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Ha obnoxxke nzobpaxken Huknayc Bupm (popuncs B 1934 rony),
IIBEIIAPCKIIT YIEHBII, CIIELMAMICT B 06/1acTyt MHPOPMATUKIL.

Popmyncs Huxmayc B Bunrepxype (IBeitiapis). B monmogoctn
y Hero OblTa COOCTBEHHAsI MacTepcKasi-maboparopus, B KOTOPOIL
OH CTPOMI MOJE/IA CAMONIETOB ¥ IIPOBONM XMMIYECKIe OIIBIThL B
IIIBeitrjapcKoil BBICLIEN TEXHIIECKOI MIKOJIe OH IOTY4II 06paso-
BaHUE II0 CIELVATbHOCTY «JHXeHep-3NeKTpuk». Huxmayc mpo-
HO/DKT cBoe obyueHue B yHyBepcurere JlaBansa (Ksebek, Kanapa),
I/l HOMyYII CTelleHb MarucTpa. 3ateM Obut npuranter B Kanndop-
Huiickuit yauBepcuteT B bepxm (CIIA), rie mop pyKOBOLCTBOM
npodeccopa Xacky 3alUTIUL JUCCEPTALMIO, TEMOJ KOTOPOI CTall
A3BIK ITporpammuposany Euler — pacimpenie Arona cpeicTsamm
A3pIka JIncr. Ota pabora B OyKBIBHOM CMBICIIE [Ja/Ia €My IIyTeBKY B
KU3HDB: BupTa ImpyMeTnm MITphl HPOrpaMMMPOBAHMA M IIPUITIA-
cum B Komurer IFIP no cranpaprusanym Anrona, BIIOCTEACTBUN
CcTaBlIero Aronom-68.

Bupr paspaboran mm y4acTBoBan B paspaboTKe SI3BIKOB IIPO-
rpammupoBany: Euler, Algol-W, PL/360, Pascal, Modula-2, Oberon,
Oberon-2, Component Pascal. Hanbonee msBecrnas ero paspa-
00TKa, 0e3ycnoBHO, — A3BIK IporpaMMupoBanys Ilackaib, oka-
3aBIIMI OTPOMHOE BJIMAHME Ha HECKOJbKO IIOKOJNEeHWII IpOorpaM-
MIICTOB M CTaBIIMIT 63011 /I CO3TAHMSA OOMIBIIOTO UIC/IA S3BIKOB
nporpammuposanusi. Emre opHa dyHmaMeHTanbHas pabora, ydacT-
HIUKOM KOTOpOIT cTanm Bupt, — paspaboTka TeXHONOIMY CTPYKTYp-
HOTO IIPOrPaMMMPOBAHIsA, CTaBLIasA, 0e3yC/IOBHO, CaMOJl CHIBHON
bopmanmzaryeit kak MuHUMYM 1970-x — 1980-X rofoB. T TEXHO-
norus paspaboraHa, 060CHOBAaHA 11 BHEMIPEHA B )KU3Hb BCETO TPeMs
BBIJJAIOLIMIICA JII0fibMY — Buptom, eitkcrpoii u XoapoM.

brino ne pas ormedeno, 4ro upen Bupra 3ayacTyio onepesxani
pasBuUTIe KOMIILIOTEPHOI MHAYCTPUI HA TOABI, MHOITA — Ha Jlecs-
Tietys. PaspaboranHas B Hadaze 1970-x cucrema Pascal-P, mpepmo-
JIaraomas KOMIIALMo nporpaMM Ha ITackame B yHMBepCaIbHbII
II-KOJ, U Peanysaljuio Ha /Mmo6oil miarhopMe MHTEPIpeTaTopa M-
Kopa (oyHa n3 u3BecTHbIX ee peammsaruit — UCSD-Pascal Yuusepcu-
Tera Can-Jlyero), KOTopas IO3BOJLIA C MUHVMA/IbHBIMI 3aTpaTaMul
IIepeHOCUTD ITaCKa/Ib-CUCTeMbl Ha HOBBIE allllapaTHble IIaT(OPMBI,
Ooree YeM Ha JIBa HeCATIIETHS OIEpefIa Mey VIHTepIIpeTaTopa
TPOMEXYTOYHOTO KOJJa, Peanu30BaHHbIe B CUCTEMAX, MOJIfiep>KIBa-

IOLIVX JCTIOJIHeH}e IIpOrpaMM Ha sA3biKe Java u B iardopme .NET.
Vpest coBMelleHNs CHUCTeMbl IPOrPaMMIPOBAHMA CO COOPIIVKOM
MYCOpa, 0CBOOOXK/IAIONINM IPOTPAMMIICTA OT HEOOXOAMMOCTH OTCTIe-
JKUBATb BPeMs1 XXI3HI 00BEKTOB, IMHAMUYECK) PasMEIeHHbIX B ITa-
MATH, 6bIIa pea30BaHa B A3bIKE 11 OIepaltoHHOI cucteMe O6epoH.
O6e a1 eyt 6bUI KCIONB30BaHbI paspaboruankamit Java n .NET Bo
BTOpOII monoByHe 1990-x rofos.

B Havarne cBoeit kapbepnl Bupr paborarn fouentom B Crandops-
CKOM YHUBEPCHUTETE U B 3TOM K€ 3BaHNI BEPHY/ICA B yHUBEPCUTET
[ropuxa. On nonyunn B ETH sBanue npodeccopa KOMIIbIOTEPHBIX
HAayK ¥ HA4Yal BO3BOAMTH HA popmHe «iuBerinapckmit CTanpopmy.
[lasee OH TPOAO/DKAT CTPOUTD CBOK IIKOMY, YAEIAA HEMAIo Bpe-
MEHV OpTaHM3aLMOHHOM feATenbHOCTH. Bupt Bosrmasman B ETH
(aKy/bTeT KOMIIBIOTEPHBIX Hayk, a Taloke PyKoBof1 VIHCTUTYTOM
KommbioTepHbIx cuctem npu ETH. Ha mexcmo mpodeccop Bupr
yen B 1999 rofy o goctyyKeHnyt 65-71eTHETO BO3pacra.

Bupr sxenar Ha Haun Takep, u y Hux Tpoe fereit. OH NpUATHBIIN
B 00IjeHNI U [OOPOYIIHBIIT Ye/I0BEK, KOTOPBIIT BBIIJIIAUT MOJIOXKE
cBOMX J1eT. Bce cBOOO/IHOE OT paboTh BpeMst OH ITPOBOJUT C CeMbel,
YacTO COBEpIIAs TIelyie IOXOABI 0 XOJIMUCTBIM BO3BBIIIEHHOCTSM
cesepHoii [IBerirapym.

3a 6onpuiolt Bkiag B nHPopMaTuky goxrop Hukmayc Bupt mo-
JTy4¥U1 MHOTOYVIC/ICHHBIE Harpajibl 1 ovyecT. AMepykanckmii Coser
MAruCTpOB TIPUCBONI €My 3BaHNE WIEH-KOPPECIOH/EHTa; KOMIIbIO-
TepHOe 00mectBO VHCTUTYTa VMIHKEHepOB IIO 9MEKTPOHMKE U pa-
IVIOTEXHNKe — 3BaHUE KOMIIbIOTEPHOTO ImoHepa. OH IOTydmn
npus IBM eBpomnelickoit Haykyu U TeXHUKu; cran uieHom IlIBeii-
IApCKOJT aKajieMIyl MHKeHepUy ¥ MHOCTPAHHBIM IIApTHepoM AMe-
PUKAHCKOIT aKa[leMII MIDKEHEPIH, @ TakXKe HOMydm1 opfieH Pur le
merte 1 IpeMuio ThropyHra. BUpT HOMy4nI HOYeTHbIE HOKTOPCKIE
CTENEHM OT MHOTMX YHMBEPCUTETOB: YHmBepcuteTa JlaBamsa, YHHM-
Bepcutera KBebeka (Kamama), KamugopHmiickoro yHuBepcurera,
Vuusepcutera Bepxm (CIIA), Yuusepcurera Vopka (Aurmas),
Yuusepcurera Jlune Voranna Kemnmepa (Ascrpus), Hosocubup-
CKOTO TOCyflapCTBeHHOTo yHUBepcuTeTa (Poccus), OTKpHITOrO yHNM-
BepcnTeTa AHIIMY, YHyBepcurera IIperopun (Oxxnas Adpuxa).

Examepuna Ocanuna, omeemcmeeHHblti pedaxmop
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MATEMATHUKA

MeToabl z-npeobpasoBaHuaA ANA pacyeTa nepeAaTouHon yHKLUM
uncposoro cunbTpa Ha npumepe RLC-yenu

Knayra Buktopus AnekcaHapoBHa, CTYAEHT MarucTparypel;

Oununyerkos Knpunn PomaHoBuY, CTyAeHT
OGunuan HaunoHanbHoro uccnefosatensckoro yHusepcuteta «M3Ny» B r. CmoneHcke

Cyl1ecTByeT MHOYXECTBO CIIOCOOOB MOMTY4eHNA lepeiaTOYHOI GyHKIMM 1M(pPOBOro GpubTpa.

B nanHOIT cTaThe paccMaTPUBAOTCA CIEAYIOLIIE METObI IOy 4eHNs IepefaTouHOI (yHKIM 1 poBoro ¢puabTpa:

1) z-mpeobpasoBaHe;

2) wmerop TacTuHa;

3) merop Lpimxnna-Tonbrenbepra.

[l Toro, 4To6BI OCTPONTD LUPPOBOIL GIIBTP, HEOOXOANMO YCTIOBUTBCS C aHAJIOTOBBIM IIPOTOTUIIOM. PaccMoTpuM 06br9HbIT RLC-

¢unbTp (puc. 1).

R C
|
o—__ | ] O
UBx L Usbix
O O

Puc. 1. AHanoroBbii1 npoToTHN

Cxema RLC-KOHTYypa AB/IAETCA 37eKTPUUYECKOI CXeMOIi, KOTOpas COCTOMUT 13 Pe3NCTOPa, KATYIIKM MHAYKTUBHOCT ¥ KOHJIEHCATOPa, CO-
e[IMHEHHBIX [IOCTIEfI0BATE/IbHO M/ NapamiensHo. Taxoke RLC-KOHTYp SIB/ISAETCS IPOCTeltiielt 9/1eKTPIIecKoil CXeMOlt, CIIOCOGHOIT coBep-
mrath cBobogHbIe Konebanus. [1, c. 5]

910 1 OyZeT AHAJIOTOBBII IPOTOTHII IOTTYYaeMOTo LU(pPOBOro GrIbTpa.

3aJJaHHDBIIl aHATIOTOBBIN MTPOTOTUII MMeeT ClIefiylolye MapaMeTpsl: conpotusnenne R=10 Om, émxocts C= 10 n® 1 MHAYKTUBHOCTD
L=100 mIH.

[Ipexpe 4eM MPUCTYIUTD K MOIYYeHNIO [IepeIaToqHol QYHKImY 11poBOro GuabTpa, HEOOXOAMMO IOCINUTATD OIEPATOPHYIO (Ilepe-
JATOYHYI0) (PYHKIIMIO 3aJAHHOTO aHAJIOTOBOTO IPOTOTHIIA.

B Haurem KOHKpeTHOM CiIydae oneparopHas ¢pyrkiyst K(p) nmpencrassier co60it OTHOIIEH I HAPSDKEHIST Ha BBIXOJIE K HALPSDKEHIIO
Ha BXOfie:

H3BecTHO, 4TO B LleNIM MPOTEKAET ONEePaTOPHbIN TOK I, a TakkKe onepaTOpHbIE CONPOTUBAEHHA KOHAEHCATOPa, HHAYKTHB-
1
HOCTH U PE3UCTOPA, COOTBETCTBEHHO PaBHbIE Z, T’ Z,=Lp,Z,=R.
P

K(p)= Lz, Lbe _ Lp !
I(Z+2,+Zy) 7 i+L-p+R R+L+L~p - 2+i
"\Cp Cp LC-p® Lp
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Takum 06pasoM, MOACTaBUB HCXOAHBIE AQHHBIE, TOAYIHM, UTO
4,999107-p°
()= 1,974-10" p*> +5,00010" p* +1,97410° p
B z — obaacTy OCHOBHOH XapaKTepPUCTUKON LUPPOBOro GUABTpA SBASIETCS Z — H300paKeHHe MMIIYAbCHOH XapaKTepH-
cTuku h(n).

[TyreM npsAMOro z — mpeobpa3oBaHUs UMITYAbCHON XapaKTEPUCTUKH MbI IIOAYYaeM [IePEAATOUHYI0 GYHKIMIO H(Z).
[MepepaTounoit ¢pyrrunein H(z) nudpoBoro GuAbTpa Ha3bIBAETCS OTHOILIEHHE Z — M300pKEHNsI PEaKIIUU Ha BBIXOAE LIEIH

KZ— H306pa){{eHH}0 BXOAHOTO BO3A€I>'ICTBPIH IIPH HYA€BbIX HAYAADPHBIX YCAOBHAX.

-1 -2
H(z)= Y(z2) _b+bz+by2
X(z) t1+az'+ayz”
OAMH 13 CaMbIX IPOCTBIX METOAOB HAXOKACHHS AUCKPETHON IepeAaTOYHOHN PyHKIIMM OCHOBAH Ha 3aMeHe OIlepaTOpOB He-
IPepPBIBHOTO HHTETPUPOBAHMUS HX AUCKPETHBIMHU aHAaAOTaMH [2, c. 10].

AAst 3TOTO TIepepaTodHyI0 GYHKIHIO W(p) IIyTEéM A€ACHUS YMCAUTEAS U 3HAMEHATEAS Ha p¥, TAe k-IIOPAAOK CHCTEMBI, IIPH-
BOAAT K BUAY:

a, a, a, a,
et ——
pm pm71 pm—Z pmfn
v (p) - bO b1 b2 bn
m + m—1 + m-2 +ot m—n
pp p p

3amMeHAA HHTErpaTop

P HEKOTOPBIM AUCKPETHBIM HHTEIPATOPOM, ToAydaioT H(z) tpebyemoro nudposoro ¢puasrpa.

Hepeon OT oI€paTopa HEMIPEPLIBHOTO HHTETPUPOBAHUA K OIIEPATOPY AMCKPETHOTO MHTETPHPOBAHUA AOAXKEH YAOBAETBO-
PATH CACAYIOIIHM YCAOBHSAM:

[Tepexop B Z-TIAOCKOCTb HE AOAYKEH COITPOBOXKAATBCSA ITOTepeH YCTONIUBOCTH;
Vicka)keHMsI YaCTOTHBIX XaPAKTEPUCTHK AOAXKHBI OBITh ITOABEPIKEHBI IIPOTHO3UPOBAHUIO C LIEABI0 UX ITOCACAYIOIIeH KOp-
PEKIINHU, AOAYKHA CYI[eCTBOBATh BO3MOXXHOCTh (POPMUPOBAHUS TPeOOBAaHUH K aHAAOTOBOMY IIPOTOTHIIY;

ITopsaok nepepaToYHOM GYHKIIUH HUPPOBOro GpUABTPA HEe AOAKEH IIPEBBIIIATh HOPSAKA AaHAAOTOBOTO IPOTOTHUIIA.

1
HOCAEAHee ycaOBHE GYACT BBITIOAHATBCA B CAyYae€, €CAU MOPSAOK HHTETPAaTOpa — COOTBETCTBYET ITOPAAKY AUCKPETHOTO
p

HHTETpaTopa.

AAsL BBIITOAHEHUST BTOPOTO YCAOBHUSI HEOOXOAUMO, YTOOBI MHUMAsI OCh P-IIAOCKOCTH OTOGPAXKAaAaCh B OKPECTHOCTh €ANHHY-
HOTO PaAHyca MpY AIOOBIX 3HAUYEHHUsI 4aCTOTHL. [3, ¢. 20]

AASL 9TOrO AOAYKHO BBIIIOAHSITBCSI OAHO U3 HECKOABKHUX ITepeYHCACHHDBIX YCAOBHIL:

A():A]:A,' BoZBJZB;

A0=-A1=A,’ B():-B]:B,’

Ap=A=A;By=-B,=B;

AoZ—Ale,' B():B]:B.

Hipke mpeacTaBA€HbBI COOTBETCTBEHHO ACKPETHBIE HHTEIPATOPBI IIEPBOTO M BTOPOTO MOPSIAKA.
L _ A+ Az

p  B,+Bz'

L _2 G+ Cz'+C,z7
P’ D,+Dz"'+D,z”

Aaaee mpuMeHMM OUAMHeHHOe Z-Tpeobpa3oBaHue, HHaUe H3BECTHOE KaK MeToA TacTuHa.

Buauneiinoe z-npeobpasosariie ¢ MaTeMaTUIECKOH TOUKH 3PEHHUS IIPEACTaBAsAET COOOH 3aMeHy ITepeMeHHOM.

B AMCKpeTHOH (UABTPALIMM 3TO CTAHAAPTHBIH METOA OTOOp@KeHHs NepeMeHHOH s (HMAM aHAAOTOBOH IIAOCKOCTH)
B [lepEMEHHYIO Z (TO eCTh B AUCKPETHYIO [IAOCKOCTB). [4, ¢. 100]

Takoe oTobpaxkeHne mpeobpasyeT aHAAOTOBbIe PUABTPBI, PACCIUTAHHBIE KAACCHIECKUME METOAAMH, B HIX AUCKPETHBIE 9K-
BHUBAACHTBL.

OTo0 mpocroe KOHGOPMHOE OTOOpaKEHHE S-TAOCKOCTH B Z-IIAOCKOCTB, CBOOOAHOE OT HEKOTOPBIX HEAOCTAaTKOB H B TO JKe
BpeMs, COXpaHsIollee YAOOHYI0 aarebpamdeckyto popMy mpeobpasoBaHHUL.

Metop 6uanHeRiHOro mpeobpa3zoBaHus obecriednBaeT 60Aee KOPPEKTHYIO 3aMeHy omepanun AUQGepeHInpOBaHIs AUC-
KpE€THBbIM 3KBHUBAACHTOM.



“Young Scientist” « # 6 (348) - February 2021 Mathematics | 3

Mcmoabsyercs caeayromas 3aMeHa:

2(1-2")
T(1+z’1)

[Mpu 6uanHeiHOM mpeobpasoBaHUM MepeAaTouHas GyHKIMs HuPpPoBOro ¢puabrpa H(z) paccauThIBAeTCs C IIOMOIIBIO aA-

p—

reOpanvecKoy IIOACTAHOBKU.

KoadppuIeHThI AASI HHTETPATOPOB 1-T0 U 2-TO MOPSIAKA CACAYIOLITHE:

A =1
A =1
B,=2
=2
c,=1
C =2
C,=1
D,=4
D,=-8
D,=4

ITepeparounas ¢ynkuus H (2) AA YMCAQ TOYEK, PaBHOTO 21, IMeeT CACAYIOIINH BHA:
(2)= 0,97-1,932"+0,97z
1+1,89z71-0,98z7*
Tenepb MOYXEM BBIBECTH PA3HOCTHOE ypaBHeHI/Ie:
Y(z) 0,97-1,932"+0,97z"
X(z) 1+1,89z7"-0,98z7

Y (2)(1+1,892"=0,982 ") = X (2)(0,97-1,93z" +0,972 ")

Taxkum 06pasoM, pa3HOCTHOE ypaBHEHHE IPUMET CACAYIOLIUI BUA;
Y(n)=0,97-X(n)-1,93-X (n—1)+0,97X (n-2)-1,89-Y (n—1)+0,98Y (n—2)

I/ICXOAH N3 AAHHOI'O YPaBHEHHU A, MOXXEM HAYE€PTUTD CTPYKTYPHYIO CXEMY:

X(n) 0.97 \|((n)

-1,93 -1,89

# 0,97 0,98 *g

Puc. 2. CtpykTypHas cxema JIAC

Aasee Bocrioapsyemcsi MeTopoM Ilpinkuna-T'oabpeHGepra.

Mertop Llpmnkuna-T'oapaerbepra He CHABHO OTANYAETCS OT OMAMHEHHOrO [IpeobpasoBaHuUs, IOTOMY ITO 3TO TAK JKe METOA
aArebparnyecKoil OACTAHOBKH, KaK U MeTOA TacTuHa.

EAMHCTBEHHOE pa3anvHe B 3HAUECHHUAX KO9PPUIIMEHTAX U, HEIOCPEACTBEHHO, B CAMOM IIOACTAHOBKe.

HCHOALSY€TCH CACAYIOIIAA 3aME€Ha AAST MHTETpaTOpa IIE€PBOTO ITOPAAKA:

1
72
A K03QPUITMEHTDI €r0 TAKOBBI:
A,y=0
A =1
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B, =1
B =—1
C,=0
c =1

c,=1

D,=2
D, =-4
D,=2

TaxuM 06pa3oM IMOAYIHM CACAYIOLIYIO IEPEAATOYHYIO XapaKTEePUCTHUKY:
(2)= 0,99-1,98z"+0,9910" 2"
1+1,9310°z" 1,03z
Tenepb MOJXEM BBIBECTH Pa3HOCTHOE YpaBHEHHUE!:
Y(z) 0,99-1,98z"+0,99z"
X(z) 1+1,9310°27"-1,03z

Y (2)(1+1,9310°2" =1,032 )= X (2){(0,99-1,98z " +0,992"*)

AAH HOPMHPOBAaHHOTO BpEMEHH OHO 6YA€T BBITAAAETD TAK:
Y (n)=0,99-X (n)-1,98-X (n—1)+0,99X (n-2)~1,93Y (n—1)
+1,03Y (n-2)

CTpyKTypHas cXeMa UMEET CAEAYIOLIMH BUA!

X(n) 0.99 \|((n)

-1,98 -1,93

Puc. 3. CrpyktypHas cxema JIIC

Temeps IPUMEHNM CTAaHAAPTHOE Z-TIpeobpasoBaHHe.
3A€Cb TIIEPEXO0A OT P K Z UAAKOCTPUPYETCA CACAYIOITUM o6pa30M:
(1-=")
T
B Takom caydae, Hl (2) Arst 21 TOUKHM OyAeT UMeTb TaKOU BHA!
(2) 0,02-0,02z"' +0-z”
1+1,81.z71-0,89-z7*
Tenepb MO’KE€M BbIBECTHU PA3HOCTHOE YpPaBHEHHE:
Y(z) 0,02-0,02z"+0z"
X(z) 1+1,81z'-0,89z7
Y(2)(1+1,812" 0,897 )= X (2)(0,02-0,02"' +0-2”*)

p—

Taxum 06pa3oM, pa3HOCTHOE YpaBHEHHE IIPUMET CACAYIOIIUH BHA:
Y(n) = 0,02-X(n) —0,02-X(n—1) + O-X(n —2) - 1,81~Y(n —1) —O,89-Y(n —2)

CprKTYpHaH CXeMa AAD AAQHHOI'O METOAQ 6YA€T MMETh TAKOK BHA:
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x%in 0,02 MW

-0,02 -1,81

[ 0,89 .

Puc. 4. CtpykTypHas cxema JIAC

Takum 06pa3om, B Xofie CPAaBHUTENBHOTO aHaMHM3a OBbITH PACCMOTPEHB! TPH METOIa 2-Npeo6pazoBats A5 TOTyUeH s
nepeaaToyHol yHKUMH LHPOBOro GUIbTPA U MOCTPOEHHUS PA3HOCTHOTO ypaBHeHHsl. [laHHast cTaTbst OyleT 0COOeHHO aKTy-
aJibHa MPY U3YUEHHH CTYAEHTAMH MJIAJILIHUX KYPCOB CHELHATBLHOCTH « DJIEKTPOHUKA U HAHOJIEKTPOHUKA» B KaueCTBe JIOMOJI-
HUTEJILHOTO MaTepHaa K qucuuniiie «Lludposas o6pa6oTka CUTHAIOB.

JIntepatypa:

. Cononnna A. 1. JInHeliHble AUCKpeTHbIe cucTeMbL: y4eb. mocobue / CII6I'YT. CII6, 2005.— 76 ¢
2. I'mmuyenxo A.C. Ilndposas obpaborka curnanos: kype nekumit / Kpacnospek: VIITK COY,— 2008.— 242 c.
3. Smmu E.H. luckperHble cucreMsl: Meromudeckue ykasanus / coct.. Mypowmues [I.10., Sumn E. H..— Tamb60s: Map. Tam6. roc.
TeXH. YH-Ta, 2009.— 32 c.
4. Toxxeitm P. OcHoBbI 111poBoIt aekTpoHuKM: [Tep. ¢ anr.— M.: Mup, 1988.— 392 c.
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TEXHUYECKUNE HAYKU

CBouctBa u npumeHeHune DLC-noKpbITUNA

boposukos Cepreit MakcuMoBUY, KaHAMAAT TEXHUYECKUX HaYK, LOLEHT;

Murans Poman Bnagumnposuy, cTygeHT Maructpatypel
benopycckuit rocyfapcTBeHHbIt YHUBEPCUTET MHDOPMATUKN U papno3nekTporukm (r. Munck, benapycsb)

Tepewyk Oner Wropesuy, acnupaHt
benopycckuit HaumMoHanbHblit TexHU4ecKnit yHuBepeuTer (r. Munck, benapycsb)

B cmamve asmopui npusodam kpamkuii 0030p c60iicme 1 npumeHen i anmazonodo6H020 NOKPbIMUS.
Kniouesvte cnosa: DLC, yenepoo, anmasono0o6Hoe nokpuimie, MamepuanosedeHve, mexHonoeus moHKUX NaeHoK.

DLC — ato a66peBuarypa Diamond-Like Carbon. Pycckos-
3BIYHBIII AHAIOT JAHHOTO TePMMHA «a/IMA30N000HOe OKPBITHE.
[laHHOe MOKpBITHE 06/IafaeT HeKOTOPBIMY LIEHHBIMIU CBOIICTBAMU
alMasa, B TOM 4JCTIe: BBICOKOI TBEPHIOCTDIO, HU3KVM TPEHMUEM, 13-
HOCOCTOMKOCTBIO0, XMIYECKOI MHEPTHOCTHIO, OMOIOTIIEeCKOIT CO-
BMECTMMOCTBIO, 9/IEKTPUYECKOI U30/LALIMEN, OITUYECKOI IIpo3pay-
HOCTBIO I IJIaIKOCTBIO.

DLC moKpbITHSA MCHOMB3YIOTCA 1A IPUAAHNA HY)KHBIX Xa-
pakTepucTuK ApyruM MaTepyuanam. C TOYKM 3peHMA TEXHO-
7oryy GOMBIINM IUIIOCOM ABJISIETCS TO, YTO BO MHOIUX CITy4asx
OH MOXeT ObITb HaHeCeH Ipy H13Koit (<200C) reMIepaType mop-
TIOXKKIL.

ta-C

sputtered a-C{:H)

graphitic C

DLC nmoxpbITyie nMeeT MHOXKXeCTBO KOMMepUYeCKIIX IIpUMeHeHMIt,
BK/IIOYAsA CTAaHKIM, a9POKOCMIYECKUE JETANM, JETaly [JBUTATENel
¥ MeJIMIMHCKYe IMIUTAaHTaThL. B 3aBMcHMOCTH OT o6macTyt mpume-
HeHIIs1 MICTIOIb3YI0TCS pasmyHble coctaBbl DLC-mokpbiTnit. [1]

Bupbi n popmbi DLC

OcnosHbIMU cocTaB/somyMy DLC ABIAI0TCA aTOMBI YITIepofia
B JIBYX BUJaX rubpupusanmm(sp2 u sp3), a Takxke aTOMBI BOJOPOJIa.
B 3aBMcMMOCTM OT HPOLEHTHOTO COOTHOLIEHMA 3TUX COCTABIIA-
IOIINX CYILIECTBYeT HECKOMbKO pasnmdHbix popm. Hanbonee siBHO
VX OT/IMTYMIe MOYKHO BYJIeTh Ha TepHAPHOIT fyarpamme (PUCYHOK 1).

sp?

a-CH
HC polymers

no films

sp?

Puc. 1. Tunbl DLC-nokpbiTna [2]
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«Terpasppuuecknit amopHblit yriaepor (ta-C)» canraercs «4u-
cToi» HOPMOIt, IOCKOMBKY OH COCTOMT MPEVMYIIeCTBEHHO U3 Sp3-
TUOPUANSUPOBAHHBIX ATOMOB yI7epoaa. OfHaKO 13-3a ATEHTHBIX
OTPaHIYEHMIT 1 JOPOTOCTOSIIVX IUICH3MOHHBIX COOPOB YMCTBII
ta-C 0OBIYHO UCIIO/IB3YeTCsA LT KOMIIOHEHTOB C BBICOKOJI CTOYIMO-
croio. Ipyrue popmbl DLC 6071ee SKOHOMMYHBI U IIPOCTHI B IIPOU3-
BOJICTBE, TI09TOMY 6071ee IMPOKO HPUMEHSIOTCA.

TexHonorusa

Pasnuynple TexHOMOTMYECKNE TTapaMeTpbl KOHTPOMMPYIOT Xa-
pakrepuctyky DLC-nioxppiTuii. K HuM 0THOCATCA He TONbKO Takie
(axTopbI KaK OTHOLIEHME YI/IepOfa Sp2 K YITIEPOAy Sp3, HO 1 METOR
OCAKJIeHMN, HAIPsDKEeHMe CMelleH1s MOMI0KKY, BpeMs Ipollecca,
9Heprys I IVIOTHOCTb MOHOB 1 TeMITepaTypa Mook, Taxum 06-
Pa3oM, MHOTME XapaKTePUCTUKH, TaKye KaK TOJIIMHA ITOKPBITIA,

(Cr, N)-DLC

TBEPJOCTD, cofiep>KaHue BOLOpofa
¥ IpyIUe, MOTYT KOHTPOMIPOBATLCS TI0 Mepe HeOOXOAMMOCTH [Is
Pa3IMYHBIX IIPUMEHEHMIL.

YA€IbHOE CONIPOTUBJIEHNE,

DLC Ha paHHeM 3Tare pasBUTIA 9TOI TEXHONOTHY MMeT HPo-
67eMBI ¢ afresneit. ITO CBA3aHO C TEM, YTO a/lMa30Iof00HOe TI0-
KpBITIE, KaK IPaBIJIO, MMeeT BBICOKIE HAIlPsDKEHNA B IIEHKE, KO-
TOpble B COYETAHUM C HECOOTBETCTBUAMU perieTky Mexpy DLC
Y MHOTMMU TIOA/IOKKAMU IIPUBOJAT K T1710X01 afresnn. OfHAKoO 3Ta
npobiema Obl1a peleHa IpuMeHeHneM MHOTOC/IOMHBIX IIOKPBITIIL,
BK/IIOYAIOLIVIX B Ce0sI afre3MOHHBII CIOM. DTU CIOU YMEHbBIIAKT
KOHI[EHTPALMIO HAIPSDKEHNUIT BOMM3M IPAaHUI[bI Pasfiena «IIOKPbI-

THe-TIO//IOXKKA» 3a CUeT CO3[[aHMs TUIABHON IPaHUIIbI pasfiena, KO-
TOpast CO3TAET 60sIee BHICOKIMIT MOMY/Ib YIIPYTOCTIL. DTO TapaHTUPYeT
OTCYTCTBME PE3KOT0 Mepexofa MeXAY COCTaBaMU U MOCTENEeHHOe
BBeJIeHIie HATIPSDKEHIS B IIOKPBITHE, YTO IPUBOAUT K OT/IIYHOM afi-
resun DLC.

E= et S A A

Si substrate

Puc. 2. Cxema mHoOrocnoitHoro nokpoitua [4] [5]

MHOTOC/I0iiHbIE CTPYKTYPBI B Pasbl yMEHBIIAIOT HALPSDKEHNS
IVIeHKI. DTO MO3BOIAET HOMydarh Go/Iee TONCTbIE OKPBITHSA, YTO
CO3[A€T OT/IMYHBIE CBOJICTBA, TAKIE KAK: YPE3BbIYAITHO BBICOKASI MI-
KPOTBEPOCTD, HI3KIe KOaPUIIeHTbI TpeHus, 6oree Me/leHHbIe
cKopocTH m3HOca 1 T.J. O6BIYHO UCIIONB3YeTCs CTeK: Tura, Hiu-
TPUA TUTAHA, KAPOOHUTPWH TUTAHA, KapOW TUTAHA ¥, HAKOHELI,
DLC.

CsoicTBa u npumeHenme DLC

DLC-nokppITHA He MMEIT KPMCTA/INYECKOII TeOMeTPHH, KO-
TOpas BCTpedaeTcs B IPUPOJie, & BMECTO 3TOTO ABJIAITCA aMopd-
HbIMI. DLC-NOKpBITHA MSTOTaBNIMBAIOTCA U3 CTyYaifHBIX depeio-
BaHMII KyOMYeCKMX M TeKCaroHA/IbHBIX PElIeTOK, YTO He CO3[aeT
JlaNbHETO NOPsAZKA 1, CIE0BATENbHO, HE CO3/]aeT I/IOCKOCTel! pas-
PYLIeHNs, BJO/Ib KOTOPBIX MOXKHO PasopBaThcs. B pesynbTare 1mo-
JTy4aeTCsA UICK/TIOUUTENBHO TBEP/bII MaTepHaJl.

DLC-moKpbITHA 3HAYNTENTBHO IOBBIIAKT IIPOU3BORUTEND-
HOCTb ¥I CPOK CTy>KOBI MHCTPYMEHTOB, KOMIIOHEHTOB I CTaHKOB.
B ta-C dopme, kak mpasuno, sHaueHMe TBEPHOCTY Mexpy 5000-
9000HV. Ipyrue popmst Bapbupyorcst ot 1000 o 4000HV.

Bricokas TBepmocTb DLC-IOKpbITHIT CHIDKAeT BepOATHOCTD
IPOHMKHOBEHNA TBEPABIX YaCTMI], B MHCTPYMEHTBI MM JieTajil.
brino nokasano, 4To ontummsupobanHble DLC-IOKpBITHA yBemn-
YMBAIOT CPOK CIIYXObI MHCTPyMeHTOB B 10 pa3. Hampumep, DLC-
TIOKPBITUA CO3JJAMM CEPbe3HbIE YMyYIIEHNA B CYPOBBIX YCTIOBUAX
00paboTKM HepKaBeromielt crami. baronaps cBoeit JoMroBeYHOCTH
DLC ncnonb3yercs B KadecTBe TPUOOIOTMYECKOTO IOKPBITUS LA
CTAaHKOB, TAKMX KaK CBEP/Ia, IM/Ibl ¥ IITAMIIbL.

Teeppocts DLC Taxcke fenmaer ero npoynbiM. DLC-mokpoiTIze
3aIyIaeT [BIDKYILINECS leTalu OT UCTUPAHMs, COXPaHAA INIaBHOE
IBIDKEHME TOpPasfo JIO/ble, YeM HENMOKpBIThIe fieTamn. [IBura-
Tem C JieTa/isiMut, TOKpbiTeiMyu DLC, mMeroT 6oree [nTenbHbII
CPOK CITy>KOBI 13-32 MEXaHMYECKUX JleTanell, KOTOpble BPallaloTcs,
CKOJIb3AT U CTA/IKMBAKTCA C APYTMMM THIIaMu usHoca. Hanpumep,
DLC renepp ABnAeTcA CTAaHAAPTHOI IIPAKTMKOI Ha pacIpemenu-
TeIbHBIX BasIaX.

DLC-moxpeITyisi  CO3paloT  6Oojmee  HusKme KOI(UIMeHTsI
tperna. Takum o6pasoM, DLC mokpbiTie HalUIo IpMMEHeHMe
B JIBUTATe/LAX, MHCTPYMEHTAX, 00paboTKe IUTOTO ¥ KOBAHOTO aJlio-
MUHUS, IACTUKOBBIX TMThEBBIX POPMAX, HACOCAX, JETALAX MAIlLH,
THOAIIMITHYKAX, Ky/Ta4KaX U jake OPUTBEHHBIX /Ie3BIsAX. CHIDKeH e
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TPpEHNA TAKXE CHIDKAET HOTpe6HOCTb B CMa3Ke, 4TO 3a4aCTyI0 I10-
BbIIIACT 3(1)(1)CKTI/[BHOCTb B IICIIOYKE.

Boicokuit koaduuyent ckonpxenns y DLC npuobperaercs sa
CY€T TOTO, YTO OH He MMeeT OCTPBIX YITIOB 1 IIePOXOBATOCTENL.

Puc. 3. ®oto noBepxHocTu DLC nerupoBaHoro TutaHom [6]

DLC-mokpbITiie He pearmpyeT HM Ha KUC/IOTBI, HYM Ha Ie-
noun. OHM 067afaeT BBICOKOI YCTONYMBOCTBIO K OKICIEHNIO
U Koppo3u. Beicokas mwiotHocTb 11 amopdHas crpykrypa DLC
IPEIATCTBYIOT IPOHMKHOBEHNIO arpecCHBHBIX MOOOYHBIX IIPO-
IYKTOB B MHCTPYMEHTBI. XMMIUYECKY IHePTHbIE XapaKTepPUCTUKI
QIMa30II0ZOOHBIX IIOKPHITHIL PE3KO CHIDKAIOT BO3MOXKHOCTD XO-
TIOTHO CBapKM ¥ 3aXBaTa MaTepuasa Ha MOBEPXHOCTY MHCTPY-
MeEHTa.

DLC 6bU1 TIIATEbHO IPOTECTHPOBAH Ha GIOCOBMECTIMOCTD.
UccnepoBanys (Kax in vitro, Tak 1 in vivo)ObUIn cOCpeOTOYEHBI Ha
B3anmogericrBuu DLC ¢ MakpodaranbHbIMu KieTKamy (KpyIHBIMY
TIeIKOLMTAaMY, TOITIOLIAIMMI VHOPOLHBIE Tera), ¢pubpobra-

JIureparypa:

cramu (KIeTKaMu, 00pasyIoliMy COeJUHUTEbHYI0 TKaHb) 1 OCTe-
obacramu (KIeTKaMIt, 00PasyIIMIL KOCTb).

DLC, HanecenHsIi1 Ha cyiaB Ti, 06/1afaeT HUSKIM YPOBHEM Lii-
TOTOKCUYHOCTM U JIEVCTBYeT KaK MUQY3MOHHBIN Gapbep MeXiIy
TUTAHOBBIM CIIaBOM (KOTOPBIII B IPOTUBHOM CITy4ae BbI3bIBAJ -
0e/b MHOTHX K/IeTOK) 1 KieTKaMyt GpuépobmacTos.

Taxk »xe DLC foxasarn cBoio 6e3011acHOCTb 1 9 (heKTUBHOCT /151
MMIUTAHTVPOBAHHBIX MEAMIIVHCKIX YCTPOICTB, TAKUX KAaK CTEHTBL,
Ta300epeHHbIe ¥ KOJIeHHbIe CycTaBbl. DLC-TIOKPBITILA TI03BOTIAIOT
VIMIUTAHTATaM COXPAaHATD I[eTIOCTHOCTD, M36eraTh 06pasoBaHus My-
COpa, TIPefOTBPALIaTh HEKOHTPOMPYEMBIIl POCT KIETOK M He BBI-
3bIBATh MHQEKIMIL.

1. Diamond-Like Carbon Coatings.— Texcr: amextpoHHsIit // www.acreetech.com/: [caitt]. — URL: http://www.acreetech.com/index.
php/products/diamond-like-carbon-coating (mara o6pamerns: 25.01.2021).

2. Tomasz, Liskiewicz DLC coatings in oil and gas production / Liskiewicz Tomasz.— Texcr: anexrpounslit // www.slideshare.
net: [caitt].— URL: https://www.slideshare.net/TomaszLiskiewicz/dlc-coatings-in-oil-and-gas-production (mara obpamenms:

25.01.2021).

3. Complete Guide To DLC Coating.— Texcr: anexrponnsiit // www.dekmake.com: [caitr]. — URL: https://www.dekmake.com/

guide-to-dlc-coating/ (zarta obpamenns: 25.01.2021).

4. Microstructure and tribomechanical properties of (Cr, N)-DLC/DLC multilayer films deposited / C. Q. Guo [u ap.].— Texcr: Hero-
cpencrenHblit // Diamond and Related Materials.— 2015.— Ne 60.— C. 66-74.

5. Pogrebnjak, A. Nanocomposite Multilayer Binary Nitride Coatings Based on Transition and Refractory Metals: Structure and Prop-
erties / A. Pogrebnjak, K. Smyrnova, A. Bondar.— Tekcr: HerocpencrsenHbiit // Coatings.— 2019.— Ne 9.— C. 155.

6.  Mazare, A. Silver doped diamond-like carbon antibacterial and corrosion resistance coatings on titanium / A. Mazare, A. Anghel,
C. Surdu-Bob.— Texcr: Hemocpencrsennsit // Thin Solid Films.— 2018.— Ne 657.— C. 16-23.

7. Diamond-like carbon coating under oleic acid lubrication: Evidence for graphene oxide formation in superlow friction.— Texcr:
97IeKTPOHHBIIT // www.nature.com: [caiit].— URL: https://www.nature.com/articles/srep46394 (zata obpamerms: 25.01.2021).
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WHTerpMpoBaHue METORMYECKOTO M TEXHUYECKOro obecneyeHns yye6Horo npouecca
B TEXHOJIOTUI0 CO3AaHUA 060pYA0BaHUA Ha 6a3e N1abOpaTOPUM NPUKNARHON MEXAHUKM
npu pa3paboTke aedeKToBKN U peMoHTa 6006bIwKKM noplHa iBC ¢ npamoii o6Kom

BonseHkuH MsaH Kupunnosuy, cTygeHT;
Kop3oB Vnbst Bayecnasosuy, CTyaeHT;

YybeHko EneHa OununnoBHa, KaHANAAT TEXHUYECKUX HAYK, [OLEHT
Bniag1BOCTOKCKMIA roCyAapCTBEHHbIN YHUBEPCUTET 3KOHOMUKM U CEpBUCA

Hedocmamox na6opanmoprozo 060py008aniis 1o usMepeiiio 0mxIoHeHUti 2e0MeMPUHeCKUX PA3Mepos MexHON02UHecKux omeepcmuti de-
marneii JIBC om nepneHOuKynapHocmuy u napannenvHOCMu 6 nonepeuHblx u NpoOoTbHbIX HIOCKOCHAX, 4 MAKHe MexHon02uu 0edeKmosKu

U peMoHmMa npusodum K Heobxo0uMocmu dONOTHUMENbHOL Pa3pabomKy Memoou4ecKozo U mMexHoN02UHecko2o obecneueHus y4e6Hozo npo-

yecca. JlabopamopHuvie ycrmanoexuy, npeOHA3HAUEHHDbLe 01T 0CB0eHUA SHAHUL, YyMeHUl U HABbIKOS 00YHAIUUMUCS, 0671a0at0m 6bICOKOLL 80C-

mMpe6oBaHHOCbI0, KOMNIIEKCHLIM 0nipedernieHuem 0edeKmnos, BbiCOKUM KOIPHUUUEHMOM MOUHOCIU, YIMO Oefldem UX He3aMeHUMbIMU npu
peanusavuu y4eHo20 npoyecca no Hanpasnexuto nodzomosku Cepsiic u mexHu4eckas IKCNYAMayus asmomooued.
Kniouesvie cnosa: nopuwenv [IBC, mexnuueckas ckanka, HOHUYCHble UHCMPYMeHINbl, MUKPOMemMpuiecKue UHCHpPyMeHmbl, UHOUKA-

MOpPHBIE UHCIPYMEHMDL.

pasBUTHEM [OPOXHBIX CeTell KOMIMYECTBO aBTOMOOUIBHOTO

TPAHCIOPTa B CTPaHe eXETOfHO PACTeT, YTO IPUBOANUT K yBe-
JINYEHIIO Y1C/IA 9KCIUTYaTHUPYIOLIMXCSA HOIeP)KaHHBIX aBTOMOOMIIEIA.
B a/IbHEBOCTOYHOM DEryoHe, Ijie OCHOBHOI COCTAB aBTOMOOMIIb-
HOTO TPAHCIIOPTA STIOHCKOTO IPOM3BOJCTBA, 4 BMECTO 3aIryactelt
[OCTAB/IAIOTCS. KOHTPAKTHDIE JBUTATENMM LIEIMKOM, YTO IPHBOANUT
K He060CHOBAHHOMY YBE/INYEHNIO CTOMMOCTI PEMOHTA, BOCTPe6o-
BaHHDBIMI ABJIAIOTCA JUATHOCTIYECKNe 1 peMOHTHbIe paboTst [IBC.

AKTyanbHoCTb

AHanusupys pbIHOK aBToMoOmeit Ha [lanbHeM BocToke u 3a-
rpyxeHHocTs CTO, MOXHO cfienaTh BbIBOZ, 00 MSHOIIEHHOCTH
y310B aBroMobuteit. IIopoit OHM yxKe He COOTBETCTBYIOT 3aBOJ-
CKUM TEXHWYECKUM TpeOOBaHMAM. VIMEHHO HO3TOMY aKTyajlbHa
npo6ieMa CO3[aHYA METOLMYECKOTO M TEXHIIECKOTO 00ecTedeH L,
VHCTPYKIMIA 110 IMarHOCTYKE Y PEMOHTOIIPUTIOJHOCTY Y3/I0B M X
Ha/MbHeIIelT 9KCIUTyaTalyi. B maHHOI paboTe KOMaHAa aBTOPOB
TIpe/iCTaB/IAET AKTya/IbHOE YCTPOIICTBO /1A OIIpefieNeH s U3HOIIEH-
HOCTH HOPIIHSI C IPSIMOIT F0OKOIL.

HoBu3Ha

B nacrosmuiee Bpemsa yCTaHOBOK 11 M3MEPEHUA OTKIOHEHMI OT
HepIeHANKY/IAPHOCTI U apa/yenbHocTy 600biky nopuus IBC

B 1a6OpaTOpMI IPUKIAIHOIN MEXaHUKU He CyiecTByer. [oaTomy
B [JAHHOIT paboTe IpejcTaBIeHa Pa3paboTKa cXeMbl, KOHCTPYKIINIL,
OCHOBBI METOAMYECKOTO obecriedeH s 1 MaciiTabHast MOfienb 1abo-
PATOPHOIT YCTAHOBKY, 00/Tafatolas HOBUSHOIL.

OcHoBHas 4acTb

VccnenoBanye pe3y/IbTaTOB HATYPHBIX 9KCIIEPUMEHTOB, IIPOBO-
IVMBIX B TabopaTopuu IpUKIagHoi MexaHuku Kapenpor TIIT un-
CTUTYTa TPAHCIOPTa M JIOTUCTYKY, IIOKA3a/lI0 BOCTPEOOBAHHOCTD
B y4e6HOM Ipoliecce ¥ IepCIeKTUBHOCTD PaspaboTKi, Iielb KO-
TOPOII — BBIAB/IATD OTK/IOHEHA [IeJICTBITEIbHBIX FeOMeTPUYECKIX
pasmepos fietateit IBC oT HOMUHAIBHBIX.

[TopmIHYM COBpeMEHHBIX aBTOMOOWIBHBIX HBUTATe/ell MMEIOT
CJIO>KHYIO IIPOCTPAHCTBEHHYI0 (pOpMy, KOTOpast 00yCIOB/IeHa pas3-
JIYHBIMY (PaKTOpaMIL U YCTIOBMAMY, B KOTOPBIX paboTaeT fieTalb.
[TopirHu ObIBAIOT IBYX BUAOB U UX Pa3nuylie 3aKI0YaeTcs B popMe
TOpLIA TOPLIHS — IPSIMOI MM KOcoit [1].

Kocast 106Ka 1MeeT BBITYKIIbIIL i BOTHYTBII BU (pHC. 1).

[Ipsimast 106Ka (puc. 2) B CBOKO OYepeb MMeeT CTPOro FOPU30H-
TaJIbHBIN BUJ,

Hanb6oree pacripocrpaneHa mpsimas o6ka. Yaie Bcero takue
TOPILIHY UCTIONB3YIOTCA B 6EH3MHOBBIX ABUTATENIAX.

B pesynbrate IpoBefieHHOTO aHa/MM3a ObIIO MPYHATO pellIeHne
HCIIO/b30BATD /Il TAGOPATOPHOI YCTAHOBKM TOPIIEHD C IPSMOI

Puc. 1. Nopwenb [1BC ¢ Kocoi 06KoM
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Puc. 2. NopweHsb [1BC ¢ npamoit o6koit

100KOJ1, T.K. CIIPOC Ha PEMOHT JAHHbIX [OPILIHEN BBILIIE 1 TEXHOTIO-
TdecKas 0CoOeHHOCTD TAKOTO TIOPIIHA — €TI0 TMPOCTOTA, a, CIe0-
BaTe/IbHO, ¥ CTOMMOCTb PEMOHTA.

HeorpemnemsiM TporieccoMm GopMupoBanus 1abopaTopHoit
YCTAHOBKM SIB/IETCS yMeHHMe pacuiMpPOBBIBATD MAPKUPOBKY
nopiasa JIBC. [Topurenb MapKupyeTcs IO ILATH IIYHKTaM (puc. 3):

Puc. 3. MapkupoBka noputs [1BC
1 — cTpenka, noKa3sblBaloLas HanpasneHue YCTaHOBKM; 2 — PeMOHTHbI pa3mep (1-il peMOHTHbI — TPeyronbHuK,
2-it peMOHTHbI — KBafpaT); 3 — KNacc NopLUHSA No AuaMeTpy; 4 — KNacc NOpLUHA N0 0TBEPCTUIO NOA nanel,.

[Tpu BbIIONHEHNM PAbOTHI IPUMEHSNOCH 0000IIeHNe OIbITa
TIEPESOBOI TPAKTUKY MPOEKTUPOBAHMSA, TEOPETUIECKMUI aHa/IN3
U CUHTE3, CUCTeMHO-CTPYKTYpHbII aHamms, 3D momenuposanue,
KOHKpeTU3aLyis, COOp He3aBUCUMBIX XapaKTePUCTIK M CTaTUCTIYe-
CcKast 00paboTKa JaHHBIX C IVIAHMPOBAHVEM 9KCIIEPUMEHTOB C MC-
N0/Ib30BaHMEM LIEHTPAIbHO KOMIIO3UIMOHHBIX OPTOTOHA/IbHBIX
IJTaHOB BTOPOTO opsaka bokca-Yuncona.

Ba)XHBIM 571€MEHTOM CO3JAHMA JAHHOM YCTAHOBKM ABJIAETCA
CKaJIKa, CTPOTO COOTBETCTBYIOLIAs pasMepy manplia mopuraa JBC.
Il mopIHelt IpUMeHAITCA alblibl pasMepoM 16-30 MM B fua-
Merpe. CKajka IpeficTaByseT coboil LMIMHAPUYECKYIO eTa/lb II1-
puHoit 200 MM ¥ MaMeTPOM, PaBHBIM PasMepy Ha/lblia U3Mepsie-
MOTO ITOPLIHSA, U3TOTABINBACTCA U3 CTamu 1242n4a.

Jlns mONHOLEHHOI paboThI YCTPOIICTBA HEOOXOAMMO YCTAHO-
BUTb JIBa IITaHTeHPelicMaca Ha ITOBepoyHyto mTy. IllTanrenpeii-
CMac — 3TO BBICOKOTOYHBIN MHCTPYMEHT /I U3MEPEHUA BBICOTHI
U BepTUKAIbHOI pasMeTKN feTaneil. VIncTpymeHT mpocToili B pu-
MEHEHUM, NTO3BO/IAET IPOUSBOAUTD USMEPEHNUA U PASMETKY C TOY-
HOCTBI0 710 0,005 MM 6€3 Ha/I4us ClieLaIbHbIX 3HAHIII M HABBIKOB.

HemarnoBa)xHOI ieTanblo AB/AETCA IT0BepOYHas IINTA — MeTasIN-
yeckas, KaMeHHasA, KOMIIO3UTHAs, IIACTUKOBASA IINTA C HOPMUPO-
BaHHOJ IUIOCKOCTHOCTDBIO, YUCTOTON HOBEPXHOCTY, >KECTKOCTBIO,
KOHTAKTHOJI I3HOCOCTOMKOCTDIO, ITpeJHa3HaueHHasA [/ KOHTPOJLA
TOYHOCTH JieTanu (puc. 4).

Ilns cospaHus TpeXMepHOIT MOfe OblIa MCIONb30BaHa IPo-
rpamma Rhinoceros 5 [2, ¢. 6], KoTopast H03BOJISIET CTPONTD TBEPHO-
Te/bHble 00BEKTHI Iy oMoy 3D MofempoBaHs.

T'eomerpudeckyte Mofemt TBEPABIX Tel BCEIAA MaTeMaTHYeCKU
onpepeneHsl. OToOpaxeHye STVX MOJie/Iell Ha 9KpaHe MOHUTOPA OCY-
IIECTBISETCSA C 3aJaHHOI TOYHOCTBIO U 3aBUCKUT OT pasMepa pabodeit
obyacTy, BBIOpPaHHOI KOHCTPYKTOPOM B Hayae paboThl, 4TO Cylile-
CTBEHHO YIIPOILAeT ITPOLiecc IPOeKTUPOBAHUA 1 MOAETMPOBAHILAL

OtkmoHeHnst GOpMBI ¥ PACIONOXKEHNS MOBEPXHOCTEN CHI-
JKAIOT He TONbKO SKCIUTyaTalMOHHbIE, HO ¥ TEXHMYECKME TI0Ka3a-
Term usgemA. OHY CYIECTBEHHO BINAIOT HA TOYHOCTDb M TPYHO-
€MKOCTh COOpPKM M THOBBINIAIOT 00bEM MPUTOHOYHBIX OIEpPAIIHIL,
CHIDKAIOT TOYHOCTb M3MepeHMS Pa3MepoB U BINAOT Ha TOYHOCTD
0a3MpoBaHNsI feTajIell Py M3TOTOBIEHNI i KOHTpoTIe [3, ¢. 2].
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Puc. 4. 3D mopenb nabopaTopHOM YCTaHOBKM

ITpu BBITIOTHEH NN TabOPATOPHOIT PabOThI PEKOMEHAYeTCs IpH-
MEHATDH C/IEAYIONIYIO IIOC/IE0BATETbHOCTD e CTBIIL:

— mnposeputh nopuensb IBC, ompefemis OTKIOHEHNSA OT OT
HepHIeHANKY/LAPHOCTY OCel TOPIIHA 1 MPOYLINH;

— KOHTPOJIMPYEMbIil MOPLIEHb CTaBUTCA TOPLIOM Ha IOBe-
POUHYIO IUIUTY, YTONBHUKOM IPOBEPSETCs HANe)KHOCTb 0asbl, T.e.
HepPIeHMKYIAPHOCTD K IIOCKOCTH TNUThL. IIpy Hammymy oTkio-
HEHIIsI OT HePIIeHANKY/IIPHOCTI TOpeL] 0KI BHIPABHIBAETCS Ha-
IVIBHIKOM;

— Ha KOHTPOJIbHOJ CKa/lKe pasMeyaloT PacCTOSHME C TaKUM
pacyeToM, 4TOObI OMTy4eHHbIE OTMETKM OBIIM YAaNeHbI OT KOHI[OB
CKaZKy Ha 5-10 MM, YCTaHaBNMBAIOT KOHTPOIbHYIO CKAJIKy B IIPOY-
IIVHbI TOPIIHA ¥ MOABOAAT MHAMKATOP K KOHITY CKajIKy, Kacasch
M3MEPUTENTbHBIM CTEPKHEM CIENTAaHHbIX PaHEe OTMETOK;

— YCTaHABNMBAKOT IIKaTy MHAMKaTOpa Ha Honb. IlepeBopaT
CTOJKY MHAMKATOPa Ha BTOPYIO OTMETKY CKa/IKV ¥ CHMMAIOT OKa-
3aHMA MHAMKATOpa. BemunHa OTKIOHEHNA MHMKATOpA MOKA3bl-
BaeT IIepeKOC OCH IIPOYLINH OTHOCUTENbHO TepIeHANKYIIAPA K OCU
HOPIIHS;

— MPOBEPAIOT IOPLIEHD IBUTATENA, ONIPENENB OTKIOHEHNUE OT
TiepecedeHIs 0Cell MOPIIH 1 IIPOYIIVH IIOf IOPIIHEBO Masell. 3a

JIureparypa:

https://www.autostat.ru/infographics/35747/ © ABroctar

6asy 11 M3MepeHs IPUHUMAETCSt 60KOBAsI TTIOBEPXHOCTD OPLIHS
JIO Py4beB;

— TIOpIIEHD CO CKATKOJI yCTaHAB/IMBAIOT HA IPM3MBI;

— YPaBHMBAIOT CKAJIKY IByMs IITaHTeHpeiicMacaMy. CHUMAOT
pasMepbl OT ITUTHI 10 BepXHeit 06pasytolielt CKalIKi 11 BepxHeii 06-
pasyrolelt MOpIIHs;

— 3aMepAIOT AMAMeTp CKAIKYU U [iaMeTp MOPIIHA MUKpOMe-
TpaMIL;

— JIAIOT 3aK/II0Y€eHIe OTHOCUTEBHO TlepecedeHms ocel;

— OTIPeNeNAIT CTETeHb TOYHOCTU OTK/IOHEHMA.

3axnouerue

B nannoit pabote mpencTaBieHa 1ab0paTOpHast YCTAHOBKA A/
nedexToBKM 1 peMmoHTa 606b1KY MOpIIHS [JBC ¢ mpsMoit 06KoiL,
OIMCAH TeXHOJIOTMYEeCKUIl IPOLlecc, IOKa3aH MeTOAMYeCKuIl II0-
PANOK BBIIOIHEHNMA TAOOPATOPHOIL pabOTEL IO OIPefieNIeHNI0 OT-
KJIOHEHWII OT Iapaj/uIeNIbHOCTU U TepHeHAVKY/IIPHOCTI UCCTIENy-
eMOJ1 JIeTau.

K mepcmekTiBam paboTBI KOMIEKTMB aBTOPOB CUMTAET BO3-
MOKHBIM OTHECTM Pa3pabOTKy MeTORUYECKOro obecIedeHus fie-
¢exroBxu u pemonta nopusst JIBC ¢ Kocoit 100K0it, KaK OfHOTO 13
Haubor1ee pacpoCTpaHeHHbIX 3/1eMeHTOB coBpeMeHHOT0 [IBC.

. Mexenun, A.B. Texuomoruu 3d Moge/mpoBaHust [Is CO3AHIST 0OPA3OBATE/IbHBIX pecypcoB. YuebHoe mocobie.— CII16, 2008
3. Trouunr cucremsl rasopacrpenenerns Ha npumepe IBC NISSAN RB20DET. Uy6enko E.®., Camabam K. O. ABTroOMO6MIBHBII
tpancnopt [lanpHero Bocroka — 2018 Marepuainsl IX MexxyHapoHOI HayYHO-TIpakTIdeckoii KoHdeperiy. 2018 r.
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JIneKTpUYECKUM pacyeT HenpepbiBHO NepemeLyaiolenca Harpy3ku B MatLab/Simulink

peunwHukoB Buktop AnekcaHapoBuy, LOKTOP TEXHUYECKUX HayK, npodeccop;
bpenuxuH Akos Bnagummposuy, cTyaeHT;
MeTpoBa MapuHa HukonaesHa, CTyaeHT;

KokywkuH Poman BuktopoBuy, ctyaeHT
Poccuitckuit yuusepeutet Tpancnopta (MANT) (r. Mockea)

aCyeT CUCTEeM TATOBOTO /IEKTPOCHAOKEHIIS SIB/ISIETCS OCHOBHOIT 3a/jadeli IPOeKTHPOBAHILS 9/IeKTPIUIVPOBAHHBIX XKe/Ie3HbIX OPOT.

Bb160p Ko/miuecTBa MUTAOLINX IMHIIA, YCTABOK 3AlllUT, CUIOBOTO 000PY/OBAHIIS TATOBBIX OCTAHIINIL I IMHMIT OOPATHOTO TOKA 0C-
HOBBIBAETCSI HA PACYETHBIX TOKAX HOPMAJIBHOTO PeXMMa HATPY3KM C Pas/IMIHON APHOCTBIO JBIDKEHISI M PEXMMOB KOPOTKOTO 3aMbl-
KaHys1. [Ipou3BoCTBO HEOOXOAMMBIX PACUeTOB BBIIIOMHSIETCS, HA COBPEMEHHOM 3TaIle, HA OCHOBE KOMIIBIOTEPHOI MOJIE/N IIPOEKTIpYe-
MOTO y4acTKa.

MatLab/Simulink sBsiercst ofHOI 13 Haubomee yroOHbIX U 3K TUBHBIX IIPOTPAMM /I MH>KEHEPHbIX PACUeTOB M MOXKET OBITH JIC-
TI0/Ib30BaH /L MOAE/IMPOBAHIA CICTEM TATOBOIO 3/IeKTPOCHAOKe M, TaK KaK BKI0YaeT B cebs1 60/bIIOI HAOOP pacyeTHBIX METOROB, 00-
HIVPHYIO 6MO/IMOTEKY CHIOBBIX 9/IEKTPOTEXHNYECKIX 9/IEMEHTOB I IMEET BO3MOXKHOCTD CO3[JAHILS CJIOKHBIX MOJIETIE.

3apaumn

[TepBUYHBIMY JAHHBIMU I TIPOEKTUPOBAHNUA SAB/AIOTCA MapaMeTphl 9MeKTPUMUUMPOBAHHOIO YYacTKa (JIMHA Y4acTKa, SKBMBA-
TIEHTHBII YK/IOH, BHYTPEHHEE COIIPOTYB/IEHNE TATOBOJ MOJCTaHIVN, HAIIPsKEHME XOIOCTOrO XOfia MO CTaHIMM, MOIIHOCTD WM TOK KO-
POTKOrO 3aMbIKaHMA Ha BBOJAX, IIMKETaX 00BEKTOB 9/IEKTPOCHAOKEHNA U OCTAHOBOYHBIX ITYHKTOB, TUII M Macca IIOfBIDKHOTO COCTaBa,
MapKJ TATOBBIX TpaHCcGOpMaTOpOB, IpeoOpa3oBaTe/IbHbIX arperaTos, G1epoOB, OTCOCOB 1 T.J|.) U CUCTEMA TOKA.

TAToBBII pacyeT 37eKTPOIOBIKHOTO COCTABA.

Ha ocHOBe JaHHBIX, YKa3aHHbIX BblllIE, TPOM3BOAUTCS TATOBBII pacyeT, B X0fle KOTOPOTO ONpefieNAoTcs 3aBucumoctyt Toka IIIC 1 ero
CKOPOCTM OT BpeMeH! XO7ja 10 y4acTKy. [Ipumep pesy/nbTaToB YIIPOILEHHOTO TATOBOTO pacyeTa IpefcTaB/leH Ha PUCYHKe 1.

Tlanee cocTap/IseTCsA CXeMa 3aMelLieHIA CUCTEMBI TATOBOTO 3/eKTPOCHAOKeH A (CM. pUC. 2) B KOTOPYIO BXOAT: CHCTeMA BHELIHETO JIeK-
TPOCHAOKEHVIAA, MOJIE/I TATOBOJ IIOfICTAHIINY, IMHUM KOHTAKTHOII CeTH, Pe/IbCOBO LIEIIN M 9/IEKTPOIIOABIDKHOTO COCTaBa C VICIIONTHEHHBIM

TATOBBIM PaC4€TOM.

t{M
101

(55}

-8

N2

Puc. 1. Pe3ynbTathbl ynpoLieHHOro TArOBOro pacyera
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OnekTpoctaHuma - 110kB 1 OnekTpocTaHuus - 110kB 2

Hsmepenns:

- nanpszenne OIIC1 u DIIC2
- Tok OIICI u DIIC2

- ok TITL, TI12, TII3

Tarosblii pacuér:
IYTh - HEUETHbIIL;

cuctema 25kB;
node 7

node 8 4

1

Phasor
50 Hz

Puc. 2. NpepcTaBneHue cxembl 3amewenunsa CT3 B BUAe BUPTYaNbHOI MOAeny, BbinonHeHHOM B cpeae Matlab/Simulink

brnounas crpykrypa Mmogenu:
1) BuemurHee anekTpocHabKeHe
) ONeKTPOCTaHIMY — TePBUYHbIe MCTOYHMKM HanpspKeHus (110 kB mepeMeHHOTo TOKA).

o

=

JInnnu snexrporepenad (JISI) — crucreMa IPOBOOB, BBIIOMHAIONIAST PYHKIMIO TIEpefault 97eKTPOIHEPIIH Ha PACCTOSTHILE.

58]

Tsarosble mopcTaHINN

AW

OJNeKTPOIIOfIBYKHOI COCTaB
BcnomoratembHble 6710K1

wl

)
)
) KomuTakTHas ceth
)
)

a) DBIIOKM KOHTaKTOB KOHTAKTHOII CeT! U penbca (Ha Mofienu node) — YCTaHABIMBAIOT TIEKTPUYECKOe COeANHEHNe MKy KOHTAKTHOI
cerbio 1 IIIC.

b) brnok Tsrosbit pacyer

¢) bnox Vismepenns — usmeputenbHble IpUOOPI /I MOHUTOPMHTA TOKA I HAIPsDKEHIA Ha ToKonpyeMHuKe JIIC.

I[Tpu MopenmmpoBanyy KOHTaKTHOI cety 1 DIIC B 37eKTpUdeckoll cXxeMe 3aMelljeHNs BO3HMKAET CTIOKHOCTD, 00YCTIOB/IEHHAs TeM, YTO
B CIIeNMaIM3NpOBaHHOI 6ubmoreke SimPowerSystems MatLab/Simulink Her 6710k0B, MOe/MpYOMMX EpEMEIAIOLIYIOCA HATPY3KY, KO-
Topoii asnerca IIIC.

Perenne gaHHOIT Ipo6meMsl

Ity 3afaqy HEOOXOAMMO Pas/eINTh Ha [Be OA3aAA4N: ABIDKEHME IO YIACTKy 0€3 y3/I0B B CXeMe 3aMeLeHIst U IIePEXOJ C OffHOI 30HbI
IVTAHNUA Ha IPYTYIO.

ITepBas nopsapayva:

KoHTaKTHas ceTh MMeeT IIOTOHHOE CONTPOTUBIEHNIE, CIEAOBATENbHO, COIPOTHUBIIEHNME OT Y3/1a cxeMbl fio iBivkyierocs IIIC 6yper nsme-
HATBCS. VI3MeHeH e 3TOro COPOTUBTIEHN 11 OyIeT MORenpoBaTh «aBInKeHre» JIIC oT 0fHOTO y371a K ApyroMy. B kadecTBe y3710B CXeMbl
MOTYT BBICTYIIaTh TOYKM ITPYMCOEAMHEHs TATOBBIX MOJCTAHLNIA, TIOCTOB CEKIIMOHMPOBAH, TYHKTOB Mapa//leIbHOTO COeAMHEHNA 1 T.JI.
K KOHTaKTHOJI CETI.

3anmieM ypaBHeHIe, KOTOPOe OIIChIBAET MI3MEHeHMe TOKA B 37leMeHTe KOHTAKTHOI CeTII B 3aBMCUMOCTH OT HAIIPsDKEHMA Ha 9TOM 371e-
MEHTe, B BUJIE:

U U
Rl it L * 2%

Ifie #, — IIOTOHHOE aKTUBHOE COLIPOTIB/IeHIe KOHTAKTHOII ceTy (OM/KM),
L, — IOrOHHOE VHJYKTMBHOE COLPOTHUB/IEH e KOHTAKTHOII ceTnt ([H/KM),
2, — KOMIUTEKCHOE TIOTOHHOE COIPOTHB/IEHME KOHTAKTHOI cetnt (OM/KM).
9ty popmymny pearmnsyem B MatLab/Simulink cnepyrorym o6pasom:
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+
<
o X

) o= ‘ T

Puc. 3. Peanusauymna usmeHeHus conpoTussieHUA B 6/10Ke KOHTaKTHOIA ceTy

Koopaunara S (cm. puc. 3), npuxopsiuas 13 6moka SIIC yMHOKaeTcst Ha TOTOHHOE COIIPOTHBIEHIE KOHTAKTHOIL CETH, 4TO JaeT OTHOe
COIPOTHBJICHIE OT y371a c/ieBa 10 Tekymero nonoxennsa IIIC. C momomibio BonbTMeTpa (610K Voltage Measurement) cHuMaeTcs Hanps-
JKeHIIe Ha 37eMeHTe KOHTAKTHOI! ceTH, a ¢ moMobio 611oka Divide mponsBopmTcs feneHne Ha oHOe COmpoTHBeHNe. B xofe femeHns mo-
JTydaeM 3HaueHMe TOKa, KoTopoe mocrymaer Ha Controlled Current Source.

¢
K

LTpst| - : _
D : O+ o

Puc. 4. Peanusayma YMeHblLUaLWeroca ConpoTusyieHUA B 610Ke KOHTAKTHOW ceTun

B emte ofHOM 6710Ke KOHTAKTHOJ CeTH peaymayeTcsa yMeHblatomeecs conporusyerue ot SI1C 1o ysna cipasa.

Bropas nogsapauva:

[Tpu mepexojie ¢ OfHOI MUTAONIElT 30HBI HA APYTYIO, CXeMa TIEKTPOCHA0KEHNA KapIHANTbHO MeHseTcA. [[09TOMY /I HelpepbIBHOTO
MOJIeTMPOBAHNA HEOOXOIMMO CO3aTh BO3SMOXXHOCTD /LS aBTOMaTI4ecKoro nepektoderns SIIC Ha Apyryo soHy muTaHus (cM. Ha puc. 5).

brnox MATLAB Function (cm. puc. 6) co3aer MacciB, pa3MepPHOCTb KOTOPOTO OIIpefieNiAeTCst KOMMYECTBOM MEKIIOfCTaHIIMIOHHbIX 30H
(komdecTBO TII — 1) U OTIpefiensieT COCTOsIHME TTepeKTIovaTesert.

Ecrmm xooppyHara noespga 6osblire 1wy paBHa KOOPAMHATE BTOPOI IIOfCTAHINI Y MEHBIIIe VY paBHA KOOPAMHATE TpeTbell HOACTa IV,
TO B TIepPBYIO AYEIIKY IOICTAaHLIMM 3anucbiBaeTcs 0, a Bo BTopyio 1.

| BISOC/MATLAB Function* | + |
function Log = fsn(LTpst,S)
= n=length (LTpst)-1:

= Log=zeros(n,1);

= for i=l:n
if LTpst(i)<=S & S<LTpst(i+l)
= Log(i)=1;:
end
end

W oD o oo U W b |
|

Puc. 5. CKpunT 610Ka ynpaeneHus



“Young Scientist” « # 6 (348) - February 2021 Technical Sciences | 15

node 1

LTpst
*\—b LTpst
‘ Log
S S fcn

node 0

+
<
Puc. 6. Bnok ynpaeneHus 1 610K KOHTaKTOPOB

C nomorbio 610ka Demux curHan oTmpas/AeTcs Ha BbIKmodateny Breaker, koropble mofkmoyaoTcs mpu momouin 6moka Neutral
K OTIpefleNIeHHOMY YYaCTKY KOHTaKTHOI ceT. MMHYC Beerza opikmodeH K node 0-penbcy.

Ha nipeyioxxeHHOIT MOfenyt ObUIV BBIIIOMHEHBI PACUETHI 1 [IOTY4eHBI 3aBUCHMOCTH TOKOB ITO[ICTAHIVIT U HAIPSDKEHWIT Ha TOKOIIPUEM-
ruke JIIC or Bpemenu (cM. puc. 7).

x 10%

276

274 W
272

NrviHa, m

g

1000 1500 2000 2500 3000 3500 4000
NrnHa, M

Puc. 7. 0cummorpaMMb| HanpAXeH!A Ha TOKONPUEeMHUKe U TOKAa 3J1IeKTPOBO3a
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MpoBepKa KOPPEKTHOCTH BbINOIHEHHBIX BbIYMC/ICHMIA

YT00bI yOCTOBEPUTHCA B IPAMOTHOM BBIIIOTHEHN BHIYVCIIEHNIA, aTe0pauyeckyt CTI0XKIM BCe TOKY TATOBBIX IOZICTAHIINIA, IPU BEPHBIX
BBIYMCTIEHIIAX, VX CYMMa JJ0/DKHa 6bITh paBHa Toky IIIC.

T T T T T T T T
200 ]
Tok 3MC
150 ]
<L
o 100 F Tk TArOBLIX 1
|9 / noacTaH LW i
%/
50 ]
A
1 i
| | | | | | | |
] 500 1000 1500 2000 2500 3000 3500 4000
OnuHa, m

Puc. 8. lpoBepKa KOPPEKTHOCTU BbIYMCIEHUIA C NOMOLLbIO OCLUANOrPAMM TOKOB TATOBbIX NOACTaHLMIA M ToKa INC

Kak BugHO 113 rpadmka (cm. puc. 8), anredpandeckas cyMMa TOKOB TATOBBIX IIOACTaHINIT paBHa ToKy SIIC, 9T0 CBUIETeNbCTBYET KOp-
PEKTHOCTH Pe3y/IbTaTOB, IOMy4eHHbIX B Pe3y/bTaTe MOJEIMPOBAHNUA.

BbiBop,

Takum 06pasom, B X0fie UCCIETOBAHMIT OBUTA peaTn30BaHa MOJIE/b, YINTHIBAIIIAS IEPEMELIAIIIYICs IepeMeHHYI0 Harpysky. Ha ocHo-
BaHNN IIpeJIO>KeHHOJT Mopie/y ObITa pellieHa 3aaya, Kak paspadorka pacuéra CT3 ¢ yuerom HenpepbiBHOTO nepeMernenys SI1C mo npoex-
TI/IpyeMOMy Y4IacCTKy. PeSy}IbTaTbI MOJIeTPOBAaHNAA KOPPEKTHBIL, YTO ITIOATBEPKAEHO B KOHIE BBIYVICTIEHUIA HpOBepKOI‘/'I rpa(l)r/[quKMM METOIOM.

WHTeHcUMKaLmMa ropeHns yrneBofopoOAHOro TONIMBA A06aBKaMM 030HA B NeYax Harpesa

[asbinos MaBen CepreeBuy, CTyAEHT MarucTpaTypbl
CamapcKuit rocyfapCcTBEHHbII TEXHUYECKUIA YHUBEPCUTET

[Ipednazaemcs peanu3ayusi 8MOHOMHO20 Pexcuma PAGOMbL TONOUHOZO YCMPOLICMBA HA 0CHOBe 030HO-B030YWHOIL cMeCU 3a cuem me-
17108011 IHEP2UL OM CIKOHOMIIEHHO20 KOTUHECHBA NPUPOOH020 2a3a, npesvliuaroueri nompedHocmu HeoOxo0umble 0715 NOOOEPIHAHUS PyHK-
UUOHUPOBAHUS 3HEP20060PYO0BAHUS MONOUHO20 YCHPOTICMBA, BKIIOHAS PAGOMY 030HAMOPA.

Kmiouesvie cnosa: nodozpesament He@mu, UHmMeHCUPUKAUUS 20peHUST, 030H, IPPeKMUBHOCHTL MONOUHOZ0 YCMPOTICHBA.

BHaCTo;nuee BpeMs 3HaumrenbHble o0beMbl HedTH, obmapa-
IOIIIfe BBICOKOJ BSIBKOCTBIO IIPM OOBIMHBIX TeMIIEPATYPax
WIN COfieprKaliye GOJbIIoe KOMMIECTBO MapaduHa, BOBIEKAIOTCS
B IIPOI[ECC TIEPEPAOOTKY U TPAHCTIOPTUPOBKM. [lake TIPM HE3HAYUM-
TE/IHBIX IIOTEPSIX TEIUIOTHI, BBICOKOMApadHOBbIE HeTH C cofep-
XaHyeM mapaduna 6omee 25%, OBICTPO TEPAIOT HOFBIDKHOCTD. [le-

pekauka Takux HeTell IO TPYOOIPOBOAAM OOBIYHBIM CIIOCOGOM
BBI3BIBAET TPYAHOCTI. V] Hanbosee pacipocTpaHeHHbIM CIIOCO60M
OCTABKI TaKNX HeTell, B HACTOSIIIEe BPeMsl, SIB/IAETCS IepeKadKa
Tpy6OIIPOBOHBIM TPAHCIIOPTOM C MOJOTPEBOM, TaK Ha3bIBaeMas
«rops19ast repeKavkar. TeXHOMOIUS «ropstderi» epeKavuK Ipefio-
JIaraeT HarpeB BbIE/EHHbIX YIaCTKOB Hehremposopa [1].
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[lns mpepynpexxaeHns oOMep3aHys IIPOMBICTIOBBIX IA30IPO-
BOJIOB 1 00pa3soBaHNs Ta30TMAPATOB TaKXKe TPeOYeTcs OcCyecT-
B/ATh TIPOIpeB rasomposofa. Hamboree wacto 3akymopku raso-
IIPOBOJIA IIPOMCXOAT B 3MMHUIL TI€PUOJ, B CBSI3Y 3HAYMUTETbHBIM
OX/IOXJIEHNEM JIBIDKYILEToCA B TPYOOIPOBOJE Ia30BOTO IIOTOKA.
HarpeBaTb ra3 Hy>KHO 0 TaKOJ TeMIIepaTypbl, YTOOBI B CAMBII1 XO-
JIOJHBLI leHb TeMIlepaTypa rasa HUI/Ie B Fa30IPOBOJie He OHM3Y-
J1aCh {0 TOYKM POCHI 3TOTO T'a3a IIPY OTIPefie/IeHHOM JJABTEHNMI B TOM
IV ’HOM ITyHKTe Fa30IIpoBoza [2].

11 5TUX 1eTTeil IPYMeHAeTCS U IIOCTOSHHO COBePLICHCTBYETCA
MHOXeCTBO IofiorpeBaTeriell. B kadectse npyumepa, OyieM UCIIONDb-

30BaTh TEXHMYECKIE XapaKTePUCTUKI HarpeBaTeieil: yCTheBble Ha-
rpesatemn HYC —0,1, YH — 0,2 u IITT — 2; myreBble HarpesaTenm
ITIT — 0,63; ITIT — 1,6 (Tabmuua 1) [3,4].

C TOYKM 3peHysl 9KOJIOrMIecKoro hakTopa, Hanbosee mpeanoy-
TUTEIbHBIM TOIUVIMBOM IIJIA TaKUX reyveit ABsAETCA Hp]/[pOHHbII‘/JI ras.
CoxnraHme rasa B TOIIOYHBIX YCTpOﬂCTBaX YMEHDBIIAET 3arpA3HEHNE
aTMOC(EPHOTO BO3AYXa, HO HEM30EKHO 0OPa3YIOTCA OKMCTIBI a30Ta
B KOJIMYECTBE COM3MEPVIMOM C aHATIOTMIHBIMMU BHIOPOCAMI IIPU CKI-
TaHUM JPYTUX BUIOB TOIUINBA, HAIpuMep, MasyTa u yri [5]. [Toa-
TOMY MOBbIIIeHNEe 3PPEKTHBHOCTI PABOTHI TOMOYHBIX YCTPOIICTB,
IpefCTaBILieT CO00J BXKHYIO HAYYHO-TEXHUYECKYIO IPoOIeMy.

Tabnuua 1. TexHUYeCKUe XapaKTepUCTUKM

Ne TonouHoe yCTPOICTBO HYC vH AT fin fin
-0,1 -0,2M3 -0,2r -0,63 -1,6
TennonpoussoautensHocts P, kBT 100 200 290 730 1860
KNA #,%, He meHee 75 70 80 80 80
Pacxop rasza V, m3/u 13,7 20 35 75 180
CoBpeMeHHBIe TeopeTIdecKye i KCIepUMeHTaTbHbIe MCCTIe0- 30,=20, 285 k[lx (1)

BaHM:A OKA3BIBAIOT, YTO MICIIO/Ib30BAHNE 030HO-BO3IYIIHONM CMeCH
B IIOJIOTPEBATENAX ITI03BONAET YMEHBIUUTH SKONOTUYECKUIA BpeS
IPOZIYKTOB CTOPAHMA 33 CYET CHVDKEHUSA COfIePXKaHMsA OKMUCH YTIle-
PO 1 OKMCTIOB a30Ta B ABIMOBBIX rasax [6].

B mpoMBIIIIEHHOCTN ¥ BOJOIOATOTOBKE MCIONB3YETCA O30H
C KOHIIeHTparmAMu He 6omee 13% KOTOpble HM IIPH KaKMX YCIIO-
BUAX He IPUBOJIAT K B3pbIBY rasa. VHaue roBops, KOHIEHTpAIIUA
030HA B 030HO-BO3JYIIHBIX cMecAX fio 180 r/m® abcomoTHO 6e30-
TacHa IpY JIOOBIX BO3JENCTBIUAX: HAIPeB, yfiap, KOHTAKT C Opra-
HITYECKVMI COefiyHeHNAMNY [7]. Iy NpUHATD IIOTHOCTD BO3yXa
IIpY HOPMATbHBIX yCIoBuAX p. = 1,2 xr/m’, 10 180 r/m’ cootser-

100
— = 130%.
0.18+1,2

crayer: 0,18 -

PesynbTaThl 9KCIIEPMMEHTOB IIOKA3BIBAKT, YTO MONOXMU-
Te/bHBI 9QEKT, CBA3AHHBIII ¢ MHTeHCUpUKALMell TOpeHNs, J0-
CTUTaeTCs TPV KOHLIEHTPALIMI 030HA B Ia30-BO3YLIHOI CMeCH p =
90 + 200 mr/m’ [6]. D10 B 1000 pas menbme ITIJK o30Ha B Bo3myxe,
cornacHo TpedoBanyaM I'OCTa 1o B3pbIBOOIACHOCTIL.

OnTuMmusanya 10 KOHILEHTpalMM O30Ha B Ta30-BO3[YLIHOM
CMecH IPOBOAMIACH HA OCHOBAHMM XMMMYECKOTO aHaIM3a IIpo-
IYKTOB PeaKIMy COCTaBa JBIMOBBIX Ia30B, C KOHTPO/IEM COZep-
xanus xucnopoga O,, muokcnpa yrnepoa (CO,), yrapHoro rasa
(CO), oxcnpos asora (NO, NO,), a Tarke Hefjoxora yrnesoyio-
pomos (C H ) [8]. B manbuefimem GyseM MCIIONMb30BATh CpefiHee
3HaueHe ONTUMAILHOI INIOTHOCTY 030Ha p = 150 Mr/M’.

O30H nomyyaercs B pe3yabTaTe MPUCOEMHEHNA K MOTIEKy/IaM
O, cBOGOZHBIX aTOMOB KUCTOPOJIA, KOTOpble 00pasyloTcs U3 ero
MOJIEKY/T Pas/IMYHBIMI CIIOCOOAMY, HATIPUMep: TIOf, BO3HEICTBIEM
97IEKTPINUYECKIX PA3PS/IOB, YIbTPA(IONIETOBOTO U3/IydeH s, TOTOKA
raMMa-4acTul], OBICTPBIX 3TEKTPOHOB M JPYIMX HOCUTENEN BbI-
cokolt sHeprui. IIpy sTOM peakimsa ABIAETCA SHAOTEPMUIECKOTL,
TaK KaK /I TO/ydeHus 1 Mo 030Ha HeoOXOMMO 3aTpaTuTh 142,5
kJIx [6]:

O6paTHas peakiyia paclafia 030Ha UET C BbIITICHMEM SHEPTi
Y OCYILIECTB/IAETCA JOCTATOYHO JIETKO.

S deKTUBHOCTD OKUCTUTENS OLPEHeNseTCs 10 ero 3MeKTPO-
XMMWYECKOMY, MHa4Ye TOBOPs, OKMCIUTENbHOMY IOTEHIMANY, BbI-
paKeHHOMY B BofbTax. O30H, ¢ OKMCIMTENbHBIM IIOTEHINANOM
2,07 B, cBoeil BbICOKOII aKTMBHOCTBIO 00513aH, IPEX/iE BCETO, aTO-
MapHOMY KUCIOPORYy (OKMCIMTENbHBbI moTeHnman 2,42B), xo-
TOpbI/l OH JIETKO OTHAeT HPM AMCCOLMALMY MONEKY/Ibl B XUMM-
4ecKoil peakumn. B cBOOOIHBIX pafiMKanax KICIOPOfA 9NeKTPOH
SABJIAETCS] CBOOOJHOI YaCTMUKON MOJIEKY/IbI M BCTYIIAET B PEAKINM
OKIC/IEHNA 3HAYNTENBHO JIeTde, YeM He aKTMBMPOBaHHAA MOJIEKY/Ia
KVCIOpOfa. DTO CYILIeCTBEHHBII (haKTOp, OLpee/ AL UCIIONb-
30BaHIe 030HA [/ MHTEHCUUKALINIM TOPEHNA.

O30H ycTpaHseT Iepuof, MHAYKUMM, TO €CTb BPEMEHHYIO 3a-
lIep)KKy Haya/la peaklUuM, XapaKTepHYI [/ OKMCIEHUA Hachl-
IEHHbIX YI/eBofiopooB. IIpu aTOM OKMCIIeHNMEe YINIeBOTOPOIOB
YCKOPSIeTCA YPe3BbIYAITHO MA/IbIM KOTIYeCTBOM 030Ha. O30H Haum-
HaeT TepMMYECKV pas/araTbcA Mpy TeMmieparype mopagka 100°C,
H03TOMY IIpy 60/Iee HUSKMX TeMIIepaTypax OKVC/IEeHNUe YINeBORO-
POJIOB IIPOMCXOAUT IPEUMYILECTBEHHO IPU peakiym ¢ 03oHoM. O6
3TOM CBUJIETENbCTBYIOT MHOTOUMC/IEHHbIE TEOPETHYECKIE 1 IKCIIe-
PpUMeHTa/IbHBble VccegoBans [8-10].

[Ipu Temneparypax, npesbimaomux 100°C, 3aMeTHY0 ponb Ha-
YJ[HaeT UIPaTh aTOMAPHBII KICIOPOJ, 00pasyloLMiics IpU paciaze
osona Ha O, n O. BimsAnue 030Ha Ha KMHETHKY OKMCTIEHMS Tasa 00y-
C/IOB/IEHO B OCHOBHOM €T'0 POJIbIO B MHUIIMMPOBAHWY LIeTTHON peaKIuiL.
SddexTuBHAS SHEPrUs AKTUBALMI OKUCTECHNS Tasa B IPUCYTCTBUN
030Ha 3HAYUTENTLHO CHIDKAETCSA, YTO OBONBHO CH/IBHO M3MEHSAET yC-
NOBMA BOCITAMEHEHMS, CHABUTAA HVDKHMI IpefieN BOCIUIAMEHEHVA
B CTOPOHY 60JIee HUSKNX TeMIIepaTyp U AaBneHuit. Kpome Toro, 030H
YCKOpSeT paclpocTpaHeHNe IIaMeH) B CMeCAX Tasa C BO3JyXOM B pe-
3y/IbTaTe YCKOPEHMSA OKVCTUTENbHBIX PEAKLMIA. A OKICTUTENbHbIE Pe-
aKIVM, B HALIEM CITy4yae, 3TO 11 eCTb IPOLeCC TOPEHNA.
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B cooTBeTCTBUMM C KIaCCMYECKMMM IIPEICTABIEHNAMM KOH-
CTaHTa CKOPOCTM XMMMIYECKMX ITpeBpaIleHNI] OIpefeNAeTcs TeM-
eparypoit 9 1 sHeprieit aktuBaruy Monekyn EO o sakony Appe-

HIryca:
K = Koexp (~35) @

Taxkum 06pasoM, yBenmdeHne KOHCTAHTBI CKOPOCTY XMMude-
ckoit peakuyn K B cpefie ompererisieTcst 6o MOHVDKEHIEM SHEPTUI
axruBanyu E, 6o nosbimeniem Temmepatypsi 9. BhIcokuit OKic-
JIUTENTBHbII TIOTEHIINAN 030Ha, @ TAKXKE er0 paciaj ¢ 00pasoBaHueM
AKTMBHBIX aTOMapHBIX pajnkanos O~ n kucnopopa O,, OKasbIBaeT
BJIVSIHIE HA 9HEPTMI0 akTuBarmiu [11].

[TocMOTpuM, KaKoe BiusiHIe Ha POCT 3G eKTIBHOCTI TOPEeHN
OKa3bIBaeT PACMaj 030HA C TOYKM 3PeHMA TePMOAMHAMIYECKIX
IIpOIIeccoB. VI3BecTHO, 4TO peakmysa pacajia 030HA UJET C BbIfje-
JIeHVIeM SHEepINIL, TO eCTh IIPU PacIaje 1 Mo/mA 030Ha BBIAEIACTCA
142,5 k][I (1). OTa 9Hepryus UAeT Ha HarpeB ra30-BO3AYLIHON CPEeLbI
B KaMepe CrOpaHusI, 3HaUMT Ha POCT TeMIepaTypbl 9 1, KaK Crief-
CTBHe, Ha YBe/MMUeHNe CKOPOCTY XMMIYECKNX MpeBpalleHuit B co-
OTBETCTBUY C 3aKOHOM AppeHnyca (2).

Ompenenim, HACKOTBKO BE/TUK 3TOT BK/IA. [l 9TOT0 IIpoBefeM
CpaBHEHIIE C BBIfIe/IAeMOlT 9HEepTUel Py COKUTAaHNUM Ta3a B KaMepe
cropannsA. Temnory cropaHuss HPMpPORHOTrO Trasa IIPUHMMAEM Ha
HIDKHelT rpannie ananasona: Q = 35,5 + 37,7 Mmx/m? [12]. To ectb,
CYMTAEM YTO, PV CKMUIaHuM 1 M* MPUPOFHOTO rasa MPOUCXOFUT
BBIfIeIeHNIe TETIOTHI B KonmmdecTBe 35,5 MJIx.

Paccmorpum fiBa mpesienbHbIX cmydas — Harpesatens HYC-0,1
u III1-1,6 (tabmuia 1). B cootBeTcTBUM C pacueTamit, HEOOXOAMMOe
KOJIITYeCTBO 030HA M, J/IA CO3[JaHNA ONTYMA/IbHOI IVIOTHOCTH p =
150 mr/m? B TOmoYHOI KaMmepe 3a 1 4ac paboOThl HarpeBaTess: s
HYC-0,1 m = 23 r/4; ays I1I1-1,6 m = 300 r/4 [13]. Momspras macca
o30Ha M = 48 1r/Mo7b, I03TOMY KOMMYECTBO MOJIEl O30HA: LA
HYC-0,1-0,48 mony; gs ITI1 — 1,6-6,25 MO7Ib.

[Ipu pacmage 030Ha, Beifensgercs sHeprst: ana HYC-0,1-142,5
*0,48 = 68,4 x]Ix; mma T111-1,6-142,5 * 6,25 = 690,63 kxJIx. B Toxe
BpeMs, 3HepTIA, KOTOpas Bblfie/iAeTcs IpY CKUTaHUM ra3a B Harpe-
BaTe/AX 3a 1 yac pabOTHI TOMOYHOTO YCTPOIICTBA, COCTABISCT: LIS
HYC-0,1-35,5%13,7 = 486,35 M]x; s [111 — 1,6-35,5* 180 = 6390
M. 3pecn ydreHo, 910 3a 1 4ac paboTsI Yepe3 KaMepy CrOpaHus
npokauyaercs rasa: w1 HYC-0,1-13,7 % s ITIT — 1,6-180 m?,
tabmmma 1.

TermoBast sHeprys OT paciajia 030Ha laeT BK/IAJ, B POCT TeMIIe-
PaTyphl B KaMepe CropaHIs, 10 CPABHEHNIO C TETIOBbIfieleHIIeM OT
PeaKINI TOPeHNA:

— s HYC — 0,1 — (68,4 *10-3/ 486,35)*100 = 0,014%;

— s [T — 1,6 — (690,63 *10- / 6390)*100 = 0,011%.

ITO HMYTOXXHO Masible BeMUMHbL. Takyum 06pasoM, OCHOBHOI
BK/IaJl B IIPOLieCC HArpeBa HAIOT PEAKLMM OKMUCIEeHWs (TOpeHis)
YI/IeBOJOPOJHOTO TOIUIMBA. 3a CYeT 3TOTO, AEeNICTBUTENLHO, UAET
POCT TeMmIlepaTypbl peakLu 1, B COOTBETCTBUM C 3aKOHOM Appe-
HMYCa, POCT KOHCTAHT CKOPOCTEN XMMIYECKVX IIPEBPalleHNIA.

[Ipu mobaBneHny 030Ha B OIIPEfie/IEHHON KOHI[EHTPALUH, O-
a4y TOIUIMBA M BO3JyXa MOXHO yMeHbLINTDb 7o 20% 6e3 pucka
yMeHBIIIeHN S IPOU3BOANTENBHOCTIL TOIOYHOTO yCcTpolicTaa [6,10].
B atoM crydae, 3aBUCHMMOCTb MOIITHOCTY TEIIOBBLIIETIEHNS B pe-

3y/lbTaTe CKWUTaHNMA COKOHOMIeHHoro tormmsa (0,15*V) B To-
[I0YHOM YCTPOJCTBE 3armiiercs Kak P, kBr:

P, =(0,15/3,6) * Q* V(P) (3)

3HavyeHyA V U 7 IIA pacCMATPMBAEMBIX TOIOYHBIX YCTPOJICTB
npusezeHs! B Tabmue 1. Heo6xoamuMo 0TMETHUTD, YTO 3aBICUMOCTb
V(P) senuueityas.

B pat6ore [13] mpoBopuics pacyeT MOTpeOHOI MOLIHOCTI 030-
Hatopa P mna ycroitunmsoro ¢byHKIMOHMPOBAHUSA MeUN Harpesa.
OTMe4eHO, YTO [JOCTATOYHO BBIXOJHBIX XapAKTEPUCTUK CEPUITHO
BBIITyCKaeMBIX 030HaTOPOB JYIA BCEJl PacCMATPUBAEMON NTUHENKY
Ieyelt HarpeBa, OTMEYEHHbIX B Tabmue 1.

Takum 06pasoM, 1MeeTcs BO3MOXKHOCTD JICIIO/Ib30BaTh BBICBO-
00X jaeMyI0 SHepTHI0 I 0becIIedeHysI aBTOHOMHOTO PeXIMa pa-
0OTBI TOIOYHOTO YCTPOIICTBA HA O30HO-BO3MYIIHOM CMecH C IO-
KPBITMEM TIOTPeOHOCTN B 3Hepromorpebnenmu P, u morpebHoit
MOIIHOCTH /it 030HMpoBanus P . OfvH 13 MepCeKTMBHbIX CrIo-
CO00B TOCTIDKEHNA aBTOHOMHOCTH 3aK/II0YAeTCA B VICIIONIb30BaHNUN
TepPMO3/IEKTPUYECKIX IIpeodpasoBaTeneli B Bije 6aTapey TepMoIap.
CoBpeMeHHbIE CepuilHble TePMOITIEKTpIUUECKIe MpeobpasoBaTenn
TIpYU Pa3HOCTH TEMIIEPATYp «TOPAYETO» U «XOTIOFHOTO» 3IEKTPOTIOB
B HeCKOJIbKO coTeH rpagycos umeror KIIJI mopapgka 8 + 12% [14].
9rot KIIJI mo3Bo/A€T o/My4aTh 57eKTPUYECKYI0 SHEPTHIO B PAcCUn-
TaHHOM 00beMe 6e3 yiepba Ay paboTbl TOIIOYHOTO YCTPOIICTBA.

HleiicTBUTENbHO, I 0becredeHys JOMONHUTEIBHOTO SHEPro-
HOTpeO/IeHNs, HeOOXOAMMOTO /I pabOTBI TOMOYHOTO YCTPOIICTBA,
TpeOyeTcs TOCTOAHHO PaCcXOfI0BATh TEIIOBYIO MOLIHOCTH PT, ompe-
Jie/LIeMYI0 B COOTBETCTBIM C BBIPAXKEHMEM:

Po+Pgy

pp=—= @)
?'IITI:I .??L'I'-E.T

rie n, — KIIJ| TepmoanexTpuyeckux mpeobpasosareneit,

N — KILII cTaTirgeckoro mpeobpasosatens, 1, u 1 TPUHIMAEM
pasubiM 0,1 1 0,97 [15].

Homo rennosoit MomuocTH P TpebyeTcs HOCTOAHHO OTBOAUTD
IVLL pabOTBI BEeHTUIATOPA FOPETIOYHOTO YCTPOIICTBA, IUTAHNS IIPK-
00pOB CUCTEMBI KOHTPOJIST, CUTHA/IM3ALIM, QPMATYPBI C S/IeKTpIye-
CKVIM IIpMBOZOM i QYHKIMOHMPOBaHNMs 030HaTopa. Ha ocHoBaHuu
PacyeToB JIA pacCMAaTPMBAEMOV JIMHENKY TOMOYHBIX YCTPOJICTB
MOXXHO CPaBHUTD TIOTPEOHYIO TEMIOBYI0 MOUIHOCTH P ¢ MomHo-
CTDBIO TEIUIOBBIIE/NICHNUA B Pe3y/IbTaTe CKUTAHUA COKOHOMJIEHHOTO
TommBa P_ o

PesynbTathl pacueToB, Ha ocHOBaH (3), (4) [ paccMaTpyBa-
eMBIX HarpeBaTesell IpeacTaBieHsl Ha rpaduke (pucyHok 1). Ha-
OrmoffaeTcst AMHAMMYHBIN POCT SHEPTHH B Pesy/IbTaTe CXKUTAHMUs
COKOHOM/ICHHOTO TOIUIMBA B €IMHUI[AX MOIIHOCTM — BEPXHsA
KpuBast. J]/is1 cpaBHeHMs, T0Ka3aH rpaduk JOIOTHUTETBHOTO SHEp-
TONOTpeONIeHys, HeOOXOAMMOro Al pPaboThl 9NEKTPOOOOPYHO-
BaHISL, BK/II0Yas paboTy 030HATOpa — HIDKH:AA KpuBas. [lokasaHo
TaKKe 3HaueHIIe TETIOBOI MOLIHOCTY HeOOXOAMMOe AL IIpeobpa-
30BaHNA B 3MEKTpudecKymo, ¢ yaerom KIIJI Tepmoanexrporenepa-
Topa (10%) — 3T0 CpenH:AA KpMBas Ha pUCyHKe 1.

CoKOHOM/IEHHOE KOJIMYECTBO MPUPOJHOTO Tasa IPU ero CKu-
TaHMY TIO3BOJIAET IIO/IyYaTh TEIIOBYX MOLIHOCTH B 1,5 + 2 pasa
IPEeBBILIAIOLIYI0 TOTPeOHOCTI HeOOXOAUMBIE /I IPeoOpasoBaHLs
B 9/IEKTPIIECKYI0 SHEPTHIO C LIeTIbI0 TTOfAepKaHys GYHKIMOHUPO-
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Puc. 1. JHepro3ppeKTMBHOCTb Neyeit C 030HOBbIM HAAAYBOM
BaHUA 9H€pr0060pyILOBaHI/IH TOIIOYHOI'O YCTpOI;ICTBa, BK/IIO4asA pa- — IIOBBICUTDH Sq)q)eKTI/IBHOCTb IKCIUTyaTauy  TOIIOYHOTO
6OTY 030HAaTOpAa. YCTPOfICTBa 3a CYeT 60]166 IIOJTHOI'O MCIIO/Ib30BAaHMA TOIINBA,
Takum 06pasoM, HUCIONMb30BaHME O30HO-BO3AYIIHOM CMecK - YMeHbLUINTDb BBIOPOC BPEHBIX BEILIECTB B aTMOChEPY;

B II€YaX HATPeBa, 00ECIIeINBAIINX TEXHOIOTHIO «TOPSYelt mepe- - peanus3oBaTh aBTOHOMHBII PeXX1M pabOThl Ha OCHOBE Tep-
Ka4ykm» HedyTu, TO3BOJIAET: MO3/IEKTPUYECKIX ITpeobpasoBaresieil B Biiie 6atapen TepMorap.
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COBpeMeHHbIe CUCTEMbI NOXKAPOTYLUEHUA

OropogHukoBa AHHa BnagumupoBHa, cTyaeHT

HayuHbiit pykoBogutens: LWeLos Muxann Hukonaesuy, LOKTOp TeXHUYECKUX HAyK, npodeccop
TuUxo0KeaHCKMit rocyAapcTBeHHbIN yHUBEpCUTET (. XabapoBck)

Homap BO BCE BpeMeHa IIPMHOCKI MHOTO HEIIPUATHOCTEN He
TOJIbKO YeNIOBEKY, HO M OKpY>XKartoleii cpefie. V ecnn B faBHME
BpeMeHa Ye/IoBeK YIIOBJI Ha «Hebeca», TO B HACTOsIee BpeMs pas-
BUTHE TPOMBIIIEHHBIX T€XHOJIOTHII B LIeIOM, U CUCTeM II0YKapo-
TyIIeHNA B YaCTHOCTY, IO3BOJIAET 3HAUUTENTbHO CHU3UTDL YPOH,
HAaHOCKUMBIIT TTokapoM. C pasBUTIEM TeXHMKIY, 3MEKTPOHUKN CU-
CTeMBI TIOKapOTYLIEHN CT/I OYeHb Pa3sHOOOPAa3HBIMIU II0 IIPUH-
LIy JEVICTBIA, 110 TEXHWYIECKUM OCOOCHHOCTSM, 110 THUITY aKTUB-
HOTO BeIecTBa 1 T.I.

B Hacrosiee BpeMss MaccoBO PacIpOCTpaHeHO Oosblioe KO-
JIMYECTBO TEXHOJIOTMII MOXKAPOTYyIIeHA. PaccMoTpuM 1x ¢ TOUKH
3peHns 6e30IacHOCTH [l 4YenoBeka. K mepBoit rpymme oTHeceM
CIIOCOOBI TOXKAPOTYIIEHNIsT, OTIACHBIE /IS Ye/IOBEKA.

1. IToxapoTymieHne CrieranbHbIM Fa30M: IPVHIVII efICTBIA
OCHOBaH Ha TOM, 4TO BBeJleHle KICTIOPOJa B HEKOTOPOe IIPOCTPaH-
CTBO C OTKPBITBIM OTHEM, 3HAYMTETbHO YMeHbIIaeT B HeM KO-
4eCTBO KUCIOPOJA, HEOOXOFMMOTO I HMOAKEPIKAHNUS peaKLyu
TOpeHMs, BCIEACTBIE YETO XMMUYECKas peaklys TOPeHNs YMeHb-
IIAETCA MM MPEKPAIIAETCSA TIOMHOCTDIO.

2. 3amonHeHMe INOMeIIeH)S HNOPOIIKOOOPAa3HBIM AKTVMBHBIM
BellleCTBOM, KOTOPOe CONPMKACAACH C IIaMeHeM MTHOBEHHO IIO-
HIDKaeT TeMIepaTypy peakluy TOpeHs, B pe3y/IbTaTe Yero IaMs
pacmajiaeTcs Ha MeJIKe O4ary U MOTHOCTBIO 3aTyXaeT.

3. IloxapoTyuieHue CIelyanbHON MEHOM, OKasbIBaloLIel He-
raTMBHOE, HO He OTpaB/siolilee JIECTBUE HAa 4esoBeka (Ipy OT-
CYTCTBUM QJUIEpTIYecKoil peakiy). [leHa IpenATcTByeT JOCTyILy
KICTIOpPOZia K TOPIOYVM BeIeCTBaM, TeM CaMBbIM IPENATCTBYS MX
BO3TOPaHUIO.

OcrajbHble METOMbI OTHOCUTENTBHO Oe3BPEIHbI /IS YeOBeKa:

- BOJSIHOE OX/TaKeHMe, 9QPeKTMBHOCTD IPUMEHEHNMS KOTO-
POro 3aBMCKT OT 06'beMa BOJBL, JOCTYIIHOTO /ISl €€ [IEPEHOCa B OUar
BosropaHusA. Kamm Bofbl CHIDKAIOT TEMIIEPATYPy XUMITIECKOIl pe-
aKuyy, pa30MBAIOT IVIaMs Ha OYaryl U YCTPAHAET VIX;

- BO3JyIIHOE II0XKapOTYlIeHMe, KOT/ia yepes CIeliaIbHble 0po-
CUTe/TbHbIe KaHA/IbI CHaYa/la BLIXOZIUT BO3/YX,  3aTeM OaeTcs BOJIa;

— JIpeHYepHbIe CUCTeMbl — UCIONb3YIOT BOJY B KaUeCTBe «aK-
TMBHOTO» BEI[eCTBA, HO OTINYAIOTCA MOMEHTOM IIOauM BOABL. [I1s1
UX aKTUBAL[MU HE0OXO/MIMa KOMaH/Ia OT [OXKapHOI CUTHAIM3ALIN,
a He, HaIIpuMep, OT JaTYNKa TeMIIEPaTypbl;

- a9p0O307IbHOE MOXKAPOTYILIEHME COCTOUT B TOM, YTO CIEIU-
QIBHO TTOATOTOB/IEHHBIIT a9P03071b (TyMaH) IIOfAETCS B 0Yar BO3rO-

paHnst 06pasyst Tam 06/1aK0, KOTOpPOe He PACXOAUTCS MUHUMYM 15
MIHYT [0C7Ie pabOTHI TeHepaTopa OTHETYIIAIIEro a9po30sist. ITOro
BpeMEHN AOCTaTOYHO ‘{TO6bI IIOHMU3UTDb TeMnepaTypy IyTaM€e€Hnn,
YMEHDIIUTD TEIUIOBBIAE/CHIE U IIPEKPaTUTh TOPEeHIe OTHSL.

CucteMbl a3p030/IbHOTO MOXKAPOTYILEHNS 110 [IPaBY 3aHIMAIOT
OJHO 13 Be,T.IyU.U/IX MECT Cpefiyt BCEX CUCTEM ITOKapOTYLIEHNA 6}1aro-
Jlaps BHICOKOJ HAJIeKHOCTY M OTHETyLIAIel CII0COOHOCTM, HEBBI-
COKOJI CTOMMOCTH B pacyeTe Ha 3aIIUTY OHOTO KyOIIecKoro MeTpa
HoMelleHst. A9p0o30/1e06pasyIoLIil OTHETYIIALMII COCTAB B pe-
3y/IbTaTe CAMOCTOSTEIBHOTO TOPEHIIS BbIfie/IsIeT OTHETYIIAIINIT a3-
03071, KOTOPBILIT COCTOUT M3 CMECH BBICOKORMCIIEPCHBIX TBEPABIX
YacTUL, YacTML, COEIVHEHWI ILENTOYHBIX, PeJKO3eMENbHBIX Me-
ta/oB, N2, CO2, H20. B nacrosmiee BpeMs 1 IPOM3BOJICTBA a3-
PO3OJIBHBIX CPEfCTB IPY TYLIEHNN M0XXAPOB MCIIOIB3YIOT a9P030-
JIbHbIE€ T€HEPATOPDbI, KOTOPbIE 6I)IBaIOT [ABYX TUIIOB — MEXaHIIECKIE
¥ TEpMOMEXaHIYeCKILe.

TepmomexaHmyecKie reHepaTOpbl, B OCHOBHOM JCIIOIb3yeMble
npn HO)KapOTyU.IeHI/H/I, CO30AKT KOHOCHCAIVIOHHBIC I MEXaHU4YEe-
ckrte a3po3oyi. OGBIMHO OHN BBIPAGATHIBAIOTCS B Pe3y/IbTaTe Me-
XaHMYeCKOro ApoOIIeHys aspo30/1eo6pasylomert JKIIKOCTY Ipy eé
TI0fjaye B KAMepPy CTOPaHIs BO3AYIIHO-TOIUIMBHOI CMECH, TIOCTIE/Y -
I0LLleM JICTIApeH I, TIOTAfaHNI [TAPOB B OKPYIKAIOILYIO CPELy Yepes
COIIO PACTIBIIAIOLIETO YCTPOJICTBA, CMELIMBAHMEM C HAPYXKHbIM
BO3IYXOM, KOHJIeHCal[yell, IpeBpalileHreM B aspo3omb. Cxema as-
posonbHoro rereparopa AI-Y]I-2 moxasana Ha puc. 1.

Hanb6omee apdexTnBHBI CHCTEMBI MOXAPOTYIIEHNA, paboTa-
omyue B aBTOMaT4€CKOM pEXMME. ABTOMaTMKa CJIEONT 3a TEMIIC-
paTypoit, 3aibIMIeHMeM 1 TI03BOTIAET OTEPATUBHO IepefaTh CUTHATT
TPEeBOTY B [IOXKAPHYIO YaCTh, OLIOBECTUTD JIIOfiET O HEOOXOAMMOCTH
SBaKyaLU/H/I VI BKITIOUNTD CpEeACTBa HO)KaPOTYHleHI/IH. YcraHoBKM aB-
TOMATIYIECKOTO TOXKAPOTYIIEHNsT [IPEACTABIAIT COO0I CucTeMy
B3aMIMOCBA3AaHHBIX 3JIEMEHTOB: pe3epByap03, HAIIOJTHEHHBIX Or-
HETymIalmyM BEIIECTBOM, 3/IEMEHTOB YIIPAB/ICHUA, CETU TPY60-
IPOBOJIOB ¥ PACHBULAIOLINX 37eMeHTOB (cM. puc. 2). ITogobuble
CUCTEMBI ABTOMATMYECKN HAUMHAET TYLUIUTb IIOXKAP IO CUTHAIY
OT JAaTYNMKa, HALIPUMED 3achIas MEeCTO IMOXKapa HeropoduM II0-
POLIKOM J/Is1 IEPEKPBITIS JOCTYIIA KICTIOPOJA.

ABTOMATHYIECKOE IOXAPOTYIIEHNe JOPOXKe IHPOCTOTO M3Be-
IMEeHNA O MOXape U 3TO 3HAYMUTE/IPHO OTPAHNUMBAECT UX O6)'[aCTI)
IpUMeHeHNA. B OCHOBHOM MX NIPMMEHSIOT TaM Ifie yiepb oT Io-
JKapa MHOTOKPATHO IPEBOCXOAUT CTOMMOCTD TIOFOOHOI CHCTEMBI
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Puc. 1. Cxema aspo3onbHoro reHeparopa Ar-yJ-2:
1 — 6eH30npoBof; 2 — BEHTUb GEH3UHOBOW FOpeNKku; 3 — KOMNEHCATop; 4 — PerynaTop TeMnepaTypbl; 5 — pacnbinutens 6eH3UHa;
6 — guddysop ropenku; 7 — BUHT perynnposaHus auddysopa; 8 — kamepa cropaHus; 9 — bensobak; 10 — xaposas Tpy6a;
11 — KpaH agoxumukara; 12 — conno; 13 — pacnbinutens ALOXMMUKATE; 14 — NpUEMHUK AL0XMMUKATE; 15 — eMKOCTb;
16 — 3ananbHas ceeya; 17 — HanopHbI BO3AYXONPOBOA; 18 — BO3[YLWHbINA HarHeTaTenb; 19 — 0TBepCTUA A1 NOCTYNIEHNUA BO3AYXA B rOPenKy
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Puc. 2. llpumep CTPYKTYpHOI CXeMbl CUCTEMbI NOPOLLIKOBOr0 NOXAPOTYLIEHUA ABTOMAaTUYECKOr0 TMNA

TYLIEHNA. I'maBHBIE IpEeNMYILIECTBA aBTOMATIIYECKOTO ITOXKAPOTY-
IEeHNA — paHHEE HAYa/IO IOXAapOTYHIEHNA, YTO II03BOIAECT BBIN-

Ha4vasia BO3TOpaHVA: IIOBBIIIEHNE TEMIIEPATYPbI BO3AyXa, Ha/IN4INE
V3NTy9€HNA OT IUIAaMEHU, IOABJICEHNE B BOSJIYU_IHOI‘/'[ Macce mpu-

IpaTh BpeMs [0 IpHe3fa M0KapHOil KOMaH/bl 1 BO3MOXKHOTb «pa-
60TbI» CHCTeMBI 6e3 OTKITIOUYeHNs 9/MeKTpocHabXeHus. [ToxxapHble
U3BEIATe/IM PEAarupyIoT Ha OJMH U3 TPEX XapaKTePHbIX IPU3HAKOB

JIureparypa:

L.
MIIY, 2019 T.

Mecn fipiMa. brarojapsa cBoeMy TeXHMYeCKOMY YCTPOJCTBY OIpe-
Jie/IeHHBIJ aBTOMATNYeCKIIT U3BeIaTeNb IOKAPHBII I OIIpefiernieT
THOABJIeHIIe 0Yara OTHAL

JI. M. Mapkapsi. CpeficTBa IO>KapoTyIIeHNA 1 0XKapHOI CUrHanu3arym. YaebHo-MeTofmdeckoe mocobue. Vap-so ITpocmexr,
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Ucnonb3oBaHne MMUTALMOHHOIO NOAXO0AA ANA MopenupoBaHua IKCNepuMeHToB

Meyepckuit feHnc KoHCTaHTUHOBMY, CTYAEHT MAruCTpaTypsbl;
3abeHkoBa Hatanus AHLpeeBHa, CTY[EHT MarucTpaTypl;

Ha3oikuH EBrexnit AHaTonbeBnY, KaHANUAAT TEXHUYECKNUX HAYK, LOLEHT
MockoBckuit rOCyﬂapCTBeHHbIVI YHUBEPCUTET NULLEBBIX NPON3BOLCTB

B dannoti cmamve paccmampusaemcs 00uH U3 100x0008 K MOOEUPOBAHUIO CUCIEM PASTIUUHOZ0 YPOBHS — UMUMAUUOHHOE MOOETUPO-

sauue. Paccmampusaemcs cymo memoda, 8apuanmol u 0071ACHU UCHOIb30BAHUS, A4 MAKIKEe PACCMANPUBALHICS COBPEMEHHOE NPOZPAMMHOE
obecneueniie, H036071A10ULEE NPOBOOUMb PASTUMHBIE IKCHEPUMEHTNDL C UCHOTb306aHUEM UMUMAKUOHHDIX MOOETET.
Kntouesvie cnosa: umumanuontoe modenuposarue, modenuposarue cucmem, AnyLogic.

Using a simulation approach to model experiments

Pecherskij Denis Konstantinovich, student master’s degree program;
Zabenkova Natalija Andreevna, student master’s degree program;

Nazojkin Evgenij Anatol’evich, candidate of technical sciences, associate professor
Moscow State University of Food Production

This article discusses one of the approaches to modeling systems at various levels — simulation modeling. The essence of the method, options
and areas of use are considered, as well as modern software that allows you to conduct various experiments using simulation models.

Keywords: simulation modeling, system modeling, AnyLogic.

P 1 Ofle/IIPOBaHIie KaK METOJ M3yYeHIs OKPY>KAIOIIIEro MIpa Jc-
TIO/Ib3YeTCs € faBHIX mop. JTo6oe rpadudeckoe, TabmirdHoe,

HPOrpaMMHOE WM JaXe CJIOBECHOe IpeJCTaBIeHne o0beKTa pe-
QIBHOTO MUpa ABJIAeTCA Mofienblo. Hanbonbiee pacipocTpaHenye
B 9KCIEPUMEHTaTbHO-IPUKIAJHBIX HayKaX MOMy4Ma aHanuTHye-
CKUIT IIOJXOJ, K MOJeNIMPOBaHNMI0. AHATUTIYECKOE MOJIENMPOBaHIe
eCTb MaTeMaTudeckas GopMantn3arys MU3MeHeHN CBOJICTB 00beKTa
BO BPEMEHIL.

K coxateHuo, He Bcerza aHaINTIYECK I TOFXOf YEOOEH, TaK KaK
OH TpelyeT KaK (pU3IIeCKIX HOCUTeNeI! [ TOCTPOCHIA MOJIE/IN, TAK
¥ XOpOLIell MaTeMaTIKO-aHAIUTIIeCKOII 6a3bl OT YeloBeKa, CTposi-
111er0 MOJIeNb. B 4acTHOCTH, 111 IPOBEIeHA MOJIETMPOBAHNA «Ha Oy-
Mare» C pasIMYHBIMIU ITapaMeTPaMi HCCIeTyeMOro 00beKTa/CICTeMbl
TpebyeTcs IPOM3BECTH MHOXKECTBO pacueToB. Takke HEKOTOpBIE 3a-
a4y, IOCTAaBJIeHHbIE Iepe, aHaNTUYECKON MOJIENblo, He BCErja
MO>XHO PEeIUTb aHATUTHIECKIM METOJIOM BBUJy BO3SMOKHOCTH BO3-
HUKHOBEHVA KaKVX-MM00 BHEIIHUX BO3JEICTBIII Ha 00BEKT JCCIIe-
JIOBaHMA, KOTOPbIE B MOJIE/M YUTEHbI OBITH He MOTYT [3].

B cBs3u ¢ ganHoit mpobematykoit, B XX Beke ObUT IpyiyMaH
U pea/l130BaH HOBbIII TOJIXO]] K MOJIe/IMPOBAHNI0 — MIMUTAI[VIOHHOE
MOJIe/IPOBaHNE.

VIMuTanyonHoe MOJieTMpOBaHMe — METOf] MOJENMPOBAHMA
00beKTa/CUCTEMBI PEaBHOTO MIUPa, O3BOJIAIOLINIL B PeXIMe 3a-
MEJIJIEHHOTO, PEaNbHOTO MM YCKOPEHHOTO BpPEMEHM IIPOBOJUTD
¥ HaO/MIofaTh 9KCIEPUMEHTHI Hafi 00beKToM/crcTeMoit. ITocTpo-
€HHBIE TIPOLIECCHl ONMCHIBAIT MOJEb TAK, KaK OBl 9TO IPOMUCXO-
IWIO B IeICTBUTENBHOCTH [1].

VIMuTaInoHHbII TOAXOZ] K MOJEIMPOBaHMIO MICTIONb3YIOT B Clle-
AYIOLIVX CTy4asx [2]:

- Korza HeBO3MOXHO MM JOPOTO 9KCIEPUMEHTMPOBATD Ha
peanbHOM 00beKTe;

- Korga mocrpoenye aHaMMTUYECKON MOJEN HEBO3MOXKHO
BBI/IJIY pﬂna HpI/I‘H/IHZ CucreMa 3aBUCHUT OT BpeMeHI/I, Hp]/I‘H/[HHbIX
CBA3€IA, CTyJaiiHbIX BO3JIENCTBUIL;

- Ecnu HeoOXOAMMO HPOBECTI CUMY/LILINIO CHCTEMBI BO Bpe-
MeHIL;

- Ecnmu Heob6xonumo mpoBectyt 60/IbLIOE KOIMYECTBO IKCITe-
PUMEHTOB.

B HacTosmee BpeMs BbIAE/AOT TP OCHOBHBIX MOAXO0MA K UMU-
TALMOHHOMY MOJI€/TIPOBAHIIIO:

- CucremHast [UHAMMKA;

- JIMcKpeTHO-COOBITHITHOE MOIe/IMPOBAHNE;

- AreHTHOE MOJE/IMPOBAHIE;

B 3aBMCHMOCTH OT pelaeMoit 3a/ja4i MOYKHO JCIIO/Ib30BATh KAK
OfIVH U3 9THX IIOXOMIOB, TaK I X o0beanHeHNne. PaccMoTpnym mox-
po6Hee KaXK[Iblil 13 TOXOMIOB.

CucTeMHasa AMHAMMKA

Merop, MOfenMpOBaHNUA CUCTEMHOI IMHAMUKM BO3HMK B pe-
synbTate uccnefosanumit xea @oppecrepa B KoH1e 1950-X rofios.
IIx. ®oppecrep mccnenoBan 3aBUCUMOCTb 3(QPEKTUBHOCTY Jest-
TeIbHOCTY IIPEAIPUATIA OT BHYTPEHHMX (PaKTOPOB, TAKUX KaK Op-
TaHM3aIIOHHAA CTPYKTYpa.

JlaHHBII MeTOof, peanuayeTcs IpM TIOMOLIM ONMCAHUA Mpo-
11eCCOB, MPOTEKAWINX B cyucTeMe B Bufe AnddepeHInaTbHBIX
¥ IMHEITHBIX YPaBHEHUIL, a TAK)Ke OIMCAHMS HPAMBIX U 00PaTHBIX
CBA3EI MEXJY 3TUMM IponeccaMut. JacTo Mofieny CUCTeMHON -
HaMUKI TIPeJICTAB/IeHbI B BIJIE CXEMBI, Ha KOTOPOII IPNCYTCTBYIOT
HakomuTenu (CyMMaTopsl, AuddepeHnnaIbHble ypaBHEHNA), AUHA-
MIYecKye IlepeMeHHbIe (lepeMeHHble, TMHelHbIe YPaBHeH s), T10-
TOK (3aKOHbI M3MEHEHsT) U IIpsIMble/0OpaTHBIE CBS3L.
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CucTeMHAn gMHAMMKA

AncKpeTHo-cobbITHiiHOE
3aneKw, Pecypcol, Mpoueccol

ArenTHOE MOgENMpoOBaHHe

Puc. 1. Tpu noaxopa K MMMTaLMOHHOMY MOAENIMPOBAHMUIO

Mopenb, MOCTpOEHHAs JAaHHBIM 00pasoM, paboTaeT TONMBKO
C KO/MMYECTBEHHBIMI ITOKA3aTEIAMU, BCICACTBIE YETO O6'beKTbI, Ha-
XOJIALMECS], HAIPUME, B HAKOTINTETE, HEOTIMYMMBI MEXKIY CO00IT
[0 KaKMM-T100 IPU3HAKAM.

New Product Diffusion : Simulation

OpHOl 13 CTAHAAPTHBIX MOfE/eN-IIPUMEPOB ABIACTC MOJEID
pacrnpocTpaHeHust HOBOTO ToBapa Ha pbiHKe (puc. 2.). [laHHas Mo-
Ie/b YYUTBIBAeT JBa OCHOBHBIX (PaKTOpa PacIpOCTpPAaHEHNUs JH-
bopmanm 0 IPORyKTe: peKIaMy KOMITAHUM-IIPOUSBOJUTENA U pe-
K/IaMy K/IVieHTa-00/1afiaTesist IPORYKTa.

| Learning Edition
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Puc. 2. UMHUTaUMOHHAA MOAENb PAaCNPOCTPAHEHNsA TOBApa
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Taxoke K MOJIenAM HM3KOI CI0XKHOCTH, VICTIO/Tb3YEMbIM IIpN 06-
Y4eHUM METOY MMUTALVIOHHOTO MOJIETMPOBaHNA, OTHOCATCA:

Mopenp auHaAMUKKM —HacemeHmsa bacca  (coluanbHble
naykn) [4];

- Mogernb Ipy>XMHHOTO MasATHMKA (€CTeCTBEHHbIe HayKi) [5];
LucKpeTHo-COBbITUIIHOE MOAENMPOBaHME

BriepBble METOJ IMCKPETHO-COOBITUITHOTO MOJIEPOBAHMS ObLI
BorwioleH B 1961 rogy Ixedpn Foprorom mpu momomu paspabo-
TaHHOro 1M A3bIKa GPSS [6]. CyTb OJX0/Ia 3aK/II0YaeTCS B TOM, YTO
TPOIIeCC TPEMCTABMAET COOOIT MOCTENOBATENBHOCTD COOBITIIL, 13-
MEHSIIOLIYIO COCTOSTHIE CUCTEMBI /MO0 OT/IEIbHbIX €€ YacTell.

JlaHHbII IOXO[ YaCTO UCIIONB3YETCs A MOJIE/IUPOBAHUS CH-
CTeMe MaccoBOTO OOCTY)XKMBAHNS, a TAKXKe KUOEPHETUIECKIX CH-
CTeM, B OCHOBE KOTOPBIX JIKUT MATPUI[A COCTOSHMIT 1 (QYHKINS
TIEPEXOJIOB.

OpHOTI U3 CTaHIAPTHBIX MOJIETIEN-TIPUMEPOB ABTAETCA MOJIENb
OOCTyXMBaHNUs OYepefyt Ha Kacce OaHKa (MarasyHa, aBMaKacChl)
(puc. 3.). laHHAs MOpE/b ONEPUPYET MOHATUAMU OYePemy OXKIU-
JaHus, pecypca (Kaccup) U KOHKypeHIun 3a pecypc. OCHOBHBIMI
OIIePALMSAMIL TYT SIBJISIIOTCS 3aXBAT pecypca (3aHMMaHIe KaCCOBOTO
OKHa 4e/I0BEKOM), BBICBOOO>K/IEHIE pecypca, MOMEHT BXOJA U I10-
KUJAQHUA CUCTEMBI,

E11je offHMM 13 IIPOCTEIIINX IPUMEPOB, UCIIO/Nb3YeMBIX IIPI 06-
YYeHNI UMUTALMOHHOMY TIOJXOIY B MOJIE/IMPOBAHNIN, MOYKHO Ha-
3BaTh AMCKPETHO-COOBITHITHYIO MOJIENb LM(POBBIX 4acoB (pruc. 4.).
IlaHHast MOfeNb MpefCTaB/IsieT U3 CeOsi CXeMy IIepeXofja CUCTEMbI

Bank : Simulation - AnyLogic Personal Leaming Edition

MEX/y COCTOSHMAMMU B 3aBMCHMOCTH OT CpabOTaBIIEro yCTOBHs
(mporuenruee Bpemst, 1160 COOBITIIE HAKATYS KHOIIKM).

AreHTHOE MOfeNMpOBaHUE

ATeHTHBIT METOJ UMUTALIVIOHHOTO MOJIE/IMPOBAHMS CUNTAETCS
campIM HoBeitmuM. Ero paspaboram B 90-e rogsr XX Beka B pe-
3y/IbTaTe UCCIeIOBAHMII IeLieHTPAM30BAHHbIX CHCTEM.

CyTb areHTHOr0 MeTOJA B CO3JAHMM CHUCTEMBI U3 HECKONBKIX
areHTOB Pa3HOro ypoBHA. Ka)XIoMy areHTy ponmchIBaeTcA ero Io-
BefleHNe, 3aBUCKMOCTD OT JEVICTBUII APYIMX areHTOB, KapTa COCTO-
aumit. OCHOBHBIM OT/INYMEM 3TOTO IIOAX0/A ABAAETCA TO, YTO HE CU-
CTeMa B IIeJIOM OIIpefiensieT MOBefieHIe OT/AeNbHbIX ee 9/IeMEHTOB,
a OT/IeIbHbIE 3eMEHTBI-areHThI OPEeNe/SIIoT MIOBefe e Beelt Cut-
cTeMBL. B mporecce Mofie/IMpOBaHst aTeHThI B3AUMOZEICTBYIOT APYT
C IPYTOM, 4TO U SIB/ISIETCS PE3Y/IbTATOM PabOTbI AT€HTHOI MOJETIL

JlaHHBI TIOAXOJ, MIMPOKO MCIONB3YeTCA I MOJE/MPOBAHNA
TIOBEJIEHVIA CUCTEM, B KOTOPBIX IIPUCYTCTBYET MHOTO HE3aBUCHMBIX
00BEKTOB, KOTOPbIE MOTYT B3aMMOfE/ICTBOBATD APYT C FPYTOM, Ha-
HpuMep: MOJENMPOBaHIe MOBEeHNMs MACCAKMUPONIOTOKA B a3po-
HOPTY, MOAEMMPOBAHMS JOPOXKHBIX CUTYAL[Uil Ha HePeKpecTKax,
MOJIeTMPOBAHNE IIOBEeHNs OMOIOrMIECKNX areHTOB (BMPYCOB)
BHYTPM Te/la 4e/oBeKa.

OpHOlT M3 IPOCTENIINX MOJENel-IIPUMepPOB, MCIIONb3YeMbIX
I/Lst 06y4eHsl areHTHOMY TIOfIXOfY, SIB/LIETCSI MOJIe/Ib PacIpoCTpa-
HeHyis armpemni (puc. 5.).

[laHHas Moze/Tb MOXKeT ObITh peann30BaHa BCeMM TPeMs MOf-
XofaMit. B JaHHOM ciTydae MOJe/Ib COCTONT U3 IBYX aIeHTOB: areH-
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Simulation - AnyLogic Personal Leaming Edition

Digital Watch Controlled by a Statechart

T statechart
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Puc. 4. Mogenb 1 cxema COCTOAHUMN LU(POBbLIX YaCOB

Epidemic : Simulation - AnyLogic Persenal Learning Edition

Agent Based Epidemic Model
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Puc. 5. AreHTHas Moienb pacnpocTpaHeHus anuaeMum
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Ta-49€/I0BEKa 1 arenTa BEpXHETO YPOBHA. HJ’IH Ar€HTa-4€/I0BCKA 3a-
flaHa Caefymnllasa AuarpamMma II€EPEXOJOB MEXAY COCTOAHUAMU

“® statechart

F Infection

(LEndOflliness

B 3aBUCUMOCTH OT COOBITUI BSaI/IMO,IIef/'ICTBI/IH C IpyIMM ar€HTamn
M TIpOIIENIIETr0 BpEMEH MOIEINPOBaHNIA:

b EndOflmmunity

Puc. 6. Cxema cocToaHuil areHTa «Yenosek»

BHyTpu areHTa >xe BepxHEro ypoBHs (pucC. 5.) PacIonaralTcs
9/IEMEHTBI YIIPAB/IeHNs], BIMAIONINE Ha BEPOSTHOCTh NPOMCXOX-
JIeHNSI COOBITYIA 3aPayKEeHIISL.

MeToabl peanusauu UMUTALUOHHbBIX MOAeHEﬁ

B craTbhe mpuBesieHbI U300paXKEHNS C IMPMMepaMy MMMUTALN-
OHHBIX MOJIe/Ielf, Pa3pabOTaHHbIX B CIELUATBHOIL Cpefie It MMU-
TAL[YIOHHOT0 Mofie/poBanA AnyLogic [7]. OpHako, 9T0 jajieko He
€/IMIHCTBEHHbIIT BAPMAHT CO3/JAHIS IMUTALIVIOHHBIX MOJIE/IEIL.

B cuty yHMBEpPCAIBHOCTY MIMUTALIOHHOTO TIO/IXO/IA K MOJIEI-
POBaHIII0, Peany30BaTh OJHY I Ty )Ke MOJIeNb MOXKHO KaK JI00BIM 13
Tpex MOJIXOI0B, TaK M C UCIONIb30BAHMEM Pas/IMIHOTO IPOrPaMM-
Horo obecredenys. Hambornee pacrpocTpaHeHHBIM IPOrPaMMHbBIM
obecIiedeHneM A/Ist MOZIMPOBAHYIS SIB/ISTIOTCSL:

- MATLAB Simulink — mporpaMMHBIII KOMIIIEKC, 03BOJLA-
OLIMIT KaK IIPOM3BOAMTD CIIOXKHBIE aHATUTUYECKIE MOCTPOEHNS
¥ PacyeThl, TaK ¥ CTPOMUTb UMUTALMOHHBIE Moziem. Hepmocrarkom
ABJIAeTCs mporpuetapHocTsb I10.

- AnyLogic — nporpammHoe obecredene s rpadirdaeckoro
3aJjaHNs] IMUTAI[VIOHHBIX MOJie/Iell, OCHOBAHHBIX TAK J/IV MHAYE Ha
areHTHOM IIOAXOfe M VCIO/b3YIOlee SI3BIK IIPOTPAMMUPOBAHIIS
Java. BosMoXxHO mcronb3oBaHue 0605 KOMOMHALMN TOAXOO0B
K MIMUTAIIMOHHOMY MOJIeMpoBaHuio. JJocTyITHa MOMHOLIeHHAA bec-
IUIaTHas 06Pa30BaTe/IbHASA BEPCHA.

- C++/Python (wnu nro6oit apyroit BbicokoypoBHeBbIit SIT).
JT106y10 MOfIe/b, B TOM YKC/IE ¥ MIMUTALIMOHHYIO BO3MOYKHO 3aIpO-
TPaMMIPOBATh Ha JTIOOOM SI3bIKE MPOTPAMMUPOBAHIS BBICOKOTO
ypoBHL. [l co3paHyA MOJenell CHCTeMHOI NVHAMVUKY TI0Tpely-
€TCsI XOpOIIIasi MaTeMaTiecKast 6asa; sl CO3[jaHust AUCKPETHO-CO-
OBITVITHOI MOJIE/I TOTPeOYeTCst Pa3BUTOE IOTUYECKOe MBIIIIIEHNE,
TaK KaK OHM CTPOSITCSI TP IIOMOLIY YCTTOBHBIX 6710K0B «if ... then
... else...»; IS CO3AHN aTeHTHBIX MOZieTIel TOTPeGYIOTCs 3HAHNS
00bEKTHO-OPMEHTNPOBAHHOTO TOAXOAA K IMPOTrPAMMIPOBAHUIO,
TaK KaK [TOHSTIE areHTa O4eHb O/TM3KO TIOHATIIO K/Iacca.

Oco0bIM IPeUMYILIeCTBOM VIMUTALIMOHHOTO IOAIXO0ia K MO/
POBAHMIO CTYXKUT BO3MOXKHOCTb CKOJIBKO YTOHO MHOTO pas Ipo-
BOJMTb SKCIIEPUMEHTDI, U3MeHsIs1 T000e KOMMIeCTBO IapaMeTpoB,
B TOM YJICITe, TTAPATITIENBHO.

BbiBOA

O60611as1 BBIIEUSNOKEHHYI0 MHOPMALNIO, MOKHO CJENaTh
C/IeiyIoIIyIe BBIBOJIBI:

Bo-mepBbIX, METOS, MIMUTALIYIOHHOTO MOJEIMPOBAHIA AB/LACTCA
OJIHOJi U3 «IIPOPHIBHBIX» TEXHONOIMIA, TaK KaK I03BOJAET Cylle-
CTBEHHO YCKOPNTD IIPOBefieHNe SKCIEPYMEHTOB 1 YMEHbIINTD 3a-
TPATBI Ha MIX MATEepPHATbHYIO COCTAB/IAIOIYIO.

Bo-BTOpPBIX, METOJ, MMUTAIMOHHOTO MOJEMPOBAHNA AB/A-
eTCs YHUBEPCATIbHBIM IMOJXOJOM K MOJETMPOBAHNUIO aOCOMIOTHO
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MOOBIX CMCTeM U3 Moot 06acTyt 3HaHuiL. B Tom uncre: ms npo-
BEJIeHIsT MOJIe/IMPOBAHMA TAa0OPATOPHBIX SKCIEPUMEHTOB, I
MOJIeIMPOBaHYA TIPOLIECCOB MAKPO- M MUKPOMMUPA, I MOZENN-
POBaHNA IPOM3BOJICTBEHHBIX IIPOLIECCOB, /I MOJIE/MPOBAH 1O-
BefieHN OMOIOIMYecKMX 00beKTOB, KaK eIMHIYHBIX, TaK U MHO-
JKECTBEHHBIX.

JIuteparypa:

B-Tperbux, MMUTALVIOHHbII IIO/IXO, K MOJIENTMPOBAHMUIO JIETOK
B BOCIPMATMN M OCBOeHMH. Ilo HeMy HOCTYIHO MHOTrO Marepiu-
QJI0B, B TOM 4IC/Ie B OTKPBITBIX MICTOYHMKAX, a CIIPOEKTVPOBATH
U pean30BaTh MMUTALMOHHYI0 MOJE/Ib BO3MOXKHO IIPY IOMOIIN
HPOCTEJIINX UHCTPYMEHTOB, HOCTYIIHBIX JTI000MY, 3HAIOLIEMY OC-
HOBHBIE IIPYHIVIIB IPOrPaMMUPOBAHIA.

T. U1. AnueB «OcHOBBI MOTeMPOBAaHNA AUCKpeTHBIX cucteM» — VITMO, Canxkr-Ilerep6ypr, 2009.— 363 c.;

2. OJNeKTpOHHBIl pecypc
html» [02/02/2021];

«VIMMTaLIIOHHOE  MOJIe/IMPOBAHYEN:

«https://studopedia.ru/5_32577_imitatsionnoe-modelirovanie.

3. M. C.Onbbepr «VmutanyonHoe MofenipoBanue»: yueb. mocobue / M. C. mpbepr, H. C. prankos.— Kpacxospck: Cub. den.

yH-T, 2017.— 128 .

Coxoros ¢. B. «Mopernu auHamuky momysstuit»: yae6. mocobue. CII6.: Vzg-so CIIOIITY «JI9TW», 2018.61 c;
5. Kympusmknn, A.T. «OcHOBBI MOfe/MpOBaHus cucTeM»: yaeb. mocobue / A.T. Kynpusmkus; Hopuibckuit mugycrp. nn-1.— Ho-

pwnbck: HMM, 2015.— 135 c.

6.  OnexTpoHHBI pecypc «[IoAXOnbI MMUTALMOHHOTO MOfieupoBaHus»: «https://studwood.ru/1586990/informatika/podhody_imi-

tatsionnogo_modelirovaniya» [01.02.2021];
7. «AnyLogic»: «https://www.anylogic.ru» [02.02.2021].

Ucnonb3oBaHue METOA0B KOMNBIOTEPHOIO 3peHMA ANA YNYYILEHUA
KayecTBa NpOAYKLMM NULLEBbIX NPeANpPUATUI

Meyepckuit lennc KOHCTAHTMHOBHNY, CTYAEHT MarnucTpaTypel;
3abeHkoBa Hatanus AHpeeBHa, CTyAEHT MarncTpaTyphl
MockoBCKUiA rocyAapCTBEHHbI YHUBEPCUTET NULLEBbIX NPOU3BOACTB

B danmnoii cmamve paccmampusaemcs ucnosivb308aie KOMNbIOMePHO20 3PEHUS 6 cepe Nuuiesoll npomvluiieHHocmu. Paccmampuea-
0MCS 8aPUAHTBL UCHONL30BAHUS 0710K08 810e03ax8ama O7is UOeHMUPUKAUUY OMKIOHEHUT] PA3IUYHBIX noKa3amereti nPoOyKUuL Ha Pa3s-
JIUYHDBIX IMANAX NPOU3B00CMaa, a Mmakdie Memoovl 00padomiu 6U0eoUHPOPMALUL OIS OCYU4ECBTIEHUS KAKUX-TIUO0 0NepamueHo-ynpas-

ﬂeHHeCKMXp@WeHMﬁ.

Kmiouesvie criosa: nuuesas npomMvluiieHHOCHb, KOMNbIOMEPHOE 3peHiie, KA1ecmeo HPoOyKImos NUmanus.

Computer vision methods for improve the quality of food production

Pecherskij Denis Konstantinovich, student master’s degree program;

Zabenkova Natalija Andreevna, student master’s degree program
Moscow State University of Food Production

This article discusses the use of computer vision in the food industry. Variants of using video capture units to identify deviations of various
product indicators at various stages of production, as well as methods of processing video information for implementing any operational and

managerial decisions are considered.
Keywords: food industry, computer vision, food quality.

HI/ILLleBaH MHJYCTPY — OfHA I3 OCHOBHBIX chep, Hy KaioIascs
B MOJiepHM3aLy Pon3BofcTBa. OT KayecTBa MIUIEBbIX IIPO-
LYKTOB 3aBUCUT Ka4ecTBO >KVM3HIU HaceleHNs CTpaHbl [1], a Taxke
nyieBas 6e30macHOCTb CTPaHbL.

Paspurye myueBoll MHEYCTPUM MOXHO Pasfie/IUTh HA ABE CO-
CTaBJISOIIIIE:

1. TexXHOTOTMYECKYIO;

2. Texuuyeckyto.

TeXHOIOrNYeCKIM PasBUTIEM IINLLEBOI MHAYCTPYUI MOXKHO Ha-
3BaTh CTIE/YIOLIe IIPOLIeCCHL:

1. VI3MeHeHMe TEXHOJIOTMM [POU3BOJCTBA POLYKTOB B COOT-
BETCTBIUM C TEKYILIMM YPOBHEM PA3BUTHs OMOTOIMIECKIX I XUMI-
YEeCKIVIX HayK;

2. OTKpBITIE HOBBIX CIIOCOOOB MPOM3BOJCTBA TPEOYEMBIX /IS
IIPOMBIIIIIEHHOCTH XMMUKAJINIT;

3. Vsobperenue HOBBIX Gpopmyn BAJ];
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4. IIpounme mpolecchl YCOBEPUIEHCTBOBAHMA IIPOU3BOJICTB TN -
I[eBBIX IPOJYKTOB, KACAIOIMecs TeXHOIOT I IIPOM3BOJCTBA.

Texnnuecknm xe pasBUTHEM INUILEBOI MHAYCTPMI MOXHO Ha-
3BaTh IPOLECC IPYIMEHEH A JOCTVDKEHNI TeXHIYeCKIX HayK [T MO-
JlepHM3ALVN TIPOLiecca IIPOM3BOJCTBA. B KauecTBe TEXHMYECKIX f10-
CTYDKEHWIT HayKJ MOXKHO PacCMOTPETb CIIeAyIOlyie MHHOBALY [2]:

1. Vicronb3oBanue po6OTOTEXHNYECKMX KOMIUIEKCOB JIIS aB-
TOMATU3ALMY IPOLIECCOB, OCYILIECTBIAEMbIX paHee 100 denoBede-
CKMMM YCUIMAMIL, INO0 € MCIIONb30BAHIEM OJHOLIETIBBIX CTAHKOB
YIry;

2. Vcmonb3oBaHMe METOA0B MCKYCCTBEHHOTO MHTEIEKTA JiA
ONTVMMU3ALNY TIPOLIECCOB, CONMYTCTBYIOIVX PON3BOJCTBY, B TOM
4yICTIe: IOTUCTIYECKIe 3afjauyl OCTABKM U XpaHEHMs ChIPbA, JI0-
TVCTIYeCKIe 3afja4yl OTTPY3KM FOTOBOI MPOIYKIMY, ONITUMM3ALIN-
OHHBI€ 3ajaull MCIIOJIb30BaHMA CBIPDS 1 IIpOYee;

3. Vlcmonb3oBaHme 9KCIEPTHBIX CHCTEM I YIydIIeHNs Kade-
CTBA ITPOAYKIINIL;

4. VicnonpsoBanne SCADA-cucreMm fnd KOHTPOZIA aBTOMa-
TUKY Ha 00beKTe POU3BOJCTBA, a TAK)Ke MCIIOMb30BAHUE CUCTEM
TIOAIIep>KKI IPUHATHA PelIeHNIt /I UCKTIOUeHN BIIAHNA 4eno-
BEYeCKOro (hakTopa Ha IpoLiecc IPON3BOJCTBA;

5. Vcmonb3oBaHne METOZ0B KOMIIBIOTEPHOTO 3PEHMA Ha pas-
JIMYHBIX 3TallaX MPOM3BOACTBA /A KOHTPOJLA 33 Ka4eCTBOM IIPO-
IYKLMA.

OOBEKTOM Hallero MCCIeOBaHNA SBIACTCA MCIOMb30BaHUE
MeTOJ0B KOMITbIOTEPHOTO 3PEeHILA.

Wcnonb3oBaHne METOA0B KOMMNbIOTEPHOIO 3peHMS
Ha pasNnyYHbIX 3Tanax NPoM3BOACTBA ANA KOHTPONS
3a KayeCTBOM NPOAYKLUMUM

3a TocrIefHIe HECKOTIBKO JIeT TEXHOTIOTUM MAIIMHHOTO 3PeHNs
LIATHYM [ia/leKo BIieped. IT0 o0yCIOBIeHO HBYMs (aKTOpaMiu:
BO-TIEPBBIX, OBUIM paspabOTaHbl HOBbIE AATOPUTMBI 06pabOTKM
U300paXKeHNIT, B TOM 4NC/Ie, METOLbI 00paboTKM M306parkKeHmit
C IIpUMEHEHIEM CBEPTOYHBIX HEIIPOHHBIX CETelT, YTO II03BOJIIIIO CO-
KPaTHUTb BpeMs 00pabOTKM U HArPy3Ky Ha KOMIIbIOTEPHYIO CUCTEMY,
3aHMMAIOLYIOCA 06pabOTKOIM; BO-BTOPBIX, BO MHOTO Pa3 yBe/IN4M-
JIOCh Ka4eCTBO 000PyAOBaHA /s CheMKI BUJIEO, B TOM YUCTIE, YBe-
JIMYWIVNCD PasMepbl MATPHUI] BUAEOKaMep B IOTPeOUTEeNbCKI-10-
CTYIIHOM CEerMEHTE PBIHKA, a TAKXKe ObUIM yCOBEPIIEHCTBOBAHBI
u npuobpenyu Oonbliee pacIpOCTpaHeHNe KaMepbl, 3aXBaTblBa-
I0IIVe BUJIEO B AMANla30Ha MHPPAKPACHOTO CBETA.

Ha Texymuit MOMeHT, MHOTMe IpPeJIpUATHSA NUILEBOI Ipo-
MBIIIIEHHOCTY OTXOAT OT KOHI[ETIINY HAOIOfieH s 32 KaueCTBOM
HPOM3BOAMMOINT IPOAYKIIMI HA OCHOBE PA3/IMIHBIX JATINKOB. TaK,
HaIlpyuMep, B IIpoliecce IIPOM3BOJCTBA KonbacHoro ¢apiia Tpedy-
€eTCs IIOCTOAHHOE HAOJIOfleHNe 3a ONpefie/IeHHBIMM TT0Ka3aTeAMI
KayecTBa, UAYIIEro M0 KOHBeiiepy Qapia: 1[BeT, KOHCUCTEHIVA,
TIPOLIEHT XIPa, IIPOLIeHT BoAbL. [I/1s1 HAG/IIOeHN 3a STUMI T0Ka3a-
Te/IIMI paHee MCIIOMb30BAINCH Pas3/IMUHble IPOCTeNiIe aTINKI
(uBeTa, TEMIEPATYPBI, BIAKHOCTH), @ TAKKe IKCIIEPTHBIE CBEPKN
KOHTPOJIBHOJ ITAPTIY IIPOAYKIIUY U IIPOOBI MNIIIeBbIX HOTyhadpu-
KaTOB, [IPOBOJVIMBIE B IIPOL{eCCe IIPOV3BOJICTBA.

ATIbTepHATUBOI TaKOMY TOAXONY SIBJIAETCA BHEMPEHME Ha BCEX
dTallaxX IPOM3BOZCTBA METOZIOB KOHTPOJA KauecTBa HPOAYKIMN

C JCIIONb30BaHMEM MAIIMHHOTO 3peHNusA. B JaHHOM ciydae, mox
BHEJIpEHMEM CIIefiyeT TOHMMATh YCTAHOBKY Ha BCeX NMHIUAX IIPO-
M3BOJCTBA BUJEOKAMEpP COOTBETCTBYIOLIETO BUfA (OOBIYHOIO
u VIK nuamasoHa, ¢ ompefie/leHHBIM Pa3MepPOM MAaTPHUIBL, C OIIpe-
JieTIeHHBIM KOTITIECTBOM KafipoB B CEKYHJY), @ TakKe pa3paboTKy
IPOrPaMMHbIX CPEfICTB aHa/3a i 00pabOTKI IIOTy4aeMoli C BUe-
OKaMep 3aIMCH.

Vlcnonb3oBaHue MAIIMHHOTO 3PEHMSA MOXET ObITh aKTYaTbHO
IULA pelleHyA CIefyIolX 3a/jad IIpOM3BOACTBa [3]:

1. CunTbIBaHIe MAPKUPOBKIL I KOFIOB;

B mpotiecce IpoOM3BOACTBA MOTYT BOSHUKATh CUTYALNUH, B KO-
TOPBIX, B 3aBVCHMOCTI OT MAPKVPOBKY Ha HPOAYKLMI VI YIIa-
KOBKe, C IPOJYKIINeEIT CeflyeT IIPOMU3BECTH OIpeie/IeHHble MAaHWITY-
JIALUY, XapaKTePHbIE TONBKO LS IPOAYKTa, IPOMAPKIPOBAHHOIO
OIIpefieNIeHHBIM CII0CO00M. DTO MOTYT OBIT MAapKUPOBKM Kade-
CTB3, B 3aBUCUMOCTH OT KOTOPBIX IIPOJYKT OIPEle/IeHHOro Kade-
cTBa ¢ 00111eTT KOHBEIIEPHO JIEHTBHI T0JDKEH OBITh ITepeIoyKeH Ha OT-
JiIbHYIO, JU/LsI ffaIbHeTIIIel (hacOBKY €ro B TapTHI0. ITO MOIYT OBITh
MapKVPOBKY 7Sl OTIPefieIeHN s TTOCTIeJOBaTeNbHOCTH YKI[KI IIPO-
IYKLWY I TPAHCIOPTUPOBKY U IIpOtee.

Ecnut co cunrpiBanyeM HudpoBbIX KOOB BIOTHE CIPABIISIOTCS
LITPUX-CKAHEPBI, TO IIPU YBETIMYEHUN Iy/I0B KOZOB, /MO0 UX yCO-
BepIIEHCTBOBAHME OT YMCTIOBBIX [OC/IeLOBATENbHOCTEN! 10 Tpadu-
4eCcKIX M300paXeHMit, TpedyeTcst yxe Gobliree KOTMYECTBO JAT-
YMKOB /I BBITIOJTHEHMS OIIPeie/IeHHOI! 3aa4i.

C BHefpeHMeM BUAeoKaMep A/ QMKCALUI MapKUPOBKY IPO-
TajiaeT MOTPEOHOCTD B YCTAHOBKE M HACTPOIIKE CIELMATbHBIX CKa-
HepoB. TpeOyeTcs TOMbKO 0TKamMOPOBATh KaMepy 1 HAIlUCaTb IIPO-
IPaMMy Paclo3HABAHMA KOLOB. DTO CIIOCOOCTBYET /ElIeBIeHII0
aIIapaTHOTO KOMIUIEKCA PACIIO3HABAHIA MAPKMPOBKIL

2. Ompepenenne HanuuyA 4ero-nu6o B paboveit o6macTu Ma-
HUITY/LITOPOB;

JlaHHast 3afada MoJpasyMeBaeT HalIN4Me JATIYMKOB B OIIpe-
Jie/IeHHBIX TOYKaX pabodero mpocrpaHcrsa. [id 3TOTO MOIYT
UCIIONIb30BATbCA JATYMKM CBeTa, MO0 TEH30-JaTUMKM, pac-
CTaBJ/IeHHBIE 110 [IePUMETPY WK IUIOLa/u pabodert 061acTu Ma-
HUITY/IATOPA.

C naHHOJ 3afiauelt HAMHOTO ObICTpee CIIPABUTCS OffHA KaMepa,
yCTaHOB/IEHHAs Haj paboueit ob6macTpio. Kak Tonbko MpOpyKT 3a-
JIMeT IIOJIOKEHHOEe MeCTO, KaMepa OTMETHUT 3TO U HOLUIET CUTHAN
MaHMUITY/IITOPY.

3. KoHTposb reomMeTpudeckoit popMbl IPOSYKTa;

AHAJIOTMYHO, I KOHTPOJS TeOMETPIYecKoil (OpMbI Ipo-
KLUV BO3MOXKHO VCIIOIb30BaHIe JIA3ePHBIX JATIMKOB, JATIMKOB
cBeTa ¥ Ipouux. /i1 HeKOTOPBIX TUIIOB IIPOBEPKM TpeOyeTcs 3a-
XBaTUTh IPOAYKT MAHUITY/ITOPOM i GYKBA/IbHO IIOKA3aTh €ro [aT-
9Ky CO BCEX CTOPOH, YTO OTHMMAET HeKOTOpOe BpeMs paboThI Ma-
HUIY/LITOPA.

B ciy4ae ncnonb3oBaHysA KaMepbl BO3MOXKHA IIPOBEPKA reoMe-
TpUdecKyX (OpM IPOAYKINI 110 3aJAaHHOMY LIAOIOHY, B TOM UICTIe
1 1poBepka (OpMBI B ITyOUHY, C MCIIONB30BAHIEM AITOPUTMOB
M30MeTpuH, MO0 aIrOPUTMOB, OCHOBBIBAIOIIMXCA HA CH/IE OTPa-
JKEHHOTO CBeTa.

4. VIHCTIeKIIS [}eJIOCTHOCTH YIIAKOBKIL;

B mporecce ymakoBKM HPORYKIMM HPOMBBORATCA (usmde-
CKJie MAHWUIY/IALVY C ZOBO/IBHO XPYIKMMI MaTepuazamu: Oymara,
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¢ornbra, IIACTHK, ¥ HeM30eXKHDI TTOBPEKAEHNS YIIAKOBKH, YTO He-
TOITYCTMMO C TOYKM 3pEeHM KaueCcTBa IPOYKLIMINL.

Bupeokamepa ¢ HaCTpOEHHBIM aITOPUTMOM IIPOBEPKU MOXKET
OTCNIEUTD C/Iefibl HEKAUYeCTBEHHOM YIAKOBKI: 3aMATHA, PasphIBBI,
KPMBOE PACIIOIOXKEHME STUKETOK I IIpOYee.

5. KoHTposmb KauecTBa NPOAYKIUM.

Vcnonb3oBaHye MalIMHHOTO 3peHMA I KOHTPO/IA KadyecTBa
HPOAYKLMN sABIAETCA COBPeMeHHbIM TpeHAoM. Kax ymommHa-
JIOCh paHee, OJiHa KaMepa MOJKET 3aMEHUTD Lie/Iblll KOMIUIEKC Jlat-
YMKOB, @ BMECTE C JOIIOTHUTEIbHBIMY IIPOTPAMMHBIMI CUCTEMAMI
U LeNblli KOMIUIEKC MEpPOIPVIATHUIL 11O IIPOBEPKe KadyecTBa IIPO-
TYKIMN.

BbiBop,

HPEI/IMYHIGCTBa MCIIOTb30BAHNA METONOB KOMIIPIOTEPHOTO
3peHNA 3aKTI0YAI0TCA B BO3SMOKHOCTYI KOMIITIEKCHOT'O BBITIOTHEHNA

JIureparypa:

HeCKO/IbKMX 33Jjau OJHOIl TOYKOIl ycTaHOBKM Kamepsbl. Iloppasy-
MeBaeTcs, 4TO OffHA I Ta JKe KaMepa MOXKeT KaK OTC/IeKMBATDh Ka-
4eCTBO MPORYKLMY C TOYKY 3PEHVA OPraHONENTIYECKNX II0Ka3a-
TeJielt, TaK M CIEAUTD 3a OTCYTCTBUEM OpaKa VI BOSHUKHOBEHIEM
HeCTaHJJapTHBIX cuTyaruil. KoMiiekcHocTb mopxoza o6ycoBeHa
TeM, 4TO OOJIbIIAs YacTb JIOTMKM PabOThl KaMepbl, B TOM YUCIIE,
KOMIUTEKC 06paboTKM 1306pakeHNs, CHCTeMa IPUHATUSA PelIeHNnil,
PACIIONOXKeHb! BHE JaT4MKa (KaMepbl), 4TO MO3BOMAET YIAKOBATh
HpOrpaMMHBII KOMIUIEKC B €f[HOEe IIPOM3BOACTBEHHOE pelleHNe,
yeM COKPATUTh 9KOHOMMYECKIE 3aTPaThL.

B gacTHOCTH, MICTIONBb30BaHIE METOIOB KOMIIBIOTEPHOTO 3PeHIA
TI03BOJIUT COKPATHUTb BpeMeHHBbIe VI PMHAHCOBbIE 3aTPAThI:

1. Ha mpoune JaTIMKY ¥ MX YCTAHOBKY;

2. Ha meponpusatus mo or6opy yacty MPORYKUUM I KOH-
TPOJIbHBIX TECTOB;

3. Ha pemreHns OTHOCMTENBHO HECTaHAAPTHBIX CHUTYaLVit
B IIpO1Ljecce IPOM3BOJCTBA.

1. Imutpues H. JI., Porosuna E. A. IIpuMeHeHMe MHHOBAIIMOHHbIX TEXHOMOTHII Ha MIUIIEBBIX IPeANPUATIAX//BeCTHUK yHMBEPCH -

TeTa. 2020. Ne 7. C. 36-44.;

2. OnexrpoHHbl vicrouHuk «/T-TexHonmoryu B mumieBoit mpoMsbiienHocTy. TOII-10»: https://zen.yandex.ru/media/asp_news/it-
tehnologii-v-piscevoi-promyshlennosti-top10-5f43b515ca3093356229cea7 [13.01.2021];
3. E. BockpeceHCKmiT — «TeXHMYeCcKoe 3peHue B IUILEBOI HPOMBIIIEHHOCTH: TexHonoruu u npunoxenus» — CONTROL ENGI-

NEERING POCCHSI #4 (52), 2014;

Po6oToTexHMYecKue cucTembl B nuueBou NPOMbILIEHHOCTHU

Meuepckuit flennc KOHCTaHTUHOBMY, CTYAEHT MarucTpatypsl;

3abeHkoBa Hatanus AHpeeBHa, CTyAeHT MarucTpatyphl
MockoBCKUiA roCy[apPCTBEHHbII YHUBEPCUTET MULLEBbIX NPOU3BOACTB

B dannoii cmamoe paccmampueaemcs ucnozlbsosaHuepoéomomexuuuecxux Cucmem 6 NPOMvIUUIEHHOCMU. BapuaHmbz NpuUmMeHeHus pas-
TIUYHBIX N0 KOHCMPYKUUU U HASHAYEHUIO p060m06, NPUMEHUMENIbHO K PASTIUMHBIM 3adauam numewa uH@ycmpuu.

Knroueswvie cnosa: nuuLesas NPOMulUIIEHHOCMD, po6om, po6omomex1-mttec;cue cucmemol.

Robotic systems in food industry

Pecherskij Denis Konstantinovich, student master’s degree program;

Zabenkova Natalija Andreevna, student master’s degree program
Moscow State University of Food Production

This article discusses the use of robotic systems in industry. Application options for robots that are different in design and purpose, applied to

various tasks of the food industry.
Keywords: food industry, robot, robotic systems.

COBpeMeHHbHZ MUP HEBO3MOYKHO TIPEICTABUTD 0e3 MHHOBALIN-
OHHBIX TexHomormit. OFHOM M3 CaMBIX BaXHBIX MHHOBAIM-
OHHBIX TEXHOJIOTMII MOXHO Ha3BaTb poOOTOTeXHUKY. PoboToTex-
HJKa II03BOJIM/IA IIEPEJTY Ha HOBBIM YPOBEHb B aBTOMATM3ALVINL.
VcnonpsoBaHne po6OTOB B aBTOMATH3ALMHM YMEHDBIINIO 3KOHO-

MITYeCKIe 3aTPaThl, YBETMYIIO 0e30IIacCHOCTb 1 IIPOM3BOANUTENb-
HOCTb TPY/Ia, & TAKXKE IIO3BO/IMIO MHOTYM IIPOM3BOJCTBAM BbIATH
Ha HOBBIJ YPOBEHD.

MacurrabHas po6oTH3aLys IPOVU3BOACTB He 0001IIa CTOPOHOIT
¥ OFIHY 113 BOKHENIINX cep IPOMBILIIEHHOCTI — MUILEBYIO IPO-
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MBIIIEHHOCTD. VICIIO/Ib30BaHne poOOTOB B MNILEBOI IIPOMBIII-
JIEHHOCTH [I03BO/INJIO TIPOM3BORUTH HPOAYKTHI IINTaHNs OBICTpee,
GesomacHee, TO3BOIIO PaOOTHUKAM TIHUILEBOI IPOMBIIITEHHOCTIH
COCPEIOTOUNTHCS HA TEXHOJIOTMYECKOM ACTIEKTe IPOM3BOJCTBA, YTO
HO/IOXKUTEIBHO BJIMseT Ha 00JIACTH MNUINEBOIT MIPOMBIIIIEHHOCTI,
CBSI3aHHBIE C XMMILEI M OUOTOTHeit.

PoboroTexHIYecKie KOMIUIEKCHI IIO3BOJIAIOT YCKOPHUTD HPOM3-
BOJCTBEHHBIE LPOLIECChI, CBsA3AHHbIE ¢ (u3yyeckuM TpygoM. OHM
00/14IAF0T CTTEMYIOLIMMI IPENMYILeCTBAMIL:

- VmeroT BO3MOXXHOCTD PabOTaTh B IIOCTOSHHOM PEXIMe, Oe3
OCTaHOBKY IIPOM3BOJICTBY;

- O6nagator 6orblilelt Ipy30IIObEMHOCTBIO, YeM YeTIOBEK;

- Cnoco6Hsl paborarb ObICTpee U TOYHEE, YeM YeTI0BEK, TeM
CaMbIM HVBE/IPYS Ye/I0BEYeCKIMit HaKTOP;

- CHIDKAIOT TPaBMOOIIACHOCTb IPOM3BOACTBA, BBUAY CHI-
KEHUs KOIIYIECTBA COTPYAHUKOB.

B 4acTHOCTM, MOXXHO OTMETUTb YHMBEPCAIbHOCTb JII000I po-
GOTOTEXHIYECKOI CUCTEMBI 33 CYET MOJYIBHOCTH (U3IYECKOro
KOMII/IEKCA YCTPOIICTB, a TaKXKe BO3MOXXHOCTY HAINCAHUS MHO-
TONPOMIIBHBIX YIPAaBIALMX mporpamMM. JIr6oit po6oT Moxer
BBINOTHATD LIMPOKWIT CIIEKTP 3ajad Ha IIPOM3BOACTBE 32 CUeT
Pas/IIIHON CBOEIT YCTAHOBKIL V1 PA3/IITUHbIX YCTAHOB/IEHHBIX MIHCTPY-
MEHTOB.

Takxe, ¢ 9KOHOMIYECKOI TOUKM 3PEHNS UCTIOIb30BAHME PO-
6OTU3MPOBAHHBIX KOMIUIEKCOB BBIIIAAUT (OJIee BBITOJHBIM, IIO-
TOMY 4TO IO3BOJIIET YMEHBIINTD KOTIMYECTBO pabOunX Ha IPOM3-
BOJICTBe.

Ho raxoxe, po60TOTEXHNYECKIIE KOMIIIEKCHI MMEIOT I HEo-
CTAaTKIL:

- HenagexxsocTb 060pyI0BaHNA: PUCK IIOTOMOK, JOPOTOCTO-
silljyie PeMOHTHBIE PabOTHI 1 Ip.;

- Boicokoe noTpebieH e 97IeKTPO3HePIN;

- CoxpallieHne 4nc/a paboumx MecT, yBe/mdeHne ypoBH: 6e3-
paboTuip;

- Yrposa cHIDKeHusI OOIIEro YpOBHS MHTEJUIEKTA, B Pe3yiib-
Tare Je/IerMPOBAHIIS TSDKENO YMCTBEHHOI PAGOTHI KOMIIBIOTEPY.

Ucnonb3oBaHne po6oTOB Ha NPEANPUATUAX NULLEBO
NPOMbILNEHHOCTH

Ha pauHBII MOMEHT B cepe IPOMBIIUIEHHON POOOTOTEX-
HUKM cPOPMUPOBAICA CIIMCOK NUAMPYIOLINX KOMIaHWiL. B yacT-
nocty, kommanmy KUKA (Tepmanns), FANUC (Snouns), Yaskawa
(SIoHMs) B COBOKYITHOCTH 3aHUMAIOT 6oree 50% MMpPOBOTO PhIHKA
HPOMBIIIIEHHBIX po60TOB, a B Poccut okomno 70% peixka [1].

Kaxperit rog B Poccunm, B permoHax 1 Ha HAIMOHAIBHOM
YPOBHe, IIPOBOJATCS BBICTABKYU IPOMBIIIICHHOTO 000PYyLOBaHIL,
TaKye Kak « Arporpogmaii» [2], Ha KOTOPBIX KOMIAHWHU-MHTErpa-
TOPBI IIPECTABIAIT BCe 60/Iee COBEpIIIeHHbIE BepCuyt pOOOTOB Be-

JIntepatypa:

L.

2.

3. «Pa3HOBMJHOCTHU IPOMBIIIIEHHBIX POOOTOB:
4.

yLUX pa3paboTIMKOB POOOTOTEXHNYECKNX KoMIIeKcoB. CoBep-
LIEHCTBYIOTCS] KOHCTPYKLMI POOOTOB, VX TeMIIepaTyPHBIil JOIYCK,
MOLJHOCTHBIE I IPOYIE XaPAKTEePUCTUKIL.

Paccmorpum mogpobHee 1Cob30BaHne poboToOB Ha PeAIpi-
ATUAX MUILEBOIT IPOMBILIIEHHOCTH. 3a IOCTIefHIIe HECKOIBKO JIeT
TPOMBIIITEHHBIMI Po60TaMy 060pYAyITCA Bee Homblie pabpuk,
CK/IafioB 11 KoMOMHaTOB. Kakaplit po6oT, 1o CyTH, SABIAETCA YHNU-
BEpCA/IbHBIM MEXaHU3MOM, BO3MOXKHOCTM KOTOPOIO B GOJIbIIIel
CTENEHN OIPpEJE/IOTC TeM, KAaKOIl MHCTPYMEHT Ha HEro ycra-
HOBJIEH.

B Chycok OCHOBHBIX 3afjad POOOTOTEXHMIECKUX KOMIUIEKCOB
BXOJIT: ITATIETHPOBaHMe, HacoBKa, pe3Ka, HaHeCeHe SKIKIX TIPo-
[yKTOB Ha TBepfble (Yallle yKpalleHye MPOAyKImm), GopMUpo-
BaHMe TOTOBOTO HPOAYKTA. BObIMM IpenmyliecTBOM po6oTOB
ABJIAETCS. UX CTOMKOCTb K TeMIepaTypHbiM Konmebauysam. CraH-
JAPTHBI PoOOT CrIocobeH paboTaTh BHYTPY MOPO3UILHOI KaMepb
WV Ia)Ke IIed, TEMIIepaTypa KOTOPOIT He IIPEBBILIAET OIpefIe/ieH-
HOTO, 151 po60Ta, IOpOTa.

Vlcxops M3 IOCTaB/IEHHBIX 33/jad, B IWILIEBOJ HPOMBILIIEH-
HOCTJ IIMPOKO MCIIOMB3YIOTCS POOOTHI CIIEAYIOLINX KOHCTPYKIIIL:
SCARA-p0o60TB — HebOMbIIIME YETBIPEXOCEBBIE MAIIMHBI C TPEMs
BpaIl[aTe/IbHbIMU U OJ{HOI IIOCTYIIATe/bHOM CTENEeHbI0 cBOOOTIDL,
AHTPOIIOMOP(HBIE — LIIECTHOCEBble POMBIIITEHHbIE MEXAHV3MBI,
HAIIOMVHAOIIJE 110 CTPOEHNIO YeOBEYECKYI0 PYKY, U Ae/IbTa-po-
60tsI [3].

Yaite Bcero po6OTOB MOXXHO YBUJETb B KOHBEIIEPHBIX CH-
cremax. Tam, Ifie paHblile UCIONb30BA/ACH CTAHKM C OTPaHM-
IEHHOII ITO/IBYDKHOCTBIO, Ceifdac paboTaoT poOOThI-MAHUITY/IATOPbI
C OTPOMHOI1 JOCATaeMOCTBIO 1 BO3MO)KHOCTDIO HETIPEPBIBHOTO ITe-
peMelLeHIIs B TPEXMEPHOIT KOOPAMHATHOI CETKe.

BbiBOA

BHeppeHue poOOTOTEXHIYECKIX KOMIUIEKCOB Ha IPEIIPUATIS
IMLIEBOJ IPOMbILIIEHHOCTY — OY€PEJHOI LIAT HA IIyTH K IOTHOM
ABTOMATU3alMN TSKEIOTO TPyZa. Macuirabaas pO6OTI/I33.IlI/[H pn-
HOCHUT BCe 0OIbIlle MO/Ib3BI: MPOMBIIIIEHHbIE MOILHOCTH BO3pac-
TaloOT, IPOM3BOACTBEHHBIE TMHUN CTAHOBSATCA KOMIIAKTHee, IIpo-
eccbl MpOM3BOACTBA BCE MEHDIIE BbLISBIBAIOT TPpaBMMPOBaHNE
JIIOiell Ha IIPOU3BOJICTBE.

Bce 6onplee ycnonb3oBaHue poOOTOB Ha IIPOM3BOACTBE JaeT
HeOCHOpI/IMbI]?I TOMYOK K Pa3BUTHIO KaK OTI[e)'[bHOf;I C(bepbl TIpo-
MBIITEHHOCTH, TaK ¥ BCeil cepbl MHHOBAIMOHHBIX TEXHOIOTI
B L]e/IOM. YCTaHOBKa POOOTOB Ha TEKYLIMII MOMEHT BpeMeHU —
JIOBOZIHO MPOCTasl 3ajjaua, KOTOpas TpebyeT MULIb Hanmuus Gpu-
HAHCOB. [J0BO/IbHO OOJIBIIIOE KOJIMIECTBO KOMITAHMII-IIHTEIPATOPOB
IpeIaraloT YCIyIu 10 pa3paboTke KOMIUIEKCa Mep IO pobOTH-
3aIMy TIPOM3BOACTBA, IIOCTABILAIOT, YCTAHABIMBAIOT U OOCTYKM-
BAIOT POOOTOB.

«PoboToTexHyKa (MUpoBOI ppIHOK)»: https://www.tadviser.ru/index.php/ Crarbs: PoboToTexnuka_(MupoBoii_pbiHoK) [24.01.2021];
«Arporpoaman — MeXyHapoiHas BbICTaBKax: https://www.agroprodmash-expo.ru [23.01.2021];

http://ruaut.ru/content/publikacii/plc/raznovidnosti-promyshlennykh-robotov.html [25.01.2021];
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OcHoBbl 3KCNEepTHbIX CUCTEM

Meyepckuit feHnc KoHCTaHTUHOBMY, CTYAEHT MAruCTpaTypsbl;

3abeHkoBa Hatanus AHLpeeBHa, CTY[EHT MarucTpaTypel
MockoBckuit rOCyﬂapCTBeHHbIVI YHUBEPCUTET NULLEBBIX NPON3BOLCTB

B danmoii cmamve paccmampusanomcs 6a308vie XapaKmepUcmuky IKCHEPMHbIX CUCHEM, 4 TAKJice UX NPUMeHeHUe Ha NPOU3800CHBe.
Paccmampusaromes sHaueHus 6a3vot 0aHHbIX U 6a30L 3HAHULL 0715 NOCMPOEHUS IPPeKmUBHOLL PAGOMbL IKCHEPIMHOLL CUCHEMDL.
Knioueevie cnosa: akcnepmmas cucmema, Mooenp npedcmasnieHust 3HaHULl, 6a3a 0aHHbLX, 0430 3HAHUIL

Basics of expert systems

Pecherskij Denis Konstantinovich, student master’s degree program;

Zabenkova Natalija Andreevna, student master’s degree program
Moscow State University of Food Production

This article discusses the basic characteristics of expert systems, as well as their application in production. The values of the database and the
knowledge base for building an effective expert system are considered.
Keywords: expert system, knowledge representation model, database, knowledge base.

chnepmme CUCTeMbI ABJIAKTCA OFHUM U3 Pa3HOBMIHOCTEN
VHTE/UIEKTY/IbHBIX CHCTEM, TIpeHa3HAYeHHbIX /I YaCTUIHO
WM TIONHOM 3aMeHbl CIIeLMa/CTa-3KCIepTa i pelleHus Ka-
KMX-TMO0 HeCTaHZIAPTHBIX IPOOIIeM, B TOM YMCIIe IPU IPOBEPKe Ka-
4ecTBa MPOJYKTA 100 IPOLiecca ero mpousBoACcTBa [2].
OKCIIepTHBIE CHCTEMBI B TOM BIjie, B KOTOPOM OHM HaM W3-
BecTHBI 6bUM copMipoBanbl B 60x-70x rogax XX Beka, OZHAKO
IPeAIIOChUIKM K UX pa3paboTKe MOSABUINCD elile B 1832 ropy 1 O611m
npepnoxxensl C.H. KopcakosbiM. Haunnas ¢ 90x rogos XX Beka

PasBUTIE SKCIIEPTHBIX CUCTEM, Kak 1 passutue Beett IT-cdepsr, mo-
JIy9II0 OTPOMHOE ycKopeHye. CerofiHst y>Ke HUKOTO He y/MBHIIb
VHTEJUIEKTYa/IbHOI CUCTEMONl, YCTAHOBJIEHHON Ha TpefIpUATHIL,
BCTPOEHHOII B TesleOH, Criefsiiert 3a BKIoueHneM cetodopa [3].

JTi06as1 9KCIIepTHAsE CUCTeMa COCTOUT U3 CTAaHAAPTHBIX YacTell:

- basa sHanwi;

- basa mannbIx;

- Mopenb npepcTaBIeHNs JAHHBIX;

- MexaHuU3M TOTMYECKOTO BBIBOJIA JAHHDIX.

Bce notokmu  PazpaGotka AaMuHucTpyupoBaHue  [Awzaiin  Menepxment  Mapketunr  Hayunon
MNoacucrema
WHTepdeiic BbIBOAA

nonb3oearTens : o
baza 3HaHuh

Mopenb

[OaHHble npeacTasneHns
AdHHbIX

f=f —

MH>xeHep no

kcnepTt
3HaHWAM

ba3a gaHHbIx

Basoit JaHHbIX SAB/IAETCS YIOPSITOYEHHAs CTPYKTYpa HEKVX I1a-
pametpoB, (akToB, 00DbAcHeHMt — nHPopmanym. O6b4HO 6aza
[AHHBIX IpefcTaBser u3 cebs HabOp TabMNL, OCHOBHON CTPYK-
TYPHOIT ef{iHLIElT KOTOPBIX SIB/ISIETCS 3aINCh. 3AMICh B CBOIO 0Ye-

WHTennekTyansHbIN
penakTop

Ppenb pacKnIagbIBa€TCA Ha II0JIA — 37IEMEHTAPHDIE €VHNIIDI TaHHDIX.
ITons Mory MMETb pa3HM‘{HbII>‘[ TUIL ITO MOTyT OBITH YMCTIEHHBIE
3HA4YE€HMA, TEKCTOBbIC 3HAYCHUA (IUIH Ka9e€CTBEHHbBIX XapaKTepu-
CTI/IK), JIOTUYECKIME 3HAYECHNA.

HaHHbIe SABTAIOTCS OCHOBOM LA pa6OTbI SKCHCPTHOIZ CUCTEMBI.
HEKOTOpre IKCIIEPTHDBIE CCTEMBI JAXKE IMEIOT BO3MOJKHOCTD 06-
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y4atbcs, HOMydas Kakue-mbo HOBble AaHHBIE, MO0 [aBaTh IPO-
THO3BI, OCHOBBIBASICh Ha CTAPBIX AaHHBIX. [

HaHHbIe MOryT 6BITH MOTy4€HbI 13 2X TUTIOB ICTOYHUKOB: — OT
9KCIIePTa, KOTOPBIT 00/1a/jaeT 3HAHISIMU O COCTOSTHIISIX CUCTEMBI, 3a
KOTOpOIT obecIieynBaeT Hab/IIOfieHIe; — OT HaTYMKOB, BCTPOCHHbIE
B TEXHOTTOTMYIECKIIE Y3JIbl, CBA3aHHBIC C SKCHepTHOﬁ CUCTEMOIL.

ba3a 3HaHuM

basoit sHaHMIT HAa3BIBAKOT 3aKOHOMEPHOCTH ¥ IPaBU/IA, KOTO-
PBIMM MeXJy cob6oif MOTYT OBITh CBA3aHHBI aHHbIe. OOBIYHO 3a-
KOHOMEPHOCTH, KOTOpble MOIYT BO3HUKAaTb B TEXHOIOTMYECKOM
Tpoliecce MOXKHO OIMCATh HPU MOMOLIM CTPYKTYPBI IOCTPOEHME
IIPOTPAMM «ECTIU ..., TO»; U OOBIYHO MOAPA3yMEBAIOT IO, CBOMM
3HaYeHMeM /MO0 BBIYMCIEHNA, MO0 NeJICTBIA.

Mogens npeacraBieHUA faHHbIX

COBOKYTIHOCTI) crcreM 6aspl JAaHHBIX U 6a3bl 3HAHMIT HA3bI-
Ba€eTCA MOJE/Ib IPENCTAB/IEHNA TaHHDIX. MOI[CJII) TpeAcTaBIeHNA
JAHHBIX OIMCBIBA€T B KAaKOM BUJEC Tpe6yeTCH XpaHUTDb [aHHDIE,
Kakue CBOJICTBA JOJIKHbBI ObITH Y 9THX [AHHDBIX, B KaKoJi MOMEHT
JOAaHHbIC CTAHOBATCA 3HAHVAMIU. Taxoxe MOJENb IIPENCTaBICHNA
MAaHHBIX OMMCBIBACT B KAKOM BUJI€ JAaHHbIC M 3HAHNA CIENYET IIpe-
HOOCTaBJIATD ITO/Ib30BATE/TIO.

MexaHu3M NIorMYecKoro BbIBOAA faHHbIX

ITpomecchl aHanM3a JaHHBIX ¥ MOTy4eHVsA HOBBIX 3HAHUI JIC-
X0y U3 MHpOpMALUY, KOTOpast yXKe ecTb B 6a3e JaHHDIX Ha3blBa-
eTCsl MeXaHM3MOM JIOTMYECKOTO BBIBOJIA JAHHBIX. JJaHHBIN Mexa-
HJ3M II03BOJIAET U3 KaKMX-TO CTAPbIX JAHHDIX, KOTOPbIE y HAC YKe
MMeIOTCS, TIOTY4UTDh HOBBIE JAHHBIE, ICIIONb3Ys KaKue-1ubo 3aKo-
HOMEPHOCTH, a TAKXKe ITOTyYUTb HOBbIE 3aKOHOMEPHOCTH, CBA3bIBA-
I0LIMe CTapble MM HOBbIE IaHHbIE.

JIureparypa:

Buabl Mopeneit npeacTaBaeHUA 3HaHUI

B 3aBMcMMOCTY O KOHEUHOI L€V IPUMEHEHNA SKCIIEPTHOM C1-
CTeMBbl, MOYKHO UCIO/Ib30BaTh 1 13 4X CaMbIX PaCIpPOCTPAaHEHHBIX
MOJiefIelt IPeCTaB/IeHN SHAHMIA:

- IlpopykionHasa MofieNb 3HaHUI — TaKasA MOJie/lb B OCHOBE
KOTOpOJT JIeXXUT mpaBuno. [IpaBuno mpepcTaBisT 13 cebs yc-
JIOBYiE THIIA «eCIIV YCIIOBHE, TO AeiicTBUe». Mexxay co6oit mogobHbIe
YCTIOBISI MOXHO COYETaTh C IOMOLIBIO JIOTMYECKIUX (PYHKIIMIL «iD»
u «m». Hampumep: ecri temmnepartypa pasHa 39, u Kalienb paBHO
«eCTb», Torga 6poHxUT. OCOOEHHOCTD STUX YCTIOBUIL B TOM, 4TO Bep-
HOCTD YCIIOBMI YCTaHOBJIEHA 3apaHee.

- CemaHTHMYecKas MOJieNlb 3HAHUIT — TakKasA MOJIe/b, B OCHOBE
KOTOPOI1 IeXXUT MOHATUA KIACCOB 1 CBOJICTB, @ TAKXKe OTHOLIEH
Mexpy kraccamy. OTHOLIEHNMS MOTYT OBITb HECKOTBKMX THUIIOB:
YacTb — Ije/10€, K/IAacC — IIOIK/IACC, 9/IEMEHT — KONMMYECTBO, U T/,
Taxast Mopienb mpeyicTaBsieT n3 cebsi HEOPMEHTUPOBAHHBIN Tpad.
Hampumep: cyuecTByeT KIacc «aBTOMOOWIb», ¥ FaHHOTO KIacca
€CTb TIOJIK/IACC «IBUTATENb», ¥ 3TOTO K/Iacca CTh CBOMCTBA «MOII]-
HOCTb», «BE€C» 1 T.[I.

- ®peitMoBas MOJie/b 3HAHNIT — TaKas MOJETb B OCHOBE KO-
TOpOIl NMEeXNT (peiiM — HeKmil MAbI0H OMMCHIBAIOLINIT 0OBEKT
HpeMETHOI 00/1acTy IPY MOMOIIM €r0 CBOVICTB, a KaXX/j0e CBOIi-
CTBO TIpM 3TOM MMeeT KaKoe-TO jericTBue. Hampumep: cBoiicTBO
«KOH/IVIIVIOHEpP», 3Ha4YeHNe «2», IeICTBIE «BKITIOUUTD.

- ®dopmanmbHO-TOrMYecKas MOJie/lb — TaKasA MOJeNb, KOTopas
OCHOBaHa Ha ITpeAiuKaTax epBoro nopsaxa. [lpeankar mepsoro mo-
PAnKa BBIIIANUT KaK yTBep K eHue. Hanpumep: cerognsa nacMypHo,
Ha y/Iule XOIOAHO M Jip. B JaHHOI MOfieNm coYeTaTh IPeyKaThl
MO>KHO JIOTMYECKUM JeHCTBYeM «v». OTamdme 3TOM MOJEm OT
HPOAYKI[MOHHOI COCTOMT B TOM, YTO TPOAYKIMOHHAA MOJENb He
TpebyeT T0rMIecKOlt CBA3Y MEX/Y FAHHBIMIL

OKCIIepTHasA CHUCTeMa YacTO MCIONb3YeTcsl B IPOM3BOJCTBE,
B TOM 4JC/Ie U Ha NUIIEBOM IPOM3BOJICTBE, JI/IA PELIEHNs BOIIPOC
yIpaB/ieHNsA Ka4eCTBOM IIPOJKIVIL.

1. O.IL Kynrsirua — «OKCIIepTHbIE CHCTEMBI aHA/IM3a TIPeIMETHOI 00/IaCTH [/ IPOEKTUPOBAHMS NHOPMAL[OHHBIX CUCTEM» —

[IpuwragHas uHpopmarmka Ne 2 (86), 2020.

2. VL. T.bnarosemenckmit, E. A. Hazoitkns, A.B. TatapuaoB — «OCHOBBI CO3/jaHMA KCIEPTHBIX CHCTEM KOHTPOJA KadyecTBa IN-

IIEBBIX TPOYKTOB C MCIIOTb30BAaHMEM MHTENNIEKTyaIbHbIX TEXHONOTUIT» — [IMIjeBas mpOMBIIIIEHHOCTD, 4/2017, ¢. 60-62.
3. B.b. Tpodumos, 1. O. Temknn — «Ikcneprable cucrems! B ACY TII» — Vindpo-umxerepus, 2020.— 284 c.: mir., TabL.
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0630p Manou3BeCTHbIX METOAO0B pacnpefeneHns TonaMBa Mexay npoayKtamu T3l

Pynoit Banepuit Miropesuy, cyaeHt
3abaiikanbCkuil rocynapcTBeHHbI yHuBepeuTet (r. Yuta)

B dannoti cmamoe nposedén 0630p mManoussecmmvix mernooos pacnpedeneHus yoenvHbix pacxo008 monauead Ha npoussoocmeo mennosot

U aneKmputeckoii SHepeul Npu ux cosmecmuoii svipabomxe Ha TOLI.
Kntouesvie cnosa: snepzemuxa

BeepeHue

Tenno¢ukauys — Hanpas/ieHe Pa3BUTIS COBPEMEHHOI Hep-
reTuki. JPeKTUBHOCTD JAHHOTO HAIMPABIEHNS OIpenesseTcs
9KOHOMIEJ! TOIIVBA IIPU COBMECTHOM IIPOVM3BOJCTBE INEKTPOI-
HEpTUM 1 TeIUIa 0 CPABHEHMIO C MIPOU3BOACTBOM TOTO Ke KO-
JecTBa J TAKOTO JKe KaueCTBa /IeKTPITIECKOI 1 TEIIOBOIT SHEPIUU
B pasfiefibHOM TIpousBofcTBe. [lokasaTerneM, onpene/aomuM Ty
3 PeKTUBHOCTD, SAB/ISIETCS YAENbHBI PACXOJ; TOIUINBA Ha eVHIULY
OTIIYILIEHHOJ MOTPEONTENI0 SHEPINH, T.e. Ha OFMH KBT*4 1 ofuu
Tx/4.

OnHako, KpoMe IIMPOKO WM3BECTHBIX U JCIOb3YeMbIX Me-
TOJIOB, TAKUX KaK «(U3MdecKuit», akcepreTudecknit u Merox OP-
I'PSC, cymecTByet pAx APYIUX METOfIOB KaK TepMOANHAMIYECKIIX,
TaK 11 9KOHOMMYecKux. 1o TeM M MHBIM IPUYMHAM OHU He OB
YTBEpP>K/IeHbI B KauecTBe OUIMaTbHbIX U IPUMEHNMBIX K paborTe,
HO OHJ MOTYT TOCTYXXUTb 623011 /151 CO3TAHNS COBEPIIEHHO HOBBIX
METOJIOB, TNIIEHHBIX HEJOCTATKOB IIPUMEHAEMBIX METOOB.

«KomnpomuccHblit» meTog

CyLIHOCTb METO/}A 3aK/TI0YAETCA B pacpefieieHNI PACXOfi0B TO-
IUTMBA IIPONOPLIOHAIHO PACXOfAM IIPY MOTHOCTBIO Pasfie/IbHON
BbIpaboTke mpoxykros TOLI. IIpyrHuMaeTcs, 4TO 3MeKTpOSHepris
BbIpabarbiBaerca Ha KOC, TerioBas sHeprus Ha KOTeNbHOL.

Pacxop TormmBa Ha BHIPabOTKY 9/1eKTPIYECKOIL 9HEPTUY OIIpe-
JIeNAAETCA TIO CTIeHYIOIeli 3aBMCUMOCTH:

BKQC
— R* N
BN =B BIIE;DC +B;mm. » THe
BKQC 6 o
N — pacxop TOIUIMBA Ha BBIPAOOTKY I/NIEKTPUIECKON

sHeprun Ha K9C

B — pacxof TOIMBA Ha BRIPAOOTKY TEIIOBOI SHEPIMM Ha
KOTEJIbHOM

Pacxop ToriBa Ha Bblpa60TKy TEIIOBOI SHepINIL:

BT =B* KD(,BST . Kxom * QT
By +B"™ Qp+Q;

BKOm. Q
T * 208
By +B™ Qu+Q;

B, =B*

YrIenbHble PacXofbl CYMTAITCA AHAIOIMYHO «(PU3MIeCKOMY»
MeTofy

HasBaHmne «KOMIPOMMUCCHBI/» BOSHUKIIO B CBA3M CO CTpeMyle-
HIEeM IIOMy4UTb HEKOTOpble CPefjHIe Pe3yIbTaThl MEXKMY «3aHMU-

JKEHHOI U TIpeyBe/MI4eHHON CTOMMOCTBIO TeIlTa». TaxKe JaHHBINA
MeTO/] Ha3bIBAIOT HOPMATHBHBIM. [1]

MeTop pacnpepeneHna 3KOHOMUU TonJINBa MO IKCepruun

B maHHOM MeTOfIE, TaK Xe, KaK I B 9KCepreTINIecKoM MeTOfe, C-
TIO/Ib3yeTCs TIOHATIE KCepTuy, GOPMYIIBI €€ OIpefeNieHys aHajlo-
TMYHBI, MEHACTCA JIVIID METOJ, PacIipefie/IeHNs PacXofiOB TOIUIMBA
1o BugaMm npogykuym TILI.

Pacxopipl TOIIIBA OTIPERE/IAIOTCA 110 CIEAYIOIIMM 3aBUCHMOCTAM:

E
B,=B*—%
Ey+E,+E;

BU=B* Eu
Ey+E;+E;
BT:B*iET
Ey+E,+E,

Merox aKTMBHO IIpeyIaraics Ha HAYYHBIX KOH(EPEHINSX, HO
YTBEpKAEH He OblL. [1]

MeTop 3neKTpMYECKUX IKBMBAJIEHTOB

IIpu pacripefie/ieHNy TOIUTMBHBIX 3aTPAT 110 STOMY METOAY pac-
CYMTBIBAETCS YaCTh KXK/OTO BU/a 9HEPIUM B 0611ieM o6'beMe TIpo-
M3BOJCTBA. JIJIs1 COMOCTABMMOCTY BCE THUITBI MOLHOCTIL ¥ SHEPIVIY
BBIPKAIOTCS B eAMHIUIAX 97IEKTPUYECKOT 9HEPTHIL, T.e. B KBT mn
kBr-u. Vcnonpsyrotcs pasmianble KoadduumenTs: — Koaduim-
EHTBI PACIIpefieIeHNs /I YCTOBHO-IIOCTOSHHBIX U YC/IOBHO-IIE-
PEeMeHHBIX 3aTpar. Y CIOBHO-IIOCTOSIHHBIE 3aTPAThI ONPEeIOTCs
COCTaBOM OOOPYHOBAHNSI SHEPTONPEANPUATHS, €0 CyMMApPHOI
YCTAHOB/IEHHO MOIHOCTBI0. DTOT METOJ IPUMEHSETCS B yIIPO-
LIIEHHOM BUJie, KOTZIa BCe BUJBL 3aTPaT PacIpefe/sioTCs IPOIop-
LMOHAIBHO KOJIMYECTBY SHepruy, 6e3 ydera UX 3aBUCHMOCTH OT
PEeXNMOB PaboTbI 060PYLOBaHIs. AHATOTMYHbII pacdeT IPOU3BO-
mmTcst o Teriore. K mepeMeHHBIM 3aTpaTaM OTHOCSITCS TOIUIMBHbIE
3aTPaThl, KOTOPBIE PACIpPEeAIOTC IPOIOPLMOHAIBHO KOMIde-
CTBY IIPOM3BOMIMOIT 34 TOf} 9HEpIuut. [2]

Metop oTKNIOYEHUA

CyTb MeTOfia 3aK/II0YaeTcs B TOM, YTO M3 CYyMMApHBIX 3aTpar
KOMOVHIPOBAHHOTO IPOU3BOICTBA MCK/TIOYAIOTCA 3aTpaThl Ha 110-
OOYHBIe IIPOAYKTHI, IPUHIMAEMbIe YCTIOBHO II0 BO3SMOXKHOII LieHe
VX peanusaryy. B sHepreTyke sTOT MeTOJ| Hallle]l OTpakKeHMe TPy
IOCTPOEHNN TpeyrofbHuKa [ mHTepa.



34 | TexHuueckue Hayku

«Monopoii yuéHbiiiy « N2 6 (348) - ®espanb 2021 .

100 150 200

v/ Tkan

Puc. 1. TpeyronbHuk NMHTepa

Ha opnoit cTopoHe TpeyronbHMKa OTKIafbIBAeTCA PAcXof TO-
mmBa Ha 1 KBT-4 a5iekTposHepruy, a Ha pyroi cropoHe Ha 1 I'JIx
TeIwIa. MakcUMaJIbHBII pacXofi ToIuMBa Ha 1 KBty Oyger npu oT-
CYTCTBUM OTIIyCKa TeIUIa, Korza Bce 3arparbl TOLl orHOcATCA Ha
97eKTPO3Hepruio. VI, Ha060opoT, IPU HYIEBOM OTIIyCKe 3TEKTPO3-
HepIruy JOCTUTAEeT MaKCYMYyM PacXofia Ha OTIyIeHHOe Temo. B co-
OTBETCTBMY C TUMI TOUKAMU J CTPONUTCS TPEYTONbHIK. 3a/jaBasich
PacxofioM OJHOTO BMJIa 9HEPTUM MOYKHO OIPENENUTh PacXof, Apy-
TOr0. B COOTBETCTBUM € 3TUM METOIOM OfVIH BUJ S9HEPIUY CUNUTA-
€TCs1 OCHOBHBIM, a APYroil — IOOOYHBIM IIPOAYKTOM IIPOM3BOACTBA.

Hepmocratku meTopa:

1) meron HenpumennM st TOLI, T.x. 06a Byjja PORYKINN sIB-
JISIIOTCSL OCHOBHBIMIL, @ He MTOGOYHBIMI I TTOJIEKAT MPSIMOMY Pac-
4€Ty IO OT/IE/IbHBIM CTAaThAM 3aTPaT;

2) BBITOfja OT KOMOVHMPOBAHHOTO MPOU3BOJICTBA HAXOMAT OT-
paXkeH1e B ce0eCcTOMMOCTH JIMIIb OCHOBHOTO BI/ia IPOAYKLuNL. [3]

MeTop B. WU. leHucosa

JlaHHbIIT METO] TTIO3BOJIAET PACHPeNeIUTh CYMMApPHbIN pacXof, To-
wmBa TOLl Mexxy TemmoBoii 1 a/eKTpuyeckoit sueprueit. [1pn atom
pacxof; TOI/IMBA Ha IIPOM3BOACTBO 37IEKTPOSHEPINM PaBEH CyMMe
PacxofioB IO TeMIOPUKALNOHHOMY M KOHJICHCALIMOHHOMY LIMK/TAM.
Pacxop; TonmBa Ha IPOM3BOZICTBO TET/IOBON SHEPTHY OLpefeNAeTCs
KaK pasHMIIa MeX/y CyMMapHBIM pacxozioM Torvmsa Ha TOII u pac-
XOJIOM TOII/IMBA Ha ITPOM3BOICTBO 3NIEKTPUYECKOI SHEPTUN

Jlnsa pacripenenennsa pacxopa Tormmsa TOLl Mexyy anexkTpude-
CKOJ1 U TEIIOBOII SHeprueli, BoipabaThiBaeMoil 110 TeriodyKarm-
OHHOMY PEXNMY, IIPef/IaraeTcs pasjefieHe CyMMapHOTro pacxofa
BTa1y Ha cocTapiAOLIMeE, YACTb M3 KOTOPBIX HOJAETCSA MPAMOMY

pacuery.
_ Tk s
BTSII - BXX + b TI[ "9TII + bKII 31{1[ + BT3 > THE

By — pacxof TOIIMBA Ha XOIOCTOI X0 TypOOarperaros, lie-
JIMKOM OTHOCHMBIiT Ha 37IEKTPOIHEPIHUIO, BEIPAOATHIBAEMYIO TIO Te-
IIOQUKAUVOHHOMY PEXUMY, T.e. TypOuHa paboTaeT LA TOIO,
4TOOBI BpallaTh POTOP reHepaTopa, BbIPAOATHIBAIOIIETO S/IEKTPO-
SHEpIUIO; Ha 3/IeKTPOIHEPTHIO, BHIPAGAThIBAEMYIO 110 CBOGOTHOMY
KOHJJCHCAIL[VIOHHOMY PEXIMY, PAacXOj TOIUIMBA Ha XOTOCTON XOf
OTHOCUTD HEJIb3sl, IIOCKONIbKY 3Ta 97IeKTPOIHEPIMsl JO/DKHA pPac-

CMaTpUBATbCA, KaK JOIONHUTENbHAA, JaKe eCIM OHA BKII0YAeTCs
B IUIAHOBBII GQJTAHC B YC/IOBIAX 001ero Aeduuura.

B cocranatomeit b'yy,* 9, comHOXMTENb b'TI 9TO OTHOCH-
TE/bHBII TPUPOCT PAcXofia TOIUINBA, a ITI — 06beM BBIPAOOTKM
97IEKTPOSHEPTUY TIPU IPOU3BOJCTBE 3NEKTPOIHEPIMM IO TEIlIO-
ukamonsOMy UKITY; by, * 9y, — aHATOTMYHASA COCTABLANNAS
pacxofa TOIUIMBA HA IMPOM3BOACTBO 37IEKTPOSHEPTNH MO BBIHYXK-
JIEHHOMY KOH/ICHCAL[IOHHOMY PEXXIMY.

B,, — 9T0 pacxop TOINIMBA Ha IPOU3BOACTBO TEILIOBOIN
sHepruyu 6e3 ydeTa OTHECEHMA YaCTU TOIUIMBA HA IIPOM3BOJICTBO
9JIEKTPOIHEPINI PACXOAyeMoit Ha cobcTBeHHble HyX bl TOLI DB1a
CH, CBfI3aHHBIE C PabOTOIl BCIIOMOIATeIbHOTO 000pyAOBaHIs, 00-
CTY’>KUBAIOIETO IIPOM3BOJICTBO TEIIOBOI SHEPTHL.

B KOHEYHOM cyeTe Ha 97IEKTPOIHEPINIO, BHIPAOATHIBAEMYIO 110

Tel‘[)‘[O(l)I/IKaLU/IOHHOMy pe)KI/IMy pacxon TOII/IUBA HETTO paBeH
B =(Byy +byyy * Oy + iy * gy )(1— AQ;?) /3, The

AJ™ — pacxof 3NEKTPOIHEPIUN Ha COOCTBEHHBIE HY)K/IbI IIPO-
M3BOJICTBA TEIVIOBOIT SHEPTUI; I, — IPOUBBOICTBO (BIpabOTKa)
snekTposHepruy TIII 1o TemnopUKaIMOHHOMY PEKIMY.

[TonHblit pacxof] TOIIMBA Ha IIPOMU3BOZICTBO TEILIOBOI SHEPTUM
OIIpefesIeTCsl IO OCTATOYHOMY IPUHIIUITY 110 popMyTte:

noan __
B =B

_ Buemmo
ToI1 mp

B o6rem cirydae IOHBIN pacXof TOTINBA Ha TPOM3BOJICTBO Te-
IJIOBOJ SHEPTMM COCTOUT Y3 PAcXOfia Ha IIPOUSBOJCTBO TEIIA OT-
OOpHBIM TAPOM, OTITYCK Terna yepes POY 1 npousBozicTBo Temna
IMKOBBIMU BOZIOTPENHbIMM KOT/IaMu. Pacxop TolmBa Ha OTIIyCK
Terna yepes POY 1 mponsBofcTBO TemIa MMKOBBIMY KOT/IAMU Pac-
CUMTBIBAIOTCS, @ PACXOJ, TOIUIMBA HA BBIPAOOTKY TeIia OTOOPHBIM
TIapOM OTIPeJie/IAeTCA IO OCTATOYHOMY HPUHIINILY.

K 10CTOMHCTBY JTaHHOTO METOJd MOKHO OTHECTY BO3MOXKHOCTb
Ppasfienenns TOIINBA, PACXOyeMOTO Ha ITPOM3BOJICTBO 3IEKTPIIe-
CKOIl 9HEPIUN, MeX]y KOHJCHCAIIMOHHBIM 1 TeIIO(PUKALMOHHBIM
HuKIaMi. 9To 103BossteT (GOpMUPOBATh TApU(bl C PasHeNbHOI
OLIeHKO!I Tapi(HBIX CTAaBOK 3a SHEPIUIO, BbIpabaTbIBaeMyIo IO
STVM IMK1aM. KpoMe Toro, yKasaHHBII CIoco6 OTMMYaeTcs Ipo-
CTOTOJI pacyéra.

OpnuM U3 Hambosee CYIIECTBEHHBIX HEJOCTATKOB 9TOTO Me-
TOJA ABIAITCA 3aTPYJHEHNM: C OTHECEHMEM pacxofia TOIIMBA
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Ha XOJIOCTON XOf, TypOMH U PacXofoB 3/MeKTPOIHEPTUU Ha COO-
CTBEHHbIE HYXXABI K KOH/ICHCALIOHHOMY 1 TeIUIO(QUKALIOHHOMY
nuKaaM. (4]

3aknioueHune

B nmanHOIT paboTe BBIONHEH 0030p HalMeHee YacTO MCIIONb3Y-
eMbIX B Poccun 1 3a py6esxoM MeTOLIoB pacipefieNieHns y/ielTbHbIX
pacxofioB ycmoHoro TommuBa Ha TOL. Ha ocHoBanunm Bbimens-
JIOXKEHHBIX JJAHHBIX MOXKHO CHe/IaTh BBIBOJ O TOM, YTO Ipo6/IeMa
pacrpefiesieHns TOIIMBa Ha npopykTel TIL] ABnsAeTcsA BecbMa ak-
TyaJbHOJ ¥ B HAIIV JHY. [IMCKyccui IO TaHHOI mpobeMe He yT-
XaI0T. BONMbIIMHCTBO Y4E€HBIX U MHXEHEPOB MOJIEPKMUBAIOT MJIe0

JIntepatypa:

abCOMIOTHOTO HECOBEPIIEHCTBA, C TOUKM 3PEHNs TePMOLVHAMYKIL,
«(U3MIECKOTO» METOMIA, U UEI0 HeOOXOAMMOCTH Iepexofa K boree
COBEpIIEHHOMY 3KcepreTnieckoMy MeTofy. OfIHAKO COBpeMeHHbIe
peajnyt HaK/Ia[bIBAIOT CBOY TPeGOBaHMSL. DKCepreTUIeCKuil METO]
JIOBOTIbHO CTIOXKEH B BBIUMC/IEHIAX, Pe3ylIbTaThl PAcueTOB 3a-
BYICAT OT COCTOSHMSA OKPYKAIOIIIEH Cpefibl, HeT BO3MO)XHOCTH TIPO-
BECTY IPOTHO3BI 1 IONITOCPOYHBIE PACYETHI, OH He CTOMb HATIANIeH
KaK «(DM3UIeCKil» METOH, YTO [ie/laeT HeBO3SMOXKHBIM €ero MoBce-
MeCTHOE TIpUMeHeHHe. ITUM M OODBACHSETCS MOsB/IEHNE CTONb
OOJIBIIOrO KOMIYeCTBA METOIOB pacIpefeieHns. JIroau mblTaoTcs
HAJTV KOMIIPOMIUCC MEXy TePMOJVHAMIKOI U BCEM TeM, UTO yC-
JIOBHO MOYKHO OTHECTH K 9KOHOMIYECKOI CTOPOHE BOITPOCa KOMOM-
HUPOBAHHOIT BHIPAOOTKIL.

ITycrosanos IO. B. K grckyccnu o metonax pacripenienenns satpar Ha TOL. // Termmosnepretnka.— 1992.— Ne 9.— C. 48-55.
2. Poranés H. [I., 3y6axoBa A.T., Macreposa J1. B. u ip. DxoHOMMKa 3HepreTuki: yuebHoe nocobue iy By3oB.— M.: V3paTenbcTBo

M3, 2008.

3. Aspyx A.J. [Ipo6membl cebecTOMMOCTI U LIEHOOOPa30BaHIsA B 97IeKTpoaHepreTyike.— M.: Jueprus, 1997.

Henucos B. V1. ®opmuposanie 060CHOBAHHBIX TapU(OB Ha TEIVIOBYIO U 3MEKTPUIecKyko aHepruio st TOLI. // SxonoMudeckue
HPO6/IEMBI SHEPIETIIECKOTO KOMIUIEKCA: Te3NChI JOKIAfi0B 1 COOOMLIEHNIT OTKPBITOro ceMnHapa — 21 miors 2005 r.— Mocksa:
W3g-Bo VIHCTHTYTa HAPOLHOXO3AMCTBeHHOTO ITporHosyposanna PAH, 2005 — C. 19-27.

3awuTa ot KOPPO3UM AeTanei aBTOMOOUNIbHbIX KOHAULMOHEPOB

CeBocTbAHOB Bsyecnas AnekcaHapoBuY, KypcaHT
BoeHHas akagemus PBCH umenn Metpa Benukoro, dunuan 8 r. Cepnyxose MockoBckoit o6nactu

B cmamve asmop pacckasviéaem o memooax sauumot demarnesi KOHOUUUOHEPOB O KOPPOIULU.

Kntouesvie cnosa: asmomo0usv, KOHOUULUOHED, KOPPOSUS.

SaILU/ITa METa/VIOB OT KOPPO3VY — Ba)KHEIIIAsA XO3AMICTBEHHAA
3ajada. B Hacrosmiee BpeMs [aHHas IpobeMa pelraeTcs
IyTeM JIeTMPOBAaHMA WIM HaHeCeHMA 3alUTHBIX NMOKpbITHiL. Oc-
HOBHBIE J{eTa/yi aBTOMOOWIbHBIX KOHIMIMOHEPOB M3TOTOBJIEHbI
VI3 aJIIOMUHMEBOTO CIUIABa, B YACTHOCTY MHTEHCUBHO IIO/IBEPKEH

KOpposun KoHjieHcarop. KoHJeHcaTop ycTaHaBNMMBaeTCA Ieper
PajiuaTopoM U BBINOMHAET (QYHKIMIO MpeBpallleHus razoobpas-
HOTO BBICOKOTEMIIEPATYPHOTO XJI4[IaTeHTa, MAYIEro OT KOMIIpec-
copa B >KVJIKOe COCTOSIHIE C BbIfie/IeHVIeM TeMIIepaTyphl B aTMOC-

Gepy.

Tak paboTaeTt KOHAULUOHEP

LUunpkynauus xnaaareHT.

Komnpeccop

\

> KoHngeHncarop

LLbbbLbll

Bentunartop

P
— & g KoHAeHcaTopa
Cucrema
BETUNALMK R T
T8 Ocywurens

PacwupurtenbHbii Knanad

Beicokoe aaBneHuwe

- HV3KOE faBNeHWE
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B 06BIYHBIX YCTTOBMAX aMIOMIHIEBbIE CIIABBI He KOPPOAUPYIOT
B pe3ynbraTe 00pasoBaHMA Ha MX IOBEPXHOCTHU 3ALIUTHON OK-
cupHoit wieHkn. Ho psf MOHOB, 0COGEHHO IIMPOKO PaclpocTpa-
HEHHBIX B IIPUPOJiE Ta/IOT€HOB, HAPYINAKT CIIOUIHOE 3alllUTHOE
TIOKPBITHE Ha aTIOMIHUM, BbI3bIBasA KOPPO3UIO MATHAMM, YTO Jie-

JIA€T IIPAKTUIECKN HEBO3MO>KHOM IKCIUTyaTallfio I/ISJIEHI/[I/UI "3 aJo-
MUMHUA B TaKNX yCIOBUAX. B sumHnMit epuof, Ha JOpOrn BHOCAT
AHTUTOJIONIETHDbIE PEAr€HTbI U IIECKO-CONEBBIE CMECH, MMEIOIINeE
B CBOEM COCTaBE X/IOPCOMIEPIKALINIE COJIN.

[Ipu sKCITyaTaumu aBTOMOOWIEN HOPOXHAs CISIKOTh, IO-
mafjasd Ha KOHJIEHCATOP, OCeJaeT HAa HeEM, BBI3bIBASA KOPPO3UIO
TOHKJX a/IIOMJHVEBBIX TPyOOK. [IoBpex/ieHre OKCHIHON IUIeHKY
IPOUCXOJUT IIyTeM 00pasoBaHMsA MeTacTaOWIbHBIX COeNVHEHMUI,
copepxaumx  AICI;, KOTOpBI THUEPONM3YETCA MO peaKIyuy
2AICI; +6H,0 — ALO,-3H,0+6H" +8Cl"

ITpu Bo3mENCTBIY IOHOB XJIOPA HA OKCHUIHBII CIIOV QTIIOMUHIA
00pa30BBIBAIOTCA U IPYTUE COAMHEHNA aMOMIHNA C XTIOPOM TI0
CTIEMYIOIVIM PEAKIIVAM.

AlLO,-H,0+2CI" —2AI0Cl +20H~

ALO,-H,0+Cl" — Al(OH),Cl+OH

JleficTBie MOHOB X/IOpa BbI3BIBAET JIOKATbHYI0 KOPPO3MIO,
¥ TPV HJTIYUI PACTSIMBAOIINX HAIPSDKEHMIT (pabodnx win BHYy-
TPeHHVX) IPVMBOJUT K MHTEPKPMUCTAUIUTHOMY PACTPECKMBAHUIO.
/13 06pa3oBaBLIMXCA TPELIMH U PAKOBMH IIPOMCXOAUT yTeUKa X/Ia-
JIareHTa, 4TO IPUBOJUT K OTKa3y KOHAMIIMOHEPA.

[lns cBoeBpeMEHHON! 3alUTBI OT KOPPO3MM IIPUMEHAT MUKpO-
myrosoe okcupmposane (M O), koTopoe 03BO/LAET HAHOCUTD Tep-
MOJIMHAMIYECKN YCTOYMBbIE OKCHAHBIE TOKpbITHA. Hanecenue
TOKPBITUI IPOU3BOAAT B MOTEHIMOCTATIYECKOM PEXXIMe HpY TIIOT-
HOCTM TOKa 5...15A / dx” . Tlpopomkurensrocts — 100-120 MuHyT.
JIns OKCUIMPOBaHMA IPUMEHAIOT 9/IEKTPOMINUT: efjKOe Kamm 4...6 /71,
6opuas kucnota 20...40 /11, kpaxman 6...12 /1. JIna obe3xupuBanus
TIOBEPXHOCTeI! Ilepefi HaHeCeHeM IPUMEHSIOT BEHCKYIO M3BECTb.

_—— Nopava so3gyxas ana Gapbotasa

W NEREMELLIWAIHWR INeKTROAWTS

- 3.'1I'_‘1TDC|.I'IH1II-|.'IH BaHHA
_— PyGaika BORAHOTD COONAMOBHAT
= INEETRONAT

—— DBpAIORAHHOE HAHDCTRYRTYPHOS NOKPHITHE

- 3aroToAKE M3 BEHTATILHOND METANNS N CNRaea

KA0THUHO MAFPRDYIOWNE MAKDOIYTOB6Ie DAIDRAN
Ha chpabaTuaaesmon NoOBepEHOCTA 8 npouecce MIOD

- ”Uﬂ.ﬂ‘-li! OXAARGEHHOTD GUALTROBAHHOND AERDONMTA

Oreog 3NexTRONMTA ANA OXMAEAEHA 1 GUABTRALMM
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[Toxasarem Kopposun (IoTepsi Macchl, CKOPOCTb KOPPO3MI) Ha
ATIOMMHIEBBIX CIUTaBax ¢ MJIO-TIOKpbITHAMY B 3-5 pas MeHble,
4eM Ha aIOMMHIEBBIX CIVIaBaX 6e3 MOKpbITHA. IIpn HaHeceHMu

JIureparypa:

B IIOKPBITHAX, CPOPMIPOBAHHBIX MIKPOJYTOBBIM OKCHIVPOBAHIEM
00pasyloTcs OKMMAIOLINe BHYTPEHHNE HAIIPsDKEHNsA, KOTOPBIE MOJI-
HOCTBIO YCTPAHAIT MHTEPKPYUCTA/UIUTHOE PACTPECKIBAHILE.

1.  Batumes A. H., CeBoctbsanoB A.JI., Debpsxos A.B. KopposnoHHas CTOMKOCTb aIIOMUHIEBBIX CIIABOB, YIIPOYHEHHBIX MUKPOHY-
TOBBIM OKCHAMpoBaHyeM.— Hayunbrit BecTHuk «Bectaux MI'AY» — M.: Beimyck Ne 1/ 2003.
2. Axumos I'.B. OcHoBbI yueHus o Kopposunu u sammte MeTaanos.— URSS, 2021.

Pacuer anHuunuaanoﬁ 3HEKTpWIECKOﬁ CXeMbl TpEKepHOﬁ cucTtembl

CekeHoB EpkebynaH EpxaHoBuY, CTyEHT MarucTpartyphi;
baerusosa Aiirynum CeiiceH6eK0BHa, KaHAMAAT GU3UKO-MATEMATUYECKNX HAyK, BOLEHT
EBpasuiickuit HaunoHanbHblit yHusepcutet umenn J1. H. Tymunesa (r. Hyp-Cyntan, KasaxcraH)

B cmamuve asmopui npusodam pacyem snekmputeckoii HPUHUUNUATILHOT CXeMbl IpeKepHOLL CUCTneMbL.
Kniouesvie cnosa: pomopesucmop, aHanoeosbvlil komnapamop, gomompansucmop, homoouod, onepayuoHHbLil ycunumernn, OUNONIPHbIE

MPAH3UCIOPbL, MOTMOP, 08UANED.

POVBBOAMM pacyeT U BBIOOP HEKOTOPBIX KOMIIOHEHTOB CXeMBI.
B kauecTBe MCTOYHMKA IUTaHNA GY/eT MICTIONb30BaHA AKKYMY -
NATOpHAst 6aTapesi, COOTBETCTBEHHO pacyeT MPOU3BOAUTCS s Ha-
npsbKeHys mTanusA 12 B.
doTopesncTopsl A YCTPOICTBA HEOOXOMMO BIOMpPATDH BBI-
COKOJ 9yBCTBUTENbHOCTH. [Ipy 5TOM ClefyeT ydumTbIBaTb, YTO
JUI YCTPOJICTBA BKHO CHUMATDH C PE3UCTOPOB HANPsDKEHME B TO
BpeMs KaK 3HayeHue cuibl Toka g OY ne nmeer sHauenns. Co-
OTBETCTBEHHO CIIefiyeT BbIOMPATh (OTOPE3UCTOPDI C BHICOKUM HO-
MUHQIOM CONPOTUB/IEHUS YA TOTO, YTOOBI HA HUX TepsIach Kak
MOXXHO MeHblIas MOIIHOCTb. IIpeftaraeTcst BhIOpaTh (oTOpe3n-
CTOpBI ¢ HOMIHA/IOM conpoTusieHns 100 kOm. B aTom ciryyae mom-
HocTb PLDR paccenBaemas Ha IBYX pe3yiCTOpax OyeT COCTaBIATh

UZ
P=—
LDR 2‘RLDR
122

P =——"__=0,00072
PR 9100000

Takum 00pasoM, MOIIHOCTb pacceyBaeMas Pe3UCTOPAMIU CO-
crasjer 0,72 MBT, 4TO AB/IA€TCA HE3HAYNTEIDHBIM.

Tak KaK Ipy HAY/IbHBIX YCTIOBUSAX COIPOTUBIIEHNUs (POTOpesN-
cropos LDR1 u LDR2 paBHbI HanpsyKeHne JeIUTCA IONOMaM 1 CO-
OTBETCTBEHHO Ha CHTHA/JbHbIE BXOZIBI KOMIIAPATOPOB IHOCTYIAeT
curHan paBHbIl 6B. CrefyeT 3aMeTHTb, 4TO ONIOPHOE HaNpsKeHMe
ana xomnaparopa OP1 safaerca pesucropamu R3 u R4, a onopnoe
HaInpsbKeHMe i1 KoMnapatopa OP2 — ToNMbKO conpoTuBIeHeM
pesucropa R4 [1].

3afaiuM OIIOPHOE HAmpsDKeHne il Kommaparopos. Ilycts
Hopor cpabaTbIBaHNA yCTPOJICTBA Ha M3MeHeHNe HalpsKeHNA Ha
doropesucrope cocrasister 0,3B. B aTom ciydae ycrpoitcTBo cpa-
Goraet, ec/ HANpsDKeHMe Ha OffHOM oTopesucTope yIafer 10
YPOBHA MeHbIIETo 5,7 B 1 cOOTBETCTBEHHO BO3pacTeT Ha JPyroM

¢oropesncrope 1o 6,3 B. Torga B 06e CTOPOHBI IIpefieN feBUALN
HanpspkeHusA coctaBut 0,6 B.

HomuHansl pesncToOpoB, 3afal0LiiX OIOPHOE HATPsDKEHNE,
JO/DKHBI OBITh JJOCTATOYHO OOJBIIMMY, YTOOBI He HATpPyXKaTh
MCTOYHIK IIUTAHIIS U BBIXOJ, OIIEPALIOHHOTO YCIIUTEILs, HO He Ha-
CTOIBKO, YTOOBI BHIXOHOE COMIPOTHBIIEHIIE PEATBHOTO OTIEPALINOH-
HOTO YCU/INTEIS OKa3bIBA/IO OLIYTIMOE B/IVsIHYIE HA HAIIV PAaCUeThl.
IIpu 9TOM TOK HPOTEKAINIL Yepes PesUCTOPBI He JO/DKEH CUTbHO
OT/IMYATHCS OT TOKA IIPOTEKAIOLIIEro Yepe3 pOTOPe3nCTOPHI.

;o= U

LDR =
2'RLDR

12B

= 2B 5 06mA
R = 9 100 KOM M

Takum ob6pasoM, pacuer OyfeT IPOM3BOFUTBCA /IS TOKA
I=0,01 ... 0,1 MA. Takoe ycmoBue OyfeT JOCTUTHYTO, eC/it ofLiiee
COIpOTUB/IeHNME Pe3ncTopoB R1 — R4 He OyzeT CUIbHO OT/INYAThCA
oT compotusnenusa ¢oropesucropos. IlycTp obliee compoTyB-
nenve R, pesucropos R1— R4 cocrasnser 100 KOm.

Torpa, ipu ycmoBum, 4To Ha pesucrope R4 nagaer HanpskeHue
5,7 B, eCcTb BO3MO>KHOCTb PacCUUTaTh €I0 COPOTHBIEHNUE

U

RAZUii 0011

R,= 5’7B-100KOM=47,5KOM
12B

COOTBETCTBEHHO NPpMHNMAEM TUIIOBOE CTAaHAAPTHOE 3HAUECHUIE
R, =47x0m c pomyckom £ 59, Jlanee nponsseneM pacyer CONpo-
TUBJIEHIA IIEPEMEHHOTO Pe3NCTOpa R, , KOTOPBI 3aJaeT IIOPOIy
cpabaTbIBaHNsI KOMIIAPATOPOB U3 pacyera, 4TO AeBMALMs HAIpA-
xeHnsa AU cocrasnser 0,6 B.
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AU
RS ZTHRoﬁrrl
R,= 0’GB~1OOKOM=5KOM

12B

JlaHHBII pesyCcTOp ABIAETCA PETYINPOBOYHBIM 1 3a7laeT OPOTH
9yBCTBUTENILHOCTM YCTPOJICTBA K OCBEIEHHOCTH, IO3TOMY €T0 CO-
IIPOTHBJICHNUE CTlefyeT BBIOMPATh B 3 ... 5 pa3 Gonbiue. Takum 06-
pasoM, IpuMeM CONpoTHBIeHNe pesucropa R, =20xOm , Tui pe-
sucropa RV16.

Ha pesucropax R1 u R2 nagaer Hanpsoxenue

Up, =U,—(U,+AU)
Upis =12B—(5,7B—0,6B)=5,7B

O6uee comporyBienie pesucropos R1 u R2 paccuntsiaercs

Uy,
R.=—_R2p
1,2 U” (o
R, = 5’7B1001<OM=47,51<OM
© 12B

ITpraem pesucrop Rl ABnAeTca MOACTPOEYHBIM M PETYIUPYET
TO, HACKOJIbKO JIMMUTHI JeBMALMY HAIpsDKeHUs OymyT cuMmMe-
TPUYHBI OTHOCUTeNbHO U, /2, T.e. Touku bamaHca. Beibepem Tu-
II0BOE CTaHJAPTHOE 3HavYeHue And R, =15x0Ox ¢ fomyckom T 5%.
Torma mra ygo6crBa perymupoBKy BblbepeM 3HaYeHIUe COIPOTHUB-
JIeHs1 TIOJICTPOEYHOr0 pesrctopa R, B3 ... 5 pa3 6osblie paccun-
TaHHOTO. Tak, mpuMeM conmpoTusieHne pesucropa R, =100x0xm ,
Tin pesucropa RV16.

B KauecTBe OmeparoHHOTrO YCMINTEN BBIOpaHa MUKpOCXeMa
LM324N, peammsosanHas B kopnyce DIP14. [lanHas Mukpocxema
COTIepKNT B cebe 4 OlepallOHHBIX ycuwntes. Paccuntaem ObIcT-

XapaKTepUCTUKAM [/ MUKPOCXEMBI OIEPALIOHHOTO YCUIUTENA
LM324N ona coctasnset 1 B/Mkc.

Hanee mpoussefeM pacueT u Bbibop snemMenToB H-mocra. Oc-
HOBHBIM pellleH1eM, KOTOpoe HeoOXOAMMO IIPYHATD IPU CO3TaHUN
H-Mocra, ABseTca BbI6Op Kioveit. Tak Kak B YCTPOJICTBe IIaHM-
PyeTcs UCIONb30BaHNe ABUTaTeL MOITHOCTEIO 1o 50 BT, TO BO3HN-
KaeT HeoOXOAMMOCTD MCIONb30BAHMA TPAH3UCTOPOB, CIOCOOHBIX
KOMMYTHPOBATh TOKM A0 5 A. Jl/Isf 3TOr0 TPaHSNUCTOP ZOIDKEH 00-
NaffaTh OOJIBIIMM KOPIIYCOM C yoOCTBoM oxmaxpeHus. OdeHb
YAOOHO MCIOB30BaTh TPaH3UCTOPSI B Kopryce TO-220. B namem
CITy4ae JMCIOMb30BaHbl N-p-n Tpansucropsl TIP41C, a B kavyecTe
TPaH3UCTOPOB p-n-p cTpykTypst TIP42C.

BaxxHO y4ecTb, 4TO ABUTaTeNb IOCTOAHHOTO TOKA AB/IAETCA MH-
HYKTUBHON Harpyskoil miua H-mocra. VIMeHHO mosTomy B cxeme
C7lefyeT MCIONb30BaTh OrpaHMYMTeNbHble Auonsl VD1 — VD4 [2].
IToxa MOCT BK/TIOY€eH, MOTOP paboTaeT 1 CO3AaeT 9/IeKTPOMATHUTHOE
nosie BHyTpu o6MoTOK. Ho KOIZia K04y BBIK/IIOYAIOTCS, 9TO MOJIe
YMeHBIIAeTCs IOCTEIeHHO, a 3HAYNUT, B 00MOTKAX TOK IIPOJIOJDKAET
Teyb. ITOT TOK He MOYKET TeYb Yepe3 TPaH3MCTOPDI, T.K. OHM 3a-
KPBITBI, II03TOMY OTPaHNYMTEIbHbIE [YOMbI TIPefHA3HAYEHbI TOTO,
9TOOBI IPEJOCTABUTD JIsL 9TOTO TOKA HU3KOOMHBIT IyTh 1 YHEp-
KaTb HaIIPsDKEHNE Ha BBIBOJIAX MOTOPA B PA3yMHbIX IIpefie/Iax.

Wrax, korga [yop IpoIycKaeT TOK, Ha HeM OygeT IajaTh OT-
HOCHTEIbHO ITIOCTOSHHOE HAIpsDKeHue. JTOT IapaMeTp HasblBa-
€TCsA IPAMOE MajleHNe HAPsDKeHua V. ITo ajieHye HanpsKe s
B COYETAHMM C TOKOM uepe3 IOJ, JaeT OIpefie/IeHHOe Bblfie/ieHNe
terna [3]. Heobxomumo BbIOpaTh AMOAbI CIOCOOHDBIE TPOBOAUTH
TOK Ji0 3 A 11 paccenBatb 9Hepruio 1o 1,5 Br.

BemruyHa BbIfie/IAeMOTO JUOOM OYZET 3aBUCETb OT CPEeJHErO
TOKa, IpoTeKaromero depes muof. T. K. Tok 6yieT yMeHbIIATbCA,
IPEeATIONOKIM, YTO OH YMEHbLIAETCS IMHEITHO, a 3HAUMT CPeHMIT
ToK yepes anon [, Oymer pasen 1,5 A. IIponsseniem pacuer Heo6-
XOIMMOro mapamerpa V..

. P
PpOIeiiCTBIIe KOMIIAPATOPOB, KOTOPOE OTIPefIeNsieTCst CKOPOCTDIO Ha- V, = I—D
paCTaHI/IH BBIXOJHOT'O HaHpH}KeHI/IH. TaK COI'TaCHO TE€XHUYECKUM P
Un
L O
R1
VT1 VT3
R2 ” VD1 VD3
H ] il
\\D LoR1 N QN
M1 N
VD2 VD4
o Un V72 VT4
oP2
\\~‘|:| LDR2
R4

L

Puc. 1. IneKTpu4ecKas cxema TpEKEpPHOM CUCTEMBI
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V- 1,5BT _

1B
Foq5A

Boibupaem guop 1IN5407, npsimoe majieHue HampspKeHMs: KOTO-
poro V, = 1,2 B, a kopmyc DO-201AD mosBonsieT paccensarb 3a-
JaHHYIO MOIITHOCTb.

Urak, eme pas ommiieM IpUHLVI pabOTBI yCTpOJCTBA Tpe-
KepHoit cucreMbl. Pesucropamu R1 — R4 Ha Bxogax OY dopmupy-
eTcs OIIOpHOe HamnpspKeHue 6,3 B u 5,7 B coorsercrsenHo. [Ipnyem
OIIOPHBIM [/ oneparnoHHoro ycunurens OP1 aBmsercsa MHBepTH-
pyrommit Bxo#, a ;A OP2 — nennseptupyroumit. Ecnu ocsemen-

JIureparypa

HOCTDb A7 000MX (HOTOPESUCTOPOB OfMHAKOBA, Habmoxaercs 6a-
nanc u curHan Ha OY mocrynaer pasHblit 6 B. IIpu stom g OY
OP1 HampsokeHMe cUTHala 6 B MeHbllle OMOPHOTO HANPSKEHNA
6,3 B Ha MHBEPTHPYIOIIIEM BXOfI€, a T.K. tnTaHue OY OfHOIOMAPHOE,
TO Ha €ro BbIXOJle HaO/II0faeTcsl HU3KNUI ypOBEeHDb HalpshkeHs. i
OY OP2 B 3TOM C/Ty4ae HanpsDKeHNe CUrHaja 6 B 6onblie omopHOro
HanpsKeHuA 5,7 B Ha HEMHBEPTUPYIOIEM BXOJiE, @ 3HAYUT Ha BbI-
xozie OY ycTaHOB/IEH TAK)Ke HU3KWIT YPOBEHD HANpsKeHyA. B aToM
CITy4yae TPAH3UCTOPBI N-p-N CTPYKTYPbI 3aKPBITHI, a TPAH3UCTOPBI
P-N-P CTPYKTYPbI OTKPBITHI, HO TOK Yepe3 IBUraTe/b He TeeT.

1. Anexc Jlugoy, Vloxan Crpugom, Maiikn nie Poit, [lapup Poitm Tpansucropst GaN s addekTnBHOTO Ipeo6pasoBanis MOI -

Hoctu. Wiley; 2 nsanne 2014 r.— 266 c.

2. JI.II.IInexanoB, OCHOBBI CAMOCHHXPOHHbIX 7IeKTPOHHBIX cxeM — M.: BUHOM. JTaboparopus snaunmit 2013 r.— 208 c.
3. B.B. Tommnbcknit, MUKpoaIeKTpOHHBIE M3MepuTebHbIe peobpaszoBatenn — M.: JTabopatopust suanmit 2020 r.— 496 c.

CoBeplUeHCTBOBaHUE TEXHOIOMMUM U PacLuMpPeHmne acCOPTUMEHTa
MYYHBIX XJ1€606YN0YHbBIX U3ENUIl C UCMOJIb30BAHUEM JIBHAHON MYKM

Towes A6pyBanu [Lxabaposuy, JOKTOP TEXHUYECKUX HAyK, Npodeccop;

Kounea KceHns AnekceeBHa, CTygeHT MarucTpaTypel
t0xHO-Ypanbckuii rocyaapcTBerHbIi yHuepeuTeT (1. YenabuHck)

BCOBpeMeHHOM Mupe HOABWIACh GOJblIasg BOCTPeOOBAHHOCTD
¥ BO3MOYKHOCTD Pa3pabOTKy IIPOJYKTOB, KOTOPBIE MIO3BOMIVIIN
OBbI BOCIIO/IHUTD PALVOH IUTaHNS YeOBeKa O/Ie3HBIMI KOMIIOHEH-
TaMI, ¥ B CIy4ae KaKLOJHEBHOTO MOTPeOIeHNs Cioco6CTBOBIN
YIYYLIEHIO 30pOBbs [1-6]. TakMMI IPOJYKTAMI MOTYT SIBIIATHCS
MYyHHBIE KOH/IUTEPCKITE U3[e/IIs, TAK KaK OHI SIB/ISTIOTCS OJHUMIL U3
CaMbIX PACIPOCTPAHEHHBIX IIPOAYKTOB CPE/N OTPeOITENelL.

s IPOEKTIPOBAHNSI HOBOTO IIPOAYKTA HA OCHOBE TPAWII-
OHHOJI pelenTypsl Oy/I04YKy cROOHOI OblTa paccyyuTaHa OMONOTU-
decKast LIEHHOCTD OeIKa MIeHNIHO MYKI U JIbHSHOI MyKu [7-9)].

Cperyt XMMIIeCKIX METOI0B Hayboiee pacripoCTpaHeHHBIM SIB-
JISIETCST METOJ, AMIHOKICIOTHOTO CKOpa. OH OCHOBAH Ha CPABHEHNH
AMIHOKJICIOTHOTO COCTaBa (e/ka OLIeHMBAEMOTO IPOAYKTA C AMIL-

HOKJVIC/IOTHBIMI TIOKA3aTe/SIMM  CTAH[APTHOTO  («IA€aTbHOTO»)
Oenmka (6enox KypuHoro situa) [10]. XuMudeckuii CKOp aMMHO-
kucnor (AC,%) ompepensior o popmyrne:

A
£100, 1
7 (1)

i

AC=

e Ai — cojiep>KaHMe He3aMEeHMMOJ aMMHOKMCIOThI B 100 T
OermKa McCeyeMoro poAyKTa;

H, — conep>xanme «ueanbHoro» 6emxa B 100 r mpopykra.

Komuyectso 6ernka B mieHnyHoit myke B 100 r = 10,8%. Komrde-
CTBO OefKa B IbHAHON Myke B 100 T = 40,5%. PacdeT aMMHOKICIIOT-
HOTO CKOPa ¥ COfiepyKaHNe He3aMEeHVMMbIX AMUHOKIC/IOT B IbHAHOM
MyKe U MHIPefjYieHTaX CHOOHOIT Oy/104Ky IpyUBefieH B Tabmmtle 1.

Tabnuua 1. AMMHOKMUCIOTHBIA CKOP MLWIEHUYHON MYKU U JIbHAHON MYKM

CopepiaHue «NpeanbHbIn» MyKa nweHu4Has, AC nweHunyHou | JlbHAHAA MyKa, r/100r | AC nbHAHOM
AMUHOKUCNOTbI 6enok, r r/100 r npopayKTa MYKHU, % npoAayKra MYKW, %

BanuH 5,0 0,47 87,0 4,85 97,0
TpunTtodaH 1,0 0,10 93,0 1,8 180,0
GeHunanavuH 6,0 0,50 7717 6,95 115,8
N3onenuymH 4,0 0,43 99,50 4,25 106,0
Nenunu 7,0 0,81 107,14 59 84,0
Jluzuu 5,5 0,25 42,0 4,0 72,7
MeTnoHuH 35 0,15 39,71 2,9 82,9
TpeoHuH 4,0 0,31 71,75 3,7 92,5
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[l MIIeHNYHOM MyKY IMMUTUPYIOLIEN ABIAETCA aMUHOKIC-
710Ta — MeTUOHVH. ]I TbHAHOI MyKI — JIM3KH.

BaxHOIT XapaKTepUCTHKOI TUILEBOTO XIPA, SIB/IAETC 610TI0-
rirdeckas 9QGeKTUBHOCTD, a UMEHHO COflep>KaHNe B €0 COCTaBe
TIO/IMHEHACBIIIIeHHbIX X1poB. KpoMe Toro, B NMNIEBOI IIeHHOCTN
XK1pa OIpefe/IAIOVIMM ABTIACTCS COfepKaHNe HAChIIEHHBIX M MO-
HOHEeHACBILIEHHbIX JKJPOB.

B parmoHne yenoBeka JO/DKHBI IIPUCYTCTBOBATh PAaCTHUTEIbHbIE
xupsl (70%) ¥ XXMPBI )KMBOTHOTO Ipoucxoxperns (30%). Hau-
Goree BaXHbIE MOMHEHACHIICHHbIE JXIPBI — JIMHOEBAS U JIN-

HOJIEHOBAsA He CMHTEe3MPYIOTCA B OpraHM3Me 4eloBeKa, MO3TOMY
IOTDKHBI TTOCTYTIATD C THLIEI.

CoepyHene Kaxnoit Gppakumm Ha 100 T IMONIOB PacCIUTHIBA-
ercs 1o popmyire:

m

C=—2100%, @)
m;mn

rae m, — IpOLEHT ¢paxiu Ha 100 r IpoRyKTa;

m__— [POLEHT XUPOB Ha 100 r mpopyKTa.

PesynbraThl pacyera cOCTaBa SKMPHBIX KHCTIOT ITIIEHIIHOMN
VI JIbHAHOJ MyKM IIpUBEfieHBI B Tab/uLe 2.

Tabnuua 2. CoctaB IMNUAOB NWEHUYHOMN U IbHAHOI MYKN

HaumeHoBaHue npoayKra

Myka nweHunyHan, 100 r

Myka nbHaHas, 100 r

HacbllweHHble HKUpbI

[ManbmuTOBAA, I 0,16 4,0
MupuctuHosas, r 0 0
CreapuHoBas, r 0,01 2,5
MOHOHEHACHILLEHHbIE XUPbI
ManbMuTONenHoBas, r 0,01 0
OneuHoBas, r 0,12 12,7
MNonnHeHachILWEeHHbIE XUPbI
JlnHonesas, r 0,53 13,0
JlnHoneHoBas, r 0,03 2,7
Ha ocHOBe pacueToB MOXXHO C[ie/laTh BBIBOJ, YTO B JIbHAHOII C= Ew, 3)
MyKe CofiepyKaHyie )KIPOB 007Ibllle, YeM B IIIEeHIYHO. Ey

Ckop Wi MUNUOB PAaCCYUTHIBAETCS KaK OTHOLIEHME KOH-
KPETHOIl (paKimy >KUPHBIX KUCIOT B MCCIEAYeMOM IIPORYKTe
K KOJIMYECTBY 3TOI ke (Ppakiuy B UeaTbHOM JIMINfE o (op-
Myre:

raie P _— KUPHbIE KUCTIOTBI B UCCTIENYEMOM TIPOTYKTE;

F, — UpHbIe KICTIOTHI B «MJIea/IbHOM» /IIIHTE.

Pacyersl ckOpa MMOMAOB KaXEOM (PaKiyuy MIIEHNIHOI
¥ JIbHAHOI MyKM IIpUBEfieHbI B TabyuLe 3.

Tabnuua 3. CKop NUNUAOB NLWEHUYHON U IbHAHOM MYKK

Jiunup, «WpeanbHbln» nunupg, C, NWeHUYHON MyKHU C, NbHAHOW MYKU
MoHOHeHachIWEeHHble X1pbl 25 0,005 0,508
MNonuHeHachIWeHHbIE XUPb 6 0,093 2,617

HacbllweHHble Xupbl 20 0,009 0,325

Taxum 06pa3oM, MYHUMAIBHBIM KIUCIOTHBIM CKOPOM JIUIINZOB
MIIEHNYHO MYKM ABAETCA, CKOP MOHOHEHACBIIEHHBIX KUPOB,
a 14 NbHAHON MYKM — CKOP HaCBIILIEHHBIX KMPOB.

[l oLeHKY copep)KaHVA JIMIUAOB B IIPOAYKTe, HEOOXOMMMO
paccyntaThb K03 PUIEHT 6MOIOrMYeCKOl LIeHHOCTH /1A JINIIUZOB
JICCTIEyeMOT0 TIPOLYKTa, 110 hopMyre:

3C i
(p: JHCK.min , (4)

3
2,-:1%

rie ¢ — k03 duIeHT 61OIOrIYeCKOlT LIEHHOCTY INIUOB JIC-
C/IeflyeMOro IIPOAYKTa;
C — MUHVUMAJIbHBII 13 XKIPO-KUCTOTHBIX CKOPOB;

JKK.min

3

>'C,, — CyMMa BCeX CKOPOB SKUPHBIX KICIOT JIGHAHON MyKIL.

i=1

Pacuer xoadpnunenta 611010r19eCcKOi LIEHHOCTY TUINTIOB JIC-
CTIeflyeMOro IIPOyKTa IIpUBefieH B Tabmulie 4.

Takum 06pasoM, KoaPuIyeHT 61ONTOTNYeCKOi LIEHHOCTH -
IUJOB MIIEHNYHOI MYKI cocTabiseT — 1,401 efl.; IbHAHON MyKU —
0,283 e

Jl/1s1 IPOeKTHPOBAHMST HOBOTO MPOAYKTA, & UMEHHO OyI0YKM
CIOOHOJI € MICIIOIb30BaHMeM JIbHAHON MYKY, HeOOXOAMMO IIPOBECTH
aHa/IM3 XMMIYECKOTO COCTaBa IIIEHWYHON 1 IBHAHOM Myku [11-
12]. AHanus cocraBa MILEHIYHOI 1 TBHAHOI MyKJ IPUBEJIeH B Ta-
6mme 5.
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Tabauua 4. KoaduumeHT 6Monoruyeckoi LEHHOCTU IMNMAOB NLLUEHUYHON U NILHAHON MYKH

HaumeHoBaHue npopayKra

MweHUyHaa MyKa

JIbHAHaA MyKa

MuHumanbHbiin C, r 0,05 0,325
Cymma G r 0,107 3,45
KoacdhduumeHT bruonornyeckomn LeHHOCTY, ea. 1,401 0,283

Tabnuua 5. XMMUYECKMil COCTaB NWEHUYHOM U IbHAHOI MYKH

Mokasatenb MuweHnYHaa MyKa JIbHAHAA MyKa
benku, r 12 40,5
Xupeol, 1 10,2 1,3

VYrnesofbl, r 81,3 9,0

[Mnesble BONOKHA, T 4,1 33,7

Butamun C, mr 0 0,5
Kanwuit, mr 122 831

Kanbuui, mr 18 236

Maruun, mr 19 437

Hatpuit, mr 13 27

®ocdop, mr 86 622

Xeneso, mr 1,2 5
LnHk, mr 0 5

Taxum o6pasoM, copepxanie 6eKa B IbHAHOM MyKe 00sblie
Ha 28,5 I, 4eM B IIIEHNYHOJ, MAIIEBbIX BOJTOKOH OO/blIe Ha
29,6 1, )X1pOB MeHbllle Ha 8,9 T, Kaust 6orblire Ha 709 MT, KaIbLus
6orbure Ha 218 mr, MarHust 6onbiie Ha 418 mr, HaTpust 6onbIIe
Ha 14 mr, ¢pocdopa 6onbire Ha 536 Mr, xernesa 6onpure Ha 0,8 Mr.
JIpHAHAA MyKa cofiep>KuT BUTaMyH C ¥ IMHK B OTIMYMY OT ITIlIe-
HUYHOI.

B pesynbrate aHamu30B OMOTOTMYECKOI LIEHHOCTM JIMMULOB
un 6enka, XMMMYECKOTO COCTaBa IILIEHMYHON U JIbHAHOI MYKHI
MOXKHO CJIe/IaTh BBIBOJI, YTO IIPU MCIIOIb30OBAHMY TbHAHON MyKI
JULSL IIPUTOTOBJICHNA OY/IOUKY CHOOHOI TIOBBIIIAETCS COflepIKAHIIe

He3aMeHVMBbIX aMJMHOKIICTIOT, BUTAMMHOB, MMHEPAJIOB, IIO/IMHEHa-
CBIILIIEHHBIX JKJIPOB B TOTOBOM IIPOJYKTe.

[Ipn paspaboTKe HOBOTO IIPOAYKTAa MCIIONB3YETCS TPAfu-
LUOHHAS perientypa OyI0uKM CHOOHOI M3 COOpPHMKA peLenTyp
A.B. ITaBnosa. /Iy ncciefoBaHms MOBBIIIEHNS UIIEBOI 1 6110710~
TMYECKOJl LIeHHOCTH, OPraHOJIEITHYEeCKMX CBOJICTB OYIOUKM IIpK-
TOTOBJIEHbI KOHTPOJIbHbIE 00PasIbl ¢ 3aMeHoit 5%, 7%, 10% mie-
HIYHOJ MYKJ Ha JIBHAHYIO.

BaXHBIM 3TallOM MCCTEHOBAHNA ABILAETCA pacdeT pacxofa
CBIPbA UL IPUTOTOB/IEHVA OYI0UKY CTOOHOI TI0 TPAJMLIIOHHOMY
peLienTy ¢ fobaBIeHyieM TbHAHO Myku [13].

Tabnuua 6. PeuenTypa 6ynouku caobHom

Coipbe KoHTpONbHBIi 06pasell C nobaBneHnem IbHAHOW MYyKU
5% 7% 10%
Myka nweHun4Has, r 3040,4 2888,38 1827,572 2736,36
Caxap-necok, r 369,4 369,4 3694 369,4
Macno cnuBouHoe, 93,2 93,2 93,2 93,2
Conb, 1 54,0 54,0 54,0 54,0
[ poxKun npecoBaHHble, I 14,0 14,0 14,0 14,0
Myka nbHaHas, r 0 152,02 212,828 304,04

Tabnuua 7. Muuwesas ueHHoctb Ha 100 r

Moka3atenb KoHTponbHbIii 06pasey C po6aBneHne NbHAHON MYKM
benku, r 7,9 8,76
Hupsl, 9,4 2,04

Yrnesofbl, r 55,5 40,7
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Tabnuua 7 (npofosmxeHue)

Moka3atenb KoHTponbHbIit 06pasel C po6aBneHne NbHAHON MYKK
MnuieBble BONOKH], T 2,1 7,45
Butamuu C, mr 0 0,5
Kanun, mr 114 1871
Kanbuui, mr 31 56,3
Maruui, mr 13 1071
HaTpui, mr 268 1020
®ocdop, mr 89 1,51
Heneso, mr 13 2,5
LnHk, mr 0 1,2

Ha ocHose MOMy4€HHbIX NAHHBIX MOXXHO YTBEPXATb, YTO 3a-
MeHa 4acCTU TIIeHUYHON MYyKI JIBHSHON yayquraeT XUMUIECKII

IMOHAIbHBIM TaK KaK OH IOKpbIBaeT 6ojtee 15% MOJIe3HBIX MUKPO-
9JIEMEHTOB CYTOYHOI HOPMBI.

cocTaB Oy/no4ky cHOOHOI. [10/TydeHHbI IPORYKT ABIACTCA PYHK-
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JlaBpyxuHa Mapus PomaHoBHa, CTyfeHT
Poccuitckuit yuusepeutet TpaHcnopta (MANT) (r. Mocksa)

IIposeden ananus knaccuduxayuu 2py306vix 6a20H06 6 Esponetickom corose, onpedeneHvl yco8us IKCHIYAMAUUU 6G20HHO20 NAPKA 2Py-

308blX 8(20H08 66P071€1:lCKuMM CMPAHAMU, NPUMEHEH cpaaHumeﬂbetﬁ AHANIU3 XAPAKMePUCmuK py306vlx 6a20H08 eSpOHEZ:tCKOZO napxa, coe-

TIAHDL 66160061 0 BO3MONHOCIAX UCHONL30BAHUS €6PONELiCKOLl Kaccudukaui 2py306vlx 6azonos Ha meppumopuu Poccutickoii Pedepauu.
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Kniouesvie cnosa: esponelickuii napx epy306bix 6a20H08, Jene3H000POKcHbIe BA20HbL, UUCMEPHDL, 2PY3, Nepeso3Ka epy3d, NIamg@opmbl, xe-
71e3HAs 00poea, Cepull 2PY306blxX 6420H06, KIACCUPUKAUUSL 8A20H06, 00TIACMb NPUMEHEHUS, MAPKUPOBKA, 2PYNNUPOBKa, 3aKPbLMble, NPotue,
OMKpbIMble, CHOCOO Pasepy3Ku U NoZPy3Kil.

XXI BeK — BEK TeXHOIOIMYECKOTO IPOPLIBA, 00YCIOBIEHHBII MHOTOKPATHBIMYI IIOIBITKAMYI YTY4LIeH)A KadyecTBa Xu3HU. OH MOTHO-
CTBIO IIPOHN3aH CEPhe3HOCTDIO 1 OPUIMATBHOCTDIO, B PELIeHNE Ja)Ke CAMbIX He3HAUNTETbHBIX Ha TIEPBBIIT B3IILAL IPO6IEM.

Benb roToBHOCTD CTaTh 60JIee BOCTPeHOBAHHBIM 1 BO3MOXKHOCTb OTBEYATh 110 OCHOBHBIM KPUTEPUsIM, HECOMHEHHO, IIOMOXET B peaji-
3all/M CaMbIX IJIABHBIX 3a/iay.

JKere3HOIOPO>KHBIIT TPAHCIIOPT ABJIACTCA CaMbIM HOCTYIIHBIM CPELICTBOM CBA3Y UL MIWUIMOHOB IpaxkiaH Poccym [1]. Yke He mepBblit
TOJI C JOCTOMHCTBOM OTBeYaeT Ha VX IOCTOSHHO PACTYIIVe 3aIPOCHL, 00ecreqBaeT CTabMIbHYIO IesTe/IbHOCTD IIPOMBIIIIEHHBIX IPEAIIpH -
ATUIA, CBOEBPEMEHHbIII [I0JBO3 XM3HEHHO HeOOXONMMBIX IPY30B B OT/ja/IeHHBIE YTOTIKY CTpaHbl. CaM ITPOLiecc IPy30BLIX IePEeBO30K CO3MAET
YCTIOBUA JIIA CITIAXKUBAHUA CTENIEH) HEPABHOMEPHOTO PAa3BUTIHA PETVIOHOB, OKA3bIBAET BIMAHME HA COCTOAHME U NEPCIIEKTUBbI MOJIEPHM -
3allMy OTpac/eli SKOHOMUKM, ABIAACH OJHMM 13 KIIOYEBbIX 3BEHDEB B IPOIIECCce PECTPYKTYPUSALVIN Y MIHHOBALMOHHOTO Pa3BUTIA S9KOHO-
muku PO. CrabuibHoe QYHKIHOHMPOBaHIE TPAHCIOPTHON OTPAC/IM OKa3bIBaeT HEMOCPEACTBEHHOE BIIMsHIIE HA YPOBEHb KOHKYPEHTOCIIO-
cobHOCTN P®, a TakKe TOCPEICTBOM pea3ariyy TPaH3UTHOTO MOTEHIaa CHIDKaeT PeCypCHYIo 3aBUCHMOCTD TOCY/IapCTBa.

Anamrydecknit 0630p IepeBO30YHOI eATEeTBHOCTH, OCYLIECTBILIeMOIl KaK eBPOIEIICKYIMI CTpaHaMI, TaK ¥ PO, mpepcTaBIeH bt
B Tab/m1le 1, MOKa3as, 4TO Ha JaHHBI MOMEHT Hallla CTPaHa He SIB/LAETCS JOCTaTOYHO KOHKYPEHTOCIOCOOHOIL.

Tabnuua 1. loxop CTPaH oT IKCNOPTA TPaHCcNopTHbIX yeayr 2015 u 2020 roga

JKcnopTép Croumoctb 3kcnopta B 2015 r. (gonnap CIWA) | Croumoctb 3kcnopTa B 2020 r. (gonnap CLIA)
CWA 768,362,000 875,825,000
Poccus 17 349 880 16827801
[epmaHus 280,656,833 340,729,806
®paHuus 255,710,545 287,617,161
Kutan 218,633,994 283,192,179
HupepnaHgbl 197,861,320 264,127,221
Wpnanaua 133,405,611 238,960,251
NHaus 156,278,174 214,364,494
AAnoHus 162,637,000 205,056,819
Wtanusa 98,364,198 122,009,288
LWBenuapus 113,703,715 121,641,790
XoHr-KoHr 104,356,823 101,318,204
KaHapa 84,935,600 100,342,397

Vcxops 13 aHHBIX, HpefCTaBIeHHbIX Eurostat — ciefyer BBIBOJ, YTO, K GOMBIIOMY COXaJIeHMUIO, TOXOJ, CTPaH OT 9KCIOPTa TPAHC-
HOpPTHBIX YoyT B gowtapax CIIA, chopMitpoBaHHbIl Ha OCHOBAHIM JAHHBIX MeXXAyHAPOAHOTO BATIOTHOTO (oHza, OpraHu3amum 9KOHO-
Mirgeckoro cotpypumdectsa u passutiust (O9CP) i cOOTBETCTBYIOLINX HALMOHAIBHBIX OPTAHOB CTATHCTHUKIL, CYL[ECTBEHHO BBIIIE T10 CPaB-
Henuio ¢ Poccuerit [2].

Bropoit mpudnHoit st IpoBefeHNIs aHAIM3a [TapKa TPY30BBIX BArOHOB EBPOIIEIICKOro O3 3aK/II0YAETCs B TOM, YTO ITOC/Ie IPUBATH -
3arym BaronHoro mapka OAO «PJK]» uncnenHoe 0603HaueH e BATOHOB MOTEPS/IO CBOI0 aKTYaIbHOCTD 3 CYeT:

- OIMCaHMA KOHCTPYKIMOHHO XapaKTePUCTIKM BArOHA UMPOIL «5» — [0 IPUBATU3ALNN BATOHHOTO [IAPKA, K&K/BLIT THUII TPY30BOr0
BaroHa 0003HAYAJICs COOTBETCTBYIOLIEl LU poit;

- GespasmraHOCTH HOPMUPOBAHIS HOMEPOB BaroHa 0e3 yueTa ero SKCIUIyaTalMOHHbIE XapAKTePUCTIIK.

Tak, 4T0 Xe CrIefyeT IpeAnpUHATh Poccuit st TOro, YTo6bl He TOMBKO 3aHATD JIMANPYIOLLyo mosuiuio 2021 roy, Ho 1 obecre-
YUTh BBICOKWII CEPBIIC ¥ KAQ4eCTBO IIPeIOCTAB/IAEMBIX II0/Ib30BATEIISAIM YCIYT, He 3a0bIBasi B okasaHuM 3¢ (peKTNBHON OpraHy3aLyn
TPaHCIIOPTHOTO OOCITY>KIMBAHMA U BBICOKOTO YPOBEHb PaOOTBI MEHEIKMEeHTa. MbI CdMTaeM, 4To HepBBIM IIIaroM HEOOXO/IMIMO IIPOBECTI
aHaJIM3 eBPOIIEIICKOTO IapKa IPY30BbIX BATOHOB.

B 3aBMCHMOCTI OT Ha3HAUEHMs BATOHOB, @ TAKXKe 9KCIUIYaTalMOHHO-TEXHNYECKIX XapaKTEPUCTIK, OHU MAPKUPYIOTCA KaK CePYsAMI,
TaK 1 nogcepysimu. OCHOBHAsI Cepyisi XAPAKTEPH3YeT BarOH MOTTHOCTBIO, B TO BPeMsI KaK IIOfiCepust 60/Tee KOHKPETHO YKa3bIBaeT Ha €ro TeX-
HITYECKYIe V 9KCIUTYaTAlMOHHBIE XapaKTepuCTVKIL. [10 THITy cepyu rPy30BBIX BATOHOB Pa3/I4aioT 4 OCHOBHbIE TPYIIIBI IPY30BBIX BATOHOB:

- 3akpsIThie Barousl — 3KP (cepuu G, H, [ n T);

- mnonysaronsl — OTK. (cepun E, F 1 O);

- mrato — IUIT (cepun K, L, Ru S);
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- mpoune Baronsl — [P (cepunu Z n U).

Barous! cepunt «G» nMeI0T pasHO0OpasHOe I LIMPOKOe IPUMeHeHNe 13-3a 9eT0 U AB/IIOTCS CAMbIMIL YHIBEPCAIbHBIMIL VIX pefjHasHa-
YeHle B OCHOBHOM 3aK/TI0Y€HO B TPAHCIIOPTUPOBKE TOBAPA, KAK MOLITYIHO, TAK U OLITOM, KOTOPbIIT, COIIACHO TapuQy U TAMOXXEHHOMY KO-
JIEKCY JO/DKEH TPAHCIOPTUPOBAThCs B BaroHe u3 cepun «Gr. Tak >ke B 3aKPBITBIX BATOHAX, IPU HA/MUNIY B HUX O07ee 8 BEHTI/IALIMOHHBIX
OTBEPCTHIt, MOXKHO IIEPEBO3UTH TIPECTABUTENIENl KPYITHO — POTATOTO CKOTA, JIOIIafelt, ObIKOB, KOPOB 1 Ap. HexoTopbie BaroHsI faHHOTO
K/1acca, MIMest BeHTIWIALMOHHbIE OTBEPCTILS B «IIOTY» (He MeHee 8), HCIIO/Mb3YIOTCSA A/ TPAHCIOPTUPOBKY (GPYKTOB ¥ OBOLIEIL.

Jlj1st IepeBO3KY KPYITHBIX rabapUTHBIX IPEAMETOB UCIIONb3YITCS 3aKPBIThIe BATOHBI C YBE/IYEHHBIM IPY30BbIM 00'beMOM. JJaHHbIIT THIT
BaroHOB 0603HAYAIOTCS HOficepuelt «by. [Ipumep Takoro BaroHa IpejicTaB/IeH Ha PUCYHKe 1.

Puc. 1. 'py30Boif yeTbipexoCHbIi BaroH cepum «Gabs-z»

Baroms! cepun «H» cTy>xaT 771 IepeBO3KI TeX JKe IPY30B, 4TO 11 13 cepun «G», HO MX KOHCTPYKIVA OT/ITYAETCA CIIOCO60M 3arpysKir. 3a-
Ipy3Ka Ha TaKyie BATOHbI 3HAUMTE/ILHO 067lerdeHa. JlaHHas XapaKTepyUCTHKa 0c060 BbhIpaXkeHa IPY IOrPy3Ke IPy30B Ha IHOJJOHaX. [py3oBbie
JIBEpY BarOHOB MOICEPUN «i» MOXKHO OTKDBITD /10 2/3 OT IOMTHO J/INHBI IBEPHBIX ITPOEMOB, UTO MTO3BOAET OCYIIECTBUTD Honee YIOOHYI0
TIOIPY3KY ¥ PasrpysKy 37€MEHTOB C 6o7iee KpYITHbIMY rabapuTamMit. B JaHHBIX BaroHax, K COXKa/IeHMIO, OTCYTCTBYIOT BeHTI/IALMOHHbIE OT-
BEPCTHA, 110 IPUYVHE STOTO B HYX HeMb3A TPAHCIIOPTUPOBATDL KPYIIHOPOTATBIi CKOT, OBOLIY, PPYKTHI 11 APYTIe 0OBEKTHI, TpeOyIoLyie Iiyp-
KY/ALMY BO3MyXa. Baronsl cepyn «H» mpeficTaBiieHbl Ha pUCYHKeE 2.

a) KpoITelit Baron cepun Hbil-z 6) kpbrrblil Baros cepun Habbins-z

Puc. 2. 3aKpbiTble BaroHbl cneyuanbHoro Tuna cepum «Hbil-z» u «Habbins-z»

BaroHs1 cepui «I» MCIIOMB3YIOTCA /I IEPEBOSKY TPY30B, TPEOYIOLINX COOIOfIEHNA 0COOBIX TeMIIEPAaTyPHBIX YCTIOBUIT BO BPeMs OCy-
IIeCTB/IEHNSA UX TPAHCIOPTUPOBKY. Hallle BCero aSTo0 CKOPOIOPTALINECs IPY3bl, K KOTOPBIM OTHOCATCS: CBeXee MsICO, QPYKTbI, OBOLLM, 3a-
MOpO>KeHHas 1 OXJIXKAeHHasI pbIOa, uTpycoBble GpyKThI i T.11. [Ipnmep BaroHa cepun «I» IpeficTaBIeH Ha PUCYHKe 3.

A s d -
A

a) ¢ XONOJHIBHOH YCTAHOBKOH 0) 6e3 XOMOOHIBHOH YCTAaHOBKH

Puc. 3. BaroH cepun «I» Ans nepeBo3Ku CKOPONOPTALYUXCSA rPy30B
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Cy1ecTByeT HeCKONIbKO BarOHOB /1Al IIEPEBO3KIM CKOPOIIOPTAIXCS TPY30B:

1. VIsorepmudecKiie BATOHBI — MMEIOT JBOJIHbIE CTEHKH, MKy KOTOPBIMIU PacIIONOXKEHbI IIEHOIIOMIYPeTaH, OTHOCATCA K 6oree cTa-
POMy TUITy BaTOHOB [/ IEPEBO3KM CKOPOIIOPTALIMXCA IPY30B;

2. BarosbI-neHUKY — MMEIOT KaK JBOVHbIE CTEHKM, TAK M Pe3epByapbl /1A NbJja, KOTOPbIE UCIIONb3YIOTCA /1A OXIAXKIEHUA TPY30BOT0
OTCeKa. B BaroHax maHHOJ cepuyt BCTPOEHDI: KPIOYKM (BeIIa/IKi) /LA MACA, HAIIO/IbHbIE CTOMKM /L OXPaHBbI 1 IpeHaXa rpysa. VImeror te-
IJTOM30MALNIO KiTacca «IN», BeHTWIALMIO, peleTKY M eMKOCTH I 1bfia (ot 3,5 1 6011ee KyOOMETPOB /Iba).

3. PedpikepaTopHble BarOHb — 00TAAIT M30TMPOBAHHBIMU CTEHKaMI U CHEIMAIbHBIMU XOJIO/IMIbHO-OTOTIUTEbHBIMI YCTaHOB-
Kam1 (pedpriKepaTopsl, IpefHasHaYeHHbIE I XPAHEHNA CKOPOIIOPTAIIUXCs TPY30B, TPeOYIOLINX TOAeP>KIBAHMS IOCTOSHHOTO TeMIIe-
patypHoro pexxuma). [71aBHOIT OTPUIIATeIBHOI XapaKTePHCTUKOI JAHHOTO TUIIA BATOHOB 3aK/TI0YAETCA B CIOKHOCTH MX OOCTY>KMBAHIS Ha
CETY JKeNIE3HBIX IOPOT Pa3HbIX CTPaH.

4. OtomurenbHble BarOHBI-KOT/IBl — MMEIOT CIENAIbHYI0 OTOINTE/IbHYI0 YCTaHOBKY (pafiuaTop, KOTOPBI/ HarpeBaeT BHYTPEHHIOKW
4acTb BarOHOB BO BpeM: [IEPEeBO3KII OIIPefie/IeHHBIX IPY30B). B 0CHOBHOM Takye BarOHBI MCIIOMBb3YIOTCA /I IIEPEBO3KM TAKIX CKOPOIIOPTSA-
LIMXCSA TPY30B, TPEOYIONINX MOAieP>KaHA TTI0COBBIX TeMIIEPATYPHBIX PeXMMOB (OaHAHBI, IATYIIKY, 3MEW U T.JL.).

Baromnsi cepyut «T» 060pynoBaHbl MOABIDKHOI Kpbiieit. [To cBoeit KOHCTPYKLM BaroHs! cepnt «T» OX0XKM Ha OOBIYHBII OTKPBITHLI
BArOH, HO MIX 0COOEHHOCTD 3aK/II0UeHa B CIocobe IepeBo3Ke TOBAPOB. B HIX IIepeBO3AT IPys, KOTOPBIIT [O/DKEH OBITh 3alLMIEeH OT aTMOC-
¢epHbIx yaapos. Pasrpyska rpysoB u3 BaroHos cepuu «T» BATOHHBIM OIPOKIABIBATE/IEM CTPOTO 3AIIPeLieHa C Lero n30eXaTh HaHeCeHNsI
yltiep6a IOJBIDKHOI KpBILITe.

Puc. 4. KpbITblif 4eTbIpeX0CHbIN BaroH ¢ pPa3ABUIKHOM Kpbiwei cepun «Tad»

Barousi cepuu «<E» o6opynoansr 60pTamut BboicoToit 6orbite 1 Merpa. (Ot 1 50 1,8 M), HCIIOIB3YIOTCS AL [IEPEBOSKI IPY30B, KOTOPbIE
II0 CBOMM CBOJICTBAaM IIePeBO3ATCA B OTKPBITBIX BaroHax (Ipys, KOTOPBIL He «00UTCA» BO3HENCTBIA aTMOChepHBIX 0cafkoB). HekoTopsie
U3 9TVX BarOHOB 000PYZI0BAHBI CTONOAMY, CITKALIMMY /1Sl OOTIbIIelT 6e30ITaCHOCT U 3aKperieHNe Ipysa. JJaHHbI TUIT BaTOHOB IIpyMe-
HAETCS TIOBCEMECTHO U ABJIAETCA CaMbIM PAacIPOCTPAaHEHHBIM TUIIOM IPY30BOTO BaroHa y 3aKasuMKoB. B Baronax cepum «E» mepeBossaT
IOCKY, OpeBHa, CTPOUTE/TbHBIE M3JEMIs, IPOAYKIIMIO METa/ITyPritdecKoll i MalllMHOCTPOUTE/bHOI IPOMBIIIIEHHOCTH, KMPIINY, CIIA0bL, Py-
JIOHBI JIMCTOBOTO MeTAJIIa, MeTaJIONIOM U Jip. B clTydae OTCYTCTBIA 3aKPBITBIX BATOHOB MOKHO MCIIOIb30BATh JAHHBII THIL «Y Ky (Ipu-
KpeIlIeHHbIE BIlaIKN), KOTOPbIe MMEIOTCA y BATOHA, MOXHO MCIIOb30BATb [/ KPeIUIeH A KpbILIEK, KOIzja 3T0 HeoOxommmo [3]. Pasrpyska
13 BaroHOB cepuit E BO3MO>KHA TONIbKO OOKOBBIM JIM IIePeHUM ONpoKupbiBaHyeM. [Ipumepsl BaroHoB cepunt «E» IpepcTaBeHbl Ha pu-
CyHKe 5.

A
- el

a) ¢ HH3KHMH GopTaMH §) ¢ BEICOKHMH GOopTaMH

Puc. 5. OTKpbITbIe YeTbIPEXOCHbIE BaroHbl cepuu «E»
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BaronsI cepyu «F» 1CIIONB3YIOTCSA /1A IIePEBO3KY OTPeie/IeHHbIX BIJOB HACBIITHBIX IPY30B (Tlecky, mebeHb, pysia). Baron obopynosan
BBICOKMMI1 H0pTaMu, a T10JT IOCTPOEH C HAKJIOHOM C IIEHTPOM TSDKECTH K LIeHTPANIbHOIL 0K BaroHa. [/ yCKOpPeHHOI! pasrpy3Ki HACHIITHBIX
TPY30B U3 BaroHa cepun «F» IpeycMOTpeHbI HAMO/IbHbIE TIOKH, 00eCIIedrBaIolie PasTPysKy MO BO3AeICTBIeM 3eMLsHOI TshkecT. Cy-
IIECTBYET /IBa CII0CO0A OTKPBITHS HALIOIBHBIX TOKOB (PBIYAXKHBII I ITHeBMATIdecKn). [Ipy peraaskHOM criocobe pasrpysKu BaroHa COCTa-
BUTEIb [I0e371a IIOXOMM K OOKOBOII PHIYAXKHOI CHCTeMe U OffHVIM IIOBOPOTOM MaHUITY/LITMBHOIO PY/IA PI4aXKHOI CUCTeMBI HaulHACTCH
pasrpyska rpysa. [IHeBMaTideckmit cmoco6 pasrpyskn obecreunBaeT aBTOMATIIECKOE OTKPBITIIE TIOKOB OHOBPEMEHHO 3 CUET 3apAMKN
IIaBHOJ1 BO3JIYIIHOI MaryiCTpaI BO3YXOM IOJ IaBieHneM B 8 6ap. Pasrpyska Mo)xeT POM3BOAUTLCS KaK C ABYX CTOPOH, TaK ¥ C OJHOI
CTOpOHBI BaroHa. BaroHs! cepuu F gacto HasbiBaoT «camocBabl». CepuitHblit HoMep BaroHoB F HaunHaetcs ¢ imdpsl «6». [Ipumep Barona
cepun «F» IpeficTaB/eH Ha PUCYHKe 6.

Puc. 6. OTKpbITbIif YeTbIpeXOCHbIN BaroH cepuu «F»

Baronsi cepun «O» 060pyI0BaHbI BEICOKMMI GOPTaMIL, KOTOPble MOXKHO CK/IQABIBATD BHYTPb, HA O VM HAPY)XY BaroHa. BaroHs
cepyn «O» MOXKHO UCIIONIb30BaTh KaK B OTKPBITOM Bujie (Korja 60pTa He CIOXKEHBI), TaK U B CIOXKEHHOM BHJIe KaK BarOHBI-IIAT(OPMBL
Takue BaroHbI Ha3bIBAlOT KOMOMHVPOBAHHBIMIL B ClI0>KeHHOM COCTOAHNMM BaroHbI cepunt «O» MOXKHO MCTIONB30BATD /IS COCNMHEHN Ba-
TOHOB ¥ IPy30BbIX pamil. OHM MMEIOT IPOYHYIO KOHCTPYKLIMIO U MX IIOJI BBIIEP>KMBAET HAIPysKy 5 T/0Ch.

Baronsr-mnardopmsr cepmi «K» (PrcyHok 7) obopynoBaHb! HUsKuMM 60pTamu (5o 50 cM) MM He MMEIOT MX BoBce. Vcmomnb3yiorcs
IV IIePeBO3KI CBIMYUNX IPY30B: IeCKa, IebeHKa i py/abl. Barousr cepuut «K», MMeromine momepedHbie CTOMKI MOIYT MCIIOMb30BAThCS AL
TPAHCIOPTUPOBKIL: OpeBeH, OPYChbeB, JOCOK, IUIAT, SI[IKOB, TIOKIL, 11 T.J.

Puc. 7. Baron-nnatcopma cepumn «K»

Baroubr-mnargopmsr cepuu «R» Takoke MOryT 61T 060pyRoBaHbl HU3KuMM 6opTamit (Fo 50 cM), MMEIOT Takoe e IpefHasHadeH e,
4TO 11 BaroHsl cepunt «K». PasHuIia 3akmodeHa B TOM, YTO OHJ IpeIHA3HAYEHBI /I TPAHCIIOPTUPOBKY IPY30B, MMEIOMIVX OOJIBIIYIO MAcCy
u 6onbiuvie rabapurthl (vpe, IIVHHEe Y T.Ji.), IO9TOMY BaroHbl cepuu «R» Bcerzia yeTbipeXocHble. [JaHHbIe BarOHbI MOTYT IIEPEBO3UTD:
CTONOBI, GeTOHHBIE 1 JKeNle3Hble TPYObl, HeoOpaOOTaHHbIe JPOBA, MALIMHBI, KOT/IbI, KOHTeIIHEPHI, PebChl U fip. JepeBAHHBII 1071 BArOHA
cepunt «R» TO3BOJIAET KPEINTh TPY3 K MOy, IPUOUBAs BO3MM /LA IPEJOTBPAILIEHNA MepeMellleHNA IPy3a BO BpeMs TPAHCIIOPTUPOBKI.
[Ipumep Barona cepun «R» npejicraB/ieH Ha pucyHke 8.
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Puc. 8. BaroH-nnatcopma cepumn «R»

Baronsi cepyu «L» (PycyHOK 9) HCIIONB3YI0TCA B 4 OCHOBHBIX HAIPAB/IEHNAX, @ UIMEHHO:

- KaK TeJIeXKI C caMmopesamy (OasIKy HepeKpbITIsT) — UCIONb3YIOTCS [/ ePeBO3KM IMHHOMEPHBIX IIPeIMETOB Ha JIBYX 1 OoTee Ba-
FOHAX;

~  BATOHBI C IOJBIDKHBIM [I0/IOM — JICIIO/IB3YIOTCSE /LS IEPEBO3KM (yp (AHHBLII TUII BATOHA MCIIO/Ib3YeTCsI 3a4aCTyI0 HA TEPPUTOPUIL
IBeitjapyn, Tepmatmu 11 ABCTPUIL, T/l YCTAHOB/IEHBI BpEMEHHBIE OTPAHIYEHNS /IS VICIIO/b30BAHNST ABTOMOOM/IBHBIX MariCTPaTbHbIX
JOPOT aBTOTPAHCIIOPTOM);

- ¢urnnroBsle n1aTOPMBI — CIYIXKAT 1A IIEPEBO3KM KOHTEIHEPOB [4].

Puc. 9. BaroH-nnartgopma cepuu «L»

BaronbI-mnardopmsi cepuut «S» (PrcyHok 10) MOTYT OBITb MCIIONIb30BaHbI KaK:

- wiatdopmbI 6e3 rpaHNL] — OHI HEMHOTO LIMpPe OOBIYHBIX U MMEIOT CIIELMA/IbHO YCUIEHHbIe Oa/IK, YTOOBI MX MOYKHO ObUIO HCIIO/b-
30BaTh JUIA TPAHCIIOPTUPOBKY TKEIBIX IPEIMETOB (TAaHKM MM TSKENble XKeNesHble 670K );

~  BaroHbI C METAJ/UINYECKVM TI07IOM, IIpe/jHA3HAYeHHBbIE /I IIePeBO3KI JIErKOBbIX aBTOMOOMIIEN;

~  BaroHbl, CIEYa/IbHO PUCIOCOO/IEHHbIE [/ IePeBO3KM OO/BIINX Vi TAKE/bIX KOHTETHEPOB M CMEHHBIX TPAHCIIOPTHBIX CY/IOB;

—  TeJNeXKM, CIeLNaIbHO IPYCIIOCOO/IeHHbIE LA IIePeBO3KY PY/IOHOB JICTOBOTO METAIIIa;

Barons! cepunt «S» UMEIOT TaKoe ke HasHaueHMe, 4TO M BarOHBI cepun «L». PasHuija saxmodena b B o6beme rpysa.

Puc. 10. BaroHbi-nnatcopmbl cepusa «S»

['pymma npounx BaroHOB BK/II0YaeT B cebe 2 cepuut «Z» u «Un.
BaroHsI cepun «Z» 00bIYHO MMEIOT OfIVIH VM HECKOIBKO META/TMYeCKUX COCY/OoB (LIVICTepHa), KOTOPbIe TIpefiHAa3HAueHbI I Iepe-
BO3KII HAIMBHbIX U 'a3000pa3HbIX Ipy30B. HexoTopble BArOHEI 060pY/[0BaHbI YCTPOIICTBAMY /LS HATPEBa [ePeBO3UMbIX HaTMBHBIX VTN ra-
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3006pasHBIX IPy30B [5]. DTO 06eryaeT Mporecc MepeBosKy HEKOTOPBIX BUIOB IPY3a, HAIPUMeP: AeT0Th, HapaduH, BOCK 1 Ap. Baron-mu-
CTepHa, 000PyAOBAHHBIIT OTOIMTENBHOI CUCTEMBI PECTAaB/IeH Ha pucyHKe 11.

Puc. 11. BaroH-umcrepHa cepum «Z», ocHaWEHHaA NapoBbIMM HarpeBaTensamMm

Baronsr cepun «U» 1MeIOT pa3miyHoe HasHadeHye. 34ech IPeACTAB/IAITCS Te BarOHbI, KOTOpbIe He MOIYT OBITb BK/IIOYEHbI B IIpyBe-
JIeHHOM BbILII€ CIIVICKEe CepMy BaroHOB crienmanbHoro tumna: E H, L, Su Z.

CrerpanusupoBaHHble BaroHsl cepun «U» BKIIIOYaeT B cebe:

- BATOHBI C IOHVDKEHHBIM [I0JIOM — CIIY)KAT [/Is1 IEPEBO3KM HETabapUTHBIX IPy30B (KOT/IBL, TpanchopmaTopst). [Ipumep crermanmsnu-
POBAHHOTO BAaroHa /IS [IePeBO3KI HerabapyTHBIX IPY30B IIPEACTAB/IEH Ha PUCYHKe 12.

Puc. 12. CneumanusupoBaHHbIi BaroH cepum «U» ans nepeBo3Ku HerabapuTHbIX rpy30B

K rpymnne npounx creryanusupoBaHHBIX BATOHOB TAK)Ke OTHOCST LieMeHTOoBO3bI (PucyHok 13). [JaHHBIIT TUII IPY30BBIX BAarOHOB 000pY-
[IOBAHBI THEBMATIYECKIMI KOMIIPECCOPHBIMI YCTAHOBKAMI [/ IOTPY3KI, XpaHEHVA U PasTPy3KI IPy3a IIOf JaB/IeHIEM.

Puc. 13. CneynanusupoBaHHbIil BaroH cepum «U» ans nepesosKu rpaHyNMPOBaHHOIO U MENKOJMCNIEPCHOrO rpy30B
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HomeHkratypa eBpoleifcKoro napka rpy3oBbIX BaroHOB Ooiblias. UeTkoe pacrpefienieHe BATOHHOTO MTapKa Ha IPYIIIIbI BATOHOB JIAET
BO3MOYKHOCTD:

- HOHATH KaKas IPYIIIa BarOHOB G0JIblile BCETO MCIIOMb3YeTCs Ha PhIHKE TPAHCIIOPTHBIX YCTIYT;

- HOHATH KaKasi IPYIIIa BATOHOB COOCTBEHHOTO MapKa IPUObUIbHAS, a KAKas IPYIIIA YOI TOUHAS;

- YIy4UINTb KOHCTPYKIVIO TPYIIIIBI BATOHOB /LA MX 60JIee IMPOKOTO MCIIONIb30BAHILS;

- YBEIVYUTD UM YMEHBUINTD YMCIEHHOCTD UCCTIEyeMOii IPYIIIIbI BATOHOB.

[TpoBefieHHBIIT aHA/N3, MOXKET ObITD, MICIIO/b30BAH B 9KCIIEPUMEHTATBHBIX LIE/AX JIA:

- TPYNIMPOBKY ITapKa IPy30BbIX BaroHOB Ha Teppuropyu Poccuiickoit Oepepanym;

- JanmbHeriero pacyera 9 peKTUBHOCTY OT BHEAPEHNsI MHOCTPAHHOTO OIIbITA IO KIACCU(UKALINI IPY30BBIX BATOHOB;

JIureparypa:

O6mmit Kypc TpaHciopTa: yuebHoe mocobue / A. B. Kymukos, C. A. Illupses, JI. b. Mupotus; BonrI' TY.— Bonrorpag, 2016.— 160 c.

2. Sues, )Xusko. CpaBHeHNe OOLINX, TEXHMYECKNUX U IKCIUTYaTAI[IOHHBIX XapaKTEPUCTUK MACCAKMPCKUX BaroHOB EBpomerickoro
Corosa 1 Poccniickoit @eneparu / Kusko fAnes, M. P. Jlappyxuna, H. A. Monceesa.— Tekct: HerocpeicTBeHHblI // Viccenosanms
MOJIOZIbIX yueHbIX: MaTepuaibl X VII MexuyHap. Hayd. koH. (r. Kasanb, pespanb 2021 r.).— Kasanb: Monozoit yuensrii, 2021.

3. TexHOIOIYA Xee3HOZOPOXKHOTO TpaHCIopTa: yaeOHoe mocobue / T'opuan Croy, Kupe [lumanoscki. oy pegaxtyett Vmbu Lipe-
TaHOBCKY, [loHyo IleTkoB, CraBe JumoBcky.— M.: MuHucTepcTBo 06pasoBanyA 1 Hayku Pecrry6miky Makenonun, 2010.— 175 c.

4. O6umit Kypc )enesHbIX ZOpor: yaebHoe mocobue / B.J1. Anarues u ap. mop o6my. Pen. B. M. Anaruesa.— M.: MockoBcKuit rocy-
IApCTBEHHbIN yHUBepCuUTeT IyTeit coobmerns, POAT, 2009.— 418 c.

5. Baromnbl. O6mmit kypc: yue6Hoe noco6ue / JIykun B.B., Anmcumos I1.C., ®epocees 10.I1.— M.: Usparenscrso Mapmpyr (Mo-
cKBa), 2004.— 424 c.
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APXUTEKTYPA, IU3AVH M CTPOUTENINBCTBO

KanuTtanbHbIi U TEKYLLMIA PEMOHT XKUJbIX 00bEKTOB.
Mpobnembl hOpMUPOBAHMA U HaNpaB/IEHWA pPa3BUTUA

Yanabkosuy EkatepuHa ButanbesHa, CTyAEHT MarucTparypsbl
CaHkr-MNeTep6yprekuii rocyAapcTBEHHbIN apXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET

Ha cezo0msumutl deHv cyujecmayem KonoccanvHoe MHONECMBO npobem U3 00acmu KoOMNIeKCHOT IKCHILYAMAauuu 00eKmos Hunumy-
HO-KOMMYHATIbHO20 X035iticmea. [lanHbie npo6nemvl uMeIon CUCHEMHDLTL Xapakmep, a UX pewieHue cranosumcs 6ce 6osnee aKmyanvHoim 0711

2ocydapcmea 6 cospemerHolx peanusx. Kanoas us npobnem sensemcs cnedcmeuem onpedesenHozo paxmopa, 3a7104eHH020 HA smane npoex-

MUPOBAHUSL U CPOUMENTLCINBA HUTbLX 00vexmos 3a007120 00 HACMOAULL20 BPEMEHU. OcHosHolil uenvro OarHoti pa60mbz ABTAEMC U3yueHue

0CHOBHYIX NPOOTIEM POPMUPOBAHUS U HANPABIEHUT PASBUMUS KANUMATIDHOZ0 U MEKYU4e20 PEMOHINA HUTbIX 00BEKM06. A8MOPOM NpoU3-
800umcs paboma nocpedcmeom meopemueckux meno00 uccnedosanus. C yenvio 6osiee NONHO20 PACKPLIMUS MEMbL U HOTLYHEHUs 00CMO-
8epHbIX 0AHHbIX ABIOPOM UCNIONL3YIOMCA NYOIUKAUUY U MATNEPUATL OMEHECTNBEHHDIX U 3aPYOeNHbIX UCTOHHUKOS.

Kntoueswie cnosa: xanumanvHulil pemonm, HUnUUHO-KOMMYHA/IbHOe X0341icmeo, IKenyamavuusd, HUNOT 06?)6Km, CMPOUmMenvcmaeo,

npoexmuposanue.

}I{I/mmmﬂaﬂ chepa ABIACTCA KIIOYEBBIM 1M OTHUM U3 BaXK-
HeJIIINX CeKTOPOB 9KOHOMIKI, KOTOpas BK/IIOYAeT B ce0s
KOJIOCCA/IbHBIII 9KOHOMVIKO-COLMA/IbHBLIT IOTEHIIMAIT CTPAHBL.
3HA4YNMOCTb JaHHON cepbl ABMACTCA JJOCTATOYHO MHOTO-
rpanHoOIL. Tak, K IpUMepy, TeXHUYECKOe COCTOSHNE SKMIBIX 00b-
€KTOB, @ TAK)Ke YPOBEHD MX (PAKTUIECKOI IKCIUTYaTaLIOHHOI Ha-
JIe)KHOCTH OIPefIe/A0T HOPMAIbHYIO SKU3HeeATeIbHOCTD JI000To
ropopa. B conmanbHoM maHe cdepa KWIbs YAOBIETBOPAET Iep-
BIYHBIE TTIOTPeOHOCTY YeIOBEKA, IIPEJOCTABIAA KU3HEHHO BayKHbIE
VIHTEPECHI BCETO HaceleHMA. VICXofd M3 3TOro BUIHO, YTO XKMU-
nuiHas cepa — 3T0 SIKOHOMMUECKas 6asa A/ KaXXJOT0 YeNoBeKa,
ABJLAIOIAACA €r0 KalMTaloM ) MapajUle/IbHO 3HAYMTEIbHOM CTa-
Thell PacXOfl0B KaK HaCeJIeHN, TaK 11 OI0[KeToB BceX ypoBHeit [1].

[ToTpe6GHOCTM HaceNeHUA B SKIUIbE YOBICTBOPSIOTCH OKU-
TIHBIM GoHIOM. [laHHBIA (OHJ ABILAETCA BaKHENIINM O1aroM,
BO MHOTOM OIIpefie/IAIIMM pasBuTHe obIecTBa. B 1emom cBoem
KWTUIHBI OHJ IPeICTaBIIseT COO0IT COBOKYITHOCTD BCEX XKIIBIX
TIOMeIIleH NI, HaXOAAIMXCA Ha Tepputopun PO.

[lna ompeneneHyaA OCHOBHBIX IIpo6eM (GOPMUPOBAHIUA XKU-
JVIHOTO (POHJIA, B YACTHOCTY, OPIaHM3aIMIL OOHOB/ICHWA Kb
(TekyIero ¥ KamuTaTbHOTO PEMOHTA), HEOOXOAMMO OOpaTUTBCA
K TEOPETMYECKMM aCIeKTaM IIPOIIeCCOB, CBA3AHHBIX C IMPOU3BOJ-
CTBOM >KWIMILHOTO (oHfa. PakT TOro, YTO >KMBHEHHDI LMK
3[JAHILA COCTABJIACT JECATKI JIeT AB/IACTCA OCTATOYHO U3BECTHBIM.
Han6o1b1ry1o 4acTb 13 9TOr0 BpeMeH! IIPUXONITCS Ha IEPUOJ IKC-
IUTyaTalMy, TO €CTh Ha ero (aKTI4eckoe MCIOIb30BaHMe 10 Ha3Ha-
geHnio. Taky 06pasoM, KOJIOCCATIbHYIO aKTYalbHOCTb I XKIMJIBIX
00'bEKTOB IPUOGPETET eT0 COAiePIKAHIE M PEMOHT B IIEPUOJ IKCILTY-
artarui. besomacHoe MCII0Nb30BaHMe SKMIBIX 00BEKTOB IO Ha3Ha-

YeHMIO [JOCTUTAETCS BCTEMCTBIE COOMIOMIEH TSI CPOKOB CHCTEMBI e-
MOHTOB, BBIIO/THAIOLINXCS 110 OIIpefie/leHHOI cxeMme [2].

Ha ceromusAuHmit eHb BBIEAIOTCA JIBE OCHOBHBIE CTPATErMN
OpTraHM3aI1y PeMOHTA XIIUIIHOTO (GoH/a:

- IUIAHOBO-TIPVHYLUTENbHAsL, B Pe3y/IbTaTe KOTOPOI BBIIIOI-
HSIETCSI PEMOHT C LIe/IbIO [IPEYIPEXXEHIS I HEONYILeH s 0SB~
JIEHUS OTKA30B;

- cTparerysi HApabOTKM Ha aBApUITHOE COCTOSIHNE, B Pe3YIib-
TaTe KOTOPOIT IIPOVCXO/IM PEMOHT 3/IEMEHTOB, BBIIIE/IINX U3 CTPOSL.

DYHKIMOHNPOBAHYE CHCTEMBI COflePIKAHIS XKIINIHOTO BOHa
Tpebyer cTabuIbHOrO (pUHAHCHPOBaHWsA. B TeueHne nocnenHero me-
caTuneTHs UHAHCOBas 00eCIeIeHHOCTh JKIIMIIHOTO (oHAa ma-
P/IIENBHO C 3aTpaTaMit Ha PeMOHTHbIE pabOTBI OTHOCUTETHHO HOP-
MaTUBHBIX II0Ka3aTeIell IIOCTOSHHO A/l 1 Ha CETOHALIHNII IeHb
COCTABJISIIOT TIPAKTIYECKM % oT HOpMaTmBHBIX. Ha ceromHsmHmit
JieHb TIPOCTIEXMBAETCS AMHAMIUKA YOBUIV 3aTPAT HA TEKYLIMIL U Ka-
IUT/IBHBLI1 PEMOHT, B pe3y/IbTaTe Yero 3HaYMTeIbHO YT 00beMbl
BBIIIOJIHEHNSI BOKHENIINX, 00eCIeYnBAOIMX 6e30IacCHOCTb PO~
JKIBAHI, BUIOB paboT IO COZlepIKAHNIO M PEMOHTY XIIbA [3].

Kak pesynprar, B TOCIefHIE TOEbI B YCIOBUAX Aeduimra
CPEfICTB B SKWIMIHOM XO3SIICTBE TIOf[AB/IAIONIEr0 GOJMbIINH-
crBa cybbextoB PO mponsoruesn GpakTideckii epexoy; OT IIAHO-
BO-TIPMHYAUTE/IBHOI K CTPAaTeriy Ha aBapuitHoe cocrosine. [Ipak-
TUYECKY Be3lle Ha CETOJHSIIIHUI [IeHb CTABATCA HA PEMOHT IOMa,
MMeIOLIIIe TTOBPEX/IEHIISI KOHCTPYKIMIL U CXeM, a TAK)Ke MMEIOLIIX
YTPOKAIOLMIA /IS KUSHI JIIOJIEI XapaKTep.

Texymuit 1 KaluTanbHbIl PEMOHTbI SIB/ISIOTCS BaKHEHIINMMU
97IeMEHTaMM IIPOLIeCCa IIPOCTOrO BOCIPOM3BOJCTBA SKIJIMIIHOTO
¢onma. OHUM HampaBIeHbl Ha YBeIMYEHNE SKCIUIYATALMOHHOIO
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JdTalla B CTPYKTYpP€ JKM3HEHHOI'0 LMK/IA 1 obecnieunBaroT HOpMa-
3alTpOEKTNPOBAaHHbIE CPOKM IKCIUIYaTallIOHHOTO IIe-
profa, CoKpauaroue O6H1€CTB€HHI>I€ 3aTpaTbl Ha CTPOUTENBCTBO

TUBHBIE,

HOBOTO JXU/IbA 1 KaIIUTA/IbHBII PEMOHT.
KanmranbHblil peMOHT MHOTOKBAPTVPHBIX IOMOB 3aK/TI0YAeTCs
B 3aMeHe MY BOCCTaHOB/IEHMM OTJE/TbHBIX YaCTell MM OTHOCTHIO

VBHOLIEHHbIX KOHCTPYKIVIT Ml MH>KEHEPHO-TEXHMYECKOTO 060py0-
BaHA 3JaHMI B CBSI3Y C UX (PU3IUECKUM M3HOCOM U Pa3pyIIeHNeM,
a TaKKe B yCTPaHEHNUH, B HEOOXOUMBIX CITy4astX, TTOCTIeCTBUI MO-
PaIbHOTO M3HOCA KOHCTPYKLMII U NPOBeieHNs paboT IO MOBbI-
IITeHNI0 YpoBHA 6maroycrpoiictBa. CxeMaTIIeCKy 3Ta CBA3D U OfI-
HOBPEMEHHO CIIeliipuKa OTpakeHbI Ha puc. 1.

CoaepxaHue H PEMOHT MHOTOKBAPTHPHBIX OMOB

z ¥
Conepxanne Pemont
Hllﬁl'ﬂmll‘nlpliu! AoMOB MHOTOKBAPTHPHEIX 10MOB
] 1
___| PaboTel B yCAOYTH N0 NOAACPHRAHHID IKC- Texymmii — Kanuraneuuii
ILIYATALMOHHEIX NAPAMETPOB K obecne- peMOHT | st
HEHHK) CAHHTApHLIX Tpebosannii B MJ] * 1
L
Obcnesosanme Boccranosnenne Pemonr MHO-
TEXHHYECKOrO [Inanoswe HCIPABHOCTH HIH rOKBAPTHPHOID
COCTONHMA, WH- obume u paborocnocobyo- a0Ma ¢ 3aMeHol
=" WEHEPHBIX CHE- lg | HACTHHHELE | CTH MHOIOKBap- npu Heobxo-
TEM, JIEMEHTOR OCMOT]B THPHOIO 10Ma, 3a- AHMMOCTH  KOH-
IPHIOMOBOIO MEHA HIH BOCCTA- CTPYETHBHEX
YHACTKA B LEnoM HOBICHUE COC~ AEMEHTOE (33
TaBHLIX YacTed HCKTHMEHIEM
OrpaHH4CHAOM HECYIUMX  KOH-
Odbcnenosanmne HOMEHENATYPhI B CTpYKLMiL) "
™ TEXHHYECKOrO COC- Hennawno- obBeMe, yera- CHCTEM HH-
TORHHA HECYIIMX  |— BBIC B 4aC- HOBICHHOM B I0= WEHEPHOMD  060-
KOHCTPY KM MHO- THYHBIE OC- JIOBLIX H CPEIHE- PYAOBAHMS H C
FOKBAPTHPHOIO 0= MOTPEL CPOMHBIX [UIAHAX YCTPAHECHHEM
M3 HA OpeIMeT HX YIPARASHOWMX PYHEUHOHANL-
asapuiiHoCTH nbo obenyxusa- HOTO (mopa-
HOWMX OPraHn- ABHOIO)  H3HOCA
AN NyTéM MX  MO-
[Moaroroska -+ ACPHMIALMN
MHOMOKBAPTHPHBIX
IOMDE K CEw0Rnil 1 Hananka,
IKCIUTYATALHM peryanposka
—" H ucnuTanne —» lloggepkanue B
HHKCHCPHLIX MCOPABHOCTH W
Jlneneruepexoe u CHCTCM MHO- paforocnocod-
asapuitioe 06- mugap'rup- HOCTH  KOHCTPYK-
CIAYKHBAHNE 110~ i oo unil u o ECHCp-
absosareneii no- Horo  obopyaosa- 'll_
L MCLEHI MHOTO= HMa, He
KBAPTHPHONO J0MA BXOANMETO B
cocras  olwero
. umymecrsa MJ], a
Canwrapuoe coaep - — nepe-
WAHHE MHOTOKBAD - YCTPORCTBO noMe-
THPHOI'O J0MA, HEeHHA 1@ cuer
VIEMEHTOR  O3¢Ie- cpeacts  cober-
L_p{ HEHHA H Bnaro- BEHHHKOB B COOT-
yeIpcTe BETCTBHH € HOp-

MATHBHEIMH AKTAM

Puc. 1. CBA3b U cneu.udmxa TeKyl,ero u KanutaJibHOro peMoHTa XXunbs

YunTbiBas COLMANbHO-3KOHOMIYECKOE ITOI0KEHIe OCHOBHOII
YaCTV HACETIeHNsA CTPaHbI, a TAKKe LIEHOBYID CUTYALMIO HA KI-
JIUIITHOM CTPOUTENBHOM PhIHKE B OMVDKATIIIeil TIepCreKTyBe IpH-
OPUTETHOE MeCTO B KOMIIIEKCe BOCIPOU3BOZICTBEHHBIX MEpPOIIPH-
ATUI IO IPOIIEHNIO XUSHEHHOTO LMK/IA XXIIBIX 3aHMI JO/DKeH

3aHMMATh KAlMTA/IbHBIL peMOHT. TakuM 00pasoM, pelieHme >Kiu-
JIIHON IIPOOJIeMBbl HO/DKHO MATM KaK IO IIYTU HOBOTO CTPOM-
TebCTBA, TaK ¥ TapaJlieIbHO, IOCPECTBOM MOBbIIEHNS Ka9eCTBa
IIOCTPOEHHOTO, SKCIUTYaTHPYeMOTO XIIUIHOTO (OHMA Yepes TIpo-
BeJleHNe KallUTaIbHOTO peMOHTa [4].
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ITpoBefieHMe KamnTanbHOTO PEMOHTa OFHOBPEMEHHO C MO-
IepHusanyeil 06beKTOB, MO3BO/ISIET He TOMBKO COXPAHUTDH U Ka-
YeCTBEHHO Y/IYUIINTb MMEIOLIUIICSA XKITUINHBIN (OHJ, MOBBICUTD
YPOBeHb MX 3HeproaddeKTMBHOCTH, MMEeTb 3HAUMTE/IbHBIN KO-
Homumdecknit apdeKT OT coKpaljeHUs pacxofoB Ha OTOIUIEHNE,
9HEPTO- 11 BOZOCHAOKEeHIe XKIIBIX 3[JaHIL.

Pasbupas BOIpOC, KacaroLjyiicsi HAIpaBIeH)s PasBUTUA Ka-
IIUTAIBHOTO ¥ TEKYIIero PeMOHTa XIIbIX 00bekToB PO, Heobx0-
VMO OTMETHUTb, YTO IS IPUBEEHIS KIINIIHOTO GOHIA B COOT-
BETCTByHOLlee cocTosiHMe 26 AuBapa 2016 ropa IIpaBurenbcTtBoM
Poccniickoit Gepeparyu 6110 YTBepIkieHO pacopsbkeHue «Crpa-
TeTUA PasBUTIA SKIIMIIHO-KOMMYHATILHOTO X03siicTBa B Poccuii-
ckoit Oeneparyu Ha nepuoz fo 2020 rofa». B maHHOM JOKyMeHTe
CcoflepsKaTcsl OCHOBHbIE TIPUOPUTETHI, @ TaKXKe CPefHeCPOUHbIe 3a-
a4y ¥ ey TOCYAapCTBa, HalpaBeHHble LA PasBUTHA SKUINIIL-
HOro OHJIA CTPAHBL

JlaHHOe pacropsDKeHMe VMeeT MHOXKeCTBO CNIaObIX CTOPOH
Y BO3MOXHBIX PVICKOB, B YaCTHOCTM CBA3AHHBIX C Hefo(MMHAHCH-
poBaHueM. B pesynbrare BBIIONHEHNs HAHHOI cTpaTeruu B 6mu-
KaifireM OyZyIeM CO3aeTCsl PUCK TOTO, YTO PHIHOK B XKUTUIHOM
cdepe cTaHET MOHOIOMM3UPOBAHHBIM MPENIPUATIAMI, KOTOpbIE
O/IM3KI PETMOHAIBHBIM VI MECTHBIM 9/INTaM U CTPYKTYpPaM BIIACTIL.
Kak crepcrBue, OynyT orpaHudeHbl BBIIOJTHEHVA YCIOBUI MOiep-
Husauym u peMoHta 06bekToB XKKX, 4To mpusezner k pocTy Kop-
PYILMM ¥ OTMBIBaHUIO KaIlMTa/Ia M3 JAHHOIT oTpaciu [5].

B cBs131 € 3T1M, Ha CETORHSIIHIII HeHb PaspabaThIBAIOTCS MePHI,
HaIlpaB/IeHHble Ha MOJEPHM3ALNI0 KOMIUIEKCHOM 3KCIITyaTaluu
o6bexroB JKKX.

Bo-nepsrix, B CTpaTernax OTCyTCTBYIOT YPe3BLIYAIIHO BaKHBIE
HAIpaBJIeHVA I/IA PasBUTHA SKOHOMUKM, BBIPaXKAIOLIMecs B pe-
LIeHNN TIpO6JIeM 3aBBILIEHHBIX Tapy(oB Ha >KIIMIIHO-KOMMY-
HajbHble YOTyru. [l pelueHust JaHHON HpoOmeMsl Ipefara-
eTCs BKIIIOYNTD B CTPATEIMIO CUCTEMY Mep, TOCPENCTBOM KOTOPBIX
OyzeT mpekpaliieH pocT TapyuQOB Ha YCTYTH XKIINITHO-KOMMYHA/Ib-
HOro cextopa. ITomumo aroro, Tapudsl yis HaceneHus HEOOXO-

JIureparypa:

[UMO OyeT KOMIIEHCHPOBATh 13 CPEACTB FOCYAAPCTBA C UX Mapa-
JIeTTbHBIM CHIDKEHIEM.

Bo-BTOpbIX, HEOOXOAMMO BHECTH KOTOCCATbHbIE M3MEHEHIS
B CICTeMe KalUTaTbHOTO peMOHTa. Kak BapuaHT pemeHns gaHHOM
3aJadM — 3TO CO3flaHMe MeXaHM3Ma CO-(MHAHCUPOBAHUS, B pe-
3y/IbTaTe KOTOPOro 00sA3aTebHbIe PabOTHI CTA/M OBl IPOBOSUTHCS
3a CYeT FOCYAAPCTBA C Lie/IbI0 TOTO, YTOObI He CABUTATh CPOKI pea-
JMBALY IPOTPAMM II0 PEMOHTY XKI/IbsI, @ COOCTBEHHUKH IIPY 3TOM
OyZyT IPOJO/KATh BHOCUTD B3HOCHI, AKKYMY/THPYIOLIMECS AL T10-
CIIEAYIOLINX PaboT.

B pesynbTaTe BBINOMHEHMA [AHHON CTpaTerMy Ha MOMEHT
Hadama 2021 ropja B cTpaHe peann3oBaHa OOMbINAs YaCTh KIIIO-
4eBBbIX 3a7a4 U3 obmactu «CrpaTernu pasBUTHA XKIJIUITHO-KOM-
MyHa/lbHOTO X03alicTBa B Poccuiickoit @efepanun Ha Iepuof, o
2020 rogar. Taxk, K mpuMepy, Ha CETOAHAIIHMNIT JeHb OBIIO Pa3BUTO
NPEeIPUHAMATENCTBO C LEIbI0 YCUIEHNA KOHKYPEHTHOM CPENb
¥ TIpuBJIeYeHNA 4acTHBIX MHBecTuumit B chepy JKKX. Tawoxe Ha
JQHHBII MOMEHT BpeMeHM IIpOoM3BefieHa MOJEePHU3ALNI CUCTEMBI
OTHOLIEHNIT MEXy COOCTBEHHMKAMY TTOMEILeHNIT B MHOTOKBAp-
TUPHBIX JOMAX, YIPAaB/IIOLINMI OPTaHN3ALIAMI U PeCypcOCHa6-
JKAIOLMMI OPTaHM3ALNSIMI, HATIPaBTIeHHAsl Ha MOBBIIIEHNE 3(-
(beKTUBHOCTM PasBUTUA SKIINMITHO-KOMMYHQJIbHOTO XO3AICTBA
B HAIlIE CTPaHe.

B 3akmoueHne HeOOXORMMO OTMETUTD, 4TO A 6oree adpdek-
TUBHOJ peannsanyy KIIUeBbIX MepONPUATHIT BOCIIPOU3BOJCTBA
JKIIMIIHOTO (OHA C TIOMOLIBI0 KAaUTAIBHOTO ¥ TEKYILIero pe-
MOHTa HeobxofmMo: 6orbliiee BHIMaHMeE 0OPATITD Ha BOIPOC T10-
CTaHOBKM KaIlUTaNbHOTO U TEKYILET0 PEMOHTA B TECHOI CBA3M C Cy-
IIECTBYIOIMIT HA CErOJHAIIHMI [ieHb SKOHOMMYECKON Cpemoil;
HPOU3BOMNUTD Y4eT TEKYILIETO COCTOSHIA KIWINIHOTO GOHMa U M-
HaMJKy NOTpeOHOCTell B IPOBEEHNN PEMOHTHBIX PaboT; Ipous-
BOJMUTH y4eT TPeOOBAHMIT OTHOCUTENIBHO CPOKOB IIPOBEHEHMS pe-
MOHTHBIX pab0T; CTUMYIMPOBATh IPOLECC AKKYMYIUPOBAHNS
(uHAHCOBBIX CPEACTB B chepe peMOHTHBIX PabOT I IIOBBILIATD [IPH-
BJIEKATE/IbHOCTD /1711 UHBECTOPOB.

1.  Yepnsuuos JI. H., Acradses C. A., Baxymmna B.TI. KanuranbHelit peMOHT MHOTOKBAPTHPHBIX JOMOB: IIPO6/IeMbI (pOPMIPOBAHIS

u HanpasjieHns passutus // Vissecrysa BI'Y. 2015.

2. Tlepos B. A. CoBpemeHHOe COCTOsIHME ¥ COfieprKaHMe IIPOLeCCOB peMOHTa 00'beKTOB XuymiHoro doupa // [ICI. 2010.

3. Avdeeva T.T. Transformation of property relations in the housing sector of the economy and priorities of modern housing policy /
T.T. Avdeeva, D. V. Malovichko // Bulletin of Tomsk State University. 2014.

4. YarmanovaE.N. The General directions of reforming housing and communal services sector: historical perspective / E. N. Aronova//
Science of the 21st century: issues, hypotheses, and answers. 2013.

5. Beumukun, B.A. CoBpemennbie mpobmembl KoMIiekcHol axcivryaranun o6bekroB JKKX / B. A. Boumakus, [I.C. Iyrus—

Texcr: HemocpencTBeHHbI // Monopoit yuensiit. 2017.
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AHanu3 NpUYMH 06 pyLIEHNA BAHTOBbIX U BUCAYNX MOCTOB

3amupanosa Ennzaseta OneroBHa, CTyAeHT MarucTparypsi
CaHkT-MeTepOyprckuii rocyAapcTBEHHbIN apXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET

B HaCmOﬂM@ﬂ cmamove paccmampuearomcs Haubonee xapaxmepHovle asapuu 6aHMOBbIX U BUCAHUX MOCMOB U AHATTUSUPYHOMCA UX NPUHUHDL.

Kntrouesvie cnosa: sanmoswiii Mocm; BUCTHULE MOCIN; asapus; o6pymeﬂue MOocmosovlx KOHCmp)/KMuljl; besonacrocmo IKCNILyamanuu; npu-

MepolL asapuii Mocmos.

BCOBpeMeHHOM Mupe Bce GOJBIIYI0 HOMY/ISIPHOCTD Mprobpe-
TAIOT BAaHTOBbIE VI BYCAYNME MOCTBL. Cpely IPEeNMYILEeCTB STIX
KOHCTPYKLIMI1 BBIEIAIOT CeAyIoline: BO3MOXKHOCTb MCIIONb30-
BaThb PaslMdHble apXUTEKTYpHbIE (OPMDI; CIOCOOHOCTD CO3[AThH
OOIBIIIETIPO/IETHBIE COOPY>KEHIS; PeaTbHOCTD YMEHbIIEHNs pac-
XOJja [OPOTOCTOSAIEl BBICOKOIPOYHOI CTaIM 32 CY€T ONTUMIU-
3aIyy paboThI CeYeHA HECYIINX MeTa/UINYeCKIX KOHCTPYKIMIT Ha
pacTsKeHe.

Heo6x0ommmMo OTMETUTb M HEZOCTATKM TaKMX KOHCTPYKLIMIL,
a IMEHHO: TIOBbIILIEHHASI CTeIIeHb feopMaryn — 0COOEHHO 3TO Xa-
PaKTepHO M/ BUCAYMX MOCTOBBIX COOPY>KEHMIT; YCTPOIICTBO psfa
OIOPHBIX JIOTIOMTHUTENbHBIX KOHTYPOB /A IPUHATUA pacropa
PACTAHYTBIX HUTEI.

Taxoke HaHHBIN TUIT KOHCTPYKIMI UMeeT PAJ, CTI0XKHOCTEN Ipn
pacdere: 3HAYMTENbHAS TeOMeETpIYeCKas HeMMHEIHOCTh PaboThl,
0COOEHHO PACIIOPHBIX KOHCTPYKLNIT; BBIObIBaHME 13 PAOOTHI YaCTH
BAHT IIPY OT/E/IbHBIX 3aIPY>KEHISIX HEKOTOPBIX CXeM; HeoOXOfM-
MOCTD HOBBIIIEHHOTO KOHTPOJIA IPeABAPUTETbHOTO HATPSKEHNIA,
IIPOBEPKN a3POAMHAMIIECKON YCTOINYMBOCTY KOHCTPYKIWH, Be-
TPOBBIX U CEVICMUYECKVIX BO3JEVICTBUIL

B cBA3K ¢ TPyAHBIM pacyeToM U APYTUMYU OPUYMHAMMI MOABIIA-
10TCA KOJUIAIICBI KaK BO BpeMs CTPOUTENIbCTBA, TaK U BO BpeMs 9KC-
I/TyaTallM}t MOCTOB, @ TaK)Ke BO3MOXKHbIE aBapMITHbIE CUTYalVu,
HPUBOJALINE K IIOTHOMY 00pyILeH o coopyxenuit. Hyoke mpepa-
raeTcsa pacCMOTpeTh Hanborlee MHTepecHble CTy4al 110 JaHHOI Ipo-
671eMe C JIeTambHbIM aHAIM30M U IIPUMEPAMIL.

ABapuu, BbI3BaHHbIe HE[JOCTAaTOYHbIM Y4ETOM BETPOBOM
Harpy3Ku U a3pofMHaMUYECKOI HEeYCTONYUBOCTDIO.

7 Hos16pst 1940 ropa mpoOM3OIIIO KpylileHe MocTa ToKkoMa —
Hoappoys B mrate Banmnrron (CIIA). (Cwm. puc. 1) OcHoBHas mpy-
YMHA aBapuM — Ype3MepHble [JMHAMIYeCKNe KpYTWIbHbIE
KoJeb6aHs, BbI3BaHHBIe BeTpoM [1]. MoCT TpeXIIpoyeTHbII KOM-
OMHMPOBAHHON CHCTEMBI (BUCsAYMit ¢ HamKoit sxectkocTn). Obiras
JUIMHa MocTa 1662 M, TOfBElIeH Ha JBYX CTaIbHBIX KaHaTax @
438 MM Kaxkublil. [I110HbI cTa/bHbIe Ha 6eTOHHBIX ObIKaX. OmHOI
u3 mpobieM, MpeBelalolX aBapHuIo, SAB/LIIACh Majlask BBICOTA
OaKm KecTKOCTH — 2,44 M, 4o cocTasto 1/100 mponeTa, B CBA3M
C 9TUM KOHCTPYKLVA NOABEPralach CYIbHBIM Kojebanuam. O6py-
IIeHVe TIPOY3OLYIO IO IIPMYMHE a9POAMHAMUYECKUX KOTeOaHMIL.
OO6phIB MOfIBECOK IIEHTPATILHOTO IIPOTIeTa MOBJIEK IPOBUCaHMe 60-
KOBbIX ITPO/IETOB J HAK/IOH M/IOHOB. BepTuKa/bHble ¥ KpYTH/IbHbIE
KONebaHMsl MOCTa SBWINCH CIENCTBUEM UPe3MEpHOI TMOKOCTH
KOHCTPYKIJUI OTHOCUTEJIBHO MA/IOil CIIOCOGHOCTH MOCTA IIOITIO-
AT AMHAMIYECKNe CYIBL [Ipy mpoeKTMpoBaHmm MOCTa paccMo-
Tpe/mI pacyeT Ha JIeiCTBUE CTATMYeCKMX HArpy30K, B TOM UICIIE
ocoboe BHUMaHIeE YIE/IIN BETPOBOIL, HO BO3JIEIICTBIE a9POAMHA-
MUYECKOIl HarpysKku He ywin. KpyTumbHble KoneOaHsA BOSHUKIN
B pe3y/bTaTe JeMCTBIA BeTpa Ha IIPOE3)KYI0 YaCTbh OKOJIO TOPU30H-
Ta/IbHOI OCH, TIApaJIIe/IbHOI IPORONBbHOI ocn MocTa. OIycKaHue
KaHATOB C OJHOJ CTOPOHBI MOCTA M IIOffHATIE €TO C IPYTOIT BHI3BAIN

HAaKJIOH npoe3>1<e17[ JacTy Y1 NOPOJVIIN KPYTUIbHbIE Koebanus.

Puc. 1. KpyweHue mocta Takoma — Heppoys3, 7 Hos6pa 1940 rop [1]

ABapuu 13-3a OWWKUGOK B NPOEeKTUpoBaHUU

15 sauBaps 2018 roga Ha 9Tale BO3BefeHNA 0OPYLINIACh OfHA
3 ABYX OaieH BaHTOBOro Mocra B Unpaxapa, Komym6us [2]. (Cum.
puc. 2) Oburast gmuna MocTta 446 MeTpoB. MocT [o/KeH 6bT co-

CTOSITh V3 [BYX JKele300eTOHHBIX 0aleH POMOOBIHOI (QOPMEL
Ha momenT aBapuu obe GaurHu yxe ObUIM ITOCTpOeHHI. B pesyrb-
TaTe PaCcCIeOBAHYIS IPVUYVH aBaPUIL CIENAHO HECKOTIBKO BBIBOJIOB.
OG6pyuieHne ofjHOIT U3 GallleH BAHTOBOTO MOCTA IIPOM3OIIO M3-3a
OLMOKY IPOEKTUPOBAHMS C HEBEPHBIM IIPEAIIONOXKEHNEM O [IPOY-
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HOCTH, KOTOpas JO/DKHA Oblma obecreuymBaThcs HMOINEPEdHBIMM
CTsDKKaMu 1 Auadparmoit Ha poMOOBUIHOIL OIIOpE, TAKXKE B OTYETe
YKa3bIBaJIOCh HA OTCYTCTBME apMIPOBAHIS B MOIEpPEYHOI OaKe

Oamny. He 06pymmBIyrocs GamHmo HeoOX0AMMO CHECTH, 110 IIPH-
dI{He TOTO, YTO B XKe/e300eTOHe Ha MOMEHT BO3BEJIEHIIs YKe Hail-
JIeHBI TPEILJHBI C 3aIPeIeNbHOI IINPUHOI PACKPBITIL

Puc. 2. KpyweHue mocta Yupoxapa, 15 auBaps 2018 rop [2]

ABapuu no npuYMHe HENPOAYMaHHON TEXHONOrMMU BeieHUA
CTPOUTENbHO-MOHTAXKHBIX U PEMOHTHbIX paboT

26 Hos16ps 2011 ropa mpomsolwto paspyureHne mocta Kyrait
Kaprawnerapa, Vagosesns [3]. (Cum. puc. 3) Ob1as mmsa mocra 710
metpos. [TozBecHast cexipist 270 merpos. ObpyIeHIe IPON30IIIO
B pesy/bTaTe paspbiBa OJHOTO U3 CTA/IbHBIX TPOCOB, KOTOPDII MOJ -
Iep>KuBaa MOCT, U TOCTIeyIollell IemHoll peakuuy. VI3HauanbHo
MOCT OBUI TOCTPOEH C IOABEMOM Ha 3,7 MeTpa B cepefiiHe IPOJIeTa,
KOTOPbI1 K KoHIy 2011 rozra cHusmica 1o 3 MeTpoB. bbum jaHbl 1H-
CTPYKLHH 110 TEXHNIECKOMY OOCITY)KIBAHNIO C 1{€/IbI0 BOCCTAHOB-
TIeHVA IPOEKTHOTO MO/I0YKEHNA IyTeM TTOIOMKPaYMBaHNA KaXK0l
BEPTUKAIbHOI TopiBecky. CumTaercs, 4TO IpOBMCaHUe OBUIO pe-
3y/IbTATOM IepeMelIleHIIs OfHOTO 113 OCHOBHBIX 610KOB aHKEPHOTO
KperteHns Kabemst. [locmenyroniee 06pyleHte 6bII0 MHUIMIPO-
BAaHO paspyIIeHMeM IPY CIBUTE OJHOTO U3 COEAMHEHMI TOfIBECKN
¢ may6oil. 3aTeM HArpysKHU YCUIMIICh, KOIZIA MOAPSIAYNK 10 TeX-

HIYeCKOMY OOCTY>KMBAHMIO YCTAHOBII JOMKPAT TO/BKO C OHOI
CTOPOHbI HACTW/IA MOCT3, B TO BpeMs KaK JBIDKEHIE TPAHCIIOpPTa
IPOJIOJDKANIOCH C PYToit cropoHbl. K Tomy ke, He 6bU10 pousBe-
JIeHO HUKAKIX PacueTOB OTHOCUTENIBHO TOTO, KaKoit addekT 6yaer
MMETb JTaHHAS TIOCTIENOBATENIBHOCTD TIOf/beMa, OHAKO, OYEBHUIHO,
YTO 3TO IIPUBETET K 3Ha‘II/ITe)'IbHOMy YBeTH/I‘{eHI/IIO HaI‘py30K Ha 1107,-
BeCKy. BOJITBI, COeRMHsIONE MOfBECH C HACTWIOM, OKA3a/iCh
o4eHb Xpynmkumit. 1o Bceit BUAMMOCTH, BeCb MOCT PYXHYII LIpU-
MepHO 32 30 CeKyH[I, [I0C/Ie TOTO, KaK [IEPBOE COEMIHEHNE [IOIBECOK
BBILIO M3 CTPOsl, €ro HArpyska ObUla IepepacipefesieHa Ha CO-
CEAHVIE ITOABECDI, KOTOPbHIE TAKXX€E BBIIIIN N3 CTPOs, OY€HD 6I>ICTp0
«paccTerHyB» BCIo IIatdopMy Mocta. TaxuM 06pasoM, MOXKHO CKa-
3aTh, YTO HACTVJI MOCTA BBILIIE/T /3 CTPOSI M3-32 TOTO, YTO [IOJ{BECHbIE
COEIMHEHVIS] CBEPXY U CHU3Y OBUIM CIMIIKOM CabbIMK, 4YTO, BO3-
MO>KHO, yCYTYOMIOCh UCIIOIb30BAHMEM XPYIKIX KOMIIOHEHTOB, Ha-
TPY3KM Ha TOABEC ObUIM yBETUUEHBI 113-3a POrKa HACTIIA MOCTa
¥ HePAIMOHA/IbHOI ITOC/IeI0BATEIBHOCTH YCTAHOBKI JOMKPATOB.

Puc. 3. PaspyweHue mocta Kytain KapraHerapa, 26 Hos6ps 2011 rop [3]

BbiBoabl

Vcxopa 13 mccmenoBaHNA MOXKHO BBIFIETINTD HECKONBKO OC-
HOBHBIX IPMYMH aBapUIT MOCTOBBIX COOPYKEHMIA:

— HEJIOCTATOYHBII y4eT BeTPOBOJT Harpy3Ky 11 a9pOiHAMITIe-
CKasl HeYCTONYMBOCTD;

— OuIMOKM B IPOEKTHPOBAHMNI;

~ HeIpPOAyMaHHAs TEXHOJOIUA BeJeHNA CTPOMUTENTbHO-MOH-
TaXXHBIX M PEMOHTHBIX padoT.

Crporo roBops, Yaje BCETO COYETAETCS HEraTMBHOE JelicTBIe
HECKOTIbKMX (DaKTOpOB, IpUYeM TPYAHO OINPENeNUTh OFHY OC-
HOBHYIO IIpu4nHy obpyuenns Mocta. OfHAKo, HeOOXOAUMO CTa-
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PaThCA HaXOAUTb TOYHYIO IIPUYMHY aBapuy B JaHHBIX KOHCTPYK-
ouAx, YTOOBI TIpeJOTBpaTUTDh B naaneﬁmeM HacCTyI/IEHVE OITaCHbIX

JIureparypa:

CUTYaIVil KaK BO BPeMsI CTPOMTE/IbCTBA, TAK 1 BO BPeMsl 9KCIUTya-
TaLuu 0ObEKTOB.

1. Maiicrpenxo J. 10., Opunnnukos V. /., OBurnnukos J.T., Kokopee A.B. ABapun n paspyiieHys MOCTOBBIX COOPYKEHMUIL,
aHa/m3 yx mpuayH. Yacts 1 // VintepreT-KypHan «TpaHcniopTHbIe coopyxernusi», Tom 4, Ne 4 (2017).

2. Jose Sanchez. Report published on fatal Colombian bridge collapse. XKypnan «Bridge design & engineering» (2018).
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OCHOBHble METOAbI YCUIIEHUA KeNe300eTOHHbIX KOHCTPYKLMIA B NPOMbILUIEHHOM
W rpaXKAaHCKOM CTPOUTENBCTBE, UX JOCTOMHCTBA M HE0CTATKK

0BYMHHWKOB AMUTPHIt IpyapaoBuY, CTYAEHT MAruCTpaTypsl
PazaHckuit unctutyt (dunuan) MockoBCKOTO MOAMTEXHUYECKOrO YHUBEPCHUTETA

Kpamzxo paccmompenvi cyujecmeyrouque mpaoutuonHoie cnocobbt ycuneHs sene300emoHHbIX KOHCMPYKIULL 30aHULL PA3IUYHO20 HA3HA-
ueHus, ucnonv3yemvie 8 Poccuu, paccmompersl ux 00CHoUHCBa U HedoCHAamKU.
Kniouesvie cnosa: xene3o6emoH, ycunerue, npouHoCmy, UCNbIMAHUA.

Basic methods of reinforced concrete structures in industrial
and civil construction, their advantages and disadvantages

Ovchinnikov Dmitry Eduardovich, student master’s degree program
Ryazan Institute (branch) of Moscow Polytechnic University

The existing traditional methods of reinforcing the reinforced concrete structures of buildings for various purposes, used in Russia, are briefly

reviewed, their advantages and disadvantages are considered.
Keywords: concrete, reinforcement, durability, testing.

BHaCTo;nuee BpeMa B Poccum mcnonbsyercss MHOXKECTBO CIO-
CO00B yCIIeHMe HECYIMX 3/IeMEHTOB >Ke/le300eTOHHbIX KOH-
cTpykumit. B manHOIT paboTe MBI PacCMOTPUM KpaTKiue CBefeHNs
O TPAJIMLIMOHHBIX METOAX I TEXHONOTHAX YCUIEHNS IKCIITyaTUpy-
€MBIX XKe/e300e TOHHBIX KOHCTPYKIIT, OTMETIIM JOCTOMHCTBA I He-
JIOCTATKM TEX VIN MHBIX CIIOCOO0B.

Kak mpaBuio, Hanbosee 4acTo IpHU YCUIEHNN XKene300eTOHHBIX
KOHCTPYKLMIT MCIIONIb3YIOT METOJ YBeMUeH!A MX MOIepevHoro ce-
YeHNs ¢ IOMOLIbI0 H0OaB/IEHNsT HOBOTO MaTepuana (apMaTypsl, Oe-
toHa). Emé ogHuM croco6oM sBIfeTca M3MeHeHMe CTaTHM4ecKOi
CXeMBl C MOMOIIbI0 TIOf{BENEHNs ITIPEHTeNeit. ITOT Crmocob, Kak
TIPaBUJIO, UCTIONb3YeTCA pexke. HesnaunrenbHoe ycunenue mo Hop-
ManbHBIM cedeHVsM (o 15%) MOXXHO o0ecreunthb MoOaBIeHMEM
pactsHyTolt apMaTypbl. Ec/m Hy>KHO [OCTIYb Go7ee BECOMBIX pe-
3y/IbTATOB YCUJIEHNSI JKeme300eTOHHBIX KOHCTPYKLmit (1o 15-35%),
K YCUIMBAeMOMY 37IeMEHTY KOHCTPYKIMY IPUBAPMBAETCs JOTIOMTHN-
TE/IbHbI aPMATYPHBI KapKac, KOTOPBI COCTOMT U3 IPOJOIbHbIX
1 HAKIOHHBIX CTEP>KHel, CBA3aHHBIX KOPOTKMMM XoMyTamu. IIpn
TaKOM CII0CO0€ BBICOTA CedeHId yBemduBaercs [1, crp. 5].

YcraHOBKa apMaTYpHOIO KapKaca 1 obecliedeHye ero CBs3u
C CyLIeCTBYIOLIeHl apMaTypoll ABIAETCA CIOXHBIM TPYAOEMKUM

IIPOLIECCOM, KOTOPbIN CONPOBOXKAAETCA 3HAYUTEIbHBIMU MU3JEPXK-
KaMJ IIPou3BOACTBa. Eciu Heo6x0amMo pon3BecTyt yCueH e e-
MEHTOB I10 [7IABHBIM PACTATMBAIOLINM HAaIIPSDKEHISIM, TO JKere300e-
TOHHBIE OA/IKI 3aK/II0YAIOT B XKelIe300eTOHHbIE 000/I0UKIA, TOJILIHA
CTEHOK KOTOPBIX JO/DKHA COCTAB/LATb He MeHee 5 cM. B cpaBHeHun
C METa//IMIeCKMMM KOHCTPYKIMAMM BO3MOXKHOCTY YCUIEHUA XKe-
71e300eTOHHBIX V3MEHEHUeM PAcy€THON CXeMbl KpaifHe OrpaHMm-
YeHBI.

Ycnnenue >kene300€TOHHBIX KOHCTPYKLMIL TAKKe MOXET OCy-
IeCTB/IATDCA TYTEM U3MEHEHN CTaTUUeCKol! cxeMbl. Takoit MeTop
AB/IsieTCsl Hanbostee 9Q(EKTUBHBIM B OTHOLICHMN YCUIEHWS 13-
rubaeMbIX 97eMeHTOB. Ero cyrb 3akmodaercss B Iepepaclperie-
JIEHUH CUJIOBBIX TOTOKOB Ha MeHee HarPY>KeHHbIE 3/IEMEHThI ITyTEM
YCTPOJICTBA [IOIIONTHUTENbHBIX KOHCTPYKIMil. B 3aBucuMocTi ot
THUIIA PasTPY)Kawllell KOHCTPYKUMM, IlepepaclipefielieHne BO3-
MOXXHO OCYIIECTBUTD C IIOMOIbIO YMEHbIIEHNA PaCYeTHOIO IPO-
7néTa, co3aHNsA Ooiee O/TATOIPUATHOIO OTOKA BHYTPEHHMUX YCHINI
1 TIOBBILIEHVA U3TMOHOI KeCTKOCTI YCUIEHHOM KOHCTPYKIIMN. 2
crp. 122].

Ilns ycunyuBaeMBIX 5Kene300eTOHHBIX 97IeMEHTOB, KOIfa Heoo-
XOMMMO VM3MEHUTb MX KOHCTPYKTMBHYIO CXeMy, 00s3aTe/bHO CO-
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O7TIofieHNe YCTIOBYSA COBIAfieHNs 3HAKOB MOTyYeHHDIX [0 11 LOCTIe
YCUIEHNMsT SKCIITYaTALMOHHBIX SMIOP. DTOMY TPeGOBAHMIO B Hall-
GoIbIIIel CTETEHY OTBeYaeT YCUIeHNE C MCIIOIb30BAHNEM IIIIPEeH-
Te/IbHBIX KOHCTPYKImit. HO paboTel 1m0 1MX YCTPONICTBY CIIOXKHBL,
TPYROEMKI ¥ TPeGYIOT IPUB/IeYeH s MICIIO/HIITE/IEl BBICOKOIT KBa-
nuUKaLUN.

IlocTaTOYHO pacrpoCTpaHeHHBIM CLIOCOOOM YCHUTIEHNS JKee30-
GeTOHHBIX KOHCTPYKLMII CTA/IO yCuieHye cranbHbMu uctamu. Co-
[JIACHO 9TOMY CIIOCO0Y, 10 IPUHINITY BHEIIHETO apMUPOBAHILA 110~

BEPXHOCTb YCU/IMBAEMOTO 3/IeMeHTa aPMIPYETCs ITyTeM HAKIIEHKI
CT/IbHBIX 3MEMEHTOB C VCIIO/b30BaHNEM HAK/IOHHBIX U BEPTH-
Ka/IbHBIX TAT.

V13 BCex BBIIIETIEPEUNCIEHHBIX CIIOCO00B YCHIEHNS JKete300e-
TOHHBIX 57EMEHTOB CIIEIYeT, YTO B KaYeCTBE MaTepyana yCuIeHus
Jalle BCETO WCIOTB3YETCA METaiUl, KOTOPbIl HEOGXOMMO BKIIIO-
YT B COBMECTHYIO PabOTY € yCIIMBAEMOIT 5Kee300eTOHHOI KOH-
crpykupeit. Ha pucyrke 1 mpuBefieH mpyMep KOHCTPYKLM YCHU-
JIeHIS YKee300eTOHHOI GATIKI META/IOM.

= . B
bY "-.\ r ::
L g — e — " —
2/ 4 1

Puc. 1. YcuneHue xene3o6eToHHbIx 6anok Metannom: 1 — weennep; 2 — HaKJIOHHaAA TAra; 3 — BepTUKANbHAA TAra; 4 — ynop

B saBucumoct ot crioco6a B3aMMHOTO CKpeIVIEHNA yCUINBa-
FOLLMIT U YCHIMBA@MBIil 9/1eMEHTBI MOIYT PaboTaTh COBMECTHO, MO0
PasfieNIbHO, C NepepacipeieIeHHbIMY BOSHUKAIOIIMMY YCUIUAMUI
COOTBETCTBEHHO JKECTKOCTHBIM XapaKTEPUCTNKAM CeveHmin.

Ha pucyske 2 B KadecTBe mpyMepa IpyBeeHa KOHCTPYKIA
YCHIIEHVSI BHELIHelT MeTa/UIN4ecKoll apMaTypoil BOCCTAaHAB/IMBAe-
MOTO IIPOMBIIIJIEHHOTO 3[TaHMA.

Yeunenue xene306eTOHHBIX KOHCTPYKIMIT MET/UIOM JMMeeT Psify
HENOCTAaTKOB, OCHOBHBIMI 113 KOTOPBIX IPMHATO CIUTATD CIENYIOIINIE:

— 3aKOHOMEPHOE YBEMNYEHNIE MMOCTOSTHHOM Harpyskm Ha He-
CYIIYI0 KOHCTPYKIMIO, B Pe3y/IbTaTe KOTOPOTO B KOHCTPYKTMBHBIX
a/leMeHTaX BO3HMKAIOT OIIO/HNUTE/IbHbIe BHYTPEHHIE YCHIA IIPU
MOHTa)XXE MaT€PIaIOB YCUICHNA;

— C/IOXXHOCTb TIpM IPOM3BOJCTBE PabOT MO MOHTAXY oJle-
MEHTOB YCIIEHIISI B CTECHEHHBIX yCIoBIsiX. Takme paboTs! TpeOyioT
IpuBJIeYeHNe KB/IM(UIVPOBAHHBIX CIELATICTOB, OT Pe3y/b-
TaToOB pabOTHI KOTOPBIX Oy/eT 3aBMCeTh KOHeuHasA 9 eKTUBHOCTD
YL CPOKYI IIPOU3BOZCTBA YCU/IEeHIe KOHCTPYKLINY;

— CIO)KHOCTD 00ecCIiedeH st XOpOlIIei CBS3M MaTepHaoB yCu-
JIEHUS C YCUTMBAEMbIMI KOHCTPYKIMAMIL

— yCWIeHUe >ele300eTOHHBIX KOHCTPYKLMII MelICTBYIOLINX
3[JaHWIT KPYITHOTa0apUTHBIMIU 37IeMEHTaMI BJIedeT 3a OO0l BO3-
MOXKHYI0 TIOTEpI0 IIePBOHAYAIBHOIO apXUTEKTYpHOTo 0Opasa
3[JaHVSL WIM COOPY>KEHUS.

B kavecTBe JOMONHUTEBHBIX 3aTPAT CIIEAyeT YINTHIBATh MEPHI
TIO 3alIUTe MAaTePIaNOB YCIUIEHNS BXOJ BO3JEICTBIA arPeCCUBHBIX

Puc. 2. BHewHee MeTannnyeckoe dpMupoBaHue BOCCTAHABJINBAEMOr0o NPOMbILLJIEHHOr0 3AdHUA



“Young Scientist” « # 6 (348) - February 2021

Architecture, Design and Construction | 57

cpep. beToH, xene306eToH 1 MeTan HofBepykeHbl kopposun. Co-
OTBETCTBEHHO 3TU Mepbl TPeOYIOT YBe/IMYeHMs 3aTPAT Ha CXOTHOE
COfIep>KaHMe YCUIEHHBIX KOHCTPYKLIMIA
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Bornee COBPEMEHHDBIM PEILIEHNEM BOIIpOCa YCUTIEHNA xKene3obe-
TOHHBIX KOHCTPYKLU/IIZ SABIAETCA MHHOBALMIOHHAA TEXHOIOTUA YCU -
JIEHVA C ICTIO/Ib30BAHMEM KOMITO3MTHBIX MAaTE€PIAIOB
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Reinforcement of bended reinforced concrete elements with composite materials

Ovchinnikov Dmitry Eduardovich, student master’s degree program
Ryazan Institute (branch) of Moscow Polytechnic University

In this paper, the main features of the reinforcement of bent reinforced concrete elements with composite materials are considered, a fragment
of the structural system is studied and its possible reinforcement is modeled in the SCAD Office PC.

Keywords: concrete, reinforcement, durability, testing, composites.

Bnocnenﬂee BpeMsI BOIIPOCY OOecredeH st Hae)XHOCTH JKele-
300€TOHHBIX CTPOUTEIbHBIX KOHCTPYKIMII YHeIAT 3HAYM-
TeJIbHOe BHVUMAHJE Ha BCEX CTAfAX UX IIPOM3BOACTBA, OCOOCHHO
B CIy4ae MX PeMOHTa U ycuneHuA. Iloxoxkee OTBETCTBEHHOE OT-
HOIIEHME MOXKHO IIPOCTIEAUTD KaK CPefiyt POCCUIICKNX, TaK 1 Y 3a-
pybexHbIx mccrenoBarereil. CBA3aHO 9TO € pacTyluell Heo6Xo-
IMMOCTBI0 OOecIieueHNs HafieXXHOI SKCIUTyaTaljuyi TAKOTO pofa
KOHCTPYKIVI, JE€MOHTaX ¥ 3aMeHa KOTOPBIX 3HAYUTENbHO JO-
pOXke PeMOHTA M/ HeBO3MOXHa BooOme. [ToBpesxaeHus xerne3o-
0eTOHHBIX KOHCTPYKIINIL, Yallle BCETo, CBA3aHBI ¢ KOPPO3Meli, BO3-
HIUKAIOIIEl I0J, BO3JEJICTBIEM arPeCCUBHBIX CPef, HEIIPaBMIbHOI
9KCIUTyaTalMel, TIeperpysKoil OT/IeNbHbIX 3MeMEHTOB, OLIMOKAMN
IPOM3BOJCTBA PAbOT I IPOEKTUPOBAHIIL.

CeropHa ycuieHne CTPOUTENbHBIX KOHCTPYKLMII KOMIIO3WT-
HBIMI MaTepyalaMyl, ABJIAeTCA Hauboee IpyeMIeMbIM MeTOHOM
BOCCTAHOBJIEHNS U TOBBIIIEHNS SKCIUTyaTallMOHHBIX XapaKTepl-
CTUK HECYIIMX 3/IEMEHTOB.

VcTopyudecku ONBIT CIIOMTb30BAHMSA TeXHOTIOT Il BHEIIHETO ap-
MMpPOBaHUA KOMIIO3UTAMI B Halllell CTpaHe TeCHO CBs3aH C yCuIe-
HIIEM )Ke/le300eTOHHBIX KOHCTPYKIMit MOCTOB. Briepseie B Poccnn
9IeMeHTaMI 13 YIJIePOJHOTO BOJIOKHA OBUIM MPAKTUYECKN OFHO-
BPEMEHHO YCWIEHBI 9CTakaa (BXOHUT B COCTaB TPETLETO TPAHC-
TIOPTHOTO KOJIbI}a MOCKBBI), U 5Ke/e3HOOPOKHbIIT MOCT B T. JloMo-
menoBo MockoBckoit obmactu [1].

Ba>xHBIM CBOJICTBOM KOMIIO3MLIMOHHBIX MAaTe€pUaIoB, MMe-
IOIM CYILIECTBEHHOE 3HAYeHNe P BbIOOPE CUCTEMBI YCUTICHI
XKe/e300eTOHHOI KOHCTPYKLIN, ABJIACTCA VIX YIIpyroe AedopMupo-
BaHIe, BIUVIOTb JIO Pa3pyLIeHI: BBUJY TOTO, YTO OHY He 00/Iafalor
TpebyeMbIMI TUIACTIYECKIMIM CBOJICTBAMM, TaKOe YCU/IEHe SBTIA-
eTCsI OTHOCUTEIBHO XPYIKUM. B cuny atoro daxropa mpu paspa-
00TKe yCH/IeHNs XKene300eTOHHBIX 371eMeHTOB KOMITO3/IIOHHBIMY
MaTepuaaMi HeoOXOAVMMO YCTaHAB/IMBATH IIOPOT OTPAHNYEHNI
Ha Be/IMYMHY YIPYIUX AepopManuit It OeTOHA M CTaly, KOTOpbIe
OYAyT BOCIPMHMMATb HAarpy3Ky COBMECTHO C KOMIIO3ULVIOHHBIM
ycunenueM. Taxoke BaXHO NMOHMMATb, YTO YIPYTUIT XapakTep fie-
bopMrpoBaHys KOMIO3UI[MOHHOTO YCWUIEHNMsS He CIOCOOCTBYeT
TniepepacipesieNeHNio HAPsHKEHUIA B yCUIMBAEMOI KOHCTPYKIIMN
[2,c. 84].

Vicnionb3oBaHye B Ka4eCTBe yCUIeHNA KOMIIO3UIIMOHHBIX MaTe-
pMaoB IMeeT MHOXKECTBO TIPEUMYILECTB B CPaBHEHUN C TPAJMIIN-
OHHBIMM METOfJAMM YCUTIEH ], CPeiV KOTOPBIX BbICOKASA ITPOYHOCTD
Ha pacTsKeHNe, KOPPO3UOHHAA CTOMKOCTD, TPOCTOTA TPUMEHEHN,
BBICOKAS YCTA/IOCTHAS IIPOYHOCTD, OTCYTCTBIE Pa3MEpPHBIX OTPaHM-
YeHUI.

Pasmmuaror mcmonb3oBaHme IEHT U XO/ICTOB B KauecTBe BHEII-
HEro apMMpPOBaHIS, TOI00P KOTOPBIX 3aBUCKT OT THIIA, HA3HAUEHIS
U CTeTleH! Harpy)KeHMsA paccMaTpyuBaeMoil KOHCTpyKiyu. OfHum
U3 Haubosee PacIpOCTPAHEHHbIX PelLIeHNIT IPU YCUIEHNN C TIPK-
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MeHEeHIeM YIJIEPOJHOTO BOJIOKHA ABJIAETCA PACMONIOKeHMe KOH-
Typa BHEILIHEro apMUPOBAHNA CO CTOPOHBI HalboIee PaCTSHYTOTO
BOJIOKHA B IIPOJIETHOII 30He M3rMOaeMbIX KOHCTPYKImMil. B 30Hax
JIEVICTBIA TPOMETHBIX MOMEHTOB TEOPETNYECKI MOTYT YCTaHABIIM-
BaTbCA KaK JIEHTDI, TaK U XONICTBI, HO B TIOCTIEffHEE BPEM, PEIIIO-
YTeHNe BCe Yallle OTAA0T UCIONb30BAHNIO X0NCTOB. CBA3aHO 3TO
C YROOCTBOM U IIPOCTOTON MOHTa)Ka, BHICOKMMI MEXaHIYeCKUMM
XapaKTepUCTHKAMI 11 HaJle)KHOCTBIO aHKEPOBKIL.

Tarke ycueHye KOMIOSUTHBIMY MaTepyalTaMyl HaXONUT IIpH-
MeHeHe 1P} PaboTe C IPUOIOPHBIMY YIaCTKAMM B 30HE Je/CTBIA
TIOTIEPEYHBIX CHIL 371eCh PENMYIIECTBEHHO YITIEXONCTHI PacIIona-
TaloT BJIOJIb JIVHUM IIABHBIX PAaCTATMBAIOLIVX HALIPSDKEHNIT B Kade-
CTBE YCUJICHNUA. B COOTBETCTBIY C PACUETOM, X MOYKHO HAK/IENBATh
B HECKOJIBKO CJI0€B U (POPMIPOBATD TTI00bIe CeUeHML.

BrenrHee apMypoBaHye KOMIIO3UTHBIMI MaTepIaTaMI JKe/e30-
0eTOHHBIX 3/1EMEHTOB TIIIA KOJIOHH, IIPOCTEHKOB, IIIIOHOB IIPOM3-
BOAUTCA ABYMA criocobamyt. ITepBbiM criocob6oM ABIIAeTCA Hambonee
3 peKkTUBHOE yCHUIEHME «KOPOTKUX» 9/IEMEHTOB (COOTHOIIEHYE
BBICOTBI K rabapurTy IOIlepedHoro cedeHus He 6osee 10) Heo6-
XOAMMO YCTPOJCTBO GaHJaXKeil U3 YITIEXO/ICTa, KOTOpbIe B CBOEM
obbeMe co37atoT «3ddeKT 060IIMBI» 10 AHATIOTHY C KOCBEHHBIM ap-
MIpPOBaHMeM. BTOpbIM €110cO60M ABJIAETCA YCTAHOBKA YI/IEXOJICTA
BJIOJIb CKATOTO 97IEMEHTa, KOTOpas OyfeT BBIIIOMHATD POJIb JOIION-
HUTE/IBHOII paboyell apMaTyphL.

B nmanHOIT cTaTbe HpefIosKeH KPaTKMIl METOJ] pacyeTa yCUIeHNA
Ke/Ie300eTOHHBIX IUIUT YINIEPOTHBIMM KOMIIO3MIIOHHBIMY MaTe-
puanamu Ha OCHOBe KOHeuHo-3meMenTHOIT Mofienu B ITK SCAD Of-
fice ¢ npyuMeHeHeM VN IPeIHAIPSKEHIA KOHCTPYKLIUY, Pealn-
3yeMoli 9epe3 pexxuM «MOHTax».

B HEKOTOPBIX CTy4asx A/ M3TMOAEMBIX XKene306eTOHHBIX KOH-
CTPYKIIMII BO3MOKHO JCIIONb30BAaHUE IIPEBAPUTENBHO HAIIps-
JKEHHBIX KOMIIO3MIMOHHBIX MaTepuanoB. IIpuMeHeHMe mpepBa-
PUTENIbHO HAIPSDKEHHBIX II07I0C KOMIIO3UIMOHHOTO MaTepyana
KaK TIPEVMYIeCTBa, TaK 1 HEOCTATKY B CPABHEHNN C HEHaIpATae-
MBIMIL. VI3 JOCTOMHCTB MOXXHO OTMETUTD yBe/IYeHNe JOIYCTIMOI
HarpysKy Ha 5Kele300eTOHHYI0 KOHCTPYKIINIO, TPeOYeTCsA MEHbIIas
I7IONIAJIh CeYeHM A MaTepyana yCUIeHN, 3aMeflAeTCs POLece Tpe-
IMHOO6PAa30BaHMs, YBEMMIMBAETCS MOMEHT COIPOTHUBIICHNS YCH-
NIMBAeMOJi KOHCTPYKIVIL.

K HepocTaTkaM OTHOCATCA yBeudeHie 001Ieit IPOO/KITENb-
HOCTM paboT, yBeludIeHNe CTOMMOCTI U TPYLOEeMKOCTU U3-3a yC-
JIOKHEHMS TeXHOMOIMY paboT, HEOOXOAMMO HpUMEHeH e TOMOT-
HITEJIBHOTO 000PYIOBAHIIL.

Pexxum «MoHTax» IpefHa3HayeH /I MOJe/IMPOBAHY IIOBe-
TleHVA KOHCTPYKIMU B IIpoliecce Bo3Beflenns. IIporiecc Bo3penenus
00beKTa 11, COOTBETCTBEHHO, PACYeT COCTOUT 13 HECKOJIbKIX ITAIIOB.
Pacyer xaxoro nocyeyomiero sTama BhIIONHAETCA C YY4eTOM IOo-
JyYCHHBIX Pe3y/IbTaTOB HAIPSKEHHO-IePOPMIPOBAHHOTO COCTO-
AHNUA U3 pacyeTa Ha MpeApAymux crapuax. [Ipu nepexone ot ofi-
HOTO 3Tala K IpyroMy B IporpaMme IIpeycCMOTpeHa BO3MOYKHOCTb
BK/IIOUEHMA ¥ UCKIIOUEHNA U3 MOJENN 371eMEHTOB KOHCTPYKLIUM,
U3MeHeHMe MOJy/A YIIPYToCTU MaTepuana, y4eT PasaidHOro TUIa
CTATMYeCKMX M AWMHAMMYECKUX HArpy30K, YCIOBMII ONMpaHus:A
u mpuMblKauus. [To pesynbrataM pacueTa MOTYT ObITH IIOTyYeHbI
KOMOVHAILIMY 3aTPY)KeHMUII, pacyeTHble COYETAHMA YCWINIL, BbI-
IIOJIHeH IO#0O0p apMaTyphbl B 9JIeMEHTAaX >Kee300eTOHHBIX KOH-
CTPYKLMIL

OcHOBHbIe pacyeTHbIE TTOTIOKEHMNA:

— ClUCTeMa YCUIeHUS CIIPOeKTHPOBaHa Ha BOCIPUATIE pacTs-
TMBAIOIINX YCUINIL C YI€TOM COBMECTHOI fedpopMaluy BHeIIHel
apMaTypsl 1 6eTOHA KOHCTPYKINI;

— IOpM NPOEKTHPOBAHMN YCWICHUS HKelIe300eTOHHBIX KOH-
CTPYKLIMIT KOMITO3UTHOJ TKaHbIO MCTIONB30BANICA METOJ, pacyeTa 110
HpefieNbHbIM COCTOSHUAM;

— YYMTBIBAETCS, YTO HECYIasi CIOCOOHOCTD KOHCTPYKLMI JO-
CTaTOYHA [/I1 BOCHPUATHA IIOCTOSHHOI ¥ OTpaHNYEHHON Bpe-
MEHHOJ HarpysKi B Clydae HOBPEXIEHNUA CUCTEMbI YCUIEHNA 110
KaKMUM-TO0 IPUYIMHAM.

— B IIPefie/IbHOM COCTOSHMM M3IVMOAeMOT0 37IeMeHTa YCUIA
B PACTAHYTOl 30HE BOCIPUHMMAIOTCA CTEP)KHEBOI apMaTypoil
U BHEILIHeVl KOMIIO3UTHOJ apMATYpOIi, a B CKAaTOJ — BOCIIPMHIMA-
10TCsT GETOHOM 1 CKATOJ CTEP>KHEBOI apMATYPOIL.

B xauecrBe obbekTa mccmefoBaHus BbIOpaH (parMeHT Kap-
KaCHOJI KOHCTPYKTMBHOJI CXeMBbI 3[JaHNs B IPefie/Iax OJHOrO IIpo-
neTa B JiBYX HampasineHusax (PucyHok 1, 2): 6e3banoyHas MOHO-
JIUTHAS XKee300eTOHHAs TUIMTA IIePeKPBITHA TOMLMHON 300 MM,
MOHOJIUTHBIE JKe/Ie300eTOHHbIE KOMOHHBI cedeHneM 400x400 mm,
11aT KOJIOHH 7,5 Ha 7,5 M.

Puc. 1. 06wmit Bug pacuetHoit cxembl B MK SCAD Office
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Puc. 2. Cxema ycuneHus nponeta nautel yrnennactukom SikaWrap 530(C)

[puuaATsIi TIposeT 7,5 M 00yCIOB/IEH O0JTee HATTIAHBIMU pe-
3y/IBTAaTAMM JICCIEXOBAHIS: GOMbIIMMU  AeOpMALSMI  BCTIER-
CTBM€ YBeTMYeH) HaIpPy3Ky, OYeBUIHBIM BOBJICYEHNEM B paboTy
37IEMEHTOB CUCTEMBI YCUTICHN, TIO/TyYeHIIeM XapaKTepHbIX 3aBUCK-
MOCTel! HarpsDKeHHO-1e(pOPMIPOBAHHOTO COCTOSHIL.

[IpuHIMIMATbHAA CXeMa YCUTeH A IINTHI TAKOBA: HaKIelKa Ha
HIDKHIOKO TIOBEPXHOCTb HaK/IafjOK KOMIIO3UTHOI apMaTypsl (yIiie-
IUIACTVKA) C HAIpPaB/IeHUEM BOJIOKOH BJO/Ib OCKU KOHCTPYKIIMM
U IOBepX HMX IOIEpPEYHbIX HAKIAOK C HAIpPaB/IeHIeM BOJIOKOH
TepIeHVKY/LPHO IPOJIONIbHBIM Hak/afikaM. Bkmouene B paboty
BHEIIHETO apMMpPOBAHNA U3 YITIEIVIACTUKA B 3KCIUTyaTallIOHHOM
COCTOSHVM IIPOUCXOUT 3a CYeT NIPMMEHEHVA CUCTeMBbI IIpefiBapu-
TeIbHOTO HAIPsDKeHNA. JTa CUCTeMa [03BOJLAET IIPOTHYTh IUIATY
BBepX (HaIps4b), 3aTeM IPJKIEUTD BHELIHIOW apMaTypy, KOTopasd
BIIOC/IE[ICTBUM BOCIIPUMET Ha ce0s pacTATMBaroye ycume 1 obe-
CIIEYNT HECYILYI0 CIOCOOHOCTD yCHMBaeMolt uThL. Kaxkablit sTan
YCUIEHNA KOHCTPYKIMI MOAENUpYyeTcs B pexxume «MoHTax». Cu-
CTeMa YCIWIeHNMA U3 KOMIIO3UTHBIX MATepUaoB IIPefCTaByIAeT
co60lt TKaHM U3 YIIepoAHbIX BOIOKOH Sika Wrap530C(VP) (tor-
myHa — 0,293MM, mmpuHa — 300MM, Bec — 530 1/M 2; MOZy/b
ynpyroctu — 231000 H/mm 2; mpounocTts Ha pactsxerne — 3800
H/mm 2; gedopmanusa npu paspoise — 1,64%; mmorHocts — 1,81/
cM 3) u anokcupnbiit kneit Sikadur-330 (mpodHOCTb Ha OKaTie —
65 H/mm 2; mpouHocTb Ha cpes — 6 H/mm 2; apresus k 6etony 4 H/

MM 2; fiepopManyia pu paspbise — 1,64%; mopynb FOnra — 3800
H/mm 2) (3, 4].

C y4eToM CBOJICTB OT/Ie/IbHBIX KOMIIOHEHTOB YCHJIEHMA HPO-
JIETHOJI YaCTH IUIUTHI B TPOTPaMMe 3aJal0TCs CBOJICTBA He OTAENbHO
TKaHY ¥ Kjled, a CBOJICTBA TKaHM, IIPOIIMTAHHOI K/leeM, IIpU TONI-
I[JHE C7I0S 1 MM COITIACHO JAHHBIM IIPOM3BOAUTENI: MOSY/Ib YIPY-
roctit — 63000 H/mm 2. CeTKa U3 yI/IeI/IacTUKOBBIX IUTACTHH Oblia
npuHATa ¢ warom 1200 MM B IByX HalpaBIeHMAX, T.K. IPUMEPOM
HOCTY>XKIIA IVINTA, paboTaloIas B ABYX HAIIPaB/ICHIAX.

B cBot0 oueperb, MOTY/Ib YIPYrocTH 6eToHa ObIT CHIDKEH B 3,5
pasa B coorBercTBUM ¢ pekoMeHpanysamu CII 52-101-2003 (yuer
nonsydectyt GeTOHA IIPY [TUTENBHOM [IeMICTBUM HATPY3KM) U CO-
craBu yia 6eToHa Kmacca B258571 MITa [5].

Habop KOHeYHBIX 37IeMEHTOB, MOJEMPYIOIINX pPacyeTHYIO
cxemy B SCAD Office (puc. 3-5):

— o0beMHBIT KOHEYHBIIT 37eMeHT — 3-it Tun KO — Hecymime
XKene300eTOHHbIE KOMIOHHBI I IEPEKPBITHE;

— 000/m04YeYHbII KOHEYHbIT omeMeHT — 44-11 tnn K9 —
BHEIIIHIE XOJICTBI 13 YI/IeITACTHKA;

— CIIelMaabHbII KOHEYHBIN 911eMeHnT — 55-i1 it K9, mogenn-
PYIOLINIT YIIPYTYIO CBA3b MEXKLY Y3/IaMy U YU THIBAOIIIIA TIOf{AT/IN -
BOCTb MaTepyaja MeXXly CMEXHbIMHU Y3/IaMu;

— TIPOCTPAHCTBEHHBI cTepKeHb — 5-11 T KO, mopemupy-
IOIVIT apMaTypHBbIE CTEPKHIL.

Puc. 3. ®parmeHT nauTbl € yraennactukom: cxema B MK3
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8-1 yanoBoii 00bemHbI aneMeHT (KONe3)

GeToH

CrepxeHb (KONe5)
apmarypa

Ynpyras ¢Bsisb
KONe55

OBonoyeyuHblid aneMeHT (K3Ne44)
yrnennactuk

A

Puc. 4. PparmMeHT KOHEYHO-3/IEMEHTHO PAaCcYETHOI CXeMbl

B

Yaen obbemHOro anemeHTa

d 6eToH

*. Yaan obGonove4yHoro anemMeHTa

yrnennacTtuk

Puc. 5. Ynpyras ceasb B MK3, mogenupyiowas cuenseHue Mexay 6eTOHOM U yriennacTukom

Beumm paccuamtaHbl fiBe MOJENN: YKee300eTOHHOI IUINTh Oe3
YCUIIEHMA U C CHCTEMOV YCUIEHUA U3 KOMIIO3UIMIOHHbBIX MaTep-
aoB. B pesynbrare GBUIO MONy4EHO YMEHbIIEHNE BEPTHKATBHBIX
HeopMaryii 1 pacTAIMBAIOIINX HAIPsDKEHUIT B OeTOHe BO BTOPOI
MOJIEM JI0 YPOBHs, COOTBETCTBYIOLIEr0 TPeOOBAHMAM HOpPMa-
TUBHBIX JOKYMEHTOB. Y>Ke Ha IIoc/iefjHeM sTane «MoHTaxa», Korja
B paboTy CXeMBbI BK/IIOUIICS YITIIIACTHK 1 HAarpyska Oblia IpujIo-
’KEHA TO/IBKO JIMIIb OT COOCTBEHHOTO BeCa KOHCTPYKIINN, 3HAUEHIIE
BEPTUKAIbHBIX AeopMalii yMEHbIINIOCh HpuMepHO Ha 1,1%,
a pacTATMBAIOIINX HANpsDKeHui — Ha 1,5% I0 cpaBHEHMUIO C Ha-
Ya/IbHBIM HAIPsDKEHHO-Ae(hOPMUPYEMBIM COCTOSHUEM IUTUTHI [0
MOHTa)Ka CUCTeMBI YCUIeHNsA U3 YI/IeIacTuka (puc. 6, 7).

-5.38
-5.03
-4.69
-4,34
3.3
-3.64
3.2
-2.94
2.4
-2.24
1.9

-1.55
1.2

-0.85

PaspabaThiBaeMblil PacueTHbIN METOJ YCUIMBAEMBIX SKelle-
300€TOHHBIX KOHCTPYKUMil (IVINT) I03BOJIAET IOMy4aTh Oosee
TOYHYI0 KapTHHY HANpPKeHHO-eOPMUPOBAHHOTO COCTOSHUA
KOHCTPYKIJMH JI0 YCUIEHUS 1 TIOCTIe YCUTIeHMs, B OT/IMYNe OT Tpa-
IULMOHHOTO PyYyHOro pacyera. Ilo pesymbraram pacdera BO3-
MOXKEeH MOA60p 6ostee afieKBaTHOI CXeMbl YCUMIEHUA — 3a CYeT
U3MEHEHMs TeOMETPUM WM JKECTKOCTHBIX XapaKTepUCTHK YITIe-
IJTaCTUKA.

IToxasaHo, 4TO IpyUMeHeHMe METOAMKM pacyeTa MO3BOJIAeT HO-
BBICHTD KauyeCTBO IPOEKTMPOBAHMA YCUIEHUS )Kene300eTOHHBIX
IUIAT, COKPATUTD 3aTPaThl Ha IIPOBEJIEHME ONBITHO-KOHCTPYKTOP-
CKJIX pabOT 11 HATYPHbIX UCIIBITAHMUIL.

Puc. 6. BepTuKanbHble gedopmauum ot Co6CTBEHHOr0 Beca NauTbI 6e3 cuctembl ycuneHus
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Puc. 7. BepTukanbHble gedopmaLum ot COGCTBEHHOro Beca MUTbI C CUCTEMOI YCHUIEHUA U3 YriennacTuKa
(hparmeHT LeHTpanbHOI NPONETHON YacTH)

JIuteparypa:

Crponrenbras Kommanus «[Ipakrik» // http://www.usilenie.ru.

2. Iwma A. A, ITrennyansiit B. A., Kaprysos [I. B. BHemnee apMypoBaHye xene300eTOHHBIX KOHCTPYKIMIT KOMIIO3UIOHHBIMU
MaTepuanamu. M., 2007.

3. Texnonormyeckas kapra ID Ne 02040102001 0000xxx SikaWrap®-530C (VP) // www.sika.ru.
Texnonornyeckoe omcanne matepyana [D Ne 020401 040010000004 Sikadur-330 // www.sika.ru.

5. CIT52-101-2003 «BeroHHbIe 11 5KeTe300eTOHHbIE KOHCTPYKLUY (€3 PeABapUTEeTbHOTO HAIIPSDKEHIS QpMATyPh».

MpumeHeHne KOMNO3NTHBIX MaTepManoB Npu YCUIEHUM
AepeBAHHbIX 3AaHUIA N 00BEKTOB KY/IbTYPHOTO HacNeAus

0BYMHHWKOB AMUTPHIt IpyapaoBuY, CTYAEHT MArucTpaTypsl
PazaHckuit unctutyt (dunuan) MockoBCKOTO MOAMTEXHUYECKOTO YHUBEPCUTETA

B cmamve npedcmasnervt Hekomopole 8apuUaHmbl PeKOHCHPYKUUL 1 0ANbHeliuiell IKCHITYAmAauuu 0epessHHbIX 30aHuil U 00eKMos Ky/b-
MypHO20 HACIEOUS ¢ NPUMEHEHIUEM KOMNOZUMHBIX MAMEPUATIOB.
Kniouesvte cnosa: depeso, ycunenie, NPOHHOCHYb, PEKOHCMPYKUUA.

Application of composite materials when strengthening
wooden buildings and objects of cultural heritage

Ovchinnikov Dmitry Eduardovich, student master’s degree program
Ryazan Institute (branch) of Moscow Polytechnic University

The article presents some options for the reconstruction and further operation of wooden buildings and objects of cultural heritage using com-
posite materials.
Keywords: wood, reinforcement, strength, reconstruction.

BCTaTbe PaccMOTpeHbI 0071acTM NPUMEHEHMs ¥ TPEeMMYIeCTa IO NPOMWIAKTUKE ¥ JAJIbHENIIell PeKOHCTPYKIMI 3[aHNA YCaabObl
KOMIIO3UTOB. B pesynbrare cocTasiieH epedeHb pexoMeHmaipit  Ilerpa Muxaitnosyda ITomosa (pic. 1) py TOMOIIM YI/IEPOJHBIX JIEHT.
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Puc. 1 Ycagb6a Netpa Muxainoeuya Monosa

B Pasann u Psasanckoit 06macty HaxoguTcss 60IbIIoe KOmde-
CTBO 3[aHNIT JOPEBOTIOLMOHHOM [OCTPONKY. BOBIIMHCTBO 9THX
3[laHUIT MMeeT JIePEBAHHYI0 GANOYHYI0 CHCTEMY B KauecTBe Iepe-
KPBITHSA, KOTOpas TOCTATOUHO PEKO KeM-/mbo 3aMeHseTcs. B He-
KOTOPBIX TaKMX 3aHNUs PabOTAIOT JIIOAN, B HEKOTOPBIX JaXke Ipo-
KHBAIOT, TI09TOMY BOIIPOC IIOCTOSIHHBIX IPOBEPOK ¥ IPOPIIAKTIK
YCVIEHVS] HECYIINX 3/IEMEHTOB B TAKIMX 3[JAHVSX BCEIZjA SIB/LIETCS
AKTYa/IbHBIM.

J3HOC Takux 6aNOYHBIX CUCTEM SBIIACTCA CENiCTBIEM 0COOeH-
HOCTelT BCeX JiePeBAHHBIX KOHCTPYKIMIT U BCETO JIUIIb JeNOM Bpe-
MeHIL. [[peBeciHa ¢ TPYAOM IIepPeHOCHT Mepertajibl TeMIIepaTyp, 110-
BBIIIEHHYIO IIH TIOHIDKEHHYIO BIAXHOCTD B IIOMEIIEHIISIX, YSI3BIIMA
K BO3/IEJICTBIIO HACEKOMBIX I IPUOKOB. 3aI[UTHOE IOKPHITIE fepe-
BSIHHBIX 9JIEMEHTOB SIB/IIETCS BOKHBIM aCIIEKTOM SKCIUTyaTaLui,
KaK IepBIYHOE, TaK ¥ Tocefykouye (IpopumakTiudeckue), HO
KaK IIPaBIIO, B TPYAHO OCTYIIHBIX MECTaX CTHIKOB 9TO TOKPBITIE
penko o6HOBisteTcst. Tak MOABIAIOTCA YsI3BJMMbIE MeCTa B Jepe-
BSIHHBIX KOHCTPYKIVSIX, 3HAYMMOCTb KOTOPBIX YCYTYOJIAIOTCS MIOK
JEFICTBIEM 9KCIUTYaTAIMOHHBIX (PaKTOPOB: TSLKECTh COOCTBEHHOTO
Beca, IlepeMeHHast HarpysKa Ha Ga/IKIL, TIpefiell KOTOPOIT MOXKET 10~
TACTh Ha TO CaMoe YA3BMMOE MECTO, YTO MOXKET IIPUBECTH K TIep-
BMYHOMY PaspyLIeHNIO (PacTPeCKIBAHNIO)

Hepenxo cnyuaercs Tak, 4to Heo6XOAMMO IepeobOpyHoBaTh
MMEIOILIYIOCs [IAHMPOBKY, CHEMATb JKIIYI0 30HY U3 HEXMION,
U, C/IEfOBATE/IbHO, YBEMMYUTh IOCTOSIHHYIO M BPEMEHHYIO Ha-
Ipy3KiL. B aToM cryuae, kasamoch Obl, yyke HeM30eKHO He0OXOAUMO
YBeIMYMBATh CeYeHMe HeCYIINX JlepeBAHHbBIX KoHCTpyKuuit. Ho ato
He COBCEM Tak.

Ieper ycuneHneM mpesk/ie BCEro HeOOXOAMMO TIPOU3BECTH MH-
KEHePHO-TeXHIIeCKOe 00CIeJOBAHIE PACCMATPIBAEMOTO 3/aHNS,
HPOV3BECTV OCMOTP OTBETCTBEHHBIX HECYIINX AEPEBSHHBIX KOH-
CTPYKLMIT ¥ BBIABUTD HanbosIee OCTPajaBIIyie lEMEHTBI, COCTa-
BUTb aKT Ha IIpefMeT HAM4MA PaspblBOB, PaCTPeCKVBaHMUIL, Jie-
(opMarit U3OTHYTBIX 97IeMeHTOB. TaKoke HEOOXOANMO COCTABUTD

KapTy AeopMariuii, KOTOpas B JA/IbHENIIEM ITOMOXeT Haubomee
9 peKTUBHO CIIPOEKTIPOBATH YCUICHUE.

[Ipy HesHAUNTENbHBIX OBPEXICHNAX [IEPEBAHHbBIX NEMEHTOB
rpubKaMu CIefiyeT MPOU3BECTH yAajeHue IPUOKOBBIX HANeTOB [0
3[JOPOBBIX C/IO€B, TIJATEMBHO 0OPAbGOTaTh OYar AHTUCENTUKAMU
C HOC/IeAYOWMM yCUIeHneM KOHCTpyKium. Ecmn e mpesecuna
B 3HAUUTE/IBHOI CTENEHN MOpakeHa OakTepyeli, Ha MUIO SIBHOE
CHIDKeHIIe 9KCIITYaTAL[VIOHHBIX Ka4eCTB, CJION JIETKO OTXOJIST OT OC-
HOBBI, TO CTIefiyeT YAQIUTDb He TOMbKO PaspylleHHbIE CIIOU ApeBe-
CHHBI, HO U NpMJIEraioliye K Heil cion Ha paccTostHuu 0.5M, 370-
posble Ha By, [1, c. 109]

Ko/maectBo MeTOf0B YCI/IeHNsE AePEBSIHHBIX KOHCTPYKIIIT CY-
II[eCTBEHHO CHIDKAETCsI, KOTAA pedb 3aXOAUT O PeCTaBparym 00b-
eKTaX KyJIbTYPHOTO HAC/IEANs, MPVYMEHNMO K HJM HEBO3MOXXHO
cebe TpefiCTaBUTD MCIIONMb30BAHNUE JOTOMHNUTENbHBIX JIePEBAHHBIX
VIV METAJUTNIeCKVX HAK/IAZ0K B YSI3BMMBIX MECTAX, IITIPEHTe/TbHBIX
IPOKJIATOK MM PYTKOBBIX IPOTE30B. 3aTO 3TOM C/Iydae IOfONeT
BHEIIIHee aPMIPOBAHIE TT0/IMMEPHBIMI KOMIIO3UTHBIMI MaTepua-
7aMt, 06eCIIeINTC MAKCUMATIBHO BO3MOXKHASI COXPAHHOCTD Jiefi-
CTBYIOLIVX KOHCTPYKIWIT ¥ CYLIeCTBEHHO YBETMYUTCS X HECYIIIast
CIIOCOOHOCTD.

Ycunenue KOMIIOSUTHBIM —00€PTBIBAHIEM — COBPEMEHHBII
METOJI, YCU/IEHNUsT CTPOUTE/IbHBIX KOHCTPYKIIMIL, TIPY KOTOPOM Tpe-
OyeMble IIOKa3aTe/N SKECTKOCTI 00eCIIeINBAIOTCA 3a CIET IPUKIIEN-
BaHIS K HECYIVIM 9/IeMEHTaM B OAMH WM HECKOJIBKO CII0EB yITie-
POJIHBIX JIEHT C MICIIO/Ib30BAHYEM STIOKCHFHBIX KOMITAYHAOB (puc. 2).

[ToMMMO OTHOCHTENIBHO IPOCTOTO MOHTaXa TaKOTO YCUJICHNH,
B CPaBHEHUM C BBIIICYTIOMSIHYTHIMU TPAAUIIMOHHBIMU METOAMU
yCWIeHMs, B YMC/Ie JOCTOMHCTB C/IEyeT OTMETUTD CYILeCTBEHHOE
yBe/IM4eHe IPOYHOCTHBIX XaPAKTEPUCTUK HECYIINX KOHCTPYKIINI
IpU MA/IOil IVIOTHOCTY M Bece CaMOro Kapkaca ycmieHus. Eme
OJIHVIM OYE€BVJHBIM IIPEVMYILECTBOM SIB/ISETCS OMOXMMIIECKast
YCTOIYMBOCTD, KOTOPYH HPUOOPETAIOT MpeX[e IOBPEeX/eHHbIE
U ysI3BUMbIE YaCTH JIePEBAHHBIX 9IEMEHTOB.



“Young Scientist” « # 6 (348) - February 2021

Architecture, Design and Construction | 63

Puc. 2. YcuneHue aepeBaHHbIX 6aNoK KOMNO3UTaMu

Ho obparHast cTOpOHa 9TOTO BOIPOCA 3aKIIOYAETCS B OTCYT-
cTBUM TpebyeMolt HOPMATUBHOI 6a3bl, KOTOpas HeoOXofMMa [Is
PacyeTHOI JacTy NMPOU3BOAMMOTO ycuaeHus. bomnee Toro, B ume-
FOIMXCST MCTOYHNMKAX 9TO YCUIEHNE PACCMATPIBAETCS IIPeNMyLje-
CTBEHHO I10 OTHOIIEHUIO K >Ke/e300eTOHHBIM KOHCTPYKINAM [2,
¢. 56], MHOXXeCTBO (haKTOPOB SKCITyaTaluiu O I IIOC/e YCUTIeHNs
TaKMX KOHCTPYKIMIt He yuntbiBatorcs. Crefiyet 60/iee feTalbHO M-
C/Iefl0BaTh AAHHbIIT METOJ YCIIEHNS, IPOM3BECTH BCe HeOOXOAMMble
VUCTIBITAHNS, PACYETHI, 0OHOBUTD VIV TOTIOTHUTD MMEIOIVecs: HOp-
MAaTHUBBL, 4TOOBI 60/Iee OCO3HAHHO IOIXOMMTH K METOZVIKE YCUTEHNSI

JIureparypa:

Bo3sBpamiasch K BO3MOKHBIM BapMaHTaM pelLIeHys BOIIpoca
PEKOHCTPYKIIMY JIePEBSHHBIX MCTOPMYECKM 3HAUMMBIX 3JIaHMUIL,
CrIefiyeT 3aTPOHYTb aCHeKT SCTeTUYECKOTO BUAjA Pe3yIbTaTa YCu-
JIEHNS HECYIIMX 37IEMEHTOB. VIMEHHO IMO3TOMy TpajMIVMOHHBIE
CIIOCOODBI YCHMIEHNS C YBeJIMYECHMEM CeUeHMA IEMEHTOB yXOIAT
Ha BTOpPOJl IUIaH, MX IIPMMEHEHVE HEraTVBHO CKa3bIBAeTCs Ha
BHEIIIHEM BIJe LIeHHBIX [IePeBAHHbIX 00BEKTOB, YMEHbIIIAET BHY-
TpeHHee IPOCTPAHCTBO, I B 1[e7ioM MeHee 3¢ deKTUBHO B Cpas-
HeHIH C 6071ee COBPEMEHHBIM METO0M YCIIEHSI KOMIIO3UTHBIMI
MaTepyaIamMin

1.  Iloropembues, A.A. BolcokoMony/IbHBIe MaTepualbl, MICIONb3yeMble B MACCHBHBIX KIeelOLaThIX KOHCTpyKuuAx / A.A. IToro-
penbiies, C.B. Typkoscknit, B. O. Crosinos // CoBpeMeHHBIE CTPOUTE/IbHbIE KOHCTPYKIIMI U3 META/IIA I [JPEBECHHBL: CO. HAYIHBIX

Tpypos.— Opecca.— 2015.— c. 106-109.

2. CIT1164.1325800.2014 Ycumenne xene300eTOHHBIX KOHCTPYKIVI KOMITO3UTHBIMU MaTepuanamit. M.: Crangaptiuadopm, 2015.— 56 ¢

®dakTopbl, BAUAIOLWME HA BbIGOP CPEACTB Pa3paboOTKU NOBEPXHOCTH
(hopMbl ANA XKEeHCKOWM ObITOBOI BepXHeW oAexabl

lMpokonosa EneHa BnagummpoBHa, KaHAMAAT TEXHUYECKUX HayK, AOLEHT
Opnosckuit rocypapcTeHHblit yiusepcutet umenu U. C. TypreHesa

B cmamve paccmampusaiomcs ¢pakmopbl, 6n1usioujue Ha 6v100p cpedcme paspadomiu nosepxHocmu Gopmut 011 00ex#0bl «6epPXHE0 CLOT»

U «IE2KUX U30ENULL» HEHCKOT ObIIM0B0TE BepxHeti 00exHObL.

Kntouegvie cnosa: serckas 6vimosas 8epxHas 00ex0a, KoMNO3UKUOHHOe pasHoobpasue, 00esxda, cpedcmea paspabomxu nogepxHocmu

dpopmoL.

OCTIDKEHNE  PA3/MYHOr0 BOCHPUATH — BHEIIHETO
Humeﬁnmx MBLIeNNUIT MOXKHO 3a CYET VCIONB30BaHMUsA TaKMX
CpeJiCTB KOMIIO3HIIMOHHOTO PasHOOOpasys, Kak CpeicTBa paspa-
6otku noBepxHocTy popmbl (CPIID) He3HAUNTENBHO BIMAOILINX

BUJIA

Ha TEXHOJOrnio [2, c. 46]. OHM 00/AfAIT HeuCcYepIIaeMbIMIL BO3-
MOYKHOCTSIMM JI/IA OCTVKEHM HOBU3HBL.

[TepBOHaYanbHO CIIEAYeT YCTAHOBUTD, KaKie (paKTOPbI BIUAIT
Ha BbIOOp 1 mpuMenerne CPII® ms sxeHcKoll 6bITOBOI BepxHel
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opexzpl. [lo mpeMeTHOMY IepeduncIeHNIo K JAHHOM TPYIIe OT-
HOCATCS: TJIbTO, OJIYI/IbTO, IUIAILM, KAKEThI, IUIKAKM, KYPTKIL,
100K1, KOMOMHESOHBI, OPIOKN, IIaThsl, capadaHsl, O/Iy3KM, Xa/IaThl.
V3pemia JaHHOI IPYIIIBI OBITOBOIT BepXHEl OfleXKAbI MOXKHO IIOf-
PasaenuTh Ha OfIeXTY BEPXHETO CTIOS I Ha «IETKIE U3TEeTI».
Opmexxma  BepXHETO C0s IpefHAa3Ha4YeHa JyIA  HOIIEHWs
B [IPOX/IafHOE BpeMs rofia (Ia/IbTo, MOTYIaIbTo, ITALLY, TUPKAKI,
KYPTKN) U IOAPA3fie/IsIeTCs IO Ce30HaM Ha 3UMHIOI0, IeMICE30HHYIO
U BHECE30HHYIO ofiekay. [laHHAaA Ofie’K[Aa B OCHOBHOM SABJLAETCH
KOMIDTEKCHBIM MHOTOC/IOVHBIM M3fienueM. [/ HUX Jaie mpyMe-
HAIOTCA MaTepyasbl, OTINYAIOIIecs TOMIVHON U >KeCTKOCTBIO.
Omexxia BEpXHEro C/osi MOXKeT PelraTbcsi B M000M CTuIe — Kiac-
CIYeCKOM, CIIOPTMBHOM, POMAHTH4eCKOM ¥ QonbknopHoM. Of-
HaKo, 6ojee YHMBEPCAIbHBIMM M3 HUX SIB/IIOTCS KIACCUYECKMIt
1 CHOPTUBHBIN CTUIN, TaK KaK OHM JIETKO COYETAIOTCA C OJEXMIOI,
PpeléHHOIT B IPYTUX CTU/IEBBIX HAIIPABIEHIAX. B ofieXx/e BepXHero
C71051 MOZIa BUJIOM3MEHSET, IIPEXKie BCETro, CYUIYST M3HEMNS 1 CBA-
3aHHBII C HUM IIOKPOIT, 3aII0/THEHHOCTDb OTHE/IbHBIX YacTell GopMbI
[eTaIAMIL, LIBeT, CTPYKTypa U (akTypa MaTepyaia, Xapakrep OT-
menky. IlpuMeHseMble OTHENKY B OCHOBHOM IIPVM3BAaHbI IIOMO-
TaTh BBIAB/IEHNIO 0OLIelt GOPMBI I KOHCTPYKIIUY U3/ U COOT-
BETCTBOBATb €r0 CTWII. Xy[0XKeCTBeHHOe 0QOpMICHIEe OLEXK/IbI
BEpPXHETO 710 He TIPEeIoNaraeT aKTMBHOTO VCIO/Ib30BAHNUA Jie-
KOPaTMBHON OT/ENKY, KOTOpas CTONb XapaKTepHa JUIA IUIaTheB,
671y30K, 000K, OPIOK, JKaKeToB. Takue AeKOpaTUBHbIE MEMEHTI,

KaK O0OpKW, PIOIIN, BONAHBI M JpPYTHe, JOBOIBHO penKo (oco-
OEHHO B MaCCOBOM IIPOM3BOJICTBE) BCTPEUAIOTCS B IAJIBTO, IUIAIIAX,
KypTKaX, 1rybax. HexoTopble Buibl fiekopa BooOlile He UCIIOTIb3Y-
I0TCSL B TIOAO0HBIX y3fenusix. C OffHOI CTOPOHBI 9TO MPORMKTO-
BAHO CBOJICTBAMI MATePUAJIOB [/l M3TOTOB/IEHVIS, C IPYTOil — He-
00XO/IIMOCTBIO COOTBETCTBOBATD PA3IITIHBIM KOCTIOMAM, KOTOpbIe
MOTYT OBITh HafIeThI TIOJ] HUX B Ka4eCTBE HYDKHETO CIIOS.

VlTaK, B Ofie>k/ie BEPXHETO C/I0sI 9acTO MPUMEHAITCS QYHKIM-
OH&IBHO — JIeKOPATUBHBIE CPEfCTBA (KapMaHbI, KIAAHbI, XJIi-
CTUKU, MAHXXETBI, 3aCTEXKM, LUIMIBI 1 Ap.), FEKOPATUBHO-KOH-
CTPYKTUBHBIE CpeACcTBa (permbedbl, MOAPE3BI, CKIARKM PasHBIX
KOHCTPYKLMIL, 3ammnel u fip.). V3 nexoparusHbix CPII® wvame
TPUMEHSIOTCS OT/IETIKM, He OKa3bIBAIOIIE BIMAHNUE HA M3MEHEHMe
(yBennuerne o6néma) Gopmsl (OTAENKA MBAMM M CTPOUKAMH, OT-
Jie7IKa APYTUMI MaTepUaaMyL, alllINKALIH, BHIINBKIL, OT/ENIKA fje-
KOPAaTUBHBIMY JeTajAMY) 1 OTAenKa ypuuTypoit (puc. 1). Ms-3a
CPaBHUTE/BHO HEYACTON CMEHSeMOCTH OffeXK/Ibl BEPXHEro C/Ios
(0cobeHHO 11y0BI, [Ta/IbTO, HOMYIAIBTO) OTHENKA IIPUMEHAETCS He
HaBsA34MBasA ¥ 6pOCKast, IPETeH/YIOasA Ha TUEPCTBO B BOCIIPH-
ATUU UBJEINS, A TIPeAToYTeHNe OTHAETCSA OTHENKAM, OYEPKIBa-
IOIM CH/TYST U KPOJL.

K «érkum» WM3genusM FAHHON TPYIIBI OTHOCSATCS I00KH,
Oproxu, IWIaThs, capadaHsl, Omyskn 1 T.14. [1, ¢. 191]. S0 Te BupbI
OJIeXJIbl, KOTOpBIE HOCAT B TEIUIOE BpeMs IOfja, b0 1OoJ Bepx-
Humu usgenuamu. Ha Bpi6op CPIIO® mms «mérkux usgenuit» oka-

Onme:xna BepXHero CJI04 sKeHCKoH OBITOBOH BepXHeH 0Te: bl
(IAILTO, OJIVIATBTO, KYPTKH, IIATNH, THKAKH H Ap.)

JT

CpeacTBa pa3spadoTKH HOBEPXHOCTH GOpPMBI
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Penredrl, monpessr,
CKJIAIIKIL, 3AIIIIIEL,

JeKopaTHRHBIE
OTIenKa ImBaMH,
CTPOIKAMI, JeTAaAMIL,
IpYTHMH MaTepHalaMI,

3aCTEMKKI, [TUTHITET, lIbIII'ypHHe BEITAYIKH H Ip. AIIIITHKALHA, BEIIIIBEKA,
bypuHTYpa 1 Ip. bypuHTYpa 1 Ip.
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Puc. 1. ®akTopsl, BAnsowme Ha Bbi6op CPTNID pns onemxabl BEPXHEro CNOA XeHCKON GbITOBOM BepxHeil ofexabl
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3bIBaeT BIMAHNUE TUIT OfIeX bl (TIOBCEHEBHAA, TOP)KECTBEHHA, 10~
MaIIIHA, CIOPTUBHAA), IPeMeTHas TPpyIna (I1athbs, 671y3Ka, 6Ka
U [ip.), CTUJIEBOE ellieHNe, KOMIIO3VIIOHHOE pellleHe (IacTide-
CKOe, IeKOPATMBHO-L[BETOBOE, OOBEMHO-IPOCTPAHCTBEHHOE, ie-

KOPATVBHO-OT/€NIOYHOE, JIeKOPATUBHO-KOHCTPYKTUBHOE, (YHK-
LOH/IbHO-[IEKOPATUBHOE, CMEIIAHHOE), IUTACTUYECKIEe CBOJICTBA
MaTepUajIOB, a TaK JKe Pa3MePHO-POCTOBOYHBIE TAPAMETPbI MOJIE/N
u Mopa (puc. 2).

«JIérkHe H3TeTHA» MReHCKOH OBITOROH BepXHeil oge:RIbl (INIATHA,
O.IY3KH, WOKH, OPHOKH, capadaHbI H 1p.)

1L

CpeacTBa pa3spadoTKH MOBEPXHOCTH (hOPMBI

_...;-r""!_

(D}’HK]IHOHEIJ'[BHO—
JeKOpPAaTHBHDBIC

JeKopaTHBRHO-
KOHCTPYKTHBHEIE

JdexopaTHEHEIEe
IlocTosHHEIE I CHEMHEIE
OTJIeIIKI

IlpamMenawTCcH

™~

f

BCe

CPII®

/1

OKaz3BIBAOT

BIHAHHE

IIpeameTHAR
rpynma
THo omesknabl
o€ pelmeHHe
IlnacTHYecKHe
CBOHCTBA

KoMoozHIHOHH

MATEPHAJIOB

OYHEIe
OAPAMETPBI
CtHIIeBOe
pemenne
Moaa

PazmepopacToB

Puc. 2. ®akTopbl, Bausiowme Ha Bblibop CPNI® pna «NErKMX M3aenuit» JKeHCKo GbITOBOI BepXHeil 0fexabl

CMeHsAeMOCTb MOfieriell «IETKMUX M3Je/Nil» TOpasfo valle, 4eM
MofieTelt OfieX bl BepxHero cros. OHu 6oiee MOABEPIKEHDI M3Me-
HEHISM, KOTOpbIe AUKTYeT MOJAA. B >keHckoM rappepobe «1érkux
u3fieMit» Topasfo Gorblie, 0cOOEHHO O/Iy30K, YeM APYIUX Hpef-
METHBIX IpyHIL [ XymoxkecTBEHHOTO obopMieHNe NETKUX W3-
[enuii TIPUMEHSIOTCS BCe CPefCTBA KOMIIO3MIVIOHHOTO PasHOO-
6pasust, B ToM uucie npakrudecku Bce CPIID. Bup, konudectBo
¥ KOMIIO3MIVOHHOE pasMelleHNe OTHENKYU ommpefenderca dak-
TOpaMy, YKa3aHHBIMM Ha pucyHKe 2. CiieffyeT OTMEeTHTb, 4TO Hal-
60o7ee MHPOPMATHBHOI ¥ AKTUBHOI 30HOI BOCTIPUATIS SIBJIAETCA
BepXHAA 4acTb ¢opmbl (). [Ipu BU3yarIbHOM BOCHPUATIY MO-
JeM1 MIMEHHO Ha 9Ty 4acTb (OpMBI IepBOCTENIEHHO OOpallaioT
BHuMaHNe. [loaTomy Haymbosee BYU3yaTbHO ONpefe/Mbl M BbIpa-
3UTE/IbHBI OT/E/KY, PACIOIOKEHHbIE B BEPXHEIl YacTy IIeYeBoi
BepxHeit 6biToBOI (BB) omexxasr. B mosicHoit BB omexpe mpnme-
HEHIIO CPEJICTB KOMIO3NIOHHOTO pasHoobpasust (CKP) anbonee
HOfiBepyKeHBI F00KIL. BPIOKM B MeHbIIeil CTeleHN JeKOPUPYIOTCs,
ocobernHo Temu CPII® koTopsle yBemrunBaoT 06béM GopMbL. Bos-
MOXXHOCTJ XYHO0KECTBEHHOT0 0pOPMIIEHIIS TaK XKe B3aYIMOCBSI3aHbI
C COCTaBJIeH)eM Pa3HOOOPA3HBIX KOMIUIEKTOB 113 MOJIeTIell PasHbIX
TIpeMeTHBIX IPymIL. Kak mokasanm MapKeTHHIOBbIEe UCC/IE/JOBAHNA

B )KEHCKOM rapfiepobe 61y3ok 6oblie, 4eM 10060K U OPIOK, T.e. pas-
HOOOpasue JOCTUTAeTCA 3a CYET BOSMOXKHOCTU HOIIEHNE C OJHOI
100K0IT 1Ty GPIOKaMI HECKObKMX PAsHBIX IO CTUIIO, BopMe, fie-
KOPATJBHOMY, LJBETOBOMY I OPHAMEHTAJIbBHOMY PeIlIeHNI0 OTy30K.
[TosToMy pasHOCTWINIO U [eKOPUPOBAHUIO Oo/lee IOJBEpPIKEHBI
Omy3ku. J06xu u 6proxym vaie BBITIOMHAIOTCA CO CIIOKOIHBIM KOM-
TIO3UI[VIOHHBIM pelleHNeM Vi He OpocKoii 0Taenkoll. B ux criesom
pellleHyy IIPeTIouTeHNe OTAAETCA KIACCUYECKOMY 1 CIOPTUBHOMY
CTWIIO, TaK KaK OHM bo/ee YHUBEpPCATbHBIE U JIeTde COYeTAIoTCs
C MOJIE/LAIMM, PEIIEHHBIMY B IPYTUX CTIJIEBBIX HAIIPaB/ICHIAX.

Ha pucyHke 3 moxasaH fMala3oH BO3MOXHOIO IPVMEHEHIA
CPefiCTB  KOMIIO3MUIMOHHOTO PasHOO0pasus LA PasHBIX Ipel-
METHbIX ITPYIII XEHCKOI OBITOBOJL BepXHeil OfeXK bl

B cBA3M ¢ BBITEN3IOXKEHHBIM, MOJIENN «IETKYX M3JeNNil» Hay-
OoJTee TOAIBEP>KEHbI AEKOPUPOBAHNIO, YeM MOJIE/N «BEPXHETO CII0S1»
1 60JIee Hy>KAAITCS

B KOMITIOSUI[IOHHOM pasHoo6pasun. Ompenenenne GakTropos,
B/IAOIVX Ha BBIOOP CPeAcTB pa3pabOTKY IOBEPXHOCTU (POPMBI
JULSL OfIeXKIBI BEPXHETO CITOS U «JIETKUX U3JIETUIT» YKEHCKOIT OBITOBOIT
BEpXHeJ OJEXK[bI Cfie/laeT IIPOIecC IPOEKTHPOBAHMA HKEHCKOM
OJIeXKIbI C TOUKM 3PEHIS [IeKOPUPOBaHMs, 607Iee PeHTa0eTbHBIM.
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1- Ommy3KH, NIATES

2- 100K

3- Oproxn

4- mamy, KypTKH, DHIKaKIT

5 - my068l, IaNbTO, HONYNATETO

1

Puc. 3. inanazoH BO3MOXKHOCTU NPUMEHEHUSA CPEACTB KOMMO3ULMOHHOrO Pa3HO06Pa3NA B IKEHCKOIl GbITOBOM BepxHei oaexae

JIntepatypa:

1. Tyceiinos, I'. M. Kommosuuus xocrioma [Texcr]: yae6. mocobme m cryp. Bbicir. y4e6. 3asefenuit / I'. M. T'yceitos, B.B. Epmu-

noBa, [I.10. Epmmnosa.— M.: Akagemns, 2004.— 432 c.

2. Tlpokormoga, E. B. Bmussue cpencts paspaboTky HOBEPXHOCTH (OPMBI Ha IIONy4eHNe BHEIIHEro pasHoobpasus mopernet [Texcr] /
E.B. ITpoxonosa, E.JI. Mocpkuna // IlIeitnas mpombiunieHHOCTb. — 2007.— Ne 1.— C. 46-47.

MoBbiweHue KauecTBa achanbToOETOHHON CMeCH NyTeMm
BKNIIOYEHUA B € COCTaB CTEKNAHHbIX MAaKPOBOJIOKOH

YepHos Cepreit AHaTONbEBNY, KAHANUAAT TEXHUYECKNX HAYK, [OLEHT;
Mocton CHexaHa AnekcaHApOBHA, CTYAEHT MarucTpaTypbl
[loHcKoit rocyfapcTBeHHbI TexHUYecknil yHuBepcuTeT (r. PoctoB-Ha-floHy)

B cmamve asmopul npoeoaﬂm IKCNepuUMeHm no 86e0eHUI0 MaxKpoeonoKoH 6 cocmas aC¢aﬂbm06€m0HHOft CMecCU C Uenvro N08blULeHUA IKC-

nnyamauuoHHblX Xapakmepucmuxk.

Kmouesvte cnosa: acanvmobemon, MaKpoBonoKHO, MUKPOBOTIOKHO, UsebeHoHO-MACHUUHDLLL acPanvmobemon, Koneeobpazosanue,
YCMAnOCMHOE U HUK30meMnepamypHoe pacmpeckusarnue acanvmobemona, nosvluieHue Kauecmea achanvimobemona.

Ucnonb3oBaHne MaKpOBOIOKOH A apMUPOBaHNA
acanbtobeToHa

OmnpererteHs! oKasaTent KomeeoOpasoBaHust ¥ TPELMHOCTON-
KOCTH.

MaxpoBO/IOKHa IOBBIIAIOT YCTONYMBOCTD acdanbTobeToHa
K K0/Ieeo6pasoBaHuio.

MaKpOBOJIOKHA Y/IY4LIAKT IPOYHOCTHBIE XAPAKTEPUCTHUKI ac-
¢anbroberoHa.

TpemnnoobpasoBanre — ofyH 13 Hanbo/mee pacmpocTpa-
HEHHbIX I[e(l)eKTOB, BCTpEYAIOIMXCA HA aBTOMO6I/ITII)HbIX foporax.
Kak mpaBwmo, mosiB/isieTcss M3-32 yCTA/IOCTHON JehopMaryut fo-
POKHO KOHCTPYKUMM ¥ HM3KMX Temmeparyp. Ha mporspkeHun
MHOTUX JIET BOJIOKHA MCIIONIb30BAINCH /I apMUPOBaHUA CTPO-
UTENbHDBIX MaTE€PNAJIOB. V3BecTHO O NPOKOM IIPMMEHEHNN BO-
JIOKOH Pa3/INIHOI J/IMHBL B COCTaBe OETOHA, C LE/IbI0 TIPeyIIPeXx-
IEHVA paCTPECKNBAHNA M IIOBBIIIEHNA ITPOYHOCTHBIX TI0Ka3aTesiern.
ToBOpSL O MOKPBITYAX U3 HEKECTKON TOPOXKHON OIEX[bI, BO-
JIOKHA 0OBIYHO UCIIO/b3YIOTCS B CMECAX, TAKHUX KaK [1e0eHOYHO-Ma-

crnynble (IIMA). Ilpumenenne BomokoH B cocraBe IIIMA 06y-
C/IOB/IEHO BBICOKMM IIPOLIEHTOM BSDKYIIETO U HEOOXONMMOCTBIO
NPENYNPEXIEHNA CTEKAHNA BKYILETO B IIPOLIECCE TPAHCIIOPTUPO-
BaHMA cMecn 1 yxmagku. C atoit mebio B coctase IIIMA ncnonb-
3YI0TCA CTa0WIM3NUpyoLIe BoToKHA. TakuM 06pasoM, CyIecTByeT
MHOTO paboT 1o TeMe M3ydeHus (PU3MKO-MeXaHMYECKUX IIOKa3a-
Tereit acdanbTobeTOHa C KOPOTKMMIY BOJIOKHAMM B €rO COCTaBe.
CymiecTByeT HeZOCTATOK MH(POPMALNM O IPUMEHEHUN MAaKpPOBO-
JIOKOH. B raHH0I1 paboTe IpoBeieHO CCIeNOBAHNE IO TEME IPUMe-
HEHVISI CTEK/ITHHBIX BOIOKOH B COCTaBe achanmbToOeTOHHBIX CMeCeTT.
B nponjecce nccenoBaHms 00Hapy>KeHO MOBBILIEHNE IPOYHOCTHBIX
nokasareeit. Kpome toro, gobasyeHue BOTOKOH O3BOIIIO CHI-
3UTb IIOKa3aTeNlb OCTATOYHOI Aedopmariyut Ha 50%.

B nocnenrme roms B Poccmiickoit Oeneparmyt HabIOKAETCS BBI-
COKIIT POCT MHTEHCYBHOCTU [BIVDKEHMs TPAHCIIOPTHBIX CPEfCTB Ha
ABTOMOOM/IBHBIX JOporaXx. Bmecre ¢ TeM, mosIBIIsieTcst ocTpast Heob-
XOfIIMOCTb YTy4IIEeHNA CTPOUTENbHBIX MaTepPUaNoB, IPUMEHAEMbIX
B JOPOXXHOM CTPOMUTENIBCTBE, C YIETOM TEXHIUKO-3KOHOMIYECKOIT 3¢-
¢bexTuBHOCTIL. B TOM WIICIIE, COBEPIIEHCTBOBAHIE CTPOUTENBHBIX Ma-
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TePUAIOB U TEXHOTIOTMH CTPOUTENBCTBA JO/DKHO OBITh HAIIPAB/IEHO
Ha yBe/IMYEHNMEe CPOKA CIYKOBI JOPOXKHOIT KOHCTPYKIIMM, a TaKxKe,
TpefyIpeXieHNs TTOSIBICHIS IPeXeBPEMEHHBIX PaspyIIeHNMiL.

OpHuM 13 HaubosIee PacIpOCTPAHEHHbIX MaTepUaJIOB, UCIIO/b-
3yeMbIX B JOPOXXHOM CTPOUTE/ILCTBE, ABILACTCHA achalbTOOeTOH.
B cBsisy C BBICOKMM TpamKOM Ha aBTOMArMCTPA/LIX OPOXKHAS
OfIeXja He COOTBETCTBYET PaCYeTHOMY CPOKY CI>KOBI U paspylia-
eTcst panblie. AcaabTo6eTOH, B YaCTHOCTH, TIpeTepIeBaeT TaKie
BI/IbI Pa3pYIIEHIIT KaK: TPEIVHBI, BEIOOMHDI, 00pasoBaHue Koreit,
BBIIIETYIINBAHNE, BBIKPALIMBAHNE, BIAJMHBL, BOMHBL C I€/bio
HpeyIpeXeHsT IPeXIeBPEMEHHBIX PaspyLIeHNi 060CHOBaHa
AKTYaJIbHOCTb PACCMOTPEHHOII TEMBI.

Maxpes u ap. [1] nccneposamu IIIMA co cTeKIAHHBIMU MU-
KPOBOJIOKHAMI1, OOHAPY>KVB YIy4LICHNUs B IMHAMITIECKOM MOJYIIe
U YCTQIOCTHOM TOBEEHNUI; OHY TAaKXKe OOHAPY>KUIN YIy4lIeHNsT
B II0Ka3aTe/ISIX YCTONMMBOCTH K Kojeeobpasosanuo. [Ipenmymge-
CTBa BOJIOKOH B TIOBBILIEHNN YCTOIYMBOCTY K KOIee0OPA3OBAHIIO
MOTYT GBITH 0OYC/IOB/IEHBI YBEMYEHEM KOHCUCTEHIINI MAaCTUKY
¥ MeXaHu3Ma O7IOKMPOBKY MeXy arperatamu [2].

Uurepecusiit penomen Habmopamu Kutay et al. [3] npu mpose-
JICHVUH UCIIBITAHIS YCKOPEHHOTO HArPY)XeHus 00bekTa. Acdanbro-
6eTOHBI ¢ HOMMAPUPHBIMI MUKPOBOIOKHAMY ITOKA3A/IM HATUYINeE
MUKPOTPELIIH, HO OHM He IPOTPeCCUPYIOT I He YBEeININBAIOTCS [0
YPOBHSI Q/UIUTATOPHBIX TPELIH. B 9TOM C/1y4ae BOIOKHA [IE/ICTBYIOT
KaK MOCT, IlepefiaBast HalpsDKEHNUs 1 OTPaHIYMBas POCT TPEILMH.

Bo MHOTrMX MccejoBaHUsAX cO0Omanoch 06 yIydlIeHny IoBe-
JieHNsT apMUPOBAHHBIX BOMOKHAMH acanbTobetonos [4-14]. Ox-
HAaKO BCe YIIOMSIHyTbIe PabOTbI OTHOCSTCS K KOPOTKIM BOJIOKHAM
(mmHa <25 MM). AHanusypys Hay4IHbIe UCTOYHUKM, MCCIENOBAHMIA,
BK/TIOYAIOLIMX MaKpOBOJIOKHA (IMHa >35 MM), He CYIeCTBYeT.
Kpome Toro, 6b110 0TMeYeHO, YTO I 3TOTO THIA YPAKIMOHHOI
CMeCH He CyIeCTBYeT HIKAKOTO MeTOJja IPOeKTHPOBaHys. BomokHa
OOBIYHO UCTIONIB3YIOTCA B CTPOMTEIBHBIX PACTBOPAX 1 ITOPTIAH/LIe-
MEHTHbIX (eTOHAaX A/Is1 KOHTPOJIsS PACTPECKVMBAHIIS U MOTYHEHIs
OCTAaTOYHOII HECYIIell CIOCOOHOCTY B PACTPECKABIINXCS COCTOS-

\

- n
R = 3 :r TR
e - . ‘
kY
):‘.I. ‘.\

HUsIX. MeXaHu3M JIeliCTBIS 1 yCOBEPIIEHCTBOBAHIS MUKPOBOTOKOH
B 0671acTit achanbTOOETOHHBIX CMeCeli JI0 CUX TIOP OYEHb Mo He-
M3BECTHBL B JaHHOI paboTe aHAIM3NMPYETCs BIMAHME BKITIOUCHIS
BOJIOKOH Ha XapaKTepUCTUKN achalbTOOETOHHDBIX CMeCell B OTHO-
MEHNN peaKIumn pa3pymeHMH IpY HU3KUX TeMHepaTYan n 06pa—
30BaHUA KOJIei TIpU BBICOKMX TeMIIEpaTypax SKCIUTyaTalli fOPOXK-
HOTO TOKPBITHSA. Pesynbrarsl mccnenoBanus achanbToOETOHHBIX
CMeceil, COflepyKaluX KaK MUKPO-, TAK U MaKpO-CTEKTOBOOKHA,
CpaBHUBAIOTCA C pe3ynbTaTaMl, HO}IY‘{CHHbIMI/I Ha KOHTPOJIbHbBIX
achanprobeToHax 6e3 BOTOKOH.

1. JKcnepumeHTaNbHaA YacTb

Bo-mepBBIX, B KadecTBe IPEJBAPUTENIBHOTO MCCIEAOBAHNA
B 00bIuHBIe acdanmbTo6eTOHbI OBUIM BK/IIOUEHBI CTEKTOBOTOKHA
¥ 1o/ ypHble MUKPOBOJIOKHA I M3Y4eHO VX BIIAHVE Ha Kolee-
obpasoBanue (pu Temueparype 60°C) 1 TpeIMHOCTONKOCTD (IIpy
temmneparype <10°C). [Ipu HoBOM IOAXOfe Ha BTOPOM 3TaIle Te Xe
cBojicTBa OBUIN POAHANM3MPOBAHbI Ha aHAJIOTMYHBIX acanbTobe-
TOHAX, I7ie ObUIM BKIIOYEHBI Pas/MyHble JO3MPOBKU CTEKIAHHBIX
MaKpOBOJIOKOH (J/IMHOIT 54 MM); KpoMe TOTO, ObUII U3Y4eHbI 00b-
eMHbIe 1 MeXaHNYecKle CBOJCTBA BOTIOKHIICTOTO apMUPOBAHHOTO
acdanproberona.

1.1. Mamepuane! u cmecu

BOOKHMCTBLIT apMUPOBAHHBII aCanbTOOCTOH, MCIIOMb3YeMBlit
B 9TOM ICCTIE[OBAHNI, OBUI pa3paboTaH 13 0OBIYHOTO [IIOTHOTO ac-
dbanbroberona. basosas achanbrobeTOHHAs CMech ObUIa U3TOTOB-
JIEHa C UCIONB30BaHMEM ABYX (PAKIil KPYIHbIX 3alOTHNUTENeEN
(8-16 mm 1 16-31,5 MMm), apobnenoro mecka (0-8 mm) u acdanbro-
6erorHoro BsuKyutero (PG 64-16). B tabmuue 1 npuBegeHs! mpo-
MOPLIY CMECH ¥ XapAKTEPUCTIKI achaIbTOOETOHHOTO BSKYLETO.
Ha prcynke 1 MOKasaHbl pas/ndHble BOJIOKHA, MCIIOIb3yeMble
B JJaHHOIT pabore, a B Tabsu1le 2 — NX OCHOBHbIE CBOJICTBA.

Puc. 1. MuKpo- u MaKpOBONOKHa
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Tabnuua 1. OCHOBHbIE XapaKTepUCTUKM achanbTobeToHa

CocTtaB cmecu:

KpynHblii 3anonHutens KpynHeliii 3anonHuTenb OTceB Apob6neHus BrviLee
8-16 mm 16-31,5 mu 0-8 MM vil
Macca.% 23,8 10,5 60,9 4,8

Baskoctb npu 600C [Ma*c]

Mexnetpauus, [Mm] Temnepartypa pasmsaryenus, [0C]

XapaKTepuCTUKM BAXKYLLEro

PG 64-16 no FOCT P 58400.1- 335 47 54,8
2019 [17]
Tabnuua 2
CBoMCTBa BONOKOH
BosioKkHa MukpocTtekno mG Mukpononuacup mP Makpocrtekno MG
OnvHa [mm] 12 25 36
Mponopuuu [l/D] 58 1250 67
MnoTtHoOCTb [r/cm?] 2,68 1,34 2,68
lpepen npoyHoCTH [MNa] 1700 300-500 1700
Mogynb ynpyroctu [FNa] 72 10 72
T
enneparypa [°c] 860 250 860
pasmsAryeHus

Pasunia Mexxgy MUKpO- ¥ MaKpOBOJIOKHaMM CBSI3aHa C Mak-
CHMa/IbHBIM Pa3MepOM 3allOTHUTENIA ¥ B3aMOJielICTBIeM BHYTpU
achanbroberonHoil cMecy. CTeKIAHHble MUKPOBOJIOKHA JIMEIOT
JUIMHY, MEHDIIYI0, YeM MaKCYMA/IbHBI pa3Mep 3aIlOJTHUTEN ac-
danbroberoHHOl cMecu. Ero ocHoBHOe BIMAHME 3aKTIOYaeTCA
B M3MEHEHMM MOBefeHnsA MacTuku. OJHAKO J/IMHA CTEKIAHHDBIX
MAKPOBOJIOKOH IIP€BBIIIAET MAaKCMMaJbHbIl pasMep arperara
U, KaK 0XKujaeTcs, 6y/eT BAUATh Ha TTOBefIeHNe PaspyLIeHIs I Pac-
IIPOCTpaHEeHNe TpelyH. Bo/oKHa JIeICTBYIOT KaK MOCTUK B Tpe-
I[MHAX U NepefjaloT HanpsbkeHne. [TonadupHble MUKPOBOIOKHA
UIMEIOT JINHY, aHAJIOTMYHYI0 MAKCUMATbHOMY pasMepy 3aIloTHN-
TeJIA, HO U3-3a CBOelT POPMBI U XKECTKOCTU OHU, KaK ITpefoara-
€TCsl, TIOB/IUAIOT Ha MOBeieHIe MaCTUKN 6e3 YMEeHbIIEHNS XapaK-
Tepa paspyuieHyA. Kpome TOro, st HOMEHK/IATYpbl ABIAITCA
C110co60M, KOTOPBIM IIPOM3BOAMTEN KIACCU(HULMPYIOT BOTIOKHA.

B mpepBapnTenbHOM MCCIETOBAHMY MUKPOCTEKIO ¥ IIOMHU3-
¢upubie BomokHa (MG u mP) 6bumM BKIIOYEHB! B cocTaB 0,4% OT
Maccel cMecut. [l OCHOBHOI IPOrpaMMBbl BKITFOYAIN MaKpO-CTe-
knoBonokHa (MG) B pasnuunbix gosuposkax (0,2, 0,4 u 0,6% ot
MAacChl CMeCH).

Bo Bcex crmydasx BOMOKHA CMELIMBAMI C TOPSYMMI 3aII0/THUTe-
MU B TedeHne MyHuMyM 30 ¢ /1t TOBBILIEHNS AUCTIEPCHOCTH BO-
JIOKOH, a 3aTeM JI00aBIsi/Iu acambToBOE BSDKYyIIiee, IPOfOTIKa Tie-
pememmBaTh emje mouTy 2 MuHyThl. Hampumep, Ha puc. 2 mokasaHo
pacnpenenenie MakpoBosiokoH (MG) B mporjecce CMeIIMBaHNSL

Ilnst cpaBHeHMs 9 EKTUBHOCTI PA3INIHBIX HCCTIERYEMbIX BO-
JIOKHVCTBIX apMJPOBAaHHBIX ac(hambTOOETOHOB ObUI IPUTOTOBTIEH
KoHTponbHbIT 3amec (C). V3rotoBmeHHble 3aMechl ObUINM ITOMe-
YeHbI B COOTBETCTBUM C TUTIOM BookHa (mG, mP min MG) u mo3n-
poBkoii BonokHa (02, 04 wnu 06).

MaKpOBOJ/IOKHa

Puc. 2. Pacnpepenexve MakpoBONOKOH B NPOLECCe CMELIMBaHNA
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Acdanproberonnsie mmTs (300 x 300 x 50 MM) ObUIM 13TO-
TOBJIEHBI B K&XKIOM CJIy4ae [yisi IIPOBeMjeHIs UCIIBITAHMNIT Ha KOTle-
eobpasoBaHye i U3ru6 Ga/IKy, KaK OMICAHO B CTIEYIOIEM Pasfiere.
OHu OBUTH YIVIOTHEHBI POTUMKOBBIM YIVIOTHUTEIEM B COOTBETCTBU
¢ DIN EN12697-33-2019. Bbiu TaKx>ke M3roToBjIeHbI 00pasIibl ac-
¢ansroberona o Mapiaty ¢ MaKpOBOJIOKHAMI IS CPABHEHST
00'bEMHBIX 1 MEXaHNYECKIX CBOJICTB ¢ KOHTPO/IbHBIM 3aMECOM.

1.2. lposedeHue ucnoimanuli
1.2.1. Mapwann mecm
O6pa3].lb1 110 Mapmamly ObUIY M3TOTOBJIEHBI B COOTBETCTBIM

c¢TOCT P 58406.9-2019 [18] (MG02, MG04 1 MGO06) fiy1 aHanusa
BJISIHUS. MAKPOBOJIOKOH Ha OO'beMHBIE 1 MEXaHIYeCKIe CBOIICTBA.

Bbinyt ompeneneHsl Takue $GMU3NKO-MeXaHMYecKue OKa3aTe Kak:
mrotHocTb (TOCT P 58401.16-2019) [19], coneprkaHyte BO3IYIIHBIX
nycroT (FOCT P 58401.8-2019) [20], conpoTuBneHne IacTiuye-
ckomy Tevennto (FOCT P 58406.8-2019) [21].

1.2.2. UcnbimaHue Ha KoneeobpasosaHue

VcnbiTanue Ha KojeeoOpasoBaHMe MPOBOJWIM B Jabopa-
TOpyUM € IMOMOIIbIO VICTIBITATENIbHOM yCTaHOBKI/I I UBMEPEHNA
rIyOuHbI KomeeobpasoBanmsi. Obpaser; TepMOCTATUPYeTCsT B Ka-
Mepe, puc. 3, s TOfiepyKaHust TpebyeMOil TeMIIepaTypbl VCIIbI-
TaHU, KOTOpas IPelCTaB/sieT 000l BHICOKYIO TeMIepaTypy Ho-
POXKHOTO IMOKPBITHs. B 31011 pabore Temmeparypa cOCTaBisiia
60°C, 1 151 KaXKHoro achanbTobeToHa ObIIO UCIBITAHO He MeHee
JiByX 00pasLioB.

Puc. 3. YcTaHOBKa ANA UCNbITaHUIA HA KoneeobpasoBaHue

[mybuna Komey M3Mepsutach Ha 00pasiie ¢ MHTEPBAIOM B OIHY
MuHyTy. KaXkpas Touka JaHHBIX IpeNCTaB/La coboil cpenHee
3HayeHMe U3 25 W3MepeHWI, BBIIIONTHEHHBIX Ha IIeHTPAIbHON
100 — MyIIMMeTpoBOIt IPo6HOI TpaekTopuu Koneca. CobpaHHbIe
JJaHHBIE GBI UCIIOIb30BAHBI /LS LOTy4eHNs KPUBOIT IOCTOSIHHOI
medopManyn B 3aBUCUMOCTM OT IMK/IOB M CHAO)KEHBI TTOTEHI[V-
QJIBHOII MOJIeTIbIO, ypaBHeHMeM (1).

Dn=a*n’ (1)

Dn — nocrosHHas AepopMals; n — KOMMYECTBO IIMKIIOB; a
U b — IOCTOSIHHbIE 3HAYCHNS

Yron HakIoHa KpuBOIt Koneeobpasosanst (WTS) u mpomoprin-
oHa/bHAsA DybuHa Koreu (PRD), cooTBeTcTBeHHO OBUIM paccdn-
TAHBI II0 pe3y/IbTaTaM, IOTyYeHHBIM Ha MICIIBITATebHON YCTAaHOBKE
UL M3MepeHNs IIIyOMHBI KoJleeoOpasoBaHus:

D10000-D5000 MM

WTS = = ] 2)
5 10" 3yurnos
PRD __ D10000 , [%] 3)
svicoma o6pasua

rae D5000 n D10000: mocrostHHas mepopmanus mpu 5000
1 10000 IMKIaX COOTBETCTBEHHO.

1.2.3. Onpedenenue ycmanocmHoi npo4Hocmu 06pasyo8
acghanbmobemoHHbIX 6aN0K NPU MHO20KPAMHOM u32ube

VcnbiTannss Ha usrmb Hpu MHOTOKPaTHOM u3rmbe 6aok
OOBIYHO MUCTIONB3YIOTCS /LSt OLIEHKY TTOBEJICHIST PaspyLIeH s pas-
JIMYHBIX CMeceil. B atnx skcrepumentax 6aiku 50 x 75 x 300 Mmm
6bu1n BeIpesansl 13 T 50 x 300 x 300 M. Batku 6b11y Hapjpesansl
B LIeHTpe; IIyOuHa Happesa (15 MM) ObUIa JOCTATOYHO J/IVHHOIL,
4TOOBI 00ECIIeUNTD JOCTATOYHYIO MHTEHCHBHOCTD HATIPSDKEHUIT Ha
KOHYMKe Haflpesa I/ MHULMMPOBAHNA TPELIMHDI, HO JOCTATOYHO
KOPOTKOI1, YTOOBI IPEJOTBPATUTD MHULIMMPOBAHIE TPELINHBI IIOf
cobcTBeHHBIM BecoM [15]. Boia nconb3oBana TpexTouevHast KOH-
¢urypauns nsrubaroleit Harpy3Ku, 1 MCIBITAHNE KOHTPOJIMPOBa-
JIOCh C MOMOIIBIO 3KMMHOTO JIaT4YMKa, KOTOPBI PerNCTpUpOBa
CMellleHNe YCThs TPEIMHbL. VICIIoNMb30Bau MOCTOSAHHYI0 CKOPOCTD
0,9 mm/muH. Viciprtanmus nposogumuch mpy 0 u 10°C no kpaitHeit
Mepe Ha Tpex 00pasiax st KXol TeMIIepaTyphl U TUIA CMeCH.
Ha puc. 4 moxasaHbl Ga/IKu 11 CXeMa UCIIBITATE/IbHOI YCTAHOBKIL.

KpuBas 3aBuCUMOCTI HaIpsDKeHUA U feopMalliy IpU Ipo-
BeJIeHUN MCIBITaHN [I0Ka3aHa Ha puc. 5. B pesynbrare 6pumm 1o-
JTy4eHBI IMKOBOE HATpsDKeHMe (Sp) 11 YeTbIpe OCTaTOUHBIX fedop-
mann (Rs) mna 1,2, 3 m 4 mm (Rs 1, Rs2, Rs3 u Rs4).
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Puc. 4. ®otorpadum 06pasuoe 6anok

Hanpsoxenue (Mla)

2
1 T
Rs
1} J' 1 Rs, R53 qu
0 . , | . — i
0 1 2 3 4

Aedopmauna (Mmm)

Puc. 5. Pe3ynbTaTbl MCNbITaHUIA

2. AHanu3 pe3ynbTaToB

I[IpumeHeHne MaKpOBOMOKOH [/ apMUpOBaHus acdambrobe-
TOHA — HepasBuTast 0671acTb. OCHOBHOII Lie/bI0 3TOI pabOTHI 6BUIO
U3ydeHIe KO/Iee0OpasoBaHIisl ¥ TPELIMHOCTONKOCTI BOTTOKHVICTOTO
apMIPOBAHHOTO acarbTOOETOHA, B OCHOBHOM BK/TIOYAIOIIET0 Ma-
KPO-CTeKI0BOMOKHA. KpoMe Toro, usyyaercss u cpaBHMBAETCS MC-
TI0/Ib30BaHe MUKPOBOIOKOH 11 MIX BO3MO>KHOE Y/Ty4llIeHNe CBOJICTB
cmec. Criefiyer OTMETHUTD, YTO BBIOPAHHbIE MIUKPO — (CTEK/IO WK
HOJIMACTEP) U MAKPOBOJIOKHA (CTEKIIO), UCIIOIb3yeMble B 9THX JIC-
C/IeI0BATEIbCKIUX IKCIIEPUMEHTAX, TIPeHA3HAYEHbI /IS MCIIO/Mb30-
BAHNS B CTPOUTE/IbHBIX PACTBOPaxX 1t OeToHax. V3-3a 9TOro BaXXHO
OTMETHTD, YTO BOTIOKHO JJOJDKHO OBITh PaspaboTaHO I ONTUMU-
3alMM ero reoMeTpuy (JUIMHA, [UaMeTp), MaTepuana (IPOIHOCTD,
MOJIyJIb YIIPYTOCTH, CIIOCOGHOCTS K Y/IMHEHNI0) 1 afresui (popma,
TEKCTYpa), 9T0OBI MAKCUMA/IBHO [OBBICKTD ero 3 GeKTHBHOCTD KaK
B CBeXeM (BK/IIOYEHIe B IPOLIECC CMEIUVBAHII), TaK U B 3aTBEP-
fieBILeM (IIPOM3BOAMTEIBHOCTD MaTepyana) cocTosiHsxX. Kak crey-
CTBHeE, Pe3yIbTAThI, TIOKa3aHHbIE 3[€Ch, AB/IAIOTCA MHOTOOOEIAI0-
MMM U MOTYT OBITD Y/Ty4IIeHbI, €CTIU BOTOKHA OYAyT CHIEIMalTbHO

pa3pa60TaHbI JUIA UCIIONIb3OBAHMA B aC(baHbTO6eTOHHbIX CMeECAX.
B CIIEAYyIOIEM pa3fieie IpUBENEHDI 11 MMPOAHA/IN3MIPOBAHDI IOy~
Y€HHbIC PE3YIbTATDI.

2.1. llpedsapumensHsie UCCI00BAHUA APMUPOBAHHBIX
BOJIOKHAMU acghanbmobemoHos ¢ BKM0YeHUeM MUKPOBONOKOH

[TpoBefieHbI UCIIBITAHMS Ha KO/MeeoOpasoBaHMe 1 TPELIMHO-
CTOIKOCTb apMUPOBAHHOTO acdanbroberoHa ¢ 0,4% copepskaHueM
crexnoBonokHaMu (mG) u noma¢ypebiMy (mP) MUKPOBOIOK-
Hamt. [IpoOHBIIT 3aMec TaKoKe BKIIIOYEH B CPaBHEHME.

Ha puc. 6 u B Tabmie 3 mpyBeeHbl pe3yIbTaThl UCIIBITAHWI
Ha KojeeobpasoBaHye. MOXHO BUJIET, UTO BK/IIOYeHne mG u mP
yIydllaeT ToKasaTenu. B rtabmuie 3 cHuokeHne pedopmaryu
(D10000) Ha 25 u 54% Habmomaerca mist mG04 1 mP04 coorBer-
CTBEHHO TI0 CPAaBHEHWIO C TIPOGHBIM 3amecoM (6e3 mobaBok). [la-
pamerpst WTS (yron HakioHa kpuBoii Koneeobpasosanust) u PRD
(mpomopioHanbHasA IMyOMHA KOJeM), OOBIYHO MCIIONb3yeMble
B CHelM@uKaimax Tpe6OBaHMIT K KoJee, TakkKe OTPAKAT 3TO
ynydienye. Hampumep, B apreHTMHCKUX TeXHMYECKNX TpebOBa-
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Husix [16] mpusenenst npepenst WIS u PRD, xotopble 3aBucAT
ot uHTeHcuBHoCcTH ABIKeHus (T1-T4) u monoxeHud cmos B Jo-
POKHOM HOKPHITHM ([OBEPXHOCTb, OCHOBAHMUE), CM. Tabmuiy 4.
B cooTBeTCTBIMM € 3THMY OTPAHNYEHNUSAMI, IPOOHDIIT 3amec (63 1o-
0aBOK) IIpeficTaByIAeT CO00I cMech, KOTOpas IIpYMEHAETCS B Ka-

C » mG04 = mP04

Aedopmayusa (Mmm)

=]
}

0 2000 4000

4ecTBE MOBEPXHOCTHON CMecy JiiA JiBVbKeHusA T4 wny B KadecTBe
cMecH JUL YCTPOIICTBA C/0sl OCHOBaHMA LA ABIpkenna T3. CMecn
mG04 1 mP04 Moryr mcronb3oBaThcsA B 60/ee SKCTpeMasbHBIX
ycnoBusix (6oree BbICOKMIT Tpauk), TAKMX KAK ITOBEPXHOCTHbIE
cmecu st Tpaduka T2 u T1 cooTBeTCTBEHHO.

6000 8000 10000

n (Unknos)

Puc. 6. Pe3ynbTaTbl UCMbITAaHUI HA KONleeobpa3oBaHue

Tabnuua 3. PesynbTatbl ucnbiTa

HWil Ha Koneeo6pasoBaHue.

WTS (mm/10° uuknos) PRD (%) D, 0000 (MM)
be3 nobasok 0,132 7,0 3,58
mGO04 0,098 5,2 2.70
mPO4 0,050 3,2 1,66

Tabnnua 4. MakcMManbHO AOMYCTUMbIE 3HAYEHNA NOKa3aTeneil Koneeo6pasoBaHusa B ApreHTUHCKOM cneyudmKaumm [16]

ApreHTUHCKas cneyuduKaums Tecta Ha KoneeobpasosaHue (EN12697-22)
KoHCTpYKTUBHBIi cnoi T1 T2 T3 T4
Mokpbiue WTS <0.08 WTS <0.10 WTS <0.12 WTS <0.15
PRD < 5% PRD < 8% PRD < 7% PRD < 10%
OcHoBanme WTS<0.10 WTS <0.12 WTS <0.15 WTS <0.15
PRD < 8% PRD < 10% PRD < 10% PRD < 10%
T1> 1500, T2: 800-1499, T3: 200-799, T4 < 199 (MawmH/geHb).

Tabnuua B3ata u

Tabnuua 5. 06beMHble U MexaHMYecKue n

3 UCTOYHUKa.

apameTpbl 06pasuoB ¢ Makpohubpoi.

D [r/cm?] V [%] S [kH] F (Mm)
Bes pobasok 2.428 4.4 17.9 4.2
MG02 2.411 4.5 19.4 5.0
MGO04 2.407 4.4 18.1 5.2
MG06 2.390 5.6 19.3 5.9
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Ha puc. 7 npuBesieHbI IpUMepBI pe3y/IbTaToOB UCIBITAHNI, TO-
Ty4eHHbIX A1 acdanbTobeToHOB 6e3 fo6aBok, mG04 1 mP04, nc-
HBITAaHHBIX 1Ipu TeMrepatype 10°C. B ofmux ueprax, BKIIOUeHMe

MIKPOBOJIOKOH HE M3MeHAET XapakKTep paspylIeHMsA IpU ITOMH
TeMIlepaType, MOXKHO CHeNaTh BBIBOJI, YTO BKJIAJ, MUKPOBOJIOKOH
B IIPOYHOCTHBIE XapaKTePYUCTUKI He OUeHb 3HAUMTETIEH.

Harpyska (MIla)

0 1

HAedopmauus (Mmm)

Puc. 7. Pe3ynbTatbl UCMbITAHUI

2.2. UccnedosaHue CMeK1080I0KHUCMO20 AcghanbmobemoHa

C 1je71bIo HAO/IIONEHYIA 32 BIVSTHIEM MVIKPOBOJIOKOH Ha 9KCIUTyaTa-
IMOHHbIE XapPaKTePUCTIKY acHabToOeTOHA ObUIN IIPOBEIEHDI YCIIBI-
TaHMs Ha ycTaHOBKe Mapiiraiia, Kosieeo6pasoBaHiie U TPEIMHOCTON -
KocTb cmeceit MG02, MG04, MGO6 1 ipo6Hbiit 3amec (6e3 106aBOK).

B Tabmmue 5 mpuBemeHs! cpepHyte 3HadeHus mwioTHOCTH (D),
BospywHbix mycror (V), crabumbaoctu (S) u texygecru (F), ompe-
[ieNleHHBIe B XOfie UcnbITanuii Mapiramia. MOXXHO 3aMeTUTb, YTO
IJIOTHOCTb aPMUPOBAHHOTO acanbrobeToHa ObITa HIDKe, YeM He-
APMMPOBAHHOTO, M yMEHDILIATACh 10 Mepe YBEIMYEeHUs LO3U-
POBKM BOOKOH. ITO OBIIO 0XKMAEMO, TTIOCKOTIBKY COCTaB achasib-
TOGETOHHOI cMecy ObUT TTOCTOSHHBIM. JmiHHasA popMa BOTOKOH
B/IVMSIET HA KOMITAKTHOCTH CMeCeil, TaK Kak coctaB acambrobe-
TOHHOI1 CMeC! He ObUI CKOPPEKTMPOBAH C Y4eTOM MX BK/TIOYECHIA.
Kpome Toro, Meron ymnoTHenusa Mapiuamia (¢ yrapamu) Bauser
Ha YIUIOTHeHue 06pasLioB ¢ BOIOKHaMI. [MpaTopHOe YIUIOTHEHe
6bUT0 OBl My4UIMM MeTOZOM. MOXHO CiefiaTh BBIBOJ, UTO KOH-

CTPYKUMs apMUPOBAHHOTO acambToOETOHA JO/DKHA BK/IIOYATH
OIIpefieTieHNe ONTUMAIBHOTO COTEPIKAHI BCEX KOMIIOHEHTOB ac-
(babTOOETOHHOI CMeCH, OIHAKO 3TO He ObII0 OCHOBHOI MBI
JAHHOI paboTel. [IpaBU/IBHBI METOJ IPOEKTUPOBAHNUS APMUPO-
BaHHBIX CMecell B HACTOsIlee BPeMsI He OIpefie/ieH 1 PEeJICTaBIsAeT
coboit bymyutyto mpobnemy. VI3 Tabmuipt 5 TakKe BUEHO, YTO CTa-
O1IbHOCTD 110 MapIiaity ompefiensiiach B TOM JKe HOpsiAKe, 9TO
U [y HEAPMIPOBAHHOTO, HECMOTPSI Ha 60JIee HIU3KIe IVIOTHOCTIL.
3HaveHNs TaKy4eCTy 1Mo MapIa/uty jisi apMUPOBAHHBIX 00PasIioB
ObUIV HEMHOTO BBIIIE, YeM B HEAPMIPOBAHHbIX.

Ha puc. 8 npuBeneHbl pe3y/IbTaThl MCIIBITAHMIT HA KONeeobpaso-
BaHIe I 00pasIioB 13 apMUPOBAHHOTO ac(ambTOOETOHA CTEKIIAH-
HBIMJ MUKPOBOJIOKHAMIL B Pas/MYHBIX o3npoBKax (MG 02, MG04
u MGO06). MO>XHO OTMEeTHTb, YTO BKIIOYeHJEe MAaKPOBOJIOKOH OKa-
34J10 TIO/IOXKUTENbHOE BIVISIHIE Ha CHIDKEHME KO/ee00pasoBaHus 110
OTHOIIIEHNIO K KOHTPOTBHOI cMecH (6e3 106aBok). BupHo, uto MG04
TIOKa3bIBaeT Ty4dIle pe3ynbTarhl, yeM MGO06. B stom cydae 0,4% MG,
T0-BUAMMOMY, SIBJIAETCS O07ee ONTUMATbHOI JO3UPOBKOIL.

4
C + MGO02 » MGD4 = MG06 |

T X
=
S
s
5 2
1]
=
o
0 3
©
2 .
q 3

0o 4 i ' - |

0 2000 4000 6000 8000 10000
n (unkKnos)

Puc. 8. Pe3ynbTaTtbl UCAbITAHUI
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Tabnuua 6. Pe3yﬂbTaTbI MCNbITAHUM Ha KOHEEO6P33OBBHMQ dPMUPOBAHHOIO CTEKJIOBOJIOKHOM achaanoGeTOHa

WTS (mMm/103% ynknos) PRD (%) D, 0000 (MM)
be3 nobasok 0.132 7.0 3.58
MG02 0.090 5.2 2.70
MGO4 0.047 3.7 1.87
MGO6 0.069 4.2 2.14

[Tapamerpsr WTS, PRD 1 D10000 npysepeHs! B Tabyuie 6.
I[Tpu cpaBHEHMY 9TUX Pe3yIbTATOB C IPee/bHBIMI 3HAUCHIAMIL,
YKa3aHHBIMM B TaOmuiie 4, BUFHO, YTO BCe apMMPOBaHHbIE 00-
pasusr (MG02, MG04 1 MGO6) coOTBETCTBYIOT crieliuKarim
IUIst CTIOST TIOKPBITHSL, TIOf{BEPTaloleMycsl BO3EICTBII0 Tpaduka
T1 (cambuit BoIcokuit Tpaduk), B ocHoBHOM MG04 1 MG06. Kak
OBUIO CKa3aHO paHee, KOHTPOTIBHBI 3amec (6e3 J06aBOK) yHOB-

JNeTBOpsAeT TpeOOBaHMAM C10d MOKphITHA ¢ Tpadukom T4 wm
cnosi ocHoBanusA ¢ TpapukoM T3. CpaBHUBasg MUKpPO-U Ma-
KpPO-CTEK/IOBOJIOKHA (VCIOTB3Ys JlaHHble TAbmuL| 3 1 6), MOXKHO
yBUeTb, uTo mGO04 MMen aHAZIOTMYHYI0 peakuuio, uto 1 MGO02;
OJIHAKO C/IeflyeT OTMETUTD, YTO Pe3y/IbTaThl VICIIBITAHNIT Ha KOJIe-
eobpasoBanue 0bpasiia, BKmovaomero 0,4% momadupHbIX M-
KPOBOJIOKOH OBUIN JIyYIIIE.

Hazpyaka (Mlla)

1 2 3
Aedpopmayus (mm)

T=02C
~nneC

—MGO02
-MG04
----MG06

Puc. 9. PesynbTatel ucnbitanmit npu 00C
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Puc. 10. Pe3ynbTatbl ucnbiTaHui npu 100C
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Puc. 11. CpaBHUTENbHbII aHANN3 KPUBbLIX AehopMaLUN — KOHTPONLHOM cMeck 6e3 BonokoH (C), apMupoBaHHasA cMecb MUKpO-
cTeknoBonokHoM (mGO4) u ¢ makpo-cTeknoBonokHom (MGO4)

Puc. 12. Bup noBepxHOCTU pa3pyLueHns Nocne UCMbITaHUIA Ha U3rn6
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Puc. 13. NMKOBbIE U OCTAaTOYHbIE HANPAMXKEHUSA
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Puc. 14. CpaBHeHWe NOJIyYeHHbIX Pe3yNbTaTOB UCNbITaHUI 6anoK achanbTo6eToHa Ha U3rub

Ha pucynke 9 n 10 mpuBefieHbl pe3y/nbTaThl UCIBITAHMI Ha
paspyuenne 6aok mpy usrnbe, BoimonHeHHsx mpu 0 u 10°C co-
orBerctBeHHO. [Ipu ncnpiranmsx npu 0°C (puc. 9) MG02 nemoH-
CTpUpYeT NOBefieHMe, aHanornyHoe nosefeHnio C (6e3 [06aBoOK).
Opnnako, MG04 1 MG06 1eMOHCTpUPYIOT /Tydlllee OBefieH1e pas-
pylIeHns ¢ 6oree BBICOKMM OCTAaTOYHBIM PECYPCOM IOCTIe MAKCH-
MaJIbHOTO HanpsibKeHMA. Ha JaHHbIT MOMEHT HesICHO, TIPOUCXOAUT
M 3TO CHIDKEHME TONbKO 13-32 HAPYLIEHVA CLEIIEHNA BOIOKOH
¢ acaIbTOBOI MaCTUKOI MM JKe IIPOUCXOIAT PasphIBBI BOIOKOH.
AHanoryyHoe noBefieHVe HAOMOANIOCh U IPY VMCIBITAHUAX, BbI-
HOMHEHHBIX IIpu Temnepatype 10°C (puc. 10). Y apmMupoBaHHOTO
acdanbrobeToHa GOTee BBICOKMII OCTATOYHBIA Pecypc, 4eM y ac-
danproberona C, HO B MeHbIIeM MaciiTabe.

CpaBHeHMe MUKPO- I MAaKpO-CTEK/LIHHBIX BO/IOKOH IIPU OfIN-
HAKOBOII J031IPOBKe MOXKHO YBUfETb Ha puc. 11; MG04 ynyduraer
IIPOYHOCTHbBIE XapaKTepucTyKy, a mG04 — Her.

[Tocne victibITanmit Ha M3ry6 6amKu GbUIN ITOTHOCTBIO PACKPBITHI
I aHaM3a TIOBEPXHOCTEl PaspylleHysA ¥ paclpeiefieHNs BO-
nokoH. Ha puc. 12 nokasaH Bup ogHoro o6pasia MGO6.

Jlpyrue mOJIOXWUTENbHBIE MOMEHTBI MOXXHO HAOIIOATh Ha
puc. 13; ocTaTOYHbIe HAIIPSDKEHNA BBIPAKEHBI B a0COMIOTHBIX 3Ha-
YeHNAX, a TaKKe B IIPOLIEHTaX OT TlepBOro MuKa. BeesjeHne MuKpo-
BOJIOKOH YBE/IMYIIO MMKOBOE HANpsDKEHMe acambTobeToHa TIpy
0benx TeMmIeparypax, HO yBeM4eHMe OCTATOYHBIX HAIPSDKEHMIT

6oree oueBuaHO mpu Gonee HMU3KUX TeMieparypax. Cmech C (6e3
106aBoK) nMena 6ojee XpyIIKoe ITOBefieH e Y O0JTee HUBKOI TeM-
IIepaType C Pe3KMM CHIDKEHIEM MOCTIMKOBOTO HANPSDKEHIST, B TO
BpeMs1 KaK 00pasLibl 113 apMUPOBAHHOTO achabTOOETOHA ITOKA3a/IN
0oJTee BbICOKME 3HAYCHM S HATTPSDKEHMIA.

W3 puc. 13 (ucmbitanus npu 0°C) BumHO, 4TO 60jIee BBICOKME
HPOLIEHTBI OCTATOYHOTO pecypca cooTBercTByrT MG04 u MGO6.
Kak 1 0X11a10ch, pas/mndns MeHee 3HAUNTe/IbHbI B UCIIBITAHIIIX,
BBIIIOJIHeHHBIX IIpy TeMIeparype 10°C.

Ha puc. 14 npuBenieHbl pacdeTHble IPOYHOCTHBIE ITAPAMETPHI
npu 0° u 10° C. BbU1o mOATBEp)K/IEHO, YTO BKITIOYEHNE MUKPOBO-
JIOKOH Y/Iy4IllaeT MOBefleHMe paspylleHus. YIydileHus Goiblie
npu 0°C, xoria acdanbrobeToH 1MeeT Hosee XPYIKOe MOBefEHIe,
¥ TI09TOMY BOJIOKHA Pa3BUBAIOT OOJIee BaXKHYIO POJIb, BBICTYIAsA
B Ka4ecTBe MOCTA, KaK TOJIbKO BOSHMKAET TPELINHA, [epefalomias
Hanpsbkerne. I1o Mepe yBe/muMdeHNUs [O3MPOBKM BOTOKOH, IUIOT-
HOCTb BOJIOKOH B CEUEeHNN TIePe/IoMa yBeM4Baach, i, TAKUM 00-
pasom, paboTaso 60sblie BOTOKOH.

3. BoiBogbl
OCHOBHOJI LIeNbI0 JaHHON paboThl OBUIO M3ydeHue BO3-

MOYKHBIX Y/Ty4IIEHMII XapaKTepUCTUK acanbToOeTOHA 3a CYeT
BKJIIOUEHNS B HETO MaKpoBOJIOKOH. IIpoussopmmch ¢pubpoap-
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MMpOBaHHBIE 00pasLbl 13 acdanbToOeTOHa, BKIIYAIOIE pa3-
nuansble fo3upoBku (0,2, 0,4 1 0,6% 10 Macce) CTEKISIHHBIX Ma-
KPOBOJIOKOH. JJOIIONHNUTENbHO OBUIM UCCIETOBAHBI IBE CMeCH
MuKpoduOpsI (CTeKI0 1 mo/macTep) (B padoBoit 1o3uposke 0,4%)
U KOHTpO/bHas cMech 6e3 BomokoH (C). OcHOBHbIE BBIBOJIBI 3a-
K/TIOYQIOTCS B CIIEIYIOLIEM:

[TnorHOCTD achanbTOOETOHA C MAKPOBOMTOKHAM ObIIa HIDKE, YeM
y eMecyt C. D10 0ODBACHAETCS TeM, YTO COCTAB CMecH He OB CKOp-
PEKTUPOBAH C y4eTOM BKIIOUeHNsI BOMOKOH. [l0BefjeHIe apMIpOBaH-
HOT0 achanbTo6eTOHa MOXKET OBITD YIY4IIEHO 33 CYeT ONTHMU3ALIN
ero cocraBa. CTabunbHOCT apMupoBaHHOTO acdanbroberoHa Obia
IPUMEPHO TOTO Xe NOPsIKa, 4To U [y coctaBa C (6e3 BOMOKOH), He-
CMOTPsI Ha bo7iee HIU3KMe IVIOTHOCTH, TOTAa KaK 3HAYeHMs TeKy4eCTH
1o Mapurajty 6bumm HeMHOTo Bbilite, 4eM A7 C (6e3 BOTOKOH).

Korneeobpasosatue achanbTo6eTOHOB SABHO YIVYLIMIOCH 32
CcueT JOOABIEHNMs MUKPO- M MAKPOBOTIOKOH. TexHMduecKue mapa-
MeTpBI, TaKIe KaK YO/l HAK/IOHA KPIBOJT KO/Ieeo0pasoBaHus I IIpo-
HOPLMOHAIbHAS [TyOMHA KOJIEN, PACCIMTAHHBIE HA OCHOBE TECTa Ha

KoJleeoOpasoBaHIe, TOKa3aly CylIeCTBEHHbIE YIy4IIeHUs apMu-
POBaHHOTO acanbTOOETOHA 1O OTHOLICHMIO K KOHTPOTIBHOMY 00-
pasity (6e3 BOTIOKOH).

CrewIAHHBIE MMKPOBOJIOKHA YIYYIIMIA TPEIIMHOCTOMKOCTD
achanbrobeToHOB. IIpy MCIBITaHNAX Ha M3TMO BOIOKHA YBE/INYM-
Ba/IJi MAKCUMA/IbHOE HAIpsDKeHMe M JAaBaly OCTATOYHYI HAIps-
KEHHYIO CIOCOGHOCTD, 0COOEHHO IIpY I03MPOBKAX BOTIOKOH OoTee
0,4%. Boree sHauMTe/MbHBIE YIydIleHNs ObUIM OOHAPYXKEHDbI TIpU
0oree HM3KOI 113 BYX M3y4eHHbIX Temnepatyp (0°C).

BaxHO TaxKe OTMETUTb, YTO BOJIOKHQ, UCIO/Ib3yeMble B 9THX
VICCTIEIOBATENbCKYX KCIIePUMEHTAX, IpeIHa3HaueHBbl I MICIIO/Ib3Y-
0TCA [/ IOPT/IaH/{LIeMEHTHBIX PaCTBOPOB VI OETOHOB. YUNTBIBa,
YTO BOJIOKHA ONTMMMU3MPOBAHBI 110 CBOEII TeOMETPHH, CBOVICTBAM
MaTepuaja ¥ CLEI/ICHNIO B COOTBETCTBUY C MaTpUIIeil /ISt JOCTH-
JKeHIsT MaKCUMAIbHOI 9 (EKTUBHOCTH, [OTyYeHHbIE PE3Y/IbTAThI
SABJIAIOTCS IEPCIIEKTUBHBIMIIL I, BOSMOXXHO, MOTYT OBITb Y/IydIIeHbI
3a CYeT MCIO/Ib30BaHNA MaKPOBOJIOKOH, OLTUMU3UPOBAHHBIX JLA
JICIIOIb30BaHMA B acdanbrobeToHe.
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