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[Tandunosa, 1. E-mail: Evgenii-student@rambler.ru

Pazpabotka Hanexubix u goaroseunbix CBY ycunureneii ¢ npenenbHbBIMU BbI-
XOJIHBIMM TIapaMeTpaMd BO MHOTOM ONpEIENsieTCs] CHOCOOHOCTHIO 3JIEKTPOHHO-
ontuyeckux cuctem (30C) hopMUpOBaTH AIEKTPOHHBIE MYyYKH C 3allOJHEHUEM MPO-
JeTHoro kaHajia Ha ypoBHe 0,7-0,8 u Ko3(pPUIIMEHTOM TOKOIIPOXOKAECHUS HA KOJIJIEK-
Top Ha ypoBHE 98-99%. K CTpyKType 3JEKTPOHHOIO IMy4Ka TAKXKE MPEAbSIBISIOTCS
0coOble TpeOOBaHUs, KOTOPbIE SIBJIAIOTCS MPUHLIMIINATIBHBIME JIJIsl TTOTY4YEeHUs B MPH-
6opax Beicokux 3Hayennid K11/ u koaddunuenta ycunenus [1].

B cBsi3zu ¢ 3TMM BcTaeT 3amava mpoekTupoBaHusl U pacyeta Ha [IDBM anek-
TPOHHO-ONTUYECKUX CUCTEM, (DOPMHUPYIOLUIUX aKCHAIbHO-CUMMETPUYHBIC ITyYKH.

IlocTaHoBKa 3a/1a4n

Tpebyercs pazpadorare D0C 111 MUHUATIOPHOTO CEMUIIYYEBOTO UMITYJIbCHO-
ro KJIKUCTPOJa C ONTUMAaJIbHOM IeOMETpHUEH 3JIEKTPOAOB, oOecreynBaroeii Heo0xo-
JUMBIA TOK YMUCCUU KaTOJIOB U TPAEKTOPUH IBUKEHHUS 3JIEKTPOHOB.

B nannoii paGote ans pacuera wucmnoib3oBanachk mporpamma KIT, pazpaboran-
Hasg B CI'TY [2]. Ora nmporpamMma Mo3BoOJIsieT OBICTPO M KauE€CTBEHHO MPOU3BOJUTH
pacueT u obnagaeT THOKUM UHTEepdeErcoMm.

Monenuposanue 90C B nporpamme KIT.

PacueTHbIli MOyZTb OCHOBAH Ha MCIOJb30BAHUU JIBYMEPHONM MAaTEMATHYECKOU
Mozenu. Pacuer mo mporpamMme MpOU3BOIUTCS ISl OJHOIYYEBOM MYIIKH, a OKOHYA-
TEIbHBIA PE3YJIBTAT MOJIYHYAETC YMHOKEHNEM ITOJIyYEHHbBIX 3HAUEHHUI Ha CEMB.

B menro “IIpaBka” 3aaercsi reOMETpUs AIEKTPOAOB U UX NOTEHLMANbL. B kaye-
CTBE DMUTHUPYIOIICH MOBEPXHOCTH HCIOIb3yeTcs ChepudecKuil Kato paguycom 6.35
MM U paJlycoM KpUBHU3HBI 7 MM. YTIpaBJIsitollas CeTKa pacrojiaraercs Ha pacCTOSTHUU
0.17 MM OT KaToAa U UMEET T€OMETPUIO, MPEJICTABIICHHYIO Ha puc. 1.

=W

Puc. 1. I'eomerpus cetku

JIJisi HAaWITyd1Iero MpoXosKJI€HUs AJEKTPOHHOTO MyyYKa MOJ0UPAETCs MarHUTHOE
nosie. OnTuManpHOe MarHuTHoe mose aina npoekrupyemorr DOC cocrasnsier 0.006
To.

OnuHouHas Nymika GOPMUPYET IMyYOK ¢ MUKpoIepBeancoM 1.5 A/ B*"* u Ko-
s dunrentom 3anonHenus kanana 0.675. MakcumanbHbId TOK KaToAa MPU HYJIEBOM
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noTeHIHane Ha ceTke paBeH 120 MA. BennunHa 3anuparoiiero HanpsuKeHUs COCTaBU-
na -11.5 B mpu yckopsirotiem Hamnpspkenun 1770 B (puc. 2).
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Puc. 2. AHonHO-ceTOYHAs XapaKTEPUCTUKA.
[IpoBoawiicst TpaektopHsblid aHanu3 Bcelr DOC oT karona 1o kosuiekropa. Ilo-

no0paHHOE paclpesieieHue OJHOPOAHOTO MarHUTHOro mois obecreunBasio 100%-e
TOKOITPOXOXICHUE TyYKa C MUHUMAJIBHBIMH ITyJIbCAITUSMH.
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Puc. 3. Tpaexkropuu 371€KTPOHOB

3akioueHue
Paccunrannas monens 30C MoOXKeT ObITh HUCIOJIb30BAHA B CEMILUTYYEBOM KITH-

ctpoze. [Ipubop ¢ Takumu napaMeTpamMu MOKET 3aMEHUTh CYILIECTBYIOLIUE JTAMIIOBbIE
aHaJIoru (TEeTPOAbl U TPUOJBI), TAK KaK 00JIafaeT JIydIIUMH [T0Ka3aTeIsIMUA 1O J0Jro-
BeyHoctH, KIIJIl 1 mpocToTe N3roToBICHUS.
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Pa3paboTka BakyyMHBIX CHUCTEM AJi OOJBIIUX TEXHOJOTMYECKUX YCTAaHOBOK,
HanpHUMep, YCKOPUTEIbHO-HAKOMUTEIbHBIX KOMIUIEKCOB, YCTAHOBOK (PU3UKHU TBEPJIOTO
TeNa U T. II. ABISETCS CIOKHOM 3ajjaueil, Ipy PeIIeHud KOTOPO HEOOXOIUMO YUHTHI-
BaTh psl (HAKTOPOB, XapAKTEPHBIX UMEHHO JJIsi TAKMX CHUCTEM, TaKMX KaK: HeOOXOu-
MOCTbh OTKa4Kd OOJIbIIUX 00BEMOB, CYIIECTBEHHOE BIIUSHHUE Ta30BbIJCICHUS, CTPYK-
TypHasi CJI0)KHOCTb U T. II.

Opaum u3 Hambosee TOCTOBEPHBIX CIIOCOOOB M3YUEHUsI BIUSHUS TAKUX CIIOXK-
HBIX (DAKTOPOB KaK Ta30BBIACICHHUE SIBISIOTCS SKCIEPUMEHTAIbHBIE HCCIICIOBAHMUS.
Opnnako, MpoOBEJEHUE HCUEPIBIBAIOUINX 3KCHEPUMEHTAIbHBIX HCCIEeI0BaHUN 00JIb-
IIMX BaKyyMHBIX CHUCTEM 3aTPYJHEHO MO PSAY TEXHOJOTMYECKUX M SKOHOMHUYECKUX
npudrH. [103TOMy OCHOBHBIM HCTOYHHUKOM JKCIIEPUMEHTAIBHBIX JAHHBIX SIBISIOTCS
UCCJIEIOBAaHUSI YMEHBUICHHBIX MOJICNIbHBIX YCTAaHOBOK. B paMkax naHHO# paOoThI paz-
paboTaH U co37aH IKCIEPUMEHTAIbHBIN cTeH I (puc. 1), cocTosAmil U3 MOJEIbHON Ba-
KYYMHOM KaMmepbl, CPEJICTB OTKaUKU U U3MEPUTEIIbHOMN almapaTypbl, C TOMOIIBIO KO-
TOPOTO PELIEH sl 3a]1a4:

» DKCIIEPUMEHTAIIbHBIC HWCCIICOBAHUSI XapaKTEPUCTHK Ta30BBIX TTOTOKOB,

dbopMUPYEMBIX B pe3yJIbTaTe ra30BBIICIICHUS CO CTCHOK KaMephI;

» W3y4YeHUE BIUSHUS THUIIA MPUCOCIUHCHUS OTKAYHOTO O0OPYIOBaHUS Ha €ro

XapaKTEPUCTUKHU.

Kpome Toro, ¢ moMouip0 pa3inuHbIX MOJX0I0B (TPaAULIMOHHBIM METOAOM [ 1-
2], MeTogoM mpoOHOM yacTulbl [3] ¥ ¢ UCMOIB30BAaHUEM COOTHOUIEHUM, TPEASIOKEH-
HBIX HCCIeoBaTeNbCKUM oTaeraoM komnanuu Pfeiffer [4]) mpoananusupoBaHo He-
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CKOJIBKO BapMaHTOB KOMIIOHOBKM BaKyYyMHOM CHUCTEMBI TEXHOJIOTMYECKON yCTaHOBKH
1 BbIpaOOTaHbl PEKOMEHJAIMHU 0 YYETy OCHOBHBIX (PAKTOPOB, OKa3bIBAIOIIMUX BIIUS-
HUE HA BaKyyMHBIC XapaKTCPHUCTUKHM TEXHOJOTMYECKHMX YCTAaHOBOK KaK Ha JTame
MpeIBapUTEIHLHON OTKAYKHU, TAK U B IIpoIiecce paboThlI.

5

0%

Puc. 1. CxeMa 3KCIiepUMEHTAIBHOTO CTEH1A
1 — BakyymHas kamepa;
2 — cnupaneHbIil Hacoc XDS10;
3 — rypbomonekynsipabii Hacoc EXT255;
4 — meMOpannsbIit Hacoc XDD1;
5 — mmpokoauana3zoHHeii natuuk WRG cepun ACTIVE;
6 — nonuzannonusiid faTuynuk AIGX cepun ACTIVE;
7 — natuuk [Iupanu APG cepun ACTIVE;
8 — KJ1amnaH.

[lo pesynbraram SKCIIEPUMEHTAIBHBIX HCCIEIOBAHUNA MOXHO Cclielarh cle-
JTYIOLIME BBIBOJIbI:
» 3aBHCHMOCTh Ta30BBIICICHHS CO CTCHOK 3JICKTPOIOJIMPOBAHHON HepiKa-
BEIOILIEH CTalM UMEET CTENIEHHOM XapakTep;
» TIpU pacueTe BPEMEHU OTKAYKW HEOOXOIMMO YUYUTHIBATH T'a30BBIICICHUE CO
CTEHOK KaMephl, [IOCKOJIbKY MpH BhIcOKOM Bakyyme (P<10” mGap), ocHOB-
HOM BKJIAJl B Ta30BbIi MOTOK BHOCUT UMEHHO 3TOT KOMIIOHEHT;
» MojielbHasi BAKyyMHasl YCTAaHOBKA TIO3BOJISIET HA ATare MPOSKTUPOBAHUS T10-
Jy4aTh JAHHbBIE, KOTOPbIE MOKHO HMCIOJIb30BaTh MPU pacyueTe aHalIU3upye-
MO CHUCTEMBI, U, TAKUM 00pa30M, YBEITUYMBATH TOYHO MMPOTHO3UPOBAHUS €€
XapaKTEPUCTHUK.
C yyeToM BceX MOJYUYEHHBIX JaHHBIX MOKa3aHbl OCHOBHBIE KPUTEPHUH, KOTOPHIC
HEOOXOJIMMO YYHUTHIBATh MPHU pa3pab0TKe BaKYyMHBIX CHUCTEM JJIsi OOJIBIIUX TEXHOJIO-
TUYECKUX YCTAaHOBOK.
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OnHuM K3 3TanoB pacueTa BaKyyMHBIX CHUCTEM SIBIISIETCS pacyeT MPOBOJAMMOCTH
€e DJIEMEHTOB, BBINONHIEMBbIA MO Qopmyne: U =W -F, -c/4. OcHOBHas TPYAHOCTh

3aKJIoyaeTcss B HaxoxaeHnu kodddunmenta Knaysmnra W nmisi KaHajaoB CIIOKHOM
¢opmbl. B nanHoi paboTe OH BbIUMCISETCS ¢ OMOIIbI0 MeTona Monte-Kapno. Pac-
4yeT mpoBoauTcs B makere Mathematica. B ocHOBY pacuera ObUTH TIOJIOKEHBI CIETYIO-
e JOMYyIIEHUS: PEKUM TEUCHHS Ta3a B KaHale MOJEKYJSPHBIN, B3aUMOJCHCTBHE
rasa co creHKamu — nuddy3HOe U CMEIIaHHOE, CKOPOCTh T'a3a paBHA CPETHEH TEeIuIo-
BOI CKOpOoCTH JBHXeHHS. [Ipu cMeraHHOM 3aKOHE OTpa)KeHUs MOJIb30BaTENb 334a€T
BEPOSATHOCTH P TOTO, 9TO MOJIEKyJa OTpa3uTcs mo nup @ y3HOMYy 3aKOHY, OCTABIIASCS
nonst [-P oTpaxaercs 1o 3epKaibHOMY 3aKOHY. CTEHKH HCCIIeTyEeMbIX KaHAJIOB IOJTY-
YeHbI BpalllEHUEM COOTBETCTBYIOIIMX KPUBBIX BOKPYT OCH, HaXOJSIIEHCS OT HUX Ha
orpesieIeHHOM paccTosHuu. [logaBas Ha BXOA B KaHall OOJBIIOE YUCIO YACTHIL, MO-
Jenupysl UX MPOXOXKICHUE Yepe3 KaHal M MOACYUTHIBAS JOJIO BBIMISANINX YaCTHII,
MOJKHO y3HaTh Kod(hdunmenT Kiaysunra, a cienoBaTeqbHO U IPOBOIMMOCTD KaHaA.

ANropuTM pacuera CIEAYIOUINI: KaHal pa30MBAcTCsI Ha MHOMXECTBO JJIEMEH-
TapHBIX yYacTKOB, MPEACTABISAIONINX U3 ce0sl yCceueHHbIe KOHYChl. Ha BXom mepBoro
KOHYycCa 3aITyCKaeTcs 4yacThlla. PacCunThIBaeTCs €e TpaeKTopHs, ¢ yueToM Tuddy3HOTo
OTpPa)XE€HUsl OT CTEHOK. BO3MOXHBI Iepexobl YacTHIbl Ha coceqHue ydacTku. [locie
BBIX0J1a YaCTHIIbI C OJTHOM U3 CTOPOH KaHalla aJTOPUTM MOBTOPSETCS IS CIeIyIomen
YaCTHUIIBL. 3aTeM TOACYUTHIBACTCS YHCIO BBIIICANINX B MPSMOM HAIMPABJICHUU U BHI-
yucisercsa koapounuent Knaysunra.

Br16op ykazaHHBIX mpoduiiel A HCCIeIOBaHHs TUKTYeTCS MOTPEOHOCTSIMHU
COBEPIICHCTBOBAHMSI BBIXOJHBIX KAaHAJIOB ABYXPOTOPHBIX M MU Y3NOHHBIX BaKyyM-
HBIX HAacOCOB. MEeHsIsl COOTHOIIEHHE MEXAY T€OMETPUUECKUMH MapaMeTpaMHu, 3aJ1ak0-
IMUMHU TPOGUIb CTEHOK, MOXKHO JOOUTHCS MaKCUMalIbHOM MPOBOJUMOCTU B MOJIEKY-
JSIPHOM PEXHUME U ONTHUMAIBHON — B BA3KOCTHOM.

Bonbmioe TeopeTnueckoe 3HaUEHHWE MMEET BBIICHEHHE BONPOCA O COOTHOIICHHUU
npsMON U OOpaTHOW TPOBOJUMOCTH JUIS PA3IUYHBIX TApaMETPOB, OMPEACISIONIIX
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TeOMETPUIO KaHajla U XapakTep oTpaxkeHus (quddy3HbINA WK CMeIanHblii). B cooT-
BETCTBUU CO BTOPHIM 3aKOHOM TE€PMOJMHAMUKH, NMPSMON MOTOK JIOJIKEH OBITH paBeH
0o0paTHOMY, BEpPOSITHOCTH MPOXOXKACHHUS OOpaTHO NPONOPLMOHAIBHBI IJIOLIAIIM
BXOJHOT'O Y BBIXOJHOT'O CEYEHUN:

6x __ T ewbix

B8blX 29

Kanan 1 Kanan 2
Puc. 1. Hccrenyempie kaHaibl (ITpOJICTAIOIINE MOJICKYJIbI TTOKa3aHbl KyOUKaMu).

OTO COOTHOIICHHUE MMPOBCPATIOCH B XOJAC YHUCICHHBIX 3KCIICPUMCHTOB. Baxno nnu
AaTbh AHAJIMTUYICCKOC JOKA3aTCJIbCTBO 3TOMY COOTHOUICHUIO, NI HaWTH ClIydau, Korjga
OHO HC€ BBIIIOJIHACTCA.

O 2 4 S 8 10
Rxp

Puc. 2. 3aBucumocTb NpuBeEHHOr0 KO3(PPUIIMEeHTa MPOBOIUMOCTH
OT pajuyca KpUTHYECKOro CeYeHus Ui KaHana |
[IpoBeneHHbIE YNCIEHHBIE YIKCIIEPUMEHTHI, TTOKA3aJIi PABEHCTBO MPOBOANMO-
CTel KaHAJIOB B MPSIMOM M OOpaTHOM HampaBieHUsX A nuddy3Horo 3akoHa oTpa-
KEHMS C IOIPEUIHOCTBIO, TOMYCTUMOM AJIsl METOAA TPOOHBIX YACTHIL.
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3aperucTpupoBaHbl TeMIEpaTypHbIE 3aBUCHUMOCTH SJUTUIICOMETPUYECKHUX Mapa-
METPOB ONTUYECKHU TMOJMPOBAHHBIX OOpa3IOB IMOIYNPOBOJIHUKOBBIX MaTEpHAJIOB HA pas-
JIMYHBIX CTAAUAX OYUCTKU OT aJICOPOMPOBAHHBIX Ta30B M CIENOB OKKciaa. OYHCTKa MPOBO-
JTAJIaCh BBICOKOTEMIIEPATYPHBIM OTKUI'OM B YCJIOBUSX CBEPXBBICOKOI'O BaKyyMa.

[enp HAcTOsIEH PAOOTHI - AEMOHCTpAIUS HETPATUITMOHHOTO TTPUMEHEHUS dJI-
JUTICOMETPUUYECKOTO0 METO/IA - €T0 CTIIOCOOHOCTh K PETUCTPALIMU U3MEHEHUN TeMIIepary-
pBI TIOJTYTPOBOTHUKOBBIX MAaTEPHAJIOB B YCIOBHSIX BBICOKOTO BaKyyMa, OCHOBaHHas Ha
YCTaHOBJICHHOM IPSMOW ITPOIOPLMOHAIBLHONW 3aBUCUMOCTH JIIIMIICOMETPUYECKOrO Ia-
pamerpa ¥ oT TemriepaTypbl TOBEPXHOCTH MOTYIPOBOIHUKA.

PesynpTaTomM Cymeprio3uiiu HampsHKEHHOCTH AJIEKTPUYECKOTO TIOJIS JBOWHOTO
MPUIIOBEPXHOCTHOTO €105 E, n Eg - KOMIIOHEHT 31€KTPUUYECKOro OISl CBETOBOUM BOJIHBI,
MIPOXOAIICH Yepe3 TBOMHOW CJIOH, SIBIIIETCS OTHOCUTEIBHOE M3MEHEHUE OTHOLLIEHUS IMa-
paMeTpoB OTPAYKEHHOM U TaJlaroIiel CBETOBOW BONHBI K,/ E) a0 U E omp/Es nao, OTIPEIIE-
nsemoe napametrpom ‘P.

MeHstromuiicss Hapsiy ¢ 3TUM TPATUCHT KOHIICHTPAIIUK CBOOOIHBIX AJIEKTPOHOB
BJIOJIb HOPMAJTU K TOBEPXHOCTH, T.€. B HAMPABJICHUU £ - KOMIIOHEHTHI U OTCYTCTBHE Ta-
KOBOT'O Jy1s1 £, - KOMIIOHEHTBI, IPUBOST K OTHOCUTENTBHOMY CABHTY (ha3 MEXIy HUMH, 4TO
BBIPAYKACTCS B U3BMEHEHUU MapameTpa A.

VI3MepeHHs BBIIONHEHB! B [GIHHOMETAIUIMYECKOH BAKyYMHOH (Popey = (2+3)-107
[Ta) cucreme, MO3BOJISIOIICH MPOBOJWTH, B YaCTHOCTH, PETUCTPALIUIO U3MEHEHHI SJITUIICO-
METPUYECKUX MapaMETPOB CO CTEMEHBIO MOKPBITHS MX MOBEPXHOCTEH PA3TMUHBIMU a/1COP-
Oaramu, a Taxke HaOMIOICHNE U 3alHCh TEPMOCCOPOIIMOHHOTO MACC-CIIEKTPa C MOBEPXHO-
CTU HUCCTIETyeMbIX OOpa3lioB Ha JFO00M CTaguu OOpa3oBaHWSI WM YIaJeHus ajicopOara.
DJIeMEHThI YCTaHOBKUA W CMOCOO PETHCTpaIy AJUTUIICOMETPUYECKUX TMapaMEeTPOB TaKKe
MIPUBEJICHBI BHIIIIE.
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Puc. 1. 3aBucumocts Toka OIY 1pyu HEM3MEHHBIX A3UMYTAX AILTUIICOMETPA
OT TeMIIepaTypbl 00pasiia Mpy Pa3HbIX YIJIax MajeHus cBeTa Ha oOpaselr (KpuBbie 2 U 3).

Kpunas 1 - 3anuck TemnepaTypbl 00pasia, POBEICHHAs C IOMOLIbIO BOJIb(pam-
penueBoi Tepmonapbl. Crian ypoBHsi Toka @Y mnocne 20-0if MUHYTHI BbI3BaH Bpallle-
HHUEM I0JIIPU3aTOpa U YCTAHOBKOM €r0 B UCXOIHOE IOJIOKEHHUE.

Ha puc. 1 npencraBnena 3anuch M3MEHEHUS] TEMIIEpaTypbl oOpasua (MOHOKpH-
ctan Si(111)), 3anmmrcanHas ¢ TOMOIIBIO XPOMEIb-KOTEIeBOM TepMonaphl (KpuBas 1) u
3amuch U3MEHEeHUs1 Toka (potoymHoxutenss ®IVY-29 g 1ByX yrioB MaJeHHs CBETa Ha
MOBEPXHOCTh (KpuBbIe 2 U 3). DnemeHThl 3yuuncomerpa JID® - 3M naxoasarcs B co-
CTOSIHUM "ramieHus". 3anuch CBUACTENbCTBYET O HATMYUM B JOCTATOYHOM CTENEHU Mpsi-
MOH IPONOPLUHOHAIBHON 3aBUCUMOCTH MEXIy TOKOM (POTOYMHOXKUTENSI U TeMIepary-
POl TIOBEpXHOCTH 00paslia U aHAJIOTMYHON 3aBUCHUMOCTH 3JUTUIICOMETPUYECKOrO IMapa-
Metpa ¥ 1 TeMnepaTypsl IOBEPXHOCTH MOHOKPUCTAIUIA. 3alIUCh IEMOHCTPUPYET TaKKe
HQJIAYUE CUIIBHOW YTJIOBOM 3aBUCUMOCTH OTHOCHUTEIIBHOTO M3MEHEHMs aMILIUTY ] E, n
E KOMIIOHEHT CBETOBOTO Jiyya 3umncomerpa. Kpusas 2 yron naaeHus paseH 73°, a Kpu-
Bas 3 - 65°. I3smeHeHune Toka @OV BBI3BAHO M3MEHEHHEM COCTOSIHUS MOJISIPU3ALUM OT-
Pa’KEHHOTO JIy4a, Ha YTO yKa3bIBaeT cnajl ypoBHs Toka @Y nocne 20-if MUHYTBI, KOT/Aa
MPOU3BOAWIOCH ''TallieHre" MHTEHCUBHOCTH OTPAXXEHHOTO CBETA U3MEHEHUEM a3MMyTa
HOJISIPU3aTOpa, COOTBETCTBYIOIIErO B M30paHHON cxeme u3Mmepenus - azumyty P. Kak
BHUJIHO M3 3aIMCU YyBCTBUTEIBHOCTh U3MEPEHMSI COCTABIISIET MPU YKa3aHHBIX paHee yc-
JIOBUSIX BEJIMYMHY OKOJIO 4,2 Tpaj/yriL.MuH., T.€. U3MEHEHHUE TeMIieparypbl Ha 4,2° BbI-
3BIBAET ITOBOPOT OCEH AILIUIICA MOJIIPU3ALAN OTPAKEHHOT'O CBETAa HA OAHY YIVIOBYIO MH-
HYTY, 4TO, B CBOIO OYE€PE/lb, B YKa3aHHBIX PAHEE YCIOBUSX, BbI3BIBAET U3MEHEHUE TOKA
(oTOyMHOXHUTENS Ha BeMUuMHy, paBHyIo (1.0-1.5) pA. Caemyer oTMeTUTh TOT (axT,
YTO 4yBCTBUTEIBHOCTH JJUIMIICOMETPUUYECKOro napamerpa ‘¥ k u3MeHeHuro temmepary-
PBbI IOBEPXHOCTH YBEIMYMBACTCS CO CTENEHbIO MOKphITHUS 0. [psimast mponopuuoHansHast
3aBUCHMOCTB TIPM MHOTOKPATHBIX MPOrPeBax MOBEPXHOCTHU MPH MOCTOSHHOM 6 mpu 3TOM
coxpansiercs. OTXKHUI MOBEPXHOCTH IIpU Oosiee BBICOKOM TemIepaType, NpHBOAS K
YMEHBILEHHIO 0, COTPOBOKAAETCS YMEHBIIEHHUEM YyBCTBUTEIILHOCTH, HA YTO yKa3bIBaeT

34



Tpemvs Poccuiickas cmyoenueckas nay4no-mexHuieckas Kongepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazanw, 10—12 anpena 2007 2.
Cekuusn 1. QusuuecKkue A61€HUA 6 6AKYYME, PACUEm 6AKYYMHBIX CUCHEM

YMEHBILIEHHE YTIOBOrO KO3 (UIIMEHTa TaHHOW MPSMOW MPOMOPLUUOHATEHOW 3aBUCH-
MOCTH.

B naHHOM citydae, CylIeCTBEHHBIM MOMEHTOM SIBIISIETCS TO, YTO BIIMSTHUE a/ICOP-
0aTa B 3TOM HCKIIIOYAETCS - MOJISIPU3ALMS MEHSIETCS MPU U3MEHEHUHU TeMIIEpaTyphl 10-
BepXHOCTU. MbI BHOBb UMeeM OA u WY U, B mpuHIUIE, MOXKEM paccunTaTh U3MEHEHUE
TOJILLIMHBI, ITOKa3aTess MpeIoMIeHHUs U Ko3(p(pUIIMeHTa MOIJIOIIEHUs KaKOW-TO HecyIle-
CTBYIOLLIEH IUICHKHU.

TemnepaTypHy0 3aBUCHMOCTb ONTHYECKUX ITOCTOSIHHBIX MOXKHO TaKXXe OIMCHI-
BaTh C M3BECTHBIMM JOIYLICHUSMM KaK M3MCHECHHME XapaKTEPHUCTUK NOBEPXHOCTHBIX
IUICHOK.

Pa3zymHee, onHako, npeacTaBisercs 0osee MpOoCcTOe U €CTECTBEHHOE 3aKiroue-
HUE - aTOMBI JII0O0H Cpejibl, a He TOJIBKO aacop0ara pacCMaTpUBaTh KaK ONpeEIEIICHHbIHN
Ha0Op JTMHENHBIX TAPMOHUYECKUX OCLIUIUIATOPOB.

PET'UCTPALIMSI BPEMEHU YCTAHOBJIEHUS PABHOBECHOI'O
COCTOSHUSA AACOPEUPOBAHHBIX HA ITIOBEPXHOCTU
TBEPABIX TEJI MOJIEKY.JI
B.JI. Illanoaes, I0.H. Acanxanoe
Bocmouno-cubupckuii 2ocyoapcmeennbiii mexHoI02UdecKull yHugepcumem
Vanan-Yo0s, yn. Knouesckas, 408. e-mail: sanedu@mail.ru

Lenp HaCTOSIIETO AOKIaIa 3aKITI0YASTCs B IEMOHCTpaImy (P(EeKTHBHOCTH METoIa
AIUTUTICOMETPUH K HUCCIIEIOBAHUIO MPOIECCOB (PU3NIECKOM aICOPOIIMU MOJIEKYJI, OOBSICHE-
HHUE KOTOPHIM MOXET OBITh ITPOBEJICHO JIMIIIb B TIPE/ICTABIICHUH a/icopOara Kak Habopa Mo-
JIeKyJI, TIPEICTABIISIONIAX COO0M CUCTEMY JIMHEWHBIX TaPMOHHYECKHX OCHIJUIITOPOB, CO-
BEPIIAIOIMX BBbIHYKJICHHBIE KOJIEOaHUs MO/ BO3AECHCTBUEM AJIEKTPHUUECKOTO OIS TTaIat0-
1iei cBeToBOM BOMHBL. [Ipy 3TOM cymneprio3uiysi BTOPUYHOTO U3ITyUYeHUs: OPMUPYET I10-
JSIPU3ALMIO OTPAYKEHHOT'O CBETA.

AncopOupoBaHHBIN CIOM HAXOAWUTCS B TOJ€, O0Opa30BAHHOM CYIEPIO3ULIUEH
HHEPreTUUECKUX YPOBHEH 00beMa KpHcTalljia U MOBEPXHOCTHBIX ypOBHEW. MoseKyJbl, B
TUTaHEe aJICOPOIMU, ACTSTCS Ha JBa TUMA - 00JIaaroIre MOCTOSHHBIM JUITOIEHBIM MO-
MEHTOM p,, ¥ MOJICKYJIbI Y KOTOPBIX JaHHBIA MOMEHT paBeH HYJI0. B oTCyTCTBHE 3iICK-
TPUUECKOTO MOJIsi OTIEIbHBIC AUMOIM HAMpPaBICHbl B Pa3jM4YHbIE CTOPOHBI, TaK YTO
CYMMapHBIi MOMEHT €UHUIIBI 00beMa aICOPOMPOBAHHOTO CIIOSl paBeH HYI0. B kpu-
CTAJUTMYECKOM TIOJIe PEIICTKH MHIYIUPYETCs MT0OABOYHBIN AWIOIBHBIA MOMEHT H3-3a
CWJI, ICUCTBYIOIIMX HA AJICKTPOHBI, YTO TMPUBOIUT K DJICKTPOHHOM MOJIIPU3YyEMOCTH, U
HEMOJISIPHbIE MOJIEKYJIbI MTPUOOPETAIOT AUMOJIBHBIA MOMEHT. DJIEKTpUYECKOe ToJe pe-
IIETKU CTPEMUTCS BBICTPOUTH OTICIbHBIC JHITONH, CO37aBas Pe3yJbTUPYIOINIHA MO-
MEHT eIuHUIlbl 00bema. Eciu Ol B aicOpOMPOBAHHOM CJI0€ BBHICTPOUIIUCH BCE JIUTIO-
JM, ToJiApu3anus Obuia Obl Ype3BbIYAHO OosbiIoN. Ho 3TOro HE mpoucXomauT, mo-
CKOJIbKY TPU OOBIYHBIX HAMPSKEHHOCTSIX IOJIEH BCIIEJCTBHE CTOJIKHOBEHUN MOJEKYI
IPU UX TEIUIOBOM JBM)KCHUH, TOJIBKO YacTh MOJICKYJI CJIOS IMEET OMPEIEIICHHYI0 OpH-
SHTAIHIO.
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Ha pucyHke npencraBieHbl pe3yabTaTbl SKCIIEPUMEHTA.

Ha puc. 2(6) npexncrasneHa auarpaMma U3MEHEHHS JaBJIEHHs Ta3a B CUCTEME ITPOHC-
XOJISIILIEr0 BO BPEMsI JIEUCTBUSI CBETOBOIO MMITYJIbCA, 3alICAHHAs C BBIXOZA BaKyyMMETpPa
BU-14 ¢ garuukom MU-27. Puc. 2.a) cBeTOBOM UMITYJIbC; 0) U3MEHEHHE JaBJICHHUS B CUCTE-
M€ IPH OCBELIEHUU TOBEPXHOCTH; B) U3MEHEHHE TOKa (DOTOYMHOXKUTEIS, BbI3BAHHOE, W3-
MEHEHHEM TOJSIPU3aLMM OTPAKEHHOI'O CBETA (CTPENKA YKa3bIBAET MOMEHT KPAaTKOBPEMEH-
HOTO M3MEHEHHUs a3UMyTa aHaJlM3aTopa ¢ MOCIeAYIOIIeld YCTaHOBKOM €ro B MCXOJHOE
COCTOSIHUE).

Ha puc. 2(B) nmpencrariena auarpaMMa u3MeHEHUs TOKa (hOTOYMHOXKHTES, HAXO-
JSIIIETOCS] B COCTOSIHUM «TallleHwsD. Pa3pbIBbI Ha KPUBOI 3ammucH - yBeIMdeHHe Toka (o-
TOYMHOXKUTEJIS] U3-3a OCBEILEHHUS CBETOM PTYTHOM Jlamribl. Bbicokas CHHXPOHHOCTb U3-
MEHEHHUs JJaBJICHUsI ra3a B CHCTEME C U3MEHEHUEM MOJISIpU3allii CBETa CBUIETEIbCTBYET,
YTO SIUITMIICOMETPUYECKHIA METOJl B COCTOSHHUHM PETHCTPUPOBATH IMPOLIECC HW3MEHEHHS
KOHLIEHTpalMi (PU3MYECKU aJCOPOUPOBAHHBIX MOJIEKYJI Ha MOBEPXHOCTH, HEMOCPEJICT-
BEHHO Ha 3TO yKa3bIBaeT MpoBasl, 0003HAYECHHBbII CTPENIKON, Ha KPUBOM 3alKCH, BbI3BaH-
HBIN KPAaTKOBPEMEHHBIMU U3MEHEHUSIMH a3UMYTa aHAIN3aTopa C MOCIEYOIel yCTaHOB-
KO €ro B MCXOJHOE cOocTosiHKE. BUHO, 4TO mocie npekpauieHus ASUCTBUS CBETOBOIO
UMITyJIbCa M BO3BpAaTa JaBJICHUS B SUEHKE K UCXOIHOMY, TOK (POTOYMHOXKHTENS MPOIOJI-
MKAeT MEHATHCS €Ille HEKOTOPOE BPEMsl, IMOCIIE Yero Takke MPUHUMAET MEepPBOHAYAIbHOE

36



Tpemvs Poccuiickas cmyoenueckas nay4no-mexHuieckas Kongepenyus
“Bakyymuas mexnuka u mexuonoeus”. 2. Kazanw, 10—12 anpena 2007 2.
Cekuusn 1. QusuuecKkue A61€HUA 6 6AKYYME, PACUEm 6AKYYMHBIX CUCHEM

3HAUEHUE, HO C HEKOTOPHIM 3ama3/bIBAHHEM, YTO YKa3bIBA€T Ha TO, YTO €IlIe HE BCE MO-
JIEKYJIbl HALIUTA COCTOSTHUSI C MUHMMYMOM TMOTEHIIUATLHON SHEPTHH.

OO0mbsicHeHue sBJICHUS MpeJcTaBisieTcs caenyoumM. [lanarommuii cBeT Bo30yxaaer
dbu3nyuecKkn aacopOMpOBaHHBIE MOJIEKYJbI, K KOTOPHIM YCJIOBHO OTHOCSTCS MOJICKYJIbI,
SHEPrUsl CBSI3U KOTOPBIX C MOBEPXHOCTHIO HE MpeBbiiaeT 20 Kkaj/mMonb. Bo3Oyxnenue
MOYET ObITh KaK TEIUIOBBIM, TaK U (pOoTOHHBIM. [TockobKy 00pa3iiom siBIsieTcs MOMypo-
BOJIHUK, TO OCBEIICHHAs! TOBEPXHOCTH TAK)KE MOXKET CIIOCOOCTBOBATH JiecopOimu. Yacth
MOJIEKYJI TIPH OCBEIICHUU JECOpPOMPYETCs, a YacTh COBEPIIACT KOJICOATEIILHOE JIBUKE-
HUE, TaK YTO OPHUEHTAIUS] UX JUMOJIBHBIX MOMEHTOB HOCHT OECHOPSAOYHBIN XapakTep.
Eie onHa 4acTh XaOTUYECKH MEPEMELLAETCS 10 MOBEPXHOCTH. OCHOBHAA KE YaCTh MOJIE-
KyJI, TJIaBHBIM 00pa30oM XeMOCOPOUPOBAHHBIX. OCTAETCS B MEPBOHAYAILHOM COCTOSIHUH.
Ecnmu paccMmarpuBaTh MOJNEKYJIbI KaK OCHMJUIATOPBI, TO CYNEPIIO3UIUS MX BTOPUUYHBIX
U3Ty4YEeHUI JacT CBOM BKJIAJ] B OOIIYIO MOJISIPU3ALIMIO OTPAXKEHHOT'O CBETA.

MouneKynbl, KOTOpbIE HE YCTAHOBUJIUCh B CTALIMOHAPHOE COCTOSIHUE, JAIOT JEMO-
JSIPU30BAHHYIO YaCTh BTOPUYHOTO W3Iy4yeHUsl. Bpemsi yCTaHOBIEHHS CTallMIOHAPHOIO
COCTOSTHUSI, KaK 3TO BUHO M3 3aIIMCH, COCTABIISICT MOPsAKA OJHOW MUHYTHI, HAYMHAS C
MOMEHTA YCTAHOBJICHUS] PABHOBECHOTO JIABJICHMUS.

OObsicHeHUE U3MEHEHUS TIOJISIPU3AIMHA MOXKET OBITh JIaHO KaK M3MEHEHHE OJHO-
ro win Bcex napametpoB nl, k1 u d ToHKO# TUIeHKH aacopOaTa mpu ocBeleHu. Kpome
paBeHCTBA LUKJIA MOJIEKYJT afcopOaTa HEOOXOMMO YUUTHIBATh UX B3aMMHOE MPOCTPaH-
CTBEHHOE pacnojiokeHue. [Ipogomkenne U3MEHEeHUsl MOJIIpU3alMKi TOCJEe BO3BpaTa
JIABJICHUSI K IEPBOHAYATILHOMY.

OU3NYECKH pa3yMHBIM TMPECTABISIETCS PACCMOTpPEHHE ajicopbaTa Kak CHUCTEMBbI
JIMHEHHBIX TAPMOHUYECKUX OCHIUITOPOB, COBEPIIAIONINX BbIHYKICHHbBIE KOJICOAHHS IO/
JIEUCTBUEM AJIEKTPUYECKOTO MOJIS MAaJaroNIe CBETOBOM BOJIHBI J1asepa. Harpasiienue u-
MOJIBHOTO MOMEHTA MOJIEKYJI XaOTHYECKH MEHSETCS BO BPEMSI, U MOCTIE MPEKpAILEHHs OC-
BEUICHUS PTYTHOW JIAMIIBI, YTO MPUBOAUT K YAaCTUYHOW NENOJSAPU3ALUN OTPAKEHHOIO
CBeTa.

HNCCIUEAOBAHUE XAPAKTEPUCTUK UH®PAKPACHBIX
HATPEBATEJIEH BBICOKOBAKYYMHOM INEYX
A.B. I'acapunckuii, B.H. Boponun
CI'TY, . Capamos, yn. Illonumexnuueckas, 77. E-mail: ems@sstu.ru

WNHppakpacHblii HArpeB ¢ MOMOIIBI0 KBAPIEBBIX TAJIOTCHHBIX JIAMIT TUPOKO
MPUMEHSETCS] IPU W3TOTOBJICHUU U3JICTUN AJIIEKTPOHHOU TEXHUKH. DTO 00YCIOBICHO
PAIOM MPEUMYIIECTB TaKUX HarpeBaTeseil Mo CPaBHEHUIO C HarpeBaTeIsiMU JPYTrHX
TUIOB (PE3UCTUBHBIX C MPOBOJIOYHBIMHU, CTEP>KHEBBIMU WJIM JICHTOYHBIMU HarpeBa-
TEeIBHBIMU 3JEMEHTAMH): MPOCTOTAa KOHCTPYKILHUH, BBICOKAsT PEMOHTOCIOCOOHOCTD,
Masasi Teri0oBasi HHEPIUOHHOCTh, BOBMOXHOCTb 3JIEKTPOIMUTAHUS OT MPOMBILIUICHHON
cetu 220/380B Ge3 mpuMeHEHHs] MPOMEKYTOUYHBIX HU3KOBOJBTHBIX TpaHC(hOpMAaToO-
POB, BO3MOXXHOCTh aBTOMAaTUYECKOTO YTMPABIICHUS MPOLIECCOM HarpeBa, OTCYTCTBUE
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3arps3HeHnid pabovyero 00beMa TEXHOJIOTHUECKON KaMephl 3a CUeT BBIJICICHUS U3 Ha-
IpEBATENbHBIX AEMEHTOB UCMAPSIOLUINXCS BEILIECTB.

OTu mpeumylnecTBa WH(]paKpacHBIX HarpeBareiell 0coOeHHO 3(PGEeKTUBHO
MPOSIBJIIFOTCS. IPU UX KCIIOJIB30BAaHUHU B BBICOKOBAKYYMHOM I€4M, NpEAHA3HAYEHHON
JUIsi OECLITEHTebHOM OTKAUKM M TepMETH3alUU MaJoradapUTHBIX 3JEKTPOBAKYYM-
HBIX MpUOOpoB. ['epMeTu3anus TUX NpuOOPOB U MaiKa y3J10B OCYIECTBISETCS Me/I-
HO-cepeOpsinbIM npurnoem [1Cp72, umeronum TemMnepaTtypy IU1aBIeHUs 779° C.

BBICOKOBAKYyMHasl [ledb 0OecreunBaet TemMmeparypy uarpesa 1000...1100°C.

B nuTeparypHbIX HCTOYHMKAax OTCYTCTBYIOT CBEACHHS OO HCCIEIOBaHUAX
ANEKTPOTEPMHUECKHUX XapaKTEPUCTUK MHPPaKpacHBIX HarpeBaresiei npu ux padbore B
Bakyyme 10™...10” ITa. OTCYTCTBYIOT TAaKXe CBEACHHUS O BIMSHHH KOHCTPYKTHBHOTO
PacHoJIOKEHUS M KOJIMYECTBA JIaMIl Ha paBHOMEPHOCTh pacIpeiesieHUs] TEMIIEPATYPbl
B paboueii 30HE U TEMIEPATYPE MPHU BBIXOJE U3 CTPOSI HEKOTOPOI'O KOJIMYECTBA JIaMII.

N3mepeHne teMrepaTypbl Ha TEXHOJIOIMYECKOW IOJCTABKE IMPOBOJAMIIACH C
MOMOIIIbIO PABHOMEPHO PACTIONIOKEHHBIX XPOMEIIb-aJTIOMENIEBBIX TEpMOnap ¢ padoueit
Temmepatypoii 1o 1300°C. OxHa U3 Tepmomap 3aKpemsiach Ha KOJIOE raJOreHHO
JaMIbl.

Bo uzbexxanue OKUCIIEHUS apMaTyphl 3JEKTPOBAKYYMHBIX MPHOOPOB U Y3II0B
ABICHHE B TEXHOIOTMYECKOH KaMepe MpH Harpese He mpesbimano 6,6x107 ITa. Ot-
Kayka TEeXHOJOTMYECKON Kamepbl IMPOU3BOJMIACH MEXAHUYECKUM HACOCOM W Mapo-
MaclIiHbIM HacocoM. [Iyis yMeHbIleHus: 0OpaTHOro MOTOKa Macjia B TEXHOJIOTHYe-
CKyI0 Kamepy B KadecTBe pabodeil *KHIKOCTH MPHUMEHSIach KPEeMHHIOpraHHYecKas
JKUIKOCTh SD40.

HccnenoBanus 3M€KTPOTEPMUUYECKUX XapaKTEPUCTUK MPOBOAMINCH BO BpeMsi
MalKK 3aMeIISIONIEH CUCTEMBI AJIEKTPOBAKYYMHOTO TIprOOpa.

MoimHocThs HarpeBatens coctaiseT 15 kBt, oOecneunBaercs ycranoBkoi 15
KBapLEBbIX JIaMII.

OaHMM U3 BaXHBIX YCJIOBHH BBICOKOTO KauecTBa Mase€MbIX Y3JI0B U OCOOCHHO
rEpPMETU3UPYEMBIX NPUOOPOB SIBIISETCS HEMPEPBIBHOCTh TEXHOJOTMYECKOIO IMPOLIEC-
ca, T.e. obecrieueHre HEO0OXOJMMOM TeMIepaTypbl U JaBICHHUSI B TEXHOJOTMYECKOMN
Kamepe. TexHOIOrnueckuii mpoIecc MOKET MPephIBAThCS MPHU BBIXOAE U3 CTPOS He-
KOTOpPOTO KOJIMYECTBA KBapLEeBbIX JaMIl. MccaenoBanack BO3MOKHOCTD MTPOIOJIKEHUS
TEXHOJOTUYECKOT0 Mpollecca MPU BBIXOJAE U3 CTPOS OJHOM MM JIBYX KBaplEBBIX
JaMIl B Kaxaoi (aze. 3a JOMyCTUMYIO TeMmIlepaTypy Ha KoJOe KBapIEBOH JIaMIIbI
npuHuManack Temmeparypa 900°C, mpu KOTOpO# He HapylaeTcsi FepMETHYHOCTh
MPOYHOCTH KOJIOBI. KBapiieBbie Jammbl OTKIIOYAINCh CHEIHMAIbHO MPU MPOBEACHUH
AKCIIEPUMEHTA.

[IpuBeneHHble JaHHBIE CBUIETENBCTBYIOT O TOM, YTO MPHU BBIXOJAE U3 CTPOS
OJTHOM KBapIIEBOM JIAMITBI B KaXI0¥ (haze TEriooTaaua HarpeBarTest OCTaeTcs JoCTa-
TOYHOM JUIsl oOecrieueHus: Temneparypbl naiiku. OgHaKo, IPpU BBIXOJE U3 CTPOS ABYX
KBapLEBbIX JIaMIT B KaXJ0M (a3e Temmeparypa MOACTABKUA CTAHOBUTCS KPUTHUYHOMN
JUTSL TAIbHEMILIEro MPOIOJIKEHUS TEXHOJIOTMYECKOTr0 Mpo1iecca.
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B cBsi3u ¢ BO3MOXHBIMU KOJICOAHUAMHU HANPSHKEHHUS] B DJIEKTPUUECKON CETH
ObUIa KCCIIEI0BaHA 3aBUCUMOCTh TEMIEPATYpPbl MOJCTABKM OT BEJIMYMHBI HAIpsiKe-
HUS IUTAIOLIEH 3EKTPOCETH U KOJIMYECTBA KBAPILIEBBIX JIaMII

JlaHHbIE CBUIETENBCTBYIOT O TOM, YTO najeHue HampsbkeHus no 180 B mpu
UCIIPABHOM HarpeBaTelsie MPaKTHYECKH He BIMSET Ha TeMieparypy noicrtaBku. OnHa-
KO CHIKeHHe HanpspkeHus 10 180B mpu BbIXOe M3 CTpOs ABYX KBapLEBBIX JamIl B
KaX10i (a3e MpUBOIUT K HAPYIICHUIO TEXHOJOTHYECKOIo Impoliecca. AHaIU3 JlaH-
HBIX MOKa3bIBAET, YTO JIa’K€ MPU BBIXOJE U3 CTPOS MO OJHOM KBaplLIEBOM JIaMIle B Ka-
XKI0M (haze MOKET ObITh peaii30BaH HEMPEPHIBHBIN MPOIECC.

Ha paccrosnuu 30 MM OT KpaeB IOJICTABKU yCTaHABJIMBATh JUIsl 00pabOTKH y3-
JB1 ¥ IPUOOPHI HE PEKOMEHIYETCSl.

Jlutreparypa

1. MennukoB M.U., MynenkoB U.B. Dnekrporepmudeckue XxapakTepUCTUKH JIAMIIO-
BBIX HarpeBartesel st BAKYyMHOM eUd ¥ YCTAaHOBKHM KaMEpPHON OTKayKu Mayiorada-
putHbIX OBII. DnexkTponHas TexHuka, cep.7 « TexHonorus u opraHu3anus Npou3BO/-
cTBay, 1982, BeIN.O, cTp. 61-64.

2. 3BopsikuH J1.b., AnexcannpoBa A.T., baiikansues b.I1. OTpaxkarenbHble eyn uH-
dbpakpacHoro Harpesa.- M.: Mamunoctpoenue, 1985.-176 c., ui.

3. Byrman C.M., BonkoB B.W. I"anorennsie lammnbl HakanuBanusi. M.: DHeprus,
1980. 136 c.

PACUYET U MOJAEJIUPOBAHUE TEXHOJIOI'MYECKHUX
ITAPAMETPOB IIPH HAIIBIVIEHUU B BAKYYME
T.H. bozoanoesa, T.I'. Bynamosa
KI'TY, Kazanb, yn.K.Mapkca, 68. E-mail: vacuum@kstu.ru

Ha xadenpe BTOVY B pamkax HHUPC Obuin mpoBeeHbl pacyeTsl U MOJIETUPO-
BAaHUE HEKOTOPBIX TEXHOJIOTMYECKUX MapaMeTPOB XapaKTEPU3YIOIIHUX IPOILEecC MOoITy-
YEeHMs] TOHKHMX IUIEHOK B BaKyyM€, B YaCTHOCTH TOJILMHBI HAIBUIEHHSI, CKOPOCTH HC-
HapeHusl, CKOPOCTH MOHU3ALMU U T.[I.

3aBUCHMOCTD CKOPOCTHA MCIIAap€HUHA OT B€IIECTBA, TaBJICHUSA

CKopoCTb UcnapeHus V=f(P)
1,2
1 300
. -~
-~ Al
08 TR 200 A
Au
Vi 0,6 Bi > 100 / —a—Ag
0.4 - Be Au
' —~—Cd 0 1= ! T T
s S
02 E— T 0 5 10 15
o
0,01 0,1 1 P
P, Na

BTOpaH JaCTb pacCyCTOB OblIa CBsI3aHA C MOJACINPOBAHUEM TCOMCTPHYCCKUX
nmapamME€TpoB PasMCUICHUSA UCTOYHHUKA M MHUIICHH, KOJMYCCTBA UCTOYHUKOB JJIA ITOJTY-
YEHHUS ONITUMAJIbHOM TOJILIMHBI HAIIbLICHUS.
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HccanenoBanue 3aBUCUMOCTH TOJIIMHBI IJIEHKH OT reOMETpHICCKOIro
PACHOJIOKCHUA UCTOYHUKA HANIBIJICHUA, MUIIICHHU H MaTepHaJjaa

d=f(h) d=f(m)
14
12 X 3
10 \ —e_h=02 —e—Ag
_ 2 L
. e o
= 1] )
a h=1.5 N—o\‘*. Bi
2 ‘\g’ 0 T T T
o . ; g 0 0,5 1 1,5 2
0 0.5 1 1,5 2
L L

[TonmydeHHBIE pe3yJIbTAThl PACYCTOB MHTEPECHBI TEM, YTO MO3BOJISIOT CTYJICH-
TaM CIPOTHO3MPOBATh HEOOXOAMMBIC PEKHUMBI JUIS BBIMOJTHEHUS PeajbHBIX MPOIEC-
COB, a HMEHHO: BBHIOpATh UCTOYHHMK HCIIAPCHMSI, MaTepHaa HCIIAPCHUS; OIMPEICIUTh
JIaBJICHUE, BPEMSI; paCCUUTATh KOH(DUTYpAIMIO PACTIOIOXKCHHUS UCTOYHUKA HCIIAPCHHUS
A HaIbUIIEMOro OOBEKTA.

Jlureparypa

1 A.N. Koctpxkuukuii u ap. «CripaBOUYHUK oneparopa yCTaHOBOK MO HAHECEHUIO I10-
KpBITUI B BAKyyMe».

2. b.C. Jlanunun « BakyymMHOE€ HaHECEHUE TOHKHUX TIJICHOK).

TEYEHHUE PA3PEXEHHOI'O I'A3A YEPE3 JIBE IEP®@OPUPOBAHHBIE
MEMBPAHBI ITPU HAJIMYUU TPAAUEHTA TEMIIEPATYP
/.B. /Ipooviues, H.K. Huxyaun
MI'TY um. H.D.baymana, MockBa, yi. 2-1 baymanckas, 5.
e-mail: drobishev.drug@gmail.com

[{ens Hamieit pabOThl COCTOUT B YUCICHHOM MOJICITUPOBAHUM TEYCHHSI ra3a ve-
pe3 IBe mapajielibHbIe TIepGOopupoBaHHBIE MEMOpAHBI MPU HATMYUHU TPATUCHTA TEM-
nepaTypsl, T.€. Yepe3 PJIEMEHT TEPMOMOJIEKYJISIPHOTO Hacoca.

MonenupoBaHue TEUCHHsI Ta3a OCHOBBIBACTCS HAa CTATUCTUYECKUX METO/Iax
(Monte-Kapno). B nanHoit pabote pazpaboTaHa Mo/elib TEUECHHUS ra3a Ha CJICIYIOIINX
JOMYIIEHUSX

1.  Temmeparypa ¢ KaKI0¥ CTOPOHBI ITACTUH MOCTOSHHA;

2. 3aKoHOM KOCHHYCOB HJIM BBIpDOKEHHEM cOS”;

3.  Pacmpenenenue ckopocTel TEIJIOBOTO ABMXKCHHSI YACTHIl OIMKCHIBAETCS 3aKO-
HOM MakcBeina;

4. Tedyenue raza — MOJIEKYJIIPHBIN PEKHM;

5. Koaddunuent akkomoaaiuu paseH 1;

6. [Ipenmonaraercsi, 94To MeMOpaHbl NPEJCTABISIOT CO00N OECKOHEYHO ITMHHBIC
TTOBEPXHOCTH;
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7. Jlmametp oTBepcTHs MeMOpaHBI MPEANOIAraeTCss HAMHOTO OOJIbIIE €€ TOJIIIMHBI
(manast nuagparma).
Pa3zpaboran anroput™ pacdeTa u mporpamma B cpejie nporpammupoBanus Delphi 7.0.
TedeHue ra3a OIEHUBAIIOCH BETMUYMHAMU BEPOSITHOCTEH TIPSIMOTO U 0OpaTHOTO
MOTOKA YePe3 pacCMaTPUBAEMBIC SJICMEHTHI.
Bce atamnbl ObuTH MPOBEIEHBI MO MPUHIIMITY IIOCTETICHHOTO YCIOKHCHUS:
1.  TloctpouTh AByMEpPHYIO MOJENb TEUECHHUS Ta3a 4yepe3 nepPopupOBaHHYIO MEM-
Opany. OCHOBHBIC TTapaMETPHI: Sigma - paccTosHUE MEeXTy MeMOpanamu, mm; d1,d2 -
JMAMETPBl OTBEPCTHI Ha MeMOpaHaX, MM; M - PAacCTOSHUE MEXKIY OTBEPCTHUSIMH Ha
KaXJ10i 3 MeMOpaH, MM, | - paccTosiHHE MEXIy OTBEPCTHEM, B3STHIM Ha TEPBOMH
MeMOpaHe, OTHOCUTEIBHO BTOPOH, MM;

2. IlpeoGpa3oBaTh ABYMEpPHYIO MOJENb B TpeXMepHYro. Te ke reomerpuyeckue
apaMeTpsbl;
3. BBexmenue B TpexMepHyH MOAENb (PUIUUYECKUX [1apaMETPOB CUCTEMBI.

3anaercs temneparypa memOpan (pasauna temneparyp AT # 0). YuuteiBaercs Bpe-
MsI TIPOXOJKACHUS YacTHIIaMHU Ta3a obenx meMOpaH. YacTHIbl OTpa)karoTcs OT TO-
BEPXHOCTU MeMOpaH 10 3aKoHy AU} Py3MOHHOTO pacpeieNeHus;

4. PaccmarpuBasi paznuyHbie BUABI B3aUMOJIECUCTBUS KOCUHYCHOI'O 3aKOHA, UCCIIe-
JTyE€TCsl BIUSHUE HA OCHOBHBIC XapaKTEPUCTUKH TCUCHHS Ta3a;

5. B xozxe npoBeneHus uccienoBaHuil ObLIM MOCTABJICHBI U PEIICHbI CIETYIOIINe
OCHOBHBI€ 33J]a4H:

1. Bimsinue reomeTpryeckux mapaMeTpoB Ha TEUEHHUE rasa;

2. BinstHue rpaiueHToB TeMIepaTypsl TEUEHUE ra3a;

3. OueHka METOAOB pacCMOTPEHHUs TEUEHHUS ra30B B ABYMEPHOM M TPEXMEPHOM
MPOCTPAHCTBE;

4. Biisinue 3aK0HOB OTpaykK€HHsI HA TEUCHHE rasa;

5. bnarogapst uccnenoBanuio NpsiMOro U oOpaTHOTO MOTOKA ras3a BBISBICHBI Xa-
PaKTEPUCTUKU OTKAYHON CIIOCOOHOCTH MOJIETIH;

6. Bnusiane reomerpun miacTtuH. PaccMOTpEHBI HECKOJIBKO 3JIEMEHTAapHBIX ITO-
BEpXHOCTEH (mapadonuueckas, chepuueckas, mIocKas);

7. Paccunrtan nmoTok yacTuil 4epe3 pacCMaTPUBAEMBIN AIEMEHT C YUETOM MPSIMOTO

¥ 00paTHOTO MPOXOJa YaCTHUIl Yepe3 Hero.
Pa3zpaboTtannas maTemarndeckas MOJIETb TEUCHHS Ta3a MOJHOCTHI0 COOTBETCT-
BYET peaIbHOM (C y4eTOM MPUHATHIX JOMYIICHU ).

BriBOABI

1. B pesynbpTare nmpoBeIeHHOr0 MaTeMaTHYECKOTO0 MOJEIMPOBAHUS ObLIO BBHISIBIIC-
HO CXOJICTBO BJIMSIHUSI TEOMETPUYECKUX MAapaMETPOB MEXIY 2-X U 3-X MEPHBIMHU MO-
nensimu. [lostomy aJist ynponieHusi JajdbHEUIIero pacuera JIOMyCTUMO UCIOJIb30BATh
JIBYXMEPHYIO MOJICIIb.

2. Pe3ynpTarhl pacuera mokaszajid, YTO M3MEHEHHE BEPOSITHOCTH IMEPEX0jia 4Yepes
MEKJIONIATOYHBIA KaHaJI TP U3MEHEHUU 3aKOHA OTPAKECHUSI U T€OMETPUU JTOCTUTACT
30% u 6oitee
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PACIIPEAEJIEHUE IIVIOTHOCTHU IMOTOKA I'A3A 110 IOBEPXHOCTH
HUJINHAPUYECKOI'O OBBEKTA C IIOI'JIOIIAIOHINUM JTHOM
I1.B. lIllamos, H. K. Hukynun
MI'TY um H.D. baymana, Mocksa, 2-a baymanckas, 5. E-mail: pasha-87@mail.ru

W3mepurenbHble KOJIMAKU UCHOIB3YIOT JJI ONPEJCIICHUS] XapaKTepPUCTUK BBbI-
COKOBaKyyMHBIX HACOCOB.

N3mepurenbHblid KOIMAK MOYKHO MPEACTABUTH B BUJIE LMJIMHJIpA C MOIJIOLIAK0-
MM JHOM (maTpyOOK Hacoca) M JAATYUKOM, PACIOJIOKEHHBIM Ha LWJIMHIPUYECKON
HOBEPXHOCTH, PETUCTPUPYIOLIMM JaBJICHUE Ia3a HA BXO/E B HACOC.

Lens padoter: MccnenoBars BAMSHUE PACIONOKEHUS JTaTUMKa HA U3MEPsieMble
XapaKTEepUCTUKU HCIBITHIBAEMOI0 BaKYYMHOT'O Hacoca (JaBlieHue, ObICTpOTa JEUCT-
BUSA).

3anaya uccnenoBanus: [1oayuuTs 3aBUCHMOCTH BEPOSTHOCTH IONAJAHUS MO-
JIEKYJIBI Ta3a B JaTYUK OT MOJIOKEHUS TaTUUKA.

OcCHOBHBIE JOMYIIIECHHUS:

1) MoneKkyJIsIpHbIN peKUM TEUEHHUS Ta3a.
2) OTpakeHue 4acTHI] OT MOBEPXHOCTH OMHUCHIBAETCS 3aKOHOM «KOCHUHYCOBY.
3) Pacnpenenenre MoJieKysa MO0 CKOPOCTSIM TEIJIOBOTO JIBHKEHUS TOAYHHSAETCS

3aKkOHy MakcBeiuia.
4) Koaddunuent akkomoaiuu pases 1.

3ajaya penieHa npyu NOMOUIM METOJAa CTATUCTUYECKOTo aHanusa (Meroa Mon-
te-Kapio).

B mpormecce pabotel Obuta pa3paboTaHa MaTeMaThueckass MOJACIb C y4ETOM
KOHCTPYKTHBHBIX OCOOCHHOCTEW BaKyyMHOT'O KOJIIaKa ¥ OCHOBHBIX JOIyIIEHUH, Ha-
nMcaHa mporpaMma Ha si3bike nporpammupoBanust Delphi 7.0, ocymectBistomas He-
00X0JIMMOE YMCIIO UCTIBITAHUM JIJIsl TOJYyUYEHUs pe3yJibTaTa ¢ 3aJaHHOW TOUHOCTBIO.

B pesynbrate uccnenoBaHus ObUIM MOJYYEHbI TUNIOTHOCTH pacHpeesieHus Mo-
TOKa MOJIEKYJ MO HWIMHIPUYECKON MOBEPXHOCTH M IO JHY KOJIAaKa, MOCTPOSHBI X
rpaduxmu.

Pe3ynbpTaThl paboThl JAIOT BOZMOXKHOCTD OIICHUTh OTJIMYKE PeaibHOM ObICTpPO-
ThI JICMCTBUS BEICOKOBAKYYMHOTO Hacoca OT pe3yJIbTaTOB U3MEPEHHSI, TPOBOJAUMBIX B
COOTBETCTBUHU CO CTAHJIAPTOM.

PACUET JMUHAMUYECKUX XAPAKTEPUCTUK BAKYYMHBIX CUCTEM
A.E. Muxaiinos, C.I'. Hukonaee, M./l. bponwmeiin, K.b. Ilangpunoeuu
KI'TY, yn. K. Mapkca, 68. E-mail: Panfilovitch@kstu.ru

[ToTpebuTensm «Bakyyma» HEOOXOAMMO 3HATh, KaK JOCTUYb HYKHOTO JaBlie-
HUS B paOoueill kamepe AJsl JaHHOT'O TEXHOJIOTMYECKOTrO IMpoliecca 3a ONpeNesIEHHOE
BpEMS.

W3menenue naBieHUs B OTKAUMBAEMOM COCYAE BO BPEMEHHU MOXKET OBITh Haii-
JICHO TpH pelieHnH TudPpepeHnaIbHOro ypaBHEeHUS:
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d(pV)
T:—SP-I-QI“-I-QH—FQT’ (1)

TJie p — JaBJIEHUE B OTKAYMBACMOM COCYJie, S — OBICTpOTa OTKAuKH cocyaa, Q.
— MOTOK Tra30BblIETIeHUS 3a cu€T Aecopounu u auddysuu, Q, — NOTOK HaTe-
KaHus, Q, — IOTOK TEXHOJOTMYECKOT 0 Mpoliecca.

Jlanee st OTKAYKH YCTAHOBKM OT aTMOC(HEPHOTo JaBIEHUS 10 3aJaHHOTO pa-
00Yero NaBICHUS Ppc BBIOMPAETCSA THMII HACOCA, PACCYMTBHIBAIOTCA NOTOKH Qp m Q.
TexHonmoruueckuil MOTOK MOKET ObITh paBeH HyI0 Q,=0, MOKeT ObITh MOCTOSTHHBIM
Q.=const unu nepemeHHbIM Q,=var. Bennuuna Q; 111 JaHHON BaKyyMHOH yCTaHOBKH
JOJKHA OBITH 3a7aHa TEXHOJIOroM. [I0TOK HAaTeKaHHsI PacCUUTHIBAETCS MO MPUBOJU-
MBIM B JIUTEpPAType IMIHUPUYECKUM 3aBUCUMOCTSM M, KaK MPABUIIO, IPUHUMAETCS I10-
CTOSIHHBIM.

[ToTOKM ra3oBbIACIEHUS HAXOIATCS MO 3aBUCUMOCTH

O=ae™ . )

N3 pemenus ypaBaenust (1) Haxomurtcst OBICTpOTa OTKA4KH cocyda S, mpu
KOTOpO#i obecreunBaeTcs pabodee JaBIEHHE Py 33 3aJJaHHOE Bpems L.

XapaKTEPUCTHKH BaKyyMHBIX HAcOCOB S,=f(p,c) MPOU3BOIUTENHN MPEACTABIIS-
10T B BUie rpadukoB. OHU TOJKHBI OBITH allIPOKCUMHUPOBAHBl MATEMAaTHUYECKUMU CO-
OTHOIIICHUSIMH JIJIs1 BBITOJIHEHUsT pacdetoB mo (1). Ha mepBom stame mbl 3amucanu
YPaBHEHHUSIMH XapaKTEPUCTUKU BaKyyMHbIX HacocoB, Bbimyckaembix OAO «Bakyym-
Marmn.

Huddepennmansuoe ypaBHenue (1) pemaercss YMCICHHO ¢ MOMOIIBIO MPOIIE-
nypel NDSolve makera Mathematica [1] , mosToMy HEOOXOAMMO OLIEHUTHh MHTEpPBAI
BPEMEHH, Ha KOTOPOM KeJlaeMoe JaBjieHue OyAeT rapaHTUPOBAHHO JOCTUTHYTO. JTa
OLIEHKa IMPOBOAMUTCSA IyTEM 3aMeHbl AU(PPEpeHHATLHOTO YpPaBHEHUS MPUOIMKEH-
HBIM, JIONYCKAIOIINM aHAJIMTHUECKOE pelieHne. Pe3ynpTaTel pacueToB mokas3aiu, 94To
JUIsl TIOBBIEHUS A()(PEKTUBHOCTH PACUYETOB I1€JIeCO00pa3HO MEepPeXOoauTh K jorapud-
MHUYECKOH IIKajie BpEMEHH.

OcHOBHOE ypaBHEHHE BaKyyMHON TEXHHMKH MPHUMEHSETCS Ui Moadopa Baky-
YMHOTO Hacoca

LR 3)
S Su U

MosxHO TpHUHATH OmmKalmui Hacoc, ObICTpOTa AECUCTBUS KOTOPOTO OOJIbINE
OBICTPOTHI OTKAYKH, TO €cTh S, >S. 3atem paccuntarh U u mo ypaBHeHuUro (3) mpose-
PUTH OBICTPOTY OTKAUYKH S.
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10 10410 100 100+ 10 1000
1 10 100 1000 10000

0.18[ L—x.

'\\ 1z0
0,128 / ““\ 1m0
0.1

0025 P — 20
1 10 100 1000 10000 10 10410 100 100410 1000
=
pIE)
Puc. 1. Puc. 2.

Ha puc. 1 noka3ana 3aBucumocts ObIcTpOTHI AeiicTBus Hacoca HBJI 600 (JIBH 150)
OT BXOJHOTO naBiieHus. [Ipu pemennn auddepeHmaibHoro ypaBHeH!s (2) MbI alllpOKCH-
MHUPOBAJIY 3aBUCUMOCTb SH(P) N0JIMHOMHUAIIBHBIM CILIATHOM.

Ha puc. 2 uzo0pakeHa 3aBUCUMOCTh BPEMEHHM OTKAuyKH OT JABJICHUS B Jora-
pubMHUYECKO 1IKaIe.

Jlureparypa
1. Wolfram S. Mathematica. Cambridge University press. 1999. p.1470.

OYEPEJHOCTDB JECOPBIUU I'A30B I1PU OTKAYKE
HEIIPOI'PEBAEMbIX BAKYYMHbBIX OFBEMOB
A.JO. Qununnos, H.A. 3w3un, P.b. Tacupos, P.A. Hazunoe
KTV, Kazanw, yn. Kpemnesckas, 18

W3BecTHO, YTO COCTaB OCTAaTOYHBIX ra30B B BAKYyMHpPYyeMOM O0ObEeMe MO Mepe
TIOHVDKEHHS TABJICHUS 3HAYUTETHHO M3MEHseTcsl. [[poncxoauT 3To B pe3ynbTare OTphiBa
a/IcOpOMPOBAaHHBIX Ta30B C MOBEPXHOCTU BAKyYMHOH CHUCTEMBI U MEPEX0/a X B O0BEM.
[lepBbIMU MOKHIAIOT MOBEPXHOCTH ra3bl ¢ MajJOM TEIJIOTOM cOpOIMU: BOAOPO, a30T,
kucaopon, 3areMm CO, u H,O. Ha noBepxHoctu Mmoxker ObiTh 50 1 Oosiee cioeB mMoJe-
kynrasza [1,2].

Jnst uccnenoBaHusl Ka4eCTBEHHOI'O U3MEHEHHsI COCTaBa OCTaTOYHBIX ra30B B MPO-
1[ecce OTKAuKHU HEeNporpeBaeMbIX 00BbEMOB HCIIONBb30BaIACh pa3psiaHas TpyOka (puc.l) ¢
oTBOIaMu | 1 2 Ui IPUCOETUHEHUS K UCCIEAYyEeMOMY 00beMy, Cy>KeHHE 3, CITy KalliuM
JUISl yBEITMUEHUS SIPKOCTU M3JTYUYEHUs], METALIMYECKUMU 3JIEKTPpoaMu 4 U BOASHOM py-
Oamku S5, ciyxarien A OXJaxaAeHus cykeHus. Paspsn B TpyOke Bo30ykKgaercst OT
BBICOKOYACTOTHOTO TeHepaTopa, paboTaromiero B auamnazoHe 20-60 MI'n. Uzmyuenue
BBICOKOYACTOTHOTO pa3psAla JIMH30M 6 NPOECKTUPOBAIOCH HA LIENIb / ONTHYECKOTO
cnektporpada UCII-51.
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BY zenepamop

_— —_— “-h—h-_______th|
4 =
4 R j IR 7
1
Puc. 1. OnTruyeckast cxema yCTaHOBKHU: 1 — OTBOJ AJisl MPUCOETMHEHUS K OTKaYynBae-
MOMY 00BbeMY; 2 — OTBOJ AJIsl MPUCOEANHEHHUS K (OpPBAKYYMHOMY HAcoCy; 3 — CyxKe-

HUE JUIsl KOHUEHTpALUU pa3paaa; 4 — METAJLIMYECKHUE 3JIEKTPOIbl; S — BOASHAS PY-
Oarka OXJIaXACHMs; 6 — KBapIieBas JINH3a; 7 — IIeb creKkTporpada.

8000 2

=

.A_,J"_J
s00 | 480 460 440 ' 420 Anm

Puc. 2. MukpodoTorpaMMbl CIIEeKTPOB, CHATHIX MPH Pa3TMYHBIX
naBneHusx (ceepxy-suu3): 30,5, 1 u 0,5 MM prt.cT.

Boznyx u3 uccrnemyemoro oobeMa oTKauMBalica 4epe3 pas3psaaHyro TpyOKy, uTo
MO3BOJIMJIO MOJYYUTh CIIEKTPBI U3TYUCHUSI OCTATOYHBIX Ta30B B IMHAMHUKE OTKAYKH.

CrexTphl OCTaTOYHBIX T'a30B JaHbI HA pUC. 2 TIPHU JaBieHusx B ooseme 30, 5, 1
u 0,5 mm pt.cT. Ha mepBoM CIIeKTpe B COCTaBE OCTATOYHBIX a30B MPUCYTCTBYET TOJb-
KO a30T, IaBJIEHUE JOCTATOYHO BEJIHMKO, IECOPOIHS ra30B C TOBEPXHOCTH MPAKTUICCKU
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eme He Havyanack. C M3MEHEHHEM JaBJICHUS IMPOMCXOAMUT CYLIECTBEHHOE W3MEHEHHE
CHEKTpaJbHOIrO cocraBa wu3mydeHus. [lo mepe yriyOnenuss Bakyyma HaOrogaercs
YMEHBIIIEHUE MHTEHCUBHOCTY JIMHUM a30Ta U BO3pacTaHWe UHTEHCUBHOCTH JTUHMM CO.

Ipu pocTikeHnn Bakyyma ropsiaka 1 ITa (107 MM pT.CT.) TMHMM a30Ta HCUe-
30T BOOOILE, U PacTeT TOJbKO CIUIOMIHOM ()OH, OOYCIOBIEHHBIM PEKOMOMHAIIMOH-
HbIMU peakiusiMu Mexay CO u O [3]. 3HaUUTEIbHO BO3pPACTAET UHTCHCUBHOCTD JIU-
Huit O u H. OnHako 3TO MOBBINIEHHE UHTEHCUBHOCTU OOYCIIOBIIEHO HE YBEIUYECHUEM
MapUyaIbHOrO JIaBJICHUS MOJIEKYJ KHUCIOPOJa U BOJOPOJA, a CKOPEE YBEIHMUYCHHEM
napriuansHoro aasinenus H;O u CO,, ¢ paznoxkenuem ux B miazme paspsaa Ha CO,
OH, O u H [4]. O6 3TOM CBHIETENbCTBYET, KaK MOBBLIIICHUE UHTCHCUBHOCTH IOJIOC
CO paauxana OH, Tak 1 qaHHbIE, IOJYyYEHHbIE BBIMOPAKUBAHUEM [5].

Kpome Toro, mo crnekTpy OCTaTOYHBIX ra30B MOXKHO CYJAUTh O T€PMETHUYHOCTHU
oTkaunBaemoro oobema. Eciu ectb HaTekaHue aTMOC(HEPHOTro BO3AyXa, TO CIEKTp ra-
30B (HIDKHUH CIIEKTp) OyJIeT NCKaKEH, a OTHOCUTENbHAS MHTEHCUBHOCTh JIMHUU a30Ta
BO3pacTeT.

Jlutreparypa

1. Jpmman C. Hayunsle ocHOBBI BakyyMHOM TexHUKU. M.: Mup, 1964, 715 c.

2. Pozanos JI.H. Bakyymnas texnuka. M.: Beicmias mkoua, 1990, 320 c.

3. T'eiimon A. Cnekrpockonus miamén. MJI, M., 1959, 350 c.

4. KongpateeB B.M. Kunernka xumuueckux razopsix peaknuid. U3g. AH CCCP. M.,
1958, 520 c.

5. MamkeBuu C.A., TarupoB P.b. ®u3nuka u TexHUKa BBICOKOTO Bakyyma. Te3uchl
noknanoB [V Beecoro3noit kondepennmu. JI., 1974, ¢.96-97.

YUCJEHHOE PEHIEHHUE 3AJIAYU ONIPEJEJEHU S
BHYTPEHHEM CTPYKTYPHI PAJIMAJIBHO CXOJAIIEIOCS
IMOTOKA DJIEKTPOHOB JIEHTOYHOI'O TUIIA
E.C. lllonoxoe, B.Il1. Hapxunoe
BI'Y, Ynan-Yos, yn. l{viouxosa, 4-4. E-mail: eSgen@bk.ru

[IpumeHeHune ra3opa3psgHON TEXHUKUA OTKPBIBAIOT HIMPOKHUE BO3MOKHOCTH JIJIs
NOCTPOEHHUSI PA3IUYHBIX AJIEKTPOHHBIX MCTOYHUKOB, B KOTOPBIX IJIa3Ma BBIIOJIHSET
¢yHKIMIO Karoaa. BakyyMHasi BBICOKOBOJIbTHAsI TEXHUKA M CUJIBHOTOYHAS 3JIEKTPO-
HUKa TIPEJCTaBIsEeT COOOW codeTaHWe SJIEKTPOTEXHUYECKUX YCTPOUCTB BaKyyMHOU
cuctemsl. [Ipu 3ToM, OJOKM NMUTaHMS pa3ps]a, BBICOKOBOJIBTHBIE BBIIPAMUTENU (Op-
MUPYIOT 3JEKTPUYECKHUE TOJISI BHELIHUE M0 OTHOIIEHUIO K MCTOYHUKAM 3apsKEHHBIX
YacTHll, BaKyyMHasi CUCTEMa CO3/1aeT HEOOXOAUMBIEC YCIIOBUS BHYTPH 3TUX HCTOYHH-
KOB.

B Hacrosimieit pabore npencTaBieHbl pe3ybTaThl U3MEPEHUM OCHBIX MapaMer-
POB 28 JIEHTOUHBIX MyYKOB: a3UMYTaJIbHOTO PAaCHpeesIeHUsI TOKa Ha (PUKCHPOBAHHOM
y4acTKe CXOAUMOCTH ¢ yrioM @=12,8" u pacnpeseneHus MIOTHOCTH TOKA P OJIHO-
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BPEMECHHOM PACCEUYCHUH IJIOCKO CUMMETPUYHOTO MOTOKA CXOSIINXCS YaCTHUI] HAa TOM
K€ Yy4aCTKEe MHOTOJTyYEBOM CHCTEMBI.
Ha puc. 1 npeacraBneHa cxema J1abopaTOPHOTO CTEHMAA IS MPOBEICHUS IKC-

NepPUMEHTABHBIX padoT.
3 4

N
&

AV 4
0 =i

6 7
></ O1

Puc. 1. JIByxcryneHuarasi cuctema ¢ 0ailracHOM JIMHUEH OTKAYKU

1 — mpeoOpazoBaTesib HOHU3AIMOHHBII 5 — BBICOKOBAKYYMHBIN 3aTBOP
2 — mpeobpaszoBaTeib MAHOMETPUUECKUHN TeIl- 6 — BaKyyMHBII KJIaIlaH

JIOBOM 7 — nudpy3noHHBIN HacoC

3 — BakyyMHas Kamepa 8 — KOMIIeHCaTOP CHIIb()OHHBIH
4 — BakyyMHBIN KJIanaH sl HaIlyCKa BO3/1yXxa 9 — MexaHMYEeCKHI1 HACOC

B ocHOBYy pacuera 3ay10)K€HBI TaHHbBIC, ITIOJYYECHHBIC B PE3YyJITATE U3MEPEHUs
IIEJIEBBIX TOKOB MOJIM(ULHPOBAHHBIM METOJIOM BPAIIAIOLIETOCsS BOKPYT CBOEW OCH
mwinHapa dapanes B MIIOCKOCTH PAacCEUYEHHBIX My4KOB NEp(GOpUpPOBaHHBIM 28 OT-
BEPCTUAMHU KOJUIEKTOPHBIM 3JIEKTPOJOM. ODJIEMEHTHI M3MEPHUTEIIBHOIO YCTPOMCTBA,
yCTaHABIMBAEMOI'0 Ha MaTpyOOK BaKyyMHOW KaMepbl, MOKa3aHbl Ha puc. 2.

PesynbpraTel n3mepenuil Toka I(X) B 5 Toukax, anmpoOKCHUMUPYIOTCSI CTIaKh-
BaOIIMM CIutaHOM. lloncTaBiss annmpOKCHMHMpPOBAHHBIE 3HAYEHUS HA OTICIIBHBIX
WHTEpBaJlaX B ypaBHEHUE:!

1072 fdI(X) dX
mt % dX (X-R)'"

J(R) =-

R

PemmB ypaBHeHMe, ompenensieM BHJI pacrnpezieneHus rioTHoctd Toka J(R).
HepaBHomepHoOe pacnpenenenye mIoTHOCTH ToKa o ceueHuto 140 MM, cxoasmierocs
1O/ ICMUCTBUEM CUJIBHOTO AJIEKTPUYECKOIO MOJIsl, 0OBSICHIETCSI HECKOJIBKUMU PUYH-
HaMM, YTO MPAKTUYECKH BCETJa UMEET MECTO B PEATIbHBIX, IBWKYIIUXCS B HalpaBJie-
HUY BBIIEJIEHHOW OCH WJIN INIOCKOCTH CUMMETPHH, HJIEKTPOHOB.
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Puc. 2. JTaGopaTopHbIii CTEH]T

| — reHepaTop paguanbHO CXOIALIUXCS IYYKOB 3JIEKTPOHOB; 2 — ONOPHBIN KOHCTPYK-
THUBHBIA U30JIATOP; 3 — TEXHOJIOTMYECKAsA BAKYYMHO-IUIOTHAs KPBIIKA; 4 — BAKyyM-
Has Kamepa.

MOJEJIUPOBAHHUE CBONUCTB U OITUMU3ALINSI COCTABA
CMECEM BAKYYMHBIX PABOYMX KUJIKOCTEM

U.P. Hoamynnun, A.K. Mugpmaxoea, A.A. Xyoamxysun, /[.H. Cazoees
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: sagdeev@kstu.ru

MuHepalilbHblE BaKyyMHbIE Maclia TMPEJCTABISIIOT COOOM CIIOXHBIE CMECH
napauHOBBIX, APOMATHUECKUX U HEMPEIeIbHBIX YIIIeBO0poaoB. [Ipu paspaborke
HOBBIX COPTOB M MapoK Macel OJHHM M3 OCHOBHBIX SIBJISIETCS TpeOOBaHWE K HX
TEIIOQU3UIECKUM U  (PU3MKO-XUMHYECKHM CBONCTBaM. BpIABICHHE 3aKoHOMEp-
HOCTE€W HM3MEHEHUs 3TUX CBOWCTB OT COCTAaBa M YCIIOBUM JKCIUIyaTal[UU SIBIISIETCS
OCHOBHOM 3aJ1a4eil IPU UCCIIETOBAHUM peasIbHBIX cMecerd BPIK.

B nmanHOM coO0OIIeHMM B KauyecTBE MPUMEpPAa PACCMATPUBACTCS TEXHOJOTHS
KOMITBIOTEPHOTO MOJICJIMPOBAHUS IUIOTHOCTH cMeceil BakyyMHbIX Macesn BM-1, BM-
5C u HenpenenbHOro YIieBOJ0poJa l-rekceHa B MIMPOKOM JMana3oHe U3MEHEHUs
TEMIIEpaTyp C MOBEPOUYHOM TOUKOM, COOTBETCTBYIOIIECH KOHIeHTpaluu 1o 33,3% ka-
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KJO0T0 U3 KOMIIOHEHTOB CMECH, a TaK)Ke MOKa3aHa BO3MOXXHOCTh HAXOXKICHUS OITH-
MaJIbHBIX KOHIICHTPAIMH KOMIIOHCHTOB, YIOBIICTBOPSIONINE TPEOOBAHUSIM I10 BBIXO/I-
HBIM TTapaMeTPaM.

B pabGore [1] paccmoTpeHa BO3MOXXHOCTh KOMIBIOTEPHOTO MOCIUPOBAHUS
(UBHKO-XUMUYECKUX M TEIUIO(PH3UIECKUX CBOWCTB C MPUMEHEHHEM CHMILICKC-
pelIeTYATHIX MJIAHOB ISl 00paOOTKH pe3yIbTaTOB U3MEPEHUN IJIOTHOCTH TPEXKOM-
MOHEHTHBIX CMeCel HEeNpeebHBIX YTIIEBOAOPOIOB, UTO MO3BOIMIO HAM MTPUMEHUTH
JAHHBIA METOJT 171 00paOOTKH TUIOTHOCTH CMECH BaKyyMHBIX pa0OunX KUIAKOCTEH C
peanuzaiueit MojeNu nepBoro nopsiaka (tadm.l).

Taoauna 1
Mogaeas 1 — MoaeJib 1epBOro nopsijiKka

Jlonm koMno-
No HEHTOB 3

X1 Xz X3 YZAl*Xl + Az*Xz + A3*X3
1 1 0 0
2l 010 . ;
310 0 1

s 006pabOTKU 3KCHEPUMEHTANIBHBIX JaHHBIX HCIOJIb30BAHBI CTaHIAPTHBIC
HAJCTPOIKHU 3yeKTpoHHOU Tabnuubl «Excel» xkommiekra nporpamm «Microsoft Of-
ficen. Jlns BbruucieHuit K03GOUIIMEHTOB CUMIUIEKCOB HCIIONBh30BaHA CTaHIapTHAas
HajacTpoiika «Ilouck pemieHus», KOTOpass MUHUMHU3UPYET CyMMY KBaJpaToB pa3HO-
CTEH DKCIEPUMEHTAIBHBIX U PACYETHBIX 3HAYEHUM INIOTHOCTU TPOUHOU CMECH.

JanpHelmas o0paboTKa 3aKJIF0YaeTCsl B BBISIBICHUN 3aBUCUMOCTH K03 uIu-
€HTOB CHMILJIEKCa OT TeMIepaTypbl U MOJYYEHHH OKOHYATEIbHOI'O PAacuyeTHOTO BBI-
paKeHUs Ui MJIOTHOCTH TPEXKOMIIOHEHTHOM CMECH BaKyyMHBIX paOOuuX >KHUIKO-
cTen

Y:Al*Xl + AQ*X2 + A3*X3. (1)

PacueTtHbie KO3(pPUIIMEHTHI MPEACTABIAIOT CO00I OJHOMapaMeTPUUECKHE T0-
JMHOMBI BTOPOTO TOPSIIKA OTHOCUTENIBHO TeMIiepaTypsl (Tabi.2). s koadduimeH-
Ta A ¥ Ipyrux Ko3QpPUIHeHToB BeIpaskeHus (1) MOXKHO COOTBETCTBEHHO 3aIUCaTh

A, = f(t)=a,+at+a,t’. )

Jlns mpeacTaBieHUs MOJNYYEHHBIX Pe3yibTaToB B BUje AuarpaMmbl «CocTaB-
CBOMCTBO» IMOJrOTABIMBAEM PACUETHYIO TAOJIMILY M UCTIOIL3Yys HAACTPOUKY «Mactep
auarpammy» ¢ onuueit «Iloctpoenne noBEpXHOCTI.

Lenpro onTUMU3ANMU SIBISIETCS] TIOMCK T'PAaHUIl 00JIACTU B UCCIETyEMOM TPO-
CTpaHCTBE (PYHKIIMM CO 3HAYEHUSMHU, PABHBIMU 33/IAHHOMY B YCJIOBHSIX ONTHMH3a-
1. J{s pemenus TaHHOW 3a/laui UCTIOJIb3yeM CTaHIapTHYI0 HaACTpouKky «Ilomgbop
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napaMeTpay», KOTopasl peaau3yeT IOUCK 3aJaHHOTO 3HAYEHUS OJAHOIApaMEeTPUYECKOU
(GyHKUIMU B 3aBUCUMOCTH OT 3HAYEHUW CaMOTo apaMmeTpa.

B Hamewm ciydae Mbl MMeeM TpexmapaMeTpudeckue (pyHKLIHU 3aBHCHMOCTHU
IUIOTHOCTH CMECH OT €€ TPEXKOMIIOHEHTHOro cocTaBa. OIMH U3 Tpex MapaMmeTpoB 3a-
BHCHM OT JBYX JPYTHUX, CI€I0BaTEIbHO, OCTAETCS ONPEAEIUTh HEOOXOJUMBbIE 3HAUe-
HUS OJJHOT'O U3 OCTABUIMXCS U 3aT€M COOCTBEHHO U PELIMTH 33]a4y.

Tabnuna 2
Ko3gpunuentsl pacueTHOro BoipaxkeHus (2)
Ne Koaddunuents Koaddunmentst ypaBaenus (2)
n/m ypaBHeHus (1) ag a; a, R’
1 Ay 899,47 | -0,5831 0,0000 0,9999
2 A, 880,16 | -0,6279 | 0,0000 1,000
3 A; 889,31 -0,0950 | -0,0052 1,000

Heo6xonuMo mocTpouth nuHeWHbIe (QYHKIIUU, KOTOPHIE OMHMCHIBAIOT JAaHHBIE
JUHUW TIoMCcKa. {71 3TOro HeoOXOAWMO HaWTHU TPaJAMEHTHI dTUX JUHUN B CHCTEME
JIBYX HE3aBHUCHUMBIX KOOPJAMHAT. 3aTe€M, UCIIOIb3Yys 3TO ypaBHCHUE B HAWJICHHOMN pa-
Hee 3aBUCUMOCTH (1), MPOU3BECTH MOUCK ONTHUMAJILHOIO 3HAYEHUS BIOJb ATOU JIH-
HUH.

ITo mponenanHo# paboTe MOXKHO clIeNaTh CASAYIOITUE BHIBOIBI:
1. Pacnonaras pe3yjabTaramu 3KCIEPUMEHTA ISl YUCTHIX BELIECTB MOXKHO IpejcKa-
3aTh 3HAUYECHUE CBOMCTBA JJIsI TPEXKOMIIOHEHTHOW CMECH JIF0OOT0 COCTaBa.
2. KommbproTepHoe MOACIMPOBAHNE METOAOM CUMILIEKCHBIX PEIIETOK MO3BOJISET TO-
JYYUTh PACUETHOE BbIPAKEHUE JJIsI PEIICHUS 33/1a4d ONTUMU3ALIMKM COCTaBa CMECH T10
3aIaHHOMY 3HAYEHUIO0 OCHOBHOI'O MMapaMeTpa - INIOTHOCTH.

Jlureparypa

1. Carpees JI.1., Xyb6arxy3un A.A., ®omuna M.T"., Bopo6ses E.C., Myxamen3s-
HOB ['.X. KoMIbroTepHOE MOJETUPOBAHUE METOAOM CHUMILIEKCHBIX PEIIECTOK IIOTHO-
CTH M BA3KOCTM MHOTOKOMIIOHEHTHBIX CMECEU HENpEeeIbHbIX YIJIEBOJIOPOIOB B IIU-
POKOM JMana3oHe U3MEHEHUsI apaMeTPOB COCTOSHUS. XUMUS U KOMIIBIOTEPHOE MO-
nenupoBanue. byrneposckue coodmenus. 2002. Tom 3, Nel0, ¢.50-54.

O IPUMEHUMOCTHU YPABHEHUS ITYA3EMJIS JIISI PACUETA
MPOBOINMOCTU BAKYYMHbLIX TPYBOITPOBOJ1OB
A.P. Banees, C.H. Canukees, A.B. Bypmucmpos
KI'TY, Kazanw, yn. K. Mapkca, 68. E-mail: burm@kstu.ru

OnHoit 13 3a/1a4 BAKyyMHOUM TEXHUKHU SIBIISIETCS pacdeT ObICTPOTHI OTKAYKHU Ba-
kyymHbix cucteM (BC) B pazianunbix cedeHusix. i 3Toro HeoOXOAUMBI TaHHBIE 110
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MPOBOJAUMOCTH 3JIEMEHTOB, cocTapisAonmx BC, npu MojekyasipHOM, NEPEXOTHOM U
BSI3KOCTHOM pEXKHMMaxX TeueHMs. B KadecTBe TakuMxX 3JIEMEHTOB Haubojee dYacTo
BCTPEYaOTCs pa3IMyHbIe TUIBI TPYOONpoBOAOB. B cripaBouHOi nuTepaType mo Baky-
yMHOM TexHuke [1] uist pacuera mpoBOIUMOCTH JJTUHHOTO ITUIHHIPUIECKOTO TPYyOO-
MIPOBOJIA UCTIOJIb3yeTCs ypaBHeHHe ['arena-Ilyazeitns, npeacTaBlieHHOE B BUAE

U=nd*P, /(128[7), (1)

rae d - auametp Tpybonposona; P, = (P, +R)/2 - cpennee nasinenue; P, u
P, — COOTBETCTBEHHO JaBJICHUSI Ha BXOJI€ M BBIXOZE TPyOOIpoBoaa; 7 - kodhduuu-
€HT TUHAMHYECKON BSI3KOCTH, /— JUIMHA TPyOOmpoBoOIa.

[Ipu BBIBOZIE ITOrO ypaBHEHHS OBUIM CIACNAHBI CIAEAYIONIUE AOIMYILIECHUS: ra3
HEC)KMMaeM; TeYeHHE MOJIHOCThI0 CPOPMUPOBAHO, T.€. PaCIpeiesieHne CKOPOCTel 1o
€ro CEUCHHUIO IMOCTOSIHHO MO BCEH JUIMHE; TypOyJIEHTHOE [IBJKEHHE OTCYTCTBYET.
Jannsie ycnoBust B BC xapakTepHbI TOJIBKO JUISl JITUHHBIX TPYOOTPOBOJIOB MPHU He-
BBICOKOW OBICTPOTE OTKAYKH BaKyYMHBIX HACOCOB, YTO BBIMIOJTHSAETCS JTAJICKO HE BCe-
raa. Tak B Tabin. 1 mpencTaBiieHbl pe3yJIbTaThl SKCIIEPUMEHTAIBHBIX U3MEPEHUN MPO-
BoguMOCTH (U, ) HWJIMHIPUYIECKOTO TPYyOOIpoBOia MpHU OTKA4YKe BO3ayXa. Tam ke

oken
MIPUBEICHBI Pe3yJIbTaThl pacueTa MpoBoAUMOCTH 10 ¢opmydie (1). B Tabn. 1 npuns-
Thl clieayroume o0o3HaueHus: Ay, Ay, A; — COOTBETCTBEHHO OTKJIOHEHHs 3HaYCHWH
YHCIEHHOTO pacuera, pacuera mno ¢opmynam (1) u (2) ot sxcniepumenta. Paznuune
pacuera M SKCIIEPUMEHTA SIBIIIETCS CJICICTBUEM HEBBITIOIHEHUS B PEATbHBIX YCIIOBH-
X JIOMYILIEHUM, HUCIOJNIb30BAaHHBIX MpU BbIBoJE ypaBHeHus (1). B tabmuue Takxke
NPEJCTAaBICHBl 3HAYEHUS MPOBOAMMOCTH, MOJYyUYEHHBIC MPH TOMOIIM YHCICHHOTO
pacuera B nakere Fluent (U, ) u paccuurannsie o ¢popmyiie sl KOPOTKOro Tpyoo-

nposona [1]
7-d*P
U= = 2
12871(1+ 4,54 -102Q /(7R - T1))

rae Q — MOTOK rasa uepes TpyoonpoBoJ, R, — ra3osas IOCTOsIHHas, I — TeM-

neparypa rasa.

MO’XHO BHJIETh, YTO HAMIIYYIIIEE COTIACUE C IKCIICPUMEHTOM JaeT YACICHHBIN
pacuer.

Tab6n. 2 u 3 maroT mpeACcTaBiICHUE O BIUSHUM OTHOIIECHUW [/d W OTHOIICHUS
JABJICHUM 7 Ha MmorpemHocth ¢Gopmyi (1) u (2) OTHOCUTEIBLHO YUCICHHOTO JKCIIe-
pumenTa. 3nmech A4, As — oTKIIOHeHHS pacueta 1o Gopmynam (1) u (2) oT uncaeHHO-
IO SKCIIEPUMEHTA.
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Ta6a. 1. ConocraBneHue pe3yJbTaTOB pacyeTa MPOBOJIUMOCTH C SKCIIEPUMEHTOM

Usken, | Uanen, U pacuet U pacyet
Py, Ma ! ne | nic | A% norz1), nie | Do % noFZZ), nie | Be
2333,3 | 0,803 3,77 | 3,74 | -0,80% 5,75 52,51% 4,03 6,90%
14651,8 |1 0,923 | 10,36 | 10,2 | -1,54% 33,49 223,24% 10,20 -1,55%
20951,4 10,964 | 15,94 | 15,03 | -5,71% 46,84 193,83% 14,89 -6,57%
28655,7 | 0,981 22,3 120,93 | -6,14% 63,48 184,68% 20,67 -7,31%
31732,5| 0,983 | 22,89 | 22,48 | -1,79% 70,23 206,79% 22,12 -3,37%
43100,4 |1 0,992 | 32,89 | 31,36 | -4,65% 94,99 188,81% 30,86 -6,16%
60444,3 | 0,996 | 50,14 | 46,69 | -6,88% 132,89 165,04% 46,15 -7,95%

Tabu. 2. Ouenka BnusiHus //d Ha pe3yabTarhl pacueTos 1o Gopmynam (1) u (2)

Uuvens U pacuyet U pacuet
Vd P ! nlc no%), nie | De % noFZZ), nic | Be %
9500 0,95 | 10,437 21,397 105,02% 10,748 2,98%
40 9000 0,9| 8,016 20,849 160,10% 8,262 3,08%
8000 0,8 | 5,825 19,751 239,10% 6,087 4,51%
9500 0,95| 0,970 1,070 10,27% 0,997 2,72%
100 9000 0,9| 0,884 1,042 17,86% 0,918 3,80%
8000 0,8 | 0,749 0,988 31,83% 0,799 6,68%
9500 0,95 | 0,105 0,107 1,84% 0,107 1,76%
1000 9000 09| 0,102 0,104 2,18% 0,104 2,03%
8000 0,8 | 0,096 0,099 2,46% 0,098 2,17%

Ta6a. 3. Onenka BIUsSIHUS 7 HA PE3yJbTaThl pacueToB 1o ¢popmynam (1) u (2)

Uanen, U pacuet U pacuet
Py, Ma ! nlc noFE1), nic | Do noFEZ), nic | Be %
9990 0,999 | 20,64 21,93 6,30% 21,11 2,32%
9900 0,99 | 16,27 21,84 34,24% 16,70 2,64%
9500 0,95| 10,44 21,40 105,02% 10,75 2,98%
9000 0,9 8,02 20,85 160,10% 8,26 3,08%
8000 0,8 5,82 19,75 239,10% 6,09 4,51%
7000 0,7 4,64 18,65 301,94% 4,97 7,16%
6000 0,6 3,84 17,56 357,50% 4,25 10,70%
5000 0,5 3,23 16,46 408,79% 3,72 14,92%

Hcnonb3oBanue ypaBHeHus (1) He qaeT BO3MOXXHOCTH TOYHO pacCUUTaTh Mpo-
BOJMMOCTH JUII KOPOTKHX TpPyOONpPOBOJOB M OTHOWIEHWH naBineHuii menee (,99.
®opmyna (2) HUBeNUpPYET OMIMOKY, CBA3aHHYIO C MaJIbIM OTHOUIEHUEeM [/d , U npu
7>0,7 AaeT JOCTaTOYHO XOpOIlWe pe3yJbTarbl. J{Is MOodyyeHHs TOCTOBEPHBIX pe-

3yJbTaTOB B HIMPOKOM AHMANa30HE M3MEHEHUSI 7 PEKOMEHAYETCSI HCIOb30BaTh YHUC-

JICHHBIN pacuer.

Jlureparypa

1. Bakyywmnas texnuka / E.C. ®ponos, B.E. Munaitues, A.T. Anexcanapoa u ap. —
M.: Mamunoctpoenune, 1985. — 360 c¢. (CipaBoYHHUK)

52




	СГТУ, Саратов, Политехническая, 77; *ФГУП "НПП "Алмаз", Сара
	Улан-Удэ, ул. Ключевская, 40в. E-mail: sanedu@mail.ru
	В.Л. Шалбаев, Ю.И. Асалханов

