 151 BEITIOJIHEHMS 3BOHKA C OTOBEIIICHUEM:

/etc/asterisk/extensions.conf

[alarm]

exten => s,1,Answer

exten => s,2,NoOp(alarmid: ${alarmid})

exten => s,3,Playback(/var/spool/alarm/alarm$ {alarmid})

exten => s,4,Hangup

echo "100 PROBLEM Host ISP status DOWN" | /etc/asterisk/nagios_call.sh

[Tocne Toro, kak 0OHAPYKUTE BO3MOKHBIE OIIMOKU WIIK HENOPAOOTKHU U J10-
OMIHCH TMOTydeHHsI 3BOHKA U coooOmeHust «Banmanue! [Ipodiema. Xoct — uHTEp-
HeT cepBHC npoBaiiaep. CTaTyc — HEJOCTYNEH», MOXKHO MEPEHTH K CIeAYIOIEeMY
[ary v moJroTOBUTH BO3MOKHOCTH MOJTYYEHUS OTOBEIIEHUH MO ceTH uepes ssh.

['enepupyem oTaenbHbIN ssh ceprudukar 6e3 passphrase:

ssh-keygen -t rsa -b 4096

Conepxxumoe id rsa.pub noGasnsem B /root/.ssh/authorized keys n no0aB-
JsieM B HA4aJjio CTPOKH mapameTp command. IIpu 3ToM He 3a0bITh BBICTAaBUTH Ipa-
Ba JI0CTyNa!

chmod 600 /root/.ssh/authorized keys

®aiin y Hac OyJeT BRITJISACTh IPUMEPHO TaK:

command="/etc/asterisk/nagios_call.sh"

ssh-rsa fingerprint_ceptudukara= root@nagios

[IpoBepsieM MNpPaBUIBHOCTh HACTPOWKH TPUOIU3UTEIBHO CIEAYIOIMIEH KO-
MaHJIOM.

echo "100 PROBLEM Host ISP status DOWN" | ssh -l root -1 id rsa lo-
calhost

Temeps mopadoTtaeMm ¢ cepBepoM Nagios. [Ipeamnonoxum, y Hac €CTb HEKUi
KOHTAKT:
define contact{

contact name serveradmin
use generic-contact
alias Server Admin
service notification period dayhours
host_notification period dayhours
service notification options w,C,r

host notification options C,W

service_notification_commands
host_notification_commands
email

address2

b

notify-service-by-phone
notify-host-by-phone
test@example.com
Admin_Contact Number

3meck mepuo yBeIOMIICHUH 3aMeHsIeTCs Ha daytime, IPEIBAPUTEIHHO OIH-
caHHOW define timeperiod), KOTOPBI COOTBETCTBYET BpeMeHu ¢ 8-u 10 21-ro va-
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coB. Eciin agMuHuCcTpaTop cepBepa, Ha KOTOPOM IMPOU3OILIO COOBITHE TOTOB I10-
Jy4aTh 3BOHKH U HOUYBIO, MOXHO OCTaBUTh 24x7. 1 nobaBisieTcs noje ¢ HauMeHo-
BaHueM address2, copeprkaniee KOHTaKTHBIM Tene(OHHbIM HOMEP aJMUHUCTPATO-
pa.

JloGaBnsieM KOHTakT admin_phone B cMCOK OTBETCTBEHHBIX JIUIT JIJISI COOT-
BETCTBYIOIIIETO CEPBUCA WM B COOTBETCTBYIOIILYIO contactgroup. Jlanbiie co3gaem
KOMAaH/IbI:

define command{

command name notify-host-by-phone

command_line $USER1$/notify-by-phone.sh
$CONTACTADDRESS2$ "Host Problem: $NOTIFICATIONTYPES. Host:
$HOSTNAMES. State: $SHOSTSTATES. Address: SHOSTADDRESSS Info:
$HOSTOUTPUTS Time: SLONGDATETIMES" host SHOSTEVENTIDS

}

define command {
command name notify-service-by-phone
command_line $USER1$/notify-by-phone.sh

$CONTACTADDRESS2S$ "Service Problem: SNOTIFICATIONTYPES. Service:
$SERVICEDESCS. Host: SHOSTALIASS. Address: SHOSTADDRESSS. State:
$SERVICESTATES.  Time: SLONGDATETIMES.  Additional  Info:
$SERVICEOUTPUTS" _service $SSERVICEEVENTIDS$
b

U cam ckpunt /etc/nagios3/notify by phone.sh cienyromero cogepxxanusi:

#1/bin/bash

number=$1

alarmtext=$2

alarmid=$3

alarmtext="echo ${data} | tr "[:upper:]" "[:lower:]" | sed 's/ /+/g""

echo "${number} ${alarmtext} ${alarmid}" | ssh -i /etc/nagios3/id rsa
root(@x.X.X.X

x.x.X.x 310 IP anpec Bamero cepsepa Asterisk. A ¢aiin /etc/nagios3/id rsa —
3TO TOT, KOTOPBII MBI CTeHEpUpOBalid Ha cepBepe Asterisk. [Ipu mepBom moakito-
YeHUH K HOBOMY cepBepy ssh 3ampammBaeT moaTBep:KIeHHE TMepe] 3aHeCEHHEM
fingerprint ceptuduxarta B known_hosts. [loaToMy, HaMm HYKHO CTaTh MOJIb30BaTE-
JIeM Nagios M BPYYHYIO 3allyCTUTh CKPUNT /etc/nagios3/notify by phone.sh:

su — nagios

/etc/nagios3/notify by phone.sh 100 PROBLEM Host ISP status DOWN

[lepen stuM MOkeT MoHanoOUTHCs 3aMeHuTh /bin/false Ha /bin/bash umm
/bin/sh B /etc/password a1 monb3oBaTesns nagios.

Takum oOpa3zom, pacCMOTpPEH BOIPOC (POPMUPOBAHUSI TOJIOCOBBIX OMOBEIIE-
HUHN 10 TenedoHy OT CUCTEeMbl MOHUTOpPUHTA Nagios /Uisi aIMUHUCTPATOPOB Cep-
BEpOB WK cepBUCOB. [loka3aHbl MyTH peaau3any JAHHOTO PELIeHUs ¢ MPUMEHe-
HueM cepsuca Google Translate.
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CBOP N OBPABOTKA BBICTPOMEHAIOINUXCA ITAPAMETPOB
HA BOPTY JIETATEJIbHOW TEXHUKHA

Ky3omun C.B.
acnupanT OUHAHCOBO-TEXHOJOTMYECKOU aKaIEMHUH,
Poccus, r. Kopoies

B nanHOI cTaThe paccMaTpUBAIOTCS BOIPOCHI, CBSI3AHHBIC ¢ 00Pa0OTKOM OBICTPOMEHSI-
foruxcst napametpos (BMII) Ha 60opty m3nenus pakerHo-kocmudeckoil Texuuku (PKT). Onpe-
JENIAETCs CBSI3b MEXKIY MpoleccaMu 3kcrutyaraunn TexHukn PKT u ee BaustHMEM Ha OKpyXkaro-
1Iyto cpeny. JlaHel HOHATUS MOCIEACTBUM MIPU aBaPUMHBIX CUTYalMsIX U BaXXHOCTh UX JETEKTH-
pOBaHMsI Ha CTaJUM HayalbHOro mnosiBieHus. [lokazaHa BaXKHOCTb BHOPOAKYCTHUECKHMX Mapa-
METPOB U UX XapaKTepUCTHKHU. [IpuBOAUTCS MCTOpHUYECKas CIIpaBKa O KJIIOUEBBIX dTamax B pe-
IICHUH 337a49M MOJIyUYeHHUs TaHHBIX O Tpolieccax mpoTtekatommux Ha 6opty uznenus PKT Bo Bpe-
Ms €T0 KCIUTyaTaluu. BeieneHsl OCHOBHBIE KOHCTPYKTHBHBIE TapaMeTphl U TPeOOBaHMS K arl-
napatype no oopadorke BMII.

Kniouesvie cnosa: ObICTPOM3MEHAIONIMECS BUOPOAKYCTHYECKHE HapaMeTpbl, KOCMHUYE-
CKHI1 armapat, u3/iefusl pakeTHO-KOCMHUYECKOM TEXHUKH, BO3JICHCTBHE HAa OKPYKAIOIIYIO CPELY.
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[Tonstue HOOCHEPHI MOSBUIOCH €I1Ie IO TOTO KaK YeJIOBEK CTOJIKHYJICS C T0-
CJICICTBUSMH PE3YJIbTATOB CBOMX TEXHOJIOTHYECKUX MPOPBIBOB U JOCTHIKEHUM.
Camo noHsiTue HOOC(EpbI BKIIOYAET B CEOsl MOCTOSIHHOE U 3aKOHOMEPHOE Pa3BU-
THE YEJIOBEYECTBA B paMKaX M3Y4YEHUS U MOCTHXKEHUS pa3HOOOpa3HbIX (PaKTOPOB
36MHOW U BHE3EMHOU IPUPO/IBI.

C TeyeHreM BPEMEHHM YEJIOBEK IIIar 3a IaroM MOCTUrajl BCE HOBbIE TOPU30H-
Thl B MOHMMAHUU TPUPOJBI BEIIEH M cO37aBaj Ha 3TOM OCHOBE MHHOBALIMOHHbBIC
TEXHUYECKHE CPEACTBA Ul peali3alliy pa3inuyHbIX 3ajad. TakuMu 3aJauamu siB-
JISTIOTCA:

— OCBOCHHE 3€MHOH KOpPBI (J0OBIUE MOJIE3HBIX HCKOIMAEMBIX, CEIbCKOE XO-
3s1ICTBO, BBIpYyOKa Jieca);

- OCBOCHHE BOJIHBIX MPOCTPAHCTB (TPAHCHIOPT, PHIOHBIN MPOMBICEI, BOCHHO-
CTPAaTErM4ecKoe Ha3HAUEHUE);

- OCBOGHHE  BO3IYIIHOTO  MPOCTPAaHCTBAa  (TPaHCIOPT, BOEHHO-
CTPaTErM4eCKOE Ha3HAUEHNUE).

B kaxaoi u3 HUX yAaloch JOOUTHCA 3HAUUTENBHBIX YCIIEXOB U YBEPEHHO
JIBUTATHCS aJbIlle, YIy4dlllas U yBEJIMUMBas CBOE MPUCYTCTBUE. B pesynbrare yero
MacmTaObl IPUCYTCTBUS MOCTOSIHHO PACHIMPSIINCh U YBEITUYUBAINUCH, YTO HE MOT-
JIO HE OTPA3UTHCS Ha CaMOi pUpo/IE.

UenoBeyecTBO BMOJHE 3aKOHOMEPHO JIBUTAJIOCh JAJbII€ B CBOEM Pa3BUTHUU
¥ B UTOTE HANPABHJIOCh HA OCBOEHUE KOCMOCA, i€ IS MPEOI0JICHUS €CTECTBEH-
HBIX 3aKOHOB MPHUPOJIBI TOTPEOOBATIOCH MPUMEHUTH HOBEUIITHE Pa3padOTKH U TE€X-
HOJIOTHHU JUIsi 00€CIeUeHHs] BCEro mpoliecca padOTOCTOCOOHOCTH KOCMHUUYECKOM
TEXHUKU.

B Hame Bpemsi pa3BUTHE COBPEMEHHBIX TEXHOJIOTHH M MacIITaOOB €€ Mpu-
MEHEHHUsl JOCTUTJIM OTPOMHBIX Pa3MEPOB. 3a BPEMsI 3TOrO Pa3BUTHS BO MHOTHX
cdepax He pa3 caydaluch KaTacTpodbl, KOTOPHIE TOJBKO YCYT'YOJISIIM U TaK CHIIb-
Hellee BO3JAEHCTBHE Ha NpUpoay. Pe3ynbTaThl 3TOr0 BO3JEUCTBUS CTAHOBATCS
BUJIHBI HE BOOPYKEHHBIM B3TJISIZIOM, YTO CBUETEIBCTBYET O YPE3MEPHOM HCIIOJIb-
30BaHUU ITPUPOJHBIX BO3MOKHOCTEM.

OpHol 13 Takux cdep AeATeTbHOCTH, T/I€ 10 MyTH Pa3BUTHUS U CTAHOBIICHUS
MPOU30IIIIO0 MHOXKECTBO MpoOieM, sIBisieTcss kocmudeckas cepa. OnHoil u3 crie-
UK 3TON chepbl 3aKI0YaeTcs B CO3JaHUM KPYMHBIX arperatoB IJis BBIBOJA
KOCMUYECKHUX amlmnapaToB HAa OpOUTY WU 3a €€ MPEEIbl, TOITOMY MOCIEICTBUS OT
UX UCIOJIb30BAHUS MOTYT OBITh BECbMa 3HaUUTENbHBIMU. Icx0as U3 yero, kpaiiHe
HEO0OXO0IMMO JAepkKaTh MPOLIECCHI, MPOTEKAIOLIUE MIPH IKCIUTyaTalluu TEXHUKH, TIOJT
MPUCTALHBIM KOHTposieM. Haxoasich Ha 3eMJyie He Bceria BO3MOXKHO TOYHO M OTle-
PaTUBHO OLEHUTh BHEIITATHYIO CUTYallUIO U MPHUHATH HEOOXOAUMbBIE MEpbI, TaK
KaK Ha repefaydy JaHHbIX U UX 00paboTKy HE0OXOAUMO BpeMmsl.

JI71st oCy1ecTBIACHUS TOJKHOTO YPOBHSI KOHTPOJISL IIPEAJiaraeTcsl UCIoJb30-
BaHHe OOpTOBBIX MpruOOpoB. Cama uaest ITOro He HOBA, HO HAa PAaHHUX dTarax pas-
BUTHUSL MUKPOAJIEKTPOHUKH 3TO OBLJIO JMOO HEBO3MOXHO, JHOO HepeHTabesbHO,
TaK Kak armaparypa TOro BpeMeHHu umelna Oombiire rabaputhl u Bec. Ceituac oc-
HOBHBIC KOMITOHEHTHI CTaJId BO MHOTO Pa3 MEHBIIIE U JIErye, YTO MO3BOJISET CO3/1a-
BaTh KpailHEe KOMITAKTHBIE YCTPONCTBA 0OPAOOTKH.
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OpHOM M3 MHOTHX 3aJlad TaKuxX NMPHOOpPOB sBIsieTcs: 00paboTka BUOpoaKy-
CTHUYECKHUX MapaMeTpoB. BubpoakycTrka MOXET npeAaaTb MHOKECTBO JaHHBIX, IO
KOTOPBIM MOXHO JOCTaTOYHO TOYHO OLICHUTh CUTYallMIO Ha OOPTY, U B psije CIy-
94aeB MOJHUEHOCHO MPUHSATH pelieHre 00 N3MEHEHUH NapaMeTPOB YCTPONCTB s
MIPEeIOTBPAILICHUS aBaApUH.

[TonsiTne BUOpanMu M aKyCTUKU MPUILIO B KOCMHUYECKYI0 TEXHUKY C MO-
MEHTOB TMEPBBIX HCHBITAaHUH. Torga e MOSBUIACHK HEOOXOAMMOCTH TOJydYaTh
JAaHHBIC O COCTOSIHUW M3JENUS U €r0 OTACIbHBIX JJIEMEHTaX B 4acTH BUOPOAKy-
CTHUYECKHUX TpolieccoB. B 0coOeHHOCTH M3-3a TOTO, YTO JAaHHBIE MapaMeTphl CO-
npoBoxaaoT PKT B TeueHue Bcero BpeMeHH 3KcIuryaTauud. OCHOBHBIMU U B TO
KE BpeMsI KpUTUYCCKUMHU HCTOYHMKAMU BUOpAIMU SIBIISIOTCS: JBUTATENIbHAS ap-
MaTypa; CpeIHUN IEPEXOTHUK; HIDKHUN TTePEXOHHK; apMaTypa KOHCTPYKITUH.

Jlnst obecrieueHrs MOBBIIEHUS 0€30MaCHOCTU MyCKOB U MH(POPMATUBHOCTH
[OJIy4a€MbIX JAHHBIX TPeOyeTcsl OTCIIEKHUBAHUE OOJIBLIETO KOJIMYECTBA «TOYEK»
Ha m3geaun PKT. Tak ke HE0OXOOIMMO MMETHh TEXHUUYECKHE BO3MOKHOCTH IS
O00pTOBOI 00PAOOTKM U MOJIYYEHUS NTAPaMETPOB HA OCHOBAHUU KOTOPBIX BO3MOXK-
HO MPOAHAJU3UPOBATh CUTYAIMI0 U MPU HEOOXOJUMOCTH MPHUHATH HE3aMEIJIH-
TEIbHBIC MEPHI IO MPEAOTBPAICHUIO aBAPUIHON CUTYaLIUU.

[Tpu Tpancasauu uagopmanuu ¢ 6opta pakeronocurens (PH) u pasronnoro
onoka (Pb) umeercst 1Ba 00CTOSTENBCTBA 3aTPYAHSAIONIMX MOJYyYEHUE JTOCTOBEP-
HOM MHpOpMAIUN:

[ToTepst panuoCBsA3U B HEKOTOPBHIE MOMEHTBI Pa3CICHUs CTYTICHEH.

Pe3koe cokpareHne MpPOMyCKHON CIMOCOOHOCTH PaJHMOKaHAJIOB BO BpeMS
nosieta PB, koTopoe, B Havase, B TydileM ciiydae JTOCTUTaeT HECKOJIBKO COT KOWT,
a K MOMEHTY OTJeleHus] kocMuueckoro ammapata (KA) npomyckHas cmocoOHOCTh
BOOOIIIE NAAET 0 HECKOJIBKUX JECSITKOB KOUT.

Oco6eHHO 060CTpseTcs MOI0KEHUE TP BO3HUKHOBEHUHU HEIITATHOW CUTY-
aIuu, Korjaa HeoOX0UMO pelIaTh JBE 3a/1a4u:

1. IlpuHATH CpOUYHBIE MEPHI 10 BOBMOXHOCTU YCTPAHUTh UK XOTS OBl apu-
pOBaTh BO3HUKILEE HEIITATHOE PA3BUTHE COOBITUH.

2. Ilepenatp Ha 3eMIIIO 110 BO3MO>KHOCTH MAaKCUMAaJIbHOE KOJIMYECTBO U3Me-
peHHOM MH(OpMAIK 171 aHAJIW3a U ONPEEICHHs] MPUYMHBI BOSHUKHOBEHUS He-
mratHoi cutyauuu. [Ipu atom, ocoboe mecto otBonutcs BMII, koTtopbie B cuity
cBOoeil creuu(pUKU NEepBBIMH OTKJIMKAIOTCS Ha HEOJAronpusiTHOE pa3BUTHUE
COOBITHIA.

B nocneagnee Bpemsi mpoM30LUIO PE3KOE YBEIMUYECHHE YHCIA HU3MEPSEMbIX
BUOpOIapamMeTpoB, KOTOPBIX HEOOXOAUMO TepenaBaTth Ha 3emito. [lpu 3Tom BO3-
MOKHOCTEH pacIIMPEHHOTO KaHajla HeIOCTaTOYHO, 0COOCHHO Ha OOJIBIIION BHICOTE.
B cBsi3u ¢ 3TUM BHOBB BO3HHUKIIAa HEOOXOAUMOCThH B 00pa0OTKe BUOPAIIMOHHBIX Ia-
pameTpoB Ha 6opTy KA.

B cBsi3u C BBINIEU3II0KEHHBIM ObUT BHIPAOOTaH CIEAYIOMUNA MPUHIUI TIO-
CTpoeHUs1 OOPTOBBIX aMMapaTHO-MPOTPAMMHBIX CPEACTB MO cOOpy, MpeodpazoBa-
HUI0, 00paboTKe, aHan3y U nepenayn nHpopmaiuu o bMIT:

1. ITo Bcem npoueccam BMII BBIYMCIISAIOTCS XapaKTEPUCTUKU, HEOOXOUMBIE
JUIsL OTIEPATUBHOM OLEHKU. BhIuncieHHbIE XapaKTepUCTUKHU MEPEAA0OTCs Ha 3eM-
m10. [To BO3MOKHOCTH TaK k€ NepelaeTcsi HeMOoCPEACTBEHHAS 3aIHUCh.
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2. OIHOBPEMEHHO C MPOLEAYPON BBIUMCICHUS, UCIOIB3YETC YCTPOUCTBO
TSt OOHAPY>KEHMSI BCEX IITAaTHBIX U HEIITATHBIX CUTYaIluil Ha OOPTY U3ICIIHUA.

K mrratHpIM cuUTyalusiM MOXKHO OTHECTH: pa3fiesieHHe CTyMeHel, copoc me-
PEXOJIHUKOB, 3aITyCK JBHUTareiield. Bce mraTHbie BO3MeHCTBUS 00pabaThIBAIOTCS H
CPaBHMBAIOTCA C 3aJJaHHBIMU HOpMamu. [Ipu npeBpllIeHUN HOPM YCTPOMCTBO JIEM-
CTBYET CJICIYIOIIUM 00pa3oM:

— OIIpeaensieT MECTO, II€ MOSBUIIOCH IIEPBBIM HEIITATHOE BO3IACHCTBUE;

— IIepeAacT NpeaynpeKIaroIUi CUTHAT,

— ¢opmupyeT moTok mporeccoB BMII ¢ HemTaTHBIM BO3ACHCTBHEM TS T1€-
pelayn Ha 3eMITIO.

Jlnst onepaTuBHOM OLIEHKM BHOPAIMOHHOI'O COCTOSIHUSI OTIEJBbHBIX Y3JI0B
HEO0OXO/IMMO HETIPEPHIBHO BBIYUCIATH CIEIYIONINE XapaKTEePUCTUKH U3MEPSEMOTO
rnapameTpa X:

— CpellHEE 3HaUYCHUE MX

my = <N X, (1)

riae X, — oTcueT u3mMepeHHoro curHana X (t) B Touke n; N — KOJIMYECTBO OT-
CUCTOB.

C noMouipl0 CpeHEero 3HAYEHUs X;, MOKHO BBIJICJIUTh Pa3JIMYHbIC BO3JICH-

CTBUI, 3HAYUTCIIbHO MPCBbIIIAA JHAITa30H H3MCPCHU .
— CPpCOAHCKBAAPATUIHOC OTKIIOHCHUC O,

__1 $N-1 2
Oy = N_12n=0(Xm - mx) . (2)
CpenHekBaApaTUYHOE OTKJIOHEHUE O, MO3BOJISIET OLIEHUBATH KoJIe0aTe b
HYIO COCTABJIAIOIIYIO H3BMCPCHHOT'O CUTHAJIA, YTO OCOGGHHO BAKHO IIPpH MMOABJICHUN

TPEH/1a WM CKAYKOOOPa3HOTO U3MEHEHUS XapaKTepa CUTHaIa.
— MakcumaneHoe Max, n MuHUMaiIbHOE Min, 3Ha4YeHHs

Max, = max{(x; —m,) ... (x, —m,)}. 3)
[lpun=0..N—1.
Min, = min{(x; — m,) ... (x, —m,)}. 4)

I[lpun=0..N—1.

C nmomomnrsio Max u Min 3HaueHUI OIEHUBAIOTCS TTMKOBBIE BUOPOHATPY3KU
Ha TOT WJIM UHOM arperar Wiy y3el.

— aMIUTUTYIHBIC WU CIIEKTPAJIbHBIE XapPAKTEPUCTUKH.

JI71st BBIUKCICHUS CHEKTPATBbHBIX XapaKTEPUCTHUK BHUOPOAKYCTUYECKUX TPO-
LIECCOB UCTIOJIB3YIOTCS 2 METOJIA:

Meton BII®D;

Meron ¢unbTparum.

[Tpu ucnons3oBanuu metona BII® mpexne Bcero ompenenstorcs Kodphu-
uneHTsl Oypeoe:

_ 2mk
A(k) = = N3 X, cos = (5)
B(k) = - XN-3 X, sin =" (6)

rne X, = X, —m, .
CrexTp MOIIHOCTH:
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Ge (k) = 5 JL1[A42(F) + B2 (k)] (7)
rae M — gacrora peaim3anuu.

CriekTpasibHast MIIOTHOCTh MOIIHOCTH:

Gena (k) = “25 ®)
rae Af — mosjoca 4acTor.

CHeKTp MOIIHOCTH:

A(k) = /G (k) 9)

[Tpu ucnonb30BaHnu MeTo/a (PUIBTPAILIUK TIPEXK/IE BCETO peaau3yercs uud-
poBasi peKypcuBHasi (UIbTPALMS B 3aIaHHBIX OJIOCAX YACTOT C MOMOIIbIO TOJI0-
coBbIX GUIBTPOB baTTepBOopaa BTOPOTO MOpsiaKa:

Vie(n) = AoxXn—2 + Aok Xn-1 + A2xXn + BoxYn-2 + B1xYn-1 (10)

rae X,, — BXOJHONH MAacCUB JIaHHBIX; Y, — BBIXOJHONW MAacCCUB JIaHHBIX; Ay,
A1k, Az, Bok> Bix — kKoa3ddunentsr gunbtpa, pacCuuTaHHBIE B COOTBETCTBUU C
3aJlaHHBIMH XapakTepucTukamu k-toro ¢puibtpa; k — HOMep GuibTpa.

Jlanee Ha 6a3ze MOTYyYEHHBIX MACCHBOB OT(HUIBTPOBAHHBIX JTAHHBIX MPOU3-
BOJIMTCSI BBIYMCIICHUE CIEAYIOUINX XapaAKTEPUCTHUK:

AMIUIMTYIHBIN CIEKTP:

1
AG) = <3N yi(n) (11)
AMIUINTYIHBIN CIEKTP MAaKCUMAaJIbHbBIX 3HAYEHUN:
A(R)max = max{y, (1) ...y (N)} (12)
CnekTp MOIIIHOCTH:

1
Geu(k) = =N, y2 (n) (13)
CrnexrpanbHas IJIOTHOCTh MOIITHOCTH

1

GCHM(k) = N_Afzg—l yl% (Tl) (14)

Jnst ynydiieHus aHanu3a JaHHBIX, OBUTM TPOAYMAaHBI JIOTIOTHUTEIHHBIC
BO3MO>KHOCTH TPEAOCTaBIsIEeMbIE paOOTON CUCTEMBI:

— 00paboTKa JaHHBIX B peaJIbHOM MaciiTabe BpeMEHH, JJisi MIPUHSTHS Olle-
PaTUBHBIX MEP MO MPEAOTBPAIICHHUIO IMOCICACTBUNM HEIITATHBIX CUTyalui (B pyd-
HOM U aBTOMAaTHYECKOM PeXKHMaXx);

— OJIHOBPEMEHHBIN OMpPOC JATUYMKOB C MPUBSA3KOM MO BpeMeHH (TO3BOJISET
CpaBHHUBATh MMOKa3aHUs JATYUKOB B OJJHOM IIPOMEXKYTKE BpEMEHH, /Uil Oojee Tou-
HOTO OIPECNICHUSI MECTa HEIITATHOTO BO3CHCTBHS);

— OJIHOBPEMEHHBIM pacyeT Mopsiaka B ABYX 00JacTAX (MOJOKUTEIHHOU U
OTPULIATENBHON), B CIy4yae HECUMMETPUYHOI'O CUTHaJIa (OTHOCUTEIBHO HYJIEBOTO
YPOBH:1);

— TpeJ/IcCKa3aHue Pa3BUTHS CUTHAJA HA OCHOBAaHUH €T0 MPOU3BOIHOM;

— JIONOJTHUTENIbHOE COKpalleHWe MepeaBaeMblX JaHHBIX JIOCTUraeTcs 3a
CUeT Mepeavr JaHHBIX B BUJIE SKCIIOHEHIIUATBHON (DOPMBIL, YTO MO3BOJISIET COKPa-
TUTH 00beM B 2 pa3a. B aTom cinyuae nepegaBaeMble JaHHbIE HECYT MH(OPMAIIIIO
0 MaKCHMAJIbHBIX 3HAYEHUSX CIIEKTPA, YTO MO3BOJISET MOJYYUTh HEOOXOIUMOE
OHUMaHHUE O MPOUCXOAIINX MpolIeccax.
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PesynbraTel 00paboTKM U Nepenayd MOJy4yaeMbIX JaHHBIX MO3BOJISIOT HC-
MOJIb30BaTh OOPTOBYIO 00pabOTKY /IS PEIICHUs HECKOJIbKUX 3a/1a4:

— BUOPOMOHHUTOPHHT — TIepeiada JaHHBIX JJIsl aHAN3a;

— BUOPOJMArHOCTHKA — pacyeT MapaMeTpOB U aHAJIU3 Ha MIPEeIMET BbIXOJa 32
MpeIeIbl JOMYCTUMBIX 3HAUCHUM;

— aBapuitHas 3amuTa asurarens KA — npenoTBpaiienne BO3MOXKHBIX HEUC-
MPaBHOCTEN 3a CUET MepeBoJa padOThl ABUTATENS B JPYrod PEKUM WU MOJTHOTO
OTKITIOUCHHSI B CTy4ae HAJIMYUS PE3EPBHOTO TBUTATEIISI.

COBOKYMHOCTh MIPUMEHSIEMBIX CIIOCOOOB AJIs TIOJydYeHUs U 00paboTKU AaH-
HBIX TPEIACTaBIsET COOON WMHTEIUICKTYaldbHYI0 CHCTEMY aHajiu3a COCTOSHUSA
BUOPOAKYCTUYECKON YCTOMYMBOCTH OOBEKTA.

Co3nanue mo00HOM MHTEIEKTYyadbHOW OOPTOBOI CHCTEMBI MO3BOJIUT Il€-
peiiTu Ha OoJiee KaUeCTBEHHBINH YPOBEHb B OI[EHKE COCTOSIHUS O0BEKTa U MIPUHATUN
OIIEPATUBHBIX MEp NMPHU BO3HUKHOBCHHH HEIITATHBIX CUTyalud. OTIMUUTEIEHOM
0COOEHHOCTBIO CHUCTEMBI SIBIISIETCSI TO, YTO OHA JOJDKHA MPOHM3BOJIUTH aHAIHM3 HE
tonbko BMII, HO u meanenHo menstomuxcsa napametpoB (MMII). VBenuuenue
KOJIM4YecTBa 00pabaThiBa€MbIX JAaHHBIX MO3BOJUT COOTHOCUTH U3MEHEHHE OJIHUX
napaMeTpoB OJHOBPEMEHHO C M3MEHEHHUSIMHU JPYTUX, YTO JaeT Hauboyee TOUHOE
MOHUMaHHe MPOTEKaIIUX IporeccoB. [IpruMenenne 1aHHON CUCTEMBbI HE OrpaHHU-
YHBACTCS JIUIIb KOCMUYCCKHMMH TEXHOJIOTHSIMH, OHa MOXET OBITh NMPHMCHEHA B
TO0BIX cUCTeMax 00Jagaronux BuOpamue mpu padore.
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AHAJIN3 3.JIEKTPOMAF!:II/ITHOI71 COBMECTUMOCTHA
IIPU YIIVIOTHEHUU CETEMU xDSL C KOAOM CAP U TC-PAM

Jlamunoe O.0.

OaxanaBp IO HAMpaBIEHUIO MPUKIaIHAsA HH(DOPMATHKA,
OUHAHCOBO-TEXHOJOTUYECKas aKaIeMus,

Poccus, r. Kopoiie

Illemkuna A.P.

OakanaBp MO HAMPaBICHUIO MPHUKJIaAHAA HH(DOPMATHKA,
DUHAHCOBO-TEXHOJIOTMYECKas aKajeMus,

Poccus, r. Kopouies

Xpanoe C./1.

OakanaBp MO HAMpaBIECHUIO MPHUKIaIHAs HH(DOPMATHKA,
DUHAHCOBO-TEXHOJIOIMYECKas aKajeMus,

Poccus, r. Kopoues

B crarbe paccMOTpeHbI BOIIPOCHI, CBSI3aHHBIE C PACUETOM 3JIEKTPOMAarHUTHONH COBMECTH-
MOCTH TIPH YIUIOTHEHUH KaOenbHbIX TuHUM TexHonoruu xDSL ¢ kogom CAP u TC-PAM.

Knouegvle cnosa: snektpoMarHuTHas coBMecTuMocTh, cetd XxDSL, xoast CAP u TC-
PAM.

[Ipu peuienun mpoGieM UCHOIb30BaHUS CYIIECTBYIOMNUX KaOEIbHBIX JTMHUIMA
JUTSL DJIEKTPOTEXHUYECKOTro 00opyaoBanust XDSL oueHb OCTPO CTOUT BOMPOC dJIEK-
TpoMarHuTHOU coBmecTUMOCTH (OMC) Mexay tensiMu MUGPOBBIX aOOHEHTCKHUX
JMHUNA ¥ BCEMH BUAMU Iiernei, kadenei [1-4], ucnoiab3yeMbIX I Mepeadu Kak
TeNeOHHOTO COOOIICHUS, TaK U HeTenepoHHON nHpopMmanuu [5-9].

B nocneanee Bpemsi oTMeueHa TEHIEHIUS NMPUMEHEHUs B 000pyAOBaHHUU
nudpoBoro yriotHeHus: munuit kona CAP u TC-PAM [6]. PaccmoTpuMm 1 tipo-
anamusupyem pacyer OMC npu ymiotHenun xDSL ¢ xkogom CAP u TC-PAM,
BOCIHOJI30BABIINCH METOAUKON n30keHHou B [11, 12].

[Tpu paszpabotke HopM Ha DMC 1ieneil B KaOENbHBIX JIMHUAX MPUHATA KOH-
LENI1s MHOTOYPOBHEBOM CHCTEMBI NTEpEAayu.

131



[TpropuTteTHBIM HampaBiieHHEM onpenenaeHus yciaoBuilt OMC mpuHAT 3Kc-
nepuMeHTanbHbIN moaxon [10]. B ocHOBy mosio)keHbl TpeOOBaHUS JOCTOBEPHOCTH
nepenaun, copmyiaupoBaHusie B [13].

DKCHEPUMEHTAIBLHO YCTAHOBIJICHO, YTO I 000PYI0BAaHUs, NCIOJIB3YIOIIETO
CAP-monynsiuto, As niepeaadyn udpoBoro moToka co CKopocTbio 2 MouTt/c 3a-
HIMIIEHHOCTH a3 (CUTHaJI/TIoMexa) J0JbKHa ObITh He MeHee 27,4 nb [12].

[Tpu 3anace ycroituuBoctu 4,6 n1b, yduThIBarome HeCTaOMIBHOCTh IJICK-
TPUUECKUX XapaKTEPUCTHK JMHHI, 32 PacCUEeTHYIO BEJIIMYMHY NPUHUMAeM 3alllu-
mieHHocty a3 = 32 ab. J{nsg koga TC-PAM, npu ckopoctu nepeaauu 2 Mout/c, Be-
JTUYHMHA TIEPEXOTHOTO 3aTyXaHHs Ha OJMKHEM KOHIIE, OTPeIeIsIeTCs Kak:

Ay 229 + al +10LogN, nb, (1)

rae: o — Ko3pGUIHUCHT 3aTyxaHus Ienu kaodens, nb; L — qinHa TUHUN, KM;
al. — pabodee 3aTryxaHue 1enu (yCHWIMTEIbHAsI CIIOCOOHOCTh JTUHEHHOTO TPaKTa);
N — KOJIMYECTBO IeNeH, YIUIOTHAEMbIX CUCTEMaMU UMITYJIbCHO-KOJOBOW MOMIYJIs-
uuei (MKM).

[Ipu sTOoM HOpMHUpOBaHUE A, ocyliecTBisieTcss Ha yactore 180 kI'w.

Jnst koga CAP-128 BennuuHa nepexoaHOro 3aTyXaHus Ha OJIMKHEM KOHIIE,
oOecrieynBaromas  3aJaHHYI0  JIOCTOBEPHOCTh  TEpeladyd,  OmpenesseTcs
BBIPAKEHUEM:

Ay 232 + al +10LogN, nb. (2)

PaGouass yactrota HOPMUpPOBAHUS PACCUUTHIBAETCS B COOTBETCTBUU C Ha-
CTOTHBIM CIIEKTPOM JIMHEHHOTro curnaina — 160 xI'm.

Ha pucyHke mpencraBiieHbl 3aBUCUMOCTH HOPMHMPOBAHHBIX (IIPEIEIbHBIX)
3HAYEHUN MapaMeTpoB BIUSHUS 3alUIIEHHOCTH Ha OmmkHeM A, U JalbHeM A,
KOHIIe, MeXay 1ienssmMu xDSL Ha auHUAX aOOHEHTCKOTO JOCTyNa it 000pyaoBa-
HUs, ucnoib3ytomero kog CAP-128.

E, O

g 70 . ’ —

EE 60 e

35 50 F=160 k['n | —

E: 40 I ——— oL=30ab | —

g2 X

c 2 20 1 2 3 4
—e— Ao 62 65 66,7 68
—m-A3 32 35 36,7 38

KonuyecTtBo uenen N

Puc. 3nHadenus mapamerpoB BIUsSHUS Ag U A; Mexty nemsiMu XDSL Ha TMHHAX aOOHEHTCKOTO
JIocTyma Juist 000pyaoBaHus, ucnomb3ytomiero kog CAP-128

W3 npencraBiaeHHbIX 3aBUCUMOCTEN BUIHO, YTO C POCTOM 4YMCIIa Lenel BO3-
pacTtaroT 1 3HaueHus napamerpoB BiusHUSA AQ u A3 mexnay uensmu xDSL Ha nu-
HUSAX a0OHEHTCKOTO JIOCTYIIa /Uit 000py0BaHus, ucnoib3ytomiero kog CAP-128.
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B rtabmuue npuBeneHbl pe3ynbTaThl pacueTa A, Ui CTPOUTENbHBIX IJIUH
uppoBOro Kabens CPeIHECTaTUCTUICCKON IMHBI a0OHEHTCKOW JMHUH TOPOJ-
ckoit Teneponnoit cranuuu (I'TC) mpOTAKEHHOCTHIO 2,5 KM.

Tabmuna
Pe3ysnbrarnl pacuera Ay

Nudopmarm | Pacuetn | Koaddumme flzTyxaHHe HerH Hopmuposa

Tun OHHas ast HT HHBIC
Kon CpPENHECTATUCTUY

anmaparypbl CKOpOCTb, 4acToTa, | 3aTyXaHHs - 3HAYCHHUS

KOHUT/C Kl'1g nenu, 1b\km Ay, nb

JIMHUH, 1b

FlexGain
PCM 4/5 2B1Q 336 63 9,5 23,5 59,5
FlexGain
PCM 11/12 2B1Q 784 150 11,1 27,75 63,5
Flex DSL
MDSL CAP 784 146 11,0 27,5 69,5
Flex DSL TC-
PAM PAM 784 196 11,6 29,0 68,0

3ameTuM, 4TO MpUBEACHHBIE TPEOOBAHUS A) OTHOCATCS U K JAPYTUM TUIIAM
o0opyaoBanust DSL, nMeroniero anagoruyHble XapaKTePUCTUKU.

Takum 00pa3oM OCYIIECTBIEH pacyeT SJICKTPOMArHUTHOW COBMECTUMOCTHU
npu yrotHeHuu uene xDSL ¢ konamu CAP u TC-PAM. Ilokazano, 4To aJis Ko-
na TC-PAM, nipu ckopoctu nepenaun 2 MOut/c, BemmyrHa NepexoaHOro 3aryxa-
HUS Ha OJIMKHEM KOHIle ocymiecTBisiercs Ha yactore 180 kI'm. s koma CAP-128
BEJIMYMHA MEPEXOJAHOI0 3aTyXaHUs Ha OJIMKHEM KOHIlE, 0OecreunBarolas 3a1aH-
HYIO JJOCTOBEPHOCTH MEpeaauu, OMPEEISIETCS B COOTBETCTBUU C YACTOTHBIM CIIEK-
TpoM JiHeWHoro curHaia — 160 kI'u. C pocToM yucia 1eneil Bo3pacTaroT 3Haye-
HUSl TTApaMEeTPOB KaK MEPEXOAHOr0 3aTyXaHus Ha OJMKHEM KOHIIE, TaK M 3alllM-
IMIEHHOCTH MeXy TermsaMu XDSL Ha muHUAX aO0OHEHTCKOTO JOCTyma A1t 000pyI0-
BaHMs, ucnoib3yrouero kog CAP u TC-PAM.

B cooTBeTcTBUMU ¢ MPUHATON KOHIIETIIMEW OIEHKA MPUTOJHOCTH Kabenen
IUIsL Tiepeaadn HU(POBBIX CUTHAJIOB OCYIIECTBIISETCS Ha YaCTOTE MAaKCUMAaJIbHOTO
COCPEOTOUYCHHUS CIEKTPATbHON MOIIHOCTH CUTHaja. J{Jisi cucTteM, UCTONb3YIOMINX
koaupoBanue 2B1Q, a 3To OOJIBITMHCTBO CYIMICCTBYIONINX B HACTOSIIIEE BPEMS CH-
cTeM LU(POBOro abOHEHTCKOIO YIUIOTHEHUS, MapameTp «4acToTay BblIOMpaeTcs
MCXO/Is U3 MPUOIU3UTENILHON CKOPOCTH TIepeiay B ceTu Aoctyna. Tak ass yacTo-
Tol 40 k['11 — npubnu3uTENbHASI CKOPOCTH Nepenayu paBHa 160 xout/c, nus 80 k'
— 320 xowut/c, qua 160 xl'm — 700...800 x6ut/c, mig 320 xI'm — 1000...1500
kout/c, must 512 xI'm — 2000 x6ut/c. JIns cucteM, MCMONB3YIOMUX KOIUPOBAHNE
CAP u TC-PAM, BbiOupaeTcsi cpefHsisa 4acToTa Juana3zoHa JUHEHHOIro CUTHAJA,
KOTOpas 3aBUCUT OT ckopocTH mepenaun. Ha ckopoctu 2 M6ut/c ato 160 u 320
K[ 'II COOTBETCTBEHHO.

Hannas paboma ewvinonnena 6 pamxax HUP «lIpoexmuposanue cemeii»
nposooumoti 8 I'BOYBIIO MO «©DTA» noo pykosoocmeom 0.m.H., npogheccopa
Apmiowenko B.M u x.m.n., ooyenma Abbacosoti T.C.
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NCCIEJOBAHUE MPOLUHECCA ®OPMHUPOBAHUA CTPYKTYPhBI
OCAJIKOB IIMI'MEHTA KPACHOI'O FGR, ITOJITYYEHHBIX
HA ®UJIbTPOBAJILHOM MEPEIOPOJIKE

Jleonmveea A.U.

3aBeayronui kadenpoit « XuMusi 1 XUMUYECKHE TEXHOJIOTHI» TaMOOBCKOTO roc-
YAApCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA, J-p TEXH. HAyK, Ipodeccop,
Poccus, r. Tam60B

Opexoe B.C.

JO1eHT Kadeapbl «XUMUs U XUMUYECKHE TEXHOJIOTUM» TaMOOBCKOTro rocyiap-
CTBEHHOT'O TEXHUUYECKOTO YHUBEPCUTETA, KaHJ. TEXH. HayK, TOIICHT,

Poccus, r. Tam60B

bpaukun K.B.

npodeccop kadeaps! «XuMusg U XUMUUECKHE TeXHOJIOTUN» TamMO0BCKOro rocy-
JAPCTBEHHOTO TEXHUYECKOTO YHUBEPCHUTETA, A-p TEXH. HAYK, TOIEHT,

Poccwus, r. Tamb6oB

3apanuna U.B.

JIOLICHT Kadeapbl « XUMUS U XUMUUECKHE TeXHOJIOoTumn» TaMO0BCKOro rocyaap-
CTBEHHOT'0 TEXHMUYECKOT0 YHUBEPCUTETA, KaH/. XMM. HayK, IOLEHT,

Poccus, r. Tam60oB

Ocempoe A.1O.

TO1eHT Kadeapbl «XUMUs 1 XUMUYECKHE TEXHOJIOTUM» TaMOOBCKOIro rocyiap-
CTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA, KaH]I. XUM. HayK,

Poccus, r. Tam6oB

HccnenoBan nporecce GopMUpOBaHUs CTPYKTYPBI OCaJIKa MPH BBIICICHUU TBEPAOH (a3bl
U3 cycrnieH3uu nurMenrta kpacHoro FGR Ha ¢unbTpoBanbHOI neperopoke u mociaeayrouei ero
npombIBKe. OLIEHEHO BIMSHUE JaBlIeHUs (PUIBTPOBAHUS HA BIAXHOCTh (POPMUPYEMOTO OCAIKA U
€ro yJeIbHOE COMPOTHBICHHE, KOJHMYECTBO U pazMep (HOPMHUPYEMBIX MOp. YCTAaHOBJICHO, YTO
ocanok nurmenTa kpacHoro FGR umeer riamHO00pa3HyI0 CTPYKTYPY C BBICOKHM COZAEp:KaHUEM
KOOPJMHAIIMOHHO-CBA3aHHOM BJIarM Ha yacTulax nurMenta. [lokazaHo, 4to yBenudyeHue AaBiie-
Hus punstpoBanus ¢ 0,2 o 1,0 MIla ymensiiaer BnaxHocTs nactsl ¢ 80 1o 71%, HO mpu 3TOM
yIIeIbHOE COIPOTUBIIEHHE OCaKa BO3pacTaeT B 5,5 pasa. JIydmel cTpyKTypoi ocagka ¢ TOUKH
3pEHHS €TO MPOMBIBKH, SIBIISIETCS OCa/I0K, NOJTYYEeHHBIN 1pu naBieHuu ¢puibrpoBanus 0,8 MIla.
Pazmep mop Takoro ocagka 127 MKM, UX pacripeesieHHe 10 IOBEPXHOCTH 0Ca/IKa PaBHOMEPHOE,
OTHOIIIEHHE 00beMa Mmop K 00beMy ocasika coctasisieT 13%.

Kniouesvie cnosa: MArMeHT, CTPYKTypa ocajka, (uIbTpOBaHHE, BOAOPACTBOPUMBIE MIPH-
MECH, BJIQXKHOCTb.

VY nanenue BOIOPACTBOPUMBIX MPUMECEN U3 0CAJKOB MUTMEHTOB OCYIECTB-
JISIeTCSL OTMBIBKOM OCaJKOB Ha (PUIBTPOBATLHOM 000pyaoBaHuu. JlaBnenue Gpuib-
Tpaluu SBISETCS OJHUM W3 OCHOBOIOJIAratonumx (pakToOpoB, BIMSIONIMX HA MPO-
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necc GopMUPOBAHUS CTPYKTYPBI OcCajika, 0OecreyrBaroiel yCIOBUs AJisi MaKCH-
MaJIbHOTO yJICHUsI BOJIOPACTBOPUMBIX MPUMECE U3 0CAJKOB. TE€XHOJIOTrHYECKUE
napameTpsl npouecca (pUIbTPOBAHUS ONPEAENAIOT CTPYKTYPY OCajka — pa3Mephl
MOp U MX KOJUYECTBO U, KaK CIEACTBHE, ONMpPenesitoT 3PPEeKTUBHOCTh yIaIeHUs
BOJIOPACTBOPUMBIX MPUMECEH M3 HUX. AHAIU3 CTPYKTYPhI OCaJKa HEOOXOAUM IS
ornpezeseHus padodero JaBiI€HHUS OTMBIBKUA OCaJiKa, 00€CIEeUMBaIOIIEro MoJiyde-
HUE MTPOJYKTA BBICOKOI'O KayeCTBa.

[enbto 1aHHOM pabOTHI SABISETCS U3YyUEHUE BIUSHUA JaBJICHUS QUIBTPOBA-
HUS Ha BIQXHOCTH (POPMUPYEMBIX OCaJAKOB MUrMeHTa kpacHoro FGR, ux ynens-
HOE COINPOTHUBJIEHUE, KOJIMYECTBO M pazmep nop. Mcnonb3yemas abopaTopHast
yCTaHOBKa IpejacTaBiieHa B [1].

YcraHoBeHO, YTO 0CanoK, GopMUpPYyeMBbIil MpH (PUIBTPOBAHUM CYCTICH3UU
nurmenTa kpacHoro FGR umeeT yactulipl, KOTOpble CKJIOHHBI K arjioMepaliu, pu
ATOM pa3Mepbl arjJoMepaToB YACTHI] MUTMEHTA B CYCIIEH3UU HAXOAATCSA B LIUPO-
koM nuamnazone ot 0,2 1o 230 Mkm. Ocagok MMEeT IIIMHOOOPa3HYI0 CTPYKTYpPY C
BBICOKHM COJIEPKAHUEM KOOPAWHALMOHHO-CBA3aHHON BJIard Ha YacTULAX IUT-
MEHTA.

OunbTpoBanue npu gasienuu 0,2 MIla dpopmupyer ocagok ¢ BIaKHOCTbIO
79,12% 3a 132 mun. IloBeimenue gapiaenus no 0,6 MIla camxaeT BIIaKHOCTB J10
75,4% un Bpemst 10 124 MuH. YMEHbBIIECHHE BJIAXXHOCTU IPOUCXOJUT 3a CUET
YIUIOTHEHHS] MEKArJOMEPATHBIX MTPOCTPAHCTB B OcajKe. JlabHeillee TOBBIIICHHUE
nasienus ¢ 0,6 1o 0,8 MIla npuBOAUT K CKAYKOOOPA3HOMY CHHUKEHHUIO BIAXKHOCTH
10 72,5% W COKpallleHHI0 BPEMEHU Ha 8 MHUH. Y MEHBIIIEHUE BJIAXKHOCTH OCAJIKa
MOXXHO OOBACHUTH pa3pylICHWEM arjioMepaToB M YIUIOTHEHHEM IMPOCTPAHCTB
Mexay Humu. OunbrpoBanue ¢ nasineHueM 1,0 Mlla obecrieunBaeT BIaXHOCTh
ocanka 71,2% 3a 112 muH.

BenuuuHbl yAeIbHOTO COMPOTUBIIEHUS Ocaaka M (UIBTPOBAILHON IEepero-
POJIKE 110 OKOHYAHUU Tpolecca GuiIbTPOBaHUS IPUBEACHBI B Tabmuue 1.

Tabmuna 1
YaenabHoe conpoTuB/IeHHe 0caaKa NUrMeHTa kpacuoro FGR
B 3aBHCHMOCTH OT JIaBJIeHUs] (UILTPOBAHHUS
JlaBnenue GUIbTPOBAHMS, 0.2 0.4 0.6 0.8 1.0
MIla
Jlaptetine MpOMBIBHOI 0,141 0,219 0322 0,5946 0,775

xkuakoctu, MIla

VY neapHOE CONpPOTHUBIIEHHUE

C1105 OcaKa, M 2 31,68:10° 4921-10° | 72,35-10° | 133,61-10° |174,15-10°

AHanu3 TOJIYYEHHBIX 3HAYECHUH YAEIBHOIO CONPOTUBIICHUS OCaJKa IWT-
MEHTa, TOJYYCHHBIX MPHU PA3UYHBIX JTaBICHUSIX (UIBTPOBAHUS, MOATBEPXKIACT
MPEATONIOKEHIE O HAIMYUH MPOIIecca pa3pylIeHUs arjioMepaToB MpHu (GUILTPOBa-
Huu ¢ nasinenuem 0,8 MIla. [1pu sTom HabMOgaETCSl PE3KOE YBEIUUEHUE YACTHHO-
r0 CONPOTHUBIIEHUS OCAJIKA.

VYCTaHOBJIEHO, YTO TOBBINIEHUE MABICHUS (PUIBTPOBAHUS BEIET K YMEHB-
IICHUIO AUaMeTpa Mop B OCAJKE M YBEIMYCHHUIO OOIIETO MX KOJIMYECTBA IIPH ITOM,
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OTHOILIEHHE 00BbeMa CKBO3HBIX IMOpP K 00BbEMY OcCajika, yMeHblIaeTcs. JlaHHble 1o
pasmepy 1op (de,) ¥ COOTHOIIEHHIO UX 00BEMOB K 00beMy ocanka (Viop/Vocaxa)
PUBEJICHBI B TaOHIIE 2.
Tabmuma 2
Pa3mepbl nop u oTHOLIEHUsI 00beMa MOP K 00beMy ocajka nurMmenta kpacuoro FGR
B 3ABUCHUMOCTH OT JaBJCHUSA (l)ﬂ.]]prOBaHl/Iﬁ

JlaBnenue ¢punsrpoBanus, Mlla 0,2 0,4 0,6 0,8 1,0
dcp IOp B OCajKe, MKM 165,50 | 152,51 140,82 127,02 118,71
Viop! Vocana 0,201 0,191 0,179 0,131 0,129

Cnucok JuTepaTypbl
1. JIeonteeBa, A.M. Mcnosb30BaHne HUKIMYHO-UMITYJIBCHOIO PEXUMa IIPOMBIBKU I1aCT
Ha QUIBTPOBAIILHOM 00OPYAOBAHUH IS MOBBIIIEHHS KAUECTBEHHBIX XapaKTEPUCTHK ITUTMEHTOB
[Texcr] / A.W. JleontbeBa, M.A. Konmaxkoa, B.C. OpexoB // Bectauk Tam00BCKOro rocynap-
CTBEHHOI'0 TEXHUYECKOro yHuBepcuteta. — Tambos, 2009. — T. 15, Ne 1. — C. 113-119.

PACYET BEPOATHOCTHU UHTEPMOAYJALONOHHBIX ITIOMEX
B IIMKOCETU BLUETOOTH

Onugpep C.C.

OakasaBp IO HaIPaBJICHUIO MPUKIIaTHAs HHPOPMATHKA,
DUHAHCOBO-TEXHOJOTUYECKAs aKaIeMus,

Poccus, r. Kopoies

T'opoamenko B.1O.

OakanaBp M0 HaMpaBIECHUIO IPUKJIaAHAS HH(POpMATHKa,
DUHAHCOBO-TEXHOJOTUYECKAs aKaIeMHus,

Poccus, r. Kopoies

banawoesa T.B.

OakasiaBp 10 HampaBJICHUIO NMPUKIIAIHAs UHPOPMATHKA,
DHUHAHCOBO-TEXHOJIOTMYECKAs aKaJeMusl,

Poccus, r. Kopones

B craTtbhe paccMOTpeHbI BOIIPOCHI, CBSI3aHHBIE C PACYETOM U MOJCIIMPOBAHUEM BEPOSITHO-
CTH TIOSIBJICHUSI HHTEPMOYJISIIMOHHBIX ToMeX B TKoceTsx Bluetooth. [Tomydensr rpadudeckue
3aBHCHMOCTH CYMMAapHOW BEPOATHOCTH TIOSIBIICHUSI HHTEPMOTYJISIITUOHHBIX TIOMEX KakK OT pabo-
ThI camux Bluetooth-ycTpoiicTB, Tak U OT BO3IECHCTBYIOINUX HA HUX MTOMEX OT CYIIECTBYIOIINX
PaIuodIEKTPOHHBIX CUCTEM paboTaronux B auamazone 2,45 [T

Kniouesvie cnosa: MHTEPMOIYISIIIMOHHBIC MMOMEXH, 3allIATHOE PACCTOSHHE, YCTPOWCTBA
Bluetooth.

OneHuM OJWH U3 BUJOB MOOOYHBIX PATUOUBIYYECHUN — WHTEPMOIYIISALIN-
OHHBIC IIOMEXH, BO3HHUKAIOIIHE TIPU OJHOBpEeMeHHOW pabore Bluetooth-
YCTPOUCTB U OECIPOBOJHBIX YCTPOUCTB Mayioro paauyca aeiictBus SRD (Short
Range Devices), paborarommx B 30HE JICHUCTBUS TMHKOCETH TEXHOJIOTHH
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Bluetooth, B nmanazone 2,45 I'T1 [1-3]. Cuutaem, uto B 30He AeiicTBus SRD pa-
00oTaeT pamuodIEKTPOHHOE O00OpYyIOBAaHUE HWCIOJIB3YIOIIee, Tak ke kKak u Blue-
tooth-ycTpoiicTBa, ckaukooOpasnyto nepectpoiiky yactorel FHSS (Frequency Hop
Spread Spectrum) [4].

Kak n3BecTHO, BBIIEISIOT JIB€ OCHOBHBIE MPUYMHBI BO3SHUKHOBEHUSI HHTEP-
MOJYJISIIUOHHBIX KOJEOaHUN: MEIIAIOUINI CUTHAM MTOCTYIAeT Ha OKOHEYHbIN Kac-
KaJl IepelaTyiKa U yCUIIMBAECTCS BMECTE C MOJIE3HBIM CUTHAJIOM; CUTHAJI HA 4acTo-
T€ MOMEXH, U3MEHSET MapaMeTpbl aKTUBHOTO 3JIEMEHTa BO BPEMEHH, UYTO MPHUBO-
IUT K MOJIYJSIMM TOJIE3HOTO CHTHaja Ha paboyeil 4acToTe W K TOSBICHUIO B
CIIEKTPE BBIXOJHOTO CUTHAJIA TIepeIaTINKa HHTEPMOTYISIIUOHHBIX COCTABIISIOIMINX
[5-7]. IIpu B3auMOAEHCTBUY JBYX MEPEIATUUKOB C paOOYMMU YacTOTaMU f; U f> UH-
TEPMOIYJISAIMOHHEIE COCTABISIONINE BO3HUKAIOT Ha YacToTax f, = pf,+1f,, p, n = +
1, 2, 3.... X yncio ObICTPO YBEIMUYMBAETCA C POCTOM MOPSIKAa HHTEPMOAYISIIUN
N= p|+|n|.

Tak kak B nepenatomiemM odopynosanuu FHSS ncnonb3ytor ckaukooOpas-
HYIO TIEPECTPONKY YaCTOTHI, TO CYILIECTBYET BEPOATHOCTH TOTO, YTO MPH OMpe-
JIEJICHHON Pa3HOCTU YaCTOT TMOSIBUTCS WHTEPMOTYJISIIIMOHHAS COCTABJISIONIAS TTO-
MeXH Ha yacToTe npueMHuka Bluetooth-ycTpoiicTsa.

B cootBercTBuM co cniermdukanusivmu Bluetooth nBa nepenaryrika MoryT co-
3/1aBaTh MHTEPMO Y ISIIMOHHbIE ToMexH Aiisi Bluetooth-ycTpoiicT, ecnu kaxabiii U3
HUX UMeeT ypoBeHb noMex (- 39) nbmBT [7]. B aToM ciiydae MOXHO ONpenenTh
KaK 3alUTHOE paccTosiHUE R,, TaK U M 3alUTHYIO 00IacThb S,;, KOTOpble OyayT, co-
OTBETCTBEHHO, COCTaBJIAThL R, =35 M u S, = 3848 M.

Jnst ouenb BrIcOkO# MoTHOCTH FHSS-ycTpoiicTB, nomyuuBnieli Ha3BaHUe
«ropsiyasi TOuka», UX oOliee yucio B 3anmTHON obnactu Bluetooth-yctpoiicT
OyJeT, OpUCHTUPOBOYHO, COCTABIIATH [8]:

M = Sqxp = 3848x2x107 = 7,7,

rae: p =2x107 M” — sMnupryecknii KO3PGUIMEHT MIOTHOCTH MEIIAFOLINX
YCTPOUCTB B «TOPSYEN TOUKE.

BeposiTHOCTS MHTEPMOTYTISIMK JTS IBYX YacTOT Pgy, BHYTPH ABYX IOJIOC Ya-
ctoT (paguokananoB) FHSS-ycrpoiictB Bbiie u Huke Bluetooth-ycTpoiicTs, ko-
TOPBIM CO3/IAIOTCS IOMEXH, MOYKET OBITh Hali/IeHA KaK:

Py =2N"'=2/79=2,53x10"".

BeposTHOCTh cOBmajeHusi INIaBHOTO Jyda JuarpaMMbl HaIlpaBlIE€HHOCTHU
nepenatomeid antenHsl FHSS-yctpoiictBa ¢ mpuemnukom mnomex Bluetooth-
YCTPOMCTBOM, MOKET ObITh HalJIeHa U3 COOTHOLLEHHUS:

Prrss = OLgnss /0L Bluetooth-

TAC: OLpyss M Ol Bluetooth — COOTBETCTBEHHO, YTOJ UArPaMMbl HAIPaBIIEHHO-
cTu anTeHHbl nepenatomero FHSS-ycrpoiictBa 1 nmpuemuunka nomex Bluetooth-
YCTPOMCTBA, O Blyetooth = 360°.

3aBUCHMOCTh BEPOSTHOCTH COBIIQJICHHS TJIaBHOTO Jiyda Ppyss C MpHEM-
HUKOM ToMex Bluetooth-yctpoiicTBoOM 0T yriia nuarpamMmbl HalpaBICHHOCTH
aHTeHHbI nepenaroniero FHSS-ycrpoiicTBa, npeacrabieHa Ha puc. 1.
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Puc. 1. 3aBucumocTts Pryss OT yria o pss

N3 rpaduka BUIHO, 9TO YeM OOJIBIIIE yToJI TUarpaMMbl HAPABICHHOCTH
anTeHHbl nepenatomero FHSS-ycTpolictBa, TeM 0osiblile BEPOATHOCTh COBIIAJIE-
HUS TJIABHOT'O JIy4ya JuarpaMMbl HAaIlpaBJICHHOCTH nepeaatomeit antenasl FHSS c
npueMHuKoM nomex Bluetooth-ycTpoiictBom.

CymmapHasi BEpOsATHOCTb JUIs 3-i MHTEPMOAYISLIMOHHONW TApMOHUKN MOXKET
OBITh OTpeziesieHa Kak:

Py3=1—(1 — Pg; Pruss Prruss)”s
rae: Prruss — BEPOSITHOCTh COBHNAACHUSA MO BPEMEHM ACHUCTBUSA IMEPENAIOIIETO
FHSS-ycTpoiicTBa, ¢ mpuemankom nmomex — Bluetooth-ycrpotictBom; M — uncio
Memaromux FHSS-ycTpoicTB, HaxoasmMXcsi BHYTPU 3aLLUTHOTO OMEXOBOTO
naTepBana Bluetooth-ycTpoiicTaa.

3aBUCUMOCTb BEPOATHOCTH MHTEPMOMYJISILIMOHHBIX MOMEX OT MEIIAOIINX
FHSS-ycTpolicTB BHYTpH 3alLIMTHOTO MHTEpBaJia NPE/ICTABICHA HA PUC. 2.

W3 npuBeneHHOTo rpadguka BUAHO, YTO C YBEIIMYECHUEM YHUCIIa MEIIAFOIINX
FHSS-yctpolicTB BO3pacTaeT BEPOATHOCTH IOSIBICHUS HHTEPMOMYJIALIMOHHBIX
romex 111 Bluetooth-ycTpoiicTs.

0,008

0,007
ad

0,006
2 /
g 0,005 ~
E /
T 0,004 //
Q.
& 0,003 1

/

0,002 /

0,001
e — ol

0 1 2 3 4 5 6 7 M

Puc. 2. 3aBUCHUMOCTB BEPOSTHOCTH UHTEPMOYJISILIMOHHBIX IIOMEX OT YUCia
MeIIalOUUX YCTPONUCTB BHYTPH 3aIIUTHOIO HHTEPBAJIA
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Haubosbiiiee 3HaueHre BEPOSITHOCTH MTOMEX JIJI1 CaMOM BBICOKOH IIJIOTHO-
CTU «ropsituer Toukm» 1ipu M = 7,7, Prepyss = 0,15 (ipu ycnoBuu, yto D = 0,15) u
o russ = 90° Oyaer paBHO:

Pgy=1-(1-2,53x10"%x0,25%0,15)"" = 7,28x10™".

HccnenoBanusi mOKa3pIBalOT, YTO JIs1 00JI€€ BBICOKOT'O IOPsJIKa HUHTEPMO-
OYJIALUAOHHBIX COCTABJISIOIIUX BEPOSATHOCTh Memarommx momex ot FHSS-
ycrpoiicTs, s Bluetooth-yctpoiicTB, OyeT 3HaUNTEIIFHO HUKE, CIICA0BATEILHO,
VMU MOYKHO NpeHeOpeyb, TaK KaK 3allUTHbIE PACCTOSIHUS Oy1yT MaJICHbKUMH.

Bocnonb30BaBIIMCE METOAUKOW pacyeTa MpeaioKEeHHOM EBpomnenckum
KOMUTETOM PAJAUOCBs3U [8], B pe3ysibTaTe MAaTEMaTHYECKOIrO0 MOIEIUPOBAHUS
OBUTA MOJIy4YEHBI TPaPUKU CyMMapHOW BEPOSTHOCTH WHTEPMOIYJISIIUOHHBIX MO-
Mex, co3naBaeMbix Bluetooth-ycTpolicTBaM paznuyHBIMU pailod3JIEKTPOHHBIMU
cucteMamu, padoraromumu B nuanazone 2,45 I'T1, a tak ke co3gaBaemble ca-
mumu Bluetooth-yctpolicTBamMu paznuyHbIM paHO3JIEKTPOHHBIM cucTeMaM. Pe-
3yJIbTaThl MOJICJIMPOBAHUSI IIPEACTABICHBI HA pUC. 3—8.

1
0,1 1 10 100 1000 10000 100000
0,1 PP = s);-u—'
AN R
< 0,01 e
: 0,001 //,: o
H ) = Colilal
o -7 L
i /4; ﬁ;-z
= 0,0001 s L
S /r’ Z g
g A & 99. {
& 0,00001 = Lo i
g i
@ 0,000001 =
0,0000001
1E-08
MnoTtHocTb cpeacTs, 1/ KM.KB.
— -9— RFID(500mMBT)100%FHSS —4& - RFID(100mBT)100%FHSS
-=&--FHSS(100%) —x- - FHSS(10%)
—#%— 4BT1(100%) —8— 4BT(10%)

a)

Puc. 3. CymmapHasi BepOSTHOCTh HHTEPMOAYJIALMOHHBIX ToMex /i Bluetooth-ycTpoiicT
OT PaJIMO3JIEKTPOHHBIX cUCcTeM auanazona 2,45 [T
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Puc. 3. CymmapHas BEposTHOCTh HHTEPMOAYJIALUOHHBIX Tomex i Bluetooth-ycTpoiicT
OT PaJMO3JIEKTPOHHBIX cUCTeM auana3zoHa 2,45 I'Tn

Ha npencraBnenHbix rpadukax BBelleHbI cineayromue o0o3nayenusi: SRDI1 —
yctpoiictea SRD1, 10 mMBT, y3kas nonoca, D = 100%, BHyTpu mnoOMENIECHUS;
SRD2 — ycrpoiictea SRD2, 10 mBrt, ananor. Bugeo, D = 100%, BHyTpu nomernie-
nus; R-LAN1(FHSS) — ycrpoiictea R-LAN1, 100 mBt, FHSS, D = 100%, BHyTpU
nomenieHust; R-LAN2(DSSS) — ycrpoiictea R-LAN2, 100mBT, DSSS, D = 100%,
BHYTpH nomenieHus; dukc. Jloctyn — ycTpoiicTBa ¢ PUKCUPOBAHHBIM JTOCTYIIOM,
100mBT, FHSS, cnapyxu; RFID(500mMBT)15%FHSS — RFID, 500 mBT, FHSS,
BW = 8 MI'u, D = 15%, Buytpu nomeuienusi; RFID(500 mBT)100%FHSS —
ycrpoiictBa RFID, 500 mBt, FHSS, BW = 8MI'y, D = 100%, BHyTpu nomernie-
nus; RFID(100 mB1)100% — ycrpoiictea RFID, 100 mBT, y3kas monoca, D =
100%, BuyTpu nomemenus; Jloctym 1 — ycTpoiicTBa ¢ (GUKCUPOBAHHBIM JTOCTYTIOM
1, 2x2 Mout/c MSK, cnapyxu; [octyn 2 — ycTpoiicTBa ¢ (PUKCUPOBAHHBIM JO-
ctynom 2, 34 Mout/c, QPSK, cuapyxu; Ll ENG/OB(1...3) — nudpoBsie ycTpoii-
ctBa ENG/OB(1...3), cuapyxu; Au ENG/OB(1...3) — aHanoroBsie yCTpOHCTBa
ENG/OB(1...3), cHapyxwu.
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Puc. 4. CymmapHas BepOsATHOCTb HHTEPMOIYIIALMOHHBIX ToMex a1 Bluetooth-ycTpolicTs
OT PaZInOdJIEKTPOHHBIX CUCTEM Auanas3oHa 2,45 ' Haxonsaumxcst CHapy»Ky OMEIIEHUS
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Puc. 5. Cymmapnas BeposiTHOCTh HHTEPMOIYIISALIMOHHBIX ToMex oT Bluetooth-ycrpoiicTs
JUIS1 CYLIECTBYIOLLIMX PaJIMO3JIEKTPOHHBIX cucTeM Auanaszona 2,45 I'T'n
(DM Bluetooth = 1 MBT)
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Puc. 6. CymmapHas BEpOosSITHOCTh HHTEPMOIYIISAIMOHHBIX ToMeX oT Bluetooth-ycTpoiicTB
JUISI CYILIECTBYIOIIMX PaIUO3IEKTPOHHBIX CUCTEM nuana3zoHa 2,45 I'T' HaxoAsmuxcst CHapy &1
nometeHus (MMM Bluetooth = 1 MBT)
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—e— R-LAN1(FHSS) — @ — R-LAN2(DSSS)

—a— SRD1 —&— SRD2

—x- - ®ukc. JocTyn --8-- RFID(500mMBT1)15%FHSS

RFID(500MBT)100%FHSS —= = RFID(100MBT)100%

Puc. 7. CymmapHas BepOsITHOCTh HHTEPMOIYIISALIMOHHBIX ToMex oT Bluetooth-yctpoiicTs
JUISL paIOdIIEKTPOHHBIX cucTeM auanazona 2,45 I'Tu (OUMM Bluetooth = 100 mBT)
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—— Lid ENG/OB 3 —i& - AH ENG/OB2 --&--AH ENG/OB4

e+ <E-+ AH ENG/OB1 —&— Lich ENG/OB1 —&- — AH ENG/OB3

— @& L ENG/OB2 —=— Lich ENG/OB4

Puc. 8. CymmapHas BEposSITHOCTh HHTEPMOIYIISAIIMOHHBIX TToMeX oT Bluetooth-ycTpoiicTB
JUISL paIMO3JIEKTPOHHBIX cHUCcTeM Auana3ona 2,45 [T Haxoaaumxcst CHapy>Ky OMEIEHUS
(BUMM Bluetooth = 100 MBT)

W3 npencraBiaeHHBIX 3aBUCUMOCTEH BHUHO, YTO B 0O0ILEM cllyyae C yBEJu-
YEHHEM TUIOTHOCTH PAJHO3JIEKTPOHHBIX cucTeM nuamnasona 2,45 [T BeposTHOCTD
CYMMAapHBIX MOMEX co3JaBaeMble Kak camuM Bluetooth-ycTpoiictBam, Tak u ca-
MHUMH YCTPOUCTBAMH PaAUO3JIEKTPOHHBIM cucTeMaM Bo3pacTaeT. [Ipuuem, nan-
Hasi BEPOSITHOCTH MPSIMO TPOMOPIIMOHAIBLHO 3aBUCUT OT MOIIHOCTH Tepeaaro-
IIMX YCTPOMCTB CO3JAIOIIMX 3TU MOMEXH, U OOpPATHO MPOIMOPIHUOHAIBHO OT
MOIIIHOCTH YCTPONCTB, KOTOPBIM 3TH ITIOMEXHU CO3/1a0TCSl.

Kpome TOro, BEpOSTHOCTb CyMMAapHbIX HWHTEPMOIYJSLUUOHHBIX IOMEX
HAIPSIMYIO 3aBHUCHUT KaK OT BEJIMYWHBI pab0yero Imukia mepeaarIiero ooopy-
JIOBAHUsI, CO3JAIOIIEr0 IOMEXH, TaK U OT BEJIMYMHBI pab0oyero UKJIa yCTPOUCTB,
MPUHUMAIOLIUX 3TU MOMeXH. YeM MeHbllle BelnunHa paboyero IUKIa nepeaa-
IOIIETO W MPUEMHOTO O0OpYyIOBaHHUS, TEM MEHBIIE BEPOSITHOCTH CyMMAapHBIX
MoMex.

3amMeTHM, YTO PEe3yJIbTaThl MOJEITMPOBAHUS XOPOIIO COTJIACYIOTCS C Pe3yilb-
TaTaMH MCCJICIOBAHUM, U3JI0KEHHBIMU B padoTax [8§, 9].

Taxum 00pa3om, OCYILIECTBIIEH pacueT BEPOSITHOCTH IMOSIBIICHUS UHTEP-
MonyIAuoHHBIX momex oT FHSS-ycTpoiictB B paboueit momoce yactor Blue-
tooth-yctpoiicTs. IlokazaHo, uto B 0011eM ciiyyae ¢ yBEIMUYEHUEM IUIOTHOCTHU pa-
JMOSJICKTPOHHOTO 000pyaoBaHus nuamnazoHa 2,45 [Ty BeposSTHOCTH CyMMapHBIX
nomex, cozjlaBaeMblx Kak camuMmu Bluetooth-ycrpoiictBamu, Tak u FHSS-
ycTpoicTBaMu, Bo3pactaeT. [Ipudem, nanHas BEpOATHOCTh 3aBUCUT MPSIMO TIPO-
MOPLUMOHAJIIBHO OT MOIIHOCTHU MEPENAOIINX YCTPOUCTB CO3AAOINX 3TH MTOMeE-
XU, 1 00paTHO MPOMOPIIMOHATBEHO OT MOIIHOCTH YCTPOWCTB, KOTOPHIM 3TH MO-
MEXH CO3JAI0TCHI.
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Kpome TOro, BepOSTHOCTh CyMMapHbBIX HHTEPMOAYJSAIIMOHHBIX IOMEX
HaMpsMYIO0 3aBUCUT KaK OT BEJIMYMHBI pabouero IUKIA Mepeaaroriero o0opyao-
BaHMsI, CO3/IAIOIIETO MOMEXH, TaK U OT BEJIWYUHBI paboyero IMKIAa YCTPOMCTB,
MPUHUMAIOIINX 3TU MOMEXU. YeM MeHbIle BeJIMYrMHA pabdoyero LUKIa mepeaaro-
IIETO U MMPUEMHOTO 000PYI0OBaHUS, TEM MEHbIIIE BEPOSITHOCTH CYMMApHBIX TTOMEX.

Jlannas paboma ewinonnena 6 pamxax HUP «llpoexmuposanue cemeiiy
nposooumoti 6 ' bOYBIIO MO «®TA» noo pykosoocmeom 0.m.H., npogheccopa
Apmiowenko B.M u x.m.H., dooyenma Ab6acoeoti T.C.
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OLHEHKA D®®EKTUBHOCTH YJAJIEHUA NOHOB
BOJOPACTBOPUMBIX IPUMECE MHOI'OKPATHOM
PENYJBIAIMEN — JEKAHTAIIMENA CYCIIEH3UU IUTMEHTA
«KEJTOI'O C» MTIPOMBIBHBIMH ’KUAKOCTAMU
C IMCIIEPCUAMU HAHOYACTHUII METAJIVIOB

Opexos B.C.

no1eHT Kadeapsl «XUMuUsi 1 XUMUYECKUE TEXHOIOTUN» TaMOOBCKOTO
rOCYapCTBEHHOTO TEXHUUYECKOTO YHUBEPCUTETA, KaH/. TEXH. HAYK,
Poccus, r. TamOoB

Oopasuoea E.IO.

TOTICHT Kaeapbl «XUMUS U XUMUYECKHE TEXHOJIOTUN» TaMOOBCKOTO
TrOCYJIapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA, KaH . TEXH. HAYK,
Poccus, r. TamOoB

Ankyoumosa U.A.

ToTeHT Kadeapbl « XUMUsS 1 XUMUYECKHE TEXHOJIOTUN» TaMOOBCKOTO
rOCYJIJapCTBEHHOT'O0 TEXHUYECKOTO YHUBEPCUTETA, KaH/. XMM. HaYK,
Poccus, r. Tam060B

Abaxkymosa H.A.

TOTICHT Kadeapbl « XuMUs 1 XUMUYECKHE TEXHOJIOTHN» TaMOOBCKOTO
TrOCYJIJapCTBEHHOT'O TEXHUYECKOTO YHUBEPCUTETA, KaH/. XHM. HaYK,
Poccus, r. Tam60B

Kyzomun A.1L

CTapIIMii TipernoiaBaTesb Kadeapbl « XUMHUS U XUMHUYECKIE TEXHOJIOTHID
TaMOOBCKOT0 TOCYTapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA, KaH/I. TEXH. HaYK,
Poccus, r. Tam060B

Omnpenenena 3(GpPeKTUBHOCTh yAaJeHUS WOHOB BOJOPACTBOPUMBIX IMpHMECEH MHOTO-
KpaTHOW penyibnaiueii-qeKanTanueil cycneH3nii mMurMmeHToB kenToro C npoMbIBHBIMHU 5KHIKO-
CTSIMHM, TaKMM Kak — apTe€3MaHCKas BOJA W BOJAA C JUCHEPCUSMU HAHOYACTHIl. Y CTAHOBJIEHO,
Haubobmas 3G(GEeKTUBHOCTh MPHU YAAJEHUU BOJOPACTBOPUMBIX MPUMECEH U3 CYCIEH3UN MUT-
MEHTOB MOXXET OBITh JOCTUTHYTA MPH KUCIOJIb30BAHUU BOJHBIX AMCIIEPCHI HaHOYACTHUI] METaJl-
JIOB, YTO OOBSICHACTCS] HAIMYMEM MACCONEPEHOCa HOHOB MPUMECEH C MOBEPXHOCTH YACTHUII ITUT-
MEHTa Ha MOBEPXHOCTh HAHOYACTHUI] METAJUIOB.

Knroueswle cnosa: IMUIMEHT, BOAOPACTBOPHUMBIC IPUMCECH, HAHOYACTHUIIbI MCTAJLJIOB, BO/JIA.

B cBs3u ¢ YBCIMYCHUCM CKOPOCTH IICHATH, Tpe6OBaHH$[ K INIOBBIIICHHUIO al-
Ie3MOHHBIX CBOMCTB qacTUull IMUIMCHTOB B JIAKOBOM CBA3YIOIICM pPacCTCT I'o0[J
OT rojaa.
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VYBenuueHue aare3MOHHbIX CBOWCTB YACTUI[ MUTMEHTA B JJAKOBOM CBS3YIO-
IIeM MOXHO O0eCNeYuTh yAaleHHEeM HMOHOB BOJOPACTBOPHUMBIX MpuUMeceid, dhop-
MUPYIOIIUX Ha TMOBEPXHOCTH YACTHUI[ NMUTMEHTa COPOIMOHHBIN cioil. [laHHbIe
MpUMECH 00pa3yloTCs Ha CTAJWU CHHTE3a U HAXOSTCS B PaCTBOPEHHOM BHJIE B
KUAKOH (a3e CyCreH3ur MUTMEHTOB.

Pemenue o BbIOOpE TOrO MJIM MHOTO CIocoOa yAalleHHs BOJOPACTBOPUMBIX
MpUMeceil MPUHUMAETCA Ha OCHOBE PACCMOTPEHUsI (PU3UKO-XMMHUYECKUX CBOWCTB
CYCIIEH3UH U 3KCIEPUMEHTAJIbHBIX JTAHHBIX CPABHUTEIHHOTO aHanu3a 3(pQexTus-
HOCTH yJaJCHHS MPUMECEH pa3IMYHBIMH CHOCOO0aMH, MPU HCIOIH30BAHUU Pa3-
JIMYHBIX TPOMBIBHBIX BOJ [1].

Hamu Obl1 HccnenoBaH mporecc MHOTOKPATHON pemyJibllalluu-AeKaHTaluu
CYCHEH3HI MUIMeHTa «oKenToro C» apTe3naHCKON BOJOM M apTe3MaHCKOM BOJOH ¢
nucnepceuei HaHouacTul MmetayioB (Cu) u okcuaoB Metamwios (NiO).

Hcnonb3oBaHue B Ka4ECTBE MTPOMBIBHOW KUIKOCTH BOJIbI C BOAHOM JUCHIED-
CUU HAaHOYACTHULl MEJIM U OKCUAA HUKeNS ¢ KoHIeHTpauuen 0,1 mac.% yBenuuuBa-
€T MO CPaBHEHUIO C apTE3MAHCKON BOJOM KOJIMYECTBO J€COPOUPOBAHHBIX C IMO-
BEPXHOCTH YaCTHI[ MTUTMEHTAa MOHOB BOJOPACTBOPUMBIX IMPHUMECEH, MPU STOM B
HepBbIE TPU ILHMKJIA 3TOT POCT YBEIUMYMBAETCS, AaJle€ POCT 3aMENJISAETCs, 3TO
HaOJII0JJaeTCsd BO BCEM MCCIICIOBAHHOM TemIiepaTypHoM nuarnaszone (4 — 40°C).
N3meHeHne KOHIICHTPALMK BOJOPACTBOPUMBIX MPUMECEl Ha YacTHUIaX MUTMEHTa
70 3 IUKJIa UMEeT JTMHEHHBIN XapakTep. Ha ygactke 3-4 nukiioB HaOrogaeTCs U3-
JIOM KpHUBOM, XapaKTEepU3YIOIIMI Hayalo YAAJICHUS HOHOB BOJOPACTBOPHUMBIX
npumeceil ¢ 6ojee BbICOKOM 3HEpPruel MpUCOSIUHEHHS K aKTUBHBIM LIEHTpaM I10-
BEPXHOCTH YACTUIl MUTMEHTA, MPU 3TOM MOBBIIIEHUE TEMIEPaTyphl MO3BOJISET
yansTh UOHBI U3 Oosiee TIyOOKUX cioeB. Tak ucmoib3oBaHUE 7 IUKIOB MTPOMBIB-
KA 00EeCreurBaeT pa3pylieHHEe MOHOMOJIEKYJISIPHOT'O CJIOSi HOHOB Y MOBEPXHOCTH
yacTull nurmenTa xentoro C (pUCyHOK).

0.030 2C,, (kr/xr)
0,025 \\
1
0,020 N >
N\ ]
0,015 \
0,010 \ < :

0,005 -
\\‘

0,000
0 1 2 3 4 5 6 7
KomnmuecTBo mpoMbIBOK
Puc. KonmeHnTtpamuu BogopacTBopuMbIxX pumeceit (Crp, KI/KT) B TBEpAOH M KUIAKOH (azax
CYCIIEH3MI MUTMEHTOB MPU MPOMBIBKE BOJHON JUCIIEPCUEN HAHOYACTHUL] METAJIIOB!
1 — B xupaxoii ¢aze; 2 —40 °C; 3 —20 °C; 4 -4 °C (2, 3, 4 — Ha TOBEPXHOCTH TBEPJIbIX YACTHUII)
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Takum 00pa3oM, UCIIONIH30BAHUE B KAY€CTBE MPOMBIBHOW JKUIKOCTH BOJIHI,
coJieprKalell HaHOYACTHIIBI METaJIOB, 00CCIICUMBACT CHUKCHUE KOJIMYECTBA BO-
JOPaCTBOPUMBIX IMPUMECEN KaK HAa MOBEPXHOCTH YaCTHUIl TUTMEHTOB, TaK U B KHU/I-
KoH (pa3e BO BceM muccienyeMoM auarnaszone temmepatyp (4-40 °C) u Bo Bcex LUK-
JJaX TPOMBIBKM B CPaBHECHUHM C MPOMBIBKOM APTE3UMAHCKOW BOJOM, IMOBBIIICHHUE
KOHIEHTPALIMM HAHOYACTHUI] METAJJIOB B IPOMBIBHOM JKHUJIKOCTH MPUBOJUT K YBE-
JTUYEHUIO 3TOT0 Y PekTa.

Cnucok JiuTepaTypsl
1. KommakoBa, M.A. D¢ dekTHBHOCTD yIajaeHusl BOJIOPACTBOPUMEBIX COJIEH M3 TOHKOUC-
MEPCHBIX OCAJKOB IMPH HCIIOJIB30BAaHUU BOJ pa3IMYHON KiacTepHOH cTpykTypsl / M.A. Konma-
koBa, B.C. Opexos, JI.H. Tpydanos // [lepcnektuBsl Hayku. —2012. —Ne 1. — C. 91 — 94.

IMAPAMETPUYECKOE OIIMCAHUE MOBEPXHOCTEM
OBPABATBIBAEMBIX JIETAJIEM J1JIsI OGOCHOBAHUSI
HA3BHAUYEHUWSI TEXHUYECKOMN XAPAKTEPUCTUKHA
«[MPOU3BOJCTBEHHBIN IMOTEHIUAJI»
TEXHOJIOI'MYECKOI'O OBOPYJIOBAHUA

Ilempoe I1.C.
aCIUPAaHT,
Poccus, r. MockBa

@Deoghanos A.H.
OI'bOY BITIO MI'TY «CTAHKWH», n.1.1., mpodeccop,
Poccus, r. Mocksa

B crarbe, NprKUMHBIE PUCIIOCOOJICHHST PACCMATPUBAIOTCS KaK AJIEMEHT OIHCAHUSI I10-
JIOKEHUSI IETalM K CO3/IaHHIO Y3JIOB arperatHoro cranka. Jlaercs MaTeMaTHYecKOoe ONHMCAaHHEe O
PAacTIONIOKEHUH JIETATH U PUCTIOCO0IeHUH B paboueii 30He arperaTHOTO CTaHKa C Y4eTOM HU3Me-

nenus KJI.

Knrouegvie cnosa: 6a3a JaHHBIX, 32)KUMHBIE YCTPONCTBA, arperaTHble CTAHKU

[Ipu cozmanmnm PUCTIOCOOICHUMN IJIT 00paObOTKH 3ar0TOBOK IO TPYNIIOBOMY
MPUHIIMITY, B TOM uMclie Ha ctankax ¢ YUIIY, mpemxycmarpuBator yHusepcanvho-
coopuvie npucnocoonenus (YCII), B KOTOPBIX UMEIOTCS 0a30BO€ OCHOBaHUE (Tu1a-
TO) C CETKON TOYHBIX T-00pa3HBIX Ma30B M OBICTPOCMEHHBIE HATAI0YHBIE JIEMEH-
ThI, SIBJIAIONIUECS COOPOYHBIMHU E€IUMHUIIAMH, MpEeTHA3HAYCHHBIMHU JJis 0a3upoBa-
HUS U 3aKpEIUICHHs] 3aTOTOBOK, THUIIOBbIE KOMIUIEKTYIOIIUE JIEMEHTHI MOKa3aHbl
Ha puc. 1. KomnonoBku YCII cobuparoTcsi U3 CTaHAAPTHBIX 3JIeMEeHTOB (puc. 1)
BbIcOKOW TOo4HOCTH. (IlorpemHocTs pacronoxeHus: 0a30BBIX MOBEPXHOCTEU HE
npesbimaet 0,01 mm.)
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Puc. 1. [leranu u c60povHbIe €AMHUIBI YHUBEPCAIBbHO-COOpHBIX npucnocodenuii (Y CII)
IS 3aKpEIJIEHUs 3ar0TOBOK Ha CTOJIE CTaHKa:
a — 6a30Boe OCHOBAHUE; O — YIOPBI; 8, ¢ — IPOCTABKU; O, € — IPUXBATHI;
C, 3 — KPETIEKHBIE JIIEMEHTHI; U — NOACO0pKa

Puc. 2. Ilpumepst c6opok Y CII myist 3aKperyieHus 3aroTOBOK Ha CTOJIC CTaHKa!
1 — 3aroTtoBka; 2 — ymop; 3 — mpuxaar; 4 — BUHT; 5 — 0a30BOE OCHOBaHNE

Bricokas Tounocts amemenToB YCII obecnieunBaeT cOOpKy mpucmocoOe-

HUUW 171 YCTAaHOBKU PA3IMYHBIX 3arOTOBOK 1 (puc. 2) 6e3 mocneayromeil MexaHu-
yeckoil nopabotku. Ilocie ucnonap30BaHus KOMIIOHOBOK HX pa30MparOT Ha Co-
CTaBHbBIEC YaCTH, MHOTOKPATHO MCHOJIb3yeMble B TeueHue 15 —20 jeT B pa3iInyHbIX

COYETaHUSIX B HOBBIX KOMITOHOBKaX |1, c. 372].
ArperatHple CTaHKH, BBITOJHSIONINE OOBIIIOE KOJUYECTBO TIEPEXOIOB,

KOMIIOHYIOTCS U3 (DYHKIIMOHAJIBHO CAMOCTOSITEIBHBIX HOPMATU30BaHHBIX U Ya-
CTUYHO CHEIHUAIbHBIX Y3JIOB U JAeTallel, I03TOMY pa3HooOpa3ue TUIIOB ATUX Y3JI0B
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HEBEJIMKO, ¥ YHCIIO Ta0apUTOB KaXKIOTO TUIA CTPOro orpanuyeHo. [IpuHiun arpe-
raTUPOBAHUSI CTAHKOB CIOCOOCTBYET Pa3BUTHUIO TJIABHOTO HAMPABIEHUS B COBpE-
MEHHOU METauio00paboTKe — MaKCUMaJIbHON KOHIICHTPAIIMU OIEpanuid B OJHOM
paboueii MaIuHe.

3ajgadya KOMIUICKCHOM aBTOMATH3allUM MPOEKTHUPOBAHMS arperaTHbIX CTaH-
KOB SIBJISIETCS BeChMa CJIOKHOW U TPYJOEMKOM, JJI €€ pelieHuss He0OX0IuMO Co-
3/1aTh CUCTEMY OMHCAHUS JIETaiu, ISl 00paOOTKH KOTOPOM MPOEKTHPYETCs CTa-
HOK, M TEXHUYCCKHUX YCIOBUH Ha €€ M3TOTOBJICHUE, a TAK)KE BCEX MPOCKTHPYEMBIX
O00OBEKTOB: KOMIIOHOBKHM CTaHKa, KOHCTPYKIMU 3aKUMHBIX MPUCIOCOOJECHUN U
JIPYTUX CHEIUATbHBIX y3JI0B, IPOYUX JIEMEHTOB CTAHKA.

ABTOMaTHUYECKUE JIMHUU CTPOSIT Ha 0a3e arperaTHbIX CTAHKOB; UX YHUCJIO U
KOMITOHOBKA JIMHUH 3aBUCAT OT CIOXHOCTU U3TOTOBIICHUS JIETANIEeH, COCTaBa HEOO-
XOJUMBIX OMepaluidi U MEepPexoa0B 00pabOTKH, TpeOyeMOl MpPOU3BOIUTEIBHOCTH
(amcio ctankoB koseoaeTcs ot 2 go 100) [2, c. 411].

Kakmast omeparust IpOeKTUPOBAHUS I THOKHUX aBTOMATHYCCKUX JIMHHUMA
['AJI 3anaeTcs He PUKCUPOBAHHBIM KOJIOM, & C IIOMOIIBIO MTAPAaMETPUUIECKOTO OIH-
CaHUs, T. €. MHOXXECTBA OJIHOTUITHBIX MEPEMEIICHUN ee padounx OpPraHoB, BHITIOJ-
HAEMBIX B paMKaX OJHOW TEXHOJOTHYCCKON OTEepafi M OTIUYAONTAXCS IPYT OT
Jpyra 3HAYeHUsIMU OJTHOTO WJIM HECKOJBKUX (B Clydae BEKTOPHOIO 3a/aHMs) Ia-
paMeTpOB:

Cj = Cjn (al,az,...,an),

rae a,,4a,,...,4, — napaMeTphl, OMPEACIAIONINe «THOKOCTB» MAHHOM TEXHOJIOTHUYE-

CKOM OIleparuu.

TexHoornyeckas onepanusi XapakTepu3yercs: OONBIINM KOJUYECTBOM Mapa-
METPOB, K KOTOPbIM OTHOCST BUJ OINEpPAllMH, MECTO €€ BBIMOJIHEHUS OTHOCUTEIILHO
0a30BBIX TTOBEPXHOCTEH M TOYHOCTh, a TAKkKe PEKUMBI 00paboTku u np. B manHOM
paboTe I MOACTMPOBAHUS TIO3UIIMK AaBTOMATHUYECKON JIMHUM (arperaTHOro CTaHKa)
paccMaTpUBAJIM TOJIBKO JIBE COCTABJISIIOIIME XAPAKTEPUCTUK TEXHOJIOTMYECKOH olle-
palyy: MECTO NPUIOKEHHUS IEHCTBYIOIIET0 HHCTPYMEHTA 10 KOOPJAUHATAM X, ), Z U
TOYHOCTh MO3UIIMOHUPOBaHUS padoyero opraHa o 3tum ocsiM. Koopaunatel obpa-
0aThIBaEMOIi MMOBEPXHOCTHU SIBJISIFOTCS HEMPEPHIBHBIMU B 33JJAHHOM MPOCTPAHCTBE, a
TOYHOCTb NO3ULIMOHUPOBAHUS AE — TUCKPETHOU BEIMYUHOM.

KoHkpeTHBII cOCTaB mapaMeTpoB, WX THUI U BO3MOXKHBIE MHOXKECTBa WX
3HAUEHUHN OMPEEIAIOTCS KaK BHIOM TEXHOJOTHYECKOM OTNepaliy, TaKk U KOHKPET-
HBIMHM XapaKTEPUCTUKAMU HCIIOJIHUTEILHOTO OpraHa yHU(UIUPOBAHHOIO y3a ar-
peratHoro obopynoBanus. Takue mapaMeTpbl, Kak U3MEHEHUE PEKUMOB 00paboT-
KM, CMEHBl UHCTPYMEHTA U JIp., OCYIIECTBIISIOTCS] CUCTEMON YIIPaBICHHS U UCIIOJ-
HUTEJIHHBIM OPTaHOM.

Texnonornueckuit mapmpyr o6paborku geranu Ha 'AJI ), 3amaercs Habo-

POM COOTBCTCTBYIOIIHUX HepeMeHleHI/Iﬁ HNCIIOJHUTCIBbHBIX OPTaHOB!:
n
M, = U(XistikazikaEik)a
ik

rzie X, ¥, Z — KOOPAUHATHI MOJ0XKEeHHs 00padaThIBAIOIIETO OpraHa; i — HOMep orle-
paluu; 7 — KOJIMYECTBO ONepaluii; k — Homep o0pabaTeiBaeMoi getanu; £, — tou-
HOCTb TTO3UIIMOHUPOBAHUS HA i-OW OTIepaIiu i k-0i JeTau.

150



YuuteiBas cienu(UKy MOCTPOCHUSI MapuIpyTa THOKOM aBTOMaTHYECKO JIH-
Huu (I'AJI), cnegyer oTMETUTH, UTO B JAHHOM MHOXECTBE JIOJDKHO OBITH HUCIOJIb-
30BaHO OTHOIIEHMS MOPSAKA, T. €. YKa3aHO OTHOILIECHHE MpPEeANnovTeHUs (Kakas
omnepanys BBIIOIHACTCS PaHbIIE WIH, 0 KpallHEH Mepe, KaKOBbI HEIOIYCTUMBIE
IIOCJIEIOBATEIBHOCTH ONEPALMM TEXHOJIOTMYECKOro Ipoliecca, 3aJaHHbIE PaHee).
Takoe onucanne MOXXeT ObITh 33JaHO MHO>KECTBOM IMEPEMEIICHUN, ONPEAEISIEMBIX
BEKTOPOM BHUA N :

N = f(p, Dy Psses Py
rac pl,-u,pn — pa?,peIHCHHHﬁ l'[OpiIIIKOBBIfI HOMep n-oro HepeMeﬂleHI/IH HpI/I

IIOCTPOEHUH TEXHOJIOTMYECKOTO MPOLIECCA B COOTBETCTBYIOLIEH OIlEpaLUK.

B caywyae cnumikom OOJBIIOTO YHMCIa 3JIEMEHTOB MHOKECTBA BEKTOPOB
MOXXHO TIEPEUTH K ONMUCAHUIO MPOTUBOIOJOXKHBIX COOBITHI — BEKTOPOB, COJIEP-
KaIIMX 3anpenieHHbIe MOCIeI0BaTeNbHOCTH. JlomyCTUMBIE (UM HE KeJIaTeIbHbIC)
KOMOWHAIIMKM MOKHO 3aMKcaTh B BUJI€ CUCTEMbI MIPEANIOYTCHUIN BUAA:

Pi = Pj>
Pin < Pjs

Din <p jm>

IJle 3HAK « <) — 3HaK ONEPALUU «IIPEIIIECTBYET).

B cratbe paccMoTpeHa 3ajaua cuHTE3a (parMeHTa CTPYKTYpPbl TEXHOJIOTHU-
YyecKoro mpoiecca oopadbotku kopnycHbix aetaneit (K/) neraneit na I'AJL. B aTom
cilydae, B Ka4eCTBE pa3MepoB ceMelicTBa 00pabaThIBAEMbIX JCTaIeH, TPUHUMAIOT-
Csl X 3HAUCHUS, U3BECTHBIC Ha COOTBETCTBYIOIIUI MEepUo BpeMeHu. B mporecce
skcrutyatanuu ['AJl paccmarpuBaetcst apyras 3agada. [1ogBisitoTcs HOBBIE 1€TalH,
OTJIMYHBIE OT CEMEICTBa, MPUHATOTO MpHu npoektupoBanuu ['AJl, 1 HeoOXxoaUMO
OIICHUTHh BO3MOXKHOCTh UX OOpPAaOOTKH C TOYKH 3pEHHUS HEOOXOIUMOTO (PYHKIIHO-
HUPOBAHMSI UHCTPYMEHTA.

3amaya pemaeTcsi ¢ MOMOIIBI0 MOKPHITHSI MHOYKECTBA BCEX KOHCTPYKIIMHA H
pa3MepoB JieTaneil HabopoM (PUKCUPOBAHHBIX 00JaCcTeH, onpeaessieMbIM COOTBET-
ctBytomuM opradom ['AJL. (puc. 3)

Puc. 3. ®uxcupoBaHHbIE 00IaCTH TIepeMeNIeHns pabodero oprana YHHPUIIMPOBAHHOTO MOTYJIS
npu oopadotke K/I: o6macTs nepemernienus padbodero oprana yHU(GUIIUPOBAHHOTO y3JIa TPU:

1 — u3BEeCTHOW KOHCTPYKITMHU (KOHCTPYKIIUU 3aJI0KEHBI TIPHU MTPOSKTUPOBAHNHN); 2 — HOBON KOH-
CTPYKILIMHU, KOTOpast MOKET OBbITh 0OpadoTana Ha 'AJl; 3 — HOBOI KOHCTPYKLIUH, KOTOPAst MOXKET
ObITh YacTU4HO 00pabotana Ha ['AJl; 4 — KOHCTPYKIIMH, KOTOpasi He MOXKeT ObITh 0OpaboTaHa
Ha ['AJ]
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MatemaTrueckuil anmnapat OnUCaHus rPYIIOBBIX TEXHOIOTHM

Jlnst mpencraBieHus: 0000NIEHHOW KOHCTPYKIIMA U Pa3MEpPOB JETaIH, BXO-
ISIEN B COCTAaB CEMENCTBA, PAaCCMOTPUM IOJIOKEHHE IUIOCKOCTEHW, Ha KOTOPBIX
HaxoJsATCsl oOpabaTbiBaeMble MOBEPXHOCTH. OOJacTh BO3MOXKHBIX MEpEeMEIleHUN
ucnonuutenbHoro oprana ['AJI (puc. 4) mo oOpabaTbIBaeMbIM TUIOCKOCTSIM 3ajia-
€TCsl KOHKPETHBIMH 3HAYEHUSIMU IEPEMEHHBIX, HAPUMEp, NEPEMEILIEHUN 110 OCAIM
X=N,Y=n,Z=Az.

JlanHyt0 06J1aCTh IEPEMEUICHUN HCIIOJIHUTENILHOTO OpraHa YHU(DUIIMPOBaH-
Horo y3na ['AJI MOXHO onucarh NpHU MOMOIIY CHCTEMBI YPaBHEHHM, KOJIMYECTBO
KOTOPBIX OMpENEsSeTCsl 3aJaHHBIM TEXHOJIOTMYECKHM TMPOIECCOM M HX BBIOOP
MIPOU3BOANTCS U3 OECKOHEYHOTO MHOKECTBA.

Z AlYn
7

&\

Y

Az,

70 5%
VS
vyl

o
<4

Ayy
X Ay,

Puc. 4. O6nacTb BO3MOXHBIX IEPEMENICHUN UCTIOIHUTETLHOTO OpraHa
yHApHUIEPOBaHHOTO Moty st ['AJI

[IpuBeieHHOE pacCyXACHUE CIYKUT WITIOCTpalUe TeopeMbl X. YUTHH, U3
KOTOPOM, B YaCTHOCTH, CIEIYET, UTO JTFOO0H T€OMETPUUIECKII 0OBEKT MOXKET OBIThH
omucaH ypaBHeHHeM. Ho »Ta TeopeMa He MpeaCTaBIsSeT alrOpUTMa HAXOXKICHUS
takoro onucanus. IloaTromy paccMoTpuMm HpUMep MaTeMaTUYeCKOTO OINHUCaHUs
TPYNIOBON OMEPAIMK C TTIOMOIIBI0 CUCTEMBI YPAaBHEHU, OMPEIEISIONINX MOI0Ke-
HUE TUIOCKOCTEH, Ha KOTOPBIX HAXOATCsl 00pabaThIBaeMbIe ITOBEPXHOCTH.

Hampumep, HeoOXoaumMo omucaTh 30HY pa3Opoca Ha MOBEPXHOCTH oOpada-
THIBAEMOM JI€TAJIM OTBEPCTUH, TOJYyYaeMbIX B pe3yJbTaTe Pa3HBIX TEXHOJOTHYeE-
CKHX OTIEpaIiil ¥ JISKAIMX Ha TUTOMIAKE 3aJaHHOTO pa3Mepa (puc. 5).

3amgaeM nepeMeHHble nmojoxenus ocu orsepceruit K u K, mo ocam Y u Z.
DTO €CTh MapaMeTPhl, OMPELIIAIONINE TTOJIOKEHNE IIEHTPOB 00pabaThIBaeMbIX OT-
BEPCTHUH IS pa3IUYHBIX JIETANCH, a X — rIIyOnHa 00pabaThIBAEMOTO OTBEPCTHSI, B
TaHHOM ciydae i paBHO 1 u 2 (nBe oOpabarbiBaeMble fnetanu). O4eBUAHO, UTO HA
3HAUEHUS UX KOOPJWHAT MO OCsM Y M X HaJOKEHbI OTpaHUYCHHS, ONpe/IesieMbIe
[IOJIO’KEHUEM OTBEPCTUH B IIEPBOM U BTOPOU AETAIIAX:

A <V <Ay Aviny <y <A
Cuint <21 <Apt> Cainy <25 <A

mi
E iy <% <E s By <% <A

minl

152



rae A, 4. — Koopaunatel oteeperuii mo ocu Y; C;, C.. — KoopauHaTsl 0TBEp-

CTUH 10 ocu Z (3TH KOOPAMHATHI ONPEACNAIOT KpailHie MoJoKeHus: ocu oopada-
THIBAIOIIET0 MHCTpyMEHTa it onpeaesieHHon KJI); AE — TOYHOCTh O3ULIMOHUPO-

BaHMs pabovero oprana npu o6paboTKe KOPIyCHOI aetanu, paBras £, —E ;.

AZ
Ama)q }
Amin /
. o y
/ 3
o Ky) 8 _
g Ky(Ky) gl 8
. SIS
g
g X Aminz AleXQ

Puc. 5. Ilonoxxenue npeamnonaraeMbix 00padaTbiBa€MbIX OTBEPCTHI Ha pa3nuyHbIx KJI

B JaHHOM cilydae pacCMaTpHBAIOT 30HBI HEPEMENIEHHUs MCIOJIHUTEILHOTO
opraHa TOJIBKO 1O JABYM ocsiM (Z u Y), a mo koopauHate x = () — TOJIBKO TOYHOCTh
HO3UIIMOHUPOBaHus st otBeperuit K| u K.

YuuTthiBas BhIIIE CKa3aHHOE,

A <V <Apat> Coim <2052 <Cs

Emin] <X],x1 <Emaxl’Aminl <y29y2 <‘Amax2’
ijnZ <ZZ’ZZ < CmaXZ’CmiHZ <X2,X2 < CmaxZ’

Jlst onrcanus BCeil BOZMOXKHOM 00JIaCTH, T/I€ MOYKET MOSIBUTHCS 00pabaThi-
Baemoe otBepctue Ha K], kotopas Oymer oOpaborana Ha ['AJI, Bocmonb3yemcs
3aKOHOM aCCOIMATUBHOCTH TEOPHH MHOXKECTB. Takum oOpa3om, oOrias 30Ha 00-
pabotku ju1s epBoit U Bropoit K[ — o0beguHeHne MHOKECTB MOJI0KEeHHUI o0pa-
0aTbIBa€MbIX TTOBEPXHOCTEN MO OCAM Y U Z (METPUYECKUX MPOCTPAHCTB), a TAKKe
00BbEeIMHEHU MHOXKECTB JJIsi TOYHOCTH MO3UIMOHUPOBAHHM HCIIOJIHUTEIBHOTO
opraHa JiJis BbIIIIEHA3BAaHHBIX JeTajieil. B oOmeM Bume Takas obmiasi 30Ha oOpa-
00TKH OyzIeT UMETh BUJL:

0= {(Akmin’Akmax);(Bkmin’Bkmax);(Ckmin’Ckmax);(kain’kaax);(Ckmin’ckmax )}

riae k — konmmuectBo oopadareiBaembix K/ [4, c. 54].

3HaueHHUA TOJOXKEHUN HEHTPOB (KOOPIMWHATHI) BHIOMPAIOTCS UCXOMAS U3 CO-
o0paxeHWii MUHUMAaJTbHOTO 3HAUYCHHSI M3 BCETO CEMENCTBA JIeTaJIeH.

Takum 0Opa3oMm: BbISIBJIEHUE MTapaMETPOB paboueil 30HbI TEXHOJIOTUYECKOTO
000pyZ0OBaHMS TIPU €r0 MPOEKTUPOBAHUU SIBJIIETCA BAXXKHOW U TPYNOEMKOM 3ania-
yeil. [Tapamerpsl npucnocoOaeHnit OyayT TakXKe BIUATh HA TEXHUYECKYIO Xapak-
TEPUCTHUKY «IIPOU3BOJICTBEHHBIN MOTEHITHA» TEXHOJIOTHUECKOT0 000PY/I0BaHUS.

Cnucok JiuTepaTypbl
1. bymyes B.B. [Tekcr] / Meramnopexyuue cranku: yueonuk B 21. T.1 / T.M. ABpa-
amoBa, B.B. bymyes, JI.fl. T'unosoii u ap. — M.: Mammnoctpoenue, 2011. — 608 c.; ui.
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OBECIIEYEHHME BE3OITACHOCTH TPYJA
ITPU HEOTEJOBBIYE TEPMOINAXTHBIM CIIOCOBOM

ITnaxoea JI.B.

JOLIeHT Kadeapsl «be3omnacHoCTh xxu3HeaesTenbHocT» [lepMckoro HaloHa b-
HOT'O MCCJIEIOBATENICKOTO MOJIMTEXHUUECKOTO YHUBEPCUTETA, KaH . OMOJI. HayK,
Poccus, r. Ilepmb

Cumonosa K.B.

cTyneHT kadenpsl «Pa3paboTka MECTOPOKACHHUHN TOJIE3HBIX MCKOMaeMbIx» [lepM-
CKOTr'0 HAIIMOHAJIBHOT'O HCCIIEI0OBATEIBCKOTO MOJUTEXHUYECKOTO YHUBEPCUTETA,
Poccus, r. Ilepmb

Bakneiitmeit cocrapsitoniell ChlpheBOi 06a3b1 HeQTIHON oTpaciu Poccunm, a
TaKXKe psAja Ipyrux HedTeA00bIBAIOIIMX CTpaH B OyiKaliiee BpemMsl CTaHyT 3aria-
chl TsKenoi Hedtu (BsizkocThio cBbiie 50 MIla) u mpupogHBIX OUTYMOB, 3aIachkl
KOTOPBIX, IO OLIEHKaM CHEIHAIMCTOB IMOYTH B MATH pa3 MPEBHIIAIOT 3a1achl Jer-
ko HedTtu. B pecniybike Komu Benetcst 1oObr4a BRICOKOBSI3KOM HeTH Ha Sper-
CKOM MECTOPOKJIECHUH OCYIIECTBISETCS MIAXTHBIM CIIOCOOOM C TEIMJIOBBIMU METO-
JlaMH BO3JIEMCTBUA Ha TUIacT. JJaHHBIM cioco0 CBA3aH ¢ HEOOXOAUMOCTBIO pabOThI
JIOJIEH ToJ1 3eMJIeH, U KaK CIEJACTBUEM C KOMILJIEKCOM HEOJIaronpusiTHBIX YCIOBUN
Tpyaa. YToObl 10CTHYb OJIArONPUSATHBIX YCIOBHM TpyAa TpeOyeTcsl MpOBECTU aHa-
JIU3 Pa3TUYHbIX (AKTOPOB, KOTOPHIE MOTYT BJIMSTH HA COCTOSTHUE 3/I0POBbS MEPCO-
Hasa. 3aTeM HE0OXOUMO BBISIBUTH HAauOOJIEe CYIIIECTBEHHBIC U3 HUX, a TAKXKE pas3-
paboTaTh KOMIUIEKC MEp ISl PEIICHUsI TaHHOW TTPOOJIEMBI.

KittoueBbie ciioBa: BICOKOBS3Kast HE(Th, TEPMOIIAXTHBIN crloco0, Hebnaro-
MPUATHBIC YCIOBUS TPYJa, MUKPOKJIMMAT, 3ara30BaHHOCTH, 3albUICHHOCTb, MPO-
(dheccroHabHBIE 3a00ICBAHNUS.

CymectByeT MHEeHHE [3], UTO Ba)KHEHIIIEH COCTABIIAIONICH CHIPHEBOM Oa3bl
He(dTaHOM oTpaciu Poccum, a Takke psaa Ipyrux HePTeno0ObIBAIOMIMX CTPaH B
Onmmkaiiiiee BpeMs CTaHyT 3amachl Tspkeno HeTu (Bsi3kocThio cBbiie 50 MIla) u
IPUPOAHBIX OUTYMOB, 3aachkl KOTOPBIX, IO OLIEHKaM CIIELUAIMCTOB IIOYTH B ISTh
pa3 MPEBBIIIAIOT 3amackl Jerkoi Heptu. MupoBoii cyMMapHbIif 00BEM OLICHUBAET-
csi B 810 muIpZl TOHH, a OCTaTOYHBIN U3BJIEKAEMbIi 00beM 3amacoB HePTH Majoil u
cpenHeil BA3KocTu B 162,3 mup TOHH.
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B pecniy6nuke Komu OOO «Jlykoitn-Komn» Ha Sperckom HeQTETUTAaHOBOM
MECTOPOXKICHUU TPOU3BOJUT JOOBIUY TSHKEIION BBICOKOBSI3KOW He(TH, TPUMEHSIS
IIAXTHBIM CIIOCOO 100bIYM HE(PTU C TETIIOBBIMU METOAAMM BO3JEUCTBUS HA MJIACT
(TepMoOIIaxTHBIN croco0). Sperckoe HeTETUTaHOBOE MECTOPOXKICHHUE PACIOJIO-
xeHo B Tumano-Iledopckoit HeTera3oHOCHOW MPOBUHIIMK BOIU3HM ropoaa Y XTI
[5]. Ha mecTopoxaenuu ¢ 1939 r Beaercst mpombiniieHHas 100b14a HedTu. C 1968
rojia 37ech ObUIM HAYaThl U MO HACTOSILEE BPEMs BEIyTCs MPOMBILIUICHHbIE pado-
Thl TI0O BO3JEHCTBHUIO Ha IUIACT TemioHocuteneM. Kak mokasan oneIT pazpaboTku
SIperckoro MecTopoXAeHHs BBICOKOBSI3KOW HedTu Hanbosee d3PPEeKTUBHBIM CITO-
co0OM IIaXTHOM MOOBIYM HE(PTH SIBISICTCS] TEPMOIIAXTHBIN, BKIIFOYAIOIINHN TETLIO-
BOE€ BO3JICHCTBUE HA IUIACT W MOJYYMBLIMN BIIEPBBIE B MUPOBOW IPAKTHKE IPO-
MBIIIJIEHHOE UCTI0JIb30BAaHUE HAa 3TOM MECTOPOKIeHUH [1].

JlaHHBIN crIOCOO CBsI3aH ¢ HEOOXOIUMOCTHIO paOOTHI JIFOJICH O/ 3eMIIeH, U
KaK CJIEJICTBUEM C KOMIUIEKCOM HEOIaronpusTHBIX BO3IACHCTBUI HA 3I0pOBhE 00-
CILy’KMBarollero nepconana. ObecneyeHne 0€30MaCHBIX YCIOBUM Tpynaa SIBISETCS
aKTyaJIbHOM TIpOoOIIeMON.

[TpuoputeTHpiMU (hakTOpaMu, BIAHUSIONIMIMHU Ha YCJIOBHS TpyAa paOOTHHUKOB
HE(PTAHOM 1AXThI C UCIOJIb30BAHUEM TEPMHUUECKOIO BO3JIEUCTBUS SABIISIOTCS:

1. HeGnaronpusiTHble MUKPOKIMMATHUECKHUE YCIOBHUS,

2. 3ara3zoBaHHOCTb BO3/1yXa;

3. 3anbUIEHHOCTh BO3yXa.

HeynoBneTBOpUTENIbEHOE COCTOSIHUE TEMIEPATYPHOTO peKUMa B JOOBIBAIO-
IMX rajepesx oOyCIOBJIEHO TEM, YTO MOA3EMHbIE MapOIpPOBOJbL, YCThsl MOJ3EM-
HBIX MapOHAarHeTaTeIbHbIX CKBAKHUH PACIOJIAratoTCs HEMOCPEICTBEHHO B TOPHBIX
BBIpa0OTKaX.

B cootBerctBum ¢ IlpaBmiamu Oe3omacHocTH [4] TemmepaTrypa BO3ayXa B
NOOBIYHBIX, OArOTOBUTENBHBIX U JPYTUX JEHCTBYIOUINX BbIPaOOTKAaX y MECT, e
paboTaloT J01U, HE T0JKHA MpeBbImath 26°C nNpu OTHOCUTENBHON BIAXXHOCTH 10
90% u 25°C — npu OTHOCUTEIBLHON BIaXHOCTHU CBBIIIE 90%.

B ropsbix BbIpaOoTKaX, U3 KOTOPHIX IMPOU3BOJUTCS 3aKaYKa TEIJIOHOCUTEIS
B IUIACT, B KOTOPBIX MPOU3BOAUTCS OTOOp ropsyeil MpOAYKIMH JOOBIBAIOIIMX
CKB&)XHH, B eMKOCTAX TOJI36MHBIX HE(PTEIOBYIIIEK, B BRIPAOOTKAX, 1€ MPOJIOKEHBI
"ropsiune” (¢ Temneparypoil HapyxHo# nmoBepxHocTH 40°C 1 BbIlIe TPyOOIPOBO-
IIbl, TIPH YCJIOBHM, YTO BO BCEX 3THUX BHIPAOOTKAX HET MOCTOSHHOTO MPUCYTCTBUS
JIOJIEW B TEUYEHHE CMEHBI, JOIYCKAEeTCs Temmeparypa Bo3ayxa 10 36°C BKIHOYHN-
TEJIBHO.

[TpousBoACTBO paboOT B 3TUX BBIPAOOTKAX JOJKHO OCYIIECTBIATHCS B COOT-
BETCTBUU C YTBEPKAAEMBIMU B KaXKJOM OT/AEJIBHOM ClIydae IJIaBHBIM MHKEHEPOM
npennpusitus (mwaxtel, HIITY) meponpustusiMu, B KOTOPBIX, HApsAIy C JIPYTUMH,
JOJIKHBI TIPEyCMAaTPUBATHCA TIEPEPHIBBI B pad0TE C BBIXOAOM JIFOJAEH AJIs OTJbIXa
Ha CTPYIO BO3JyXa ¢ TeMmmepaTypoil He Bbime 26°C mpu MNPOAOJLKUTEIBHOCTH
Ka)KJ0ro IepepbiBa HE MeHee 45 MUHYT, IPUMEHEHHUE TEIUIO3AIUTHON OBl U
00yBH, TIOCEILIEHUE ITUX BbIPaOOTOK U paboTa B HUX 3BEHBSMHU B COCTaBE HE MEHEE
JIByX 4eJioBeK M T.N. PazoBoe Bpemsi mpeObIBaHUS B BBIPAOOTKE C TEMIEPaTypoun
36°C He moipKHO TpeBbIIaTh | 4, yacToTa npedbiBanus — He O6osee 1-2 pa3 B cMme-
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Hy (cornmacHo nmucbMmy MunzapaBa CCCP ot 29.05.84 Ne 122-5a/ 168-26).

PaGotel B BeIpaboTKax ¢ Temmeparypoil Bbimie 26°C IODKHBI BECTUCH 10
HapsA-MyTeBKE, MOJNUCAHHOM Ha4yaJbHUKOM IPOMU3BOJACTBEHHOIO Yy4yacTKa U
HadaJIbHUKOM yvacTka BTD.

Bo Bcex octanbHBIX BBIpAOOTKAX IMIAXTHI, TJI€ MOTYT MPOU3BOAUTHCS Pabo-
ThI, HO /1€ OOBIYHBIMH TOPHOTEXHUUECKUMH MEPONPUITUSIMU HOPMaJIbHbIE TEILIO-
BbIC YCJIOBUS HE OOECHEUMBAIOTCS, JOJDKHO MPUMEHSTHCS KOHIULIMOHUPOBAHUE
BO3/lyXa. YCTPONCTBO U AKCILIyaTalds YCTAHOBOK KOHIUIIMOHUPOBAHUS PYIHUY-
HOTO BO3/yXa JOJDKHBI MPOU3BOIUTHCS B COOTBETCTBUU ¢ "MHCTpyKIuen no 6e3-
OIMACHOM JKCIUTyaTallid YCTAaHOBOK KOHJAMIIMOHWPOBAHMS PYIHUYHOTO BO3ayxa'.
VYyer paboThl ATUX YCTaHOBOK JOJKEH BecTuch B "JKypHane yuera paboThl X010-
JTUIBHON YCTaHOBKH, TPUEMA U CAAYH CMEH".

HebnaronpusTHelii ra30BbI PEKUM CBSI3aH C BBIJIEJICHUEM B IIAXTHYIO aT-
Mocdepy JeTy4YHux YIiieBOJI0POI0B.

CopepxaHue KUCI0po/ia B BO3AyX€ MOJ3EMHBIX TOPHBIX BBIPAOOTOK IIaXT, B
KOTOPBIX HaXOASTCS WM MOTYT HaXOAUTHCA JIIOAH, JOHKHO COCTaBIISITH HE MEHEE
20% 1o o0Bemy.

CopepxaHue yriIeKMCIIOro ra3a B pyJIHUYHOM BO3JyX€ HE JIOJKHO IMPEBBI-
maTth (1o 00bemy):

® Ha paboYMX MECTax M B UCXOMSIIHNX CTPYSIX padounx BepaboTok — 0,5%;

e B BbIPa0OTKaX ¢ UCXOASIIEN CTpyell Kpblla, TOPU30HTA WM IIAXTHI B I1€-
oM — 0,75%;

® IIpU NPOBEACHUM U BOCCTAHOBJIEHUU BBIPAOOTOK 110 3aBaiy — 1,0%.

e CozepkaHue BOJIOpPOJa B 3aps/IHbIX KaMmepax HE JIOJDKHO IPEBBINIATH
0,5%.

CHmxeHue ra3oBbIICIICHUN B JCUCTBYIONIME BBIPAOOTKM M3 MPOCTPAHCTB
M30JIMPOBAHHBIX YYaCTKOB, IPH HEOOIBIIOM JeOUTE TIOCTYIUICHUS Ta3a U3 TJIacTa,
MOET MPOU3BOAUTHCS MOCPEICTBOM MOBEPXHOCTHBIX Ta300TBOJISAIIMX CKBAKUH, a
TaK)ke MyTEM OTCOCa ra3a ¢ MpUMEHEHHEeM kekTopoB. O0a crocoba npuemMiIeMbl
¥ DKOHOMHYECKHU 11eJIECO00pa3HbI IS yCIOBUN HETEIIaxT.

3anbUICHHOCTh psifa paOouuMx 30H, CBA3aHHAS C OCYIIECTBICHHEM B3pBIB-
HBIX, OypOBBIX pabOT MPHU MPOXOJKE rajepeil U MTPEKOB, a TAKKE C MOCIETYIONIeH
OUYMCTKOM 3a00€B OT MOPOJIbI, B UTOT€ MOXET CTaTh MPUUMUHON podeccruoHanbHO-
ro 3a0osieBaHus — CUIMKO3a. [Ipu mpoxoike TOpHBIX BEIPAOOTOK 00pa3yeTcs MbLIb,
kotopas comepxkut oT 10 no 70% nByokucu kpemHus. M3 ombiTa sKCILTyaTaluu
CYILLIECTBYIOIIMX Ha fIpere maxT, MblJib HE B3PHIBOOIIACHA, TO3TOMY MpelycMaTpH-
Baercsa 0opb0a ¢ mbplIeoOpa3oBaHUEM Kak ¢ NpodecCuOHAIbHON BpeAHOCThIO. [1bI-
JIENOJIaBJIEHUE MPOU3BOJUTCS MyTEM MPUMEHEHHs MOKPOro OypeHHus ILIMypOB U
OpOIIICHUST B30PBAaHHOW MOPOABI TIpU e€ yOopke B 3a00€, a TaK)Ke€ MHTCHCUBHBIM
MIPOBETPUBAHUEM TOPHBIX BbIPaOOTOK. [IpeaycmaTpuBaeTcsi mpuMeHEHNE UHIUBU-
JyaJbHBIX CPEJICTB 3AIUTHI OT MbLIH.

Takum oOpa3zom, OIleHKa yCIOBUH pabOTHI 3aJCHCTBOBAHHOTO MEpcoHasIa
npu 100bIYU HE(THU TEPMOIIAXTHBIM CIIOCOOOM MOKa3ajaa HeoOXOIUMOCTh CO3/a-
HUS KOMITJIEKCA TEXHUYECKUX, OPTaHU3AIIMOHHO-TEXHUYECKUX, OPTaHU3aIIHOHHBIX
MEpOIIPUSTUH, HANIPABJICHHBIX HA yIy4YllleHWE yClIOBUHM Tpyaa B maxrte. Hebnaro-
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NPUSITHBIA TEMIIEPATYPHBIA PaXKUM MOXKET PUBECTH HE TOJIBKO K OTPABIICHUIO, HO
Y CO3/IaHMIO B3PBIBOONIACHOM CUTYAIIMH. 3ara30BaHHOCTD U 3aMBbUICHHOCTh BO3TyXa
MOTYT TPHUBECTH K Pa3IUYHBIM NpodecCHOHANbHBIM 3a0oneBaHusM. OJIHUM U3
HanOoJyiee CYIIECCTBEHHBIX (PAKTOPOB, BIMSIONIMX HA 3arpsS3HEHHOCTH ITaXTHOTO
BO3/yXa, ABJISETCS 3aMbICHHOCTh BO3ayxa [2].
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MOJAEJINMPOBAHUE BEPOATHOCTU NIOTEPU ITAKETOB IIPU
COBMECTHOM PABOTE YCTPOMCTB BLUETOOTH U WLAN

Cuoopoea A.C.

OaxanaBp MO HAMPaBIECHUIO MIPHUKJIaAHAS UH(POPMATHKA,
DUHAHCOBO-TEXHOJIOTMYECKas aKajeMus,

Poccus, r. Kopouies

Yesopoaes U.A.

OakanaBp MO HAMpaBJIECHUIO MPUKJIaAHAS HHPOPMATHKA,
OUHAHCOBO-TEXHOJIOTMYECKas aKajeMus,

Poccus, r. Kopoies

B cratbe paccMOTpPEHBI BOTIPOCHI, CBS3aHHBIE C PACYCTOM M MOJICTHPOBAHUEM BEPOSITHO-
CTH IOTCPU MAKCTOB, BbI3BBAHHBLIX B3dWMHBLIM BJIMSAHHUEM IIOMCX, IIPU OI[HOBpeMeHHOI\/’I pa60Te
ycrpoiictB Bluetooth 1 WLAN B 30H€ nx neicTBus.

Knrouegvle cnosa: ycrpoilcTBa Majloro paguyca NEHCTBHs, B3aUMHBIE IIOMEXHU, YCTPOM-
cTBa TexHosoruu Bluetooth u WLAN.

Kak u3BecTHO, MCTIONB30BaHKME OJHOTO M TOTO >K€ JMama3oHa 4acToT Oec-
IPOBOJAHBIMU YCTPOICTBAMU, NEUCTBYIOIIMMU B IIpe/eaX B3aUMHOM pauoBUIM-
MOCTH, MOXET TIPUBECTH K B3aUMHBIM TIOMEXaM U BBI3BATh CEPHE3HBIC YXYAIICHUS
ux pabotsl [1-5]. PaccMoTpuM U npoaHaau3upyeM 3J€KTPOMArHuTHYI0 COBMECTH-
Moctu (OMC) aByx texnonoruii —Bluetooth 1 WLAN, pabortaromux B HETHUIICH-
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3upyeMoM Juana3zoHe 4dactoT 2,4 I'Th, mosmyduBIIEM MIMPOKOE NMPUMEHEHHUE B
MPOMBINJIEHHOW, Hay4yHOW W MemunuHckod ammapatype (ISM — Industrial,
Scientific, Medical) [6-9].

Bluetooth — 310 TexHonorusi 6ecIpPOBOAHON CBSI3U C PAJUYyCOM JIEHCTBUSA
10 M wm 100 M, pabotaroimias B quanazone 4actothl ot 2,402 ' no 2,483 I'Tw.
CrangaptoM onpenesnensl 79 kananos mupunoil 1 MI'u. PaguounTtepdeiic npoek-
TUPYETCA C YYETOM MOIIHOCTH, MOJBOJAMMON K aHTEHHE (THIIOBOE 3HAYEHHE CO-
crapisier 1 MBT). Curnan monynupyercs rayCCOBCKOM YaCTOTHOM MaHMITYJISIIIUE
(GFSK).

MaxkcumanbsHasi CKOpOCTh Tiepeiauyd JaHHBIX cocTaBisier 1 Mout/c. Merto-
JIOM MYJIbTUILUIEKCUPOBAHUs ¢ BpeMeHHbIM pazaenenueM (TDM) kanan nenurcs Ha
cioThel o 625 Mkc. [lepenaya 1aHHBIX OCYIIECTBISETCA B BUJE MMAKETOB, 3aHUMa-
IOLMX HEYETHOE YUCIIO CIOTOB, BIUIOTH 110 5. IlakeTsl JaHHBIX nepenarTcs ¢ pas-
HOM 4YacTOTOM XOIOB, MaKCHUMalibHasi CKOpPOCTb Mpu 3ToM cocTapisieT 1600
XOTIOB/C.

JIBa uim OoJsiee yCTpOMCTB, COOOIIAIOMIUXCS 110 OAHOMY U TOMY K€ KaHay,
00pa3yroT MUKOCETh, B KOTOPOM OJTHO YCTPOMCTBO JICUCTBYET KaK BEIyIIee, a APY-
rue (MAaKCUMyM CEMb aKTUBHBIX OJHOBPEMEHHO) — Kak Begomble. Kanan omnpene-
JSIeTCS KaK YHUKaJIbHAs MOCJIeI0BAaTEIbHOCTh NICEBAOCTYyYailHOM YacTOThI, MTPOU3-
BOJHOM OT 48-0MTHOTO ajipeca BEAYIIETr0 YCTPONUCTBA U €r0 TAKTOBOW YaCTOTHI.

Jlokanbubie cetu OecrpoBoaHoM cBsi3u (WLAN), kak npaBuiio, paboTaioT B
npenensax OJHOro 3/1aHus win kamiyca. OHu JeicTBYIOT B auanasone a0 100 m u
MpelHa3HaueHbl JJi1 TOro, YTOObl YBEIUYUTh BO3MOKHOCTH TPAJAULIMOHHBIX IPO-
BogHbIX cereid LAN. YacTo MX HMCHONB3YIOT Mg 0OECTICUCHHS TMOCIEIHUX He-
CKOJIBKUX JIECTKOB METPOB CBSI3M MEXKIYy OCHOBHOM CETHIO U TOJIb30BATEIIEM.
becnpoBo/iHOE MOAKIIOUEHHE K CETH TO3BOJIAET IOJB30BATENI0 HE AyMaTh IJie
MOJICOEAMHUTDh CBOM KOMIIBIOTEP, U KaK MPOJIOKUTH KaOeab O CBOEro pabodero
mecta [10-13].

Jlnst mpoBenieHrsT MOJIEIMPOBaHUs OblIa CO3JaHa WMHUTAIIMOHHAS MOJIEb,
MOBTOPSIIONIAS IO CBOCH CTPYKTYpe MOJIENb, ONMKCaHHYI0 B padote [14]. D10 no3-
BOJIJIO HE TOJBKO OCYIIECTBUTH JECTAIbHYI0 UMUTAIUIO PAOOThl YCTPOMCTB JABYX
cereir Bluetooth 1 WLAN, HO 1 CpaBHUTH MOJTyYEHHBIC PE3yIbTaThl C PaHEe U3-
BECTHBIMU.

NmuTtanmonHas Mojaenb OblIa OCHOBAaHA Ha TOIOJIOTMHM YETHIPEX Y3JIOB,
Bitovaromast nBa y3na WLAN (1 Ttouka noctyna (AP) u oaHo MoOWIBHOE
yCTpoicTBO) 1 ABa y3i1a Bluetooth (1 Bexymmii u 1 Benqomslit). Jlanueie nepenasa-
auck ¢ MoomasHOTO y371a WLAN Ha TOYKy AocTyma, KoTopasi oTBedaiga cooOIe-
HUEM O MOATBEPKACHUH YCIEIIHOIO ITpUeMa IMaKETOB JTAHHBIX.

VYerporictBa WLAN pacnonaranuce Ha paccrosiuuu: AP — (0,15) metpos;
MobunpHoe ycrpoiictBo — (0,d). YcerpoiictBa Bluetooth pacnonaranuce Ha paccro-
saann (0,0) u (1,0) METPOB COOTBETCTBEHHO /ISl BEIOMOTO U BEIYIIEro yCTPOU-
ctBa. CUMTaIOCh, YTO MOLIHOCTH Iepenayu pasHsuiack 25 MBT u 1 MBt s
WLAN wu Bluetooth cootBeTcTBeHHO. CTaTUCTHYECKHUE JaHHBIE COOMPAINCH C Be-
nomoro ycrpoiictBa Bluetooth u mo6mnbHoro y3ma WLAN.

158



[Tpu MoaenupoBaHUM PACCTOSIHHE MEXKIYy MOOWIbHBIM y31oM WLAN u Be-
oymuM ycTpoiictBoMm Bluetooth m3amensnock mo koopauHaTHO#M ocu Y. Pacipene-
nenue BbI3oBOB WLAN ycraHaBiamBaioch cienyromumMm odpaszoMm. [Ipemiaraemas
Harpys3ka ycraHaBiuBaiachk B pazMepe 50 % OT mpomyckHON criocOOHOCTH KaHala
oOcmyxuBanus. Pasmep maketa coctasisut 8000 6UT, a BpeMsi MEXTy TPUOBITHEM
MaKETOB YCTaHABJIMBAJICS paBHbIM 1,86 mc.

Kondurypaims u napameTpbl MOJICTUPYEMON CUCTEMBI OTPaXKEHbI B TaOIHLIE.

Tabmuma
NMuTtanuoHHble XapaKTePUCTHKH

NMuTanuoHHbIe XaPAKTEPUCTHKH 3uayeHusn
3azepKKka Ha pacpOCTPAHEHUE CUTHAIA SMKC/KM
[TponomKUTETLHOCT UMUTAIIMOHHOTO TPOTOHA 30c¢c
Xapaxmepucmuxu Bluetooth
[TepenaBaemasi MOIIIHOCTH 1 MBt
KoopnuHatel BeZOMOM 4acTOTEHI (0,0)m
KoopauHate! BeyIiei 9acToThl (1,0)m
Xapaxmepucmuxu WLAN
[TpomomKkuTenbHOCTH TaKeTa 8000 our
[TpomexxyToK BpeMeHU OCTYIUICHHSI MEK/Ty JIByMsI TTOCJI€/I0BATEILHBIMH MTAKETaMH 1,86 mc
g 11 Mour/c
[TepegaBaemasi MOIIIHOCTH 25 MBT
Koopaunater AP (0,15)™m
MoOuIbHBIE KOOPAUHATEI (0, d)m
3aroJioBOK Makera 224 6ur
BpemeHHBII cerMeHT 2x10” ¢
Bpewms SIFS 1x10° ¢
Bpewmst DIFS 52x10° ¢
CW min 31
CW max 1023
[opor ¢parmenTanmu HET
Iopor RTS HET
Masblii npees NoOBTOPEHUs 4
Bosp1oit npeaes noBTOpeHust 7

B moxpenupyemoii cetu ycrpoiictBa Bluetooth paGoranu crnenyrommm odpa-
30M. IIpu ycTaHOBKE COEIMHEHUS BEJOMBIE YCTPONCTBA B IMKOCETH CUHXPOHU3U-
PYIOT CBOH XOIbI 10 BPEMEHHU M YAaCTOTE MMapaMeTpaMH BEAYLIEro ycTpoiicTBa. B
peXUME COCIMHEHUS BEAyLIEE YCTPOMCTBO KOHTPOIMPYET IOCTYH K KaHaly, HC-
M0JIb3Ysl CXEMY OIPOCa, COTJIACHO KOTOPOU Mepeaadn BeyIIEero U BEJOMOIo yepe-
IyroTcs. BeoMblii MakeT TaHHBIX BCET/a CIEIYET 3a Nepeaadyeil BeAyIero naKera.

Mexay BeIylmMM M BEIOMBIM YCTPOMCTBAMH MOT'YT yCTaHaBJIMBATHCS JIBA
THTIa COCTMHCHUI: CHHXPOHHAs CBsI3b HAa ocHOBe coeanHeHus (SCO) u acHHXPOH-
Has CBs3b 0e3 ycranoBineHus coequHerus (ACL).

Cesa3p SCO mnpencraBisier coOOM CHUMMETPUYHOE COCAMHEHHE «TOYKa—
TOYKa» MEXIy BEAYIIMM W BEIOMBIM YCTPOMCTBaMH, IPH KOTOPOM BEIyIlEe
YCTPOMCTBO 4epe3 OJMHAKOBBIE MPOMEXYTKH BPEMEHHU (KOTOpBIE 3aBHUCST OT Be-
Tu4uHbl TaiMcnoTaTly,,) nocbutaeT naker cuHxponuzauu SCO B OJUH U3 CIOTOB
TX, Benomoe ycrpoictBo orBedaeT nakeroM SCO Ipu cienyrolen nepegaye.
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Benuuuna T, ycTaHaBauBaeTcs Ha 2, 4 iy 6 TailMCIIOTOB COOTBETCTBEHHO
st popmato makeroB HV1, HV2 uam HV3. Bee tpu dopmara makeroB SCO
IpelHa3HaueHbl JUIsl iepenayu peueBoro tpaduka 64 kOUT/C, U UX TIOBTOpHA Iie-
penaya B cilydae OUIMOKHU WJIM TOTEPH MaKeTa JJaHHBIX HUKOT/A HE OCYIIECTBIIACT-
cs. CBsi3p ACL — 3T0 acCUMETPUYHOE MPSIMOE COSAUHEHUE TUIA «TOYKA — TOYKa»
MEXAY BEIyIIUM YCTPOWCTBOM M aKTHUBHBIMHM BEJAOMBIMHU yCTPOMCTBAMH B IHKO-
CETH.

Jnst ACL onpenensitoTcsi HECKOJIBKO (pOpMATOB MaKETOB, @ UMEHHO: TaKEThI
DM1, DM2 u DM3, koTopbie 3aHUMaIOT COOTBETCTBEHHO TaMcJoThl 1, 3 u 5. B
TexX ciydasx, korja maketsl ACL TepstoTcs mpu mepeaade, K HUM MPUMEHSETCS
npoleaypa aBTOMaTHUECKOro 3amnpoca noBTopHoi nepenayu (ARQ), nmoka Ha uc-
TOYHHUKE HE OyJEeT MOJIyIeHO yBeaoMIIeHne 00 ycremrHoM nmprueMe nanabix (ACK).
ACK BkIaAbIBaeTCd B 3arojOBOK I1aKETa JAHHBIX OOpAaTHOTO HANpPABIICHUS, I7I€
yctanaBnuBaeTcs 3HadeHHEe Onta ARQN (1 mam 0, B 3aBUCHMOCTH OT TOTO, OBLJT JTH
0JIarornoIy4YHo MOJIy4YeH NMPEeAbIYIINN NaKeT WIH HET).

Kpowme Toro, nist obecrieueHus mociieJoBaTeIbHOrO PacloioKEeHUs MTaKETOB
JaHHBIX B TIOTOKE W (UIBTPALIMK TIOBTOPHBIX MEpeiay B MMyHKTE HA3HAYEHUS B 3a-
TOJIOBKE MaKeTa UCTIOIb3yeTcsa OUT nmopsiikoBoro Homepa (SEQN).

Ha mpakTuke mpeacTaBisieT 3HaYUTEIBHBIN WHTEPEC MPOBEIACHUS UCCIIENO0-
BaHUU CBSI3aHHBIX C MHKAIICYJISIIHEN peueBbIX CUTHAJIOB M UCIOJb30BAHUEM METO-
auky npsimoro ucrpasienust ommOok (FEC), mpu nmepepaun peyeBbIX NAKETOB
Bluetooth B ycrnoBusx akTHBHBIX BHEIIHHMX TMoMex oT yctpoiictB WLAN, a tax
KEBIUSHUS (parMeHTaIlly Ha CUCTEMY TTOMEX.

Bre16op mHKancymnsiiuu peueBbix curHaioB. Ha puc. 1 mpexacrasnensl pe-
3yJlbTaThl MOJEIMPOBAHUS PA3TUYHBIX CXEM MAKETHON WHKANCYISIUU Ui Tepe-
nauu pe [Ipu MogenrpoBaHuK MHKANCYJsALKs MeHsutach oT HV1, korna ucnosnb3y-
etrcst ckopocth 1/3 FEC u Ty,= 2, no HV2, xorma ucnonb3yercst ckopocts 2/3 FEC
u Ty..=4, u HV3, xorna ve ucnonsdyercs FEC u Ty,=6. CnenyeTr 3aMeTUTh, 4TO B
pasnuuHbIX naketax HV, HeT pa3HuLbl B o01IeH 1IMHE MMaKeTa.

W3 npencraBiaeHHBIX HA pyc. |a 3aBUCUMOCTEN BUIHO, YTO BBIOOP MAKETHOM
WHKATCYJISIIIUM HE OKa3bIBACT MPAKTUYECKU HE KAKOTO BIMSHHS Ha BEPOSTHOCTH
notepu naketa Bluetooth B 3aBucuMocT oT paccTostHusi 10 uctounnka WLAN.
To ectb, npumeHeHue aonoaHUTENbHOU Koppekiuu omunbok FEC He ymydmaer
paboune xapaktepuctuku Bluetooth. C npyroit cTopoHbl, BEpOSITHOCTh MOTEPU
nmaketa WLAN B 3aBHCUMOCTH OT pacCTOSIHHS 710 BEAOMOT0 ycTpoiicTtBa Bluetooth
(cm. puc. 16), npu ucnonp3zoBanuu HV3 ropasga mensiie uem y HV1 u HV2, 6na-
rojapst 0oJsiee MpOJOJKUTENBHOMY NMEPUOAY Tyco.

Appexmusnocms FEC. Jlna onpenenenus: 3¢pHEKTUBHOCTH UCTOJIb30BaHU-
SAMETOAMKH MPSMOTO UCIIPABICHUS OIIUOOK TIPU MOJICIHUPOBAHUH HCIIOJIb30BAINCH
Tpu Tuna naketHoil mukancymsiiuu Bluetooth: DM1, DM3 u DMS, kotopsle 3a-
HUMAJId, COOTBETCTBEHHO, c0ThI 1, 3 u 5. Harpy3ska ans Bluetooth ycranaBnuBa-
nack paBHOU 30 % OT NpOIyCKHOM CLIOCOOHOCTH KaHajla 00CITyKUBaHUsI, KOTOPBIN
COOTBETCTBYET MPOMEXKYTKaM MEXIy NpuOsiTHeM maketoB 2,91 mc, 8,75 mMc u
14,58 Mc cooTBeTCTBEHHO 111 naketoB DM1, DM3 u DMS5.
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Kak BuaHO M3 mpe/icTaBlIeHHBIX Ha puc. 2 3aBUcuMocTtel, npumeHenne FEC
UMEET OTPaHWYCHHBIC TMPEUMYINECTBA W MOXKET YIYYIIUTh XapaKTePUCTHKU
Bluetooth Tonbpko 117151 clieHapueB ¢ HU3KMM YpOBHEM IOMEX (Harpumep, AJis pac-
cTosiHMM Ooiiee 3 M).
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Puc. 2. Beposraocts notepu naketa BT B 3aBucumocTu ot paccrosiaus 10 uctounnka WLAN

Bnusnue ¢ppaemenmayuu. @parmeHTanus Win nepegada KOpOTKUX MaKeToB —
ATO METOAMKA, cMsrdarouias BIUsSHUE roMex. CBA3aHO 3TO C TEM, YTO MEHBIIHN
MaKeT JaHHBIX UMEET MEHBIITYIO BEPOSTHOCTh KOH(PIMKTA C CUCTEMOH, co3/atomei
nomexu. OnHako rpaduku, MpeACTaBICHHbIE HA pPHUC. 3 MOKa3bIBAIOT, YTO (par-
MEHTaLUs MOKET U YXYJIUTh padOTy CUCTEMBI, CO3/IAI0IIEN TOMEXH.

Takum 00pazoM pe3ysbTaThl UMHUTALMOHHOTO MOJEIHMPOBAHUS MOKa3ajH,
yT0 ucnosub3zoBanue FEC orpannunio npeumyliinecTBa MHOTUX CLIEHAPUEB HaBeEJe-
Hus nomex. Kpome Toro, npumeHnenue ¢pparMeHTaluyu MOKET YBEIUYUTh BEPOST-
HOCTb IIOTEPH IAKETA 3a CUET CO3JaHMs OOJBIIET0 KOJIMYECTBA MOMEX JUIsl APYTUX
CUCTEM.
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Puc. 3. BepositHocTh otepu nakera Bluetooth B 3aBucumocty ot pazmepa maketaWLAN

3aMeTuM, 4TO TOJIyYEHHBIE PE3yJIbTaThl XOPOIIO COTJIACYIOTCS ¢ MaTepua-
JIaMH, U3JI0)KEHHBIMU B padore [10].

Jannas paboma evinonnena 6 pamxax HUP «llpoekmuposanue cemeiiy
nposooumoti 6 ' bOYBIIO MO «®TA» noo pykosoocmeom 0.m.H., npogheccopa
Apmiowenko B.M u x.m.n., dooyenma Ab6acosoti T.C.
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HEHOOBPA30OBAHME TEIIVIOBU3UOHHOI'O OBCJIEJOBAHUA

Cuoopoea A.A.

CTyJIeHT Kadeapsl Teriora3ocHa0KeHNE M BEHTHIISALINS
Bouitoroackoro rocyjapcTBEHHOTO YHUBEPCUTETA,
Poccus, r. Bonorga

B crathe paccmarpuBaeTcs cuctemMa IeHO00pa3oBaHus B cpepe MPOBEICHHS TETUIOBU3H-
OHHOI'0O MOHHUTOPHUHI'A 3JICMCHTOB 3I[aHHI71 n coopyxceHHﬁ, YTO SABJISICTCSA 0[[HOI71 U3 KIIKOYEBBIX
mpo0sieM B 001acT MHPPAKPACHOW TUATHOCTHKU 0OBEKTOB KOHTPOJIS.

Knrouesvie crosa.: TeNNOBU3NOHHOE O6CJ'I€I[OB3HI/I€, CbCMKa, INapamMeTpbl, CTOUMOCTD.

[Tpobiema GpopmHpoBaHMs LIEH HA OKA3aHUE YCIIYT IO NMPOBEACHUIO TEILIO-
BU3MOHHOI'O 00CJEeI0BaHUs 3JaHUNA U COOPYKEHHUH 70 CHUX IOp OCTAaeTcs Hepe-
meHHo. K coxanenuto, He CylecTBYeT rOCyJapCTBEHHON HOPMaTUBHON METO/IM-
KM, [0 KOTOPOW MOXHO OCYILLECTBUTH PacuyeT CTOMMOCTH TEIUIOBU3HOHHON ChEM-
ku. Kak npaBuiio, 1ieHa siBIsi€TCS pe3yIbTaTOM 00OKOIHOM TOTOBOPEHHOCTH MEXK-
ny Ucnonnurenem u 3akazunkoM. OpraHu3anys, BHIIOJHSONIAS TaHHBIA TUIT pa-
00T, mpeyiaraeT 3aka3uuKy 3aMoIHUTh 3asBKY, Ky/1a OOBIYHO BXOJIAT:

— KOHTAaKTHas MHpopMalus 3aKka3urKa,

— aJpec MECTONOJIOKEHHS 00bEKTa TEIIIOBU3MOHHOTO 00CIIe10BaHMS;

— Tur 00beKTa (KBapTHUpa, CKIaa u T. 11.);
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— KOJIMYECTBO 3TakKeW U 00111as1 oAb 31aHUs;

— cnoco0b oborpesa 31aHusl (MTOCTOSTHHOE WJIM TIPEPHIBUCTOE OTOILICHHUE).

[To MoeMy MHEHMIO, CTOMMOCTb BBIIIOJHEHUS TEIJIOBU3MOHHOIO 00Cie0Ba-
HUS 3/1aHUS SBJIIETCSI MHOTO(AKTOPHBIM MOKA3aTesIeM, TaK KaK OH JIOJKEH BKITIOYATh
B ce0s HE TOJBKO XapaKTCPUCTUKH OOBEKTa OOCIICIOBAHMS, HO U YUHUTBHIBATH CTOU-
MOCTh 000py/I0BaHUs (MHAY€ KOMMEPUYECKOE MPEATIOKEHUE HE CMOXKET ObITh PEHTa-
OENbHBIM), KQUECTBO M KOJIMYECTBO TEPMOIPaMM, YPOBEHb KBATU(DUKALIMU MTEPCOHA-
JIa, TPAHCTIOPTHBIE PACXO/Ibl, COCTABJICHHE U [I€YaTh UTOTOBOTO OTYETA U JIP.

PaccMoTpuM moapoOHO KaKIbI U3 TEPEUUCICHHBIX KPUTEPUEB LIEHOOOpa-
30BaHMS HA YCIYTU TEMJIOBU3UOHHOTO 00CTIEIOBAHMUS :

- 8UO yCly2u no menjio8u3UoOHHOU cvemke. PaboTa 1o TernioBU3MOHHOMY 00-
CJIEIOBAHUIO MOXET BKJIIOYATh B ce0s KaK M3Yy4YEHHE TEIJIOBOTO COCTOSIHHUS OT-
JeJILHOTO AJIeMEeHTa 37aHus ((hparMeHTa CTeHbI, CBETOIPO3PAYHON KOHCTPYKIINH),
Tak u 37aHus B 11enoM. Kpome Toro, BakHO, OT KOTO UJET 3asiBKa M ¢ KeM OyjeT
3aKJIFOYEH JIOTOBOP Ha OKa3aHHME JTAHHBIX YCIyT: ¢ (pU3MYeCKUM (GKUIIBLIOM HH]IH-
BUJIyaJIbHOTO JIOMa WJIU OTJEJIbHOM KBApPTUPHI) UM IOPUAMYECKUM (TIPEANpPUATH-
eM) nuuoM. Ilo gaHHBIM HMCTOYHMKA [3], MpUBEIEHBI KOMMEPUYECKHUE YCIOBUS IO
BBITNIOJIHEHUIO TEIUIOBU3MOHHBIX pa0dOT B 3aBUCUMOCTH OT BHUJAA IpEAJIaraeMbIX
ycnyr. Llena Ha yciayru mpoBeneHUs TEIUIOBU3UMOHHOM ChEMKH MOXKET paclipejie-
JSATHCSA B 3aBUCUMOCTH OT BUAA O0BEKTa 0OCIEAOBaHMS: KUias KBAPTHpA, UHIHU-
BHIyaJIbHBIHN KHIION JOM, OOIIECTBEHHO-aIMUHUCTPATUBHBIA OOBEKT U T. 1. [4];

- mun u eeomempuyeckue napamempuvl 00vekma 0ocie008anus (ITaKHOCTb,
IUIOIIA/Ib ATa)Ka, 00BEM 3/1aHHs) SIBJSIFOTCS] IEPBOCTETIEHHBIMU [TOKA3aTENSIMU CTO-
UMOCTHU ycIIyT. YeM KpyrmHee 1o radapuraM 3/1aHue, TeMm Oosbliie TpedyeTcs: Bpeme-
HU Ha BBIMOJIHEHHE TETUIOBU3MOHHOTO MOHHUTOPWHTA €T0 OTACTBHBIX JIEMEHTOB.
Bpemst paboThl akkyMysisiTOpa TEIIOBU30pa COCTABIISIET B cpe/iHeM 3-44, KyJa cre-
IyeT BKJIIOUUTh HE TOJIBKO CaM IPOLIECC ChEMKH, HO U BpEMs, 3aTpauyuBacMoOEe Ha
CMEHY WJIU TepeMellleHne 0ObEKTHBA C OJIHOTO AJIEMEHTAa TEIIOBU3MOHHOTO KOH-
TPOJISI HA IPYrod. DTO MOXKET BBI3BATh MOTPEOHOCTH B JIOTIOJHUTEIBHBIX BBIE3IAX
Ha 00BEKT, a, 3HAUUT, U 3aTpaTax Ha TpaHcnopTHbIe yciyru. O0pryHO cnonHuTens
(dbopmMupyeT 6a30BYI0 CTOMMOCTh TEIJIOBU3MOHHOTO OOCJIEIOBaHMS B 3aBUCUMOCTHU
OT 3T@XHOCTH U OTAIUTUBAEMOM TUIOIIAIN KaXKIO0Tr0O 3Taka CTPOUTEIHLHOTO O0BEKTA.
HtoroBast 1ieHa sBiseTCsl NpOU3BEIECHUEM 0a30BOM IIEHBI Ha KOPPEKTUPYIOIIMNA
MHOTO(aKTOpHBINA K03 duiment. PaccuntsiBaercs mo ¢popmyie:

H = L[G (1 + kBH + kuepu + knozua)+ L[Tp + Huon’ py6’

e 11, - 6a30Bas CTOMMOCTb CbeMKH, PYO.; & k. .k - moBsimrarommii koaddu-

4epa ? IOAB
IHUEHT, y‘-II/ITBIBaIOIIII/Iﬁ IMPOBCACHUC HOHOHHHTCHBHOﬁ CbCMKU BHYTPH HOMGHIGHI/Iﬁ
3AaHus, YCpAavdHbIX HOMGH.[GHI/Iﬁ, IIOJBaJIbHBIX HOMCHIGHI/Iﬁ WK 110AII0JIbA COOT-

BeTCTBEHHO; Ll - TpaHcnopTHbie pacxonbl, py6.; Il - crommocts pomosHu-

0TI
TEJIBHBIX YCIYT 110 TEIUIOBOMY KOHTPOJIIO, pyo.

ITogBoAst UTOT MPUBEACHHBIM BBILIE PACCYKICHUAM, CIEIYET CKa3aTh, UTO B
HACTOsIIIIEe BpeMsl HE CYLIECTBYET O(DHUIMAIbHON perjaMeHTHPYeMOM METOIUKU
OTpesieJIeHHsI LIEHbI Ha OKa3aHHe YCIYT 10 TEIIOBU3MOHHOMY 00CIeI0BaHUIO 3/1a-
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Hus. Co3aTh METONIMKY, KOTopasi Obl OOBEKTUBHO OLIEHMBaja TPYyA03aTpaThl Ha
BBITIOJTHEHUST pa0dOT MO TETUIOBU3MOHHOMY MOHUTOPHHTY 3/IaHUS, KpaifHE CI0XKHO,
a MOKET OBITh U HEBO3MOXHO, TaK KakK LI€HA B JAaHHOM Cllydyae — MHOTO(aKTOPHBIN
MOKa3aTelb, KOTOPBINA 3aBUCHT OT MHOKECTBA KOHKPETHBIX HI0OAHCOB. OHA JOJDKHA
BOMpaTh B ceOs CIEAYIOIINE KPUTEPUU: CTOMMOCTh U KA4€CTBO PabOTHI M3MEpH-
TEJIBHOTO OOOpPYAOBAaHMS, BUJ W pa3Mep 3/aHUs, UHIWBHUIyalIbHbIE TpeOOBaHUs
3aka3urkKa, ypoBeHb KBAJIM(UKAIIMKN U ONBIT padboThl MicomHuTENs, CPOKU BBITIOJI-
HEHUsl JOTOBOPHBIX 0053aTenbCTB U Jp. Ha cerogusmHuil 1eHb NOJUTUKA 1IEHO-
oOpa3zoBaHusi B cdepe MPOBEICHUS TEINIOBU3MOHHOTO MOHHUTOPHHTA 3JIEMEHTOB
3IaHUN U COOPYKEHUM SIBIISIETCSI OJTHOM M3 KIIFOUEBBIX MpobieM B oOactu uHdpa-
KpPaCHOM TMarHOCTUKU 0ObEKTOB KOHTPOJISI.

CnMcok JIuTepaTyphbl

1. Baswnos, B.I1. UndpakpacHas TepMorpaduueckas TMarHOCTUKa B CTPOUTEIILCTBE U
sHepreruke: Opomtopa / B.II. Basunos, A.H. Anekcannpos. — M.: HT® «3Quepronporpeccy,
2003.-76 c.

2. Bsenenue B Tepmorpaduio [DneKTpoHHBIN pecypc]: TocoOue Mo MPOBEACHUIO TEll-
JIOBU3MOHHOM CHEMKH C MOMOILBIO U3MEPUTEIBHBIX TPUOOPOB pupMsel Fluke. — Fluke Corpora-
tion, The Shell Group, 2009. — 68 c.

3. Kommanusi Hwxkeropoackue Texunomoruun Yrteruienus «OKOTEX» [DnekTpoHHBIH
pecypc]: TEIUIOM30MAIMs, CTPOUTENbHbIE CMECH W KpackKH, JHepreThueckoe oO0cieqoBaHue
(aHeproayaut). — Pexxum moctyna: http://www.ekotech.ru.

4. TemioBU3MpOBaHHE 0OBEKTOB [DJICKTPOHHBIN pecypc]: TiIaBHas, YTO MOXKET TeIlIo-
BU30p,  CTOMMOCTb  YCIYyI,  BOINpPOC-OTBET,  KOHTakThl. = —  Pexum  gocryna:
http://www.teploinspector.ru.

METO/IUKA IBYXYPOBHEBOM WAEHTUOUKAIIMA
TEXHHUYECKOI'O COCTOsHUA CJIOKHOU ITPUBOPHOU
AIIITAPATYPbI C OT'PAHUYEHHBIM PECYPCOM

Cmupnos B. A.
BEAYLINI NHKEHEP-3JIEKTPOHUK oTesa HoBor TexHUKH 3AO «HIIL] «AxBamapuny,
Poccus, r. Cankt-IlerepOypr

PaccMoTpensl BONpOChl TEXHOJIOTHYECKOTO MPOSKTUPOBAHUS CUCTEM KOHTPOJISI CIIOKHBIX
TEXHUUYECKUX CHCTeM. B nmanHo# pabore 00BEKTOM HCCIeTOBAHUS SBISIETCS TEXHOJIOTHS OIICHKH
TEXHUYECKOTO COCTOSIHMS CJIOKHBIX HM3/EIHi OTBETCTBEHHOTO HA3HAUEHUS HA CTAJUH IIPOHU3-
BOJICTBA MPUMEHUTEIHHO K OOPTOBBIM aBTOMATH3MPOBAHHBIM CHCTEMaM YIIPABICHHS JE€TATENb-
HeiMu annaparamu (BACY), obecneunBaromiast TOCTOBEPHYIO OLIEHKY COCTOSIHHSI OObEKTa KOH-
TPOJISL.

Knioueswvie cnosa: KOHTPOJIb, I/II[eHTI/I(i)I/IKaI_[I/IH, TCXHHUYCCKOC COCTOAHHUEC, CJIIOXHasd CHU-
CTEMa, HCUCTKOC MHOKCCTBO.

B nacTtosiee BpeMs OJHUM K3 OCHOBHBIX HamlpaBlIEHUH KOMIUIEKCHOM aB-
TOMATU3allMd CHCTEM KOHTPOJS U JAMArHOCTUPOBAHUS CIOXKHBIX TEXHUYECKUX
O00OBEKTOB ABJIIETCA COBEPIICHCTBOBAHHME MPOIIECCOB OOPAOOTKU MOIYYCHHON HH-
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dbopMaK ¢ MpUBJICYCHUEM HOBBIX METOJIOB MHTEJUIEKTYyaJIbHOTO aHajIHu3a JlaH-
HBIX M UCIOJIb30BAHUE JTOCTMKEHUW MHTEIUICKTYaJbHBIX TEXHOJOTHM B MPOIECCe
npunsaTusa pemieHud [1,2]. CoBpeMeHHOE pa3BUTHE TEXHUYECKUX M IMPOrPaMMHBIX
CPEIICTB CO3JAI0T YCJIOBUA ISl pa3paOOTKU U BHEIPECHUS] UHTEIUICKTYalbHBIX CH-
CTEM MOJICP>KKU MPUHITHUS PELIEHUS, B pAMKaX KOTOPBIX BO3MOXHO UCIOJIb30Ba-
HUE 3(QPEKTUBHBIX METOAOB PEIICHUs CIa00CTPYKTYPUPOBAHHBIX U TPyAHO(DOP-
MaJIM3yEeMbIX 3a/1a4 KOHTPOJISI U JUArHOCTHPOBAHMS. B 3TOHN CBSI3M aKTyaJIbHBIMU
SBJISIFOTCS] BOMPOCHI pa3pabOTKU MaTeMaTUYECKUX MOJIEIe 0ObEKTOB U MPOLIECCOB
TEXHHUYECKOTO0 KOHTPOJII U MH(POPMAIMOHHO-PACUETHBIX 3aj/1ad, 00pa3yromux 00-
Iy UH()OPMAIIMOHHO-MOICTUPYIOIIYIO CPEAY B CUCTEMAaxX TaKoro poja.

OcoOeHHOCTBIO MPUHATUS pelIeHUi 1Mo pe3ynbrataM KoHTposis BACY sB-
JSIETCS HEOOXOAMMOCTh y4yeTa HEOIpeNeNeHHOCTH MH(POPMAIIUKA PAa3IMYHOM CTe-
IIEHU M XapakTtepa [3]: HealeKBaTHOCTH, HEAOCTATOUHOCTH, HETOUHOCTH, CITydai-
HOCTH, HEOTIPEICTICHHOCTH 3HAYCHU CIIOB U CMbIcTa ¢pa3s.

B Hacrosimiee BpeMs mpoleaypa OpUHITHS PEUIEHUM 10 pe3yjibTaTam J10-
myckoBoro kKoHtposii bACY peanusyercs npu HaJu4uu JULIb JBYX KJIACCOB CO-
CTOSIHUI TapaMeTpoB — "rojieH" u "He rojeH". Takoil moaX01 MOKHO NPEJACTaBUTh
B BUJIE YETKOTO MHOXeECTBA (puC. 1), ONKUCHIBAEMOr0 XapaKTepUCTHUECKON (PyHK-
uueu

Lxe A 0
O,xg A

r7ie X — HEKOTOPBIN 3JIEMEHT MHOXKECTBA X, OMPEIEIISIONIEro Bce BO3MOXKHBIE 3Ha-
YeHUs Tapamerpa, A — HEKOTOPOE MHOXKECTBO, OMPEACIISIONIee NHTEPBAI JIOIYy-
CTUMBIX 3HAYCHUHN [Xy L Xo. maxe] W ABIISIOIIEECS TTOJAMHOKECTBOM MHOXECTBA X,
Xo. s> Xo. yaxe — MUHUMAJIBHOE U MAaKCUMAJIbHOE JIOMTYCTUMBIE 3HAUCHUS MapaMeTpa
X, SIBJISIFOLLMECS TpaHUIlaMi 00JIaCTH rapaHTUPOBAHHOW pabOTOCIIOCOOHOCTH. 3HA-
YeHUS 3TON (DYHKIIMU YKa3bIBAIOT, SBIISICTCS WM HE SBISCTCS X AJIEMEHTOM MHO-
KecTBa A.

n4(x)=

>

Na(x)d

1

Xvmn X n.maxe

Puc. 1. Xapakrepuctuueckasi GyHKIUS MHOKECTBA 3HAUEHUH MapaMeTpa C JIMHTBUCTHUECKON
OLICHKOHN «TOJECH»

B curyanun KOHTpPOJIE OTBETCTBEHHBIX U JOPOTOCTOSIIUX CUCTEM TAKOMY
OMHApPHOMY ITOJXO0JIy HE XBaTaeT TMOKOCTH, TaK KaK OTCYTCTBYIOT KaUCCTBCHHBIC
OIIEHKU MPOMEXKYTOUYHBIX COCTOSIHUI mapamerpa. OJHUM U3 HEIOCTATKOB CYIIe-
CTBYIOIIEH CUCTEMBbI KOHTPOJIsI TeXHUUYECKOTo cocTosiHusg BACY sBisiercs clioxk-
HOCTb IPUHATHS PELICHU 10 €r0 pe3yJibTaTaM, KOrja 3HaYeHUE apaMeTpa Haxo-
JIATCSL OKOJIO TPAaHUIl JOIYCKOB, PA3JICIISIONIMX JIBA €r0 KPaWHUX COCTOSIHHS, Xa-
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paKTepU3yeMbIX JIMHIBUCTUUECKUMU olleHKamu "rojeH" u "He rojen". Takas cu-
Tyarys TUUYHA I peajbHBIX CUCTEM, KOT/Ia TpaHHIla MEXIy JBYMS KaueCTBEH-
HBIMHM COCTOSIHUSIMU ITapaMeTpa, UMEIOIIETO JIMHIBUCTUYECKYIO OLIEHKY «TOJIEH»,
(manpumep, "YyIOBJIETBOPUTEIHLHO BENUKO" M "OMAacHO BEIMKO') SIBIAETCA HEUeT-
KOH, pa3MbITOM. B Takux ciaydasx pemiarolnyro pojb UTpaeT BhICOKas KBamu(uKa-
1Ml ONBITHBIX CHELHAINCTOB, KOTOpas IO3BOJSET BBLABUIATH PallMOHAIBHbBIE
MPEATNONIOKEHHUS, HAXOAUTh MEPCIEKTUBHBIC MOAXOAbl K PELICHUIO 3a1ad u (-
(dekTUBHO paboTaTh MpU HATMYUM TaKOTO poja HeompeneneHHocred. Heobxonu-
MOCTh OO€CIEUEHUsI ONMEPATUBHOCTH KOHTPOJSI CTAaBUT 3aJady aBTOMAaTH3alUU
mpoliecca MHTEPHPETALNN PE3yJbTaTOB KOHTPOJS, MEpPEeBOAa KOIMYECTBEHHBIX
3HAUEHUHN MMapaMEeTpPOB B KAYECTBEHHBIE OLIEHKH, BBIPAKEHHbIE HA €CTECTBEHHOM
A3bIKE, COXPAHSSI IPU 3TOM CEMAaHTHYECKYIO JOCTOBEPHOCTh SKCIEPTHBIX OLIEHOK.

[Ipennaraemplii METOJ JBYXYpPOBHEBOW HMIACHTU(DUKAIIMUA TEXHHUYECKOTO CO-
CTOSTHUSI M3/JI€JUsI OCHOBBIBAETCSI HAa MCIOJIb30BAHUM CYIIECTBYIOIIEH U pPaccMOT-
PEHHOM BbIIIE IPOLEAYPhI TPyOOI OLIEHKU COCTOSIHUSA (TIEPBbIl ypOBEHb) U OoJiee
ryOOKOW OLIEHKH C TMpUMEHEHHEM pa3paboTaHHOro Kiaccuukatopa (BTOpOH
ypoBeHb). Heo6XxoammMocTh Takoil olieHKHu 0a3upyeTcst Ha MOJIOKEHHUH, YTO B MPO-
LIECCE U3TOTOBJIEHUS, PaOOThI, XpaHEHUS] U TPAHCIIOPTUPOBKH B 3JIEMEHTAX TEXHMU-
YECKOM CUCTEMBI POUCXOIAT MPOLIECChI, YyBCTBUTENbHbBIE K HEKOTOPOM COBOKYTI-
HOCTH HEOJAromnpusATHBIX (PAKTOPOB. DTO MOXKET MPHUBECTH HE TOJHKO K BHE3AI-
HBIM OTKa3aM, XapaKTEePU3YIOIIMMCSI CKauKOOOpa3HbIM U3MEHEHHUEM 3HAUCHUI Ka-
KOro-1ub0 mapameTpa, HO U K TTOCTEIIEHHBIM OTKa3aM, BO3HUKAIOIINM B PE3yJIbTa-
T€ MPOLIECCOB AETPaJallui B PAAHOITIEMEHTAX U XapaKTEPU3YIOLUIUMCS OCTENEH-
HBIM M3MEHEHUEM 3HAYEHUN OJIHOTO MJIM HECKOJBKHUX MapameTpoB uznenus. [lpu
ATOM BCSIKHME€ HApYIICHHS BO BPEMs M3TOTOBIICHUS CHCTEMBI MPOSBISIOTCS B BHUJIE
nH(pOpMalLMK, KOTOPast MOXKET OBITH MOJIy4eHa OT U3MEPHUTENbHBIX YCTPOICTB.

HcxoaHpIMM JaHHBIMU JJI OLIEHKH Ha BTOPOM YPOBHE SIBJISIIOTCS YMCIIECH-
HbI€ 3HAYEHUSI U3MEPEHHBIX KOMIUIEKCOM KOHTPOJIbHO-IPOBEPOYHON ammaparypbl
KPUTUYHBIX U JMHTBUCTHUUYECKHUE OLIEHKH HEKPUTHYHBIX mapameTpoB BACY. Mo-
JIeJIb OLIEHKHU CTPOMUTCSI HA OCHOBE CTPYKTypHOH nexkomnosuuuu BACY Ha cocTtas-
nstolue KoMnoHeHTol. ['padosast Mogens Texuuueckoro cocrosinusg BACY npen-
CTaBlieHa Ha puc.2, rae O — UHTerpajibHasl JIMHIBUCTUYECKAs OLEHKA TEKYIIETro
coctosinusg BACY, X; — InHrBucTHYeCKas OLEHKa (-0 KPUTUYHOIO IIapamerpa u Y;
— JIMHTBUCTUYECKAS OIICHKA j-TO HEKPUTHUYHOTO TTapaMeTpa.

O - oneHKa
TEXHHUYECKOTO
cocrostHust BACY

X, - ouenka 1-ro X - o1leHKa 1-Ir0 Y, - ouenka 1-ro Y, - olieHka j-ro
KPUTHYHOTO . KPUTHYHOTO HEKPUTUYHOTO . HEKPUTUYHOTO
napameTpa napameTpa napameTpa napameTpa

Puc. 2. I'padoBast Mogens Texuudeckoro coctosiuusi BACY
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[Ipouenypa mnonydyeHus] JUHTBUCTUYECKUX OLIEHOK 3HAYEHUH KPUTHUYHBIX
napaMeTpoB, XapaKTEPU3YIONIUX pabOTOCMIOCOOHOCTh KPUTHYHBIX JIEMEHTOB CH-
CTEMBI, OCYIIECTBIISIETCA MYyTEM HUX HACHTU(UKAIMU C MCIOJIb30BAHHEM KIIaCCH-
(UKAIMOHHON MOJIENH, T.€. OTHECEHUSI pe3yJbTaTa K OJJHOMY M3 PAaHEE BbIICIICH-
HBIX KJjlaccoB cocTosiuil. IlocTpoenue kiaccupukaropa OCHOBAaHO Ha HEYETKO-
MHOKECTBEHHOM I0AX0/I€ K MOCTPOEHUIO HENPEPBHIBHON MaTeMaTUYECKON MOJIEIH
TEXHUYECKOIO COCTOSIHUSL IapameTpa U MOAECIMPOBAHHMIO PA3MBIIUICHUN 3KCIep-
ToB. Onrcanue 3Ha4eHil mapaMerpa B BUJE JIMHIBUCTUYECKON IEPEMEHHOM SBIISI-
eTcsl Topas3io 0ojee ecTeCTBEHHbIM. B 3ToM citydae, pyHKUMU MPUHAUIEKHOCTH
HEYETKHUX MEPEMEHHBIX 33/Ial0T CTENEHb WM YBEPEHHOCTh, C KOTOPOIl BO3MOKHBIE
3HAUEHUs MapamMeTpa MPUHAAIEKAT HEYETKUM MHOXKECTBAM, OMKUCHIBAEMBIM 3TUMU
¢yakuuamu. C MOMOMIBIO amnmapara TEOPUH HEUETKUX MHOXKECTB TMpeJiaracTcs
IPOU3BECTH pa3zieseHue o0JacTH JONYCTUMbIX 3HAYEHHMM mapaMerpa, MMEIOIIEro
JMHTBUCTHYECKYIO OLEHKY "TofieH", Ha KJIacChl, XapaKTEPU3YIOIIUE CTENEHb BbI-
PaXXEHHOCTHU ITON OLICHKHU.

OCHOBHBIMU TPAKTUYECKUMU JOCTOMHCTBAMHU HEYETKO-MHOXKECTBEHHOTO
MOAXO0/a SIBJISFOTCS:

— BO3MOXHOCTBH (DOpPMaIM30BaTh B €AUHON (POpPME U HCTIOIH30BAThH BCIO
JOCTYITHYIO HEOHOPOAHYIO HH(OPMAIIHMIO: JETEPMUHUPOBAHHYIO (M3MEPEHHBIC
3HAUEHUs TaPaAMETPOB), CTATUCTUYECKYIO (CTATUCTUYECKUE 3aKOHBI pacipeene-
HUS U1 OTACNBHBIX 3HaY€HUI MapaMeTpoB), IMHTBUCTUYECKYIO (IPUOIMKEHHBIE,
CyOBEKTHUBHBIE OLIEHKH CTIECIIHAIMCTOB, BHIPAXKEHHBIE C TIOMOIIbIO HEUETKUX TTOHS-
TUH, OTHOILIEHUI U BbICKA3bIBaHU MPO(ECCUOHATBHOIO fA3bIKa), UHTEPBAJIbHYIO
(momycTuMble MHTEPBAJIbI U3MEHEHUS 3HaYEHUI mapaMeTpoB). ITO MOBBIIIAET J0-
CTOBEPHOCTh M KaU€CTBO MPUHUMAEMBIX PELICHMUI];

— CHOCOOHOCTbH JJaBaTh MIPUEMIIEMbIE PE3YJIbTaThl IPU BHICOKOM CTENEHU
HEOMPEIETICHHOCTH UCXOAHON NH(OPMAIINK;

— TUOKOCTb, MTO3BOJISIOIIAS COTJIACOBBIBATH CTEIIEHb TOYHOCTH PEIIECHHUS C
TpeOOBaHUSAMHU 3a/1a4l U TOYHOCTHIO UMEIOIINXCS TaHHBIX. BO3MOXKHOCTH moce-
JYIOILETO YCOBEPIIEHCTBOBAHUS MOJIENU 10 MEPE MOCTYIICHUSI HOBBIX JAHHBIX;

— BO3MOXHOCTb IIPEIOCTaBICHUS KAUECTBEHHOW OIIEHKU UCXOAHOW MH-
dbopMaruu st IPUHATHS PEIIECHUs B BUJIE TIOHSATHH, SBISIOLUIMXCS CIEICTBUEM
YeJIOBEYECKOTO MBILUICHHUS, IPUOJIMKEHHOTO XapaKTepa YMO3aKIOUeHHUH, TUHT -
BHCTHUYECKOTO UX MPEJICTABICHHUS;

—  CcIOcOOHOCTh 00ECTIEUUTh JIOTUUECKYIO IPO3PauHOCTh MIPOLIECCa MOJIE-
JMPOBAHUS.

[Toctpoenue knaccuukanMOHHON MOJETN OCHOBAHO HA pe3ylibTaTax o0pa-
OOTKM 3aKJIIOYEHHH ONpPEEIeHHOrO YKCIa OINBITHBIX CIEIHMATUCTOB U aHAIM3a
uMeromencs 0a3bl JAHHBIX PE3yJIbTaTOB MPEABIAYIIMX HCHbITaHud. OHO mpeny-
CMaTpPUBAET BBIIIOJIHEHUE HECKOJIBKUX 3TaIlOB.

Ortan 1. BeiOop KpUTHUHBIX MTapaMeTpoB, MOJISKAIUX KIacCu(PUKaIuu.

[lepedyeHb KPUTUYHBIX [TAPAMETPOB OIPEAEIIAETCA MO COTJIACOBAHUIO pa3pa-
60TunKoB U 3aka3zuukoB BACY mnpu BeipaboTke TpeOoBaHMIl K mporpamme odec-
MEYCHHS] €r0 HAJCKHOCTH, BKIIOYAEMBIX B KOHTPAKTHBIC JOKYMEHTHI (TeXHHYE-
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CKO€ 3/1aHu€, JOTOBOP U JIp.) C BOBMOXHOCTBIO €r0 KOPPEKTUPOBKU HA OCHOBAHUU
aHaJIM3a YKCIIEPUMEHTATbHBIX U DKCIIEPTHBIX JaHHBIX.

Ortan 2. OnpeaesneHre KOJIUYECTBA KIACCOB KIaCCU(DUKAIIMOHHON MOJIETU U
WX JIMHTBUCTUYECKUX HAUMEHOBAHUH.

Br16op onTUMansHOTO KOJMMYECTBA KJIACCOB 00ECIeYMBAET MUHUMAJIBHYIO
CTENEHb TPYIHOCTH MPH KUCIIOJIB30BAaHUH KJIACCU(DPUKATMOHHON MOJIEIH B MPOIIEC-
C€ KOHTPOJISI U MaKCUMAJIbHYIO COTJIACOBAHHOCTh JKCIIEPTHBIX CYKICHHUU NPH €€
co3nanuu. Hampumep, 1 KpUTHYHBIX IMapaMeTpoB, paccmarpuBaeMor BACY,
JKCHepThl omnpenenwinn 9 knaccoB. OHM HMMEIOT CHEAYIOIIME JIMHTBUCTUYECKUE
HAaUMEHOBAHUS: «OMACHO Majoy, «YIOBJIETBOPUTEIHHO MajOy», «XOPOLIO Majoy,
«OTJIMYHO MaJio», «OTJIMYHO ONTUMAJIbHO», «OTJIUYHO BEJIMKO», «XOPOIIO BEJIU-
KO», «yJIOBJIETBOPUTEIBHO BEJIMKOY», «OMACHO BEIUKO». Takas rpajamus Ka4yecTBa
OTpakaeT 0COOEHHOCTHU YeNIoBeKa, KaKk CyObeKTa MPUHATHS pelieHnid u 00paboTKH
uH(MOPMAIIHH.

Ortan 3. @opmanu3zanusi HEOJHOPOIHON HHPOPMAIIMM HA OCHOBE TEOPUU
HEYETKUX MHOKECTB.

BBeseM JNMMHTBUCTUYECKYIO MEPEMEHHYIO «IapameTp», 00JacThio OMpese-
JCHUSI KOTOPOH sABIAETCS UHTEPBAN [0, Xypeo], TAE Xppeo — MPENEIBHO BO3MOKHOE
3HaueHue napameTrpa x. Ee 3HaueHUAMM SIBISIOTCS HEUETKHUE MEPEMEHHBIE «To-
JICH», «HE TOJICH MEHBILIE», «HE TOACH Oombiie». [l Kaxxaol mepeMeHHON dKC-
MepTaMu ONPENEIIACTCS TUANA30H JOIMYCTUMBIX 3HAYEHU M.

Kaxxnomy 3HaUEHHIO JTUHTBUCTHYECKOW MEPEMEHHOW CTaBUTCS B COOTBET-
CTBUE (PYHKUMS MPUHAAJIEKHOCTH TOIO WM HHOTO HEYETKOIO0 MHOKECTBA.
Hanpumep, nis KpuTHuHBIX napameTpoB paccMmarpuBaemoir BACY, skcnepts! uc-
MOJIB3YIOT CTaHJApTHBIE (POPMbI (PYHKIMA MPUHAAICKHOCTH, TpadhUuecKu mpe-
CTaBJICHHBIE HA PUC. 3, TJI€ X, — ONTUMAIBHOE 3HAUEHUE MAPAMETPA X, X,m M Xyanc
— MUHUMaJIbHOE M MAaKCUMAaJIbHOE 3HAYEHUS MapaMeTpa X, SIBJISIOLIMECcs TpaHuLa-
MU o0yacTell TapaHTUPOBAHHON HepaboTocrnocoOHOCTH. HeueTkyro nepeMeHHyro
«TOJICH» OIUCHIBACT CTaHAApTHas (QYHKIUS TPHUHAJICKHOCTH WU.(X) Kiacca f,
«HETOJIEH MEHbIIE» — U, (X) Ki1acca L, «HeroJieH 0oJble» — u,q(Xx) knacca y. Mn-
TEePBAIBI X, Xosunl T X0 saxes Xnare] XaPAKTEPU3YIOT 00J1aCTH HETaPaAaHTUPOBAHHOM
paboTOCITOCOOHOCTH.

A

0 ‘ > .

Xavun Xpvun Xonr  Xjmaxe XmaxcXnpen

Puc. 3. ®yHKIIMY TpUHAIICKHOCTH HEUETKUX TEPEMEHHBIX [l («HE TOJIECH MEHBIIIEY),
L («TOIeHY), Wye («HE TOJIEH OOIBIIIE))
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OTH QYHKLIUHU ONPENESIOTCS CASAYIOIIMMU BIPAKEHUSIMU:

I, x<x,,
X —X
. _ JI.MHMH
/uHM (x’ xMI/IH > x}l.MMH) - s xMI/lH S X S x}Z[‘MI/IH H (2)
AMHH  “MHH
0, x=x, ..
0, x<x_,
X—X
MUH
x —x s ‘xMym S xS xMaKC
onr MUH
lur (x’ xMI/IH > ‘xorrr > xMaKC ) = 2 (3)
X —X
MakKc
> xorrr S Xs 'xmakc
xMaKC - xOHT
O’ xZ xMaKC
X, —X
= _ makc  Tmum
xon‘r - 'xMaKc o) ’ (4)
O’ xS JI.MaKc
X—X
. _ JI.MAKC
ILIH6 ('x’ x}:[.MaKC > xmalcc) - x}I.MaKC S X S xMaKC * (5)
xmaxc — Mmaxe
I, x>x

Makc

HeueTtkas nmepemMeHHas «roJieH» UMeeT HOPMaIbHYIO U BBITTYKITYIO (DYHKITHIO
NIPUHAICKHOCTH, KOTOpas NaeT HarJsagHOE MpEICTaBlICeHHE KadyeCTBEHHOW WH-
dbopmaruy 0 3HAYCHHSX MMapaMeTpa BHYTPH ATOTO MHOXKeCTBa. /[ Toro 4ToObl
COTIOCTaBUTh KAYECTBCHHBIM HAMMEHOBAHHSIM KJIACCOB MX KOJIMYCCTBEHHYIO OIICH-
Ky B BHJIC MHOXKECTB JIOITYCTUMBIX 3HAYCHHH, HEOOXOAMMO pa3OneHHUE HEUETKOH
MEPEMEHHON «TOACH» Ha YETKHE MHOXKECTBA, COOTBETCTBYIOIIME OMPEACICHHBIM
paHee kiaccaM. [IpoBenem quckpeTus3aInio HEYETKOro IepeEMEHHOM, 3a1aB 3HaYe-
HUS O-ypOBHEW (DYHKIIMW TPUHAIIC)KHOCTH. 3a(UKCHPOBAHHBIC TSATH O-yPOBHEH
(GYHKIIMY TIPUHAIJIC)KHOCTH, TIOKa3aHbl HA PHC. 4 TOPU30HTATIBLHBIMUA JTUHUSMHU.

3Ha4YeHUsI BEPXHET0 U HIDKHETO M3 HUX OIpeessitoTcs mo ¢popmysie (3) moa-
CTAHOBKOU Xy M Xouum (Xomaxe). OCTaNbHBIC 3HAUYEHUS O.-YPOBHEW 3a7ar0TCS JKC-
neptamu. HeoOxoaumast TOUHOCTD ONPESIsSeTCsS UMH UCXO/IS U3 TOrO, KaKUM H3-
MEHEHHEM BEJTMIMHBI MOYKHO TTPeHEOpEUb.
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Xt maxe ¥make

“r(x) A %Aou.m\{/{ly;x.m\l/{lxop.»%Aom% m,l.a\{/{‘xop u\:/NAyuAa\:/(Amm%
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
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a3 7777777777 L < e | I | |
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| | | | | | |
az 7777777777 L <A e [ e A |
| | | | |
al | \ \ \ \
- AT [ T
| | | |
| | | |
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|
|
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|
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|
|
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{
2

|
|
|
|
|
|
|
|
l
S
Puc. 4. I'padmueckoe nipeicraBieHne o-ypoBHel (yHKIIMH MPUHAICKHOCTH
HEUYETKON NEPEeMEHHOM «TOJeH»

Takum o0Opa3om, ONMpeAeNnsIrOTCs TPAHUIIBI TPOMEKYTOUHBIX KaueCTBEHHBIX
IIPU3HAKOB IIPOSIBICHUS HCCIEAYEMOIO CBOWCTBAa «rojaeH». KomudyecTBeHHON Xa-
PAKTEpPUCTUKON CTENEHU BBIPAKEHHOCTH ITHUX CBOMCTB OTACIBHBIMH 3HAYEHUSMH
KOHTPOJIMPYEMOTO MapaMeTpa, B JaHHOM CiIy4ae, SIBIISIOTCS 3HAYEHUS O-yPOBHEU
GYHKIIMK TPUHAJICKHOCTH. MHOXKECTBA 0-ypOBHEW (DYHKIIUUA TPHUHAIIC)KHOCTU
MIOKAa3aHbl HA PUC. 4 U Yepe3 CBOU ONOPHBIE TOUKHU MPEACTABIIIOTCS B CIEAYIOLIEM
BHJIE:

Aa] = {X | Xo.mun <x Sxa./wakc}J (6)
A= {x [ x21<x <x22/, (7)
Aa3= {X |X3JSX SX32}, (8)
Ags = {x | x4 <X SXy2/, ©)

Ays = {x | X = Xoum- (10)

Otan 4. Iloctpoenue 6a3pl paBMIl KJIacCU(PUKALNUN, UCTIONB3YS ONEpaIuu
TEOPUU MHOXECTB M MPOJYKIIMOHHYIO MOJIEJIb MPEICTABICHUS 3HAHUMN MPaBUIIAMU
Buga "ECJIU-TO".

MHoXecTBa 3HAUCHUN TapameTpa, COOTBETCTBYIOIIWE JIMHTBUCTHYCCKUM
oueHkam "onacHo" (4,,), "y10BIETBOPUTENLHO" (4,5), "Xx0pomo" (4y,y), "oTIMYHO"
(Aomy), "oTauyHO onTUMANIBHO" (A4,,,;) MOXKHO MPEJICTABUTh B BUJIE PA3HOCTH MHO-
KECTB O-ypOBHS QYHKIIMH MPUHAIICKHOCTH.

Ay = A\ Ay = Ay + A, = {313, Sx < fulx |, <3<y (D
A,=4, \A4,, :AW_M +A4,., :{x|x21 £x<x31}u{x|x32 <x£x22}, (12)
AXop =A4,.,\4, :AXOP.M +A,mpB ={x|x31 Sx<x41}u{x|x42 <x£x32}, (13)

A = AN\ A=A, + A =1x]x, Sx<x, Julx]x, <x<x,f, (14)
A=A, ={x|x=xm}. (15)

rne A,,, — MHOXECTBO 3HAYEHUU MapaMeTpa, COOTBETCTBYIOIIEE JIMHIBU-
CTHUECKOM orleHke "omacHo majuo", 4,,, — "ormacHo Beauko", 4,,, — "OTJINYHO OII-
TUMAJILHO" M T.JI.
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OnopHble 3HAYEHMs] TPAHUL], YKA3aHHBIX BbIIIE MHOXECTB, ONPEACIISIOTCS
no dopmyre (3). Knaccudukanus nponu3BoIUTCS HA OCHOBE CHOPMYITHPOBAHHOTO
OMNBITHBIMU CIIELIUATIUCTaMH CIIEAYIONIEro Habopa MPOIYKIIMOHHBIX MTPABUIL:

[TpaBuno 1: ECJIN «xcA4,,,», TO «x ecTh 0acHO MaJio»,

[TpaBuno 2: ECJIN «xcA,, », TO «x ecTb 0MacHO BEIUKOY,

ITpasuno 3: ECJIN «xeA,y,», TO «x €cTh yOBIETBOPUTEILHO MAJIO»,

[TpaBuno 4: ECJIN «xeA,y ¢, TO «x €CTb yIOBIETBOPUTENBLHO BETUKO»,

ITpaBuno 5: ECJIN «xeAyp 0, TO «x €CTh XOpOIIO Majio»,

ITpaBuno 6: ECJIN «xeAyp¢», TO «x €CTh XOPOLIO BEIUKOY,

[TpaBusno 7: ECJIN «xcA,p,.», TO «x €CTh OTIMYHO MaJIo»,

[TpaBuno 8: ECJIN «xecA .67, TO «x €CTh OTIUYHO BEIUKOY,

[TpaBumno 9: ECJIN «xcA,,,,»», TO «x €cTh OTIIMYHO ONTUMAILHO.

[Tpu naenTrdUKauy TeXHUIeCKOoro coctossiHusg bACY Takke UCIIONb3YyIOT-
Cs TPOAYKUHMOHHBIE MPaBHJIa JIOTUYECKOTO BBIBOJA, OMPEIEISAIONINE KPUTEPUU
OLICHKHU COCTOSIHUSI:

[IpaBuiio 1: ECJIN «onHa U3 oneHoOK Y «He rogen»», TO «cocrosane BACY
«He B HopMme»», MHAUYE «IlIpaBuiio 2»,

[TpaBuiio 2: ECJIN «oaHa U3 OLIEHOK X «OIMAacHO Majoy WM «OMAacCHO BEJH-
ko»», TO «cocrosiune BACY «onmacno»», MHAYE «IIpaBuio 3»,

[TpaBuiio 3: ECJIA «ogHa U3 OUEHOK X «yJOBIETBOPUTEIBLHO Majo» WU
«YIOBJIETBOPUTENIBHO BeUKO»», TO «cocrosinue BACY «ynOBIETBOPUTETBEHOMY,
NHAYE «IIpaBuso 4»,

[IpaBuiio 4: ECJIN «oxHa U3 OLEHOK X «XOPOILIO Majo» WU «XOPOLIO Be-
muko»», TO «coctosinue BACY «xopomo»», MTHAYE «IIpaBuio 5»,

ITpaBumno 5: ECJIN «oaHa u3 o1ieHOK X «OTJIMYHO Majioy WIM «OTJIUYHO Be-
muko»y, TO «coctosinue BACY «otauuno»», MHAYE «coctosaue BACY «oT-
JIUYHO ONTUMAIIBEHOMY.

[Ipn nAByxypoBHEBOM HAeHTH(pUKaUUU TexHuueckoro cocrosinusi BACY B
Clly4ae BBISIBICHUS HECOOTBETCTBUS TPEOOBAHUAM TEXHUUYECKUX YCIOBHM JTMHTBH-
CTUYECKUX 3HaueHUl olleHKu cocTosiHus BACY, npuHumaeTcs pemeHue o npoBe-
JICHUU HACTPOMKH, JTONIOJHUTEIBHONU PETYJIUPOBKE U OTIIAJKE B3aUMOIEUCTBHS CO-
cTaBHbIX 4actell B cocraBe BACY.

PaccMoTpeHHas MeToauKa OLleHKH TexHuueckoro cocrosinus BACY, pa3su-
BAIOIIMN TPAJAWIIMOHHBIN TOIXOJ MyTeM HCIOJIb30BaHUS BTOPUYHON 0OpabOTKH
pe3yJbTaTOB (PYHKIIMOHAJILHOTO KOHTPOJISI C IPUMEHEHUEM MHCTPYMEHTapus HH-
TEJUIEKTyaJIbHOTO aHAJIW3a JTaHHBIX, O3BOJSET OCYIIECTBUTh PEATUCTUUHYIO, T1O-
HATHYIO U 3(Q(GEKTUBHYIO MHTETPATBHYIO OIIEHKY TEKYIIErOo COCTOSHUS TeXHUYe-
CKOro o0bekTa. M310KeHHbIe HAyYHO-METOINYECKHUE MPUHIUIIBI MOTYT OBITH HC-
MOJIb30BAHBI MPU TEXHOJOTHMYECKOM IMPOCKTUPOBAHWU CUCTEM KOHTPOJS WU JIHa-
THOCTUPOBAHMS, MPUMEHSIEMBIX Ha Pa3JIMYHBIX ATanax *XW3HEHHOIO LMKJA, Kak
BACY, Tak u aHaJIOTHYHBIX CJIIOKHEIX 00OBEKTOB.
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CTEM KOHTPOJISI U TUAarHOCTUPOBAHUS CIIOKHBIX TeXHUYeCKUX 00bekToB [Tekcr] / B.A. CMupHOB
/" CoopHuk TpymoB Bcepoccuiickoit HaydyHO-TeXHHUYECKOH KoH(pepeHmmnn «TeopeTnueckue u
NIPUKJIAIHBIE TPOOJIEMBI Pa3BUTHS U COBEPIICHCTBOBAHUS ABTOMAaTH3MPOBAHHBIX CHCTEM YIpPaB-
JIeHns BoeHHoro HasHauyeHus». CII6: BKA mmenu A.®. Moxatickoro, 2013. Yacts II C. 216-
220.

KYPC HH)KEHEPI;IOfI I'PA®OUKHU TEXHUYECKHUX
CHHEHUAJIBHOCTEMU HA BA3E AUTODESK INVENTOR

Tenezun B.B.

3aBeayromi Kadenpoii nHxkeHepHo# rpaduku JIMnmenkoro rocy1apcTBeH-
HOTO TEXHUYECKOTO YHUBEPCUTETA, KaH/I. TEXH. HAYK,

Poccus, r. JIuneux

Tumos H.A.

CT. TIpeno/iaBatens Kadeapsl HHKEHEPHOU TpaduKu
JIunenkoro rocy1apcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA,
Poccus, r. JIuneuk

KoHcTpynpoBaHue M3AeNUil pa3IMyHOro Ha3HAUCHHUS U pa3padOTKa TEXHOJOTHH HX H3-
TOTOBJICHHUSI B HACTOSIIIEE BpeMs MPAKTUYECKU MOJHOCThIO 0a3upyeTcsi Ha UCMOJIb30BaHUU Me-
T0/10B KoMIbtoTepHOro 3D-MmonenupoBanus [1]. [Ipu moaAroroBke BHICOKOKBATU(UITUPOBAHHBIX
cnenanucToB B BY3ax cTpaHbl OCBOEHHWIO ATHX METONOB yneisiercs ocoboe BHUMaHHE [2].
CraTbs TOCBSIIEHA BOMPOCAM, CBSI3aHHBIM C BHEAPEHHWEM B Y4eOHBIH MpoIecc MeETOIOB
3D-MonenupoBaHus HA CaMOM HayaJlbHOM 3Tame MOATrOTOBKM OaKallaBpOB pa3iMYHbIX HaIpas-
JICHUH.

Kniouesvie cnosa: nauepraTenbHas T€OMETpUs, MH)KEHEpHas Tpaduka, KOMIBIOTEPHOE
MoJenupoBanue, udpoBoit mpororun, 3D-Moaens, 4epTEXK.

WNnxenepras rpaduxa (uyepueHue) siBIsIeTCsl HEOThEMIIEMOM 4acThio 0a3o-
BOro (00menpodeccuoHaIbLHOTO) IUKIIa 001e00pa30oBaTEILHON MPOTPaMMbI TTOJI-
TOTOBKM OakKallaBpOB, CIIEIIMAIMCTOB, @ MHOT/Ia U MarucTPOB Pa3jMYHbIX HAMpaB-
nenuii. Tak, HampuMmep, B paMKax HalpaBiICHHUS MOATOTOBKH CIEIUATHCTOB TIO
HarpasiieHno 190109.65 «Ha3zemHble TpaHCIIOPTHO-TEXHOJIOTMYECKUE CPEICTBAY
MPEAIoaraeTcsi, YTo CTYACHTHI B IMpoIlecce M3ydeHus aucuurmubl «Hauepra-
TeJbHAs TEOMETPHSI U MHKEHEPHAsI TpaduKay JTOKHBIL:

1. 3HaTh crOCOOBI MOCTPOCHUS YepTekKel 1000 CIOKHOCTH ¢ HEOOXOu-
MBIMM BHJIaMU M CEYEHMSIMH, B TOM UHCJE C MCIOJIb30BAHUEM KOMIBIOTEPHON
rpaduku, BKIIOYas BBIMOJIHEHHE TPEXMEPHBIX MOjieNiell 00BEKTOB.
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2. YMeTb BBIMOJIHATD YEPTEKHU JeTajdeil U COOPOUYHBIX €IUHUI] B COOTBET-
CTBUU C TPEOOBAHMUSIMH K KOHCTPYKTOPCKOW JOKYMEHTAallMW, B TOM 4YHCIIE€ C HC-
[0JIb30BAHUEM TPEXMEPHOTO KOMIIBIOTEPHOI'O MOJAEIINPOBAHMUS.

3. Bnagetp MeTOJaMU NPOEKTUPOBAHUS, B TOM YHUCIIE, C HCIOJIb30BAHHEM
TPEXMEPHBIX MOJECIICH.

Amnanornynbie TpeOOBaHMS MpEANIAraloTCs CTaHAAPTAMH JIPYTHX Harpabie-
HUW TTOATOTOBKH. MEHseTCs Ha3BaHWE MUCIUTIIMHBI — « MH)KeHepHas rpadukay B
HarnpasyieHuH noarotoBku 150700.62 «MammHOCTpOEHUE» MPHU MOJHOM OTCYT-
CTBMHU B CTaHJApTe KaKUX-TMOO TpeOOBaHUU pazaenaM HU3yd4aeMOW TUCIUIUIMHEI;
«HaueprarenbHas reomerpusi», «VHxeHepHas M KOMIbIOTepHas rpaduxa» B
HanpasieHun noarotoBku 140100.62 «Tennosneprerrika W TEIIOTEXHUKAY,
«KommnbrorepHas rpaduka» B HampasieHun noarotoBku 150400.62 «Metammyp-
TUs» MPU CXOJHBIX TPeOOBaHUSX B CTaHAAPTaX K MPOEKTHUPYEMBIM pe3yJibTaTaM
OCBOEHHUS JUCIUIUIMHBI.

TpanuimoHHO BBIAEISIOT TPU B3aUMOCBSI3aHHBIX pasjesia B Trpaduyeckoit
HOJIrOTOBKE CTYNEHTOB [2, 3]: «HaueprarensHas reomerpus», «IHxkeHepHas rpa-
¢duka», «KommbproTepHas rpadukay, U3ydaeMbIX MOCIEAOBATEIBHO B 1-0M, 2-0M
uHoraa 3-em cemectpax (1-viif u 2-0if kypc). Takoit moaxo/1, Mo MHEHUIO aBTOPOB,
HeBepeH. KommbloTepHas rpaduka — 3TO HE OTAENbHBIA MPEaMET, a METOJ 00pa-
00TKM TrpaduvecKoil TBYXMEpHOU U TpéxmepHou mHbopmammu. OBlageHUE dTHUM
METOJOM JOJDKHO HaYMHATHCS € MEPBOrO 3aHATUSA MO AucuuiuinHe «Haueprarens-
Hasi TE€OMETPUsS» M COBEPIICHCTBOBATHCS B IPOLIECCE BCEro 0OPa30BaTEIbHOIO
mporuecca.

B nannoii pabote mpenaraeTcs METOJUKA U3YYeHHs TUCIMIUIMHBI «HxXe-
HepHas rpaduka» C MPUMEHEHHE BO3MOXKHOCTeH 3D-mMoaennpoBaHUSI CHUCTEMBI
Autodesk Inventor Professional 2014.91o BTOpas yacth kypca (2-oii cemectp),
paccunTaHHas, Kak npaBwio, Ha 72 wim 108 yacos.

B mporiecce 00ydeHus CTYACHTHI BBITIOIHSIOT CIEAYIONIUE paOOTHI:

1. OcHoBbI cuctemsl Inventor. OpueHTHPOBOYHO Ha ATy pabOTy 3aTpaynBa-
€TCsl OT MATH JO BOCBMHU MPAKTHUECKHUX 3aHATUN. JIEKIIMOHHBIN KypcC MOCBSILIEH
3HakoMCTBY co crtangapramu ECKJI. Pe3ynbTaT BBINOJHEHWS AAHHOTO dTama —
TBEPAOTENbHAS MOJIENb JOCTATOYHO CIOXKHOU JeTanu u e€ ueptexa (puc. 1).

2. CoenuHeHre Kpen&xHpIMU JeTamsamu. Coopka B cucteme Inventor (puc. 2).
Ha pucynke 2 npezacrasieH Juiib cOOpOUYHbIN uyepTéx. [10MHbIN KOMIUIEKT yepTexen
BTOPO# rpauyeckoil padoThl BKIIOYAET €€ CrIeUU(PUKAIMIO U YEPTEKU COEeTUHsIe-
MBIX TUIACTHH, a TaK)Ke MPE3CHTAIMI0 COOPKU — pa30opku coeauHeHus. PaboTa BbI-
MIOJTHSIETCSL C TIOMOIIBI0 MacTepa MPOSKTUPOBAHUSI OONTOBBIX COEIUHEHHI CUCTEMBI
Inventor.

175



100100000R1 Iy

. B(2:1)
) 5(2:1) PR \/ Rz 20/}
F
g
: |
'j f “ S
= M R oy !
mE 60 !
120 4 omB. 86,6

30 A-A
E ¢20H7 (.G_UZT
8 b 25
N o % HaenadHoe uzodpaxerue

t

o | B
s I L H T~

e : AT

I |

1 T — S
Ra 6,3, ‘g20 L" w0
25
o 90
S|
S
£
5
S
A
= o4 1 30.. 40HRC3 >
- fl,-r-m fl,-& 2. Heyka3sawHsie omkAoHeHus pasmepol H14, + T—;
E o =4 =4 3. Heyka3sarHsie paduycsi R1.6
B N T TT 4. HeykasawHsie gpacku 2.5x45°
AR AR 5. *Pa3smepsi dna cnpabok
. &/ &
S Y ACTY.000001.001
;: 5 Jun_| Macca | Macumad
Han] fucm|  W° dokyr. | flodn | famal
Pazpas_|/Banol WA 74600 Madeas demanu 0,68 1:1

I |/Tet. Teaeaur B.6. Bapuanm K99
E y | Sucm [ wemat 1
= fiaond B-11-45x30 [OCT 103-2006
2 EDMMU Monoca Franc [OCT535.7005 KTM-11-1

F 1 KonupoBan Dopram AT

Puc. 1. Tpéxmepnast MmoJieb U 4epTEX eTaiu B cucteme Inventor

{epb. npuren.

[T

Bam unf W | #uB. N Gyén

9240020000071 1/

134"

70"

* Pasmeps dna cnpabox

g
< AFTY9.000002.001 (b
S
g Jun_| Macca | Macumad
< Tl o] o | Tom {iang  Loedumenue Bonmoboe
Pazpas_|Abaqod HAL o 47 11
Q ([Tpo8. Tenezun B.B. HP N6
E T. xoemp. Bapuanm i° 999 Aucm ] Awcmo 7
5 H konmp. A-11-1
= Ymé
2 | 1 KonupoBan ®opram A3

Puc. 2. Coennaenue 60aToBOE

176




3. CoeanHenue 3y0uaThIX KOJIEC, BKIIFOYAIOIIMX BaJl, MOAIIUITHUKHY, CTOMOP-
HbI€ KOJIblIa U MIMOHKY. PaboTa sBiseTCs 3aKIIOYUTEIBHON AJIsi CTYJEHTOB, KypC
00y4eHHUst KOTOPBIX OrpaHuyeH 72 yacamu (puc. 3).

Puc. 3. TBepaoTenbHas MoJieb 3y0UaToOro 3a1erIeHUs

4. TBepaoTenbHOE MOJIEIUPOBAHUE COOPOUYHOM enuHUIlbl B cucteme Inven-
tor (puc. 4), cozmanue cOOPOUHOTO YepTexa (puc. 5), neTaJTupoBaHNe U ICKU3UPO-
BaHUE.

Puc. 4. Coopounas enununa. Kimaman. TBepaorenpHast MOIeh
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Cnucok Jureparypsbl
1. Tenerun B.B. Texnomorust iudpoBhIX MPOTOTUIIOB B 33/1a4aX HUCCIICAOBAHUS TUHAMHU-
KM Ky3He4uHO-mpeccoBbix MamuH [Tekcr] / B.B. Tenerun // U3Bectus CamapcKoro Hay4yHOTO

uentpa PAH. 2012. T. 14. Ne 4-5. C. 1306-1309.

2. Tenernn B.B. I'padmueckas moaroroBka CTyJEHTOB Ha OCHOBE MPOrPAMMHBIX IpO-
nyktoB pupmer Autodesk / B.B. Tenerun, 1.B. Tenerun // CoBpeMeHHBIE TIPOOJIEMBI HAYKH U
obpazoBanus. — 2014. — Ne 3; URL: http://www.science-education.ru/117-13068 (mata obparie-

Hus: 13.05.2014).

3. Tenerun B.B. KommbrotrepHas rpaduka B Kypce HayepTaTeiabHas T€OMETPHS TEXHUYECKUX
cneuuansHocTed [Teker] / B.B. Tenerun, A.C. Crenanos, H.A. TuroB // Hayunslii cOopHuK
«CoBpemenHasi mkosia Poccuu. Bompocsl MmoaepHuzanuu», Ne2, utonp 2013, Matepuansr [V
MexayHapoTHOH Hay4HO-TIpakTHuecKol KoHpepeHuuu. MockBa, 25 mas 2013 roma. — T. 1.

C.23-29.
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CO3JIAHUE IPOTOTHUIIA CETEBOM UHTEJUIEKTYAJIbHON
OBYUYAIOIIENA CUCTEMBI

Ty3o6a T.C.

MarucTp 2 Kypca kadeapbl BRIMUCIUTETHHON TEXHUKH

OU3NKO-TEXHOIOTMUYECKOTO0 HHCTUTYTA Y palIbCKOro (eiepaaibHOrO0 YHUBEPCUTETA,
Poccus, r. ExatepunOypr

Caspacos /I.B.

MarucTp 2 kypca kadeapsl BerancnutenbHoi TexHuku Ousnko-
TEXHOJIOTHYECKOTI0 MHCTUTYTA Y pasibCcKoro denepajibHOro Y HUBEPCUTETA,
Poccus, r. ExatepunOypr

B nanHoii paboTe paccMaTpuBalOTCS OCHOBHBIE XapaKTEPUCTUKU MTPOTOTUIIA CETEBON MH-
TEJUIEKTyallbHOM 00y4aroriei cuctembl. Co3iaHue IpOTOTUIIA TIPEIOCTABIISET BO3MOXKHOCTD T10-
CTpOCHHA HOJ'IHO(i)YHKIlI/IOHaJ'IBHOI‘/'I CHUCTEMBbI, UYTO ITO3BOJIMT ITOBBICUTH KAaYE€CTBO AUCTAHIIMOHHO-
ro oOydJeHusl.

Kniouesvie cnosa: napopMaimoHHO-00yJaromias cCucTeMa, MpoTOTUII, MOJENIb 00yUeHHS,
QITOPUTM YIIPABIICHUSI.

CeroaHst y MHOTHX POCCHICKHX Y4eOHBIX 3aBEJICHHIA, a TaK)Ke OpraHu3alni,
3aHUMAIOIINXCS MPOQPECCHOHATHFHON MEPENOArOTOBKOW U O00yYEeHUEM CBOUX CO-
TPYJHUKOB, CYIIECTBYET MOTPEOHOCTh B CHELUUAIM3UPOBAHHBIX IMPOTPAMMHBIX
MPOJYKTaX, MPEIOCTABISAIONIMX BO3MOXKHOCTh JTUCTAHIIMOHHOTO U aBTOMATU3UPO-
BaHHOTO OO0yueHus. [lanHas mOTpeOHOCTH OOYCJIOBIIEHA YBETWYCHHEM OOBHEMOB
y4eOHBIX KypCOB BMECTE C COKpAIllCHHMEM BPEMEHHM Ha JICKIIMOHHBIE 3aHATUS B
y4eOHBIX 3aBEJECHUSNX, a TAKXKE BO3pOCILIEH B MOCIEIHEE BpeMs MOTPEOHOCTHIO B
BBICOKOKBAJIM(PUIIUPOBAHHBIX KaJpax U HEIOCTATOYHBIM YPOBHEM MOATOTOBKH Ta-
KHX KaJpoB Uil opranuzanuil. Hamnyummm oOpa3om A pemieHusi Takoro Tua
3a/1a4 MOAXOAST MPOrPaMMHBIE MPOIYKThI, KOTOPhIE HA3BIBAIOTCS MHTEIUICKTYalh-
HBIMH 00YYaroUIMMU CUCTEMaMH.

B kaudectBe 6a3bl /7151 manpHEHIIEH MPAKTUYECKON YacTh paboThl ObLIa BbI-
OpaHna kadeapa BeruucnurensHnoit Texuukn Ousnko-TexHomorunaeckoro MHCTUTY-
Ta Ypansckoro ®@enepanbHoro YHusepcuteTa. BeiOop Obl1 00yCOBIEH TEM, YTO
naHHas Kadeapa Moaaep:KuBaeT BHEIPEHNE B YUeOHBIN MPOLIECC Pa3IMUHBbIX 00Y-
YaroUIMX CUCTEM, a TAaK)K€ OCYILIECTBIISIET UCCIIEIOBATENIbCKYIO AESITEIbHOCTh B 00-
JACTH UHTEIJICKTYabHBIX CUCTEM.

[TockoisbKy co3annue 00y4aromei CUCTEMBI SIBISIETCS JOCTATOUHO CIOKHOM
3ajiayeii, To nmepes 3HaKOMCTBOM C CYIIECTBYIOLUIMMU B 3TOU cepe nmporpaMmMHbI-
MU TPOJYKTaMH U TATEHTaMH Ha HUX, OBLTN HCCIIEIOBAaHBl OCHOBHBIE XapaKTepH-
CTUKHU O0y4arolux cucteM. B pe3ynpTaTe JaHHOTO MCCie0BaHus ObLI COCTaBICH
CIIMCOK HambOoJee BaXHBIX JJIA TaKMX CHUCTEM XapaKTEPUCTUK. 3aTeM ObLI OCy-
IIECTBJICH MOUCK CPEIU POCCUNUCKHUX MPOTrPaMMHBIX MTPOIYKTOB U MATEHTOB B JIaH-
HOI1 oOnactu. [lomydeHHbIe pe3ynbTaThl IPUBEACHBI B TabmuIe 1.
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Tabmmna 1

Pe3y.]'ll)TaTbI NMEPBOHAYAIBHOI'O MOUCKA MPOrpaMMHBIX IPOAYKTOB

HazBanue pabo-
ThI/ XapaKTEepPHUCTH-
Ka

WuTemiekryaabHas
obyyarorasi cuctema

(1]

KonnenryanbpHast Mo-
JIeNTb HHTEJJICKTYallb-
HOU oOydaromieut cu-
CTEeMBI JIJISl TIOJTb30Ba-
TeJer JTa3EPHBIX TEX-
HOJIOTUYECKUX KOM-
MJIeKCcoB [2]

Metoponorniyeckue u
TEOPUTUYECKHE OCHOBBI
a/lalITUBHOTO yIpaBiie-
HUS 3JIEKTPOHHBIM 00Y-
YeHreM Ha 0ase arpera-
TUBHBIX YU4EOHBIX MOAY-
neit [3]

1. Cdepa npumene- | B BY3ax B opranmzanun B BY3ax
HUA
2. [nardopma Windows ToolBook Instructor | CereBas

(Windows Linux)

3. Bun npegocras-
JIeHUs y4eOHBIX Ma-
TEepHaIOB

[lonnepxka Bcex TH-
OB Y4eOHBIX MaTe-
pHasoB

YueOHuK, TE3aypyc

AlanTUBHBIN (TpaJUIIH-
OHHBI, TUIIEP-TEKCT,
BU3YaJIM3alHs) C TIOMO-
1610 KOMOMHUPOBAHHO-
IO MOZYJIS CO3/IaHUS
y4eOHBIX MaTepHaioB

4. Aroput™Mbl
yIpaBIeHUS

WHrennexryalibHbIE,
aJlanTUBHbIE, aBTOMa-
TU3UPOBAHHbIE

MHorokpurepuaib-
HbIE, HeaIalTUBHBIC

['uOkue (oTKpbITast KOH-
TEHTHO-HE3aBUCUCMAasI
OJIOYHO-MOYThHAS

CTPYKTYpa)

5. O6paboTtka pe-
3yJIbTAaTOB TECTH-
pOBaHUs

Monens 00ygaemoro
U BU3yaJIM3allus pe-
3yIBTATOB

Mogpenb 00ydyaeMoro

Mogpenb 00ydaeMoro

6. Monenb oOyue-
HUA

MHoroypoBHeBas
(Tumep-TeKkcT, rumnep-
TEKCT ¥ 3a1a4u, Gop-
Ma CBOOOJIHOTO OTBE-
Ta U pelieHrue CUTya-
IIMOHHBIX 33]1a4)

JIByxypoBHeBas (3a-
JTAYHUK U DK3aMEH)

TpexypoBHeBas (LIeHTP
oOyuenust (yaeOHBII
KOMITBIOTEPHBIN KJ1acc),
¢bumane! (yaeOHbBIN
KOMITBIOTEPHBIH KJ1acc),
oOyudaembie (ABTOHOMHO
C MTOMOIIIBIO NIEPCOHANb-
HOT'O KOMITHIOTEPA)

B pesynbTaTe aHanmza CymecTBYIONIUMX B JaHHOU cepe POCCHHCKUX MPO-
IPaMMHBIX TIPOJYKTOB, MATEHTOB W KOHIICTITYaJIbHBIX MOJIeNel, ObUIM BBIOpaHBI
Tpu Hamboyiee CXOXKUX MO HazHaueHuio cucteMsl[1-3]. Kaxnaas u3 3tux cucrem
o0amaeT psSAaoOM JTOCTOMHCTB M HEAOCTATKOB, COYETAHHE KOTOPBIX HE IMO3BOJISET
HaM YTBEp)KJaTh, YTO KaKas-I1M0O U3 CUCTEM HAWIYUIIMM 00pa3oM MOAXOAMT AJIs
pelIeHnst MpoOIeMbl CO3JaHMs OOydYarolieil CHUCTEMBbI, C YY4E€TOM OCOOEHHOCTEH
kadenpsl, BBIOpaHHOW B KauecTBe 0a3bl Ui peai3alui IPAKTUYECKOW YacTu pa-
601e1. [Ipoananu3upoBaB XapakTEPUCTUKH MPEICTaBICHHBIX B Tabiuie 1 cuctem
[1-3], 6puIO pemieHO co3aaTh OMUCAHWE CUCTEMBI, COUYETaloel B cebe Hanbosee
MOAXOIAIINE XapPaKTEPUCTUKHU YK€ CymIecTByrommx cucreM[1-3], a takxke amamn-
TUPOBAHHOU K OyyIieH crieruduke ee mpruMeHEHUsI.
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OCHOBHOM 11e/1bI0 PabOTHI SIBISETCS CO3JaHHE MPOTOTUIIA CETEBOM MHTEIN-
JEKTyaJIbHOM oOydaromien cucreMsl. /lanee npuBeaeM onvcaHue JAHHOTO IPOTO-
THUIIA C UCTIOIH30BAHUEM XaPAKTEPUCTHK U3 TaOIHIIbI 1.

Cdepa npumeHeHus: oO0ydarorias cuctemMa OyJeT MPUMEHATHCS I 00yde-
HUS CTYJICHTOB BBICIIIETO YUYEOHOTO 3aBEICHUS.

[Tnardopma: obyyaromias cucrema Oy/eT co3/jaHa B BHJIE CETEBOTO KIUEHT-
CEPBEPHOTO MPUIIOKEHUS.

Bun npenocrabnenusi yuyeOHbIX MaTepHalioB: oOywarolasi cucrema OyaeT
MOJJICP’)KUBATh BCE THUIBI 0O0YYaIOIIMX MaTepHUanoB, HE OyneT o0naaaTh alanTHB-
HBIM MEXaHU3MOM TIPEIOCTABICHUS 00YJArONINX MaTePHAIIOB.

AnropuTMBI yrpaslieHus: oOydaromias cucrema Oyner objgagarb aBTOMATH-
3UPOBAHHBIM HMHTEIJICKTYyaJbHBIM aJITOPUTMOM yTpaBieHus. VHTemIekTyaapHbIe
byHkIMM anroputMa OyayT peanu3oBaHbl Ha a3bike Prolog.

O6paboTka pe3ynbTaTOB TECTUPOBaHHWS: oOydaromas cucteMa OyAeT ocCy-
IIECTBIATH 00pabOTKY pe3ysIbTaTOB TECTUPOBAHUS C UCIOIb30BAHUEM MEXaHH3Ma
nocTpoeHus: Mojaenu odyudaemoro. Kpome toro Oyner mpeaycMOTpeHa BO3MOXK-
HOCTh BU3yaJIU3aI[MH PE3yIbTaTOB TECTUPOBAHMUS.

Monenb 00ydyenus: o0yyaromias cucrema OyAeT MOoAAepPKUBaTh MHOTOYPOB-
HEBYIO MOJIeNIb OOyUY€HHs, COJIEp)KaHUE KaXKJIOro YpOBHS OyNEeT ONpeAeniTbcs C
YYETOM YCJIOBHUM PEATBHOTO MPUMEHEHUS JAHHOM CUCTEMBI.

Takum o00pa3oM, JaHHBIA NPOTOTUN OyIET pealn30BbIBATH OCHOBHYIO
(YHKIIMOHAIBHOCTH OYIyIeld CUCTEMBI U OTPa’kaTh OCHOBHBIC CIIEHAPHUH MpPUMeE-
HEHUSI CETEBOM MHTEJUIEKTYallbHOM oOyuaroiield cucteMbl. B nanpHelinem Ha oc-
HOBE MPOTOTHUITA OyAET CO3/MaHa MOTHO(PYHKIIMOHAIbHAS CeTeBass 00ydJaromas Cu-
ctema. Co3gaHne TaKoW CUCTEMBI HEBO3MOXHO 0€3 M3YYEHHS] TEOPUTHUUECKHUX OC-
HOB, CJIEIOBATEIbHO, paboTa OyaeT NPOAOIDKEHA U B HAIIPABICHUH TEOPUTHIECKUX
HCCJIEIOBAHUN.

Cnucok JiMTepaTypsbl

1. Hewaes }O.M. MHTemrekTyanbHas oOydaromias cuctemMa [DJIeKTpOHHBIN pecypc]| /
I0.1. Heuaes, A.B. boraanos, A.b. Hertspes. - Pexum JlocTymna:
http://www.freepatent.ru/patents/2310237

2. Kapaces B.A. KonnenryanbHas MoJiellb HHTEIUIEKTYaIbHON 00y4aroe CucTeMbl JUIs
MOJIB30BATENICH JIa3EePHBIX TEXHOJIOTHYECKUX KOMILICKCOB [DnekTpoHHBIH pecype] / B.A. Kapa-
CEB, C.C. Manomyx, M.1O.CrepHuH. — Pexnm JOCTyIIa:
http://www.isa.ru/proceedings/images/documents/2005-12/131-145.pdf

3. Tapxos C.B. MeTo10510r14ecKre U TEOPETUUECKHUE OCHOBBI aJJaITUBHOIO YIIPABJICHHUS
JIEKTPOHHBIM O00y4YeHHEM Ha 0a3e arperaTuBHBIX YUeOHBIX MOJyJel [DIeKTpoHHBIH pecypc] /
C.B. TapxoB. — Pexxum JIOCTYyTIa:
http://test.vak.ed.gov.ru/common/img/uploaded/files/vak/announcements/techn/2009/12-
10/TarkhovSV .pdf
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AHAJIN3 U PABPABOTKA YHUBEPCAJIBHO MATEMATUYECKOM
MOJAEJIA PACYHETA COITPOTUBJIEHUA JE®OPMAIINN
PEJILCOBOM CTAJIA 78XC® IPU MPOKATKE

Ymanckui A.A.

JIOLIEHT Kadeapbl METAJULypruu 4YepHbIX MeTaioB CuOupckoro rocyaap-
CTBEHHOTO MHIyCTPUAJIHLHOTO YHUBEPCUTETA, KaH/I. TEXH. HAYK,

Poccus, r. HoBoky3Herk

TI'onoeamenko A.B.
mupekTop no onepanuonHon nearensHoctd OAO «EBPA3 3CMK»y,
Poccus, r. HoBoky3Henk

Kaowvikoe B.H.

npogeccop kapeapsl 00pabOTKH METAJIIIOB JJaBJIEHUEM U METAJIIOBE/ICHUS
Cubupckoro rocy1apcTBEHHOTO UHYyCTPUAIBHOTO YHUBEPCUTETA,

KaHJI. TEXH. HayK, JOLIECHT,

Poccus, r. HoBoky3Henk

B cratse mpuBoaATCS pe3yabTaThl 00padOTKU SKCTIEPUMEHTAIBHBIX JAHHBIX MO OIpese-
JICHUIO COTIPOTHUBIICHUS edopManuu penbcoBoi ctamu D78 XCD, KoTopbie TO3BOIMIHN pa3pado-
TaTh YHUBEPCAIBHYIO MaTeMaTH4ecKas MOJIE]b pacueTa CONMPOTUBICHUsS AepopMaliu MpH pas-
JUYHBIX YCIOBHX MPOKATKH U U3MEHSIONIEMCS] XUMUYECKOM COCTABE PEJIbCOBOM CTaIH.

Kniouessie cnosa: OKCIICPUMCHTAJIbHBIC UCCIICIOBaHMsA, ropadasd ocagKka, COIIPOTUBIICHUEC
z[e(bopMauHH, peiibCOBas CTalib, IPOKATKA, MATEMATUICCKOC MOACIIMPOBAHUC.

Conpotusnenue aepopmanuu sSBISETCS XapaKTEPUCTUKOM, OKa3bIBAaIOILEH
ONPEIETSIONIEE BIMSIHUE HA YHEPTOCUIIOBBIE MTapaMeTphl MpokaTku. [ToaTomy mpu
pacdeTe Harpy3Kd Ha OCHOBHOE M BCIIOMOTaTelIbHOE 00OpYAOBAHHME MPOKATHBIX
CTaHOB HEOOXOAMMBI TOYHbIE TaHHBIC O YUCIEHHBIX 3HAUEHUSIX COMPOTHBIICHUS
nedopMaliiy MPOKaThIBAEMbIX CTasei.

B matepuanax uccinenoBaTeneil UMEHOTCS MHOTOUYMCIICHHBIE JaHHBIE O 3Ha-
YUTEJIHLHOM BIUSHUM HA CONMPOTHBIIEHUE AedopManuu Takux (PpakTopoB, Kak: XH-
MUYECKHI COCTaB MPOKATHIBAEMOM CTaJIM, TEMIIEPATYPHO-CKOPOCTHBIE MTapaMeTpPhI
MPOKaTKH, creneHsb aedopmannu. OHAKO, YUCICHHbIE 3aBUCUMOCTH, MO3BOJISAIO-
[I1€ YCTAHOBUTH TOYHYIO BEJIMYMHY CONPOTHUBIICHUS AePOpMALUU JJIsI KOHKPET-
HBIX YCJIOBUM MPOKATKHU, UMEIOTCS TOJIBKO JJIsl OTPAHUYEHHOTO KOJIMYECTBA MapOK
ctanu [1-3], B 4aCTHOCTH JIJIsl pEJIbCOBBIX CTaJ€l TaKUE JTAHHbIE OTCYTCTBYIOT. Ta-
KUM 00pa30oM, UCCIIEIOBAHUS B YKa3aHHOM HaNpaBIIEHUU SBISIOTCS aKTyalbHBIMU.

B pe3ynbTare paHnee mpoBEICHHBIX SKCIEPUMEHTAIbHbBIX UCCIEIOBAHUN [4]
MOJIYYEHBI IKCIIEPUMEHTANIbHBIE Tpauueckre 3aBUCHMOCTH COMPOTHUBIICHUS Jie-
dopmaruu cranu D78XCD or TeMmeparypbl, CKOPOCTU U CTENeHH Aedopmanuu
(npumep rpaduyeckoit 3aBUCUMOCTH MPEACTABIIEH HA pUCYHKE ).
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Puc. 1. DkcniepumeHTanpHas 3aBUCUMOCTD conpoTuBiieHus nedopmanuu cranu 378X CD ot
CKOPOCTH | CTeNeHH nedopMaIiuy pu Temreparype 95 0°

VYka3aHHble HKCIIEPUMEHTAIIbHBIE MCCIEAOBAHMS MIPOBOJMIN HAa YCTaHOBKE
«Hydrawedge II» — Momyns komriuiekca sl (U3HMUECKOTO MOJEIUPOBAHUS
«Gleeble System 3800» (pucyHOK 2) MyTeM HCTBITAHUS Ha TOPAYYIO OCAIKY TMpsi-
MOYTOJIbHBIX U NUJIMHAPUIECKUX 00pa3IoB, BHIPE3aHHBIX U3 TOJIOBKH peiabcoB P65
YeThIpex 1aBokK crainu Mmapku D78 XCO.

PexxuM ucrnibITaHuil BKITIOYa B ce€0sl CeAYIOLIUE ITalbl: HArpeB 00pasiioB B
BaKyyMe€ CO CKOPOCTBIO 5 °C /e no temnepatypsl 1200 °C; W30TEPMHUYECKAs BbI-
IeprKKa Ipy JocTurHyToii Temmepatype 1200 °C B tedenne 600 ¢; moaCTyKUBaHHE
crami 10 Temmeparypsi aedopmarmu (900-1150 °C) co cxopoctsio 10 °Cle; me-
(bopMaOuH;I npu 3a1anHoi Temnepatype (900-1150 °C); oxmaxienre co CKOPOCTHIO
10-50 "Clc.
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.~ Mmepmonapa

Toxonpoeodalue
yoapHeie bolixu

lNodeuxHasn
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2 wmaHza

; B2 v

Lunuxdpuvyeckul cmansHou ob'pa"aeu ,: ‘aemomamuyeckum
(Quamemp - 10 mm, esicoma - 15 Mm) ; cbpocom obpasus
Puc. 2. Pabouas kamepa monyins «Hydrawedge I1» kommiekca

«Gleeble System 3800»

HcnpiTanust Ha TOPSIYYIO OCaaKy HMPOBOJIWIM TPU CKOPOCTH JAedopmanuu
0,1 ¢!, 1 ¢' u 10 ¢'; Temmeparypax 900°C, 950°C, 1000°C, 1050°C, 1100°C u
1150°C (tabmuua 1) u cTerenn OTHOCHTEIbHOI AedopMaruu B nHTepBaie 10 1,0.

Tabmmna 1
Il1an 3KcNepUMEHTA M0 UCTIBLITAHUSIM 00Pa31o0B
t,°C/ s, ¢’ 900 950 1000 1050 1100 1150
0,1 X X X X
1 X X X X
10 X X X X

[Io mosydeHHBIM JaHHBIM ITOBBILIEHUE TEMIIEPATYPhI IPOKATKU CTAJIA B UC-
CJIElyEMOM HWHTEPBAJE€ W3MEHEHHs TEMIIEpaTyp NPUBOAUT K CHUKEHHIO COIPO-
TUBJNIEHUs ne(opmaliy, a MOBBIIICHUE CKOPOCTH AedopMaiuu HaoOOpOT yBEITH-
yyBaeT comnpoTuBieHue nedopmanuu. [Ipu 3TOM 3aBUCUMOCTH COMPOTUBICHUS
nedopMali OT CTEMEHH OTHOCHUTENBHOHN jaedopMaliiii UMeeT HEJIMHEWHBIN Xa-
pakrep (pucyHok 1). Tak npu yBenuueHuu creneHu aedopmaiy BHayaie Ha0o-
JTAETCsl YBETUUYCHHE COMPOTUBIICHUS eopMalnu, 3aTeM, MO JOCTUKEHUH Mpee-
Ja YOpOYHEHHs, CONPOTUBIICHUE Ae(OopMalui OCTAeTCsl MPAKTUYECKH HAa TOM Ke
YpOBHE WJIM HE3HAUUTEIBHO CHMKAETCA (UTO OOBSCHSETCS BIMSHUEM IIpoliecca
pa3ynpovYHEeHHs), ¥, Ha TOCJIETHEM Y4aCTKE BHOBb MPOUCXOIUT POCT COMPOTHUBIIE-
Hus nedopmanuu. Crienyer OTMETUTDh, YTO XapaKTep M3MEHEHHUs CONMpPOTUBICHUS
nedopMali Ha IMOCJIEAHEM YYacTKe, COOTBETCTBYIOLIEM CTENEHHU Aepopmanuu
0,7-1,0, He umeer (uU3HUECKOTO OOBSICHEHHUS M MPOTHBOPEUUT CYIIECTBYIOIIUM
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MPEACTABICHUSIM 10 TEOPUM MPOKATKU. J[aHHBIM (akT, OYEBUIHO, CBSI3aH C IO-
IPEIIHOCTHIO SKCIIEPUMEHTA IPH BEICOKHUX CTEIEHSX AehOopMaIliy.

Ha ocHoBanuu mosydeHHBIX Tpaduueckux 3aBUCUMOCTEN (pUCYHOK 1) aB-
Topamu uccienaoBanus [4] paspaboTaHa MOACNb JJIs pacdeTa CONMPOTHUBIICHUS Je-
dhopmanuu:

my
c=A-eMt.gM2 . g & (J4g)Ms5t.gM7E. Mgt (1)
rae A, m;-mg — KOHCTAHTBI;
t — Temmeparypa npokark, 'C;
¢ — CTETICHB Je(OopMaIliu;
U — cKOpoCTh Aehopmarm, ¢

[Tpu 3TOM, HEOOXOAMMO OTMETHTH, UTO TMOTYUYCHHAs MOJIEIbh HE SIBISICTCS
YHUBEPCAJIbHOM, TaK KaK OTCYTCTBYET METOJIMKA pacueTa KOHCTAHT ypaBHEHHS (A
1 m;—mg). YnciaeHHbple 3HaYCHUST YKa3aHHBIX KOHCTAHT TMOJYYCHBI TOJIBKO TS 4-X
UCCIeA0BaHHBIX MIaBOK cTayu D78 XCO.

Takum oOpa3zoM, IpeaioKEHHAss MaTeMaTH4ecKas MOJENb pacyeTa COMpo-
TUBJICHUs JehOpMaIlii MPU PA3THYHBIX TEPMOMEXAHUYECKUX IMapaMeTpax Ipo-
KaTKM UMEET OrpaHMyYeHue Mo 00JacTH MpUMEHEHUs (IIPU CTENEHAX aedopmanuu
He Oonee 0,6) m HyX1aeTcsl B TOPaOOTKE C MEIbI0 BO3MOKHOTO €€ MCTIOJIb30BAHUS
IPU U3MEHEHUU XMMUYECKOTIO COCTaBa CTAJIU.

C 1uenpio Co3/1aHusI YHUBEPCATbHON MaTEMaTUUeCKOM MOJCIH 3aBUCUMOCTH
COTPOTHBIICHUS Je(opMaIii MPOBEICHO IOMOJHUTEIBHOE WCCIIEI0BAHNE BIIHS-
HUS XMMHUYECKOr0 COCTaBa CTAJId Ha BEJIWYMHY KOHCTaHT ypaBHeHus (1). C wuc-
MOJIb30BAaHUEM METOIUKHA MHOKECTBEHHOTO PETPECCHOHHOTO aHaJln3a UCCIeaoBa-
nu BnusiHuE conaepkaHus B ctanu J78XCd OCHOBHBIX XMMHUUYECKHUX SJIEMEHTOB
(C, Si, Mn, Cr, S, P, V).

B pesynbrare mosydeHsl ypaBHEHUS PETPECCUU BUA!

A =4365,4+69118-S, (2)
m; =-0,0033-0,0043-V (3)

m, =0,2607-5,7663-P 4)

my =-0,0025+0,00308-C+0,00025-Mn, (5)
ms =-0,0015+0,0475-P | (6)
m; =-0,407+0,655-Mn, (7)
mg =0,0002-0,0012-V (8)

[To mony4yeHHBIM JaHHBIM Ha COMPOTHUBIIEHUE AePOpMALUU PEIbCOBON CTa-
au D78XC®d 3HauMMOE BIIMSIHUE OKA3bIBAET U3MEHEHUE COJICPKAHUS CIEAYIOIINX
AJIEMEHTOB (B MHTEpBajie UX u3MeHeHus corjiacHo TpedoBanuit ['OCT P 51685-
2000): yrimepon, mapranen, cepa, Gochop u Bananuid. [Ipu 3TOM xapakrep Bius-
HUS YKa3aHHBIX AJIEMEHTOB Ha COMPOTUBIICHHUE AePopMaIiuu 0OBICHIECTCS UX BIIH-
SIHAEM Ha TUIaCTUYECKHE CBOMCTBA MeTaslla U COTJIacyeTcs ¢ JaHHBIMU APYTUX HC-
cieoBaTeNe mo JaHHOMY BOIpocy. Tak yBelIMuYeHHE COJAEpKaHus B CTa yriie-
pona, Maprasua, cepsl u gochopa MPUBOIUT K MOBBIIICHUIO COMPOTHUBIICHUS JIe-
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dbopmaruy, a yBenTuueHne KOHIIEHTPALMY BaHAIUs B CTallM, HA000POT, MPUBOIUT K
CHIDKCHHIO COMpOoTUBIeHUs nedopmarmu. OTCYTCTBHE BIUSHUS KPEMHHUS HA CO-
npoTtuBieHue aedopmaiu oObICHIETCS €ro HU3KUM COJEpKaHUEM B paccMaTpu-
Baemoit cranu (1o 0,8 %) — 1Mo auTepaTypHbIM JaHHBIM [2] KpEMHUI 3HAYUTEIHHO
MOBBIIIAET COMPOTUBIIEHUE NedOopMaIK CTalIe TOJBKO MPHU €ro KOHIICHTPAIUU
Ha ypoBHe 1,5-2,0%. 1o moBoay BiMsIHMS XpoMa Ha CONPOTUBIIEHUE AedopMaliun
B JIUTEPATYPHBIX MCTOYHHMKAX MMEIOTCS JaHHbIE [2], 4TO AJisi BBICOKOYTJIEPOIH-
CTBIX XPOMHUCTBIX cTajiel (¢ coaep:kanueM xpoma 6omee 0,45 %) pematoiee BIIK-
SHUE Ha COMPOTHUBIICHHUE Je(OpPMALINU OKA3bIBAET HE XPOM, a YIICPO/.

JI71st IpOBEPKH aIeKBAaTHOCTH pa3pabOTaHHON YHUBEpCATbHONW MaTeMaTHYe-
CKOM MOJIENI MPOBENM pacyeT CONPOTUBJICHUS AePOpMallvi U YCHIHS TMPOKATKU
U O0KMMHBIX KJIETeW YHUBEpCAIbHOTO penbcodanounoro crana OAO «EBPA3
3CMK». IIpu pacuete CONPOTUBIIECHUS MUCIOJIB30BAIM XUMUYECKUI COCTaB CTaJIU
D78XC®D, COOTBETCTBYIONIUN CPEIHUM 3HAYCHHSIM cornimacHo TpedoBanmii ['OCT
P 51685-2000 nns yrnepoaa, Maprasiia, KpEMHUS, U XpOMa; COJIEpKaHUE BaHAIHS
npuHsan paBHbIM 0,07 %, UCXOAs U3 TOrO, YTO HA MPAKTUKE €ro COJIEepKaHUE CTa-
paroTcs BelIEpKHUBaTh Ommke K HibkHemy npezaeny (0,05 %); comepikanue cepbl u
docdopa npussuiu — 0,015 % nns kaxxaoro 3nemeHTa — Tadbauua 2.

Tabnuma 2
Xumnueckuii cocra craiu D78XCP, npuHATHIH NP pacyerax
Copepxanue snemeHTa, %
C Si Mn Cr \Y S P
0,78 0,60 0,90 0,50 0,07 0,015 0,015

M3meHeHne TemriepaTypbl packaTa 0 IPOXO0JaM ONPENEIsIM C ITOMOIIbIO
METOAUKH [5], MO3BOJIIONIEH PACCUUTATh MAaJCHUE TEMIEPATYPHI:
At = 1000 , )
5/0,0255-I1; - 1 N 1000
S; to + Aty +273

1

IJ€ I1, — IEPUMETP MONEPEYHOr0 CEYEHHs MOCIIE IPOXO0JIa;
<, — BpeMs OXJIQKJICHHUS PACKaTa IIPU NEPEMELCHUH;
t,, — TEMIIepaTypa nepeji BX0I0M B PaCCMaTpPUBAcMBbIN Kanuop;
Atjj; — NOBBIIEHUE TEMIIEPATYPhI PACKaTa B paCCMATPHBAEMOM Kanuope.

Aty =0,183-6-Ink, (10)

riae G — CONMPOTHBIICHHWE METallla IIaCTUYECKON AeopMalinu;
A — KO3 (DHUITMEHT BBITSKKH.
Pacuer ycuinsi mpoKaTKu MpOU3BOAMIN MO CTAHAAPTHON METOJIUKE CcOorjac-
HO pEeKOMEHJaI1il aBTOPOB padoThI [6].
CpaBHUTENBbHBIA aHANU3 PACYETHBIX U (PAKTUUECKUX JAHHBIX IO YCHUIIHUIO
MPOKATKH TOKa3aJl, YTO MOTPEIIHOCTh He mpeBbimaeT 15%. Takum oOpaszom, pas-
paboTaHHasi MaTeMaTHYeCKasi MOJIeIb pacyeTa COMPOTUBIICHUS AedopMalliu siBiIsI-
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CTCA a,HeKBaTHOﬁ " CYHICCTBYCT BO3MOXKHOCTD €€ NCITOJIb30BAHUA B YCIIOBUAX ,Z[eﬁ-
CTBYIOHIUX IMPOKATHBIX CTAHOB.

Cnucok JinTepaTypsbl

1. IMpuxompko N.FO. Meton ompenencHusl COMPOTUBICHHUS NehOpMaliu METaUIOB CO
CIIO’)KHOW 3aBHCHMOCTBIO PEOJIOTHUECKUX CBOMCTB OT mapameTpoB nedopmuposanusi / M.1O.
[Ipuxoxapko, A.A. Cepreenko, B.B. Paznocunun // @ynnameHTanabHble U NpUKIAAHbIE TPoOIe-
MbI yepHo Mmetamurypruu: CO. HayuH. Tp. — Juenponerposck.: UUM HAH VYkpaunsi, 2007. —
Bpim. 14. — C. 187-193.
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6. CvupuoB B.K. KammbpoBka mpokataeix BankoB / B.K. Cmupnos, B.A. Ilunos,
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AHAJIN3 3JIEKTPOMAI’HI/IT}UIOI71 COBMECTHUMOCTHA
IMPU YIVNIOTHEHUU CETEH xDSL C KOJIOM 2B1Q

Xpanoe C.J].

OakayiaBp 10 HaINpaBJICHUIO IPUKIIAAHAA HHPOpPMATHKA,
OUHAHCOBO-TEXHOJOTHYECKas aKaIeMus,

Poccus, r. Kopoiie

Jlamunoe O.0.

OakasiaBp 0 HampaBJICHUIO MPUKIIAIHA UHPOPMATHKA,
DOHUHAHCOBO-TEXHOJOTNUECKasl aKaJeMHUsl,

Poccus, r. Kopones

Il]emxuna A.P.

OaxanaBp [0 HaMpaBJIEHUIO MIPUKJIaJAHAs UH(POPMATHKA,
OUHAHCOBO-TEXHOJIOTHYECKAs aKajeMusl,

Poccus, r. Kopones

B crarbe paccMOTpeHBI BOIIPOCHI, CBSI3aHHBIE C PACYETOM 3JIEKTPOMArHUTHON COBMECTH-
MOCTH TIPH YIUIOTHEHHH KaOembHbBIX JTHHMIA TexHomoruu XxDSL ¢ kogom 2B1Q.

Knrouesvle cnosa.: >neKTpoMarHuTHas COBMECTUMOCTb, ceT XDSL, koast 2B1Q.

[Ipu pemienuu mpo6ieM UCIOIb30BaHUs CYIIECTBYIOMNX KaOeIbHBIX JTUHHIMA
JUISL DJIEKTPOTEXHUYECKOro o0opyaoBanust XDSL oueHb OCTPO CTOUT BOMPOC 3JIEK-
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TpoMarHuTHoU coBmecTUMOCTH (DOMC) Mexay nensiMu UPPOBBIX aOOHEHTCKHUX
JUHUN U BCEMHU BUAAMHU LIeTiel, Kabenel, UCTIONb3yeMbIX JIJIs epeaadn Kak Tese-
¢oHHOrO CcoOOIIeHUs, Tak U HeTenePoHHoN mHbopmaruu [5-9]. lns HHU3KOUa-
CTOTHOTO JIMAana30Ha 4acTOT, IJI€ OCHOBHBIM BHJIOM COOOILEHUHN SIBISIETCS Telie-
¢dboHHas CBA3b, ITA 3a/laya pelIeHa U PerIaMeHTUPOBaHA JOMYCTUMBIMH HOPMaMH
B HU3KOYACTOTHOM KaHaje [6, 13, 14].

Paccmotpum n npoananusupyem pacuer OMC npu yrmotHeHnu XxDSL ¢ ko-
noM 2B1Q, BOCIIOIb30BaBIINCh METOJMKOMN M3JI0KEHHOU B [11, 12].

MmuoroypoBHeBsIii ko 2B1Q mpumensiercss B 000py10BaHUM TEXHOJIOTHH
xDSL s ynnmoTHeHHuss aOOHEHTCKUX KaOeTbHBIX JTUHUN MajloOKaHAJIBHBIMU ITU(]-
poBeiMu cuctemamu niepeaaun (L{CII) Ha 2 u 4 kaHama co CKOPOCTHIO IUPPOBOTO
nmotoka 160 kout/c n 30-kanansHo# L[CII co ckopocThio epenaun — 2048 xkOuT/c.

Jlist KoJ10B mepesilayl B OCHOBHOM IPUMEHSIETCS Mepeadya JByXYPOBHEBBIX
(n1BOMYHBIX) cUTHANOB. EciM mosioca 4acToT OrpaHUyYeHa, HO HKENATeIbHO MOBBI-
IIEHUE CKOPOCTU NepeJadyd ABOMYHBIX CUTHAJIOB, TO MOXXHO YBEIUYHUTH YHCIIO
YPOBHEH, COXPAHMB Ty )K€ CKOPOCTh. CKOPOCTh NEPEAAUYN CUTHAIIOB, JOCTUTaEMast
B MHOTOYPOBHEBOH CHCTEME, MOXKET OBITh OTNIPE/IeIICHA U3 BBIPAKCHUS

V= (LogM)/T,

rae M — 4ucio ypoBHEH, U3 KOTOPBIX MOKHO IIPOU3BOJIUTE BIOOP B KaXKAOM TaK-
TOBOM MHTEpBaJIe; 1 — JUIMTEIIbHOCTh TAKTOBOTO MHTEPBAJA.

CucreMsl ¢ mepenayeii MHOTOYPOBHEBBIX CHTHAJIOB oOecreynBaioT Oosee
BBICOKYIO CKOPOCTh TMIE€PEIaur IBOUYHBIX CUTHAJIOB B MIpeieliax 3aJaHHOM MOJIOCHI,
HO TpeOYIOT YBEIUYEHHSI OTHOLIEHUS! CUTHAJI-TIOMEXa MPU 3a/IaHHOM BEpOSITHOCTU
omn6ok. [Ipu ucnonbp3oBaHUU TOHM K€ TAKTOBOM YAacTOTHI CHUCTEMaA C Mepenayeit
MHOTOYPOBHEBBIX CUTHAJIIOB HE TpeOyeT pacIIMpeHHs MOJIOCHI YacTOT MO CpaBHE-
HUIO C MOJIOCOW TBOMYHBIX CUCTEM.

Bmecte ¢ TeM, B TakMX CHCTEMAax JOCTUTHYTO TPEXKPATHOE YBEIUYECHHE
CKOPOCTH LIU(PPOBOTO CUTHANA. YBEIMUYEHUE CKOPOCTH MEepPeaadyl B MHOTOYPOBHE-
BOW CHCTEME JOCTUraeTCs LIEHOW CYHIIECTBEHHOIO YBEJIMYEHHSI MOIIHOCTH CHTHa-
na, TpeOyeMol Juisl MOJy4YeHUs 3aJaHHOM BepoATHOCTH owmubku. Hampumep,
CpEIHsIsl MOIIHOCTh B 8-ypOBHEBOM cucTeme Ha 8,7 Ab BbIIIE, YEM B JIByXypOBHE-
BOU CHCTEME MPHU TOU e caMOi BEPOSITHOCTH TOSBIICHUS OIIHUOOK.

HopmupoBanue napameTpoB nepefaud W BIUSHUS Ha 1enu Hu(POBBIX CH-
CTEM MepeAauyu OCYIIECTBISETCS Ha YacTOTE, COOTBETCTBYIOIIEH MaKCUMalbHOMY
3Ha4YeHMIO PHepruu. s obopyaoBanus, ucnob3yromiero kog 2B1Q, sta yacrora

onpeacirsicTCa B 3aBUCHMMOCTH OT OJIMTCIBHOCTHM TAKTOBOI'O HHTCPBAJA (CM.

Tabmn. 1).

Tab6mumna 1
3aBHCHMMOCTH CKOPOCTH Mepeaayu MHGOPMAIHH OT YACTOTHI

[TpubnusuTenpHast ckopocTh nepepaun, kout/c | 160 | 320 | 700-800 | 1000-1500 | 2000

Yacrora, xI'I1 40 80 160 320 512

CornacHo [4], mpu MHOTOYpPOBHEBOM NEpeNadye CHUTHAJIOB BHOCUTCS YXY.I-
[ICHUE XapaKTEPUCTUKH OITMOOK CUTHAJ/TIOMEXa Ha BETNYNHY
6, =20Log(M — 1), nb,
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rae M — 9ucino ypoBHEHN CUTHAJA.

Toraa, mepexoaHoe 3aTyxaHHWE MEXAY LEMSIMH, YIUIOTHAEMBIMHU ITU(POBHI-
MU CUCTEMaMH, UCIIOJIb3YIOIIMMH MHOTOYPOBHEBBIN KO/, OyJI€T paCCUNTHIBATHCS

Ay =a, + 0, + aL + 10LogN, nb, umn

Ay =>16,2 + 20Log(M — 1) + aL + 10LogN, ab,
rae a, = 16,2 1b — 3amumeHHocTs (curHan/momexa), 00eceurnBaroIias TEOPETH-
qeckyto BepositHocTs omubku 1070 (eM. Tabmuuy mpencTaBieHHYIO Ha pHC. 1);
o — k03 dUIMEeHT 3aTyxaHus 1nenu kaodens, nb; L — qiuna nmuauu, km; al — pado-
yee 3aryxaHue uUenu (yCUJIuTENbHash CIOCOOHOCTh JIMHEHHOrOo TpaKTa);
N — KONMYECTBO LENEH, YIIOTHAEMbIX CUCTEMaMU UMITYJIbCHO-KOJOBOU MOYJIS-
nuen (MKM).

1E-08 -
eos | I

=

=

2 1E-10 I

3

° 1E-11

o 1E-12

& ]

z

£ 1E-13

(o]

a 1E-14

2 157 | 162 | 16,6 17 174 | 177
(mPe| 1E-09 | 1E-10 | 1E-11 | 1E-12 | 1EA13 | 1E-14

OTtHoweHue curHan/nomexa, ob
Puc. 1. 3aBucuMocCTh BeposTHOCTH OmMOKH 0T BeauanHbl OCIT

Hopmupyembie 3HaUeHHUS NEPEXOAHOTO 3aTyXaHUS MEXIY LermsMu Ao s
CUTHAJIOB MHOTOYPOBHEBBIX CHCTEM IPEACTABICHHI B Ta0. 2.

Tabmuma 2
HopMmupyemble 3HaYeHUs IEPEXOHOI0 3aTYXaHUSA
KonudecTBo ypoBHEH Ay, 1b ipu N
CHUTHAJIOB @, 1b %, ab 1 2 3 4
4 16,2 9,5 67,7 70,7 72,5 73,7
8 16,2 16,9 75,1 78,1 79,9 81,1

Ha puc. 2 npencraBieHa 3aBUCUMOCTb HOPMUPYEMBIX 3HAYEHUS MEPEXOTHO-
ro 3aTyXaHUs MEXAYy UEISIMH JUIsl CUTHAJOB MHOTOYPOBHEBBIX CHUCTEM OT YHCIIA
ymotasemont annapatypsl LICII, aiist paznuunsix 3HaueHuit M. BuniHo, 4To ¢ yBe-
munyenue uyucia L[CII, Bo3pacTaer BenMYMHA HOPMUPOBAHHOI'O 3HAYEHUs IEepe-
XOJTHOTO 3aTyXaHWsI MEXIy UEMsSMHU, YIUIOTHSEMBIMH IU(POBBIMU CHCTEMaMHU.
[Tpuuem, yem 6obIe M, TeM OOJIbIIE JOJDKHO OBITH HOPMUPYEMOE 3HAUCHHUE A.
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Puc. 2. 3aBucuMOCTb NEPEX0IHOTO 3aTyXaHMsl OT YIUIOTHSEMOM anmnaparypsl

Ha puc. 3 npencraBieHbsl 3aBUCUMOCTM HOPMHUPOBAHHBIX (TPEIEIIbHbIX)
3HAYEHUH MapaMeTpPOB BIUSHUSA 3AIIMILEHHOCTH MEXy HEMsIMU Ha ONMKHEM A U
nanbHeM A, xoHie yuauu XxDSL abGoHeHTCKOro joctyna s 000pynOBaHUs, UC-
nosb3ytoiero koa 2B1Q.

. 80

3 70 . * -

g 60 ————— ———a—————a

S 10 50

g3 40 FLZ;604§FI;; i
= ol = a

= S S H

@ & :g fatlatts R aL(2) =31 1B

A 0 |

2as 1 2 3 '

=

2 [—e—Ao(1) 67,7 70,7 72,5 73,7

§ — = -A0(2) 56,7 59,7 61,5 62,7

C |—+-As 257 28,7 30,4 31,7

KonunyectBo uenen N
Puc. 3. 3nauenus napameTpoB BIusHUS Ay U A, Mmexay rensimua xDSL
Ha JUHUSX a00OHEHTCKOTO JOCTYIA Il 000pYI0BaHMS, HCTIOb3YIomero ko 2B1Q

W3 mpencraBneHHBIX 3aBUCUMOCTEH BUJIHO, UTO 4YeM OoJblle pabouee 3aTy-
XaHue 1enu (yCWIWTENbHas CIIOCOOHOCTh JIMHEWHOTO TpakTa) oL, TeM BBIIIE
JI0JKHA OBITh BEJIMYMHA MEPEXOTHOTO 3aTyXaHus Ha OJMKHEM KOHIIE A

Takum 00pazoM, OCYIIECTBIICH aHAJIN3 AJIEKTPOMATHUTHONH COBMECTUMOCTHU
IpU YIUIOTHEHUHU KaOenbHBIX JTMHUM TexHosorun xDSL ¢ kogom 2B1Q. Iloka3zano,
YTO HOPMUPOBAHUE NAPAMETPOB IEpPeauy U BIUSHUS HA LIETH UU(POBBIX CUCTEM
OCYLIECTBIIIETCSI HA YacTOTE, COOTBETCTBYIOLIEH MAaKCUMaJIbHOMY 3HAYECHUIO
SHEPTHH, ompeaensseMon, s ooopyaoBanus X DSL ucnons3yromero koa 2B1Q, B
3aBUCUMOCTHU OT JUIMTEJIbHOCTH TaKTOBOTO MHTEpBaia. B obmiem ciydae nepexon-
HOE 3aryxaHue Mexay uernsaMu XDSL B iU poBbIX KaOenbHBIX TUHUSAX ONpEaes-
€TCS B 3aBUCUMOCTH OT THIIa MPUMEHSIEMOTO B 000pYAOBaHUHU KO/Aa, pabouero 3a-
TyXaHHs TPaKTa Ha YaCTOTaX MAaKCHUMAaJIbHOM CIEKTPalIbHON IMIIOTHOCTU CUTHAJIOB,
KOJIMYECTBA LIETIEH, YIJIOTHSEMBIX JAHHBIM BUJIOM allapaTyphl.
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AHAJIN3 BJIMSHUS PABOTHI BLUETOOTH-YCTPOMCTB
HA BECITPOBOJHBIE CETH ITPOTOKOJIA IEEE 802.11B

Yesopoaes HU.A.

OakanaBp MO HaMpaBIECHUIO MIPUKJIaAHAs HH(POpPMATHKA,
OUHAHCOBO-TEXHOJIOTMYECKas aKajeMus,

Poccus, r. Kopouies

Cuooposa A.C.

OakanaBp MO HaMpaBJIECHUIO IPUKJIaAHAs HH(POpPMATHKA,
DUHAHCOBO-TEXHOJIOTMYECKas aKageMus,

Poccus, r. Kopoines

B crartbe paccMOTpeHBI BOIPOCHI, CBSI3aHHBIC C aHAIM30M BiHsHHS paboTel Bluetooth-
YCTpPOKMCTB Ha OecnpoBOHbIE ceTH, oaaepkuBatonme nporokon IEEE 802.11b.

Kniouesvie crnosa: Bluetooth-ycrpoiicTBa, 0eCIIpOBOIHBIC CETH, B3aUMHBIC TIOMEXH, TIPO-
Tokoia IEEE 802.11b.

Kak u3Bectno, Texnonorus Bluetooth npennasnauena He TonbKO 1751 06ec-
MEYEHHs] aBTOMATUYECKON CBSI3U MEXKAYy KOMIIBIOTEPHOM TEXHUKOM, HO U IS pe-
IICHUSI 33/1a4 CETEBOI'O B3aMMOJICHCTBUS CaMbIX Pa3HBIX YCTPOMCTB: MEPCOHAIb-
HBIX KOMIIBIOTEPOB, TelehOHOB, UPPOBLIX (poTOKaMep, TEIEBU30POB, KOHTPOJI-
JE€pOB OBITOBBIX MPUOOPOB — XOJIOAMIBHUKOB, 3aMKOB JIBEpEH, AJIEKTpoIneyued, u
T.0. [1-5].

B otnmune ot OecnpoOBOIHBIX JIOKAJbHBIX CETEH, KOTOpbIe, KaK MpaBUIIo,
YCTaHABJIMBAIOTCS B OTHOCUTEIBHO «UYHUCTBIX» TIOMEIIEHUSAX, TEXHOJOTHUS
Bluetooth He mpoBepsieT, UCHONB3YET JH yXKe KTO-THOO0 T€ YacTOThI, HA KOTOPBIX
OHa JI0JDKHA paboTaTh, OHA MPOCTO HauWHaeT (QyHKIMOHUPOBATH. [10100HO MHO-
UM OeCIIpOBOAHBIM CHCTeMaM, TexHosiorus Bluetooth ocHoBana Ha mMeToze ckad-
KOOOpa3Horo mnepekytoueHust yactotel. B TexHonoruu Bluetooth nuanmazon ISM
(ISM — Industrial, Scientific, Medical) nenutcst Ha 79 kaHanOB, a MEPEKIIOUYECHUE C
OJIHOTO KaHaJla Ha JPYroil OCYyIIECTBISIETCS MO MnceBaociaydyaiiHoit cxeme 1600 pa3
B CEKyHy [6-9].

[To cpaBHEHHUIO C OPYTMMHU CHCTEMaMH 3TO OYEHb BBICOKAs CKOPOCTb, TJe
MPUMEHSIETCS] METOJI CKAYUKOOOPa3HOTo MEPEKIIOUEHUs YacTOT, UTO U 00ecreurBa-
et Bluetooth pemarormiee mpenmyIiecTso.

B cuctemax ¢ mepexiiroueHHeM 4YacTOT JIF000e MEepeKToYeHUe Ha 4acToTy,
r7Ie UMEIOTCS MOMEXH, NIPUBOJIUT K MOTEpE MEepeaBaeMoro B 3TO BpeMsl MaKeTa.
OTO0 03HAYaeT, 4To, ecau oauH u3 79 kananoB Bluetooth 3anst npyroit Texnonoru-
el unu npyroit nukocetsio Bluetooth, xkaxabiit 79-it maket Oyner tepsarbes. Ecnu
YCTPOUCTBO Ha 0a3e APYroi TEXHOJOTHH Oy/eT CMEHSATh 4acTOThI Juib 50 pa3 B
CeKyHIy, To curHaisl Bluetooth 6yayT mpocTo HakiaabIBaThCa Ha MepeaaBacMyro
3TUM YCTPOMCTBOM MH(OPMAIUIO TIPU KAXKJIOM €ro MEePEeKIIOYeHHUH, CIIeI0BATEb-
HO, 9TO YCTPONCTBO OyIET TEPITh KaXKAbIN MaKeT.
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Crangapt Ha G6ecripoBoanbie JokanbHble cetu IEEE 802.11b He npeamona-
raeT MepeKIYeHH, OH MOAIEPKUBACT Tiepeiady JaHHBIX Ha HECKOJBKUX 4acTo-
TaX OJHOBPEMEHHO, B pacyeTe, YTO XOTS Obl OJHA KOMHUS JOMAET 10 IyHKTa
HaszHadyeHus. [lostomy ycroiumBocTth 802.11b k momexam, CoO37aBaeMbIM
Bluetooth, HeckobKO BBIIIE, YEM y CUCTEM C HU3KOM CKOPOCTHIO MEPEKIIOUCHHUS,
oHaKo Onm3ocTh padotarouux Bluetooth-ycTpoiicTB Bce ke OTpHUIIATENbHO CKa-
3bIBAETCA HA MIPOU3BOIUTEIBHOCTH pueMonepenatynka 802.11b.

Ha pucynke npencraBieHbl pe3yiabTaTbl UCCIEIOBAHUI CKOPOCTH NEpeadyu
JAHHBIX B OECIPOBOJIHBIX CETSIX B 3aBUCUMOCTH OT YJAJICHUS A0 TOYKHU JIOCTYTIA B
yCIIOBUSX paboTaroliei u He padoTaroniei nukocety Bluetooth.
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0)
Puc. 3aBucMMOCTB CKOPOCTH TIepe/iadyn JaHHBIX B YCIOBHAX Bo3neicTBus Bluetooth,
MU yAaJCHUH TOYEK JJocTyna Ha paccrostHue: a — oT 0 1010 m; 6 — ot 10 1o 100 m
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[IpoBeneHHOE TECTHpPOBaHME MOKA3aJl0, YTO CKOPOCTh PabOThI GECIpOBOI-
HBIX CHCTeM, moajepkuBarommx mpotokon 802.11b, mpu cocenctse ¢ Bluetooth
BCEr/la CHMUKaJach. JTO HE OTHOCUJIOCH JIMIIb K TEM CIIydasiM, KOT/ia /IBa MPHUEMO-
nepenaTyuka 0eCIpoOBOIHBIX CHCTEM PACIOarajuch O4eHb OJIU3KO IPYT K APYTY,
B Mpefenax He 6osee Tpex MeTpoB. TOMBKO Ha 3TOM PAaCCTOSTHUM UX CUTHAJIBI ObI-
JU JIOCTaTOYHO CHJIbHBI, 4YTOOBI HE TMoJABeprarbcs BozaeiicTBuio Bluetooth-
ycTpoicTB. [lonmydyeHHble pe3ynbTaThl Jadu XOPOLIee COBNAJACHHUE C pe3yJibTaTaMu
kommanuu Mobilian [10].

Teopetndecku OecripoBOIHBIE CETH, MOJAEepKUBatoiue mpoTokon 802.11b,
JOJKHBI 00ecTieunBaTh CKOPOCTh nepeaadn 11 MOUT/c Ha pacCTOSIHUM CTO MET-
poB. OnHako, peanbHass NPOMYCKHAas CIIOCOOHOCTb, KakK IPAaBUIIO, HECKOJBKO
Menblie. [IpoBeneHHbIe HCcCcaeA0BaHNS MOKA3AIH, YTO CKOPOCTh Mepeadn JaHHBIX
PE3KO YMEHbIIAeTCs, KOr/ia X0Tsl Obl OMH U3 Y3JI0B OECIIPOBOAHOMN CETH OKa3bIBa-
eTCs B TIpesenax paboTaromieli mukoceTn Bluetooth. Ilpuyem, ¢ yBenmnuenuem pac-
CTOSIHUSI MEXKAY MpUeMoliepeaTunkaMu OeCIpOBOIHON CETH, MO KUBAIOIIN-
Mmu nipotokos 802.11b, BiusgHMe pabOThl MUKOCETU PE3KO ycHiMBaeTcs. Tak, mpu
yaaneHuu npueMornepenatdynkoB Ha 10 meTpos, pabota nukocetu Bluetooth mpu-
BOJIUT K YMEHBILIEHUIO CKOPOCTH Mepeaayd B OECIPOBOIHON CETH MOYTH B JIBa pa-
3a, mpu ynainennn Ha 20 METpPOB — IMOYTH B TPH pasa, NpU yNaJICHUHA Ha
30 MeTpoB — OoJiee YeM B CEMb pa3.

Takum oOpa3om, yduThbIBas, 4To cUCTeMbI Ha Oa3e mpoTtokoina 802.11b pac-
CUMTAHBI Ha PACCTOSTHUE MEXIy ycTpoiicTBamu mopsiaka 100 M, cTaHOBUTCS Oue-
BUJHBIM, uyTO Bluetooth MoxkeT 3HaUUTENBHO 3aTPYAHSTH UX PadOTY.

Takum oOpa3oM, OCYIIECTBICH aHaiMW3 BAusHUS padoTel Bluetooth-
YCTPOUCTB Ha OecnpoBOIHbIE ceTH, moanepxkubatomie mporokon IEEE 802.11b.
[TokazaHo, YTO CKOPOCTH Mepenadyn JTaHHBIX B OECIIPOBOJAHON CETHU PE3KO YMEHb-
I1aeTcs, Korja XoTs Obl O/IMH U3 €€ y3JI0B OKa3bIBAETCS B 30HE JIEUCTBUS TMKOCETH
texnosioruu Bluetooth. [Ipuuem, BiusiHuEe TUKOCETH HA paboTy OECIIPOBOIHOMN Ce-
TH PE3KO YCHJIMBAETCS C YBEJIMYCHHEM PACCTOSHUS MeXAy ee y3namu. [Ipu pac-
CTOSIHUU MEXIy npueMonepeaardynkamu 10 MeTpoB, paboTa MUKOCETH MPUBOIUT K
YMEHBIIEHUIO CKOPOCTHU Tepeaaun B OECIpOBOJIHOM CETH MOYTH B JiBa pasa, Npu
pacctosanu 20 METpPOB — MOYTH B TPHU pasa, mpu pacctosauu 30 MeTpoB — Ooee
YeM B CEMb pas.

Jlannas paboma ewvinonnena 6 pamxax HUP «llpoekmuposanue cemeiiy
nposooumoti 8 I'BOYBIIO MO «©DTA» noo pykogoocmeom 0.m.H., npogheccopa
Apmrwowenxo B.M u x.m.n., doyenma Abbacosoti T.C.
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BJIMSIHUE NHHOBAIITMOHHOM JEATEJBbHOCTH _
HA APXUTEKTYPY HAYYUHO-ITPOU3BOACTBEHHBIX 3IAHUHU

Xpycmanees /1. A.

TOTICHT Kaeapbl « ApXUTEKTypa MPOMBIIIICHHBIX COOPYKEHUI» MOCKOBCKOTO
aApXUTEKTYPHOI0 MHCTUTYTA (TOCYAapCTBEHHOM aKaJeMHM), KaH/. apX. HayK,
Poccus, r. MockBa

B cratpe onmcanbl GakTOphbl BAUSHUA HA 00BEMHO-IIPOCTPAHCTBEHHBIE XapaKTEPUCTUKH
00BEKTOB ISl HAYYHO-TIPOU3BOJICTBEHHON JESTEILHOCTH, B TOM UMCJIE MHHOBAIIMOHHOW U pHUC-
koBo#. [IpuBoauTCcs MHOTO(YHKIMOHANBHBIN COCTaB MOMEIIEHUH I 3TUX 3JaHUI U KOMIUIEK-
COB — TEXHOJIOTHYECKUX MapKOB, AEOBBIX M MHHOBAIIMOHHBIX IIEHTPOB.

Knroueswvie cnosa: Hay4YHO-IIPOU3BOACTBCHHBIC 31aHHWA, MHHOBAIIMOHHAA ACATCIbHOCTD,
APXUTCKTYpa I NpCANIPHUHUMATCIILCTBA.

WNHuHOBarust (HOBOBBEJEHNE) — ATO CO3/IaHUE U BHEAPECHUE PA3TUIHBIX HOB-
HIECTB, MOPOXKIAIOIINX 3HAYMMbIC U3MEHEHUS B coluaibHOM mpakTuke [1]. bonee
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80% coBpeMEHHBIX MHHOBALUU MPOUCXOAUT C NPUMEHEHHEM BBICOKMX TEXHOJIO-
T, a UX MPOBEJACHUE 00ECTIeUnBaACTCA «BEHIYPHBIM (DMHAHCUPOBAHUEM.

['1aBHOM 0COOEHHOCTHIO MHHOBAITMOHHOM JIESITEILHOCTH, ONIPEACIISIONnIen €
TpeboBaHUA K (YHKIHOHAIBHON U MPOCTPAHCTBEHHOM OpraHU3alliH, SIBISIETCS He-
BO3MOJKHOCTH (popMasi3aIuu caMoro mporecca [2]. Bo MHOroMm 3T0 omnpenensercs
MPEeANPUHUMATEILCKUMU PUCKAMMU, JIEXKAIMMU B OCHOBE MTOBCEAHEBHOU JEATENb-
HOCTH MHHOBAITMOHHOW (pupmbl. PuckoBbiii XapakTep pador, 6omee uem B 80-90%
CJly4aeB BEAYUIUI K HEMPeICKa3yeMOMY WM OTPULIATEIbHOMY pe3yJIbTaTy, dacTasl
CMeHa pabouynxX KOJJIEKTUBOB U 00OpYyIOBaHUs, ObICTpOE M3MEHEHHE MpOodus,
HaIpaBJIeHU padboT, YUCICHHOCTH M KBATU(PUKAIIMOHHOTO COCTaBa COTPYIHUKOB
BHYTPU OJIHOTO KOJUIEKTMBAa — OOYyCIIaBJIMBAeT LIMPOKHUI CHEKTp TpeOOBaHUU K
(GYHKIIMOHAIBHOMY COCTaBY MOApPAa3AeeHU U OpraHu3anuu pabodero mpocTpaH-
ctBa [3]. HaubonpmmmM pasHooOpazueM U CI0KHOCTHIO (DYHKIIMOHATBHOU U 00h-
€MHO-TIPOCTPAHCTBEHHOW OpPraHU3alMKU OTIWYAIOTCS HAyYHO-TIPOM3BOACTBEHHBIC
3/1aHUS U UX KOMIUIEKCHI, IPEIHA3HAUYEHHBIE JJIs MHHOBALIMOHHOM J1€ATEIbHOCTH.
B ux coctaB BXOIAT MOMEUIEHUS JUIsl BUPTYaJbHBIX KOMIBIOTEPHBIX U JKCIEpPHU-
MEHTAIBHBIX HCCIEAOBAHUN, IIJII MOJCIUPOBAHUS U OMBITHOTO IPOU3BOJICTBA,
OOLIECTBEHHO-aIMUHUCTPATUBHBIX (YHKUUN, Pa3HOTO pPOJa BCIIOMOTaTEIbHBIX
CIryxO0.

Heo0xonuMoCTh TMPEOoI0NIEHNs  COLUATBHO-TICUXOJIOTUYECKUX 0aphepos,
HEN30€KHO BO3HHUKAIOIIMX Ha BCEX JTalax pa3BEpThIBAHWS WHHOBALMOHHOW Jesi-
TeIbHOCTHU [4], BBICOKAsI KBaTU(UKAIMS COTPYIHUKOB, TTOCTOSTHHO YCIOKHSIOITH-
ecsi 0ObEKThl M1 METO/Ibl UCCIEA0BAHUN — 00YCIIaBINBAIOT KAUECTBEHHOE MOBBIIIIE-
HUE TPEeOOBAHMM K Pa3BUTHUIO KYJIbTYpPHO-MPOCBETUTENHbCKOU, MHHOPMAIIMOHHOM,
OOIIECTBEHHOW W PEKPEaMOHHOW HH(PPACTPYKTYphl — KakK BHYTPEHHEHW, Tak W
BHEIIHEHN (B cOCTaBe KPYNMHBIX MHHOBALMOHHBIX LIEHTPOB). B coctaBe 00BEKTOB
uHPPACTPYKTYpbl — WH(GOPMAIIMOHHBIE U y4eOHbIE IEHTPBI, BHICTABOUYHbBIE KOM-
TJIEKCHI, 3aJIbl JUIsl KOH(GEPEHIMM 1 pe3eHTalil, 00BbEKThl OBITOBOTO OOCTYKUBA-
HUS1, 30HBI BCTPEY U KOHTAKTOB, OT/bIXa, CIIOPTA U T.II.

[Ipu miaHupOBaHUM KPYMHBIX WHHOBALMOHHBIX IIEHTPOB HEOOXOAMM y4eT
BIIUSIIONIMX HAa MPOCTPAHCTBEHHOE (POPMUPOBAHUE OCOOCHHOCTEN MHHOBAIIMOHHOMN
JeSITEIBHOCTH:

e [IpoucxoauT yCKOpeHHe HHHOBAIIMOHHBIX IIUKJIOB — OT HAYYHBIX HCCTIe-
JOBaHHUM 10 TEXHUYECKOTO BOIUIOIICHHS €r0 Pe3yJbTaTOB; B CBSI3HM C 3TUM OIpe-
Aersitolee 3HauYeHre MpruoOpeTaeT BO3MOKHOCTh paclIMpeHus, TpaHcGopMaluy,
MOJIEpPHU3ALIUU U TEXHUYECKOTO IEPEBOOPYKEHUS POCTPAHCTRA.

e liccnenoBanusi Bc€ B OONbIlEH CTENEHW MMEIOT BUPTYaJIbHBIM U MpU-
OOpHBI XapakTep W METOAMYECKYI0 OPHUEHTAlLMI0, 3aBUCAT OT MAaTepUaJIbHO-
TeXHUYECKOW 0a3bl W MEXIUCITUIIMHAPHBIX BO3MOXKHOCTEH pPabOTBL. ITO 00Yy-
CJIaBJIUBAET MOTPEOHOCTh B MHTEP- U MYJIbTHHALIMOHAIBHOW KOOIEpalu, co3/a-
HUU 3(()EKTUBHBIX BCIIOMOTATEIbHBIX U HAYYHO-TEXHUYECKUX CIIyK0ax, MO3BO-
JSAOIUX OBICTPO U TMOKO (POPMHUPOBATH MEXKIUCUUIIIIMHAPHBIE WHHOBALIMOHHBIE
MOTEHIIMAIIBI.

e B mpou3BOACTBEHHBIX MPOIECCaX BCE IIHUPE HCHOIB3YIOTCA BBICOKHE
TEXHOJIOTUU. DTO OMpEeNsieT HeOOXOAUMOCTh TECHBIX CBSI3€H ¢ HAYYHBIMH IICH-
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TpaMu (MCTOYHUKAMHU HAYUHBIX HJIEH U BBICOKOKBATM(DHUIIMPOBAHHBIX CIIELUATH-
CTOB), TIOCTOSIHHOTO TIOBBIIIICHHS KBATM(UKAIIMHM MPOU3BOACTBEHHOTO MEPCOHANA,;
Pa3BUTHSI COOCTBEHHBIX MHHOBALIMOHHBIX CTPYKTYP.

e Mexay OTIENbHBIMUA 3BEHbSIMM MHHOBAIIMOHHOM 1enu — (yHaameH-
TaTbHBIMU, TPUKIAAHBIMA HCCIEAOBAHUSIMH, Pa3paOOTKaMH, MPOU3BOJICTBOM —
BO3pAaCTalOT B3aUMOBIUSHUSA U CBS3U. J{J1s1 OBICTpENIero UCIob30BaAHUS PE3yIib-
TaTOB HCCIIEOBaHMUI co3fatoTcs Y (HEeKTUBHBIE MEepeIaTOYHbIE 3BEHbSI MKy Oa-
30BBIM OTKPBITUEM U KOMMEPYECKUM TEXHUKO-TEXHOJIOTHYECKUM «HOY-Xay» —
WHHOBAIIMOHHBIE CTPYKTYpPbI, UTPAIOIIME POJIb MHKyOaTOopa WM akcelaeparopa.
Pa3BuTHE COBpPEMEHHBIX BBICOKHX TEXHOJOTUW, 0a3UPYIOIIMXCSA Ha pe3yibTaTrax
HAYYHBIX MCCIIEJOBaHUM, MPOUCXOJAUT B MHHOBALMOHHBIX TEXHOJOTMYECKUX LIEH-
Tpax (mapkax), B HEMOCPEACTBEHHOW OMU30CTH K LIEHTpaM (yHIaMEHTaJIbHBIX U
MPUKJIAIHBIX UCCIIET0BAHUN.

e HayyHbie KOMMyHUKallUd, OOMEH HOBEHIIMMH 3HAHUSIMHU MPUOOPETAIOT
[EHTpaJIbHOE 3HaYeHUE s 3()PEKTUBHOCTH MHHOBAIIMOHHOTO Tiporiecca. [Ipsmbie
KOHTaKThl MEX]y CIEIMATUCTAMHU Pa3IMYHBIX JUCHUIIMHAPHBIX 00JacTel mo-
BCEMECTHO OCYIIECTBIISAIOTCS uepe3 HehOpMallbHBIE CETH U CTAaHOBSATCS HamOoJee
¢ dexTruBHOM POPMOIT KOMMYHUKALIUH.

e Bospacraer 3aBUCUMOCTh OT MHQPACTPYKTYphl —  COILMAJIbHO-
KyJIbTYpHOU (KauecTBO HH(OpMAIUH, KYJIbTYPHBIX NPEIJIOKEHUN, OBITOBOTO
cHAOKEHHUs, OT/IbIXa, IPOBENICHUSI CBOOOTHOTO BPEMEHU) U MHXKEHEPHOU (00111eH,
CHEIUATM3UPOBAHHOM, MOACO0HOM). [IpoucXouT cTUpaHue TpaHu MEXKIy Kade-
CTBOM U KOM(OPTOM Cpefibl B KOMILJIEKCAX TPOU3BOJICTBEHHOTO U MCCIIEI0BATENb-
CKOTO Ha3HAYEHUs, CO3/I1aHUE UePaPXUU OOIIECTBEHHO-OBITOBBIX MPOCTPAHCTB — OT
JIOKAJTBHBIX «OCTPOBKOB)» B pa0oueM MOMEIIEHUH 0 Pa3BUTHIX CICIHATUZUPO-
BaHHBIX 30H OT/IbIXa, KOHTAKTOB, KOH(PEPEHIIU.

TpeboBaHus MHHOBALIMOHHOMN AEATEIBHOCTH K PA3JIMYHBIM BUAAM pabounx
IPOCTPAHCTB U €r0 OCHAUICHUIO Pa3IUYHbl U 3aBUCAT OT HaIlpaBieHUs U (a3bl jae-
ATENFHOCTH (OT (PyHIAMEHTANbHBIX UCCIEIOBAHUN U CO3aHUS UACH MPOIYKTa J0
YTOYHEHUS €70 CTOUMOCTH, CO3JJaHUS YITAKOBKU U CXEM PACHpPOCTPAHEHNUS).

B 3aBruCcMMOCTH OT BHJ1a MHHOBALIMOHHOM JIESTEIBHOCTH CI0KHOCTD €€ IIPOo-
CTPAHCTBEHHOW oOpraHu3anuu paznudHa. OOBEMHO-MPOCTPAHCTBEHHBIC PEIICHUS
3IaHUM JIJIS1 MHHOBAIIMI B MapKEeTHHIE U cpepe yCIyr Majao OTIMYaloTCs OT oduc-
HBIX 3JaHUM.

Jnst  ocyliecTBi€HUsT ~ HAyYHO-NPOU3BOJCTBEHHBIX M TEXHHUKO-
TEXHOJOTUYECKUX MHHOBAIIMK HEOOXOIUMBI TaKKe pabodrie MOMEIIECHHUs JIJIs TIPo-
€KTHO-KOHCTPYKTOPCKHUX PaOOT, UCTIBITAHUHI M MPOU3BOACTBA OMBITHBIX 00pa3IoB
U OTpabOTKU HOBBIX TEXHOJIOTHH. OOBEMHO-IPOCTPAHCTBEHHBIE PEIICHUSI TAKUX
3IaHUN M WX KOMIUIEKCOB YCIIOKHSIOTCS, CTAHOBSITCS MHOTO()YHKIIMOHATBHBIMH,
BMelasi, MTOMUMO O(UCHBIX MOMEIIEHUH, Pa3BUTYI0 HAYYHO-HUCCIIEI0BATEIbCKYIO,
MPOEKTHO-KOHCTPYKTOPCKYIO, MPOU3BOJACTBEHHYIO 30HBI, a TAK)KE CKIIAIBI.

HuxeHepHoe BOOpYKEHUE 3[aHUM pa3u4yHO B 3aBUCUMOCTH OT (a3bl, BUIA
U npoduiii MHHOBALIMOHHOW neATenbHOCTU. B opauHapHoM BapuanTe (paloThl,
BKJTIOUaromue (aspl 2-4) 3TO — pa3BUTHIC CUCTEMBI CBS3U, CUCTEMBl BEHTHWIALINH,
KOHJWIIMOHUPOBAHMSI, OTOIUJICHHS, BOJAOCHAOKECHMsSI, KaHATU3allUd U JJICKTpHUYe-
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ckoro obOecrneueHus. KoMmIeKCHOCTh MHHOBAaLIMOHHOW J€ATENbHOCTH (paloTshl,
BKUTIOUaromue ($aszpl 1-8) HEOOXOAMMO BIEYET 32 COOOM JOMOIHUTEIHHO OCHAIIIE-
HUE 3[JaHUI COOTBETCTBYIOIIMMH CIELMAIBHBIMU UHKEHEPHO-TEXHOJIOTUYECKUMU
CUCTEMaMHU, CBSI3aHHBIMU C mpoduiieM padoT. OOcIy)uBas 4acTo U3MEHSIEMbINH U
YCIOKHSIOUMNACA MHHOBALIMOHHBIN MPOLIECC, MHKEHEPHBIE TOIPA3/ICIICHUS TaKXKe
MOJIBEPKEHBI YaCTOW TpaHCcHOopMaLuu, HaApAIIMBAHUIO, MOJIEPHU3ALIMH.

B mpornecce BeneHUs MHHOBAUMOHHOW JEATEIBHOCTH YacTh MOMEIICHUI
TpeOyeTCsl MOCTOSIHHO (HAaIpuMep, KOMIIbIOTEPHbIE O(PUCHI, aAMUHUCTpaLUs, Iepe-
TOBOPHBIE C COOTBETCTBYIOIIEH CAHUTAPHO-OBITOBOM M MHKEHEPHOU MH(]paCTpyK-
Typoi). Jlpyras 4acTh MOMEIICHU BOCTpeOOBaHa TOJIBKO B OMPECIICHHBIX (ha3ax
JESATENbHOCTU (HAIPUMED, UCCIIEA0BATEIbCKUE Ja00paTOPUH, IPOU3BOICTBEHHbBIE
MOMEIIEHHUS, 3aJIbl, CKIAJCKUEe ToMeleHus u mp.). CylecTBYIOT MOMEIICHHS, UC-
MOJIb3yeMble MEePHOAMYECKU WM Pa30BO (HampuMmep, KpymHble KOH(pEPEHII-3albl,
3a]bl ISl CJIOKHBIX MOJIENBHBIX M CTEHJOBBIX YCTAHOBOK, CKJIaJbl KpyMHOTa0a-
PUTHOW MpOAYKUMHU U 1p.). Takue nomemeHuss MOryT ObITh IIEpEaHbl B JI0JIEBOE
KOOTIEPUPOBAHHOE yUaCTHUE HECKOJIBKUM KOJJIEKTUBAM.

[lepeuncnenHble BHJIIBI MPOCTPAHCTB JJII WHHOBAIMOHHOM JI€ATEIIBHOCTU
CYLIECTBYIOT B pa3jiM4HbIX (OpMax OpraHu3aluU, ACHCTBYIOIIMX B MacliTade
CTpaHbl, PErMOHAa, TOPOACKOU arjoMepanuy, JIOKAaJIbHOW TEPPUTOPUHU. TepMHUHBI
"MHHOBALIMOHHBIA ULEHTp", "TexHomapk", "HayyHO-UCCIEAOBATENbCKUM MapK",
«TEXHOIOJIHC», CTAIM CUMBOJIAMHU CHJIBI U POCTa COBPEMEHHON HayKH U MPOMBILI-
JIEHHOCTHU. Bce 3Th CTPYKTYypbl CO3[1aI0TCS B LEJSAX ONTUMHU3UPOBAHUS U CHHXPO-
HU3ALUU CJIOKHBIX MPOLECCOB pa3/ielieHusl TpyJa BHYTPU KOMIUIEKCHOW HAy4YHO-
BHEJIPEHUECKOU JesATeNbHOCTH. C UX MOMOIIBIO MOXKET ObITh JTIOCTUTHYT Ba)KHBIN
s dexT Katanmsa, CHoCOOCTBYIOMNNA YBETUYCHUIO Pe3yIbTaTUBHOCTH MHHOBAIIH-
OHHBIX MPOIIECCOB.

WTak, OCHOBHBIMHU OTJINYUTENBHBIMU OCOOCHHOCTSIMA UHHOBALIMOHHOM J€s1-
TEJIbHOCTHU, HAMPSAMYIO BIMSIOUIMMHU Ha (OPMUPOBAHHE €€ MPOCTPAHCTBA, SIBIISIET-
Csl 3aTPYAHUTETHLHOCTh (POPMATTU3AIINU, CBSI3aHHAS C TIOCTOSTHHO YCIOXHSIOIIMMHU-
csl 00OBbEKTaMU U METOJAaMH MCCJEI0BaHUM, PUCKOBBIM XapaKTepoMm paboT, HE0O-
XOJUMOCTbI0 KOHKYPEHTHBIX OTHOIICHUN B YCJIOBHUSX PhIHKA U CBSI3AHHOW C 3TUM
HEO0OXOIMMOCTBIO TMPEOIOJICHHSI COIMATBHO-TICUXOJIOTHUecKuX OapbhepoB. [loaTo-
My MpPOEKTHPOBAHHE COBPEMEHHBIX HAyYHO-IIPOU3BOACTBEHHBIX OOBEKTOB MJIst
MHHOBALIMOHHOM JIESITEIbHOCTH BEJIETCS B CUTYyalluu BBICOKOM CTENEHM Heompee-
JIEHHOCTH, YacTO MPH OTCYTCTBMM KOHKPETHOTO 3aKa3uMKa W HCUEPIBIBAIOIIMX
TEXHOJIOTUYECKUX 3aTaHHM.

Ceroans B Poccum moaxoj K opraHu3allii MHHOBALIMOHHOW JIEATEIbHOCTH
BO MHOIOM 0a3UpyeTcsl Ha CJIOKUBILIEHCS CUCTEME OIBITHO-IIPOU3BOJICTBEHHBIX U
BHEJPEHYECKUX KOMILUIEKCOB, CO3JaHHbIX 10 90-x rr. XX B., 4TO HEPEAKO HE COOT-
BETCTBYET COBPEMEHHBIM YCIOBHUSIM M HYKJIaeTcsi B MojepHuzanuu. [Ipouecc
OCBOCHHUS TEPENIOBOTO 3apyO0eKHOTO OMBITa YacTO WAET 3a CUET MPUBICUYCHHS K
CO3/IaHUIO0 POCCUUCKUX HMHHOBAIIMOHHBIX OOBEKTOB 3apyOeiHBIX CIELHATHCTOB-
MPOEKTUPOBUIMKOB (KaK MPOUCXOIWIO TMpU TMPOSKTUPOBAHUM HMHHOIPAJA
CKO01KOBO).
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B »s10li curyanum oco0oe 3Hau€HHE I OTEYECTBEHHBIX apXUTEKTOPOB
nproOpeTaeT OCBOEHUE MPOTPECCUBHOTO MUPOBOTO OMBITA, BHISBICHUE MEPCIEK-
TUBHBIX TEHJIECHUUNH (OPMUPOBAHMS HAYYHO-NPOM3BOACTBEHHBIX OOBEKTOB IS
VHHOBALIMOHHOMN J€ATEIbHOCTH.
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HEJTOCTATKHA COBPEMEHHBIX CUCTEM OYUCTKHA
IIMTBEBOU BO/JbI

Hlabanoea C.B.

CT. TIPETOoIaBaTellb KadeIphl SKOJIOTHH B IIPUPOIOIIOTH30BAHMS
OpeHOyprckoro rocy1apCTBEHHOTO YHUBEPCUTETA, KaH/. TEXH. HAYK,
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Poccus, r. Openoypr,

Cepowkoea E.A.
ctyneHT OpeHOyprcKoro rocy1apCTBEHHOTO YHUBEPCUTETA,
Poccus, r. Openoypr,

B crartbe paccmarpuBaroTCs CyIIECTBYIOIINE CIOCOOBI BOJOMOATOTOBKHU JJISI TUTHEBOTO
BojiocHaOkeHus. HeoOXoauMo BHEAPSATh HOBBIE METOIBI OYHMCTKH, MO3BOJISIIOIINE YIyYIIUThH
KauyeCTBO MUTHEBOM BOIBI.

Kniouesnie crosa: BOAOOYHUCTKA, IIUThEBAsA BOJAa, METOAbI OUHMCTKU IMUTHEBOU BOJHI.

E>xenHeBHO 4eIoBEK JOJDKEH BBIMMBATH OKOJO 1,5-2 nmutpoB Boabl. Bojaa
3a0upaeTcsi U3 MOBEPXHOCTHBIX U MOJ3EMHBIX UCTOYHHKOB, TPOXOJAUT 00s3aTEINb-
HYIO OYHMCTKY M TIOMaJaeT K moTpeduTento. B HacTosmee Bpemsi KaueCTBO MUThE-
BOI BOJIBI, TOCTYMAIOIIEH MOTPEOUTENIO, B OOJBIIMHCTBE CBOEM HE COOTBETCTBYET
HOpMaM. DTO CBSI3aHO C (PU3UYECKUM U MOPaJIbHBIM HECOBEPIIEHCTBOM HCIOJIb3Y-
€MbIX OYMCTHBIX COOPYKCHHUH. A TakXe C M3HOCOM TPYOOIIPOBOIOB, IO KOTOPHIM
BOJTy MOCTABJISIIOT TOTPEOUTEITIO.
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[Tporiecchl OYMCTKH W MOATOTOBKU BOJIBI JTOJDKHBI TIPEyCMaTpUBaTh yaje-
HUE U3 BOJbI BPEIHBIX MUHEPAIBHBIX U OPTaHUYECKUX BEIIECTB, YCTpaHEHHUE Ta-
TOT€HHON MHKPO(DIIOPHI U BUPYCOB, YITYUIICHHE OPTaHOJENTHIECKUX CBOMCTB BO-
Ibl, a Takke OOOTralleHue BOJIbl MOJE3HBIMH MHUKpPO- U MaKpOIJIEMEHTaMU
[1, c. 40-42].

B oTedecTBEHHOM XO3SMCTBEHHO-ITUTHEBOM BOJIOCHAOKEHUU B HEKOTOPBIX
CIly4asiX HCIIOJIb3YIOTCSl JIBYXCTYIIEHYaTasi CXeMa OYMCTKH (OTCTOMHUKH WU
OCBETJIUTEIN CO CJOEM B3BEIICHHOI'O OCaJKa — Ha MEPBOM CTYNEHU U CKOpPbIE
(GUIBTPHI — HA BTOPOU CTYNEHH) UM OJTHOCTYIEHYaTas (KOHTAKTHBIE OCBETIUTEIN
WM TIPSIMOTOYHBIE (DUITBTPHI). ITU TEXHOJOTUYECKUE CXEMbI OYMCTKH HEHAC)KHBI
u Manod¢pdextuBHbl. Takas ourcTKa U30aBIsSIET, B OCHOBHOM OT JIUCIIEPCHBIX Ya-
CTHII, @ MOJIEKYJISIPHO PacCTBOPEHHBIC BEIIECTBA M MOHBI OCTAIOTCS B Boje. Takum
o0pa3oM, MHOTHE TOKCHUYHBIE BEIIECTBA HE YJIABIMBAIOTCS Ha BOJOOYHCTHBIX CO-
OpPYKEHHUSX U TIOMAJAI0T B BOJAOIIPOBOHYIO CETh.

Hcrosib3yloT Takke BOJOOYHMCTHBIE COOPYXKEHHS, COCTOSIINE W3 CIIEeTYyFO-
[IMX OCHOBHBIX TEXHOJOTUYECKUX ITAIOB:

- XUMUYECKas KOaryJsius HM3BECThbIO, CylIb(paTOM aTlOMUHHUSA, TOJIUIICK-
TPOJUTOM U MOPOIIKOOOPA3HBIM AKTHBUPOBAHHBIM YTJIEM;

- (prioKkyISILIMS U OTCTaMBaHUE;

- ObicTpast GUIBTpAIUs MMPU ITOMOIIHM TeCYaHOro (UILTPa C OJTHOPOIHBIMU
MeCcYaHbIMU TUTacTaMH, 0OpaTHas MPOMBIBKA U TPOIYBKa BO3IYXOM;

- puaEIIHAS Ae3UHDEKITUS XTOPOM.

Henocratok Takoro (puibTpoBaHMs 3aKJIIOYAETCS B TOM, YTO 3a4acTylo Ie-
COK XapaKTepHU3yeTCs HEY/IOBICTBOPUTEIBHBIM TPAHYJIOMETPUUECKUM COCTaBOM U
CKaTaHHOU (pOpMOIf 3epeH, UTO HETaTUBHO CKA3bIBACTCS HA €ro (QUIbTPAIMOHHBIX
cBoicTBaX. XJIOp ke oOpa3yeT omacHble MOOOYHBIC IPOIYKTHI, a B CIIydae YTECUKU
CYIIIECTBYET CYIIECTBEHHBIA PUCK IS 3I0POBbSL.

OpaHako Ha CEroJHSIIHUM IEHb CYLIECTBYET MHOTO albTEPHATUBHBIX METO-
JIOB OYHCTKH BOJIbI, IPUMEHSIEMBIX KaK CAMOCTOSITEIHHO, TaK U KOMIUIEKCHO.

OxauH U3 cocoOOB MOATOTOBKH MUTHEBON BOJIBI BKIIFOYAET B ceOs HACHIIIE-
HUE MOCTYyMNAaronie BOAbl KUCIOPOIOM METOJOM a’pallii, MarHUTHYIO0 00paboTKy
U ynbTpadroNeToBOe 00IydeHUE BOBI C Mocienyomniei puipTpanueid. Boga mpo-
XOJIUT YETHIPE CTYIMEHU OYUCTKU, YMATYIAETCS, OCBOOOKIAETCS OT COJIeH, B3BeceH,
XUMHUYECKHX DJICMCHTOB, BHOPHOHOB M 0OJIC3HETBOPHBIX OaKTEepHi, HACHIIIACTCS
KHUCJIOPOJIOM [5].

Cyl1iecTByeT Takke Croco0 OUMCTKHU MPUPOIHOM BObI, BKIIOYAIOIIHM B ce-
051 ee 00pabOTKY OKHCIUTEIEM — BO3yXOM, (DUILTPOBAHUE B JIBE CTAJIUU: JC3WH-
deknus yapTpaduoIeTOBBIM U3IYICHHEM, POMBIBKY 3arpy3KH B BOJIOBO3IYIITHOM
pexxume. HemocratkoM crioco6a siBisieTcsl IEpUOIUYHOCTD IMpoliecca U ero He 3a-
MKHYTOCTb.

AJNbTepHATUBHBIA CITOCOO BKIIIOYAET 00paOOTKY BOJBI OKHUCIUTEIEM, (PUITb-
TpaIyio 4Yepe3 WHEPTHYIO 3arpy3Ky B PEKHME MPOTHUBOTOKA Yepe3 MOBHMKHBIN
CJION 3arpy3kd B (PMIIBTPYIOIIEM YCTPOMCTBE, 00OPYIOBAaHHOM a’poduTom, mpo-
MBIBKY 3arpy3ku. [IpOMBIBHBIE BOJbI, COJEP)KAIME B3BEIICHHBIC YaCTHIIBI
HAIPABJISIIOT Ha pa3jielieHue, MOCie Yero KUAKYI0 (a3y BO3BpalialoT Ha OUHCTKY,
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a TBep/yI0 — BBIBOJAT U3 Ipolecca. OUUIEHHYIO0 BOAY MOJBEPraioT Ae3UHPEKIUH
C TIOMOIIBIO YIABTPAPHOIETOBOTO U3IydeHHUs [6, c. 60-61].

Ha HekoTOphIX CTaHIMAX BOJOMNOATOTOBKM (B MOCKBE) KOMILIEKCHO HC-
MOJIB3YIOT KJIACCHUECKHE TEXHOJIOTUU (0oTcTanBaHue, (puinbTpanus o0e33apakuBa-
HUE), U MPOTrPECCUBHBIC TEXHOJOTMYECKUE METOJIbI OYUCTKH — O30HUPOBAHUE H
MeMOpaHHoe ¢uibTpoBaHue. Takas OUMCTKA MO3BOJSET MOJHOCTHIO MCKIIOYHUTH
MOMalaHue B BOAY TOKCUYHBIX OPraHMYECKUX COCAMHEHHM M oOecreyuBaeT yua-
JIEHUE HENPUSITHBIX 3amaxoB. MeMmOpaHHble QUIBTPBI COXPAHSIOT B BOJAE BCE He-
00X0JIMMBIE ISl 3I0POBbSI MUKPOAJIEMEHTHI, IIPU 3TOM MOJHOCTBHIO yAJSIOT MUK-
poopranusmel [7, c. 32-35]. Kpome 3TOoro BHEAPSAIOTCS MPOIIECCHl 030HUPOBAHUS C
copO1ueil Ha akTUBUPOBAaHHOM yruie [4, ¢. 37-39].

B pa3BUTBHIX CTpaHaxX OTKa3bIBAIOTCS OT XJIOPUPOBAHUSA U 3aMEHSIIOT €ro Ha
Y ®- uznyuenue, 030HUPOBAHUE WIIM JIPYTHE METOAbI Au3uH(peKuu. Tak KaKk XJjo-
pUPOBAaHNUE UMEET PsIJi CYIIECTBEHHBIX HEOCTATKOB: TMOBBIIIICHHBIE TPEOOBAHUS K
NEPEBO3KE U XPAHEHUIO; MOTEHUIMAIbHBIA PUCK 3/I0POBBIO B ClIyyae yTeuKu; oOpa-
30BaHME MOOOYHBIX MPOJIYKTOB Ae3uH(pexiuu — Tpuranomeranon (TT'M), 6poma-
TOB U OPOMOPTaHUYECKUX MOOOYHBIX MPOIYKTOB IE3UH(DEKIIMU B MPUCYTCTBUU
OpomMu0B [2].

CoBpeMeHHbIE TEXHOJOTHMH BOJOMOJATOTOBKU TO3BOJIAIOT CHU3UTH 00BEM
MPUMEHEHHS KUJKOTO XJIOpa, HO MOJTHOCTBIO M3 TEXHOJOTUU OH HE MCKJIFOYAETCH.
PaBHOIICHHOW albTEpHATUBOM XJIOPY MO 00€33apaKUBAIOIIEMY JICHCTBHUIO SBIISICT-
Csl TMIIOXJIOPUT HATPHSA: OH HE TOPIOY U HE B3pbIBoomaceH [4, ¢. 37-39; 3, ¢. 36-38].

[lepciekTUBHBIM MeTOAOM 00€33apa’kUBaHMsI BOJbI SIBJISIETCS O30HUPOBA-
Hue. CUITbHBIE OKHUCITUTENbHBIE CBOMCTBA 00ECIEUMBAIOT BBIPAXKEHHOE OaKTEpH-
IIUHOE JICHCTBUE 030HA; 030H JCUCTBYET OBICTpEE XJIOpa U MPHU STOM HE TOJIBKO
HAJCKHO 00€33apaKMBaeT BOAY, HO OJHOBPEMEHHO U JOCTATOYHO 3(P(HEKTUBHO
oOecIBEeUMBAaET €€, YCTpaHseT 3anaxy U NpuBKycel. Hu cam 030H, HU ero coennHe-
HUSl HE 00JIaZaloT HU 3amaxoM, HU BKycoM. /[axxe B OOJIbIIIOM KOJUYECTBE 030H B
BOJIC HETOKCUYEH, TaK KaK B T€UEHNE HECKOJIBKUX CEKYHJI IPEBPAIIAECTCS B KUCIIO-
pona. Ero neiicTBue B OTiIMUME OT XJIOpa Majio 3aBUCUT OT (PU3NUECKUX U XUMUYE-
CKHUX CBOWCTB BoAbl. KpoMe TOro, 030H He TpeOyeT CII0KHOTO 000pyI0BaHUs AJis
JIOCTaBKH M XPAHEHHUsI, OCKOJIbKY MPOU3BOJUTCS HEMOCPEICTBEHHO HA MECTE Ta-
30pa3psAHBIM METOJIOM B O30HATOPAX.

B HacTtosimiee BpeMs NEUCTBYET P KPYIHBIX BOJONPOBOJIHBIX CTAHLMH C
UCIIOJIb30BaHUEM O30HMpoBaHMUs BO Dpanuuu, [Iseinapun, CIIA, a Takxe B
Poccun (Mocksa, SIpocnaBib, YUensOunck u ap.), Anonnn. B CIIA 98,6 % nuthe-
BOW BOJBI MOJABEpPraercs XJOpupoBaHuio. [IpakThuecku Bce BOJOOYHMCTHBIE CO-
opyxxeHus B ['epmanuu, a Takke B OOJIBIIMHCTBE APYTUX €BPOINENUCKUX CTPaH, Ha
CTaJIuM OKUCIICHHS UCTIOJB3YIOT 030H [§].

B Hacrosiiee BpeMs OCTpO CTOUT MpodJieMa BOJAOOUYHUCTKH MUTHEBON BOJBI.
HoBble METOBI OYUCTKU BOJIbI, MOSBISIONINECS CETOJHS, JOJKHBI MOBBICUTH Ka-
YECTBO MUTHEBOM BOJbI. Takue TEXHOJOTMH YCIEIIHO BHEIPSIOTCS B PAa3BUTHIX
CTpaHax, HO B Pa3BUBAIOILIMXCS CTpaHaX MpodeMa BOJOOYUCTKH SIBISIETCSI OCHOB-
HOH. J[J11 BHEIpEHUs TaKMX TEXHOJIOTHH HEOOXOIWMBI MaTepHajbHBIC CPEICTBA.
[TosTOMy rocy1apcTBO AOJIKHO MOCIOCOOCTBOBATh UX AKTUBHOMY Pa3BUTHIO.
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OUYNCTKA I'OPOJACKHX XO35IHCTBEHHO-BBITOBBIX
CTOYHBIX BO/ (HA ITPUMEPE I'OPEHBYPT'A)

Hlabanosa C.B.

CT. TIPETO/IaBaTellb, Kad). DKOJIOTHUS U IPUPOIOTIONIB30BAHNIE,
OpeHOyprckoro rocy1apCTBEHHOTO YHUBEPCUTETA, KaH/. TEXH. HaYK,
Poccus, r. OpenOypr

Ypazaeea M.U.

ctyaeHT ['T® rpynmer 10 OOC(c)II9k
OpeHOyprckoro rocy/1apcTBEHHOr0 YHUBEPCHUTETA,
Poccus, r. Operdypr

B craThe M310KEHBI OCHOBHBIE METO/Ibl OUUCTKH XO35ICTBEHHO- OBITOBBIX CTOYHBIX BO/I,
MNPUMCHACMBIX Ha OUUCTHBIX COOPYIKCHHAX. PaCCMOTpeHBI OCHOBHBIC JOCTOMHCTBA U HEAOCTAT-
KM AJaHHBIX METOJ0OB OYUCTKU CTOYHBIX BOJ Ha HNPUMEPE OYUYUCTHBIX COOpy‘)KeHI/Iﬁ ropoaa
OpenOypra.

Kniouesvle cnosa: X03MCTBEHHO-OBITOBBIC CTOYHBIC BOAbI, METOAbl OYMCTKH CTOYHBIX
BOA, CTCIICHb OYMCTKH CTOYHBIX BOJ.

C pa3BuTHEM MPOMBIIUICHHOCTH U POCTOM TOPOJOB YBEIMYMBAETCS KOJIU-
YECTBO XO3SMCTBEHHO- OBITOBBIX CTOYHBIX BOJ, MO3TOMY IpoOjeMa UX OYUCTKU
SBIISIETCS Bce OoJiee aKTyallbHOM.
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B Hacrosiiee BpeMsi MCHOJIB3YIOT Pa3IMYHbIE BUJIbBI U CIOCOOBI OYMCTKH
CTOYHBIX BOJ. OUHCTKA CTOKOB MPOU3BOJAUTCS MEXaHUYECKUMHU, OMOJIOTHIECKUMU,
XUMUYECKUMU, QPU3UKO-XUMUIECKUMH METOJIAMH.

MexaHn4deckass OUMCTKA SIBJISICTCS IIEPBOM CTAIMEN OYMCTKHU, HA ITOM dTare
YAQISIOT TBEPAbIC MPUMECH U KPYITHOUCIIEPCHBIE BemecTna [1].

Hapsiny ¢ MexaHn4eckoil OYMCTKOM CTOYHBIX BOJ NMPUMEHSIOT METOJ OMo-
noruyeckoil ounctku. OH OCHOBaH Ha MPHUPOAHON CIOCOOHOCTH €CTECTBEHHBIX
9KOCUCTEM YTUIIM3UPOBATh Pa3HOOOpA3HbIE HEOPraHMYECKUE U OPTaHUYECKUE Be-
IIECTBA C MOMOIIBIO COOOIIECTBA MUKPOOPTAHU3MOB — aKTHBHOTO MJIA.

XUMHUYECKUE METO/Ibl OUMCTKH MPETHA3ZHAUYEHBI JJI BBIJACICHHS PACTBOPEH-
HBIX B BOJIC BEILIECTB IYTEM XMMHUYECKHX PEAKIMN MEXAY 3arpsA3HCHUSIMU CTOY-
HBIX BOJI U peareHTamu.

B xone ¢pu3MKO-XMMHYECKOW OYMCTKH YAAISIOT MEIKHWE M TOHKOIHUCIIEpC-
HBIE YaCTHIIbI, & TAKXKE PACTBOPEHHBIE HEOPTAHUYECKUE BEIIECTBA U OPTaHUYECKHE
coenuHeHus [2].

brosornueckue OYMCTHBIE COOPYKEHUS C BBITYCKOM CTOYHBIX BOJ B PEKY
VYpan r. Openbypra, oskcmryatupyembie OOO «OpenOypr Bomokanam,
npeaHa3HauYeHbIl I OYMCTKU U 00e33apakMBaHUs MPOU3BOJICTBEHHBIX CTOYHBIX
BOJl TPEANPHUATAN M OpTaHM3allii, XO3SHMCTBEHHO-OBITOBBIX CTOKOB KHJIOTO
cekTtopa oOmacTHOro 1eHTpa. IlepBas odepens mpoekTHOW MOImHOCTHIO 200 ThIC.
M /cyTkm neuctByer ¢ aAcekadps 1974 roma, BTOpas odepeabr BBEACHA B
dKCIITyaTanuio B okTsiope 1989 roqa [3].

Ha ropojickux o4MCTHBIX COOpYyKeHUsIX T. OpeHOypra NpuMeHsSIOT MEXaHu-
YECKYI0 OYHCTKY XO3SIICTBEHHO-OBITOBBIX CTOYHBIX BOJ| C MCIIOH30BAHUEM pEIlie-
TOK, IECKOJIOBOK, JIOBYIIEK, OTCTOMHMKOB, YTO TMO3BOJSET YAAJIUTH KPYIHbIE
PEAMETHI, TIECOK, MEeHY, Macia, HePTEPOTYKTHI.

Jnst OMOIOTUYECKOM OYMCTKH CTOYHBIX BOJ| MCHOJB3YIOT a’poTeHKH. OHuU
UMEIOT CJIEIYIOIINE IUTFOCHL: OYEHBb BBICOKAS CTENEHb OYMCTKH CTOYHBIX BOJ; HET
HYXJbl B €ro Temionsoysanuu. HemoctaTku: 3HayuTeNbHAs CTOMMOCTB, HACOC
HY)KJAETCSI B  HEMPEPHIBHOM DJHEProcOEpeKeHUH, O0OpyAOBaHHE TpeOyeT
ClelMaIbHOr0 KOHTpOJisl. CTeneHb OYMCTKU JocTUraet 96 — 99 % [4].

OumniieHHas Bojia cOpachIBAaeTCs B peKy Ypas ¢ HapyIICHHEM COBPEMEHHBIX
HOPMAaTHBOB KadyecTBa BOJIbl. KauecTBO MOBEPXHOCTHBIX BOJl B MECTaxX BBHIITYCKOB
HE COOTBETCTBYET TMTMEHHYECKOMY U PBIOOXO3SHCTBEHHOMY HOopMaTuBaM. [lpu-
YUHON MOKET ObITh 3HAUYUTENbHBIN (PU3UUECKUNA U3HOC OCHOBHOTO O0OpYAOBaHUS
Y WCIIOJIb30BAHUE MOPAJIBbHO YCTAPEBIINX TEXHOJOTHI MPONUIOro Beka [S].

Heob6xonnMo mpoBeeHne peKOHCTPYKIIMH OYUCTHBIX COOPY>KEHUH C TIEIbIO
JIOBEJICHUS JI0 COBPEMEHHBIX TpeOOBaHMM MO CTENEHU OYMCTKU M MeToaaM 00e3-
3apakKUBaHUSI CTOYHBIX BOJ, C TTOJTHBIM KaHATU30BAHUEM HACEJICHHBIX IMyHKTOB.

B nensix ymeHbllIeHUsS HETaTUBHOTO BO3JICHCTBUS 3arpsi3HEHHBIX HEAOCTa-
TOYHO OYMIIEHHBIX CTOYHBIX BOJ Ha KaYECTBEHHOE COCTOSHHE TPAHCIPAHHUYHOIO
BOJHOTO 00beKTa — peku Ypan B pailone . OpeHOypra, HeOOXOJUMO B CPOYHOM
HOPSAJKE PELIUTh BOIPOCHI PEKOHCTPYKLUUU OMOJIOTMYECKUX OYUCTHBIX COOpYKe-
HUH, MMyCKa B DKCIUTyaTallMI0 BTOPOI O4YepeN OUMCTHBIX COOPYKEHUM ¢ 00beKTa-
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MU JOOYUCTKH M BHCIAPCHHA HOBBIX COBPCMCHHBIX MCTOJOB OYMCTKHU CTOYHBIX
o [6].
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SJEKTPOMATI'HUTHAA COBMECTUMOCTb OBOPY1IOBAHUSI
CETEH xDSL

H]emkuna A.P.

OakasaBp 10 HaIPaBJICHUIO NMPUKIIaIHAS HHPOPMATHKA,
DUHAHCOBO-TEXHOJOTHYECKAs aKaIeMHUS,

Poccus, r. Kopoiie

Xpanoe C./].

OaxanaBp MO HAMPaBICHUIO MPUKIaIHAsA HHPOPMATHKA,
OUHAHCOBO-TEXHOJOTHUYECKas aKaIeMHUs,

Poccus, r. Kopoie

Jlamunoe O.0.

OakanaBp MO HaMpaBIECHUIO MPHUKJIaAHA HH(POpPMATHKA,
DUHAHCOBO-TEXHOJIOTMYECKas aKaJeMus,

Poccus, r. Koposes

B cTathe paccMOTpeHBI BOIIPOCHI, CBSI3aHHBIC C TPOOJIEMaMK JIEKTPOMArHUTHOW COBME-
ctuMmocTH B ceTsax XxDSL, npu ucnonb3zoBanuu kogo8 HDB-3.

Knrouesovle cnosa: anexTpoMaranuTHasi COBMeCTUMOCTb, cetu XDSL, koast HDB-3.

OpaHOM U3 TTAaBHBIX 337a4 MPUMEHEHHS U(PPOBBIX CETEH MOCTYyIa, UCTIONb-
syromiero kol HDB-3, 2B1Q, CAP u PAM, sBnsieTcst penieHue npoosieMsl Jiek-
TpoMarHuTHou coBmectumoctu (OMC) neneit UCKPEeTHON U aHaIOroBou UHGpOP-
Manu® B ogHOM Kaberne [1-3]. [ HM3KOYaCTOTHOTO JAMamna3oHa 4acToT, TJe OC-
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HOBHBIM BHJIOM COOOILEHUH sBiisieTcsl TeaedoHHask CBS3b, 3Ta 3ajlauya pelieHa u
perjiaMeHTUpOBaHa J0MYyCTUMBIMA HOPMaMHU B HU3KOYACTOTHOM KaHaise [6, 13].

[Tpu peuienun mpoOieM UCHOIb30BaHUS CYIIECTBYIOMNUX KaOEIbHBIX JTUHUMI
JUTSE DIIEKTPOTEXHUYEeCKOoro odopyaoBanust XDSL ouens octpo crout Boripoc IMC
MEXAy LemsIMH ITUPPOBBIX AOOHEHTCKUX JTMHUN U BCEMU BUAAMH IIeTiei, kabemnei,
UCIOJIb3YEMBIX IS IEpeaun Kak TeJIe(OHHOIO COOOLIEHUS, TaK U HEeTeIe(POHHOIM
unpopmarmu [5-9]. IlosTromy OCHOBHOW 3amayell JaHHOW CTaTbH SIBISIETCS pac-
CMOTpEHHUE BOMPOCOB CBsI3aHHBIX ¢ DMC Mexay 1HensiMu, 1o KOTOpbIM paboTaroT
cucteMbl XDSL ¢ paznuyHbIMA BUAAMU KOJUPOBAHUS.

[Ipu paccMoTpeHUH AaHHBIX BOIIPOCOB MPUMEM 32 OCHOBY TEOPHIO M BBIBO-
11, paspaborannblie Aig koaa HDB-3, mupoko ucnosib3yeMoro B anmnaparype ajs
nudpoBoro yruiotHeHus: [14], ocHOBBIBasiCh Ha MeTOAMKE H3NOoxkeHHOU B [11].
Kpowme Toro, Oynem onuparbcs Ha CTaHAAPTU3ALUIO 1 HOPMUPOBAHKE [TAPAMETPOB
KauecTBa KaHAJIOB paszpaboTaHHble MeEXIyHapOAHBIM KOMHUTETOM B COCTaBe
ITU-T.

B kauectBe KpHUTEpHs AIEKTPOMArHUTHOM COBMECTHUMOCTH IMPUMEM KpHUTE-
puit OMC neneit nuckpeTHo MH(OPMAIMK MO TOCTOBEPHOCTH MEpenadu cooo-
HICHUH.

PaccmoTpum u npoanamuzupyem IMC Mexay 1ensiMu, 000pyI10BaHHBIMU
uudpossiMu cucteMamu niepenayu (LICIT) ¢ komamu HDB-3.

[Ipumem B kauectBe Kputepuss OMC neneit xDSL kpurepuii mo n0cToBep-
HOCTH Tiepenaun cooOmieHuid. [ToMexoyCcTOMYNBOCTh JIMHEWHOTO TpakTa IU¢po-
BBIX CHCTEM IEpeaad ONpPEAEIIETCS NOMEXOYCTOMYMBOCTBIO KaXKIOr0 pereHepa-
[IMOHHOTO y4YacTKa B OTAENbHOCTH. OILIEHHBATH MOMEXOYCTOWYMBOCTH Oy/ieM C
MIOMOIIIBI0 BEPOATHOCTH ommoOku P,. [Ipu 3TOM moja ommbKoi moapazymeBaeTcs
HENPaBUIIbHASI pereHepalysl epelaBaeMoro CUMBOJIa, a BEPOATHOCTh OIIMOKU 3a-
JaeTcs COOTHOUIEHHEM, OTOOPAXKAIOUINM CXOAUMOCTh 10 BeposiTHOCTH [11]:

P[(P,—nN") >&l =0, N> o, (1)

IJI€ 7 — YUCJIO HENIPaBUIIBHO PEreHEPUPYEMBIX CUMBOJIOB; N — o01ee 4uciio
nepeaaBacMblX CHMBOJIOB JIMHEMHOIO CHTHajla 32 KOHEYHBIA OTPE30K BPEMEHU;
nN"' — gacToTa MOSBNEHNs ONIMGOK; & — TH060E, HAIEPe T 3a1aHHOE MAJIOE YHCIIO.

[Tpy npuHATHIX B HU(POBBIX CUCTEMAaX NEpeJadll CKOPOCTIX, YaCTOTa MOSB-
JIeHUsl OIMMOOK, U3MepsieMasi Ha BpEMEHHOM OTpE3KEe B HECKOJBKO CEKYH], MpaK-
TUYECKHU PaBHA BEPOSITHOCTU OLINOKH.

3HaueHHEe BEPOATHOCTH OMIMOKHM Ha pereHepalliOHHOM ydacTke oOyclioBie-
HO BO3JCHCTBHEM Ha CHIHAJ MEXCUMBOJBHBIX HcKaxeHud (MCHU) m momex.
Hampsokenne MCU orpanudeHo cBepXy U ONpEAeNseTcs MPUHSTHIM CHOCOOOM
KOPPEKLHMH U CTPYKTYPOH KOJIa M OTpaHUYMBAETCA JOMYCTUMOW J0JIeld TOPOroBO-
IO HaIpsKEHUs, yCTAHOBJIEHHOTO B PEIIAIOIIEM YCTpOoHcTBe reHeparopa. Ha nu-
HeliHbIe moMexH BeiaeseTcs 57%, a Ha MCHU 43% ot o0mieil MOIITHOCTH ITIOMEXH.

Omnyckasi TOJAPOOHOCTH TEOPETUIECKUX 00O0CHOBAaHUM TpuBeaeHHBIX B [10],
OTMETUM, YTO JOCTOBEPHOCTbH Mepeaaun (BEpOSTHOCTb OLIMOKM) Ha pereHeparu-
OHHOM Yy4acTke npu nepegade curaaioB L[CII B kBa3UTpOMYHOM KOJI€ ONpeaeisi-
€TCSI BBIPAKECHUEM:
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u, B

2yP, U,

y o
IIC |- @' (y) :iﬂ I exp(U?/2)du — WHTETPANl BEPOATHOCTH, P — I S(f)dF
V © 0

P=1-@

: (2)

—nomexa; U, — aMIuIMTyia UMITyJIbCa.
0,5 0,5 v
[Tpu ycnosun U,/2(P,)” >> (P, /U,)” u ¢ AOCTaTOYHOM AJIsl TPAKTUIECKUX
BBIYHCIICHUH TOYHOCTHIO 3Ta (hOpMysIa MOXKET OBITh YIIPOIIeHA:

UH

2P | 3)

rae U,/2 — moporoBoe HarpsiKeHHeE.
JIns1 BBIYMCIIEHUST MHTETpaja BEPOSTHOCTH IIPU J > 5 CYIIECTBYET JOCTATOY-
HO TOYHOE NPUOIMKEHHE:

1-®'(y) = 2 Ljgrrmo 1—% . 4)

Yoy y

Bripaxenue U,/2(P,)"’ Ha3bIBAIOT OTHOLICHHE curai/mrym (OCI).

TpeOyemoe 3HauUeHHE BEPOSITHOCTU OMIMOOK Ha PEreHEepallMOHHOM YYacTKe
YCTaHABJIMBAETCA HA OCHOBE CIIEYIOIINX OTHOLICHH.

[Tpu BeposiTHOCTH OMIMUOKHU HA JIMHEMHOM TPAKTE pPaBHOMN 10 xauecTBO Ie-
penaun peun no kanainy TH, oopazoBannoMy ¢ nomotbto LICII, BocipuHuMaercs
a0OHEHTOM KaK «XOpollee», a MpUu BEPOATHOCTH 10° — kak oTmHuHOE. Beposr-
HOCTh OmMOKH 10 MPHHATO OTHOCHTH K JUIMHE JIMHEHHOTO TpaKTa, PaBHOIO
2500 kM.

[TpuHSB, 9YTO BEpOSTHOCTH OMIMOKH HAa PEreHEPAIIMOHHBIX yUaCcTKaX HE3aBU-
CHUMBI U PaBHBI JIPYT APYTY, MOJYYUM, UYTO IS PETEHEPAUMOHHOIO y4acTKa JJIU-
HOM 5 kM P, < 2-107, a mmst pEereHepalnroHHOro yvyactka 2,5 kM — P, < 10°. Kak
TIPABHUIIO, IPU TEOPETHIECKOMN OLIEHKE OPHEHTHPYIOTCS Ha Benmuunny P, = 1077,

YuurtbiBas, 4To 0000IIEHHON OLEHKON KayecTBa IMepeayl Ha pereHepanu-
OHHOM YYaCTKE SIBJIIETCA BEPOATHOCTH OMMUOKU P,, 3HAUCHUS KOTOPOH 3aBUCAT OT
CYMMApHOW MOIIIHOCTH BCEX BHUJIOB MOMEX M MEXKCHUMBOJBHBIX UCKAXKEHUW, OIIpe-
JETUM JI0JII0, IPUXOIALLYIOCS HA JINHEWHBIEC IOMEXH, BBIPAKEHHUEM:

P, =1-@'[K(U,-U,)/ /P, (5)
rae Uy — cymmapnoe Hanpsbkenne MCH; K — oTHOcUTeNbHAs J0JiS ITOPOTOBOTO
HanpspbkeHus U, BBIAEIIEMOro Ha JMHEMHOE NEPEXOIHOE BIUAHUE; P, — cymMmap-
Hasi MOIITHOCTb ITOMEX.

3aBUCUMOCTh BEPOSITHOCTH OIIMOKK OT BEJIWYHMHBI 3aIIUIIEHHOCTH, OTHO-
menus curHan/momexa (OCII), mpeacraBneHa Ha guarpamMme puc. 1.

Pex1-@°
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1E-08 -

1E-09 f:. I
1E-10

1E-11
1E-12
1E-13
1E-14

BeposATHOCTb ownbKK

15,7 16,2 16,6 17 17,4 17,7
‘lPe 1E-09 1E-10 1E-11 1E-12 1E-13 1E-14

OTtHoweHune curHan/nomexa, ob

Puc. 1. 3aBucumoctb BeposiTHOCTH OMOKH 0T BenmunHbl OCII

Paccmorpum moxens OMC B ICII, ucCnons3yromux CHMMETPUYHbBIE
kabemnu.

Cornacho [11], Ha smemMeHTapHbIX ydacTkax JuHEHHbIX TpakToB L[CII, uc-
HOJB3YIOIUX CHMMETPHUUYHBIE KaOelu HMMEIOT MECTO IOMEXH, O0YCJIOBJICHHBIE:
HEIMOCPEJCTBEHHBIM BIUSHUEM MEXIYy LENsMU Ha OJMKHEM KOHIE; MOIMYTHBIM
MOTOKOM, OOYCIIOBJICHHBIM HECOOTBETCTBUEM BXOJIHOTO M BOJHOBOTO COIPOTHB-
JIEHUs Leneld U HEOJAHOPOJHOCTEH BOJIHOBOI'O CONPOTHUBIICHUs BIOJIb JIMHUU; I1€-
PEXOJIHBIM BJIIMSTHUEM Ha JAJIbHEM KOHIIE YYacTKa, ONPEACISIONIMM CTENEHb BIIH -
HUS BCIIEICTBUE OTPAXKEHHUs M3-3a HECOIJIACOBAHHOCTU BXOJHOI'O COIPOTHBIIEHUS
anmaparypbl ¥ BOJIHOBOTO COINPOTHUBIICHUS JTUHUHU; COOCTBEHHBIMU (TEILJIOBBIMHU)
IIyMaMH.

[HuppoBoil curHan u NIOMEXH C JIMHUU IPOXOJAT PEryIUPYEMBIM KOPPEKTH-
pytomnii ycunutens (PKY) u nomanator Ha Bxoa pemaromiero ycrpoiictsa (PY),
1€ U MPOUCXOAUT OKOHYaTelbHas oneHka. PKY ocymecTBisgeTr koppekuuioo u
yCHJICHHE U(PPOBOTO CUTHAJA C YYETOM aMIUTUTYIHO-9aCTOTHON XapaKTePUCTUKU
JTMHUH, MEKCUMBOJIBHBIX UCKQXEHUHN U TETUIOBBIX IIyMOB. Moynb ko3¢ duiineH-
Ta nepenayn kabenpHoM mnenu B PKY Ha momyrtaktoBoil wacrore f/2 mpu 3TOM
paBeH 1.

TakuMm 00pa3oM, 3aTyxaHHE UMITYJIbCa B KAOEJIbHOM LIENU MOXKET ObITh IPU-
HSITO PaBHBIM 3aTyXaHUIO TAPMOHUYECKOTO KojeOaHus ¢ 4acToToH fy/2, a aMIuiu-
TyJa IPUHATOIO CUTHAJIA HA BXOJE PELIAOIIEr0 YCTPOWCTBA PABHOW aMILIUTYJIE
MMITyJIbca, 00pa30BaHHOTO Ha BBIXOJIE MPEALIECTBYIOIIETO pEreHepaTopa.

Bce yka3aHHbIE MOMEXM OTHOCSTCS K KJAcCy aaJIMTUBHBIX, TaK KakK HX
HANpsDKEHUE CKIIAJbIBACTCS ¢ HampsbkeHueM curhaia [4]. OHu oOpasyrorcs B pe-
3yJbTaTe MPOXOXKIAEHUS CIy4alHOTO HU(POBOTO CUTHANIA MO KaOEIbHBIM LIETISIM U
MOTYT OBITH MPEJCTABICHBI KaK CIydyailHbIe IPOIECCHl Ha BBIXOAE YKBUBAJIICHTHBIX
4-x mONMIOCHUKOB. TemmoBo WIyM Takke MPEeACTaBlIsAeT CcO00M CiydailHbINA
poLecc.

Kak u3BecTHO, TOCTPOCHHE YACTOTHOW MOJEIu 0azupyercs Ha COOTHOIIe-
HHUM, XAPAKTEPU3YIOIIEM MPOXO0XKACHUE CIYYaWHOTO IPOLECCa Yepe3 JIUHEHHBIN
YETBHIPEXIIOJIIOCHUK, COTJIACHO KOTOPOMY CHEKTpajibHas IJIOTHOCTh Ha €0 BBIXOJIE
BBIPAKAETCS KaK MPOU3BEJEHUE CIEKTPAIbHOM IJIOTHOCTH HAa BXOJE YETBIPEXIIO-
JIOCHUKA W KBaJlpaTa MOJYJsSl YaCTOTHOM XapaKTEepPUCTUKH KoddduimeHTa nepe-
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naun [12]. Ilpu 3TOM 3a KpuTepuil OLIEHKHU KayecTBa Mepeiayll NMPUHUMAETCs Be-
POSITHOCTB OIIMOKU Ha PETeHEPAIIMOHHOM Y4acTKe, OTPEIesIeMO COOTHOIIICHHEM
CUTHAJI/TIOMEXa Ha BXOJIE PEIIAIOIIEero yCTPOWCTBA pereHepaTopa.

Ha puc. 2 nokazana 00600111eHHas MOJIe/Ib B3AUMHBIX BIUSHUN MEXIY LeTs-
mu L[CII mpu BcTpeuHoit (ogHOKAOCTBHON) TIepeaade CUrHanoB, rae: K;(jw) — Ja-
CTOTHAasl XapaKTEPUCTHKA YETHIPEXMOIIOCHUKA, UMHUTHPYIOIIETO HEMOCPEICTBEH-
HOE BJMsHHE Ha OnmxHUN KoHel; K (j@w) — YacToTHasl XapaKkTepucTHKa Kodhdu-
nuenta nepenaun PKY; K;(jw) — AUYX Bmustromient uenu; K (fow) — AUX nenw,
MOJIBEPKEHHOW BIMAHUIO; Ks(j@) — 4YacTOTHAsl XapaKTEPUCTHKA YETHIPEXIOIIOC-
HUKA, IMUTHPYIOIIETO BIUSHNE HAa OMMKHUM KOHEI[ BCIEACTBUE PACCOTIIACOBAHUS
BXOJTHBIX W BOJIHOBBIX CONPOTHBIICHUH JIMHUMA.

N S'(f)
—0O— . —O—
D Ki(jo) Ka(jo) Ks(jo) Ky(jo) Ks(jo) PKY
_O_ . _O_

Kaxxmass U3 cocTaBisIONINX, MPEICTABICHHBIX HA PUCYHKE 2 MOXET OBITh
IpeCTaBlIeHa KaK AJIEMEHT YaCTOTHOW MOJIEIH.

Tak, Ans COCTABIAIOIICH, OMPEICIAIONIEN HEMOCPEACTBEHHOE BIIUSHUE,
CHEeKTpajbHAas TUIOTHOCTh IOMEXH Ha BXOJI€ PEIIAIOIIET0 YCTPOMCTBA pereHepaTo-
pa, 3a cueT nepexoaHoro BiausHus Ha Ommkauit konen (bK), cocrasnser:

_ .02 .2
Sexc = SPIKiGa)|” K> )],
WM JAUCTIEPCUS CIIy4alHOro mporecca (MOLUHOCTh Ha €IMHUYHOM COIPOTHUBIICHUU
WM CPEIHHM KBaJpaT HAMIPSKEHUSI IOMEXH ) MOXKET OBITH MPE/ICTaBlIeHa KaK:

Py =[SO o) expl-24, Jar
0

BrnusiHre HecoriacoBaHHOCTH BOJIHOBOTO COMPOTHUBIICHUS TUHUM U BXOJIHO-
ro conpotuBieHus: ooopynoBanus (Ob):

Pos = [ SUOK (o) [Ks (o) expl-24,(/,0]4f
0
Bnusnue tenosoro nryma (TIL):

Pry =KT,Z, | ‘Kz (o) expla(f).)df
0

Bmustnue monmytHoro motoka (I1IT) u3-3a HEOMHOPOIHOCTH BOJIHOBBIX CO-
MPOTHUBJICHUH BIOJIb JTUHUU:

N 2 . 2
Pun = [SC\Q oral [K s G .
0
Biustnue BHemnux nomex (BII):

Po = [San(FIK, (o) df
0

208



Tak Kak NEpedHCIICHHbIE TTOMEXH, YYHUTHIBAEMbBIE MPEACTABICHHON MO/Je-
JIbI0, B3aMMHO HE3aBUCHMBI, TO AUCIEPCHUS PE3YJbTHPYIOLIErO CIy4aiiHOro IpOo-
recca (MOITHOCTh TToMexu) Ha Bxojae PY Oynmer paBHa cymMe AMCTIEPCUU COCTaB-
JSFOIIMX HAINPSKEHUSI TOMEX:

P, = Pgx + Poy + Pryy + Pp + P

IIpencraBineHHass MOJEIb TO3BOJISET ONPENEIUTh MCXOJIHBIE JaHHBIE IS
BbI0Opa ycnoBuit OMC nenieid LICIT B kabensx cBs3H.

ITockONBKY HAC MHTEPECYIOT B3AMMHBIE BIUSHUS MEXKIY LEMSIMH, TO OCHOB-
HOW KpuTepuid, ompenenstonmii ycinoBus OMC, MoxkeT OBbITh paccuuTaH W3

hopMyIIHL:
P — ]_®*[K(Un _UE)]

e \/E ) (6)

Takum oOpazom, o popmyiie (6) MOKET ObITH OIpezesieHa Tpedyemas Be-
JUYMHA TEPEXOAHOr0 3aTyXaHWs MEXAYy LEISIMU IPU 3aJaHHOW BEPOSITHOCTH
OIIMOOK, MEXKCHUMBOJIbHBIX HCKKEHWW, YAaCTOTHBIX XapaKTEPUCTHK CHUTHANIA M
KOPPEKTUPYIOUX yCTpOUCTB. Clle0BAaTEIbHO, OCHOBHBIM MAPAMETPOM, OIpeEae-
nsromuM OMC, siBisieTcsl mapaMeTp B3aUMHOTO BIIMSIHUS, KOTOPBIM B CBOIO OdYe-
peab OnpenesnseTcss BEIMUNHON MePEeX0JHOTO 3aTyXaHusl.

Kon, nepenaBaemsiit mo munaeitnomy Tpakty LICII, mpeacrasnser coboi nm-
MyJIbCHBIN CllydaiiHbiii mponecc. Haunbosiee BakHOW XapaKTEpUCTUKOW TaKOIo
npouecca SBISIETCSl CHEKTpalibHasi MIOTHOCTh MomHOcTH — CIIM (3Hepreruue-
ckuii criektp). CornacHo [14], rae npuBefeHa CHEKTpalibHAsI TUIOTHOCTh MOIIHO-
ctu 115 komga HDB-3, makcumyM sHEprun mud)poBOro CUTHajIa COCPEAOTOUYCHA Ha
nosryrakToBoit yacrore 1024 xI'm.

Jlnia kaOenbHBIX JTUHUM, 000pyI0BaHHBIX HU(DPOBBIMU CUCTEMAaMU TMEpeadn
HNKM-30, pabotaromumu 1o 4-oif cxeme CBsi3u ¢ mpumeHeHnem kojna HDB-3,
HOPMHUPYETCS BEIMUMHA MEPEXOAHOTO0 3aTyXaHusl Ha OMMKHEM KOHIIE Ha MOJIyTaK-
TOBOM "acToTe 10 hopmyJie:

Ayp>a, + al + 10LogN + o, nb, (7)
riae a, = 24,7 nb — 3amuIieHHoCTs CUrHAI/TIoMeXa, ¢ Y4eTOM YCTOMYMBOCTHU U CTa-

owtpHOCTH TpakTa 8,5 nb; a — xoaddumment 3atyxanus mnenu kadens, nb; L —
JUIMHA JIMHUM, KM; al — pabouee 3aTyxaHue 1enu (yCHWJIMTEIbHAs CIOCOOHOCTH
JUHENHOTro TpakTa); N — KOJIMYECTBO 1Lienel, yrmiotHaeMmbix cuctemamu UKM; ¢ —
CPEIHEKBAAPATUIECKOE OTKIIOHCHUE BETUYUHBI A

BennunHa 3ammineHHOCTH OMpENesseTcs] B COOTBETCTBHUU C TaOIHIICH
npeacraBieHHOM Ha puc. 3 [11].
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35

30

25

20
15

10

nepepaum, b

HDB-3 2B1Q TC-PAM CAP
Ba3, nb 24,7 25,7 29 32

Momexo3awmieHHOCTb CUCTEMbI

Buabl KoauposaHus

Puc. 3. IloMex03aInIIEHHOCTh CUCTEMBI IIEPEIaYM B 3aBUCUMOCTH OT BUAA KOJUPOBAHUS

Heo6xonuMo OTMETHTH, UTO B 3aBUCHMOCTH OT KOJIMYECTBA YIUIOTHSEMBIX
uenei N OyAeT MEHIThCS M BEJIMYMHA 3aIIUIIEHHOCTH MEKY LIETISIMU Ha TalIbHEM
KOHIIE JIMHUU, KOTOpasi B ’TOM ciliy4yae OyAeT OnpenemsiThCs Kak:

A, >a, + 10LogN, nb. (8)

Ha puc. 4 npencraBieHbl 3aBUCUMOCTH HOPMHUPOBAHHBIX (TPEIEIbHbBIX)
3HauYEHUN mapaMeTpoB BIuUsHUA Ay U A, Mexnay uensamu xDSL Ha nuHusx abo-
HEHTCKOTO J0CTyMa JijIsi 000pyn0BaHus, ucnoib3ytomiero kogq HDB-3.

E 80

5 70 - _ . —

= v

® 60 L

s ] F=1024 xI'u

Iq 50 _ I

s 5 alL =42 IIE

5 = 40 ||

- B

i —

a S 30 & —

2 20

2 1 2 3 4

I,:%- —+—Ao 66,7 69,7 71,4 72,7
—a—A3 24,7 27,7 29,4 30,7

KonuuyecTtBo uenen N

Puc. 4. 3nauenus mapameTpoB BiusHUA Ag U A; Mexay nensimu xDSL

3aMeTuM, 4TO IPU HOPMUPOBAHWUM B3aUMHBIX BIMSAHHI MEXIy LENsIMU
ISDN (ILICHO), obopynoBanHbiMU ycTporcTBamu ¢ kogom HDB-3, mepexomaHoe
3aTyXaHUe MEXKy LENsAMHU ONpeaeIsIeTCs Ha MoJayTpakToBo yactore 80 kI 'm.

Takum 00pa3oM OCYIIECTBIIEH PACUET JIEKTPOMArHUTHOM COBMECTUMOCTH
npu yrmnotaennu nenet xDSL ¢ kogamu HDB-3. [lokazano, uto O9MC mudpoBbix
neneit texxHomoruun xDSL, ucnonp3yromieil cuMMeTpuuHbIe KaOeau, 3aBHCUT OT
oMeX, 00yCIOBJICHHBIX: HETIOCPECTBEHHBIM BIMSHUEM MEXIY LEMsIMH Ha O K-
HEM KOHIIE; MOMYTHBIM MOTOKOM, O0YCJIOBJIEHHBIM HECOOTBETCTBUEM BXOJIHOTO U
BOJIHOBOT'O CONPOTHUBJICHHSI LIETIEH M HEOJHOPOAHOCTEH BOJHOBOIO COIPOTHBIIE-
HUS BIOJIb JIMHUM; MEPEXO/IHBIM BJIMSIHUEM Ha JaJIbHEM KOHIIE ydacTKa, Ompeje-
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JEIIOMKUM  CTCIICHDb BJIMSIHUA BCJIICACTBUC OTPAXKCHUSA H3-3a HECOIIACOBAHHOCTHU
BXOJHOT'O COIIPOTHUBJIICHUA allllapaTypbl 1 BOJTHOBOT'O COIMPOTUBJICHUA JIMHUU, co0-
CTBCHHBIMU (TGHJ'IOBBIMI/I) mrymamu.

Jlannas paboma ewvinonnena 6 pamxax HUP «llpoexmuposanue cemeiiy
nposooumoti ¢ ' BOYBIIO MO «®DTA» noo pykoeoocmeom 0.m.H., npogheccopa
Apmrwowenxo B.M u x.m.n., doyenma Ab6acosoti T.C.
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