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HCIOJIb30BAHUE AHAJIOT Ui 1151 MATEMATHYE CKOI'O OITMCAHUS
INTAMEHHBIX CTPYKTYP B IIOPIIHEBBIX JIBUT'ATEJIAX

KosTiox P.J1., sim6anoB J.C. (kag. « Ungpopmamuxay, AI'TY, . Pocmos-na-/{ony,
Poccus)

Jns onumcanus (poHTa IMIAMEHU YacTO HCHOJB3YyeTcsl ypaBHeHue Koiamozoposea —
Ilemposckoco — Huckynosa [1]
2

Da—§+v@+Wc2(l—c)=0, c(-o)=1, ¢(0)=0. (D
Oz 0z

ABTOMOJIeTIbHAS TIepeMeHHas z B (1) MMeeT BOJHOBYIO CTPYKTYPY z = X - V £, & CKOPOCTh
pacrpocTpaHeHHs BO3MYIICHHS V SBISIETCS COOCMBEHHbIM 3HAueHueM KpaeBOW 3ajadi.
Uckomass ¢QyHkmus c¢(z) accomuupyercs ¢ Gopmoit Oerymero B NPOCTPAHCTBE
KOHIIEHTPAIIMOHHOTO, TeMIIEpaTypHOTO WJIM MPOYEero napamerpuieckoro mnpodmist, D — ¢
kodpdumentom auddysun, W — remnom npeBpaineHus (CropaHusi, 3apaXeHust WK Jpyron
JOKaILHOUM TpaHchopmaruu cpenbl). CTpykrypa ypaBHeHus: (1) u CBOWCTBa ero pemeHus
COXPAHSIOTCS [IPH CMEHE 3HAKa Iepe caaraeMbiM v 0c/0z u npu 3amere ¢*(1 - ¢) <> ¢(1 - ¢)?
B TPEThEM CJIaraéMoM JIEBOM YacTH, €CIM COOTBETCTBYIOLIMM O00pa3oM MepecTaBUTh
TpPaHUYHBIC 3HAYCHUE C|r+: IEPEUUCIICHHBIC MAHUITYJSIINHA ¢ KOYPPUIMEHTAMU OTPEICIISTIOT
TG HATIpABJICHUE JIBWKEHUS (a8mo)-coaumona [2].

Mogens (1) mocTtaTodHO yHHBEpcajdbHA: 3TUM OOCTOSTEIHCTBOM OIPAaBIBIBACTCS
HeocnabeBaroIMid nHTEpec K 3G (PEeKTUBHBIM crocobaM ee uccieaoBanus. Hanpumep, MOKHO
1oKa3arhb, 4TO ypaBHeHHe (1) SKBHBaJCHTHO CHCTEME HENMHEHHBIX YpPaBHEHUH C YaCTHBIMU
NPOU3BOJHBIMY, ONUCHIBAOIICH  gomoduccoyuayuro  eaza (DJ]) mnom  nedcTBueM
uHTeHCUBHOTO Y® wu3nyuenus [4]. IlpuBemem mnocTaHoBKY 3amaud [3] U JOKaxkeM
SKBUBAJICHTHOCTh COOTBETCTBYIOIIEH MOIeu ypaBHeHHO (1).

Kuneruka mnpoueccoB @J[ omnpenensercs HMHTEHCUBHOCTBIO H3IIyYEHUS, €T0
CHEKTPAILHBIM  COCTaBOM W COOTBETCTBYIOLIMMH CEUYEHMSIMU  MoTJomeHus. Ecim
MHTEHCUBHOCTD W3JIyUY€HHs JTOCTaTOYHO BEJIMKa, XMMHUYECKHE TNpeBpaimieHuss B BosHax DJ]
CYIIIECTBEHHO HEPABHOBECHBI, T.€. CKOPOCTH MPSIMBIX U OOpPATHBIX AJIEMEHTAPHBIX PEaKIHiA
3aMETHO OTJIMYAIOTCI. B 3TOM cilyyae XOpOomUM TNPHUOTMKEHHEM MOXHO CUHTATh
CIIEYIONIYIO OCTAHOBKY 3aaui. CII0if ra3a U3 ABYXaTOMHBIX MOJIEKYJI C KOHIEHTpAImeH ¢
[cM™] o6ydaercs mapauieIbHBIM IIYYKOM CBeTa MHTEHCHBHOCTBIO [ ° [eM°C']. Cunraercs,
yT0: 1) mornomenne Kaxaoro (oToHa U3 MydKa IPUBOJNUT K JAUCCOUMANNHN MOTJIIOTUBIICH €T
MOJIEKYJIbI; 2) CEUEeHHE MOTIOMEHHs MOICKYIaMH BCeX (OTOHOB OMHAKOBO M PAaBHO o [cM*];
3) npoayKThl poTOpacHaa ONTHYECKU HEAaKTUBHBI; 4) HHEpreTHKa npolecca Gporopacnaja He
BJIMSICT HA €TO KUHETHUKY; 5) B CpeJie HET pacCesiHusl.

Cucrema ypaBHEHHH TIepeHOCA N3TYYCHUS U XUMHUUECKON KWHETHKU UMEET BHJ]

ﬂ =—ocl , @ =-ocl , (2)
ox ot

rae x, t, I = I(x, t), ¢ = c(x, {) — IpOCTpaHCTBEHHAs1 KOOPAMHATA, BPEMs, HHTCHCUBHOCTb
M3JIy4YEeHUs U KOHIIEHTpaLus NOorjomanmx yactul. B [3] nonydeHno pemenue cuctemsl (2)

0 g 70
1+

0
, c(x,t)=1 , g=exploc | x——t||, 3)
g +g c
KOTOPOE MBI 37IeCh HCCleyeM 0oJiee TIOIpOOHO, B YaCTHOCTH, C IEIBI0 BBISIBUTH €T0 MECTO B
CEMEHCTBE PEIICHU COIUMOHHO20 T A8MOCOIUMOHHO20 THTIA.

I(x,t)=
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[loctanoBka 1)-5), (2) yAOBIETBOPSET YCIOBUSAM /-TEOPEMBI Pa3MEPHOCTEH,
CJIEZIOBATENIbHO, 3a/ladya HMMEET aBTOMOJIEIBHOE pelIeHHE. ABTOMOJENbHAs INEpPEMEHHas Zz
BRIOHpaeTCs ThIA Gezyweri 6onbl z = x - (I°/c) t, 4TO COOTBETCTBYET IBHMKEHHIO MPOQIeit
I(z) u c(z) B HEeBO3MYIIEHHBIT ra3 co ckopoctbio up = I /. TlocTOSHCTBO 3HAUEHHS uF
obecreunBaeTcss OTCYTCTBUEM 3aTyXaHUs U3JIYyUEHUs B MPOCBETIIAEMON cpesie. XapaKTepHbIil
pa3mep 00JIaCTH MHTEHCUBHBIX ()OTOTPEBPAILICHUI COBMAIACT C JUIMHOMK mpobera (pOoTOHOB B
HEBO3MyIIeHHOM Tase [ = 1/oc”.

PaccmotpuM 3TOT pesynbrar ¢ Oosee CTPOTMX B MAaTEMaTHYE€CKOM OTHOILICHHUH
no3unuii. Pemenne (3) ABISAETCS a8momoOenvHbiM, & €r0 CYIIECTBOBaHHE 00ECIICYNBACTCS
3aKOHOM COXPAHEHHMSI YaCTHIl M CBETOBBIX KBAaHTOB B AJIEMEHTAPHOM (DOTOXMMUYECKOM aKTe.

[lepexonst k ymoOHBIM Oe3pasMepHbIM mepeMeHHbiM [ =1/1 0 , ¢=c/c®, momyuaem
KOMITAaKTHYIO 3aIMCh 3aKOHA COXPaHEHHs YacTUIl U (POTOHOB

T+ =1. “4)
[ToncranoBka (4) B ypaBHeHHUsI (2) O3BOJISIET CBECTU UX K BUIY
ol o~ ~ o 0t~
—=-0oc I1(1-1), —=-al'c(l-c). 5
ax -1) Py (1-¢) )

C yueTtoM SKBUBAJICHTHOCTH KOMOWHAIIHIA 1a-1 )=c(l-c¢) wu3 (3.11) cnenyer

ypaBHeHue nieperoca st [ (1 aHaJOTHIHOE ISt C )

or " ar
ox 1 ot ©)
XapakrepucTukaMu ypaBHeHus (6) ciykart dx/dt =1 0/c° v B sIBHOM BuIE
x—( %)t =const, (7)

9TO CIyXHT OCHOBaHHMeM i Beibopa z = x - (I °/°) t B KkauecTBe aBTOMOIBHOM
nepeMeHHoM. HoBasi mepemeHHasi 0TBeYaeT NPOCTPAHCTBEHHOMY pPaclpeesiCHUIO BELECTBa
¥ MHTEHCUBHOCTH CBETa B CBA3aHHOH ¢ (hpoHTOM BosHBI D/] cucTteme KoOpAMHAT.

CornmacHo ximaccuukanuu [2], OTIMUHA MEXKIY COAUMOHAMU W ABMOCOIUMOHAMU —
HEPABHOBECHBIMHM yCTOWYUBBIMU CTPYKTYpaMHU B OJTHOPOJHBIX JMCCUIATUBHBIX CUCTEMAX —
3aKJII0YAI0TCS B «IHEPreTUYECKOM» UCTOUHHKE, 00ECIIeUnBaloIlEM UX CylllecTBoBaHuE. Eciu
MCTOYHUK BHEILIHUH, TOBOPST O COJUTOHAX; JUCCUIIATUBHBIE CTPYKTYpPBI, CYLIECTBYIOIINE 32
CYET «aBTOKATAJIUTUYECKH» aKTUBHUPYEMbIX BHYTPEHHHUX (CPEIOBBIX) UCTOYHUKOB, MPHUHATO
Ha3bIBaTh aBTOCOJUTOHAMU. TakuM 00pa3oMm, BOJIHBI TOPEHUSI OTHOCATCS K aBTOCOJIMTOHAM, a
c6epx38yKosbie paouayuoHuvle 0aHbl [3] — K COMUTOHAM. [IpunyunuaivHo e ucmoyHuKoOM
A8Mo- U CONUMOHHLIX CMPYKMYD CAYHCUM Cheyupuyeckas HeauHelHoCmb MOJICTbHBIX
ypaBHEHMH, OOecleuMBaoIias CyILIECTBOBAHUE JOTOJHUTENIBbHBIX HWHBAPUAHTOB (3aKOHOB
COXpaHEeHMs) WIM, JIPYTMMHU CJIOBaMH{, HaJMuue JOMOJHUTEIbHOM cummeTrpuu. B stom
CMBICIIE MEXIY COJMTOHAMH U aBTOCOJUTOHAMHU HET HHUKAKOM pa3HULbI, U JIEeJICHHUE
JUCCUNATUBHBIX CTPYKTYp Ha [Ba Ha3BaHHBIX Kjacca HMeeT IMoJ Cco0OW JMIlb
HTEpIPETALMOHHYIO0 TMOAOIJIEKY. TakuM 00pa3oM, BOJHOBBIE MaTeMaTHYECKUE CTPYKTYpbI
OKa3bIBAIOTCSI YHHMBEPCAJIbHBIMM M MOTYT HCIOJB30BaTbCcsid B KayecTBE IIAOJOHOB NpH
OTMCAaHUU MHOXECTBA Pa3HOOOPA3HBIX SIBICHHM.

ITokaxkem, 4TO pacnpoctpaHeHue BoJIHBI DJ] Takxke aJAeKBaTHO OIUCHIBAETCS
ypaBHeHueM  Koamoecoposa — [lempoeckoeo — Iuckynosa  (8). Ecim  3amavya o
dortoauccounau  obiyyaemoro Y®-kBaHTamMu Ta3a cOpMyJMpOBaHA B  paMKax
nomnyiieHui 1)-5), cucteMbl ypaBHEHHH (2) U €CTECTBEHHBIX YCIOBHI HA OECKOHEYHOCTH

c(-00,0)=0, c(o0,0)=c", c(x,-0)=c", c(x,0)=0,
I(-0,0)=1°, I(0,t)=0, I(x,-0)=0, I(x,0)=1", (8)
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TO €€ MOXHO CBEeCTH K 3amaue o Audy3unu u3IydeHHs B ONTHUYECKH aKTUBHOU cpene,
onuchiBaeMoil ypaBHeHueM coiutona (1). Kpome Toro, momyuaemoe METOJOM CBEICHUS
pEeIIeHue He 3aTPyAHSIET, a HA000POT, CIOCOOCTBYET (PM3NIECKOM TPAKTOBKE Pe3yJIbTara.
Hoxa3zatenbcTBO M oOcyxnaenue. Paccmorpum mepBoe u3 0e3pa3MepHBIX
ypaBHeHu#l (5). OHO 3KBHBaJIEHTHO cUcTeMe (2) BKyIlle C IpaHMYHBIMU YCIOBUSIMH (8),
MOSTOMY MPHUMEM €T0 3a UCXOAHYI0 MaTeMaTHYECKYI0 (POpMYIHPOBKY 3a/1auu 0 BosHe D/,
Huddepennupys 3T0 ypaBHEHHE MO TNPOCTPAHCTBEHHON MEPEMEHHON M 3aMEHSAS
ol |0z B IPaBOM 4YacTH pe3yJibTaTa Ha PaBHOCWJIbHOE (COIVIACHO HCXOJHOMY YPaBHEHHMIO)
BbIPQKEHUE — oc’T(1- 7 ) , moJy4aem
0T
oz
Wnentnunocts ypaBHeHudt (9) m (7) odeBuzmHa: Temepb TpeOyeTcs JHIIb COTOCTaBHTH
yCcloBUsA Ha TpaHuuax. Ecium Temepp aBTOMOJEIBbHYIO IEPEMEHHYIO Zz TMpUBSA3aTh K
IPaHUYHBIM 3Ha4Y€HUAM (8), UMeeM
T (—0) =1, I(0)=0, (10)
YTO COOTBETCTBYET IPAaHUYHBIM YCJIOBUSM B MOJIENH (8) C TOUHOCTBIO 710 BBEACHHOM C 1IEJIbIO
06e3pa3MepHTh ypaBHEHNUS MACIITAOHO BenauHbI [ °.
VMmHOxenneM o6enx uacteit (9) Ha (I °/c°)(1/0c°) 3aBepimaem mpeodpasosanue (2) K
ypaBHenuto Koamozoposea — [lemposckoco — [uckynosa (1). B pesynbrate umeem
17T 1°d
o ot 0oz
U3 (11) HEOCPEACTBEHHO CIEIyET, 4TO poib K03 durmenTa nuddy3uu D urpacT KOMIUICKC
(I %) (1/6c"), Temna nokaneHoO# mepectpoiiku cpenst W — Bemmunna 267 °. CoGerBeHHOS
3Hadenne kpaesoil 3amaun (10)-(11) v =7 %/ coBmagaer ¢ M3BECTHBIM TOYHBIM pELICHHEM
JUTS CKOPOCTH aCHMITTOTHYECKOTO JBIKEHIS BOIHBI roperns [3] v = (WD/2)"2.
DxBuBaNIeHTHOCTH Mojeneit (5) u (1) mokazana. Kpome Toro, «BCIUIBIBIIEE» TIPHU €€
noKazaTenscTBe pasmepsie kommiekcst 1 /c’, 1/oc’ n 61 ° mosBnsioTes n npy TpaaMIHOHHOM
paccMoOTpeHuH [3]: TaM OHM OCMBICIMBAIOTCS KAaK CKOPOCTb pacnpocTpaHeHus BOoJHbI DI,
TOJIIIMHA 30HBI (DOTOPEAKIMU W TEMIT TpeBpamieHus. HOBBIM 37€MEHTOM B MHTEPIIPETALUH
COJIMTOHHBIX PEIIEHUH 3aa4 O CBEPX3BYKOBBIX PaJMALMOHHBIX BOJHax ¢ yderom (11)
SBIISIETCST TpakToBKa Kod(duimienta nuddys3nn (GOTOHOB B HEBO3MYILICHHYIO Cpely Kak
XapaKTepUCTUKH Oykmanus (OTOHA B CPEle CO CKOPOCThIO v = [ % na paccTosAHUS
MOPSIIKA JTMHBI CBOOOHOTO (10 cBepiieHus: (POTOXMMHUUECKOTO aKTa) nmpooera.
AHaNoruyHble paccy’kKJIeHHs MO3BOJIIIOT YCTAHOBUTD CBSI3b MOJIENH (2) C COTMTOHHOM
Monenbto Kopmesgeea — 0e @pu3a, ONUCHIBAIOIICH SBOJIIOIMIO YEAMHEHHON BOJIHBI HA MEJIKOM
Boi¢ [4]. MHOTOYHCIIEHHOCTh COJIMTOHHBIX SIBJICHHUI B (PM3HMKE U UX IMUPOKOE MPUMEHEHHE B
MCKYCCTBEHHBIX TIPOIIECCaX OMPaBABIBAIOT aKTYaJIbHOCTh MPOCTHIX MAaTEMAaTHUECKUX MOIeTIeH
Y HaTJISIAHBIX TPAKTOBOK, BAPHAHTHI KOTOPBIX MPECTABIICHBI B JAHHOU padoTe.

+acog—]+2(ac°)272(1—7)=0. (9)
zZ

+201°T*(1-1)=0. (11)

Chucok Jsmrepatypsl: 1. Koamoropos A.H., Ilerposckuit W.I'., Iluckynos H.C.
HccnenoBanue ypaBHeHus 1uddy3uH, COETMHEHHOTO C BO3pAcTaHHEM KOJIMYECTBA BEIIECTBA
U €ro MpUMEHEHHe K oaHOM Ouosiormueckoil mpoodneme / bromnerens MI'Y. Cep. A., 1937.
T.1, Beim. 6. 2. Kepuep b.C., Ocunos B.B. ABroconmutonsl. M.: Hayka, 1991. 3. fuenxo
O.B., 3aroponniox B.T. KommbloTepHoe MOJeIMpoBaHME 3aJady NPUKIAJHON (PU3UKO-
xumuueckon kunetuku. Poctos v//1: M3n-so CKHII BILI, 2001. 4. Hetosm1 A. CouToHBI B
maTtemaTuke U puzuke. M.: Mup, 1989.
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K OIIPEJAEJIEHUIO CWJI PE3AHUSA ITPU CBEPJIEHUN
KoaecoB A.Il., KoBanenko B.WU. (JonHTY, 2. /loneyx, Yxpauna)

Bosnukaromue B mpoliecce CBEpJICHUs CUJIBI pe3aHUs B 3HAYUTENIBHOM CTENeHH
NPEIONPEIENSIOT Mpoecc 00paboTKH, OKa3biBas BIMSHHE HA TOYHOCTh 00padaThIBaeMbIX
NOBEpXHOCTEH. MccneqoBaHnIO CHUIIOBBIX 3aBUCUMOCTEH MPU CBEPJICHUH TOCBSIICHBI MHOTHE
pabotel, Hanpumep [1-3]. UccnemoBanus [4] mokazanm, 4To OOJBIIOE 3HAYCHUE HMEET
COOTHOIIIEHUE MEXKIY 3JIEMEHTAMU PEXUMOB PE3aHMs U TOYHOCTHIO M3TOTOBIIEHUS CBEpPJI, B
YaCTHOCTH, MEXAy IMojadeld Ha 3y0 cCBepia W OCEBbIM OHEHHEM PEXYIIUX KPOMOK
MHCTpyMEHTA. B 3aBUCMMOCTH OT BBIIIEYKAa3aHHOTO COOTHOLIEHHS BO3MOKHO pE3aHUE
CUMMETPHUYHOE M AaCHMMETPUYHOE, JIByXCTODOHHEE M OJHOCTOpPOHHEE. 3HAYCHHUS
BO3HUKAIOIINX CHJI pE3aHUs TIPU 3TOM Oy Iy T pa3iUyHBL.

Lenpto pa®oTel SBISETCS BBIIBICHUE 3aKOHOMEPHOCTEH W3MEHEHHS CHJI pe3aHUsd
BJIOJIb PEXYILIEH KPOMKM CBepja B 3aBHCHUMOCTH OT BHJA Ipolecca CBEPJICHUS.
Bo3zHukaronue 3akOHOMEPHOCTH MOKa3aHbl IPU pacyeTe TaHTCHIMAJIbHOW CHUJIbI Pe3aHus Ha
npuMepe 00pabOTKU CTaly CBEPJIOM C IUIOCKOW NMEpeAHel NMOBEPXHOCTHIO, PEXYIas 4acTb
KOTOPOTO BBINOJIHEHA U3 TBEPOTO CIIaBa.

OpmHUM U3 OCHOBHBIX (DaKTOPOB, OKA3BIBAIOIINX BIMSHUE HA MPOIECC PE3aHHs, B TOM
YHCJIe U HAa BO3HUKAIOUIUE IIPU CBEPJICHUU CUJIbI PE3aHUs, SIBISIETCS TOJILMHA CPE3a.

CuMMeTpUYHOE pe3aHne UMEET MECTO MPH CTPOT0 CUMMETPUYHOM 3aTOUKE PEKYIIHX
KPOMOK cBepJia. B 3ToM cityuae oceBoe OMeHHe pexXyIINX KPOMOK HHCTPYMEHTA PaBHO HYJIIO.

ObecrieunTh aOCOMIOTHO TOUYHYIO (CUMMETPUYHYIO) 3aTOUYKYy PEXYLIMX KpPOMOK
CBEpJla IPaKTUUYECKM HEBO3MOJXKHO; CIJIEZJOBATEIbHO, OOBIYHO peaau3yercs Mpolecc
ACHMMETPHUYHOTO pe3aHus. M3BECTHO, YTO ¢ TOYKM 3pPEHMS TOUYHOCTH NMPUMEHSIOT CBEpiia
00111ero Ha3HAYEHUsI U TOYHOTO WCIOJHEHUS, KOTOPblE OTIMYAIOTCS, B YACTHOCTH, JIOILyCKOM
0CEBOT0 OMEHHS PEXYIIUX KPOMOK CBEpJIA.

[Ipn peammuzanum mnpouecca pe3aHHs B 3aBUCUMOCTH OT HCXOJHBIX YCJIOBUM
00paboOTKM Ha3HA4YaeTcsl Mojada IMpHU CBEPJICHUM S, U BBIOMPAETCS CBEPJIO OIPENEICHHOMN
TOYHOCTH.

Jlomyck oceBoro OueHHs cBepiia oOmero HasHadeHWs Bos Bcerma Oosblie
COOTBETCTBYIOIIETO JIOMyCKa CBepjia TOYHOTO HcHoidHeHHs B, (Bos > Byo), mpu stom
BO3MOXHBI ISITh CIy4aeB COOTHOIICHHUA TOJa4ud Ha 3y0 M JOMyCKOB OCEBOTO OHEHHSA
peXyLIMX KPOMOK HHCTPYMEHTa, - pemenus A, B, C, D, E.

Ecrmu BeITIONTHSIETCST HEPaBEHCTBO S, > By, TO TpU NPUMEHEHHWH CBEpJl OOIIEro
Ha3HAYEHUS OCYIIECTBIISIETCS JIBYXCTOPOHHEE AaCUMMETPUYHOE pE3aHue M NPUHUMAETCS
pemieHne «A», a TPU TPUMEHEHHH CBEPJI TOYHOTO HCHOJHEHHs — pemenune «By». Ecim
BBITIOJTHSIETCSI HEPABEHCTBO S, > By, TO TNpHM TpHUMEHEHHWH CBepi OOMIETr0 Ha3HAYEHUS
OCYILECTBIIIETCA OJHOCTOPOHHEE aCHMMETPUYHOE pe3aHue U NMpuHUMaeTcs pemenue «C», a
NpY ABYXCTOPOHHEM aCHMMETPUYHOM PE3aHUH C MPUMEHEHHH CBEPJI TOYHOTO MCTIOHEHHS —
pemenue «D». Eciu BeinoHsieTCsl HepaBeHCTBO S, < By, TO puHUMaeTcs perienue «Ey.

3HaueHUs] MaKCUMaJIbHOW TaHI'€HIMAJILHOM CHIIbl pe3anus P, (max) B 3aBUCUMOCTH OT
OTHOCHUTENILHOTO paauyca Ax = 1/r (Ile T — HOMHMHAJBHBIA paguyc CBepiia, Iy — paguyc
aHAJIM3MPyeMOi Touku) npu npuHaTuu pemenuiit A, B, C, D, E npusenens! B Tabmue 1.
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Tabmuua 1. 3HaueHuss MakCUMaIbHOM TaHTEeHIMAIbHOU cuibl pe3anus P, (max), H no
JUIMHE peXyIleil KpOMKH CBepJia B yCJIOBUSAX NpuHATus pemenuii A, B, C, D, E.

Ay =ryr 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
A 22228 | 22228 | 17138 | 15376 | 14467 | 13907 | 13527 | 13251 | 13041
% B 17597 | 17597 | 13568 | 12173 | 11453 | 11010 | 10709 | 10491 | 10325
= C 12305 | 12305 | 9487 | 8512 | 8008 | 7699 | 7488 | 7336 | 7220
L D 11444 | 11444 | 8824 | 7917 | 7449 | 7161 | 6965 | 6823 | 6715
E 9791 | 9791 | 7549 | 6773 | 6372 | 6126 | 5958 | 5836 | 5745

Ha puc. 1 mpencrabiensl rpaduku W3MEHEHUS] BIIOJb PEXYIIEH KPOMKH CBepiia
TaHTEHIMAIBHON CUJIBI pe3aHus P, mpu acHMMETPUYHOM JBYXCTOPOHHEM PE3aHUU: KPUBBIC
la u 16 — MakcuMaIbHOE U MUHUMAJIBHOE 3HAUEHUSI CHJIBI pEe3aHusi COOTBETCTBEHHO. Kpome
TOT0, Ha 3TOM K€ pucC. | (i1 comocTaBlieHUs) MPEACTaBIEHa KpHUBasi 2, COOTBETCTBYIOIIAS
CITly4ar0 CHMMETPUYHOTO pe3anus. [ paduku moka3pIBalOT, YTO MPH MEPEMEIICHUN PaCIETHON
TOYKH BJIOJIH PEXKYIICH KPOMKH, 3HAUCHUS CHIIBI P, BO3pacTaror oT nepudepuu K UeHTPY .
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OTHOCHTENBHBIN pagnyc Ay = I/t

Puc. 1. U3meneHue B0 peXyIIEH KPOMKHU CBEPJIa TAHTEHIIMATBHOM CHJTBI

pesanus P, B yCIOBUSAX IPUHATHSA pemenus «A» (S, > Bog ; cBepiio 00mmero

Ha3HauyeHus): la u 16 — mpu aCUMMETPUYHOM JIBYXCTOPOHHEM pe3aHuu (MaKCHMAaIbHOE
Y MMHHMMAaJIbHOE 3HaY€HHsI CUJIbl PE3aHUsI COOTBETCTBEHHO); 2 — IPU CUMMETPUYHOM

pe3aHum.

Jlis Gonee HATJISIAHOTO COTOCTABJICHUS PE3yJIbTaTOB BBIUMCIICHUH, MOJyYEHHBIX MPU
NPUHATUN Pa3IWYHbIX pEIIeHUi, Ha puC. 2 TPEeACTaBIEHbl KpUBbIE, IOKa3bIBaIOLINE
W3MEHEHHE MAaKCHUMaJIbHOM TaHTreHIMalbHOM cuibl pe3anus P max) B 3aBHCHUMOCTH OT
OTHOCHUTENIHOTO pajauyca. AHaimu3 TalJs. 1 u puc. 2 MOKa3bIBAET, UTO XapaKTep W3MEHEHUs
cwibl P/max) ansd pa3iauyHbIX MCCIEIOBAaHHBIX CIIydyaeB IpolLlecca CBEPJIEHUS OCTaeTcs
HEU3MEHHBIM; YHCJIOBBIE K€ 3HAYEHHUsI CYILIECTBEHHO PA3HATCS.
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Puc. 2. VI3meHeHne TaHreHIIMAJIBLHOM CUJIbl pe3anus P, (max) B 3aBUCUMOCTH

oT peuenuit A, B, C, D, E u npu pa3HoM OTHOCUTEILHOM painyceAy:
1-Ax=0.2; 2-Ax=0.5; 3—A&=1.0;

xectkoctn cuctembl CIIM3 nanms cBepna oOmiero HazHaueHusi (pemieHWe «A»), Koraa
CHMMaeMmble Tpu 00paboTKe TOJIIMHBI Cpe3a MaKCHMMalbHBL llpy MCronp30BaHMM CBEpJia
TOYHOTO WCTIOJIHEHUS TOJIIMHBI Cpe3a YMEHBIIAIOTCS M, COOTBETCTBEHHO, CHM)KAIOTCS CHIIBI
pe3anus (pemenue «B»). Ilpu ymenbienun xectkoctu cuctemsl CIIM3 pekomeHayembie
3HAYCHUS 10J1a4 YMEHBIIAIOTCS; MPU ITOM CHIDKAIOTCS KakK TOJIIUHBI Cpe3a, TaK U CHIIBI
pe3anus P, (pewenus «C» u «Dy»). Ilpu manoii xectkoctu cuctemsl CIIM3 — nanpumep,
oOpabotka riyOokux  otBepctuil  (pemieHue «E»)  aHanmu3upyemble  mapamMeTpbl
(pexomMeHyeMasi Tojada, TOJIIMHA Cpe3a, TAaHICHIWalbHas Cuia pe3aHus P,) mpuHUMArOT
MUHHAMAJIbHBIC 3HAYCHUS.

Cnucox awurtepatypbl: 1. Cypxenko A.H. CosepuieHcTBOBaHHE COOPHBIX
KOMOWHHUPOBAHHBIX 3€HKEPOB 32 CYET JOMYCTUMOTO YMEHBIICHHUS Y3JIOB KpEIUICHHUS
peXylux IUlacTUH. ABTOped. aucc. ... KaHAa. TexH. Hayk. — J[loneuk, 2001. 16 c. 2.
®unonenko C.H. Pesanne metamnos. - Kues: Buma mkomna, 1969. — 260 c. 3. MajbIiko
N.A., KoBanenko B.M. BnmsHue OueHus cBepiia Ha CHJIBI pe3aHUS TPU CBEpIICHUH //
[IporpeccrBHbIE TEXHOJOTUN W CHCTEMBl MAIIMHOCTPOEHHS: MeXTyHapOIHbIH ¢0. HayIHBIX
tpyaoB. — Houenk: JouHTY, 2003, Bem. 25. C. 234 - 239. 4. Mansiiko M.A., KoBanenko
B.M. Pacyer TaHreHUMalIbHOM COCTABJIIOLIECH CWIbI PE3aHHs INPU CBEPJIECHHH C YYETOM
COOTHOIIEHUS MMOojJauyu Ha 3y0 U oceBoro Ouenus csepya (ctartsa) // IlporpeccuBHble

TEXHOJIOTUM W CHUCTEMbl MAaIlIMHOCTPOCHHUs: MeXayHapoaHblii cO. HAy4dHBIX TpPYIOB. —
Houneuk: JouHTY, 2003, Beimn. 29. C. 116 - 121.
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MOJEJIMPOBAHHUE CUCTEMbI IOJAYN ITAPA JIEKTPOMEXAHUYE CKUM
KJIAITAHOM

Jlapun K.E., Unbuenko A L. (kagh. ALIII», AI'TY, 2. Pocmos-na-/Jony, Poccus)

B coBpeMeHHOM MalIMHOCTPOEHUM Ha MEPBBIM IUJIAH BBIXOAMT Ba)KHAas  3ajgada
CO3/1aHUsI BBICOKOI((EKTHUBHBIX CHUCTEM YIPABICHUS PA3IMYHBIMH TEXHOJIOTUYECKUMHU
npoueccamMi. OJHOBPEMEHHO, BBICOKAas CTOMMOCTb CO3JIaHUSl ONBITHBIX 00pasLoB
CO3/1aBa€MBIX TEXHHUYECKUX CUCTEM, OOJIbIIas BpEeMEHHAas MPOJIOJDKUTEILHOCTD MPOBEICHUS
UCCIIEIOBAHUN NAapaMETPOB TEXHOJIOIMUECKUX IMPOLECCOB, HU3Kas TOYHOCTH MOJIYYaeMBbIX
pe3yJIbTaTOB M BBIYUCICHUH, MPOW3BEICHHBIX 0€3 y4acTH BBICOKOTOYHOW KOMITBIOTEPHOM
TEXHHUKH, BBIBEJIM Ha NEPEIHUN IUIaH 3a7ady IPOBEIEHUS HCCIECJOBAaHUM TEXHUUYECKHUX
cucteM 0e3 CO3JIaHMs OTBITHBIX 00pas3loB, €Ile Ha dTare NMPOeKTUpOoBaHus. Vcmonp3oBaHue
KOMITIBIOTEPHOW TEXHUKU U COBPEMEHHOTO MPOTPAMMHOTO OOECTICYEHHUsS] TO3BOJISIOT
OCYIIECTBUTH BBITIOJIHEHWE BBICOKHX TPEOOBAaHWA K TOYHOCTH, HAJISKHOCTH M KAayeCTBY
CO37aBAaEMbIX TEXHHUYECKHX CHUCTEM IIyTEM IMOJIy4YEHHUS XapaKTEPUCTUK MPOEKTUPYEMBIX
CHCTEM M MapaMeTPOB UX PaOOTHI C UCHIOJIb30BAHUEM COBPEMEHHBIX METOIOB HCCIIETOBAHUS.

OObexkToM 1711 MCCeOBaHUS BhIOpaHA CHCTEMa pEryJMpOBaHUs TOJaud Tapa
napoBOi TypOMHE Ha OCHOBE aCMHXPOHHOTO ABurareist. Cucrema peryimpoBaHMs MOJa4u
napa rnpenHa3zHaueHa JJIs MOAIep KaHHs 3aJJaHHOM CKOPOCTH BpPAICHUS MapOBOW TypOMHBL.
QOyHKIMOHAIBHAS CXeMa MOJIETIMPYEMOT0 00beKTa IMpHUBeIeHa Ha pHc. 1.

—  Bamxs Ilsponaa Texepatop Awries —
TypSma TONOXEHHA
B
Jhuredierti TacToTHME 1  Komtpemmep —
SCHHXP OHHHI npecbpasoRaTens
JBHT8TSIL

Puc. 1. ®yHkMoHAIBLHAS CXeMa MOJCIIMPYEMOT0 00BEKTa

HonyquHa;[ B pE3YJIbTATC BBITTIOJIHCHHAA pa6OTI)I MareMaTndeCkKas MOACJIb UMCCT BU/ .

do m-g-r—c-x-r
dat J+mer’
da ‘
a
do, k-r-oa-M,,
dt n, ’
da,
dt — m
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Matemaruueckass MOJENb IO3BOJISIET MPUCTYNMUTh K MOJEIUPOBAHUIO CHCTEMBI B
npuioxkeHnu Simulink mporpammuoro makera Matlab. B pesynbrare momydena ciemnyromiast

MO/JICJIb.
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Puc. 2. Mozenb cucteMsl 1o1auu napa, ynpaBisieMoi IBUTaTeIemM

Hwxe (puc. 3-5) npeactaBieHsl MOMy4YeHHbIE TPadUKN IEPEXO0THBIX MPOIECCOB.

Puc. 3. Ilepexoanslii mpoiiecc CKOPOCTU TyPOUHBI
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Puc. 5. [lepexonHblii MpoOUECC CKOPOCTH pOTOPA JBUTaTEs

B xone BblnosiHEHUsT pabOThl ObUIM HOJYUYEHBI CIEIYIOLIME PE3yJIbTaThl: MOJy4YeHa
MaTeMaTH4eckasi MOJENlb, COCTABJICHBl YPaBHEHUS TUHAMHKH, TIOCTPOEHBI TpaduKu
NepeXO0THBIX MPOIeccOoB. Mo CHCTEMBI MOJTyYMIach yCTORUnBOM. ['padukn mepexoqHpIx
MPOLIECCOB CBUAETENBCTBYIOT, UTO Oyarojaps JIMHEHHOMY aCUHXPOHHOMY JABUTATENIO IMyCK U
TOPMO’KEHHE TYpPOHMHBI cTaM Oo0Jiee TUIABHBIMH, YTO BEJET K MEHBIIEMY M3HOCY TYpOHWHBI U
JYYIIAM JUHAMUYECKUM MTOKA3aTEISIM.
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CTBOPEHHSI MOJIEJIEW JIETAJIEM 3A TOIIOMOI'OIO ONIEPAIIIA
3rUHY I'PA®IYHOI CUCTEMHY KOMIIAC-3D

JlonatoB O. O., AntyxoB C. C. (ka¢g. HI'i IT, [JonHTY, m. /loneywvk, Ykpaina)

I'padiuna cucrema KOMITAC-3D BoJo/1i€ BEITMKMMHU MOYKIUBOCTSIMU 110 CTBOPEHHIO
KpecieHb OyIb-SKOi CKJIAaJHOCTi, MPOCTOPOBHX MOJENeH, CKIajgaHb, crenudikaiii,
TEKCTOBUX JOKYMEHTIB 1 O6araTto ixmoro. He nuBnsyuchk Ha Te, MO0 3 KOXHUM POKOM BOHA
PO3IINPIOETHCS 1 JOTIOBHIOETHCS, BXKE 3apa3 HAsIBHI PO3/IUIH, IIIe HE pealli3oBaHi A0 KiHIl, SKi
BUKOPHUCTOBYIOTBCS PIIKO B MAITMHOOYAIBHIN MPaKTHIII.

Jlo Takux po3ALTIB MOKHA BITHECTH CTBOPEHHS MOJIENEH 3 JIMCTOBOTO METaly i3
3aCTOCYBaHHSIM OTEpaliii 3THHY, SKi CyTTE€BO BIIPI3HAIOTHCA BiA I1HIIMX TPUBUMIPHUX
(dbopMOyTBOPIOBaJIBHUX oTepalliid. ThuM "yacom 1o ai0H1 oneparlii MOXKyTb OyTH BUKOPHCTaHI B
HEBIIACTUBIN HUM 00J1aCTi — CTBOPEHHS BUCTYIIIB Ta 3alaiH Pi3HOi (OpMU 1 IPU3HAYCHHS HA
TOPLEBI OBEPXHI JIeTaell KPyToro NepeTHHY.

o o TI0HKX
dbopMm ocoOMMBOTO BUIY
MOJXKHa BIIHECTH poOouUi
MOBEPXHI TOPILEBHUX (pe3,
Oypis, BCUIKHX
XpamnoBHKIB,  3y04acTux
KOJIC KOHIYHHX Tiepenad i
6araro iHIIOTO.

Ha puc. 1
[I0Ka3aHa MOJENb TaKol
JIeTaIl. Ie

MeTa1000poOHUI
IHCTpYMEHT 3 pOoOOYUMHU
3ybamu Ha TOPIIL
CTBOpeHHS MOJEN TaKol
JeTajl 3B'13aHe 3 BEIUKOIO

KUTBKICTIO ~ omepamid 1o
BUTOTOBJICHHIO pLKyUYnX
KPOMOK 1 TUIOIIWH, MO0 0OMEeXyroTh 3y0. OcKinbky Bci MOOYAOBH UIS €cKi3a HEoOXiTHO
BUKOHYBAaTH Ha sIKili-HeOy b IUIONIMHI, MiqiOpaTH 1 pO3TalIyBaTH TaKi IJIONIMHA OyBae TyKe

94,2

—3 T—
9

Puc. 1. Mogens TopueBoi ¢ppesu

Puc. 2. Ecki3 y BUmisai npsiMOKyTHHUKA JIJIsl OOy I0OBY LMIIHApA
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BaXXKO. B MOpIBHSHHI 3 IUM CTBOPEHHS TBUHTOBHX KAaHABOK Ui BIABEJACHHS CTPYXKKH €
30BCIM HE CKJIAJJHUIMHU OTIEPALiIMHU.

Hwxye moka3aHa ofHa 3 MOXJIMBOCTEH CTBOPEHHS MOJeENe nertaneil i3 3y0'smu
oco0ymBoi popmu. Po3noumHatu ciig 3 moOyA0BH PO3rOPTOK MOBEPXOHB IS HAHECEHHS Ha
HUX KOHTYpIB HEOOXITHHMX €JNEeMEHTIB MO JiiCHUX po3Mipax, MoOyJOBM MO IMX e€cKi3ax
JMCTOBOTO Tifla, @ MOTIM 3THMHAHHSIM EJIEMEHTIB JIMCTOBOTO Tilla CTBOPIOBATH HEOOXiTHY
dbopmy Mozeni.

I[eTaJIB Ha3WBAE€THCA XPAIlOBUK KOJIIHYaCTOTO BajJly, BOHa BHKOPHUCTOBYETHCA B
aBTOMOO1IE0Y Iy BaHHI.

JleTanmbHO 3YNMUHUMOCS JIMINE HA Tid YacTHWHI JeTalli, sSKa TPEJCTABIISAE€ IHTEpeC 3
NOTJISITy BUKOHAHHSA ii Mogeni. Lle mopoXHUCTHI IMITIHAP i3 30BHIMIHIM AiaMeTpoM 42 MM,
BHYTpimHIM — 30 MM, 13aBBUIIKH 15 MM.

Sk mepmmii ecki3 (puc. 2) moOyayeMo po3ropTKy LBOTO IMJIiHApA Ha (HPOHTAIBHIN
wiomuHi npoekuid. Lle mpsAMoKyTHuK 3aBBUIIKM |5MM, moBxkuHa sikoro 94.2 mw, w0
BIZITIOBiJIa€ TOBXUHI PO3ropTKu KoJa niamerpom 30 mm. JliBuit HHKHIH KyT NPSMOKYTHHUKA
CJIil PO3MICTHTH B TOYIIl MOYATKy KOOpAWHAT. HUXKHINA MPAMOKYTHHK Tpa€ TOMOMDKHY pOJIb,
HOTro pO3Mipu MOKHA Y3ATH JIOBLUIBHO.

Ha mpsimoxyTHHMK i3 po3mipamMu 94.2x15 MM HaHeceMO pPO3TrOpPTKY XparoBHKa 3
yotupma 3y0'simu (puc. 3), Tak mo0 OyB TOYHMIA 30ir TOYOK JHBOTO Kpar PO3TOPTKH 3
TOYKAMH Ha 11 MpaBiii CTOPOHI.

[Migxmrounmo maHens EJieMeHTH JHCTOBOro Tijia i BUKJIMYeMO komaHny JluctoBe
Tizo. TOBHIMHY JMCTa CHiI y35TH SK PI3HUIO 30BHIMIHBOTO 1 BHYTPINIHBOTO IiaMETpiB
IWJIIHpA MOAUIeHY HaBOLI, TOOTO 6 MM. Omepairi€lo BUAABIIOBAHHS OTPUMAEMO MaiOyTHIO
po0OYy MOBEPXHIO XPANIOBUKA B PO3TOPHEHOMY BHTJISIIL.

Hactynuuii eckiz Tpeba B3sTH Ha 3a1HIi cTiHII Moaeni. Lleil ecki3 ckiagaTuMeThCs 3
OJIHOTO BEPTHUKAJIBHOTO Bipi3Ka, MPOBEJACHOTO Yepe3 MOYATOK KOOPIUHAT, i HOro JOBKHHA

94,2

s
R1 Rl o

15

l J 4

Puc. 3. Ecki3 1o puc. 2 3 HaHECEHUMU eJIeMEeHTaM U po00o401 MOBEPXHI XparoBUKa

NEPEKPUBAE IO BUCOTI BECh €CKI3.

[Ticns 3aBepuIeHHS €CKi3a BUKJIMYEMO KoMaHAy 3ruH mo Jinii. Bignmosigna
KHOIIKa pO3TallloBaHa Ha MaHeJl IHcTpyMeHTiB EjnemeHTH aucroBoro tiaa.
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Ha mouaTkoBiii yacTuHI MOJeNl KypCOpPOM IOCIHITOBHO MOKaxXeMo pedpo s
sruny. lle Oynme Biapi3ok 3 momepenHboro eckiza. [loTiM mokaxxemo TpaHb, B SKii
JEXKUTH ecKi3 pebpa. [lns mporo mokaxeMo KypcopoM Ha 3aJHIO TpaHb JIMCTOBOTO
Tilla, B Til 4YaCTHUHI, KA PO3TAMIOBYETHCS HHXKYE 1 cripaBa (TiJI0 MOBEPHYTE 3aJHHOIO

CTOPOHOIO!) TOUKH MOYATKY KOOPIHHAT.

Puc. 4. Pe3ynpTar 3ruHy po6040i yaCTHHU
XparnoBUKa

Puc. 5. Mogens xpanoBuka

Pemry mapamerpiB Ha mnaHeini
BJIACTUBOCTEH  BCTAHOBUTE TaKUM
YUHOM: HanpsM 3ruHy — Ilpsamuii;
HepyxoMa ctopoHa — CTopoHa 1; KyT
sruny — 360° cmoci6 3runy — Ilo
Jinii 3runy, paxaiyc 3runy — 15 mm,
KoedinieHT He#TpampHOTO Mmapy — 0.
Koedimienr  HeliTpanbHOTO  mIApy
BH3HAYA€ TOJOXEHHS HEUTPaJbHOTO
mapy 1o  TOBIOMHI  Tima, IO
sruHaeThess. llpu 30inbHoIeHHI IIBOTO
KoedimieHTa HEUTpaapHUl map
3MIIIYy€THCSA O 30BHIMIHBOI MOBEPXHi
3ruHy. CTBODITH Omepanio.

B pesynprati 1mporo Buiige
00'eKT, MOKa3aHuil Ha puc. 4.

Jaii CIia BUJIAJUTH
HEeMmoTpiOHY dYacTUHY MoJeli, sKa
po3TamoBaHa HUXKYE 32 TOYKY MOYATKY
KoopauHat. Jlng mporo  BuuinuTe
BUAUMY Ha puc. 4 NOJIoWUHYy, U0
3aJUIIAIIACS BiX HIKHBOTO
napaneneninena, i CTBOPITh Ha HIH
€CKi3 y BHIUISIAI  OPSAMOKYTHHKA,
NOMICTUBIIM B HBOMY 1 Ty YacTHUHY
HUKHBOTO napaneneninena, aKa
migaanacs 3THHY.

3acTocyiiTe 40 MBOTO €CKi3a
KoMaHAy BupizaTm BuIaBJIeHHAM.
BcranoBute NpsAMHAN HaIpsaMm
BUPI3yBaHHS, a CIOCI0 BUTUCKYBAaHHS —
Yepes Bce.

Jani mo miei 9acTUHH MOaell

NpUKIEHTE pelTy MOJeil, OTPUMaHHS K01 HE MPEeACTaBJisie 0COOIUBUX TPYIHOUIIB.

KinneBuii pe3ynbTar nokasaHui Ha puc. 5

Cnucok gitepatypu. 1. Kuapyk M. . KOMITAC-3D V9 Vueobnsiit kypc. — CIIG.:

[Tutep, 2007. — 496 c.: ui.
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PO3POBKA MO/IEJI BUTOI'O IIHYPA 3A JJOIOMOT OO I'PA®TYHOI
CUCTEMU KOMIIAC-3D

JlonatoB O. A., Bepexxuuii O. O. (kagh. HI'i IT, /[onHTY, m. [oneywx, Yrpaina)

3a nonomororo rpadignoi cucremu KOMITAC-3D, sika 110 3py4HOCTI BUKOPUCTAHHS 1
OpOCTOTI ii OCBOEHHS BBAXKAETHCA 32 OJHY 3 KpalluX, MOKHA CTBOPIOBATH TrpadiuHi
JOKYMEHTH Jy’K€ CKJIQJIHUX MaIIMH 1 npucTpoiB. [IpoTe Ha mpakTuili 4yacTo 3yCTpi4aroThCs
3ajadi, Kl IpU MEepIIOMY 3HAHOMCTBI 37]al0ThCS BAXKKO BHUPINTyBaHUMH. J0 Takux 3pas3kiB

Puc. 1. Haoune 3006paxen-
HS BUTKA [IWIIHIAPUYHOT IPYKUHU

MOJKHA BIIHECTH BCUIAKI NPYXUHH a00 TOAiOHI HUM
eJIEMEHTH.

Sk mpuKIan po3rIsTHEMO MOJIEb BUTOTO IIHYPA,
3a  JONOMOTOI0  SIKOro  TeleOoHHa  CIIyXaBKa
NPUENHYETBCA 0 0a3oBOro amapary. Y HapHUCHIN
reoMeTpii Take T€OMETPUYHE TUIO PO3TISAAETHCS I
HAa3BOIO KpHUBHHA wWIiHAp. BiH yTBOproeThcs mpu
NpOCYBaHHI cepruaHOi HOBEPXHi Y3I10BXK
KpUBOJIHIHHOI  HampaBmsirouii. B poboti  00'ekr
PO3TISIIA€THCS K MPYKUHA, KA JOBUTBHO pO3TalIOBaHA
Ha TOPHU30HTANIBHIN MJIOMIMHI CTOJY, ajie OcCi 11 CyCiIHIX
BUTKIB HE CKJIAJAl0Th NpAMY JiHil0. Takum 4rHOM, BiCh
bOTO O00'€KTYy MOXKHA 3aMIHUTH TUIOCKOIO KPHUBOIO
JiHI€I0, fKa HAWXMMEPHIIIMM YWHOM pO3TAllOBaHA B
ropu3oHTaNbHIM mnommHi. [IpuponHo B po3ymHHX
MEXaxX, OCKUIbKH HE BapTO CTBOPIOBATH CaMOIEPETHH
0CBOBO1 JTiHIT 200 MEepPeTHH CyCiIHIX BUTKIB IIHypa.

Ha mouartky moOynoBu CTBOPUMO OJMH BUTOK 3BHYANHOT IMIITHIAPUYHOT TPYKUHU. Y
JepeBi geraini 3amamo npodiibHy TionmHy ZY, a Ha maHeni iHcTpyMeHTiB IIpocToposi
KpuBi BukinuemMo komanay Crnipajip HuJIiHAPHYHA.

YcTaHOBUMO TapaMeTpu TPYKMHA M PO3MICTUMO iX Ha BKIQJHHUKAX MaHENi
BJIACTUBOCTEH: criocid moOynoBu cripani — Ilo uneay BUTKIB i mary; KijnbKicTh BUTKIB — 1;
1Iar BUTKa — 6 MM; HalpsIMOK HaBUBKHU — NMPAaBHIi; HAIIPSIMOK MOOYJ0BU — NPSAMUIA; 1IaMETP
BuTKa — 30 MMm. [ToOymoBa TpUBHMIPHOT MOJENI BUTKA MPYXHHU 3aKIHUYETHCS KOMAHIOIO

CTBOpHUTH 00'€KT.

Bximrouumo ropusoHTaNbHy IuonuHy ZX
1 crBopuMo mepmmii ecki3. lle Oyme koo
JiaMeTpoM 2 MM 3 LEHTpOM B Toyll 3
koopauHataMu Z=15 MM, X=0. Ile xomno €

NEPETUHOM BUTKa IIPYKWHHU,

1 1eHTp

301raTUMETHCS 3 MOYATKOM BHUTKA CIIpalIi.

Komu  ecki3  3aBepuieHM  MOXKHa

npucTynaTi J0 TMoOyAOBH BHUTKA MPY>KUHH.
Bukimuemo xomanny Kinematuuna omepanis.
Sk HampaBisifoua KpuBa JJIs BUKOHAHHS IIi€i
omepauii B JepeBl NOOYyJAOBHM YKaXXeMO Ha
IWIIHAPUYHY CHIpalib, a SIK €CKI3 — YKa)KeMO Ha

Puc. 2. Bux 3Bepxy Ha €cKi3 OCLOBOT
JiHI11, 4711 100y 10BU BUTOIO LIHYpa
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KoJ0 giamerpom 2 mMm. CtBopuMo onepaitito (Puc. 1).
HacrtynHuit ecki3 ciil BUKOHATH B

TOPU3OHTANBHINA TuIOmKHI ZX 32 10TOMOT0I0 KpuBOi besbe. BiH po3TamoBy€eThCst JOBUTBHO,
Ta MWOTO MOYATKOBY TOUKY CIIiJl pO3TAIlyBaTH Ha MOYATKy KOOPAHMHAT 1 epIIi 6 MM CyMICTUTH
3 Biccto BuTKa (Puc. 2).

3aKiHYMBIIM €CKI3, BKJIIOYMMO KOoMaHIy MacuB ynoaoB:x KpuBoi Jinii. Ha
BKJIQJJHUKAX TIaHEeJl BJIACTUBOCTEH BCTAHOBMMO HACTYIHI MapaMmeTpu: Crmocid moOyaoBH
macuBy — Ilo KpOKY; KpOK Y3I0BX TPAa€eKTOpii MK CYCITHIMU €K3eMILuipaMu — 6 MM;
KIJIBKICTh BUTKIB — 75; po3TanryBaHHs 00'ekTiB — JloBepTaTi 10 HOpMAJTi.

Jlis IpUCKOpEeHHS! CTBOPEHHs 1 mepe0yIoBM MAacHBY BCTAHOBHMO IMparoperpb Oiis
onuii 'eomeTpuuHMii MacuB.

B nepeBi moOy0BU MOCTITIOBHO YKaKeMO €CKi3 y BHUIIIAI KpuBoi besbe 1 onepartiro-
JoKepeno, ToOTO BHTOK MPYXHHHU. SIK 3aBXIAM CTBOPEHHS YacTUHM TPHUBHMIPHOI Mojeni
3aKiH9y€ThCst KOMaH/10i0 CTBOPUTH 00'€KT.

JlexinpKka Baxkue MPEICTABISIETHCS 3aBJIaHHA 10 CTBOPEHHIO IUIABHOTO TEPEXOAY Bif
BUTOI 10 TOBUIBHOT YacTHHHU HIHypa. /s nporo HeoOXigHO chopMyBaTH TPUBUMIPHY KpPHUBY,
ska O po3MouyMHajacs B IEHTPI MEpImoro eckida (kKoio maiamerpoM 2 MM), Oyna Homy
NEepIeHIUKYJIISIPHA, a 3aKIHYyBaJIacsl MapajeabHo OCi I[bOTO BUTKA.

[ToOymoBUM BUKOHAEMO, 3 OISy Ha yuboBy siteparypy mo KOMITAC-3D [1].

AxTuBi3yeMo tomuHy ZY 1 CTBOPUMO €CKi3 3a JornoMororw komanau /lyra maneni
IeomeTtpisi. Y eckizi moOyayeMo uBepTh ayru paaiycy 15 MM 3 mouatkoBuMm Kytom 0°i
KiHeBuM — 90°.

Bxmounmo nanens IloBepxmi i Bukimuemo komanny I[loBepxHsi BHIABJIEHHS.
3anaBy BEIWYMHY BHJIABJICHHs, Hanpukiaax 50 MM, pU 3BOPOTHOMY HAmpsMi BUIABIICHHS
OTPUMAEMO THIPUYHY
noBepxHio (Puc. 3).

[ToOymyemo 1m1e 0JTMH ecKi3 B
wiomuHi ZX 3 MBKOJIOM pajiyca
15 MM, 3 BUNYKJIOIO YacTHHOIO O
NEepHIoro BHTKAa 1 KOOPAWHATAMHU
ueHTpy X=15; Z=15 mmM.

Ha maneni JlomomixkHa
reoMeTpiss BKIIOYUMO KOMaHAY
Jlinia  posiiomy. Ha mnanemi
BiactuBocteil BuOepemo Ilpsimmid
HaNpsM NP 0K OBAHHSA 1
BKa)KEMO BHYTPILIHIO rpaHb
noBepxHi. B pesynbTaTri Ha TrpaHi
Oy/se CTBOpEHa MpPOCTOpOBa KpHUBA
JHIS, 3 PO3TAlIlyBaHHAM, OIUCAHUM
BULIE .

Puc. 3 TloOymoBa mpocTopoBoi JTiHiT 3a
Bxirounmo (dbpoHTANTBHY JIOTTIOMOT OO0 MPOEKITIFOBAHHS TyTH KOJIa Ha
wionmHy XY 1 J0 OTPUMAHOTO MOBEDXHIO BUOABICHHA
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pebpa MPHUCTHUKYEMO HEBENMKHUHA Binpi3ok KpuBoi be3pe noBuTbHOI opmu, ans iMirarii He
BHUTOI YaCTHHMU IIIHYpA.

CTBOpHMMO €cCKi3 Ha IJIOCKIH TpaHi 3pi3y MEepLIoro BUTKA, MO SKOTO NMPUCTUKOBAHO
npocTopoBe pedpo. Lle koo giamerpom 2 MM, 0 OOKPECTIOE KOHTYP 3pi3y BHUTKA.

BukopuctoByiun KinemaTuuHy omepauiro, ans sikoi GopmMooOpasylouuM 3CKi30M
Oyne Kojo pgiamMeTrpoM 2 MM, a HalpaBISIOYMMU — MPOCTOpPOBE pebpo, ojepkaHe
MPOEKIIIOBAHHM

MOJIOBUHH KOJIa Ha MOBEPXHIO BUIABJICHHS, 1 €CKi3, CTBOPEHUI Ha OCHOBI KpuBoi besne. Lle
OCTaHHsA OTepamiss MO CTBOPEHHIO MOJENI BUTOIO IIHYypa, aKCOHOMETPUYHE 300parkeHHS
SIKOTO TPEJICTABICHO HA PUCYHKY 4.

Puc. 4. Haoune 300pakeHHsI BUTOTO IIIHYPA, JIS)KAYOTO Ha TOPU3OHTAILHIN TUIOTIHHI
NPOEKIIi

Cnucok aitepatypu. 1. Kuapyk M. . KOMITAC-3D V9 Vuebnsiit kypc. — CII6.:
[Tutep, 2007. — 496 c.: ui.
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W3MEHEHWE MUHHUMAJIBHOI'O ITIOTOKA B TYPEHHAX C
MEHSIOIEWCS TEOMETPHUEM (VNT) B PEXXUME HOPMAJIBHOM
SKCILTYATAIIUM JU3EJBHOI'O IBUT'ATEJISI C TYPBOHAIJIYBOM

Becrtaprac A., Mopo3 O.K. (BI'TY, [JonHTY, 2.Bunvuioc, e [loneyx, Jlumesa, Yxpauna)

TypOokxommpeccopbl B IU3ENbHBIX JBUTATENISAX YXKE CTadd NPUBBIYHBIMU U aBTO-
MOOMIIBHOTO TpaHcmopTa. Bo3HUKamomue B mpolecce SKCIUTyaTallud HOBBIE 1€ TPEOYIOT
MOWCKA HOBBIX TEXHUYECKHX PEIICHHUH, OJTHUM U3 KOTOPBIX, HAPUMED, SBISIOTCA TaK Ha3bl-
BaeMble TypOuHbI ¢ MeHstomeics reomerpueit VNT (Variable Nozzles Turbine) wnin VGT
(Variable Geometry Turbine). B nu3enbHBIX OBUTATENSIX JETKOBBIX aBTOMOOWJICH JTaHHHBIN
BUJ TYpOUH HCIONB3yeTCsl OoJee MATH JIeT, OJHAKO caM MX MPHHIMIT U3BECTEH 10 MEHbIIEH
Mepe, JIeT Tpuauarb. B OEH3MHOBBIX ABHrareisx ucrnosnb3oBaHue VNT moka HaxoauTcs B
HKCHEPUMEHTANIbHOW cTaguu. [IpyumHaMu MOMBITOK MPUMEHEHHs JAaHHOTO pojaa TYpOUH —
pa3BUTHE JBHUTraTess, CTpATeTHsl YMEHBIICHHS €ro TeoMeTpHuYecKux mnapametrpoB (downsi-
zing), CBA3aHHBIE C STHM HOBbIE TPEOOBAHMS YMHCCHOHHBIX CTAaHJAPTOB, & TaK YK€ YKOHOMHUS
tormBa. Tospko 3a cuer nmpumenenust TypOuH VNT, VGT u 310eKTpOHHBIX aKTyaTOpPOB
(REA — Rotary Electric Actuator) BO3MOKHO YMEHBIIUTH (YU3MUECKHE pa3Mephl IBUTATEISI HA
10-30%, n noctnub 6-17% skoHOMUM TomMBa. OJHAKO B CETMEHTE I'PY30BbIX aBTOMOOMIIEH
VGT penaer nuimb TMEpBBIC MIATW. JTO TMPEXIE BCETO CBI3aHO C OONBIIUMH TIOTOKAMHU
BBIXJIOITHBIX T'a30B M COOTBETCTBEHHO M3MEHEHUSIMH TaKHX MapaMeTpoOB, Kak TeMIepaTrypa u
BeJIMYMHA CHUJI, JCUCTBYIOIIMX Ha JOMAaTKu TypOWHBL. OJHAKO B CKOPOM BPEMEHH MU ITHU
npoOJIEMBI T0JDKHBI HAUTH CBOE pEIlIeHHE.

MeHblie O BeNUYMHE JEHCTBYIONIME CHUJIBI B JIBUTATENISIX JITKOBOTO TPAaHCHOPTA
MO3BOJISIOT UCTIOJIb30BAaTh JIOTIATKU C OCBIO C OJTHOW CTOPOHBI. Ha rpy30BoM TpaHcmopTe yxe
BEAYTCS OKCHEPUMEHTHI C JABYMS OCSIMH. UTO TmpencTaBisieT coOoil 0Oosiee CIOXKHYIO
TEXHOJIOTHIO COOPKH MEXaHU3Ma.

B pexxume HOpManIbHO KCINTyaTalluy TapaMeTphl TYpOUH ¢ MEHSIOIIECHCS TeoMeTpHeit
u3MeHstoTcst. [1oaToMy B JaHHOHM CTaThe aHANIM3UPYETCS MMEHHO Takas Majo H3ydeHHas
TeMa, KaKk M3MEHEHWE MHUHUMAJBFHOTO MOTOKAa B TypOWHAX B TEUEHHE MX HKCIUTyaTallHH.
PaccmarpuBaeTcss MUHUMAIIBHBINA MOTOK, KaJHMOPOBKA IO/ HEr0 TYpPOHMHBI, €r0 TEXHUYECKUE
napamMeTphl, KOTOpPhIE B JalbHEHIIIEM CPaBHUBAIOTCS C ITapaMeTpamMH HOBOH TypOUHEI.

B TypOunax ¢ MeHsrouleiics reoMeTpuell Npyu U3MEHEHHH T'€OMETPUM CTaTopa H3Me-
HSIOTCSl XapaKTEPUCTUKH MOTOKA BBIXJIONHBIX T'a30B, B 3aBUCUMOCTH OT TaKUX 3a/IaHHBIX Ma-
paMeTpoB, Kak, HAaIpUMep, HEOOXOUMOE KOJIMIECTBO MOCTYTAIOUIETO B IMIMHIPHI BO3IyXa.
Ero moctyruieHue DODKHO TPOHMCXOIUTh KaK MOJKHO ObICTpee, W TakuM oOpa3oM, Mak-
CHUMaJIbHO CHIDKATh 3aMeJUIEHUE aKceliepany Komrmpeccopa. HeoOXoauMelil moTok Bo3mayxa
3aBUCUT OT YCKOPEHHS IMOTOKA BBIXJIOTIHBIX Ta30B W €r0 HANPAaBJICHUS IOJI OINpPEeIICHHBIM
YIJIOM U ¢ MHHUMAaJIbHO BO3MOJKHBIMH TIOTEPSIMH Ha JIOMATKH POTOpa. DTO MOXKET OBITh
peas30BaHO B ClIydae MPUMEHEHHs YIIPABISIEMBIX JIOMATOK, U YCTAHOBKOM yToJI, HEOOXO0/IHU-
MOTO TSI OBICTPOTO YCKOPEHHUS WITH TIPOXOKACHUS Ta30B.

[ToTOK BBIXJIOTIHBIX Ta30B 3aBHCUT OT pa3Mepa JABHUTATEIs, TAPaMETPOB CTOpaHHs H Jp.
B 3aBucuMoOCTH OT pacxoja HeOOXOAMMOTO ISt CTOpaHUs BO3AyXa, U YUUTHIBAs MOTEPH MIPH
niepeaye IHEPTUN KOMIIPECCOPY, B MOIIIMITHUKAX TIOJOMpaeTCs KOJeco TYpOUHBI U CTaTop ¢
COOTBETCTBYIOLIEH reomerpueil jonarok. Mexanusm TypOunbsl VGT (cxemaruyecku npen-
CTaBJIeH Ha PUCYHKE 1) MOmKeH OBITh OTKATMOPOBAH HA TEXHUYECKH BO3MOXKHBIM MAaKCH-
MaJIbHBII 1 MUTHIMAJTbHBIH IOTOKH BBIXJIOTIHBIX Ta30B TEXHUYECKH UCIIPABHOTO JIBUTATEIIS.



NHXEHEP, Ne 10, 2009 r. 117

lo

Puc. 1. Mexaausm VGT

Kaxnprit Typbokommpeccop ¢ VGT uMeeT TOUKH Tak Ha3bIBAEMOTO MSTKOTO M JKECT-
Koro ¢gukcupoBanus. Toukoii xkectkoro GpukcupoBanus jonatok B VGT Ha3biBaeTCs KpalHssA
NO3HLMS, OTpeaesieMas MeXaHudeckd (OONT, BBICTYNBI W T.JA.), TIPH KOTOPOH JOMATKH
(GU3MUECKH HE MOTYT IIUPE OTKPBITHCS WM OOJIbIIE 3aKphIThcA. Touka MATKOTO (DUKCH-
pOBaHMs yCTaHABIMBAETCA BO BpeMs KaJIMOPOBKM aKTyaTopa M MPHUBOJA, PU 3TOM OH J0J-
JKEH HaXOJMTHCS MEXIY TOYKAMH JKECTKOTO CHETUICHUSI M He BBIXOJIUTH 32 HUX. Criocol kai-
MOpPOBKM 3aBUCHUT OT THIIA aKTyaTOpa M HCHOJb3yeMoro mnpuBoja. KammOpoBka mHeBMa-
TUYECKOI0 aKTyaTropa MPOU3BOIAUTCS NPHU W3MEHEHUHU [JIMHBI COCAVHEHUS MEXKIY IBUXKY-
IIUMCS 3JIEMEHTOM akTyatopa u Kopombiciiom ynpasiieHuss VGT. B aeKTpOHHBIX akTyaTo-
pax 3JIeMEHT yIpaBieHus: nporpammupyercs. KanmbpoBka npoBoAUTCS B CHELUAIBHBIX all-
naparax, IJie BMECTO BBIXJIOIHBIX I'a30B UCHOJb3YETCS CXKAThI BO3AyX, a KOJEeCO TypOHHBI
¢uxcupyercs. [Tapamerpamu KaauOpPOBKH SBJISAIOTCS MUHUMAIbHBIA U MaKCUMaJIbHBIN MOTOK
rasa, KOTOpPBIM OINPEJENICH NapaMeTpaMu JBUraTessl U IIPUBEIAEH B XapaKTEPUCTHKAX COOT-
BETCTBYIOIIEr0 TypOokommpeccopa. OCHOBHON XapaKTEPUCTUKOM SIBISETCS MUHUMAJIbHBIN
NPOIyCKAaeMblil MOTOK, KOTOPBIH NIpU ONpEIesIeHHOM JaBieHuu razoB (oObraHo 30klla)
NPOXOJNT Yepe3 MOTHOCTHIO 3aKphIThIe JomaTku [1oTok ra3oB onpenensercs mo ¢popmynaam 1
u2:
m=pCbl,z (1)

TJE: 7i1 - MacCOBOE KOJIMYECTBO MOTOKA ra30B, KI/C; O - MIOTHOCTh ra30B, Kr/m’;

p

RT @

Jol

rae: p - naBienuwe, klla; R- xoncranta mis raza k/Dx/(kr-K); T - Temmeparypa, K; C-
CKOpOCTh TA30BOTO NOTOKAa, M/C; b - BBICOTa JIONATOK, M; ly - HOMHHAJIbHOE PACCTOSTHHE
MEXy ABYMs JIOTIATKAMHU, M; Z - KOJIMYECTBO JIOTATOK.

Ha ocHoBaHuM 3TOr0 MOXHO CIeNaTh NpeABapUTEIbHbIE BHIBOJBI O TOM, YTO UMEHHO
IpY HOPMAJIBHOM PEXHUME 3KCIUTyaTallud MOTYT MOBJHUATH HAa HM3MEHEHHE IOTOKAa BBIX-
JIOTIHBIX Ta3oB, MpoTekaromux depe3 TypOouHy VNT B TeueHue 3a7aHHOTO MPOMEXKYTKa
BpeMeHU. Takue QakTopsl, KaK COCTOSIHUE CaMOTr0 JBUTATENIs, ONPEIEIAI0Iee KaueCTBO Cro-
paHusl BO3IYIIHO-TOIUIMBHOW CMECH, JaBJIEHHUE I'a30BOT0 MOTOKA, €r0 CKOPOCTh, a 3HAUUT U
BO3MO’KHOE M3MEHEHHE COCTaBa BBIXJIONHBIX Ia30B B T€UEHHUE dKCILTyaTalluH, YTO BJICYET 3a
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c000#1 M3MEHEHHE TEeOMETPUUYECKUX XaPAKTEPHUCTUK (BBICOTHI JIOMATOK M HOMUHAJIBLHOTO
paccTosHMsA Mexay HUMH) MmexanuzMa VNT Bo BpeMeHH.

DKCHepUMEHTAIILHBIC JTaHHBIC OBUTH TIOJYYEHbI MyTEM CPAaBHCHUS M aHAIN3a MUHU-
MaJIBHBIX IOTOKOB TypOOKOMIIPECCOPOB JIBYX TPYIII JeTallel, HAXOSIIHUXCS B XOPOIIIEM TeX-
HUYECKOM COCTOSIHHH, IPU M3MEHEHHE MapaMeTpPOB MOTOKA TypPOOKOMIIPECCOPOB C JAHAMET-
pom koiieca 49 MM U 44 MM COOTBETCTBEHHO. J[aHHBIE TYpOOKOMIIPECCOPHI HCIIOJIB3YIOTCS B
JU3EBbHBIX JBUTATEISIX JIETKOBBIX aBromobmieir ¢ VNT Tperbero mokonenus (49 mm — B
JIBUraTeNsx ¢ pabouum obbemoM 2 1, u 44 MM — 2,7 11 cOOTBETCTBEHHO). CpaBHUBAIIKCH
BEJIMYMHBl MUHAMAJILHOTO MOTOKA B TYpOWHAX B 3aBUCHUMOCTH OT CPOKa IKCILTyaTaludl U
BEJIMYWHBI Mpolera, 4To HANBIIHO H300pakeHO Ha pucynke 2. Jlns HoBOro TypOoO-
KOMIIpeccopa ¢ KojiecoM TypOuHbI B 49 MM moTok kamubpupyercs Ha 80,5+1,5 xr/4, nys 44
MM -78,5+1,3 kr/ua. U3 xaxmoi cepum naeraneil Obuto oroOpano He meHee 30 TypOo-
KOMITPECCOPOB (MUHMMAJIbHASI CTATUCTHYECKH 3HAYNMasi BEIOOPKaA).

851

—&— 49 MM

. . — & - 44 Mm

801 .

Mun. TToToK, Kr/4
.

754 . . - "

704 . . - S ==

65 "

0 50000 100000 150000 200000
ITpober, kM

Puc. 2. U3MeHeHIIE MUHUMAJILHOT'O IOTOKA BHIXJIOIHBIX I'a30B B 3aBUCUMOCTH OT CpOKa
JKCIUTyaTalu TypOOKOMIIpeccopa

Ha ocHoBanum pucyHKa 2, MOXHO OIpPEACIUTh OOIIYI0 TEHICHIUIO CHIDKCHHS
MUHUMAJIBHOTO IIOTOKAa BBIXJIONHBIX Ta30B IIPU YBEIMYEHHHM CPOKOB JKCIUTyaTalUH
Typbokomnpeccopa. B cpennem, Ha kaxable 100 Thic.kM mpoOera MUHUMAaJIbHBIM MOTOK
CHIDKAETCS Ha 2 KI/4, YTO COTJIACHO TPEOOBaHMSAM crield KA 711 HOBOTIPOHM3BEICHHBIX
TypOOKOMIIPECCOPOB SBISAETCA HENPUEMIIEMbBIM.

Ha pucynke 3 HarisnHo n300pa)k€Hbl NPUYMHBI W3MEHEHUN NapaMeTpoB MOTOKa
BBIXJIOITHBIX Ta30B B TEUEHUE IKCIUTyaTallud TYpOUHBL. B TedeHue sKCcIuryaTtai MEHI0TCS
reoMmerpuueckue mnapamerpsl Typounsl VNT wmm VGT, a taxke XapakTepUCTUKU MOTOKA
BBIXJIONHBIX Ta30B. Jlomatku TypOWHBI MOKPBHIBAIOTCS MPOAYKTAaMH CrOpaHusi, KOTOpHIE,
IIPWINIAsL, MEHSIIOT BBICOTY JIONIATOK M HOMHHAJIBHOE PAcCTOsiHME Mexay HuMH. [loaromy
Ba)XKHOE 3HAUEHHME NPUOOpETaeT KauecTBO pabOTHI Ca-MOTO JBUTATENs M €ro KaiuOpoBKa,
KOTOpas TapaHTHPYeT NPABWIBHOE YIPAaBJICHHE IPOLEC-COM TOPEHHMs W MUHUMAJIbHOE
M3MEHEHHE COCTaBa BBIXJIONHBIX Ta30B B TEUEHME IKCILTy-aTtaluu. be3ycinoBHO, Oosblioe
BIIMSIHUE HAa W3MEHEHHWE 3THUX IapaMeTPOB OKa3blBAIOT HCIOJIB3YEMbIE JKCIUTyaTallMOHHBIE
MaTepuasbl, a TaK >K€ IPOBEJACHHOE O TEXHUYECKoe oO0ciyxuBaHue jsurareneil. s
JIETKOBBIX ABTOMOOWJIEH TUNHWYHBIM SIBJIIETCA TOT (aKT, YTO OOJBIION MOTOK BBIXJIOIHBIX
ra3oB MOXET H3MEHHUTH IOJIOXKEHHUE JIONMATKH OJIHOOCEBOW TypOuHbl. [loTOMy CHMXKeHue
paccTosiHiEe MEXKAY JIONAaTKaMu, IPECTABISIET CEPbE3HY0 NPoOIeMy It
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Puc. 3. Ilpuuunbl n3MEeHEHUs TapaMETPOB NOTOKA BBIXJIOMHBIX Ta30B uepe3 VNT
TypOOKOMIIPECCOPOB  TpPy30BBIX aBTOMOOwiedl. Ha mepBoHawampHON — craauu
MMPOCKTUPOBAHUA oJie IpeAOTBpAlICHHA 3HAYWUTCIIbHBIX IIOJIOMOK WA W3MEHCHHIT B

TypOMHAX OYeHb Ba)KHO 3HATh M YUYUTHIBATh ITH IMapaMeTPhl a TAKXKE MPU NPUHATUH PEIICHHUNA
npu noadope MaTe-pHaoB, JeTalel TYpOUHBI U JIBUTATEIIS.

H3MeHeHne XapaKTepUCTUK HM3MEHSET BEIMYMHY KPYTALIETO MOMEHTAa U CKOPOCTh
000pOTOB KOJeca TYpOMHBI, YTO MOXKET MOBJUATH HA KOJUYECTBO BCACBIBAEMOI'O KOMIIpEC-
COpOM BO3/lyXa M OBITh NMPUYMHON TOJOMOK. Ha mpakTHke NpUHUMaeTcs MHHHMMAJbHO
JOTyCTUMOE W3MEHEHHE IMOTOKa JJIsi TypOWH JIETKOBBIX aBTOMOOWied He Oonee 10 kr/4,
OJIHAKO 9Ta BEJIMYMHA HE SBIISIETCSI CTPOTO YCTAHOBJICHHOW M MOYKET MEHSITHCSI B 3aBUCUMOCTH
OT KaJMOPOBKHM JIBUTATENS U OT IPYTUX APaMETPOB.

[Io naHHOM cTaThE MOKHO CAEIATh CJIELYIOIINE BEIBOBI:

1. B pabote mpenacraBieH aHaJu3 MU3MEHEHHMH MapaMEeTpOB MOTOKA BBIXJIONHBIX ra3oB
JIBUTATENs, OCHAIEHHOTO TypOuHOW ¢ Mensromeics reomerpueit VNT (Variable
Nozzles Turbine) B mepuo 1 HOpMaIbHOHM IKCIUTyaTaINH.

2. B aKcmnepuMeHTe UCTIOIb30BaHbI JAHHBIC MIOTOKA BBIXJIOTHBIX T'a30B TYpOUH C pa3HbI-
MU CpPOKaMH 3KCIUTyaTaluu. el 0oToOpaHbl TYpOMHBI U3 IByX CEpUil, C pa3HBIMU Te-
OMETPUUYECKUMH pa3MepaMH U MapaMeTpaMu KaIMOPOBKH. DKCIEPUMEHTAIBHO yCTa-
HOBJIEHO, 4TO M1 VNT Tperbero NOKOJEHUS MUHUMAJIBHBIM NOTOK CHWKAeTCA B
CpeIHEM Ha BEJIMYMHY OKOJIO 2 Kr/4 Ha Kaxkasie 100 ThIC.KM.

3. IlpencraBneHsl NPUYHMHBI 3TUX W3MEHEHWH. OCHOBHBIE TPUYMHBI — KOJMYECTBO
BBIXJIOITHBIX Ta30B M MX COCTaBIIIONIME. IMEIOT MECTO IpyrHe SKCIUTyaTallMOHHBIE U
TEXHOJIOTUIECKUE TTPUIUHEL.

Cnucoxk autepatypni: 1. Watson N., Janota M. S. Turbocharging the Internal
Combustion Engine : The Macmillan Press LTD, 1982. - 609 c. 2. Van Basshuysen R.,
Schéfer F. Modern Engine Technology from A to Z. SAE International., 2007. — 1047 c. 3.
Balis C., Middlemass Ch. Design and Development of E-Turbo for SUV and Light Truck
Apllications / Diesel Engine Emissions Reduction Conference, - 6 c. 4. Serrano J. R., Arnau
F. J. A model of turbocharger radial turbines appropriate to be used in zero and one —
dimensional gas dynamics codes for internal combustion engines modelling / Energy
Conversion and Management, ctp. 3729 — 3745. 5. Eriksson L. Modeling and Control of
Turbocharged SI and DI engines / Oil and Gas Science and Technology — Rev. IFP. 2007, T.
62, No 4, ctp. 523 — 538.
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METAJLJIBI, APMUPOBAHHBIE YIJIEPOAHBIMHA BOJTJOKHAMMA

Hukonae U.B., Poiounckas T.A., HlanoBanos P.I'. (xagpedpa mexanuxu, TTH FODY, a.
Tazanpoe, Poccus)

Mertasisl, apMUPOBAaHHBIE YTIJIEPOJHBIMU BOJIOKHAMH — MOJIOJble Marepuaibl. OHu
00J1a1al0T  PSIOM  JIOCTOUMHCTB, KOTOpBIE OTCYTCTBYIOT Y YIJICIUIACTUKOB: BBICOKOM
TEIIOCTOMKOCThIO (OOJBbIIEH, YeM Yy YIJIEIUIACTHKOB), NPOYHOCTBIO B HAINpPaBIICHHUH,
NEePICHIUKYJISIPHOM OPHEHTAIMU BOJIOKOH, IPOYHOCTBIO NPU CHKATHU (TIPOJIOJIEHOM H3rHOe)
U IPyTUMH LIEHHBIMH CBOMCTBaMU. [103TOMY B HacTosiIIee Bpems: HaJ X CO3JJaHHEM aKTUBHO
paboTaroT BO MHOTHX cTpaHax. MHpopMaius 0 HOBEHIINX 3apyOeKHBIX JOCTHIKCHUSIX B ATOU
00J1acTH IO CPABHEHHIO C KOJMYECTBOM ITyONHMKanuii 00 yriernjiacTuKax BeChMa OrpaHHYeHa.
Tem He MeHee, W3BECTHO, YTO TOSBHWIMCH Pa3IMYHbIC THUIBI METAJJIOB, apMHUPOBAHHBIX
YIJEPOIHBIMUA BOJIOKHAMH, M pa3pabOTaHbl BCEBO3MOXKHBIE METOAbI HMX ()OPMOBAHUS H
nepepaboTki. COOTBETCTBEHHO (PH3MYECKHE XapaKTEPHCTHUKH TAaKMX MaTepUaliOB TaKKe
paznuuHbpl. COTJIACHO CXEME TEXHOJIOIMYECKOTro Ipoliecca IPOU3BOACTBA METAUIOB,
apPMUPOBAHHBIX BOJIOKHAMH, [0 Mepe HaJOOHOCTH JJISl YIIyYIICHUS! CMadYUBAEMOCTH BOJIOKOH
METAJUZIOM M aJAre3sud ¢ HHUM, a TakXKe JJIsl pPEeryJUpoBaHMs PEAaKLUMOHHON CIIOCOOHOCTH
MOBEPXHOCTH BOJIOKOH HAa HUX HAHOCAT TIOKPHITHE WM OCYLIECTBISIIOT JPYTYIO
NpeBapuUTENIbHYI0 00paboTKy BOJIOKOH. 3ateM (QopMupyloT moiyhadpukaTsl WIH Tak
Ha3bIBAEMBIE HWCXOJHBIE 3JEMEHTHl METATIOKOMIO3UTOB. lloiydeHHsie momydadpuKaTsl
pa3pes3aroT B COOTBETCTBUH C TPeOyEeMBIMU pa3MepoM U (OPMOii, CKIaABIBAIOT, OPHEHTHPY I
UX B HY>KHOM JUI JAHHOW KOHCTPYKIIMH HANpaBJICHUH, U 3aTeM OCYIIECTBISIOT (JopMOBaHUeE.
[Tocie 3TOro mpOBOAST OKOHYATENbHYIO O0paOOTKy H3JEIMs - CKJIEMBAHHME OTIEIbHBIX
qyacTel, MeXaHuuecKyro o0paborky u T. A. MccinenoBaHa BO3MOXHOCTh NPUMEHEHHUS B
Ka4eCTBE MATPUIIBl Pa3IMYHbIX METAJUIOB: aTIOMHHUS, MarHus, MEIH, HHUKEIs, KoOanbTa U
MHOTHX Apyrux. Hambomee >QQeKTHBHBIMU IS TPUMEHEHUs Ha TPAKTHUKE OKAa3aJIHCh
QJTIOMUHUNA, MarHuii W JpYTHe JIETKHE METaljbl. APMUPYIOIIME YIJIEPOJHbIE BOJOKHA
SBIISIIOTCSL XPYTIKAMHU M HE 00JIa1al0T CIIOCOOHOCTHIO K IIACTHYECKHM J1ehopMarusiM. DTOT
(dakTop orpaHUYMBAET BHIOOP METOAOB MEpPepabOTKH METANIOKOMIIO3UTOB. B 3aBUCHMOCTH
OT T€OMETPHHU U CBOWCTB NOJY(HaOpUKaTOB, SBISIOMIUXCS MPOMEKYTOYHBIM MaTEPUATIOM IS
MOJIyYSHHSI APMUPOBAHHBIX METAUTMYECKUX H3ICIHA, HCTONB3YIOTCS DPAa3JIMUdHbIE METOIbI
(GopMOBaHUS METAUIOB, APMHUPOBAHHBIX BOJOKHAMH. [lJIi apMHpPOBAHHOTO YTJIEPOIHBIMH
BOJIOKHAMH aJTIOMHHHSI TIPUMEHSIOT METOJBI TOpPSYEro MpeccoBaHMs (MeTauTndecKas
MaTpuIla OCTAeTCSI B TBEPJOM COCTOSIHHH), TOPSYETO BaJbLIEBaHMS, TOPSYCH BBITSIKKU W
KHUIKO(PA3HOTO TOPSTUETO MPECCOBaHUS (METaUIMYecKass MaTpuila B mporecce (GpopmMoBaHuUs
NPOXOANT CTAJUIO JKUIKOTO WM KUIKOKPUCTANIMIECKOro cocTostHus). st popmoBaHus
U3CINA U3 apMUPOBAHHBIX METAJUIOKOMITO3UTOB HEOOXOIMMO:

1. Co3maTh TaKyl IDIACTHYECKYIO AeQOpMAlMI0 METALIMIECKOH MaTpHUIbl, NpHU
KOTOPOU pa3pylIaeTcsi OKCHIHAs IUICHKA Ha MOBEPXHOCTH aJIFOMUHUS.

2. Jna npenoTBpamieHusi 1e(EeKTOB M TOBPEXKAECHUS BOJOKOH BECTH IPOLECC
nedopmMupoBaHus 1osrypadpukara TMpHU JOCTATOYHO BBICOKOW TeMmIeparype W B TEUYCHHUE
JUTUTEILHOTO BPEMEHHU.

3. B 1O ke Bpems s MCKIIIOYEHHs] pa3pylICHUS BOJIOKOH B pe3yJibTaTe peakluH Ha
IpaHuIe pa3jiesia BOJOKHO — METa/lInyecKas MaTpHlla CTPEMHUTHCS NMPOBOAUTH (hopMOBaHUE
NpY BO3MOKHO MEHBIIIEH TeMIepaType U B TEYEHHE KOPOTKOTO MPOMEXKYTKA BPEMEHH.

4. He nomyckaTb BEICOKOTEMIIEPATYPHOTO OKUCIIEHHS MaTepHUaia.
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Cpenu apMHpOBAHHBIX YTIJIEPOJHBIMH BOJIOKHAMHM METAUIOB Hauboyiee XOpoIlo
U3y4YEeHbl METAJUIOKOMIIO3UTHl C aIIOMUHHMEBOM Marpuued. OJHako Jaxe il 3TOro
KOMIIO3MLIMOHHOTO ~MaTepuajia He pelieHa npodiieMa COBMECTUMOCTH BOJIOKOH U
MeTaJuTuecKoi MaTpuibl. OnmyOIMKOBaHHBIE 0 HACTOSIIETO BPEMEHM JaHHBIE KAacaloTCs B
OCHOBHOM METOJIOB IIPOW3BOJICTBA MNOJYy(}HaOpUKaToB M METOJ0B (HOPMOBAHUS W3ACIHH,
KOTOpbIE  TIOKa  HEeJb3sl  NpPHU3HATh  JOCTaTOYHO  HAy4YHO  OOOCHOBAaHHBIMH U
ONTUMHU3UPOBAHHBIMU. [IpOYHOCTH apMHUPOBAHHOTO YIJIEPOJHBIMU BOJIOKHAMM QJFOMHUHHUS B
NONIEPEYHOM HaIIpaBJIEHUU HIXKe, 4eM y aApyrux marepuasnoB. B CHIA apmupoBaHHbII
YTIEPOIHBIMU BOJIOKHAMU aJTFOMUHUI TIPOU3BOAUTCS U3 M0y padpHUKaTOB B BUJE IPOBOJIOKH,
MOJ[yYEHHBIX METOJOM IIPONUTKH B paciuiaBe. MOXXHO OXKuAaTb, YTO KOPPO3HOHHbBIE
CBOMCTBa apMHPOBAHHBIX METAJUIOB IIPU KOHTAKTE METAJUIMYECKON MATPHULBI C YIVIEPOIHBIMU
BOJIOKHAMH  OyJAyT yXyJAIIaTbCs BCJIEJACTBUE OSJIEKTPOXUMHYECKOW Koppo3uu. llpum
JKCIUTyaTalluM M3AEJIUN W3 apMHUPOBAaHHBIX BOJIOKHAMHM METAJUIOB CIEAYET, MO-BUIUMOMY,
IpelycMaTpUBaTh 3aIIUTy BHEUIHEM MOBEPXHOCTH Marepuasa (IUIaKUPOBAHHUE) METAJIOM,
UCIIOJIb3yEMBIM B KaUu€CTBE MAaTPHIIBI (OOBIYHO IIAKUPOBAHUE OCYILECTBISIOT OJTHOBPEMEHHO
¢ (opmoBaHHMeM), TPOM3BOIUTH OKPACKY, METAJUIM3AIMIO WIH JPYTyl0 00paboTKy
MOBEPXHOCTH KOMIIO3UIMOHHOTO MaTepuana. B Hacrosimee BpemMs KOMIO3UIMOHHbBIE
MaTepHuaibl Ha OCHOBE aTIOMHUHUS M OOPHBIX BOJIOKOH NMPHUMEHSIOT Ha MPAKTHKE B KauecTBeE
TpyO4aTeix (epM OpOHTATBHOTO OTCeKa KOCMHYECKOro Kkopabns «Space Shuttley, B
KOHCTPYKIMAX (PrO3eIKEH CaMOJIeTOB, /ISl U3TOTOBIICHUS JIONIACTEH BEHTHISITOPOB H IPYTUX
netaneil camoseroB. I1o cpaBHEHHIO C ONBITOM HCHOJB30BaHUS JPYTHX KOMIO3UIMOHHBIX
MaTepHajoB  MPUMEPOB  MPAKTUYECKOTO NPUMEHEHHS  METaIOB, apMHPOBAaHHBIX
YIIEpOJHBIMU BOJIOKHAMM, IOKa €Ile€ CpaBHUTENbHO Mano. OAHAKO NOCIEIHHE MOTYT
0Ka3aTbCsl BECbMa MEPCHEKTUBHBIMHU I10 CJIEAYOIIMM IPUYHUHAM:

1. CTOUMOCTh YTJIEPOJHBIX BOJOKOH HIDKE, YeM OOpHBIX BOJIOKOH WJIM BOJIOKOH Ha
OCHOBE KapOuia KpeMHusl.

2. Texnonorust moiy4yeHus: MOy (HaOpUKATOB U3 YIIEPOJHBIX BOJOKOH 3P PEeKTHBHA C
TOYKH 3pEHHUs] MaCCOBOTO MPOU3BO/ICTBA, TAK KaK ONUPAETCS Ha yKe pa3pabOoTaHHbIE METO/IbI
HaHECEHHUs1 MeTallJla Ha BOJIOKHA U3 pacllylaBa, MOHHOM MeTaJUIM3aluy U JpyTHeE.

3. VYraepoaHble BOJIOKHA (B YaCTHOCTH, BBICOKOMOJYJIbHBIE IIEKOBBIE BOJIOKHA)
XapaKkTepU3yIOTCSd XOpOILIell COBMECTUMOCTBbIO C aJIOMHUHHEM, MarHueM U JpyTUMU
MetaylaMu. Hanmuue pa3sHOOOpasHbIX THUIIOB YIVIEPOAHBIX BOJIOKOH, BBIIYCKaeMbIX B
pPa3IMUYHBIX CTpaHaXx B IPOMBIIIJIEHHOM MacliTa0e, IMO3BOJISIET BbIOpaTh ONTHUMAJIbHBII
BapUaHT BOJIOKOH JJISl KaX/10I0 KOHKPETHOTO CiIyyas.

4. Metanbl, apMUPOBaHHbIE YTJIEPOJHBIMU BOJIOKHAMHU, MOAJAIOTCS TEM K€ METOJaM
MEXaHUYECKOM 0O0pabOTKH, KOTOpHIE WCIOJB3YIOTCA [JIi OOBIYHBIX METALTMUYECKUX
MaTepHasoB.

5. Ilpu ucnonb30BaHMM B KOCMHYECKHMX amnmapaTax KOMIIO3WIMOHHBbIE MaTepHajbl Ha
OCHOBE YIJVIEPOJHBIX BOJIOKOH M QJIIOMUHHUEBON WJIM MarHuMeBOMl MaTpuibpl HMEIOT, B
YaCTHOCTH, 00Jiee BBICOKYIO CTa0WJIBHOCTh Pa3MEpOB NPU U3MEHEHHSX TEeMIIepaTypbl, YeM
MeTaJlJIbl, apMUPOBAHHbIE OOPHBIMU BOJIOKHAMH.

Cpenu pas3nuuHBIX KOHCTPYKIMOHHBIX MaTepHalioB, KOTOpbIE IMpearnoaraercs
UCMOJIb30BaTh ISl CO3/IaHUSl MCKYCCTBEHHBIX CITyTHMKOB 3€MJIM M KOCMHYECKHX CHCTEM,
OIHU W3 Haubojee MOAXOJMIIMX MAaTepHaoB - ATOMHHUNA WU MarHud, apMUPOBAHHBIC
YIJEpOJHBIMU  BOJIOKHaMU. Marepuanbl JUli HUCKYCCTBEHHBIX CIYTHHKOB 3€MJIM U
KOCMUYECKMX CHUCTEM [JOJDKHbI OBITh JIETKUMH, 00J1a7aThb BBICOKON JKECTKOCTBIO H
CTaOUJIBHOCTBIO Pa3MEpPOB TMOJ JCHCTBUEM TEMIIEPAaTYpHOTO TIpaJueHTa U KoJeOaHUi
TEMIEpaTypbl. OTH XapaKTEPUCTUKU MOYXKHO OLEHHTb, HCXOJs M3 TaKUX OCHOBHBIX
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napamMeTpoB, Kak YAEJIbHBIH MOAYJb YIPYTOCTH, TEIUIONPOBOJHOCTh M KOI(PPUIMEHT
TEIUIOBOTO paciuupeHns. KoMIO3UIIMOHHBIE MaTepHaibl HA OCHOBE AIOMUHUA (M B ellIe
OOJbILIEH CTENEHU MarHus) U BBICOKOMOJIYJIBHBIX MEKOBBIX YIJIEPOJHBIX BOJIOKOH Mapku P
100 (Mmoayns ynpyroctu 714 I'lla) umeroT BbICOKHE 3HaYEHUS YI€IbHOTO MOJYJIsl YIIPYTOCTH,
BBICOKYIO TEIUIOCTOMKOCTh M OOJbIIEe MOIXOASAT IS CO3JaHHUs KOCMHYECKUX KOHCTPYKIIMH,
yem apyrue martepuanbl. B CHIA BenyTcs HMHTEHCHBHBIE pPabOThl, HalpaBiICHHbIE Ha
NPUMEHEHNE ITUX KOMIIO3ULMOHHBIX MAaTE€pPUAJIOB JJIsl U3FOTOBJICHUS JeTallell KOCMUYECKUX
anmapaTtoB, M, B YaCTHOCTH, JJIsI MW3IOTOBJEHHUS HECYIIUX 3JEMEHTOB COBPEMEHHBIX
KPYMHOTaO0ApUTHBIX KOCMHYECKHX COJHEYHBIX MaHedeld. B Hacrosimee BpeMsi ucciemyercs
BO3MOJKHOCTh TMPHUMEHEHHS METAJUIOB, ApPMHUPOBAHHBIX YIVIEPOJHBIMM BOJOKHAMM, IS
W3rOTOBJIEHUS IUIAHEPOB CaMOJIETOB, >KECTKHUX AJIEMEHTOB KOHCTPYKIMH, JIOHXEPOHOB, a
TaKXKE JJI1 CHIKEHHS MacChl NPONEIUIEPOB, JIONATOK KOMIIPECCOPOB, 3aJHUX KPOMOK
JIONAaCTEed HECYLIEro BHHTA BEPTOJIETOB M JPYIMX Bpallaromuxcs naetanei. Benencrsue
BBICOKOTO YJEJIBHOTO MOAYJS YIPYrOoCTH KOMIIO3UIIMOHHOIO Marepuaja Ha OCHOBE
QTIOMHHHS U YIJIEPOJHBIX BOJIOKOH TEPCHEKTUBHBIM SBJISETCS €ro MCIOJb30BAHUE B
NPOU3BOACTBE  KOPOOOK  TPAaHCMHUCCHM  BEpPTOJIETOB,  TOJBEPraloOIIUXCsS  BBICOKUM
BUOpAIIMOHHBIM ~ Harpy3kam. [IpuMeHeHHWe MeTaJUIoB, AapMHUPOBAaHHBIX YTJIEPOJHBIMHU
BOJIOKHAaMH B IIPOU3BOJICTBE J3JIEKTPOTEXHUUYECKUX JeTaleil, MOJUIMIIHUKOB M LIECTEPEH.
Takoe nmpumeHeHHe 00YCIOBJIEHO, C OJHOM CTOPOHBI, 3JIEKTPOIPOBOJHOCTBIO U, C APYrou
CTOPOHBI, CAMOCMA3bIBAIOLIMMHUCS CBOMCTBAMU MaTEpHUaAIOB HA OCHOBE YTJIEPOIHBIX BOJOKOH.
BBenenue yriepoaHbIX BOJOKOH B KOMIIO3UIIMOHHBIA MaTepHall yMEHbIIAET CKOPOCTh U3HOCA
U KOd((UIMEHT TpeHHs, MOBBIIIAET CTOMKOCTh K 3aJMpaM IMOBEPXHOCTU M T. 1. HemaBHO
NPOBOAWINCH HCTBITAHUS HA CKOPOCTHOM M3HOC HAaXOJAILIErocsd TMOJ 3JIEKTPUYECKUM
HaMps)KEHUEM KOMITO3ULIMOHHOIO MaTepHajia Ha OCHOBE yIJIepOAHbIX BOJIOKOH U cruiaBa Cu —
Sn. [loka3aHo, 4TO /Uil YMEHBLIEHUS! CKOPOCTH M3HOCA HEOOXOJMMO YBEJIMYMUTH IIPOYHOCTD
CBA3M Ha TpaHMILE pa3jeia BOJOKHO — Meraindeckas Marpuuma. C 3TOW Lebio B
KOMIIO3MIIMOHHBIN MaTepuall BBOAWIM J100aBKM THTaHa. OOpa3ylomuiics mpu 3TOM Ha
rpaHulle pasjena KapOua TUTaHa MOBBIIIAET U3HOCOCTOMKOCTh MaTepuaa U pPe3KO CHIKAET
CKOpPOCTh H3HOCa MaTepuaina. [IpoMbllIeHHOE NPOU3BOACTBO METAUIOB, APMHUPOBAHHBIX
YIJIEPOJHBIMU BOJIOKHAMH, €Il€ HE IMOJIy4YMJIO JOCTaTOYHOIO Pa3BUTHUS; B TEXHOJOIMU HX
M3rOTOBJIEHUS UMEETCSI MHOT'O HEPEIIEHHBIX Mpo0JsieM. BbIicokas CTOMMOCTD BCE €IIE CITyKUT
CEpbE3HBIM NPEMATCTBUEM JJISl BHEAPEHUS ITUX MATEpUAIOB B MPOMBILIUIEHHOCTh. B cBsi3U ¢
TUM apMUPOBAHHBIE YIJIEPOJIHBIMH BOJIOKHAMHM METAJUIbl MPEANOIaracTcsi IpUMEHATh MOKa
TOJIBKO B T€X 00J1aCTAX TEXHUKHU, B KOTOPBIX MOKHO, peHeOperasi CTOMMOCTBI0 MaTepHalloB,
JOCTHYb OOJBIIOTO TeXHHYeCKoro H¢¢exra. B mepBylo odepenp 3TO OTHOCUTCS K
KOCMUYECKHM amnmaparaM M CaMOJIETOCTPOEHHUIO, I/I€ OCOOEHHO Ba)XXHO CHM3HUTH BEC
KOHCTPYKIIMI HE3aBUCUMO OT CTOUMOCTH UCHOJIb3yEMBIX IIPYU 3TOM MaTEpHAJIOB.

Cnucok autepartypsi: 1. lllyka A.A. Hanosnektponuka. — M.: ®uzmarknura, 2007. —
464 c. 2. T'epacumenkxo H.H., [Tapxomenko FO.H. Kpemuuii — MaTepuan HaHOSJIEKTPOHUKHU. —
M.: Texnocdepa, 2007. — 352 c.
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PACHPEJEJEHUE BEPIIIMH OPUEHTUPOBAHHO PACIHOJIO’KEHHbBIX
ABPA3HUBHBIX 3EPEH B 9JIACTUYHOM HIVITM®OBAJIBHOM
NHCTPYMEHTE

Hogoceasuesa E.H., BaiikoB A.B. (xap.TM, /lonHTY, /loneyx, Yxpauna)

®opmupoBaHue NUMGOBAHHON MOBEPXHOCTH SIBISECTCS PE3YJIHTATOM B3aUMOICHCTBUS
PEXYIIUX IJIEMEHTOB AJIMa3HOTO MHCTPYMEHTa ¢ 00palaTbIBaeMbIM MAaTEpUAIIOM, MOITOMY
Xapaktep Treomerpun pabouell moepxHocTH numdosanbHoro kpyra (PIIK) okasbiBaeT
NEepBOOTIPECTSIONIee 3HAYCHUE Ha TOKa3aTelnd KadyecTBa OOpabOTaHHOW TMOBEPXHOCTH.
OcCHOBHBIMU TIapaMeTpaMH, KOTOpPbIMH XapakrepuszyroT reomerputo PIIK, sBustorcs
KOJIMYECTBO ajMa3HbIX 3€pEH Ha EIUHMIE IUIOLIaJM MOBEPXHOCTH HHCTPYMEHTA, 3aKOH
pacnpeneseHusl BEPIIMH 3€peH 10 BBICOTE U PaAMyC OKpPYIVIEHHs BeplIMH 3epeH. Kak
MHTETPAJIbHBIA II0KA3aTeNIb PacCMaTPUBAIOT IApaMETPbl OTHOCUTEIIBHOM OIOPHOM KpPUBOU
npouis Ha pa3IMYHBIX YPOBHSIX M MapaMeTpa ammnpoKCHMAIlMM BEPXHEH 4acTH OMOPHOU
kpuBoii [1,2,3.,4,].

Hecmorpss Ha Ooublioe KOJMYECTBO HKCHEPUMEHTAIBHBIX H  TEOPETHYECKHUX
UCCIIEIOBAaHUN B HACTOSIIIEe BpeMsl HE CYIIECTBYET €AMHOW OOIIECTIPU3HAHHON MOIeNn
reometrpun PIIK. D10, B yacTHOCTH, 00yCIIOBIIEHO KaK MPUMEHEHHEM Pa3IMYHBIX METOIOB
OTIpE/ICTICHUs] OPAMHATHl BEPIIMHBI AJIMa3HOTO 3epHa (MeToJ] mnpoduiaorpadupoBaHys,
ONTUYECKUH METOJI, METOJ] CBETOBOTO CEUEHMS, METO]] IUTM(OBAHUS KIMHA C MAJIBIM YTJIOM
noabéMa W Jp.), TaK W pa3IMyHOM HacleACTBeHHOCThIO coctosHus PIIK: mpumenenwue
Pa3IMYHBIX METOJIOB BOCCTAHOBJICHUS PEXYyIlled CoCOOHOCTH MHCTpyMeHTa, oueHka PIIK
nociyie 00pabOTKU pa3INYHbIX MaTepUAJIOB U HA pa3JIMUHbIX pexumax [1,3].

Opnoli u3 BakHelmux xapaktepuctuk PIIK sBrisercs 3akoH pacnpe/eneHusi BEpIIuH
3epeH. 3HaHUE 3aKOHA PacIpe/ieleHUs] BHICOTHI BHICTYIAHUS aJIMa3HbIX 3€PEH HaJ YPOBHEM
CBA3KM HEOOXOOUMO Ul pEIIEeHUs 3a7ad OIpeAeNeHHUs KOJUYECTBA 3€pEH, AaKTHBHO
y4acTBYIOIIMX B JMUCIEPrUpoOBaHUM oOpadaTbiBaéMOro Marepuana, a, ClJeJ0BaTEIbHO,
NPOU3BOAUTEIFHOCTH NITU(OBAHUS M KauecTBa 00pab0TaHHOM MOBEPXHOCTH.

Ha 3akon pacnpeneneHusi BEpIIMH 3€peH MO BBICOTE OKA3bIBACT BIIUSAHHUE OOJBIIOE
KOJIMYECTBO CIyYaiHBIX (aKTOPOB: pa3Mep aOpa3WBHOTO 3€pHA, paclpelesieHHe IEHTPOB
3epeH B MaTpHlle MHCTPYMEHTa, HAIpaBJICHUE OPHEHTAIMU 3€pHA, XapakTep U CTENEHb
paspylIeHus ajiMa3HOTO 3epHa TPU BO3JCHUCTBHM Ha Hero oOpabaTeiBaeMOro MmaTepuala,
IPOYHOCTb €r0 yJIEpKaHUsI B CBSI3KE U T.1I.

OOBIYHO 3aKOH pacIpesiesieHUs BEPIIMH 3€pEeH HaJl YPOBHEM CBS3KH IOJIy4aroT
alIpOKCUMAlMEN  JKCIEPUMEHTAJIbHBIM  JaHHBIX. BclleaCcTBHE  yKa3aHHOTO  pasHbIE
UCCIIEIOBATENM IPEAaraloT ONUCHIBATH paclpeielieHue BEpIIMH 3€peH HOpMallbHbIM [5],
napaboymaeckuM [3], pactipenenenueM BeiOyuia [6,7] U IpyruMu 3aKOHAMH.

Jns ompeneneHust 3aKOHA PACHpeeNICHUsT BHICOTHI BBICTYTIAHHS a0pa3WBHBIX 3€peH
JAHHOTO WHCTPYMEHTa OBUIM W3TOTOBIICHBI CIICI[MalibHBIE a0pasuBHBIE OpyCcKH Ha
DJIACTHYHON TOJMMEpHOW cBA3ke. OpHEHTHpOBaHWE aOpPa3MBHBIX 3€PEH, MOKPHITHIX
(beppOMarHuTHBIM MaTEPUAJIOM, OCYLIECTBISAIOCH B IOCTOSSHHOM MarHUTHOM ToJje. PazMepsl
aOpa3uBHBIX 3€PEH TOCJE TMOKPBITUA COOTBETCTBOBaIM 3epHucTOCTH 160/100. BCekpwiTHe
aOpa3uBHOTO CJIOSI MPOBOJWIOCH IIIM(POBAHHUEM IOBEPXHOCTU H3TOTOBJIEHHBIX OpYCKOB
kpyrom 250x30x51 14A 25 8 K5 TI'OCT 2424-80 na cranke 3I'71. 3ammch penbeda
MOBEPXHOCTH abpa3uBHBIX OPYCKOB MPOBOAMIACH HA Tipoduiorpade-npodunoMeTpe Moaenu
252 T'OCT 19300-73. ®parment npoduiaorpaMmbl IpUBEIEH Ha puc 1.
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OOpaboTka mpodwmiorpaMM 3aKiIOYanach B ONPEICICHHH Pa3HOBBICOTHOCTH
aOpa3uMBHBIX 3¢pEH OTHOCUTEILHO HAaOOJIee BBICTYTAIOIIETO 3ePHa.

PesynbraThl 00paboTKH MpoQHIOrpaMM MpeACTaBIeHB B Ta0. 1.
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Puc. 1. Tlpumep mnpodunorpammpl pabodell  MOBEPXHOCTH  DJIACTHYHOTO
U OBaATBHOTO OpycKa
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IIo MTOJIYUYCHHBIM 3KCIICPUMCHTAJIbHBIM JaHHBIM PaCCUUThBIBACM OCHOBHBIC IMaPaMCTPhbL
3aKoHa pacnpeneneHus. [I[poMexxyTouHble pacueTsl CBOJAUM B TaOIUILy 2.

Tabmuua 2. 3HaueHus: MPOMEKYTOUYHBIX PacyETOB

N | et | e k| JZE | | Z u N N

/ 0 | 8% | L5 | 7 184 7 i7%

J | 8% | k5 | ZiB | U 123 4 28

J B | A4k 2065 29 | U4 41 {17

Lo\ ah | T 485 B %

7oL\ 75| A 07

6 | 415 | 495 |4 B | 06 75 45 15
7 | 495 | 5Ih J 143 187 L7
§ | 375 | 667 / 20 % 52
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Ha pucynke 2 npencraBieHa ricTorpaMMa pacrpeaeaeHus.

Puc. 2. 'uctorpamMmma pacrnpezenenus

Ha ocHOBaHUM TUCTOTpaMMBI pacTpeAeSICHHS MOXHO TPE/IOJIOKHUTh HOPMAaJbHBIN 3aKOH
pacnpe/esieHus] BEpIIFH 3epEH M0 BBICOTE. Y paBHEHHE KPUBON HOPMAIBHOTO PacIpe/IeIeHuUs
OyzeT UMeTh BU/I;

1 (x=31.51)°

y=0(Xx)=———F—¢ 52
1491327 oo
JI1s IpOoBEPKH TUNOTE3bl HOPMAJIBHOCTH PACTIPEIEICHHUs BOCIIONIB3YEMCSI KPUTEPUEM

cornacus Konmoroposa:

‘ N e N m‘max
A= Jn=13
n
P(A) =0.0681
P(A) > 0.05
Taknm 06pa30M, OIIMCaHWE PAa3HOBBLICOTHOCTH PACIOJIOKEHUS 3€pE€H Ha IIOBEPXHOCTH
IHJII/I(l)OBaJILHOFO Kpyra IIpaBOMOYHO OIIUCHEIBATH HOPMAaJIbHBIM 3aKOHOM paclpeaciICHU.

Cnucok smmtepartypsi: 1.Ilonos C.A., Manesckuii H.I1., Tepemenko JI.M. AnmasHo-
abpas3uBHasi 00paboTKa METauloB U TBEPABIX CIUIaBoB. — M.: Mammnoctpoenue, 1977. —
263 c. 2. PabotocrnocoOHOCTh ayMa3HbIX KpyroB / M.®.Cemko, M. J1.Y3yHsH, F0.A.Cusbiid,
M.C.IluBoBapoB. — K.: Texnika, 1983. — 95 c. 3. baiikanoB A.K. BBenenue B Teopuro
numdoBanus marepuanoB. — K.: HaykoBa mymka, 1978. — 207 c. 4. Taspum A.IL,
Menpanuyk ILII.  @inimHa anma3Ho-aOpa3uBHa 0OpoOKa MarHITHUX — MarepiajiB:
Momnorpadis. — XKuromup: XKATY, 2004. — 551 c. 5. AGpa3uBHas u anMaszHasi 00paboTKa
marepuanioB. CrpaBounuk /ITox. pea. A.H.PesnnkoBa. — M.: MammHoctpoenue, 1977. — 391
c. 6. Marroxa IL.I'. HayuHble OCHOBBI CTaOMJIM3allMM BBIXOJHBIX IOKa3aTesiell aaMa3HOro
num(oBaHUS ¢ MOMOMIBIO YTIPABISIONIUX BO3JCHUCTBHI Ha pabOdyl0 TMOBEPXHOCTh Kpyra:
ABtoped. auc.... 1okT. TexH. Hayk: 05.03.01/ XTTIY. — XapbkoB, 1996. — 48 c. 7. I'yces B. B.
HaykxoBi 0OCHOBH T€XHOJIOTUYHOTO 3a0€3MeUEHHs eKCIUTyaTallliiHUX XapaKTepUCTHK BUPOOIB 3
TEXHIYHOI KepaMiKM MpU aaMazHOMy LuIipyBaHHI: ABTOped. IUC.... JOKT. TEXH. HAyK:
05.02.08 / ouHTY — lonenpk, 2006 — 36 c.
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ONTUMAJBHOE COJIEP)KAHUE MEJIU I TPA®UTA B TOKOCBEMHOM
HAKJIAJIKE JIJISI DJIEKTPOIIOIBUAKHOI' O COCTABA KEJE3HOM JIOPOT'H

Homnmyk B. C., louenko K. U. (HT1] « Peakxmueanexmpony» HAH Ykpaunsi, [loneyx,
Yrpauna)

OpHOl M3 aKTyalbHBIX MPOOJIEM DIIEKTPUPHIUPOBAHHOTO HKEJIE3HOIOPOKHOTO
TpaHCHOPTa SBJSIETCS TOBBIIICHHWE HAACKHOCTH W YBEIHWYEHHE pecypca paboThl
TOKOCHEMHOT'0 y3I1a, 00€CIeUnBAIOLIET0 Nepeaayy 3JIeKTPOIHEPTUH OT KOHTAKTHOTO MPOBOAA
K JIBUTATENIO AJIEKTPOIIOE3/1a WK JIOKOMOTHBA. B MUPOBOH MpakTHKE TsHKENO HArpysKEHHBIX
KENe3HOJOPOKHBIX COCTABOB JUISl CHJIBHOTOYHBIX CKOJIB3AIIUX KOHTAKTOB HPUMEHSIOTCS
METaJUNIMYECKNE TOKOCHEMHBIE MaTepHaibl WIM KOMIIO3UTHI HA X ocHOBE [1,2,3]. ['maBHbIi
X HEJOCTAaTOK — Oosiee 3HAYUTEIBHBIH HM3HOC KOHTAKTHOTO IPOBOJAA IO CPAaBHEHHUIO C
yraerpaduToBbIMH. J{JIs1 CHIKEHUSI M3HOCA KOHTAKTHOTO MPOBOJIA MCIIOJIB3YIOT KOMITO3HTHI,
COCTOSIIINE U3 METAJUTMYECKON U rpaUTOBOI KOMIIOHEHT.

Jns ucnblTaHWd MeIHOTPA(PHUTOBBIX KOMIIO3UIMOHHBIX MAaTepUalioB HamMH ObLIa
pazpaboTaHa W M3TOTOBJIEHA CIENMAIbHAs MallMHA TPEHUS, MO3BOJIIONIAS HCCIIET0BATh
OKCIUTyaTallMOHHBIE  XapaKTePUCTUKU  pa3palbaThIBa€MBIX MaTepHalOB B  YCIOBHUSX
MaKCHUMaJbHO MPHUOIMKEHHBIX K PEaJbHBIM YCIOBHIM AKCIUTyaTallid Ha >KENe3HOH Jopore
(puc. 1). DnekTpoaBHUraTeiab MOCTOSIHHOTO Toka (1) ¢ peryiaupyemoil CKOpPOCTbIO Bpaliaet
cTaJIbHOM Juck (2). Ha cranbHOM JIUCKE 3aKpeIieH KOHTaKTHBIA NMpoBOJ (3), M0 KOTOPOMY
CKOJIB3UT TOKOCheMHasi HakJagka (4). CKOpoCTh BpallleHUs] JUCKA ¢ KOHTAKTHBIM MPOBOJIOM
KOHTposmpyeTcst TaxoMeTpoM (5). Cuiia ToKa B LIETH U3MEHSIETCSI ¢ TTOMOIIIBIO
Tpancopmatopa ot Hyist go 150 A. Hlupuna koHTakTHOrOo mpoBoga — 5 MM. Jlus
OXJIQXKJIEHUSI HaKJIaJIKU MPEeAyCMOTpPEHa cucTeMa BOJASHOro oxjiaxaeHus (6). Ilpu nomoum
SKCHeHTpuKa (7) OCYIIECTBIIACTCS
MOTIEPEYHOE  JIBIKCHUE HAKIIAJIKU
OTHOCHTEIIFHO KOHTAKTHOTO
MpOBOJ/Ia, KOTOPOE COCTaBysAeT 12
MM Ha | M  TPOIOJBHOTO
MepeMeIieHnss, 4YTO B pPEaJbHBIX
YCIOBHAX KEJIEe3HOW  JIOpPOTH
COOTBETCTBYET 600 MM
nomnepevyHoro nepemenieHuss Ha 50
M TIPOJIOJBHOTO.

[Ipn 3TOM 4acToTa
3HAKONIEPEMEHHOW HAarpy3Kd Ha
KOHTaKTHBIA CJIOHW TOKOCHEMHOM
HAaKJIAJKH,  HampHuMep, npu
CKOPOCTH 54 KM/4 yBEIHMUYUBACTCS
M0 CpPaBHEHHWIO C YCIOBHSIMH Ha
xene3Hout gopore ¢ 0,3 I'epir go
15 Tepu. Ilo yTBepxaeHUIO
aBTOPOB [4] TOBBIIIEHHWE YaCTOTHI
3HAKOIIEPEMEHHOW  HAarpy3Ku B
CpEIHEYaCTOTHOM HWHTEpBAJlE OT
Pucynok 1 — VYcraHoBka sl HCCIEIOBAHHSA 0,1 mo 10 Tu cyuecTBeHHO HE
B3aMMHOTO W3HOCA TOKOCHEMHBIX MaTEPHAJIOB. U3MEHHUT BIIMSHUE  yCTAJIOCTHBIX
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SIBJIEHUM I IDIACTHYHBIX MeTauioB. JInHelHas
TR CKOPOCTb IEPEMEIIEHUS] TOKOCHEMHOW HAKIJIAAKU
OTHOCHUTEIILHO KOHTaKTHOTO IIpOBOJIa
paccuMThIBaNaCh MCXOJsl U3 CKOPOCTH BpAILEHUS
nucka. Bpems ucneitanuii TM Ha U3HOC 3aMepsiiM €
N norpemHocThlo 0,2 ¢, DnEeKTpUYECKUH  TOK,
) A\ MPOXOAS UK yepes IO IBYKHBIN KOHTAKT,
; SN u3MepsIcs ¢ norpemHocTbio SA. OTHOCHUTENbHAs
e N e v e HOTPEIIHOCTD MPHOOpa Uil U3MEPEHHUS HAPSKCHUS
cocrasisia He Oonee 1.5%. Ilo 3HaueHusAM TOka U
HanpsKEHUsI OTIPENEIISAIN NEPEXOAHOE
conpotusienue (IIC) u BeAensroulytocs B 30HE
KOHTaKkTa  MOIIHOCTb.  VM3HOC  TOKOCBHEMHOM
Haknaaku (TH) ompenensiim xak cpennee w3 3-x
KpaTHOTO B3BELIMBaHUs o0pa3la C TOYHOCTBIO
+0,0001r. U3Hoc KII uzmepsinu B 5-M KOHTPOJIBHBIX

N3HOC KOHTakTHOro nposopaa,
MKM/10 Tbic. Npoxofoe
»n
S

20 30 40 50 60 70 8 90 100 110

CopepxaHnue rpaduTa B Haknagke, 06.%

Pucynox 2 - MWsnoc KII ot
comepxkanuss rpagpura B TH.
CkopocTh IBWXKEHUS - 54 KM/4.

10t
Kosmuectso HpOXOH?BA_ 12 10°. TOYKAX C TOYHOCTHIO *+IMKM. B KaXqoil TOUYKe
g[JIAO/THOZCTH T:/Ka'z 4'? / 2‘; & 2~ J3sMepenue IPOBOJIIIH HIECTh Pas.
SA/em™; 3-70A/em”; 4-100A/cm™. Ha pucynkax 2 wu 3  mpeacraBieHbI

3aBHCUMOCTH HW3HOCAa KOHTAaKTHOTO TPOBOJA M TOKOCHEMHON HAKIAAKH OT COJIEpKaHHs
rpagputa B TOKOCHEMHOM MaTepualie TpPU IUIOTHOCTAX TOKA, IPOIyCKAEMOTO Yepes3
TOABMKHEINA KOHTAKT, 10 100 A/cm®. KpuBbie Ha PHCYHKAaX 2 U 3 KOPPETHPYIOT C AAHHBIME
[5], Tme wuccienoBaHa SJEKTPO3PO3MS B KOMIIO3MIMOHHOM TOKOCHEMHOM MaTepuale
AIIEKTPUYECKOTO KOHTAKTa HA OCHOBE MEAH C J00aBKamMH HHOOWs, BoJb(ppama, MOIHOACHA U
kapOuna BojdbPpama. MUHUMaANBbHBIA  HM3HOC MaTepHajia KOHTAKTa TOJI BO3JECUCTBHEM
aJeKTpod3po3un Habmomancs B [S] npu 80 00. % comepkaHWW TYTOIDIABKUX COCTABJISIIOIIHX.
B Hamem ciy4ae MHHUMYM H3HOCA TOKOCHEMHBIX
marepuasioB wumeer wmecro mpu 60-70 06. %

P —3)_ rpaduTa (puc.2,3).
S 500 5 Jns  TUIOTHOCTH — MPOIYCKAaeMoro  4epes
E_ ol B MOJBWKHBIH ~ KOHTAKT  3JEKTPUYECKOTO  TOKa
< R 100A/cM®  CcymiecTByeT ~ MHHMMyM  H3HOCA
% 300 \ KOHTAKTHOTO poBOJA u TOKOCHEMHOM
5200 N N KOMIIO3UIIMOHHOW  CIIOUCTOM  HAKJAAKH  TpH
§ 100 fx\ N /// comepxannn  60-70 006. % rpadpura B TH.
0 I T - Cy1miecTBOBaHHE dKCTPEMAIBbHOM 001aCTH CBS3aHO
T C JByMS TIPOTHUBOTIOJNIOXHBIMH  (haKTOpaMH,
2030 40 %0 % 70 80 90 100 10 JNEHCTBYIOIIMMU B JaHHON Tpubocucreme. C
Coepxauue rpaguta 8 Haknaake, 06.% OJTHOW CTOpOHBI TpaduToBas aHTH()PUKIIMOHHAS

n00aBKa  yMEHBIIAET  W3HOC  MAaTephajioB
Tpubocucremsl. C  Apyrol  CTOPOHBI  pPOCT
cojiepkanusi rpadura yBEJIMYMBAET B Marepualie
KOJINYECTBO MeHee  DJIEKTPOIPOBOIHON, IO
Cropocts mBrKenus - 54 2KM/ 1. cpaBHEHHIO C MEJIbIO, COCTABIISIONIECH, M TIPUBOUT
gISJX/T:J;T;mTAO/I:;?\;l 411:(1)‘3(; CAN/IC;IZ 2 K NOBBINICHMIO TeMIEpaTyphl B 30HE TPCHHA 3a
) > : CYET BBIJICIEHUS TEIUIA TPH MPOXOXKICHUH Yepe3
TIOJIBVDKHBIM KOHTAKT JJIEKTPUYECKOTO TOKA. ITO

BEJET K YBEIMYEHHIO W3HOCA MaTEPUAJIOB

Pucynoxk 3 - HM3moc TH or
colepxkaHus B Hell rpadura.



128 Boicoko3ddexTBHOE TEXHOJIOrHYeCKOe 000pyaoBaHue. IIpodeMbl NpoeKTUPOBAHUSA

TPUOOCHUCTEMBI.
5 BaxHeiie XapakTEepUCTUKOM, BIMSAIOLIECH Ha
U3HOC  MOJBMJKHOIO  TOKOCBEMHOIO  KOHTAaKTa,
4 asigerca IIC (puc. 4). Kpussle 4 Ha pucyHkax 2, 3
L / MMEIOT aHAJIOTUYHBIN XOJ| C KPUBOM Ha pHUCyHKE 3.
\ / N3 3TOro MOXHO CAelaTh BBIBOJ, YTO IEPEXOHOE
COIIPOTHBIICHHUE, 4, CJIEI0BATEIIBHO, U TEMIIEPATYpa B
\ / 30HE TPEHUS HMMEIOT OINpEIEIIONIee BIMSIHUE Ha
! \\ // U3HOC TOKOCBEMHBIX MaTepuasioB JAHHOM
=" tpubocucrembl. YeM  MeHbIie HEPEXO0THOE
COIIPOTHBIICHHE, TEM MEHBIIE BBIIEIACTCA TEIUIA B
CopepxaHue rpadmta B Haknagke, % 30HC TPCHUA, a, CJICAOBATCIIBHO, MCHBIIIC

W3HAIIMBAIOTCS MaTepUAIIbl TPUOOCHUCTEMBI.

MepexopHoe conpoTuBneHme, MKOmM

0
20 30 40 50 60 70 80 90 100 110

Pucynoxk 4 -  3aBucuMOCTb

MEPEXOHOTO COMPOTUBIICHHS OT BriBojbI
CozlepIKaHus I‘pa(bI/ITa B TH 1. HpI/I HC3HAYHUTCIIbHBIX INNIOTHOCTAX TOKa

Marepuan: cioucThii Kommosur —ACMHHHDPYHOLIHM dakTopoM AN MHHUMH3ALUU

Cu + rpaduT, IIOTHOCTH Toka — M3HOCA  TOKOChEMHBIX  MATEPHANoB  ABIACTCH

100 A/em?, ckOpOCTS - 54 KM/u. KOJIMYECTBO aHTU(PHUKIMOHHON CMa3KH B

TOKOCBEMHOW Hakyaake. B stux ycmosuax mius TH

11e71ec000pa3HO  UCIONb30BaTh MaTepHaidbl Ha OCHOBE rpadura, MMEIOIUe, XOTd Oosee

BBICOKOE, YE€M MeJb YJENbHOE  3IIEKTPOCONPOTUBIICHHE, HO O00JIaJaloIue JIydIIMH
aHTU(PUKIIMOHHBIMH CBOMCTBAMH.

2. Tpm miotHocTsX Toka 100 A/cM® M BbIme, KOTJa BaXHEHIIMM (HaKTOpPOM,
BIAMSIIOUIMM Ha M3HOC TOKOCBHEMHBIX MAaTEpHUalOB  SIBISIETCSI  JIEKTPONPOBOJJIHOCTD,
ontuMaibHbiM i TH sBnsercs marepuan Ha ocHoBe meau ¢ 30-40% conep:kaHuem
rpadura. ITOT MaTepHal NPU MUHUMAILHOM 3HAYEHUH YJEIHHOTO 3JICKTPOCOIMPOTHBIICHHUS
obecreynMBaeT MHUHMMAJbHBIH HarpeB B 30HE KOHTaKTa TPUOOCHUCTEMBI M XOpPOIINE
AHTU(PUKIIMOHHBIE CBOICTBA.

Cnucok autepatypbi: 1. Ilomumyk B. C., bykosckuit B. WU., Homenko K. U.
KoMmno3uimoHHble TOKOChEMHBIE MaTepHUalIbl ISl TOIBHKHBIX COCTaBOB KEJIE3HOA0POKHOIO
tpancniopta. Jlonenk.: Bebep. 2008-136 c. 2. bepentr B. f. Marepuansi u CBOMCTBa
JJEKTPUYECKUX KOHTAKTOB B YCTPOMCTBAX >KEIE3HOLOPOKHOIrO TpaHcmopra. M.: MHTecT.
2005-404 c. 3. T'epuuman U. C., byunes JI. M. TokocbheMHbIE yIIIEPOJHBIE MaTEPUAIBI HOBOTO
nokoJierus. //Bectank BHUMKT, 2003, N6 c. 21-26. 4. PomarmuB O. H. , fpema C. A,,
Huxkudopuun I'. H. u np. Ycranocts n nukindeckas TpEUMHOCTOMKOCTh KOHCTPYKIMOHHBIX
MaTtepuasioB. / MexaHHWKa pa3pyleHus W MPOYHOCTh MarepuanoB. CrpaBoyHOE MOcoOue.
Kues.: HaykoBa nymka. 1990 r. Tom 4. C. 333. 5. bBytkesuu I'. B., benkun I'. C. Begemenkos
H. A. u np. Dnextpuueckast 3po3usi CWIIBHOTOYHBIX KOHTAKTOB U 3JIEKTPO10B. M.: DHeprusl.
1978-256 c.
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KOMIIO3UIITMOHHBIE MATEPHAJIBI JJ151 CEJIbCKOXO3MCTBEHHOI'O
OBOPYIOBAHUA HA OCHOBE IIA 11, MOAN®ULITUPOBAHHOI'O
JAUCIIEPCHBIMH YACTHULIAMHU

Motpeda B.B. (kagh. TM u M, ITAY, 2. [ poono, Berapycs)

BBenenune. YuurbiBas IIMPOKHUIl CIEKTP MAaTE€pUAIOB, MOTPEOISIEMBIX COBPEMEHHBIM
MaIIMHOCTPOEHUEM, a TaKX€ IEPCIEKTUBBI COBEPIICHCTBOBAHUS MAallMH, MEXaHU3MOB U
TEXHOJIOTUYECKOr0 O00OpYyJOBaHUs, OCHOBAHHBIE HAa DJHEPro- M pecypcocOeperarwmmx
NOIX0Aax, BcE OOJIBIIYIO aKTyaJIbHOCTh NMpHUOOpeTaeT mpobiieMa CO3JaHHs MaTepHaioB C
KOMIUICKCOM CIJIy’)KEOHBIX XapaKTepUCTUK, aJCKBATHO OTBEYAIOIIMX K HM3MEHSIIONUMCS
yCIOBHSIM 3KcIuTyaTauud. OnHuM u3 Haubosee >((EKTUBHBIX HANpaBICHHHA COBPEMEHHOTO
MaTepHaJIOBEICHUS SBISETCS CO3/1aHNE KOMIIO3UIIMOHHBIX MaT€pUaJIOB HOBOTO ITOKOJIEHUS HA
pPa3IMUHBIX MaTpUIaX IyTEM YIPABIEHUS CTPYKTypOll Ha HAHO- U MHUKPOYPOBHSX C
MOMOIIBIO PA3IMYHBIX TEXHOJIOTMUECKUX BO3JAeHCTBUM. IlOBBICHTH 3KCITyaTallIOHHBIE
XapaKTePUCTUKH OOOpPYIOBAaHUS, MAIIMH U MEXaHU3MOB MOXHO C TIOMOINBIO HAHECEHHs
NOJIMMEPHBIX MOKPBITUH,  MPEIOTBPALIAIOIIMX H3HOC KOHTAaKTHBIX IIOBEPXHOCTEH B
YCIIOBHSIX KOMIUIEKCHOTO BO3/ICUCTBHSI HEOIArONPHUSTHBIX YKCIUTYaTAaIlMOHHBIX (haKTOPOB.

Jns  TOBBIIEHHS — CIY’)KEOHBIX  XapaKTEPUCTUK TOJIMAMHUIBI  MOAHDUIMPYIOT
pPa3IMYHBIMM BUJAMHM MaTEpUaIOB, OTIMYAIOLIUMMCS XUMUYECKHUM COCTABOM, arperaTHbIM
COCTOSIHHEM, JHUCHEPCHOCTBIO M T.II.: CHUJMKATaMH, OKCHAAMH, YTJEPOJHBIMH BOJOKHAMH.
CoriacHO IMTepaTypHBIX UCTOYHUKOB MoaupuimpoBanue mnonuamuno (ITA 6, TTA 11)
HU3KOpa3MEepHBIMU yriiepoacoepxkamumu yactuuamu Y JIAI' npuBOAUT K NOBBILIEHUIO
nokazareiell (PU3NKO-MEXaHMYECKHX XapPaKTEPUCTHK IIPH COACPKAHWUHM HAIMOJIHUTENS B
npenenax 0,005-0,5 macc.%: yBenMuuBarOTCd IOKA3aTelId IMPOYHOCTH NIPU OJHOOCHOM
PaCTSIKEHUHU U TBEPAOCTH 1o bpunemmo [1].

B nmannHo#t pabote pa3paboTaHbl COCTaBbl KOMIIO3WUIIMOHHBIX MaTEpPHUAJIOB,
NpeHA3HAYCHHBIX ISl TIOJAy4YeHUS  aHTH(QPUKLIMOHHBIX  TOKPHITHH HAa  OCHOBE
annpaTUIecKoro HoJIMaMua 11, MOAU(UITIPOBAHHOTO YIABTPAIUCIIEPCHBIM
nomrerpadropatwicHoM (YIITDD). Dddexr mpoTHBOM3ZHOCHOTO M aHTU(PPHKIIHOHHOTO
JNEHCTBUS HU3KOPAa3MEPHBIX MOJU(PHUKATOPOB B TOJMMEPHBIX MaTpHUIaXx 0O0yCIIOBIICH
CTPYKTYPHUPYIOIIUM JICHCTBHEM Ha TepudepuitHbie 001acTH HECKOMIICHCUPOBAHHOTO 3aps/ia,
c(OpMHPOBAHHOTO BCJIEICTBUE TEXHOJIOTUIECKUX OCOOEHHOCTEH.

Lenpto uccnenoBaHusi SBWJIOCH H3Yy4YEHHE BSI3KOCTHBIX XapaKTEPUCTHK pACILIaBOB
TEPMOIUIACTUYECKUX MOJUMEPOB, MoaupuiupoBanHelx YIITOD npu pasnuuHbIX yCIOBHIX
nepepabOTKH, ONpEeAeTCHHEe ONTHMAJIbHON KOHIEHTpamuu Moaupukatopa B 00BEME
MOJMMEPHON MATPHIIBI.

MeTtonuka npoBeaeHust Mccjie0BaHui. B kauecTBe 00bekTa rcciie0BaHUN BHIOpaH
ITA 11 «Rilsan» mnpousBoactBa ATOFINA (®dpannus). DPusuko-MexaHuuecKue,
Teropu3nyecKkue, TPUOOTEXHUYECKHME M Jp.  XapaKTepUCTUKU  TNPUBEICHBl B
MHOTOYHUCIICHHOW crpaBoYHOU ymreparype [2, 3]. g mMonupummpoBaHUs MOJMMEPHON
MaTpHIIbl UCIOJIB30BAIIU TIOPOIIOK YJbTpaaucnepcHoro nosurerpadropatwieHa (YIITDDI).
[IponienTHOE coaeprkaHue MoauduUKaTopa B moJMMepHoi matpuie coctasisiio: 0,1; 0,5; 1 u
2 wmacc.%. MonaudukaTtop paBHOMEPHO pacIpeAesisid Mo 00BEMY MyTEM HHTEHCHBHOTO
NepeMeNIMBaHus MOPOIIKOOOPa3HbIX KOMIIOHEHTOB Ha CHELMAIM3UPOBAHHOM 000PY0BaHHH.

[Tokazatemu Bsizkoctu mosmamuaa 11 (Rilsan) m marepmanoB Ha ero OCHOBE

OIICHMBAJIM Ha 3KCTpy3uoHHOM Iutactomepe Mapku MUPT 119 npu temnepatypax 200, 210,
220, 230°C.
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Pacuet mokasarens tekyuectu pacmiasa (IITP) nmpoBoawmm o dpopmyie:

HTP:6OO—"”X’
t

IIE Mx- Macca NpyTKa, I; t — HMHTEpBaJ BPEMEHU MEXIY [JBYMs IOCIIEAOBAaTEIbHBIMU
Cpe3aHUsIMU NIPYTKOB, C.

Pe3syabTaThl U 00cy:xkaenue. McciienoBanus nokasanu, 4to npu godasinenuu K [TA11
yabTpaaucnepcHoro YIIT®D, mosrydeHHOTO METOAOM TEPMOTa30JMHAMUYECKOTO CHHTE3a,
NPUBOJMT K MOBBIIICHUIO BSI3KOCTH KOMIIO3MTA. Y BEIMUEHUE KOHIICHTPAIMHU MOJU(PHKATOpa
ot 0,5 10 2 % B 00bEME NMOJUMEPHON MaTpUllbl NIPUBOJUT K MOHOTOHHOMY YBEIMYEHUIO
nokazarens [ITP. YBenuuenne BA3KOCTH MOJMMEpa NP COAepKaHuU Moaudukaropa ot 0 10
0,5% MOXHO OOBSICHUTH TEM, YTO OOPa3yIOTCS JOTIOJHUTENbHBIC JTa0ubHBIC (HU3UUECKHe
CBSI3M MEXIy HaHO(pa3HBIMHM 4YacTHLAMH W MOJIEKyJlaMu mnoiuamuaa 11,  KoTopsie
00yCIIOBJIEHBI HAIMYHMEM HECKOMIIEHCHPOBAHHOTO COOCTBEHHOTO 3apsiaa y yactuin YIITDD

(puc.).

nTP,rM0c

KoHueHnTpauus, %

Puc.1. 3aBucumocts [ITP kommno3unmonHoro marepuana Ha 6aze I1IA 11 (Rilsan) ot
KOHICHTpar B HEM HaHOodaszHoro wmonudpukaropa (YIITDD) mpu  Temmeparypax
nepepabotku 1 - 200°C, 2 - 210°C, 3 - 220°C, 4 - 230°C.

Crneuuduryeckoe cTpoeHue nojmmep-oauromeponoro moaugukaropa (YIIT®I) u ero
3apsJIOBOE€ COCTOSIHHE OOYCJIOBIIMBAIOT KOMIUIEKCHBIH MEXaHH3M CTPYKTYPHUPYIOILEro
JNEUCTBUSL B TOJMMEPHBIX MaTpuIax. biarogapss MOJOOHOMY CTPOCHHIO TOJUMEP-
OJIMTOMEPHBIX YacCTHIl MOJU(PUKATOpa ¥ TOJMMEPHON MaTpuipl HaOmomaeTcss Tuddy3us
MOJIMMEPHBIX TMOJSPHBIX MAaKpOMOJIEKYJ B HAapy>KHbIM CJIOH HEMOJIIPHOTO OJMIroMepa
yactuubl TI'Jl cunTe3a. 910 00ycnoBiaMBaeT HaO0yxaHHe MOJMMEPHOTO sIpa U OJIMTOMEPHBIX
o0oyiouek ¢ o0Opa3oBaHMEM 30H TMOBBIIIEHHOTO yropsnodeHus. [lox nelicTBueM
HEKOMIICHCUPOBAHHOTO  3apsija sjApa IOJIMMEP-OJIMTOMEPHOM  YacTUIbl  MPOUCXOAUT
NPEUMYIIECTBEHHAsT OPHUEHTAIMs TIOJSIPHBIX OJIMTOMEPHBIX MOJIEKYJl MaTpuipl. Takum
obpazoM ¢dopmupyercs crenuduueckas CTPYKTypa HOKpPBITHS C Ppa3IMYHbIM ypPOBHEM
YHOPS0YEHUs] U apMHUpOBaHus, 00JaJaroniasi NOBBIIIEHHON aJre3MOHHOW MPOYHOCTHIO. B
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OTIMYUE OT TPAAULUHUOHHBIX HATOJIHHUTENEH W MOIU(PHUKATOPOB, B T.4. HU3KOPAa3MEPHBIX, B
NoJ1I00HOM CTPYKType B HauOoJjee MOJHOM Mepe peaM3yTCsl BCE JOCTOMHCTBA KaXK0TO U3
KOMIIOHEHTOB W OOECIeYMBAETCS COBOKYIHBIM cuHeprudeckuii s¢ddext mnoBbImIeHns
KOMIUICKCA QJre3MOHHBIX M TPHOOTEXHMYECKHX XapakTepucTtuk. Ilpm (puxmmoHHOM
B3aUMOJICHCTBMM B 30HE KOHTAKTa IOJMMEP-OJUIOMEPHBI MOAM(DUKATOP BBIMOIHSIET
GyHKUMIO aHTU(PPUKIMOHHOTO KOMIIOHEHTa, OJHOBPEMEHHO TOBBIIIAs HArpy304YHYIO
CHOCOOHOCTh KOMITO3MLIIMOHHOTO TOKPHITHA. CHOCOOHOCTh HEMOJSIPHOW  OJMIOMEPHOM
bpakipm Kk miepeneOpMUPOBAHUIO OOYCIOBIMBAET HU3KUKH KOY(PPHUIMEHT TpeHUs,
CBOMCTBEHHBIN (hTOpCoAepKalMM BOCKaM, U 00pa30BaHUE YCTOWYHMBOTO DPa3leIUTEIHLHOTO
cJI0s1 ¢ OOJBIIMM BpeMeHeM KU3HU. OTHOCHUTENBHO HEOOJbIINE pa3Mepsl OJMMEPHOTO sIpa
moaudukaropa, He npespimarone 100 HM, TO3BOISIOT TaKWe KOMIO3UIIMOHHBIE TTOKPBITHUS
UCTIOJIb30BaTh a MPEIU3NOHHBIX TPUOOCHUCTEMAX ¢ MHUHUMAJIBHBIM 33a30POM B COIPSDKEHHU
[4]. Ha ocHOBaHMM MOJy4YEHHBIX PE3YJILTATOB HMCCIEJOBAHUS MOKHO KOHCTaTHPOBATh, YTO
BBEJICHUE 3apsJ0BbIX HAHOKJIACTEPOB MPUBOJUT K CTPYKTYpPHBIM HU3MEHEHHMAM B
KPUCTAUTMUECKON U HEKPUCTAIIMUECKOH (ha3ax monmmepa.

XapakTtepHbpIM ~ gBisieTcsi  TOT  (akr, dro dddexkr yBeaMYeHHS ~ CTENeHH
KPUCTAJUIMYHOCTH MPOSIBISETCSA IPU MaJbIX CTENIEHSIX HAIOJIHEHUs NMOJUMEPA U NMPAKTUUYECKU
HE 3aBUCHT OT CoJiepkaHust Mmoaudukaropa B npeaenax konneHrpammii 0,1-0,5 mac.%.

3axiouenne. Vcxonsd U3 MOJNyYEHHBIX PE3yJIbTaTOB MOYXHO MPEANOJIO0KUTb, YTO
CYILIECTBYET TOpPOroBasi KOHIEHTpAIMs HAIOJIHUTENS, oOecreunBaronas Iepexo Bcex
MaKpOMOJIEKYJ] B OPUEHTHPOBAHHOE COCTOSIHUE, IPEBBIIIEHHE KOTOPOTO HE BBI3BIBACT
JIOTIOJTHUTENBHOTO AP PeKTa MOJIEKYISIPHOTO YIOPSAOYECHUS] B HEKpUCTAJUTMUYECKOW (haze
NOJIMMEPa, a IPUBOJUT K MOBBIIICHUIO Je(PEKTHOCTH CTPYKTYPHI BCICICTBUE arperupoBaHUs
KJIACTEPHBIX YaCTHIl MOIUPHUKATOPA.

W3meHeHus: B 3apsiJ0BOM aKTUBHOCTH HAINOJIHEHHOW MaTpHUIbl, MOAU(DUIIMPOBAHHOM
gacturiaMu YIITDD, npuBoasST K M3MEHEHHIO (PU3NYECKUX XAPAKTEPUCTHK, OTPEACISIIONINX
TEXHOJIOTUYHOCTH NepepabOTKU MOJIUMEPHBIX MaTPHULL, HAIPUMEp — BSI3KOCTHU[S].

Takum o6pazom, YIIT®D seusercs >¢PGEeKTHBHBIM MOAM(DUKATOPOM TOJHMMEPOB
KOMIUICKCHOTO MeXaHu3Mma jedcTBusa. JlaHHBIH MOIUGUKATOp W3MEHSET HE TOJBKO
XapaKTEepPUCTUKU TMPOYHOCTH, HM3HOCOCTOMKOCTH, HO M OJMH M3 OCHOBHBIX IIOKa3aTelei,
00yCIaB/IMBAIOLIMI TEXHOJOTUYHOCTh  MepepabOTKU MoJuMMepa B M3JEIUe — BA3KOCTh
pacmiaBa. OmpeneneHa ontuManbHas o6nacTe KoHneHTpauuid YIIT®D B mommmepHOi
Matpuile, kotopas cocrasisier 0,1-0,5 macc.%.

Cnucoxk  Jgutepatypbl: 1. HaHOKOMIIO3WIMOHHBIE  MAIIMHOCTPOUTEIHHBIC
MaTepHasbl: OMBIT pa3paboTKH U mpuMeHeHus: Mmonorpadus / C.B. Apaeituuk [u np.]; mon
pen. B.A. Crpyka. — I'poano: I'pI'Y, 2006. — 403 c. — C.11 — 13, 94 — 97. 2. Hencon, VY.E.
TexHOJOTHS TUIACTMACC HAa OCcHOBe mosmamuaoB. — [lep. ¢ anarm./Ilox pen. A.Sl. MankunHa. —
M.: Xumus, 1979. — 256 c., un. Jlounon, bocton , 1976. — C.55 3. Tarep, A.A. ®uU3uKOXUMUA
nosmmMepoB.// M.1968. — C.182-205. 4. «KoMIo3uIMOHHBIE MaTepHAIIbl B TIPOMBIIIIIEHHO CTH
(Marepuans! /IBaanats JleBaroit MexayHapoaHoW KoH(pepenimn, | — 5 utons 2009 r. — r.
SAnra), c. 466-472. 5. ®u3uka KOHACHCUPOBAHHOTO COCTOSIHMA : Te3. AOKJI. X VI pecn. Hayd.
KOH(. aclUpaHTOB, MAarucTpPaHTOB W CTyAEHTOB, ['ponno, 23 — 25 amp. 2008 r.B 2u.
Y.2/penxomn.: E.A. Pos6a (oTB. pen.) [u ap.]. — I'ponno: I'pI'Y, 2008. — 78 -79.
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OIIPEJAEJIEHUE TPAEKTOPMUMU IBU’KEHUA KOHIEBOT'O UHCTPYMEHTA
IMPU ®PE3EPOBAHUY KOHTYPOB CJTOKHON KOH®UT'YPAIIUA

Ps3anneBa H.H., MeaseneB B.B. (ka¢gh. TM, /lonHTY, 2. /loneyx, Yxapuna)

BBenenue. Ilpu mporpamMmupoBaHuM (Qpe3epHBIX ONepalyi, Tak K€ Kak H Ipu
TOKapHOU 00pabOTKe, SJIEMEHTHI KOHTYpa 00padaThIBaEMBbIX J€TaJICH MOTYT OBITh pa3/IelCHbBI
Ha OCHOBHBIC W JIOMOJHUTENbHBbIC. K UYHCIy JOMOJHUTENBHBIX B JIaHHOM CIy4ae OTHOCST
CONPSTAOIIUE MOBEPXHOCTU C TIOCTOSHHBIM M IEPEMEHHBIM pajnycaMu conpspkeHus. [Ipu
II0CKOK 00paboTKe BHYTPEHHUE COMPSHKEHHS TIOCTOSTHHOTO pajyca GOPpMHUPYIOTCS, 33 CUET
COOTBETCTBYyIOIIEH KOH(pUTypauuu HHCTpyMeHTa. Jlnsi oOecrnedeHusi TEeXHOJOTHYHOCTH
JIeTaIM TaKUe COMPSDKCHUS TOJDKHBI BBITIOJHATHCS C OJIMHAKOBBIM, THIOBBIM JUISl JIaHHOTO
KOHTYpa WM JICTAJH PAJUYCOM 7y C BBIIEPIKUBAHUEM OTIPE/ICICHHOTO COOTHOIICHUSI MEKIY
9TUM PaJNYCOM U TUTIOBBIM BXOJSIIMM PAIHyCOM R, Ha KOHTYpE, PEriJaMeHTUPYIOIIEM
MaKCHMaJIbHO JIOITyCTUMBIH AuamMeTp (Gpe3bl Ul YUCTOBBIX MEPEXOJIOB.

[Ipu mporpammupoBanuu ¢pe3epHoil 00paboTKH 00JacTeld UCIOJIB3YIOT THUIIOBHIE
CXEMBbI TEXHOJIOTUYECKUX MEepPeXOA0B, OINpPEAeNSIONIie MpaBHiia MOCTPOCHUS TPACKTOPHH
WHCTPYMEHTA. 3a TUTNOBOW 0a30BBIM 3JEMEHT MpU pa3paboTke omeparmii (pesepoBaHUs
NPUHUMAIOT COBOKYITHOCTH 0OpadaTbiBaeMbIX 30H - oOpabaThiBaemyro obOsactb. Kaxmomy
TEXHOJIOTUIECKOMY TEPEX0y COOTBETCTBYET 00pabOTKa OJHOM MM HECKOIBKHUX 00JIacTe.

IocTtanoBka 3anauyu. CymIiecTBYIOT JBa OCHOBHBIX MeTona (HOpMHpOBaHUS
TpaekTopur Gpe3sl Mpu Gpe3epHoit 00paboTke: 3UT3aroo0pa3HbIi U CITUPATICBUTHBIH.

2 , 4

)

Puc. 1. TunoBeie cxembl Pppe3epHbIX NEPEXOI0B: @ — 6 - 3UT3aro00pas3HbIe; 2, O -
crMpaieBuiHbIe; e—3 - [II-o0pa3Horo Tuma

3urzaroo0pa3Helii METOJl XapaKTepuU3yercs TeM, 4YTO HHCTPYMEHT B IIpolecce
06pa60TKI/I COBCPIIACT ABHIKCHHS B IMIPOTUBOIIOJIOXKHBIX HAIPABJICHHUAX BJAOJIb MapaJLUICIIbHBIX
CTPOYEK C MEPEXO0JIOM OT OJHOM CTPOKM K JIpyroil BAOJb I'paHHLbl oOsacTu. B HacTosiee
BpeMsl 3TOT METOJ PACHPOCTPaHEH, XOTs U OOJaJaeT ONPEeNICHHbBIMH HEIO0CTaTKaMH.
OCHOBHOW HEOCTATOK - NEPEMEHHBINH XapakTep (pe3epoBaHUs: €CIH BIOJIb OJHOM CTPOKH
MHCTPYMEHT paboTaeT B HANPABICHUM I10J1a4H, TO BJOJIb CIEAYIOLEH OH Oyner padoTaTh B
HarpaBJICHUH, TPOTHUBOIIOJIOKHOM IIOJa4€C. Ananornunas KapTruHa H&6J’IIO}13€TC$[ H IIpu
Mepexo/ie OT OJIHOM CTPOKHU K APYTOM BIOJIb I'PaHULIbl. BCe 3TO NPpUBOIUT K U3MEHEHUSIM CHJI
pe3aHud W OTPHUUATCIBbHO CKAa3bIBACTCA HAa TOYHOCTU M Ka4YC€CTBC ITOBCPXHOCTH. I[perI\/’I
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HEJIOCTaTOK 3UI3arooOpa3HON CXEMBbI - TIOBBIIIEHHOE YHUCIO H3JIOMOB Ha TPaeKTOPHHU
MHCTPYMEHTA. DTO TAaK)KE OTPHUIATEIIFHO CKAa3bIBACTCS HA JTUHAMHUKE Pe3aHHsl UM MPUBOJHT BO
MHOTHX CIy4dasX K YBEJIMUYEHHIO BpeMeHH oOOpaboTKHM B CBSI3U C HEOOXOAMMOCTBHIO
BBITIOJIHEHHUS OTIEPALIMI TI0 Pa3TOHY - TOPMOXKEHHUIO, KOTOPBIE 00YCIIOBIMBAIOTCS JUHAMHUKON
NPUBOJOB IMOJAa4M CTaHKA C MPOTPaMMHBIM YTpaBICHHEM. 3UT3aroo0pasHas CXxema MOXKET
MUMETh HECKOJIBKO PAa3HOBHIHOCTEH, CBSI3aHHBIX C MOPAIKOM 00pabOTKH rpaHMil: 6e3 o6xoaa
rpanun (puc. 1, a); ¢ MPOXOAOM BJIOJIb TPaHMIl B KOHIIE 00paboTku obnactu (puc. 1, 0); ¢
IpEIBAPUTEIILHBIM [IPOXO0A0M BOJb IpaHull (puc. 1, B)

[IpenBapurenbHas mpopes3ka TpaHUIl OOECTeYMBACT CHUMMETPHUIO pe3aHus JIs
MHCTPYMEHTA B MPOIIECCE BBIMOJHEHHS 3TOTO MPOX0/a, @ TAKXkKe 00JIerdyaeT ycuoBus paboThI
MHCTPYMEHTA IPH TOCJIeaAyIoeld 00paboTke B Havaie U B KOHLE Kaxaoi crpoku. OmxHaKo
NpU 3TOM YXYIIIAIOTCA MPOYHOCTHBIE YCIOBHSA, TaK KaK MHCTPYMEHT pabOTaeT Ha IMOJHYIO
riIyOuHY Ha y4acTKe TPACKTOPHH MPOPE3KH.

CrmpayieBUIHBIA METOJ] OTIMYAETCSl OT 3Ur3arooOpasHOro TeMm, 4YTo 0o0paboTka
BEETCS KPYTOBBIMH JIBHKCHUSIMH MHCTPYMEHTA, COBEPIIAEMBIMH BJIOJIb BHEIIHEW T'PaHUIIBI
obOnacTi Ha pa3HOM paccTosHuUM OT Hee. CrmpaneBHIHAas CXeMa HMEET JBE OCHOBHBIC
Pa3HOBHUIHOCTH, OJIHA M3 KOTOPBIX XapaKTEpU3yeTCs IBIKEHHEM WHCTPYMEHTa OT LIEHTpa
obnmactu k mepudepun (puc. 1,r), a apyras, Ha000pOT, OT TPAHUIBI OOJIACTH K €€ LEHTPY
(puc.1). Ilpu wncnonpb30BaHUM ITHX PA3HOBUIHOCTEH CIEAYEeT HMMETh B BHIYy, UYTO IpHU
00paboTKe KOJIOIEB C TOHKUM JTHOM Ha JETasIX M3 JISTKHX CIUIABOB BO3MOXEH MOJIPHIB JTHA
B KOHIIE 00paboTKH 1O cxeMe OT nepudepun Kk nenrpy [1].

OpHako, BCE METOJIUKH ONpEICNICHUsS TPAaeKTOPUH OOpabOTKH IMOBEPXHOCTH Ha
NpEBAPUTEIFHBIX ONEpalMsiX HE YYHUTHIBAIOT (DAKTOpP HM3HOCA METAI000padaThIBAIOIIETO
obopynoBaHMs W3 3a 3HAYUTENBHBIX TIEPETPY30K B OMOPHBIX TOYKAX TPACKTOPHUH.
TpaAMLIMOHHO TPAEeKTOPUM CTPOSITCA ¢ MmoBopoTamMu mnoxa 90°, uro sABigerca Hauboliee
HEepaIMOHAIBHBIM C TOUYKH 3PSHHUS] N3HOCA CTAHKA.

OcHoBHas yactb. Jlid  yMeHBIIEHMs ~ MHEPLMOHHBIX  HAarpy3oK  Ha
MeTaJI000palaThIBaloOIieM 00OpYIOBaHUM INPU TPOXOXKIACHUM OIOPHBIX TOYEK ObLIO
NPEUIOKEHO 3aKPYTJBITh IMOBOPOT HAa BEIMYHMHY 2—6 €IUHMIl JIUCKPETHOCTH. TO ecTh
pa3fensaTh ONOPHYIO TOYKY TPACKTOPHM HHCTPYMEHTa Ha HECKOJBKO TMPOMEXKYTOUHBIX,
PacCIIOJIOKEHHBIX TI0 PanycCy.

VYka3aHHOE 3aKpyTJICHHE MOJKET OBITh BBINIOJHEHO INPH YCJIOBUW NPEIBAPUTEIBHOM
00pabOTKM JeTaNy WM Ha OTKPHITHIX MOBEPXHOCTSX. TO ecTh Tam, Thae He MPEeAbSBISIIOTCS
0ocoObie TpeOOBaHMS K painyCy BHYTPEHHETO yIJia JIeTallu.

Y ckopeHue UCTIOTHUTETBFHOTO OpTraHa B OTIOPHON TOYKE MpH (ppe3epOoBaHUN PABHO

a=1; (1-cos(90/n))/t*, (1)

rae: 1 — quckpeTHocTh ctanka ¢ UITY;
N — KOJMYECTBO MPOMEXKYTOUHBIX OMOPHBIX TOYEK TPAEKTOPHUH;
t — BpeMst OTpaOOTKH CTAHKOM OJTHOTO 3JIEMEHTApHOTO MePEMEIEHHS.

N3 dopmynsr (1) BeiTekaeT To, uTo Tpu n=0 yCKOpEHHE HE HMMEET KOHKPETHOTO
3HA4YeHMs, T.K. CTpEeMHUTCs K OeckoHeuHocTH. Ho yke nmpu 3HaueHus B 2—3 OMOPHBIX TOUKH
YCKOPEHHE PUXOIUT K IPUEMIIEMbIM TPaHUIIAM.

s ompeneneHuss BIMSHUSL pa3pa0OTaHHOIO MeETOJla IMOBOPOTAa TPACKTOPHM Ha
KayecTBO MOBEPXHOCTHOI'O CJIOSI ObLI MOCTPOEH CJIEl MHCTPYMEHTA Ha MMOBEPXHOCTH J€TallH,
noka3aHHbli Ha puc. 2. [Ipu nmoctpoeHun ObLIO MPUHATO JAOIMYIIEHUE aOCOJIIOTHO POBHOIO
KOHIa ()pe3bl, YTO IMO3BOJIWIO MOCTPOUTH BUJ PUCOK B JBYXMEPHOM HpocTpaHcTBe. s
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MOCTPOCHHST BUJA PHUCOK HA TOBEPXHOCTH JeTanu Tmocie o0pabotku Oop—dpesamu
notpedyeTcs NpUMEHEHHNE BbIUEPUMBAHUS B 3-X MEPHOM IPOCTPAHCTBE.

Puc. 2. Cnen xoH11eBO# (hpe3bl MpU MPOXOKIACHUN OTIOPHOU TOUKH TPACKTOPUHU

Kak BumHO M3 puc.2, y4yacTOK KOHIIGHTPAallMM PHUCOK (B TPaBOM HW)KHEM YTIIy
rpaHuIbl 00paboTKN) Mpu 0OpabOTKE ¢ MOMOIIBI0 3aKPYTIEHHBIX TPACKTOPUN HCTIBITHIBACT
MEHbIIIEe KOJMYECTBO IMPOXOJOB 3yObsIMH (pe3bl, YeM MpH TPATUIMOHHOM H3MEHEHUHU
TPAEKTOPHU MHCTPYMEHTA. DTO MO3BOJSIET CAENATh NMPEIBAPUTEIHHBIN TEOPETUIECKUN BBIBO/]
0 TIOJIOXKHTEIFHOM BIMSIHUM pa3pabOTaHHOW METOJMKH IMPOXOXKIACHHUS OMOPHBIX TOYEK Ha
Ka4eCTBO TIOBEPXHOCTHOTO CJIOS JIETANIM, @ TaK jK€ Ha HE3HAYUTENbHBIA MPUPOCT CTOHKOCTH
MHCTPYMEHTA.

i peaym3aniuy JTaHHOTO CTOC00a HAa COBPEMEHHOM OOOPYJIOBAaHUH TMOTpeOyeTcs
NpocTas MEePEeHacTpoiika KOHTpoJUiepa yIpaBiieHus: cepBonpuBogamu. OHa 3aKIII0OYaeTcs B
BO3MOYKHOCTH KPaTKOBPEMEHHO BEJCHHMS WCIIOJIHUTEIBHOTO OpraHa CTaHKa HE 10 CHTHaJlaM
JAaTYNKOB TIEPEMEIICHUS, a IO TOAJEPKKEe KPYroBOrO MABIDKEHHS B WHEpIMH. Takoe
JBYO)KEHHE aHAJOTMYHO JBWYKEHHIO TOHOYHOTO aBTOMOOWJISI Ha TOBOPOTE, TJE TOHIIUK He
NoBOpauMrBaeT poBHO Ha 90° B caMoil cepeiHe MEepeKpECTKA, a BEAET MAlllMHY 0 IUIABHOMN
TPACKTOPHH.

BoiBoa. Takum o0pa3oMm, TpemjiokKeHHBIH croco0 pa30ueHHsT OMOPHBIX TOUYEK Ha
HECKOJIBKO MPOMEXYTOYHBIX MO3BOJSIET 3HAUYNTEIHPHO YMEHBIINTh JUHAMUYECKHAE HATpPy3KH
Ha cTaHOK. [lpm 95TOM, TIOJOXHUTEIBHOE BIMSHHUE OKa3bIBAeTCI M HAa COCTOSTHHE
MOBEPXHOCTHOTO CJIOSl JIeTalli, a TaKk ke, B HeOOJNbIIMX Tpeaenax, Ha CTOMKOCTh
uHCTpyMeHTa. [IpemoKeHHbli crmoco0 BO3MOXKHO pEaM30BaTh HA BHOBB BBIITYCKAeMOM
000pyIoOBaHMM, HJTM HAa UMEIOIEMCSI C He3HAUYUTEIbHBIM TIepeo00py10BaHHEM KOHTPOJUIEPOB
YIPaBJICHUS] CEPBOTIPUBOIAMH.

Cnucox Jaurepatrypbl. 1. Cepebpenuukuit IL.II. IIporpammupoBanue ais
aBToMatmsupoBanHoro odopynoBanus / ILI1. Cepebpenunkuii, A.I'. Cxuptnamze: Ilox pen.
FO.M. ConomenueBa. — M.: Beicu. mk. 2003. — 592 ¢: un. 2. Opno B.H. Ucnons3oBanue
KOMIIBIOTEPHON TEXHHUKH JIIsI KOHTPOJIS MApaMeTPOB KayeCcTBa IIOBEPXHOCTHOTO CIIOSI IeTallei
npu  MexaHudeckoil o6paborke / B.H.Opnos, B.®.[y6anoB // TexHonorus
mamuHocTpoenus. — 2003. — Ne6. — C. 55-58. 3. T'opaee A.C. mutaimioHHOE yTIpaBIeHNE
KauyecTBOM MexaHuueckoi oOpaboTku // Mexanuka u mammHoctpoenue. — 2003. — Nel. —
C. 204-207.
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MAJIOMEPHBIE MOJIEJNA TOKCUYHOCTH IBUT'ATEJIEM BHY TPEHHET O
CI'OPAHUS, YBA3AHHBIE C SMITUP UYECKUMHU JJAHHBIM 1!

Xomnoaos A.O., l'upmt A.C. (kagh. «AIIlI», AI'TY, . Pocmos-na-f{ony, Poccus)

CoBpeMeHHOE pa3BUTHE a0 BOZMOKHOCTh 0€3 YCHIINIA IepeIBUraThCsl CO CKOPOCTHIO,
HE JOCTYNHOW i NMPHUPOIHBIX OOBEKTOB. Pa3BUTHE aBTOTpaHCHOPTA, YKEJIE3HBIX IOPOT,
AaBUACTPOCHUSI, MOPCKOTO TPAHCIOPTA J]aJI0 BO3MOXKHOCTb OBICTPO MEpEeMeIaThes B JIHOOYIO
TOYKY 3EMHOI0 LIapa.

ABTOTpPAHCTIOPT CTajJ HEOTHEMJIEMOMN YACThIO Halllel >ku3HU. KaxkbIil 1eHb MUJLTHOHBI
JO/IeH, casich B aBTOOYCHI, B aBTOMOOWH, enyT Ha paboTy. Coou B paboTe aBTOTpaHCIOpTa
CTaHOBSITCS KaTaCTPOQOIi.

Ho 3a xaxmoe Omaro crnemyer miatuth. Jlms pabGoTel naBurarens Tpedyercs
KoJIoCcaJibHas HHeprus. Ee mosyueHre B OCHOBHOM OCHOBAHO Ha OKHCJICHHH YTJIEBOJOPOIOB.
Ecnu OBl TOTIMBO COCTOSIJIO TOJBKO M3 YIJIEBOJOPOJIOB, a BO3AYyX W3 KHUCIOPOA, TO IpPH
MIOJTHOM CTOpPaHHUU B aTMOC(epy Mmomagaii Obl TOJBKO YTIEKUCIIBIN Ta3 U mapbl BOAbI. OIHAKO
B TOIUTMBE BCET/la €CTh NPUMECH, a B BO3AyXe — a30T, NPU ITOM CrOopaHHWE HE BCerjaa
OKa3bIBAETCs MOJHBIM. B pe3ynbrare B aTMochepy MonagaroT pa3HOOOpa3HbIe 3arps3HSIONIIe
BEIIECTBA, OCHOBHYIO MAacCy KOTOPBIX COCTaBJIAIOT OKHCIBI cephl W a3ora. CaMH CHIIbHBIC
STl OHH TaKKe 00Pa3yIOT KUCIOTHI — HCTOYHHUK KUCJIOTHBIX JTOKICH.

[Ipu 3TOM MHPOBO¥ aBTOMOOMIIBHBIN NAPK C KaXAbIM rojioM ToJibko pacrer. C 1970 no
1990 rr. on yBemuuwmics ¢ 220 go 530 muH. en. B HacTosiiee BpeMs oH npesbiiaeT 600 MITH.
en. B o ke Bpems coctaB oTpaboraBmux razos (OI') npakTHueckyu HE U3MEHUJICS, U XOPOLIO
W3BECTHbIE TOKCHYHBIE KOMIIOHEHTHI [0 TPEXKHEMY HAHOCSAT HETMONPAaBUMBIA Bpea
OMOTreo1eHO3y 3eMIIH.

OuenuB cratuctuky mo PocToBckoil oOiactu 3a mociegHue rojbl (tabn. 1) MoxHO
clenaTh BBIBOJ, YTO TPW YMEHBIIEHWH TPOU3BOJCTBA, CIIEIOBATEIbHO, BBHIOPOCOB,
ABTOMOOMJIBHBIN TTAPK TOJBKO PACTET, MOPOKIAS PSiJ] IKOJIOTUIECKUX MPOOIIeM.

Tabmmma 1. CratucTuka M3MEHEHUS 00BEMOB BBIOPOCOB 3arpsi3HSIOMIMX BEIIECTB B
aTMocdepy Ha Teppuropuu PocToBckoi 001aCTH (TBIC. TOHH)

Tonasl 1999 2000 2001 2002 2003
Br1Opoch! crarmioHapHBIX 223.,6 196,3 190,5 164,4 148,7
HUCTOYHUKOB
Br106pockr aBToTpaHcopra 570,1 573,3 578,2 596,9 603,4
Hroro 793,7 769,6 768,7 761,3 752,1
Jlonst aBTOTpaHCTIOpTA 71,8% | 74,5% 75,2% 78,4% 80,2%

Jlonst BEIOPOCOB TpaHCIOpTa HEYKJIOHHO pacTeT IO BCEM XapakTepucTukam. M3-3a
3TOTO BHIOPOCH aBTOMOOMIIBHOTO TIapKa MPEICTABISIOT TIIaBHYIO YTPO3y NpUpoie 00IacTH.

'PaGoTa BEIMONHEHA NpH MOIEPKKE TIPOrpaMMbl MOJIOIEKHOTO HAy4YHO-HHHOBAILMOHHOTO
koHKypca «YMHuUK» 2008 r. u Coerta no rpanram [Ipesunenra Poccuiickoit deneparmu aist
MOAJIEP)KKM MOJIOJIBIX POCCHUHMCKMX Y4YE€HBIX M BEOYIIMX HAay4yHBIX IWIKOJ Poccuiickoi
®enepanun (kox npoexra HIII-3609.2006.8).
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Haubonee omacHeIMU SIBIAIOTCS OKUCIBI a30Ta. llpn HEOONBIIMX KoJUMYecTBax (I0
cpaBHeHHIO0 ¢ CO,) — okono 0,05-0,3% — oHM SABIAIOTCSA TJIaBHOW YIpo30M AJ MPUPOABI U
yesoBeka. OKHCIIBI a30Ta U OCTaTKM OPIraHMYECKOro TOIUIMBA — JIETYYHE OPIraHUYECKHE
COEIMHEHHS IMPOBOLUPYIOT 00pa3oBaHUE TPOMOCHEPHOTO 030HA — CHIIBHOTO OKHCIUTES,
MOpaXKaroIIero pacTeHUsI U ONACHOTO JJI 3[I0POBbS YEJIOBEKA. B MpU3EMHBIX CIIOSIX BO3yXa
CEpHUCTBIM aHTHAPHUI, 030H U a30THAS KUCIOTa MPEACTABISIIOT COO0O0M HEMOCPEICTBEHHYIO
yIrpo3y AJIs )KMBBIX OPIaHW3MOB. JTH BEILIECTBA BbI3BIBAIOT MIPSAMOIl 0KOT PACTUTENILHOCTH, a
B OOJIBIIMX KOHIEHTPALMSAX OMNACHBI JJIi YellOBeKa M JKUBOTHBIX. B dWacTHOCTH, ruOenn
JIEPEBbEB BJIOJb ABTOMOOWIBHBIX JOPOT C MHTEHCHBHBIM ABH)KCHHEM — MPSIMOE CIEICTBHE
030HOBOI'0 Oora. B roposax B xapkKylo noroay oopasyercsi 030HOBBIN CMOT, BbI3bIBAIOIIMI
yAyluibe, CHOCOOHOE TPHUBECTH K CMEpPTH JIOJEH, OCOOEHHO CTpajalonIMX CepACYHO-
COCYAMCTBIMU H JISTOYHBIMH 3200JICBAHUSIMH.

Paccunrath TeopeTrMuecku BBIOPOC Jake€ OCHOBHOTO OKHcia azora NO mnpu
IPOMBIIIEHHOM C)KUT'aHUU SHEPrOHOCUTENEN npoOJIeMaTH4HO, MOCKOJIbKY
COOTBETCTBYIOL[asl KUHETUKAa “‘OTOpBaHa” OT KHUHETHKH ‘‘TEIUIOTBOPHOIO TOpeHus”
JIOCTaTOYHO BBICOKHM JHEPTeTHYECKHM OaphepoM. B pesyrbraTe MpakTHUECKH BeCh 00beM
NO oO0Opa3yercs B HHYTOXKHO MaJbIX oO0BeMax monaueno-6030ywHout cmecu (TBC),
OTBEHAOMINX “(DpPOHTY” TYpOYJEHTHOTO IUIAMEHH. DTH MHKPOOOBEMBI XapaKTePU3YIOTCS
HAMBBICIIEH JIOKATbHOW TeMmMmepaTypoil u OJM3KMM K CTEXHOMETPHUYECKOMY COCTaBY
peareHTOB Ha oJaHOW wu3 rpanul. Otcioga — oTrMmedeHHas euie Ab. 3ernvoosuuem
HEIUIOAOTBOPHOCTH TOTBITOK ONUCAaTh KWHETHKY oOpasoBanumss NO B pamkax oOmied c
OKHCJIEHUEM YIJIEBOJAOPOIOB (WJIM HPOYUX OPraHMYECKUX TOIUIMB) CXEMBbl pEeaKlui,
COTPOBOKJAIOIIMXCA TeIyoBblAeNeHueEM. OCOOEHHO CII0)KHOM CUTyalusi OKas3blBaeTcs B
nopmrHeBbix /IBC, B KOTOPBIX JaXke yCpEeTHEHHBIE MO O0BeMy 3apsga TEePMOXUMHUYECKHE
napaMeTpbl CHWJIbHO M OBICTPO MEHSIIOTCS B TEUYEHHE KaXKJ0ro eIMHUYHOro nukiaa. Ilo-
BUJUMOMY, €IMHCTBCHHO BO3MOXHBIM crocobom paccuuteiBath [NO] B OI' Takmx
JIBUTATENICH CIIy>)KaT MOJYySMIUPUYIECKHE MOJENH, TMOKO codyerarommue olmme (usnko-
XUMHUUYECKHE 3aKOHOMEPHOCTH 00pa30BaHUsl OKUCIOB a30Ta IPU TOPEHUHM MOTOPHBIX TOIUIUB
B BO3AyX€ U (aKTUUECKYI0 MH(POPMALMIO O XMMHUUECKOM COCTaBE BBIXJIONA JJII KOHKPETHBIX
mapok JIBC u pexxumoB ux paboThI.

MHOK€eCTBEHHbIE SKCIIEPUMEHTAIIbHBIE U TEOPETUYECKUE JaHHbIE CBUIETEJBCTBYIOT,
4TO OMNpeAesIIonMi OpyTTo-ToKCHuHOCTh aBuratens mo NO, okcua azota NO obOpasyercs
UCKJIIOUMTEIBHO B INIAMEHHOM 30HE ropsimiero padoyero teia. B kaxxaplii MOMEHT aKTUBHOTO
ropeHusi 00beM 3TOH 30HBI CPaBHHUTEIFHO HEBEJMK (JOJM TMPOIEHTa OT IOJHOTO 00bheMa,
3aHMMAaEeMOTro pabouuM TeNoM), 3aTo Temmeparypa B Hell Ha Ty = 0.7 Ty = 2200 K
npesbimiaer cpenHoro 1o KC. BenenctBue upe3BblyailHO pe3kod  TeMIiepaTypHOM
3aBUCUMOCTH peakuusi oOpazoBaHus NO TMpoTeKaeT ¢ CUJIbHBIM IPEUMYILIECTBOM B
TUTAMEHHOM 30HE: HECMOTpPS Ha HUYTOXXHBIA OTHOCUTENbHBIA 00BEM MOCHeIHENH, IMEHHO B
Hell npoucxoaut HapaboTtka Bcero NO. Kunernka Hapadotku NO B rutamenHoi 30He [IBC ¢
norpenrHocThio + 30 % omuckIBaeTCs MpeasioxKeHHbIM . 5. 3env0o6uuem ypaBHEHUEM

~38000
d[NO] = E-P(¢)[O](p) e T'(9)+2200 .Qd_Q
B ypaBuenun (1) 7(@) - cpemnsiss TemmepaTypa pabodero Ttema, () - OTHOCUTEIBHOE
TEIUIOBbIIeNIeHHEe, £ - KOHCTaHTa, pa3MEpHOCTh U 3HAUE€HHUE KOTOPOW 3aBUCAT OT BbIOOpa
€JMHUL] U3MEPEHUs] KOHLIEHTpaLUUi peareHToB, (2 = d@/dt — yacTtoTra BpallleHUs KOJIEHBaja.
DTO ypaBHEHHE MOKHO MCTIOIB30BaTh JIsl OIIEHKH TOKCHYHOCTH nopirHeBbix JIBC mo NO.
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EcrectBennoe yrounenue (1) coctont B M00aBIeHMM K MPaBOM YacTH ClIaraeMoro,
OTBETCTBEHHOTO 3a Tubenb NO B xoje noropanus-pacmperus. Ou3nuecku 0CMBICICHHON
(dopMOii peakCamoOHHOTO CIaraeMoOro CITy KUT

P( ) -32000
W e ~T‘”e T@) (INO papumpu 7 =70 ~[NOI@))

; 2)

rae n — nopanok peakuuu rudemn NO. IIpakTHdecku MMEET CMBICT OTPAaHHYUTHCS ABYMS
pCAMMCTUIHBIMU CUTyallUSIMU — I‘I/I6GJ'IBIO OKHCHU a30Ta B MOHO- H 61/IMOJICKYJISITHBIX
peakimax. OJHOBPEMEHHO CJEAyeT yd4ecTh, 4YTO paBHOBeCHbIe KoHueHTpaimu NO B
ycnoBusix /IBC oxa3bpIBaroTcsl Ha J1Ba MOpSAAKA HIKE (PAKTUYECKHX, YTO MO3BOJISAET CUUTAThH
[NO]|pags. mpu 7 = tp) & 0. Takum 00Opasom, mosydaeMm JBa CLEHAPUs BHYTPULIMHIPOBOK
OpyTTo-KuHeTUKH NO: COTIIacHO NEPBOMY

_—38000 J 32000
ANOL_ . pgyonig) 7020 .04 _ g PO 10 o
dt d Q
@ , (3)
BTOPOMY —
_ 38000 J —32000

d[NOJ _ C - P()[O](p) e T(#)+2200 .Q_Q -D. Ple) e 7@ [NOJ?

dt de Q . “4)

bazoit  mamcrpoeunbix Mogxene  (1),(3)-(4) ciyxar noigyyaemble  IIyTEM
MHTETPUPOBAHUS YpaBHEHUI 3BOIOIIMOHHBIE KpuBbie P(@), T(¢), O(¢) u [O](¢p). Hebonpmmoe
YUCJIO W OTCYTCTBHUE CpPEAM HUX KUHETHMYECKHUX KpPHBBIX, OTBEYAIOLIUX T'OPEHHIO
YIJIEBOJOPOJIOB, CIIy’)KaT OOOCHOBAaHMEM IPUMEHSIEMOM HAMM TEXHUKHM HapallUBaHUs
monemn. durypupytomue B moxensix (1),(3)-(4) koncrantel A, B, C, D u E sABISt0OTCA
napaMeTpamu, 3Ha4eHHsI KOTOPBIX CIIEAYET BHIOpATh U3 YCJIOBUS HAWIYUIlIeH anmpoKCUMaluu
UMEIOLIUXCS B PACIOPSKEHUH aBTOPOB KCIEPUMEHTAIbHBIX JaHHBIX MO0 NO,-TOKCUYHOCTU
JABC. Yem Goubliie mepBUYHBIX (PAaKTOPOB HIIH MMOKA3aTeNeH HCIOIb3yeTCs TP OTPeIeIICHIN
KoHCTaHT A, B, C, D m E, a Takke 4YeM IIMpPE [OMANa30Hbl WX Bapwanuu (mpsiMoe
NPOU3BEICHNE BCEX BApPbUPYEMBIX (DAKTOPOB B KOHEUHBIX JHMANa30HAX M3MEHEHUsS HAa30BEM
napamempuyeckum noaucoHoM), TeM 00Jee OCPEAHEHHBIM U, BEPOSITHO, HETOUHBIM OKa)KETCs
MOJIy4aeMbIil C €€ OMOILBIO MPOTHO3 AJI1 KOHKPETHOW MamiHbl. OJIHAKO HAc 3TO HE JOJHKHO
CMYILIaTh, T.K. HET HUKAKUX NPEMATCTBUN BBIIOJHUTH BIOCJEICTBUU MOJATOHKY Ha3BaHHBIX
K02 () (DUITMEHTOB JJIs1 OTAEIBHBIX KJIACCOB WIH TPYTIT CXOTHBIX MEXIy COOOM JBHTATEINCH.

31ech BaXXHO OTMETUTh, YTO, €CM Tipu uaeHTudukanun moxaenen (1),(3) u (4) Ha
OJTHOM ¥ TOM J>K€ MAacCHBE JKCIIEPUMEHTAJbHBIX JAHHBIX MOJYYaroTCsl OJIM3KHE 3HAYCHHUS
kodpdumentoB 4, C u E, apdexr rudbenn NO B KC HezHauuTeneH, U CripaBeyiiBa MOJIEIh
nosiHOM 3akanku (1). C mMareMaTH4eCKON TOUKH 3pPEHUS 3TO O3HA4YaeT, YTO KHWHETHUYECKas
kpuBasi [NO]J(¢) — MOHOTOHHO BO3pacTaeT (bosiee crporo, He yOwiBaeT). dDusmuecku 3TO
00CTOSITENILCTBO CIIEAyeT TPAaKTOBaTh, YTO BCS COBOKYIHOCTh (PAKTOpPOB, BIMSAIOIIMX Ha
tokcnuHocTh JIBC mo NO, cBoauTcs K €IMHCTBEHHOW YyHHBEpPCaJbHONM KOMOWHAIUH,
KOTOPY10 0003HaYMM CUMBOJIOM ¢.



138 Boicoko3ddexTBHOE TEXHOJIOrHYeCKOe 000pyaoBaHue. IIpodeMbl NpoeKTUPOBAHUSA

KOMILTEKC MOJEJIE, METOJOB U IIPOI'PAMM JJIS1 KOMIIBIOTEPHOI
VUMMUTAILIAU PABOYETO MPOIECCA MOPIIHEBBIX JIBUTATEJIEH

Hpimoanos JA.C., Tupm A.C. (xap. « MAIIII», JI'TY, . Pocmos-na-/{ony, Poccus)

C1105KHOCTh BHYTPULIMJIMHIPOBBIX IIPOLECCOB B IOPIIHEBOM JIBUraTesle BHYTPEHHETO
cropanus JIBC [1,2], cxeMaTU3upOBaHHBIX HA pUC. 1, CTABUT BBIUYNCIUTENIBHBIN 3KCIEPUMEHT
B paHr HambOosee 3(QQeKTHBHOTO cpeacTBa pa3pabOTKM M ONTUMH3ALHMU. B0O3MOXHOCTH
JIOCTaTOYHO TMOJPOOHO © B TO JK€ BpeMs THOKO ONUCHIBaTh HEOAHOPOIHBIN
MHOTOKOMITOHEHTHBI XWMHUYECKH aKTHUBHBINA a3 C UCTOYHMKAMU BELIECTBA OOYCIOBJICHBI
NOSIBJIICHUEM HOBEHIINX MH()OPMALMOHHBIX TEXHOJIOTHH, CBSI3aHHBIX C aBTOMATU3UPOBAHHON
reHepaiueil u anaim3om mojenei [3].

BIMSIHNE Ha Y CII0BUS
I u npoyeccsl B KC

TBC ‘
v 78C
CwmeceobpasosaHue lopenne Tenno
‘ CamoBocnnameHeHve ‘ ‘BocnnameHeHme BHyTpuyunuHaposeie
notepu
\ \ H
PacnbinueaHne TBC V2 ]
¢ [BuxeHne “cpoHTa” MoTepm
‘ dakenbHoOe ropeHne ‘ TypGyneHTHoro npeobpasoBaHns
Mcnapenne nnametn

SHeprus beakuni

Loropanue MNonesHas
MepemelunBaHve | " MexaHudeckas

aboTta
nPoAJYyKT bl MOJIHOr o T?C p

W HEerlosiHoOr o crobaHus J
! ’ o OTpaboTasLuve rasbl ‘

Puc. 1. Cxema BHY TpULIMIIMHIPOBBIX IIpolieccoB B nopiHeBoM JIBC

ABTOpamMu pazpaboTaHa CHUCTEMa OPUTMHAIBHBIX MOJENCH MHOTOKOMIIOHEHTHOTO
XUMHYECKH aKTHBHOTO Ta3a, a Tak)ke COOpaHbl M CHUCTEMAaTU3MPOBAaHBl Hay4YHBIC JaHHBIC,
(UBUKO-XMMHUYECKOTO, a TaK)Ke KOHCTPYKTHBHO-TEXHOJIOTUIECKOTO CBOICTBA, HEOOXOAMMBIE
Ul VHUIMAIM3alMd  TpelaraeMoro  KoMIulekca  Mozenei.  DyHIaMeHTalIbHOCTh
MOJYYCHHBIX 371€Ch PE3YJIbTATOB COCTOMT B WX MEPEHOCHMOCTH Ha PSJ  aKTyaJbHBIX
TEXHUYECKHX W OKOJOTMYECKHMX mpwiokeHnd. CoueTaHne HAy4YHOTO TIOMCKa C
cucremMaru3anueil coOpaHHBIX JAaHHBIX, MAIIMHHOTO CYETa M AaCUMIITOTHYECKOTO aHaJIn3a
MoJieIel TTO3BOJIsIeT 0000maTh U KOMITAKTHO MPECTaBISITh PE3ybTaThl BHIYMCIUTEIHHOTO
IKCIIEPUMEHTA.

Cucrema »HBOJIONMOHHBIX Mojenel pabodero mporecca JBC BomiomeHna B
NPOTPAMMHBI  KOMIUIEKC, pEM3YIOMIWH HWHTETPUPOBAHUE CHCTEMY OSBOJIOIMOHHBIX
ypaBHEHHH BBICOKOH pa3MEpHOCTH M ACCOLUMHMPOBAHHYIO 0a3y TeTepOTEHHBIX (HU3UKO-
XUMHYECKHX W WH)XEHEPHO-TEXHOJIOTHUECKUX JaHHBIX. MHTerpamus WH()OPMAIMOHHOTO
cerMeHTa pa3pabOTKM OCYIIECTBIEHa TNPH MOMOIIM HOBEHWINMX CPEACTB W TEXHOJOTHH
CHHTE3a M aHajW3a BUPTYaIbHBIX OOBEKTOB, YTO TPEACTaBIsieT COOOW BaKHBIA DIIEMEHT
HAy4YHOM  HOBM3HBl M  MHHOBAalMOHHOM  1eHHOCTH. Peammzamust  mpoOsemHo-
OpPHUEHTHPOBAHHOTO MH()OPMAIMOHHO-aHATUTUIECKOTO KOMITIEKCA PACIIMPSET BO3MOKHOCTH
ontuMuzauuu padouero mnpouecca JBC B uwactu MoTopecypca, (yHKIHMOHAIBHOCTH,
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HSKOHOMHYHOCTH, TOKCHYHOCTH. OJTambl pa3BUTHA pa3pabOTKH, peaJu30BaHHBIE U
HaMEUYEHHbIE BO3MOKHOCTH MIOKa3aHbl Ha pUcC. 2.

Knacok4ecrkan

SHEpFETH\JECKHE
TEPMO AWHAMIMHECKSA MOAENE |::> noKasarenw
/ paboyero npoyecca

+ HECTALUMOHAPHOCT b +
MepexonHe e

To4e4HaA MOAENE |::> pPE UMb
HKAMUYECHDIEA KAHETHIMA TaKeH4HAETE

+ pacnpedeneHHOCTE + no O
TOKCMYHOETE

TpeanHHaﬁ MOOENE |:> no CeHy L C,
KMMAYECHDHA KAHETH A RCOH
+ ArPEraynA LHCCHNATHEHEX CTRYKTYR +
[CHHMYIARHEIE BOZMYLLEHHA)
TokcHyHoCTE No KO
MO4enk ¢ acCoUMUA0 BaHHBLIM
ONWMCAHMEN PP OHTE NNAMEHM TOKCAYHOCTE
no N&Y - CaoHiz

SHEDFBTMKE + AMHAMKES + CyMMAaPpHaA TORCHHHOCTE DTpaSDTaBLLIMX raso0eB
Puc. 2. DBOMIOIUS CTPYKTYPbI 1 UMUTALIMOHHBIX BO3MOKHOCTEHN Moenelt ropenus B JIBC

Jns onTuMU3anuM BIIpBICKAa M razooOmeHa B mopiuHeBoM J[BC 0coOeHHO BaskHBI
MHTETpaJIbHbIE U MTHOBEHHBIE 3HEPIO-CHJIOBBIE MTOKa3aTeau paboyero mpouecca (J1aBjIeHue u
TEMIEpaTypa B KaMepe CropaHus), a TakKkKe TOKCHYECKHE XapaKTepUCTUKH 3apsAna u
oTpaboTaBuIMX ra3oB. B Tabi. 1 nmpuBeneHsl pe3ysibTaThl SHEPTO-CUIOBBIX PACUETOB I TPEX
NpEJICTaBUTENIbHBIX pexuMoB asurarens BA3 2108: ckopocTh BpalieHus KoJieHBajla
cocTaBisieT Ha BeIOpanHOM pexnme 4000 mun "', kosddurent u30bITKa Bo3ayxa o= 1.

Tabauua 1. Pe3yspTaThl 3HEPro-CUIIOBBIX pacdyeToB s peskumoB asuratessi BA3 2108

Koadduument nzbpiTKa BO3IyXa @, 1 0.7, 1.3, | Cpennee
J0J1s1 00beMa £ 0.8 0.2 0.2 3Ha4.
CpenHenHIuKaTOpHOE TaBJICHUE, aTM 5.86 5.67 1.59 541
WuaukaTtopHast MOIHOCTE, KBT 63 61 17 58.2

VYroi moBopoTa KoJIeHBaja MPU MaKCUMaJIbHOM JaBJICHUN
B KC, rpan. IIKB nocie BMT
MakcuanbHOE TaBieHUe, aTM 68.7 78.4 32.7 66.1

Yroi moBopoTa KoJIeHBaja MPU MaKCUMAaJIbHON CKOPOCTH

10 -9 -12 6
Hapacranus nasienus B KC, rpag. IIKB nocne BMT
MaxkcumManbHast CKOpocTh HapacTanus faBienus B KC,
atm/rpan. [IKB
Yros noBopoTa KOJIEHBaNA MPU MAaKCUMAaJIbHOU CpeTHEN
temmepatype 3apsna, rpaa. [IKB nocie BMT
MakcumanbHasi cpeHsisi TeMneparypa pabouero tena, K 2265 2135 1009 2126
Yo moBopoTa KOJIeHBaja MPH MaKCUMaJIbHOM CKOPOCTH
10 -9 -12 6
HapacTaHus TeMIepaTtypsl 3apsiaa, rpad. [IKB mocie BMT
MaxkcuManbHast CKOPOCTh HapacTaHHUs TEMIIEPATYPHI
3apsina, K/rpan. [IKB
Jlons TemnoTel MK, BeIACAUBIIAICS 10 BMT 0.12 0.59 0.36 0.19

Jons TennoThl IKKIIA, BBIIEIUBIIASACSA 10 MOMEHTA, KOT/ia 0.98 0.97 0.45 0.93

napnenre B KC MakcumaisHO
o TennoThl HKKIIA, BBIIEIMBIIASACS 10 MOMEHTA,
TeMIepaTypa 3apsjga MakCUMallbHa

15 2 5 12.7

5.75 8.09 8.98 8.71

15 2 22 14.4

204 225 14 187

0.99 0.98 0.85 0.98
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[IpuBeneHHbIE 1aHHBIE COTJIACYIOTCSI ¢ M3BECTHBIMM TEOPETHUECKUMU IOJIOKEHUIMU
U DKCTIEPUMEHTAIbHBIMU (akTaMu. B yacTHOCTH, pa3BUBaeMasi MOITHOCTh MOHOTOHHO PacTeT
C YACTOTOH BpaIIeHHs KONeHBata B nuTepBate 2000-4000 MuH"', B TO BpeMs Kak KPyTsIIHi
MOMEHT MaKCUMaJIEH BHYTPHU 3TOTO MHTEpBaja. ¥ BEIMUEHUE CKOPOCTH BPALLEHUs KOJICHBAJIA
¢ 2000 1o 4000 mun! CONPOBOKIACTCS yJABOCHUEM JIOJM TeIUia, BelaenuBinerocs 10 BMT,
YTO COOTBETCTBYET COBPEMEHHBIM (PH3HMUECKUM TpakTOBKaM [1,2].

DBOJIIONIMS TTApaMETPOB paboyero Tena B MUKJIEC Ha 75% MOIMHOCTH TOKa3aHa Ha
puc. 3. Iloka3zanbl LUKIOrpamMMbl JaBJIECHUS M TEMIEPATyphl Uil TPEX 30H 3apsjia — C
000rameHHon, CTeXHMOMETPUYECKONH M OOEIHEHHOW CMEChIO, a TaK)Ke OCpPEIHEHHas IO
00beMy KaMmephl cropaHusi KpuBas (kupHas nuHUs). OObEMBI ¢ HEHOPMATUBHOW paboueit
CMEChI0O  OIICHEHBl MO JKCIEPUMEHTaJIbHBIM  JaHHbIM [1,2] ¢  wucHonb3oBaHUEM
MOy SMIUPUYECKUX MOJIETIeH TYypOyIeHTHOCTH.
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[IpuBeneHHbIe AaHHBIC SIBIAIOTCS BIIOJHE WH()DOPMATUBHBIMHU U1 Pa3pabOTINKOB
ABC [1,3]. Kpome Toro, mo mepe COBEPIICHCTBOBAHHUSI HAIIETO KOMILIEKCA MPUBEICHHBIC
pe3ysibTaTthl  OyAyT YTOYHATBCS M CTaHYT OoJjee JeTajdbHbIMHU. [IprOpUTETHBIMU
HalpaBJICHUAMHA COBCPIICHCTBOBAHUA MOI{CJ’ICfI U HHTCTPUPOBAHHBIX 0a3 IPCAMCECTHBIX
JaHHBIX 0003HaYEHBI MNCPCHICKTUBHBIC CHUCTEMBI BIIPbLICKA, CMGCCO6pa3OBaHI/Iﬂ, a TaKxKe
AJITCPHATUBHBIC MOTOPHBIC TOIIJIMBA.
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