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Pa6oTa •, · BhITTOJIHeHa . B ~a6opaTOPYIYI CB8PXBblCOKYIX 3,Hel)rYitt. 

06be.l01H9HHoro. YIHC.TYITYTa .surepH!,IX YICCJI8.ZlOBaHYJtt •. 

Hay,.nme WKOBO.l01Te . .ID1: 

· .ZlOKTOP T8XHYll!8CKYIX HaYK., 

CTaPIIIYltt Ha:Yl{Hh!A COTPY.ZlHYIK 

. KaH.l01.ziaT. T8XHYll!8CKYIX Ha~• . 

CTaPIIIYl.tt Haytilihltt COTPY.ZlHYIK 

' . Oqim.tYlaJ!bHhie onn0Hettn1:' 

.ZlOKTOP qJYl3Yl~O-~TeMaTI1l!8CKYIX Hayi,;. 

¢YIJIYlnnoB ~PYltt neTPOBYll! 

11.HKYIH 8 YIKTO P .llMYITPYl8BYll! 

•,. •,. ~. . . 

·· npoqieccop· . nYicapes AA.: · 
' . . 

KaH.l01.ztaT.T8XHYll!8CKYIX HaYK. 

Xap~TOHOB 8. C. 

·, 

Be.llYllleei ,-npe.ztnpl1SITYJe - 11HCTl1'.cyT <PYl3YIKH Bh!COKYIX 3HeprnA, r. npoTBYJHO. 

·/: ' '1· \ 
3allJ,YITa COCTOYITC51 1995r. Ha 3ace'.llaHY1YI .l01CCepTi:u.U10HHoro 

' I ,, (' ,• •. ·' ' ,' ' :-- ' ' ' 

• COBeTa .U-047 .01.02 B Jla6opaTOPYIYI ,Bh!COKYIX 3HeprnA 06be.l01H6HHOro 

YIHCTI11)'Ta .surepHh!X YICCJl8lIOBaHYJ~. r. •.Uy6Ha. MoCKOBCKOtt 06JiaCTI1. 
(,', ,I _, ·• ' '• . 

!• . 

·c .m1ccepTaJJ.Y1eA MO:l!CHO o3HaKoMYIToC51 s 6Y16.ID10TeKe .1183 • 0115'1~ ~ · 
, ,' . ' ' ~ ' ' \ ' 

· ·. ABTOpe<flepaT -Pa30CJiaH " 1995r • 

Yl!eHbM CeKpeTapb 

.lU1CC8PTaUYIOHHOrO COB~Ta. r~ . ;.JlYIXal!eB M.<I>. 
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06mAYI XAPAKTEPl1CTl1KA PA60Tbl · • 

AKTYa.llbHOCTb pa6on1 •. noc.Jie.ztHYle rO.llhl OTMel!eHhl aKTYIBHhIM 

Yl3:Yl{8HYleM npo6.JieMbl H8CTaJJ.YIOHapHoA Ten.Jionepe.ztal!YI'. B ' CYICTeMe . "TBep.ztoe 

Te.JIO - KPYIOreHHa51 :l!CYl,llKOCTh". 3 TO Bhl3BaHO He . TOJ!bKO .zta.JibH8ttll!YIM 

pa3BYITYleM . TeOPYIYI nepeHoca 'renJia, HO YI n6Tpe6HOCTIIMYI nepe.ztOBhlX 

. YCKOPYITeJibHOtt TeXHYIKYI. TeXHOJIOrYIA:. 3HepreTYIKYI, KOCMY1l!8CKOA YI 

HanpYIMep, npYI 3KCnJIYaTal.I.YIYI cospeMeHHhlX ye KO PYITe.Jiett 

cnoHTiiHHa51 hrnepaJJ.Y151 HOPMa.JibHOtt 30Hhl B .· csepxnpoBO.llSIIIU1X 
-·,, . ' , ,4.' . 

B03MOXHa 
06MOTKax· 

MarHYITOB YI YIX pa3pymeHY1e. B CBffiYI C l!eM KOJil1l{8CTB8HHa51 YIHq>OpMaJJ.Yl51 () 

HeCTaW10HapHoA Ten.Jionepe.ztal!e K XYl.ztKOMY ·re.ID110 cTaHOBYITC51 secbMa 

saxHoA. Kpo
1

Me Toro, .ztoBOJibHO • Bh1co~a51 CT()YIMOCTh • csepxnpoBO.llS!IlU1X 

MarHYITOB ~ • CYICTeM. ~p~oreHHOrO o6ecnel!eHYl51 no6y:ac.ztaeT p,i3p~60Tl!YIKOB ~ 
ripemapY1Te.JibHOttOnTYIMY13aJJ.Y1Y1 3TYIX YCTl)OttCTB, fl,POBO.l01MOA Ha MO.ll9~
qTO KacaeTC51 YIMeIOill,YIXC51 3KCnepYIMeHTa.JibHhlX .ztaHHh!X. no , H8CTaJJ.YIOHapHOtt 

' , • ' ' ' • - • • ' ~ < • ' • ·I . ./, 

Ten.Jionepe.ztal!e K :l!CYl.llKOMY re.ID110, TO npl1XO.llYITC51 npY13HaTb : .. YIX 

HeilocTaT()trn~CTh; · He~OJIHOTY. 3al!acTYIO ·~ HeBhlCOKYJO ToqfjocTo. . Oco6o 
c.Jie.ztYeT 'oTMe~Tb. l!TO ~.ID151HYle q,opMb! TenJiosoto · YIMnY.JlbCa YI reoMeTp~YI . . ' * '.. . . . . . •. ,· ·". ·, . .·' '" ., 
3KCnepYIM8HTa • Ha .l01HaMYIKY Ten.JIOBb!X npo~eCCOB B HOPMa.JibHO~ YI 

. ' , . '. ' >. . ',.. . . 
csepxTeKyl{eM re.ID1Y1 npaKTYJl!eCKYI He Yl3:Yl{eHo,' l{TO csmaHO C OTCYTCTBYleM 

COOTBe'.rcTBYIOmero 3KCnep~i.!eHTa.Jib~Oro o6opy.ztoBaH~; .'. YI . M~TO}lYIK 

opraHY13aJJ.Y1Y1 3KcnepY1~eHTOs'. · Ta1mM .·· o6p~aoM. . pa6oTa no . co3.ztaHYIIO 

3KCnepY1M8HTa.JibHOro·~6opy.ztoBaHY151 YI Bo.JIYl{8HYIIO.HaHeM 3KCnep~M9HTa.JibHhlX 

.ztaHHhlX 6y.zteT aKT;ya.JibHa. . ' 

Ue.Jib pa6oTbl COCTO~ B pa3pa601"Ke, C03iiaHYIYI . YI :. npaKTYltl8CKOM 
npYIMeHeHYIYI KOMn.JieKCa annapaTHO - nporpaMMHhlX . cpe.zt~TB .. (KATTC) • ~ 

• "'-. ' • < • f•• I 

no.JIYl!eHYl51 3KCnepYIM8HTa.JibHhlX .ztaHHhlX. no .llYIHaMYJKe Ten.JIOBhlX npouecCOB B 
HOPMa.JibHOM -~ '. CBePXTeK:Yl{~M re.ID1Y1 C yl{8TOM CJie.ztYIOmeA . oco.6eHHOc~: B 

Kal!eCTBe. . 3KCnepYIM8HTa.JibHhlX o6pa3UOB, .llOJI:lICHhl YICnOJib30BaTbC51 

Ten.JIOBhl.1Ie.JI5110llJ,Yle 3.JieMeHThl <TB3 ) , nosepxHocru ' KOTOJ>hlX • . CJIY:lICaT 
o.ztHospeMeHHO YI · Ma.JIOHHE!PJJ.YIOHHhlMYI .ztaTl!YIKaMYI ' ~MnepaT;yphl.' ·· l(JI51 
HOPMa.JlbHoro YI csepxTeK:Yl{ero re.ID151 KAnc .ztoJIXeH ·o6ecnel!YIBaTb 

npose.zteHY1e YICCJie . .ztosaHYltt no 
', '· ,, ~ .· . 

B.ID151HJ.1IO q,opMbl Ten.JIOBOro. YIMil_Y:7IbCa YI 

reOM8TPYIYI 3KCnepY1MeHTa Ha xapaKTePYICTYIKYI HeCTaUYJOHapHoA 
.~. ' . , " . , .. ,, ' - . 

Ten.Jion~pe.ztal!YI KaK B pe:l!CYIMaX Harpesa. TaK ~ OXJiaX.zteHYI~-

*. 3.zteCb YI .zta.Jiee no TeKSTY no.zt reoMeTpJ.1e'1 3Kcn,eP.YIMeHTa noHY1MaeTC51: 
YIM8HHO reoMeTpJ.151 TBep.ztoro Te.Jia (nJIOCKa51~ l.I.YI.ID1H.ztpJ.1tleCKa51, 

cq,epY1l!eCKa51); KOHq>Y1ryp~51 Ten.Jionepe.ztal!YI . (XYl,llKOCTh B 60JlbIDOM . 06'beMe 

- HarpesaTe.Jib, XYl,llKOCTb B CTeCH9HHhlX · YCJIOBYl51X - HarpeBaTe.Jib); 

pacnpe.zte.JieHYle 3HeproBhl.1Ie.JieHYl51 no o6beMYlnosepxHocru Harpeaare.JI51 •. 

,.. ,, ... .,.-•_ ~•> : ' ~~-•-~!1. : j 
-~ \ .'~--:~~;Ji Et~ .. ~::~~--~~

G~!SJ! ~::o~~-~::_ ·. __ ---



HaYl!Ha~ HOBH3Ha pa6oThJ 

- BnepBhle B HCC~e~oBaHHSIX xapaKTepHCTI1K HeCTal..l,HOHapHOH Ten~onepeM'-ll1 

B CHCTeMax C HOPMaJ!bHhlM H caepxTeK~M re~eM npH npHMeHeHHH 

3KCnepHMeHTaJibHhlX o6paau~s Ha OCHOBe TB3 .B BH~e Ma~OHHepl..l,HOHHhlX 

HarpeaaTe~e-'1 - TepMoMeTpoa ·· c · noMonu,ro axo~ero a cocTaB KAnC 
' .. ,1 • 

cnel..l,HaJ!bHO C03MHHOro YCH.Jll1Te~ MOill,HOCTI1 o6ecne4eHO nocTO™CTBO BO 

apeMeHH Mo111,Hocn1 .zt1my~eaa Ten~oa~eJieHH~ a TB3 • .ll~~ sn1x yc~osH-'1 
. ' . ' ' \. 

pemeHa aa.ztq~ H3MepeHH~ .TeMnepaTYPbl Ten~OB~e~m,e-'1 noaepxHOCTI1 KaK 

BO ape~ Harpesa. TaK i1 B npouecce OX~:l!C~eHH~ C KOHTPO~e_M no~omMoA 

Mo111,Hocn1~ npe.llJio:.iteHa H coaMH~ MHoroKa.HaJibHa~ s~eKTPOHHa~ cH_c_TeMa H 

naKeT nporpaMMHhlX cpe~cTB", KOTOPbie noaao~ Hcc~e~oaaTb 

npo.c-:rpaHcTBeHHhle xapaKTePHCntKH · HeCTal..l,HOHaJ>Ho-'1 Ten~onepeM'-ll1 • 

BHe~eHbI opHrHHaJibHhle MeTOmKH ·c cooTBeTCTBYrome-'1 annapaTYPOH · H 

nporpaMMHhlM o6ecne4eH~eM ~ no~OTOBKH CHCTeMbr' K .. 3KCI19J)HMeHTaM H 
' - ' ' . ,, ' ' • <! . • 

npoae~eHH~ Hcc~e.iroaaHHH. , . 

- .ll~ opraHH3al..l,HH CBffiH aimapaTYP~ kt>H~reHHOI'O CTeH~· c YM~eHHOH 
. : ' . ,, ' ' ', ' ',·,,, ' 

(~O 500 MeTPOB) 3BM' B yc~OBHSIX . CHJ!bHhlX 3~eKTPOMarHHTHbIX noMeX 

paapa6oTaHhl H C03MHhl CTPYJ<:TYPa HH<IicipMal..l,HOHH~IX: coodm,eHHH r KOMil~eKT 

aimapaTYPbI. 06echetrnsaronu,1-'1 o6MeH 'Htt<IiopMaI..1,He-'1 noc~e~oaaTeJ!bHbIM m~oM 

no omoMY KOaKcHaJibHO.MY Ka6eJIIO c ~CrlOJib30BaHHeM WHPOTHO - HMITYJibCHOH 

MO~~H c npoifa~omTeJ!bHOCTb~ ~HHH CBffiH,..~O 10 K6a.AT/C. BbICOKa~ 

rioMeX03am,Hm,eHHOCTb llPH nepeMqe, HliWOPMal..l,H~ , ~ocn1raeTC~ MO~~e-'1 

CHrHa~OB,. HX ~HHXPOHH3al..l,HeH •. · CTPYKTYPO~ HM~OP~WfOHHOro coo6m,eHHSI, 

annapaTHo · - nporpaMMHhlM KOHTpo.Jie~ '' .· • · · npoaepKw · · np~BHJ!bHOCTI1 

nepeMBa~Moro coo6m,eHH~ (KOHTPOJib no qeTHocn1 ;H~ no" KoJn1tiecTBY 

HMilYJ!bCOB). l{~c~o . Kpe-'11'0B KAMAK; no.ztKJIIO~eMbIX '. 3TOH • annapaTYPOH • 
COCTaB~Efr OT omoro ~o· tlerupex. . . ' . . . : 

'- B HCC~e.iroaaHHSIX HeCTa~OHapHOH Ten~onepe.zcaqw B CHCTe..;e :, "TBeMOE! 

Te~o - · HOPMa.llliHhlH. re~A'' ··· npi-f HarpyaKax, 6.m13KHX K c~I..1,HoHapHoA 

Be~'-ll1He KPH3HCa KHneHH~, 06HaPY:l!CeHa '06.ira.cTb , Ten~OBOH 

HeycT0£1'-ll1BOcn1.· a 1npe~e~x KOTOpoA Ha6JIIOMeTc~ ·PSUl He~HeAHhlX 
3IDIDeKTOB. . 1 

\ , ' . 

npaKTI14eCKa~ ll9HHOC'I'b pa.6oThl 

3KcnepHMeHTaJ!bHhle'MHHhle o HeCTal..l,HoHaPHhlX Ten~oBhlX npoueccax no~ 

B03~e£1CTBHeM Ten~osoro · · HMllYJibCa TpaneueHMJibHOH IDOPMbl . npH 

pery~pyeMoA ~TeJibHOCnf nepemero IDPOHTa noCJIYlCH~ ocHoe.0£1 ~ 
nocTpoeHH~' KapThJ pe:l!CHMOB HeCTal..l,HOHaPHOH Ten~9nepeM'-ll1 B HOPMaJ!bHOM 

re~H-

Ha OCHOBe 3KcnepHMeHTaJ!bHhlX'MHHhlX no HCC~e~oaaHHIO HeCTal..l,HOHapHOH 

Ten~onepeM'-ll1 K _BhlHY:l!C~eHHhlM· noTOKaM ~yXIDa3Horo re~~ OT 
mecn1KaHaJ!bHoro o6paaua Ko~qecTBeHHo oueHeHo , pa3~'-ll1e B 

2 

; -

.1 

HHTeHCHBHOCTI1 npouecca Ten~OOTM'-ll1•~ pa3HhlX xapaKTePHhlX 30H, 4TO 

noaao~eT no~qaTb HHIDOPMal..l,HIO O npocTpaHCTBeHHhlX xapaKTePHCTI1KaX 

HeCTal..l,HOHaPHOH Ten~onepeM'-ll1, HanpHMep. npH pacc~oeHHOM pe:l!CHMe 

Te4eHH~-
3KcnepHMeHTaJibHbie MHHbie no mHaMHKe Ten~oBhlX npoueccoa B 

HOPMaJ!bHOM 'H caepxTeKyqeM re~H B pe:l!CHMaX Harpesa H OX~:l!C~eHH~ MOrYT 

6b!Tb no~e3Hbl npH aHa~3e yc~OBHH reHepal..l,HH. 3BOJIIOI..l,HH H · KO~nca 

HOPMaJ!bHOH aoHhl a caepxnposomHKax. 
Ha OCHOBe no~qeHHhlX MHHhlX YCTaHOB~eH ~HeHHl:fil xapaKTeP 

3aBHCHMOCTI1 KPHTI14eCKOH 3HeprHH o6pa30BaHH~ KBaHTOBblX BHxpe-'1 OT 

paaMepa KaHa~181 co caepxTeK~M re~eM. · 

B Haci-0511nee ap_eMSi paapa6oTaHHa~ s~eKTPOHHa~ annapaTYpa H naKeT 

nporpaMMHbIX cpe~cTB npo~onaroT HcnoJ!baosaTbc~ : ~ MJibHeAmero 

yr~6~eHH~ H pacUMpeHH~ HCC~e~oaaHHH no HeCTal..l,HOHaPHOH Ten~onepeM4e 

K HOPMaJibHOMY H caepxTeKy4eMY re~IO- KpoMe TOro. annapaTYpa CBffiH C 

YM~eHHOH 3BM Ta~:l!Ce HcnoJibaosa~cb i1 B cHcTeMe ynpaa~eHH~ ycKOPHTe~ 

KYTl1/10( · 
Anpo6al..l,H~ pa60Thl• Pe3YJibTaThl'. mccef)Tal..l,HH ~OK~~a~cb H 

. o6CY:l!CM~Cb, Ha HayqHo-MeTomqecKHX teMHHapax JICB3 0115111. Ha 6-A 

Bceco10aHo-'1 KoH<IiepeHI..l,HH "MTOMaTI13al..l,H~ HaYl!HhlX Hcc~e~oaaHHH Ha·ocHoBe 

npHMeHeHH~ 3BM" (HoBOCH6HPCK. 1981r. ),,Ha Me:l!C~apomoM 'cHMil03HYMe 

"Ten~oo6MeH a KPHOreHHhlX . CHCTeMaX" (XapbKOB, .. 1~85 r. >.. Ha .13 

Mex~apomo-'1 KOH<IiepeHI..l,HH no yCKOPHTe~ qacn1u _BhlCOKHX 3HeprHA 

cHOBOCH6HpCK. 198 7 r. >. Ha Koii<xiepeHI..l,HH no KPHOreHHOW TeXHH~e ccmA. 

1990 r. ). no •Tei.le. mccepTal..l,HH ony6~KoBaHo 7 pa~oT. 

CTPYKTYPa H o6'beM mccepTal..l,HH- .l{HccepTal..l,H~ COCTOHT H3 BBe~eHl1~. 

n~ r ~B 11 3aKJII04eHH~- Otta co~ep:l!Cl1T 84 CTpaHHUhl TeKCTa, 38 PHCYHKOB 

H cnHCOK.~TePaTYPbl H3 38 Hai.1MeHOBaHHW- . 

· Co~ep:l!Catt11e mccepTal..l,Hl1 
8 nepBOH r ~Be ·. , . KPaTKO . paccMaTP11BaeTC~ opraHH3al..l,H~ 

3Kcnep~Me)iTaJibHhlX· HCC~e~oBaHl1H HeCTal..l,HOHaPHOH Ten~onepeM'-ll1 B 
HOPMaJ!bHOM (HeI) H caepXTeKyqeM re~11 (HeII) •. l1cc~e~oBaHHe 

HeCTal..l,HOHapHhlX Ten~OBblX llPOUeCCOB 60J!bWeH . ~c'-n,ro ' CBOmTC~ K 

no~yqeHHIO np11 paaHhlX yc~oBHSIX sKcnepHMeHTOB•(op11eHTaW1H o6paaua. ero 

reoMeTp1111, MaTep11a~OB, MB~eHl1~ B He 11 T;~.) .· 3aBHCHMOCTeH · BHM 

AT(t,Q)=Tn
08

ct,Q)-T:l!C. r~e t - ape~. Q - _n~oTHOCTh Ten~oaoro noTOKa 

. Ha emHHUY Ten~oa~e~m.eA noaepxttocn1 Ca;csoro oqepe~ Q=Q(t)), Tnoa 

- TeMnepaTYpa Ten~oa~e~m,e-'1 nosepxHocn1 •. T:,;: - cpem~ TeMnepaTYpa 

:l!CH~ocn1 s paccMaTp11aaeMOM o6'beMe (pHc.1). Oco6o c~e~eT oTMeTI1Tb, 

3 
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HAfPEB XJIAJIC,llEH~E 

P11c; 1. Tip11Mep opraH11aatii-rn Y1cc~e.ZI0BaH11A HeCTaIJ,YIOHaPHOA 

wn~onepe.ZiaqH; 

l!TO ~ KoppeKTHoro onpe.Zie~eH115l ITPW-il1Hhl Yl3MeHeH115l , TeMITepaTYPhl 

nosepXHOCTH . TB3 B , 'prute, '3KCIT9PYIM9HTO~ ; Tpe6yeTC5l o6ecnetI11Tb 

CTa6Yl~3aW1JO MOlll,H~CTH i'en~O~hl.Zie~eH~5l TB3 , T- e,. 11CITOJ!b30Ba'Ib MOlll,HOCTb 

TeIT~OBhl.Zie~eH115l B KatieCTBe napaMeTpa. 

nocTpoeHYle annapaTYPhl 11paapa60TKa cooTBeTCTBYJOmer6 ·nporpaMMHoro 

o6ecnetieHYl5l a aHatIHTeJ!bHOA '·Mepe • onpe.Zie~5leTc5l 'nmoM , YI 

xapaKTePYICTHKaMYI YICITOJ!b3Y9MhlX 3Kcnep11MeHTaJ!bHhIX o6paauos. B 

11CC~9.ZIOBaH115lX, npoBO.ID1MhIX ' Ha KP110reHHOM 'cTeH.ZI8 ... JICB3 · 0~~~, 
npe.ZIITOl!TeH11e OT.ZiaHO 3Kcnep11MeH~JlbHOMY 06pa3ey, ITOCTpoeHHOMY 

O 

Ha 

OCHOBe T83 ,: Y KOTOPW Ten~OBhl.ZI9~5lJOma5l '.nosepXHOCTb BhITTO~eHa Yl3 .. .., 

TOHKOH · yr ~epo.1IH0A n~eHK11, KOTOPa5l _CJ!YlCYIT O.lIHOBpeMeHHO 

Ma~Ol1H9PIJ,YIOHHhlM HarpeBaTe~eM YI'. ' BhICOKOtIYBCTB11Te~bHhlM 

TepMonpeo6paaosaw~eM •. KoHcTp:fKTHBHO o6paaeu npe.ZICTaBJIS!eT co6oA 

BaKYYMYIPOBaHHYJO Kepat.!Hl!eCKYJO TPY6KY c HanwreHHOA Ha ee '.. noBePXHOCTb 

n~eHKoA. ConpoTHs~eHY1e n~eHKYI . B pa6o'leM .Zll-1anaaoHe . T~Mnepapp 

(1. 5+5 .• 5 K) ,COCTaB~eT OT 6 KOM .ZIO 1 KOM YI 06~.ZiaeT O'l'P.YILJ,aT9JlbHhlM 

TeMITepaTYPHhlM Ko::iww11tiYieHTOM, speM5l Ten~osoA peaKIJ,YIYI MeHee 100 He. B 

3aB11Cl1MOCTH OT,pemaeMoA 3a.ZiatIH 3KCnep11MeHTaJ!bHhM o6paaeu MO:l!CeT 11MeTb 

OT 0.lIHOro .ZIO-mecTH Ten~OBhl.Zie~~x ::i~eMeHTOB; l!TO .Zia8T B03MO:l!CHOCTb 

11cc~e.ZIOBaTonpocTpaHCTBeHHhle xapaKTePYICTHK11 Ten~onepe.ZiatIH (Hanp11Mep 

no ~He 11 yr~ TB3 ). 

B 3aKmtIHTeJ!bHOA 'laCTH nepsoA r ~Bbl ITOCTaB~eHhl 3a.ZiatIH ~ 

OT.ZI9JlbHhIX tiaCTeH KATIC ·~ 11cc~e.ZIOBaHY15l HeCTaIJ,YIOHapHOH Ten~onepe.Zia'll1 

C Yl!8TOM xapaKTeP11CTHK TB3 11 n~Hl1PY9MhlX 3KCnepY1MeHTOB 0 Tip11 pemeH11Y1 

·4 

• • 

3THX 3a.Zia'l Yl!HThIBa~Cb He06XO.ID1MOCTb MaKC11MaJ!bHOro YICITOJ!b30BaH115l :f:l!Ce 

paapa60TaHHOA annapaTYPhl YI IT03Tal1Hhl£1 BBO.ZI CYICTeMhl B 3Kc'n~TaIJ,YIIO C 

ueJ!bro cKopeAmero no~'leHYl5l ::iKcnep11MeHTaJ!bHhIX .ZiaHHW. KpoMe Toro, ·.ZI~ 

BhI6opa OITTHMaJ!bHhlX pe:l!CYIMOB pa60Thl 11 KOHTPO~ ' B CYICTeMe 

npe.ZIYCMaTPYIBa~Cb B03MO:l!CHOCTb BhIBO.Zia npe.ZIBapYITeJ!bHhIX peayJ!bTaTOB 

11cc~e.ZIOBaHY15l B Y.ZI06HOM BYI.Zie· YI 3an11c11 .ZiaHHW Ha' ~OMOBpeMeHHOe 

YCTPOHCTBO xpaHeHYl5l ~ noc~e.ZIYJOmeA 06pa60TKYl 0 

B n~HYIPYeMhIX ::iKcnep11MeHTaX npe)mo~ra~ocb no~aTb a TB3 Ten~oBhie 

TIOTOKYI' C Y.ZieJ!bHOA MOlll,HOCTblO B .ID1ana30He Q=600+60000 BT/~. Tip11 3TOM 

·Heo6XO.ID1f,!O npOH3B0.ID1Tb 113M9P9HYle TeMITepaTYPhl Ten~OBhI.Zie~5ll?meA 

nosepXHOCTH TB3 KaK B 'pe:l!Cm,ie Harpeaa, Kor .Zia' Bhl.Zie~eTC5l 3Ha'lYIT9Jll,Ha5l 

MOlll,HOCTb, TaK 11 B pe:l!CYIMe· ox~a:l!C.ZI9HY15l, Ha'll1Ha5l 'lepe3 He~KO~bKO 

MYIKPOCeK:rtt.ZI noc~e CH5!TH5l MOlll,HOCTJ,i. ~CXO.ll5l Yl3 paaMePOB Ten~OOT.ZiaJOmeA 

nosepXHOCTH ITPYIM9H5l9MhlX 3Kcnep11MeHTaJ!bHhIX o6pa3UOB . 11 ·YIX 

COITPOTHB~eHYl5l ::i~eKTPYl'leCKOMY TOKY' 3TO ' Tpe60BaHY1e ITPYIBO.ID1T K 

Heo6xo.ID1MOCTH Y1cnoJ!baoaaHH5l ycTpoAcTBa ITYITaHH5l TB3 c BhIXO.lIHOA 

Molll,HocToro .Zio' 40 BT. B 6o~bmHHCTBe c~yqaea CTaH.iiapTHa5l ynpas~ma5l 

annapaTYpa '11MeeT Ma~OMOlll,Hhle BhlXO.lIHhle"cYlrHa~, 11 IT03TOMY B Ka'leCTBe 

YCTPOHCTBa : ITYITaHH5l .ZIO~:l!CeH 11c'r10~b30BaTbC5l YCH~TeJil:, MOlll,HOCTH' 

06ecnetIHaarom11A yc11ieH11e ynpas~mero c11rHa~a .ZIO Heo6xo.ID1M0To YPOBH5l

n~ BhITTO~eHH5l' OCHOBHOro Tpe6oBaHH5l K annapaTYpe - : .. o6ecne'leHH5l 

ITOCT05lHCTBa pacce11aaeMoA B ' TB3 .ll:l!COY~eBoA MOlll,HOC.TH ' - YC11~TeJ!b 

MOlll,HOCTH <YM > .Zioue_H CHa6:l!CaTbc5l pelrnMoM cTa611~11aaIJ,YIY1 MOlll,HOCTH · ·. c 

TOl!HOCTblO He xyxe 4%. flpH 3TOM MYIHHMaJ!bHO .ZIOITYCTHMh!A WPOHT 11MllYJ!bCOB 

MOlll,HOCTH Ha HarpyaKe He .ZIOlleH -npeBh!llaTb 20 MKC C ~TeJ!bHOCTblO 

caMYix YIMITYJ!bCOB MOlll,HOCTH .s npe.Zie~x OT 100 MYIKpoceKYH.ZI .ZIO .ZieC5lTKOB 

MYIHYT- KpoMe 3Tor6, B YM He06XO.ID1MO YIMeTb BhlXO.lIHhle HOPMYIPOBaHHhle 

cYlrtta~,. ·aMIT~l1TY.Zia KOTOPW HeceT YIHWOPMaIJ.YIIO o se~Yl'lYIHe ·HarpyaKH · YI 

YPOBHe MOlll,HOCTH B HeA. 3TH Be~'lYIHhl .ZIOllHhl Yl3MeP5lTbC;>I C norpellll-lOCTblO 

He 6o~ee 4%. ·n~ ITOBhlilleHYl5l Ha.ZI8:l!CHOCTH pa60Thl. CYICTeMhl , B ue~OM YM 
.ZIOlleH 06~.ZiaTb ::iwweKTHBHOA aa~TOA OT neperpyaoK. 

AnnapaTYpa ynpas~eH115l .ZIODHa, B ocHciBHOM, Bhln0~5lTb .ZIBe WYHKIJ.YIYI: 

3a.ZiaHYle'napaMeTPOB YIMITYJ!bCOB_ MOlll,HOCTH,, Y1·•opraHY13aIJ,Yl5l ·, Yl3MepeHYl5l 

c11rHa~OB, Hec~x YIHWOPMaIJ,YIIO O Be~tIHHe conpoTHB~eHYl5l TB3 (T.e. 

TeMnepaTYPhl TeIT~OOT.ZiaJOmeA nosepxHOCTH) YI' YPOBHe MOlll,HOCTH B HeA B 

onpe.Zie~eHHhle MOMeHThl apeMeHl1° TIPYI 3TOM. Tpe6~eTC5l YIHTepBa~ MeX.ZIY 

113MepeH~5!MYI OT 30 MKC YI 6o~ee; 'lHC~O 3KCnepY1MeHTaJ!bHW TO'leK 3a O.ZIYIH 

IJ,YIK~ "HarpeB-:-OX~alC.ZieHHe" MO:l!CeT .ZIOCTHraTb 8x103 •· 
B CYICTeMe Tpe6yeTC5l npe.ZIYCMOTpeTb TaK:l!Ce YCTPOHCTBa, 

06ecne'lY1BaIO~e He06XO.ID1Mhie TO'lHOCTH 3a.ZiaHYl5l YPOBH5l MOlll,HOCTH 11 

onpe.Zie~eHYl5l Be~tIYIHhl COITPOTHB~eHYl5l TB3 B YC~OBYl5lX ,3KCIT~TaIJ,YIH 
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tlJiOfOKaHa.llbHOA Cl1CTeMhl. TaK(1M o6pa30M, B COCTaBe 3JieKTPOHHOA Cl1CTeMhl 

.l{OllHbl TaKlCe Haxo~TC.s:! BhlCOKOT04HOe conpoT11BJieH11e, 11Ml1Tl1PYIOmee 

COnPOTl1BJI8Hl1e T83, 3TaJIOHHhl8 "np1160Phl .l{JI.s:! KaJil16POBKl1 11 . YCTpo£1CTBO, 

o6ecnet!HBaIOmee cor ;racoBaH11e 3Tl1X BcnoMoraTe.llbHblX 3JieMeHTOB c .ztpyr11M11 

t!aCTSIMH 3JI8KTPOHH0£1 Cl1CTeMbl. 

OnT11Ma.llbHOe 11cnO.llb30BaH11e annapaTYPbl Cl1C_T8Mhl np11 BhITTOJIH8Hl111 

noCTaBJieHHhlX 3a.zta4 . MOlCeT 6b!Th .l{OCTl1fHYTO ·: _TO.llbKO. B P83Y.llbTaTe 

np11MeHeH11.s:i cnel..l,Yla.llbHO paapa6oTaHHhIX MeTO~K 11 nporpaMMHoro 
• • • '< -

o6ecnetieHl1.s:! 3Kcnep11MeHTOB. C 3TOA U8.llbl0 Heo6xO~MO npOl13B8CTl1 aHaJll-13 

pe:l!CHMOB nl1TaHl1~ TB3. pa3pa60TaTb M8TO~Kl1 KaJll16poB~l1 ynpaB.rrsno~x 11 

113M8Pl1T8.llbHhlX. KaHaJIOB, a TaKlCe MeTO~KY no.ztrOTOBKl1 Cl1CT8Mhl B ueJIOM 11 

nporpaMMHoro 06ecnetieH11.s:i .ztJI.s:I 11cc;re.ztoBaH11.s:i . BJI11.s:IHl1.s:I napaMeTpoB 

11MnY.llbCa MOmttOCTl1 Ha xapaKT8P11CTl1Kl1 HeCTal..l,YlOHapHoA_TenJionepe.zta411-

B CB.s:1311 C TeM, 4TO Ha ,nepBOM 3Tan~ C03.ztaHl1.s:! Ha Kp11oreHHOM CT8H.l{e 

_JICB3 m1SU1 Cl1CT8Mhl .l{JISI 11CCJie.ztoBaHl1A _113-3a. cneu11(l)11K11 3TOfO • CT8H.l{a 

annapaTYpa rncTeMh1 11_ 3BM, ynpaBJIS110ma.s:i 3To£1 c11cTeMoA, c ,nep11(l)ep11'1Hh1M 

o6opy.ztoBaHl1eM Haxo~Jll1Cb B pa3Hh1X noMemeHl1.s:!X C paCCTOSIHl18M Me:l!C.l{y 

Hl1Ml1 .l{O 100 M8TPOB, Tpe6oBaJIOCb o6ecne4l1Tb Ha.zte:l!rnYIQ CB.s:!3b Me:l!C.l{y Hl1Ml1 

B YCJIOBl1.s:!X -3Ha411Te.llbHblX _3JI8KTPOMafHl1THblX noMex. 

· Bo BTOPOA. f JiaBe .nPl1Be.zteHa l1H\POPMal..l,Yl.s:I O CTPYKTYP8 l1 COCTaBHhlX 

4acT.s:ix paapa6oTaHHoA 11 C03.ZlaHHoA c11cTeMbl {p11c .• 2) Ha KP11oreHHOM 

CTeH.zte JICB3 011.5111 .l{JISI l1CCJI8.ZlOBaHl1A ~HaMl1K11 TenJIOBhlX npoueccoB. 

B c11cTeMe ycJioBHO:MO:l!CHO BhUI8JrnTb HeCKO.llbKO tiaCTeA: 

- yc11JI11TeJll1 MqmttocT11 <YMl +YM6). KOTOPhie yc11JrnBa10T · no MOmttO~Tl1 

ynpaBJISIIOml-18 c11rHaJih1 l1 \POPMl1.PYIOT HOPMl1POBaHHble 'Cl1fHaJibl, H8C:fml1e 

11H(l)opMal..l,Yl10 o BeJrn4l1He Harpy3K11 < RTB3 ) 11 BhUieJIS110meAc.s:i. B HeA MOmHOCTl1; 

- no.ztc11cTeMa ynpaBJieH11.s:i. <fYl1, r AC, · Allfl) ,· . KOTopa.s:i cor JiacHo 
' . ~ 

pa3pa60TaHHblM aJirOPl1TMaM 3a.ztaeT MOmttOCTb B TB3 C pa3Jil14Hh!Ml1 3aKOHaMl1 
~ . , . . ' 

113M8H8Hl1.s:! BO BP8M8Hl1 •. a TaK:l!Ce opraHl13Y8T ·. B onpe.zteJieHHble MOM8HThl 

BP8M8Hl1 l13MepeHl18 conpOT11BJI8Hl1.s:! 3Tl1X TB3 ; 

- annapaTYpa Ka.lil16poBKl1 <6A, UB. -~KB), KoTOpa.s:i •· o6ecnet!HBaeT 

Heo6xo~Mble napaMeTpbl Cl1CT8Mbl nep110~4ecKOA KaJll16poBKOA ynpaBJISIIOmHX 

11 113Mep11TeJibHblX KaHaJIOB no paapa60TaHHhlM MeTO~KaM; 

- 3BM c nep11(l)ep11AHhlM 06opy.ztoBaH11eM 11 annapaTYpoA , CB.s:13"1, KOTOpa.s:i 

ynpaBJI.s:IeT 3JI8M8HTaMl1 C"1CTeMhJ. 

0.1IHl1M 113 OCHOBHblX 3JieMeHTOB- Cl1CT8Mbl SIBJI.s:!8TC.s:! YCl1Jll1Te.llb MOmHOCTl1 

{p11c. 3 ) • B 3aB"1C"1MOCTl1 OT. pemaeMoA 3a.l{at!H 11X _t!HCJIO MO:l!C8T 6b!Th OT 

o.1IHoro .zto mecT11. KoHCTPYKTl1BHO YM BblnOJIHeH B MeXaHMKe CTaH.ztaPTa 

KAMAK, t!To o6;rer4aeT 113roTOBJieH1,1e 1,1 coBMecT11MOCTb YM c np1,1MeH.s:ieMoA 

Ha KPMoreHHOM cTeH.zte annapaTYpoA B CTaH.ztaPTe • KAMAK. 
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■ rannapaTYpa CB.s:13"1 

"1HTe P/IleAc UB 

l,1H_Tep~eAc 6A 

Af.lfl 

reHepaTop 

paBJISIIOml1X 

.llbCOB {fY 

reH~paTOp 

Mafl1CTpa.llb · KAMAK0 
• 

c=J 
fl3BM 

1..1,Yl~POBOA I ll,1Ml1TaTOP 
BO.llbTM8TP TB3 

6JioK·a.ztanTepa <6A) 

ye "1Jil1Te.llb · 

MOmHOCTl1 1 

YC"1Jil1Te.llb 

MOIIl,HOCTl1 6 

mecT11KaHaJibHb!A 
3Kcnep11MeHTaJibHb!A 
06pa3eu 

P1,1c. 2. CTPYKTYPHa.s:i .. cxeMa c1,1cTeMhl. 

"'I- -_ --~-
-----~ t1 

rpa~onOCTPOl1Te.llb 

reJrnA 

,,_ - -

1--
..u- t< _ _ !_ 

+--:-- + 

YM cocT0"1T 113 nsnvi 6JIOKOB. coe.m1HeHHhIX IID1HoA, KOTOpa.s:i pacnoJio:l!CeHa 

Ha 3a.lIH"1X naHeJI.s:IX '6JIOKOB. YnpaBJI8H"1e pa6oTOA YM. CB.s:!3b C HarpY3KO&i H 
CbeM Cl1fHaJIOB, nponoplJ,YlOHa.llbHhlX TOKY 1,1 HanpSDIC8H"1IO B HarpY3Ke, 

ocyinecTBJI.s:IeTC.s:I C nepe.l{H"1X naHeJie£1 6JIOKOB. 0co6eHHOCTb YM COCT0l1T B 

TOM, 4TO OH "1MeeT .naa''pe:l!tl1Ma CTa6l1Jll13al..l,Yll,1 :... MOmHOCTl1 i1 Hanp.sci:eHl1.s:I. 

Ha HarpY3Ke 1 +6 KOM JD,1anaaoH BblXO.lIHblX HanpmceH"1£1 YM cocTasJI.s:IeT OT 

0+100 B 1,1 0+200 B C. pa60t!HMl1 o6JiaCTSIMH '20+100 B · 11 100+200 B 

cooTBeTCTBeHHo. MaKC"1Ma.llbHa.s:i Bb!Xo.l!Ha.s:i Momttocn,: YM - 40 ·BT, 

Hec.Ta6"1.llbHOC'I'b Momttocn1 'i4%. Ml1HHMaJibHa.s:i ·• .ztJil1TeJibHOCTb ~POHTOB 

l1MnYJ!bCOB Momttocn1 B pe:itCYJMe cTa6"1Jll13al..l,Yll1 MO~OCTl1 · · He · ripesbllllaeT 

20 MKC .' a B pe]rnMe CTa6~.lll13al..l,Yll1 HanpSllCeHH.s:! !>10 MKC. MaKCl1MaJibHa.s:I 

.l{JrnTeJibHOCTb l1MnY.llbCOB He orpaH"14eHa' {onpe.zteJI51eTC.s:I TOJibKO YCJIOB~SIMH 
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6n Tp 

• BK~ 

• 
Ii(,__" 

PHc.3. YcHJIJ,1TeJ!b MoID,HocTI1. 6~Tp - 6~oK TpaHCWOPMaTOPOB, 6~flH ....:. 
6~0K nHTaIDIIU1X HanpSD!CeHHA, 6.JIYM - .6JIOK yci1JIJ,1T8Jl51 MOID,l:IOCTI1, 6JIC - 6~0K 
cor .nacoaaHH~, 6JIH3 - 6~oK Harpy;30K H 3a11U1n1. 

3KCnep~M8HTa). TaK KaK OT YM Tpe6yeTC~ 3Hal!YIT8JlbHOe 6hlCTPO~eAcTBHe 
npH AOBOJ!b~O 60J!blliOA Bb~O..!UiOA _MOID,HOCTI1 C BhlCO~HMYI Tpe6oBaHHS!W1 no 
T0l!HOCTI1 . CTa6HJIJ,13aUYIH MOID,HOCTI1 B IlMPOKOM .m1ana30ffe H3MeHeHH~ 
HarpY3KH, TO BCTaeT npo6~eMa o6ecne48HH~ YCTOA4~B<?A. pa6oThl_ YM, T. e' 

0 

OTCYTCTBHe CaMOB036Yl',:~8HH~ npH MaKCHMa.JlbHO ~OCTI1:l!CHMOM 6bICTPO~eACTBHH 
H T04HOCTI1 CTa6HJIJ,13aUYIH • ,/lJ151 perneHH~ 3TOA 3aJral!YI COCTaB~Cb 
,ID1HaMYI48CKa~ MO~eJ!b YM H HCCJie~oBa~acb YCTOA4~BOCTb 3TOA MO~e.JIJ,1. 
Pe3YJ!bTaThl Hcc~e~oBaHHA. peaJIJ,1:30BaHhI B cxeMHo~ pell!Ernmt. YM. Y CHJIJ,1T8Jlb 
MOID,HOCTI1 o6ecnel!YIBaeT HOPMHPOBaHHhle BhlXO..!Uibie CHrHaJl!,I, KOTOPble H8CYT 
HHIDOPMaUYIID O YPOBHe_ MOID,HOCTI1 B Harpy;3~e ~ 0 B8JIJ,14HHe ffarpY3KH KaK, B 
pe:llCHMe Harpeaa, TaK H B npo~ecce OXJia:llC~eHH~. flpH .. 3TOM B npo~ecce 
ox.na:llC~eHH~ nponycKaeTC~ TOJibKO H3MepHTeJ!bHhM TOK, MeHbnMA Ha .llBa 

, ', • • • ' ·, - • C • l 

nopsmKa no cpaBH8HHID C TOKOM B pe:llCHMe Harpeaa. C.l!8.llY8T OTM8TI1Th, 4TO 
' ' . ' ' ., . 

H3MepeHHe B pe:llCHMe OXJia:llC~eHH~. MO:l!C8T. npOHCXO.ID1Tb 4epe3 _HeCKOJ!bKO 
MYIKPOC8KYH~ noc~e OKOH4a.HH~ pe:llCHMa Harpeaa. 

Ha3Ha4eHHe 6~0KO~, YM ·c~e.llYIOmee. 6~o~ TpaHCWOPMaTOPOB H 6~oK 
nHTaIDIIU1X. HanpSD!CeHHA 06ecne1IBBaIDT nHTaHHe 3~8M8HTOB CXeM H 
ynpaa~e

0

HHe pe:llCHMaMYI · pa6oThl YM. r ~aBHhM y;3e~ YM, '06ecne\ll1BaID11U1A 
BW(a4Y CTa6HJIJ,13HPOBaHHOA MOID,HOCTI1 (HanpmceHH~) B HarpY3KY, 
pacno.naraeTC~ B 6~oKe yc~.lll1±eJ151 MOID,HOCTI1- 6~oK cor.nacoaaHH~ ·c.JIY:l!CHT 
]UISI opraHH3aUYIH ~3MepeHH~ B8JIJ,1lfi11Hhl conpoTI1B~eHH~ TB3 B pe:llCHMe 
OXJia:llC~8HH~. 6~0K HarpY30K H 3allU1Thl co~ep:l!CHT Ha6op conpOTI1B~eHHA H3 

"8 

~ 

/, .. 

J. . , 

pa6o4ero .m1ana30Ha ]UISI HaCTPOAKH H npoaepKH pa60Thl 6.JIYM H CX8MY, 
ome4aIDmyID 3a 3allU1TY YM OT neperpy;30K. KpoMe Toro, JUISI npoaepKH 
,ID1HaMYI48CKHX CBOACTB YM Hcno~b3Y8TC~ cneUYiaJ!bHO pa3pa60TaHHa~ .ltJI~ 

3TOro CJIY4a~ aKTI1BHa~ Harpy3Ka, C03.ZiaIDmee CTYneH4a.TOe (C WPOHTOM ~ 

2 MKC) H3M8H8HH8 B8JIJ,1lil1Hhl HarpY3KH. 
YnpaB~eHHe YM ocymecTB~~eTC~ .llBYMSI BH,Zia.MYI CHrHa~OB - aHa~oroBh!M 

CHrHaJIOM B .m1ana30He 0+5 B, 3a~aID11U1M YPOB8Hb MOID,HOCTI1 B HarpY3Ke 
(nocTY[laeT C fAC), H' CHrHa~OM TTL YPOBH~. KOTOPhlA CJIYj!CHT .ltJI~ 

ynpaB~eH~~ JlJIYJT8~bHOCTbID HMnYJ!bCa MOID,HOCTI1 (nocTY[laeT C rYH). 
fAC COCTOHT H3 6~oKa naM$lTI1, B KOTOPOM xpaH51TC~ KO.ZU,I WOPMbl H 

YPOBH~ aHaJioroBoro CHrHaJia Ha BhlXO~e fAC, YCTpoAcma conpSD!CeHH~ 
naMSIT11 c 6~oKOM rnecTI1KaHa~bHoro L.J,11Wpo-aHaJioroaoro npeo6pa3oBaTeJ151 
(pHC-4). CHHXPOHHa~ pa6oTa 6JIOKOB o6ecnel!YIBaeTC~ c noMOUU,ID 
HMflYJ!bCOB, nocTynaIDIIU1X C rYH. 

flAM.5lTb 
1 

• K YM1-YM6 
■ =7 YCTPOf1CTBO COflP 5lJlCEHH.5l . 

• 
5 
6 

lliECTHKAHAJibHWf1 UAfl OT fEHEPATOPA 
YflPABJI.5l!OlllHX 

MArHCTPAJib KAMAK HMflYJibCOB 

PHc:4. CTPYKTYPHa~ cxeMa reHepaTopa aHa~oroBblX CHrHaJIOB. 

feHepaTOP ynpaBJI5llOIIU1X HMflYJ!bCOB (PHC-5) 3a.ZiaeT JlJIYJTeJ!bHOCTb 
HMflYJ!bCa MOID,HOCTI1 Ha HarpY3Ke, BP8M8HHOe 
HMflYJ!bCOB 3anycKa AUfl, a TaK:l!Ce HMflYJ!bChI 
ynpaBJI5llOIIJ,HX aHa~orOBh~ CHrHa~OB .ltJI~ YM. 

no~o:l!CeHHe H KO.lll148CTBO 
JUISI opraHH3aUYIH B fAC 

flOJIY'l8HHe Tpe6yeMb~ xapaKT8PHCTI1K 3~8KTPOHHOA CHCT8Mbl ~OCTI1raeTC~ 
nepHO.ID148CKOA Ka.lll16POBKOA ynpaBJ151IDIIU1X H ~3M8PHT8JlbHblX KaHa~OB
Pa3pa60TaHHa~ .ltJI~ 3TOro annapaTYpa C COOTB8TCTBYIDIIU1MYI M8TO.ID1KaMYI 
COCTOHT ~3 nepeMeHHOro BhlCOKOT04HOro 3KB~BaJieHTHoro conpOTI1B~eHH~ 
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■ 1rEHEPATOP onOPHblX llACTOT 

fEHEPATOP CEPYrn - YM1-YM6 

fAC 

6JIOK YnPABJIEHl15l .- I AUn 

MAfYICTPAJib KAMAK 

P111c. 5. CTPYKTY.PHa51 cxeMa reHepaTopa ynpaBJISlJOill,lllX IIIMITYJibCOB. 

~Im, C ITOMOlll,b!O KOTOporo IIIMIIITrtlpyeTC5! ~3, l..J,lll(ppoaoro BOJibTMeTpa <UB) 

C KOHTPOJIJiepoM CB.513111 Ill 6JIOKa a.nanTepa (6A), nocpe.ztCTBOM KOTOporo 

ITPOlll3B0.zt51TC5! Heo6XO.l(IIIMhle ITO.l(KJI!Ol!eHlll5!- 0TJillll!IIITeJibHaSl oco6eHHOCTb 

IT.PIIIM8H5!eMOH annapaTYPbl COCTOIIIT B TOM, l!TO nepexo.n 1113 pex111Ma 

KaJI1116posK111 B pex111M pa6on1 111 o6paTHo oc:rmecTBJI51eTc5! 6ea 

.ztOITOJIHIIITeJibHblX KOMM;rTal.l,MH, l!TO 3Hal!IIITeJibHO ynpom,aeT npou,ecc 

KaJI1116pOBKIII Ill COKpam,aeT ero BPeM51. 3TO oco6eHHO BaXHO B CJIYtiae 

IIICITOJib30BaHlll51 MHOroKaHaJibHOH CIIICTeMW. 

8 TP8TbeH rJiaBe. pacCMa.TPIIIBaeTC5! opraHlll3al.l,M5! CB.513111 annapaTY.PbI 

Kp111oreHHoro CTeH.zta C 3BM. Cnel.l,Mq)IIIKa K.PllloreHHOro CTeH.zta COCTOIIIT B 

TOM, l!TO OH BKJI!OtiaeT 60JibillOe KOJillll!eCTBO MOlll,HblX CIIIJIOBblX YCTaHOBOK 

(KOMITpeccopbJ, 3JieKT.POMOTOPbl, BaKYYMHble HaCOCbl Ill T • .zt. ), KOTO.Pb!e 

C03.ztaJOT Bb!COKV.H Y.POBeHb B1116.Pal.l,MH Ill 3Hal!IIITeJibHble 3JieKTPOMarHIIITHble 

n0Mex111. no3TOMY He06XO.l(IIIMO 6bJJIO npe.l(BapMTeJibHO no.ztrOTOBIIITb 

cnel.l,MaJibHOe MeCTO. l!T06bl OCJia6MTb 3Tlll OTpMu,aTeJibHble B03.l(eHCTBM51 Ha 

annapaTY.PY co CTOPOHbl CMJIOBblX YCTaHOBOK. 8 CB513M C 3TIIIM Ha nepBOM 

3Tane 3BM C nepM(pepMHHblM o6opy.ztoBaHMeM M annapaTYpa KPIIIOreHHoro 

cTeH.zta pacnoJiara.lilllcb B pa3HbIX noMem,eHM51X. PaccT051Hllle Mex.ny 3TIIIMIII 

TTOMem,eHM5!Mlll 6bJJIO OKOJIO 100 MeTpOB. Ha 3TOM 3Tane C03.ztaHM51 CMCTeMW 

CBSl3b annapaTYPbl C 3BM 6b!Jia opraHlll30BaHa C ITOMOlll,blO cnel.l,MaJibHO 

paapa6oTaHHoA .ztJI5I TaKMX CJIYtiaeB annapaTYPhl pacWHpeHMSl BeTB111 KAMAK. B 

OKO~tiaTeJibHOM BapMaHTe nocJie .ztBYXJieTHeA MO.ztepHM3al.l,MM KPMOreHHOro 

CTeH.zta 3BM 6wa YCTaHOBJieHa Ha KPMOreHHOM CTeH.zte M, COOTBeTCTBeHHO, 

CB513b C annapaTYPOH oc:rmecTBJI51JiaCb CTaH.ztapTHb!MH .l(JI5I .ztaHHOro Tlllna 3BM 

cpe.ztcTBaMrtl. npM 3TOM coxpaHeHa B03MOXHOCTb nepeCTPOHKM CMCTeMhJ Ha 

CJIYtiaH Y.ztaJI8HHblX M3MepeH111A. 

IO 

j 

l 

r 
I 
I 

.,, 

'} 
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KoMnJieKT annapaTYPbI pacruHpeHM51 BeTBM KAMAK cocTOMT M3 ocHOBHhlX <Ml, 

M2) M cepBMCHblX 6JIOKOB, o6JiertiaJOill,lllX HaCTPOHKY M 3KCITJIYaTal.l,MJO 

annapaTYPbl CMMIIITaTOP KOMaH.zt 6JIOKa Ml, 6JIOK MH.l(IIIKal.l,MM co.ztepXMMoro 

JIIIIHIIIM CB513M 6JIOKOB Ml M M2. 6JIOK .zteC5!Tllll!HOH MH.l(IIIKal.l,MM IIMH R, w 
MarncTpaJIIII KAMAK). Mo.nyJib Ml BKJI!OtiaeTC51 B KpeAT BeTBIII KAMAK M 

06CJIYXIIIBaeT OT 0.l(HOro .l(O tierupex KpeATOB C KOHTPOJIJiepaMM M2. 06MeH 

IIIHWOPMal.l,MeA ITPOIIICXO.l(IIIT nocJie.ztoBaTeJibHblM KO.l(OM no O.ztHOMY 

KOaKCMaJibHOMY Ka6eJI!O C MCITOJib30BaHrtleM IIMPOTHO - ~MnYJibCHOH MO.ztYJI5ll..J,lllM 

(pMc .6 ). 

.l{111aJ1or Mex.ny ·Ml M M2 nocTpoeH no npMHLJ,lllny "KoMa.H.zta - OTBeT" 

He3aBIIICIIIMO OT BM.zta Bb!ITOJIH518MOH B KP8HTe KOMa.H.l(bl M 0.l(IIIH ·l.l,MKJI 

3aHMMa.8T 0.5 MC. Coo6m,eHMe Trtlna "KoMaH.zta" co.zte.PXMT MHWO.PMal.l,MJO BM.zta 

<C: N: A: F: DATA), a coo6m,eHMe Trtlna "OTBeT" - (X: Q! L: DATA). 3HaK 

"'" YKa3bIBaeT, l!TO CMMBOJibl OTHOC51TC51 K KpeATaM pacim1peHM51 B8TBM 

KAMAK. no.n .ztaHHble DATA ·oTBe.zteHO 16 pa3p51.l(OB. 06MeH MHWOPMal.l,MeH 

COITPOBOX.ztaeTC51 KOHT.POJI8M no l!8THOCTIII M KOJillll!8CTBY MMITYJibCOB. B 6JIOKe 

Ml peaJI111aoaaH pexMM "noMcK L'". 6JIOKM Ml M M2 npM MMeJOill,lllXc5! B HMX 

cxeMa.X BBO.zta/Bb!BO.zta MOr~'T pa60TaTb IT.PM paccT051HMM Mex.ny HMMM .l(O 500 
M8TPOB. K l!IIICJIY .l(OCTOMHCTB np111MeHeHM5! C03.ztaHHoro KOMITJieKTa 

annapaTYPbl .l(JI5I opraHM3al.l,MM CB513M CJie.l(yeT OTHeCTIII Bb!COKYJO 

noMeXOYCTOHl!IIIBOCTb, JierKOCTb opraHlll3al.l,MM CB513M M Ha.ID1l!llle cepBMCHblX 

6JIOKOB, ITOBblillaJOill,lllX 3(p(peKT111BHOCTb 3KCITJIYaTal.l,MM 3TOH ~nnapaTYPbl- npM . 

KPE0T-KOHTPOJIJIEP 

I D . 
n3BM J 

L / 1 !:: 500 M 

J 3MKC 6MKC 
.,,_ ~ .. 

0 1 KPE0T 1 lro-1.. 
9MKC -

- Im1PeHM51 
KPEHT 4 ' ~ 

PMc.6. 0praHM3al.l,M51 CB513M M B.PeMeHHble COOTHOW8HM51 

MHWOPMal.l,MOHHhlX MMITYJibCOB. 

11 



3TOM BblCOKaSI Ha.lle::!CHOCTb 6e30!mf604H0£1 nepeJJ:a\fil B 3T0£1 CHCTeMe 
.llOCfflraeTCSI KOMnJieKCHo: BblCOKH£1 YPOBeHb CHrHaJia nptt ImfPOTHO -
HMnYJ!bCHO~ MO.ll:YJISII.U'IH, BbirlOJIHeHtte KOMaH.libl B ynpaBJ!SleMOM Kpe£1Te TOJ!bKO 
B CJIY'lae npaBHJ!bHOCffl nptteMa HHqlOpMal.J,l,1H, KOHTPOJ!b no '-!eTHOCffl 
HHqlOpMal.J,l,10HHOro coo6111,eHHSI H no KOJill'-!eCTBY HMnYJ!bCOB B HeM, 
npeJJ:BapttTe.l!bHaSI Halla.l!bHaSI YCTaHOBKa B 6.l!OKe M2 nepeJJ: nptteMOM Ka::!CJJ:Oro 
HHqlOPMal.J,l,10HHOro coo6111,eHHSI, CHHXPOHH3al.J,l,1Sl-

4eTBepTaSI rJiaBa nocBsimeHa MeTOJJ:HKaM opraHtt3al.J,l,1H 3KCnepttMeHTOB- B 
Halla.lie rJiaBhl npoBO.ll:HTCSI oueHKa pelCHMOB nHTaHHSI 3KCnepttMeHTa.l!bHOro 
06pa3ua, ttMeromero B 3aBHCHMOCffl OT pemaeMo£1 3aJJ:a\fil OT omoro .llO 
mecffl TB3, c ue.l!bro onpeJJ:eJiettttsi onTHMaJibttoro pexttMa pa6on1 YM. 
IToKa3aHO, '-ITO B CJIY'lae HCnOJ!b30BaHHSI MOmttOCffl TenJIOBhl.l{eJieHHSI B 
Ka'-!eCTBe napaMeTpa nptt HCCJie.llOBaHHSIX c npm,leHeHtteM TB3 c COBMelll,eHHblM 
HarpeBaTeJieM - TepMOJJ:aT\filKOM (conpOfflBJieHtte Harpy3KH YM B 3TOM 
CJIY'lae HaXOJJ:HTCSI B JJ:Hana30He 1 +6 KOM) Hatt6oJiee onTHMa.l!bHhlM SIBJ!SleTCSI 
pa6oTa YM B pe::icttMe CTa6HJil13al.J,l,1H MOmttOCTH (norpemHOCTb Mettee 4%, 
KOTOPaSI onpeJJ:eJ!SleTCSI xapaKTepttCTHKaMH YM). ITptt HCnOJ!b30BaHHH pe::!CHMOB 
CTa6HJil13al.J,l,1H HanpSl::!CeHHSI HJill TOKa OTHOCHTe.l!bHOe H3MeHeHtte· MOmttOCTH 
TenJIOBhl.ll:eJieHHSI 6yJJ:eT COOTBeTCTBeHHO OKOJIO 500% tt CBhlme 80%. 

B CJ!e.ll:Y!Ome£1 llaCffl 3TOH rJiaBhl npttBeJJ:eHa MeTOJJ:HKa KaJil16pOBKH 
ynpaBJISIIOlll,ero KaHaJia, ue.l!b KOTOPOH COCTOHT B onpeJJ:eJieHHH 3aBHCHMOCTH 
P BhlX=f(N), rJJ:e N - KOll cooTBeTcTByrom,ero ynpaBJIS110111,ero KattaJia UAITa: 
0TJil1'-!HTe.l!bHaSI oco6eHHOCTb Ka.1Il16POBKH 3aKJIIO'-!aeTCSI B TOM, '-ITO 
3KBHBaJieHTHOe conpoTHBJieHtte BbI6epeTCSI MaKCHMa.l!bHblM H3 pa6o'-!ero 
JJ:Hana3oHa. CBSl3atto 3TO co cBoHcTBaMH TB3 tt xapaKTepttcTHKaMH YM. 
. CJieJJ:YeT- OTMefflTb, '-ITO H3MepeHtte conpoTHBJieHi1SI TB3 B pe:l!l;ttMe HarpeBa 

H OXJia::!C.lleHHSI ocym,ecTBJIS!eTCSI pa3Hb!MH cnoco6aMH, no3TOMY. H MeTO.ll:HKH 
Ka.1Il16POBKH H3MePHTe.l!bHhlX KaHaJIOB pa3Jill'-llihl .ll.l!SI Ka::!C.l{Oro pelCHMa. 

113Mepemte conpOTHBJieHHSI TB3 tt YPOBHSI MOmttOCTH B HeH B pe::!CHMe 
HarpeBa npott3B0.ll:HTCSI nYTeM 0.ll:HOBpeMeHHOro onpeJJ:eJieHHSI MrHOBeHHbIX 
3Ha'-!eHH£1 cttrHaJIOB,. nponop1.J,1,10Ha.l!bHhlX TOKY H HanpIDKeHHIO B TB3 • 
ITpttMeHeHtte TaKOH. opraHtt3al.J,l,1H H3Mepetti1£1 .llOnOJIHHTe.l!bHO nOBhllJiaeT 
.llOCTOBePHOCTb pe3y.l!bTaTOB. 8 3a.ll:al{y KaJil16pOBKH BXOJJ:HT onpeJJ:eJieHtte 
3aBHCHMOCTeH BHJJ:a NI=f(IH) H Nu=f(UH), r.lle NI H Nu - KO.libl 
COOTBeTCTBYIOlll,HX AUIT, IH HUH - TOK H HanpSl::!CeHtte Ha conpOfflBJieHHH 
TB3. 0TJil1'-!HTe.l!bHaSI oco6eHHOCTb npttMeHS!eMOH MeTOJJ:HKH COCTOHT B TOM, 
'-ITO 3aBHCHMOCffl no TOKY H HanpSl::!CeHHIO CHHMalOTCSI O.ll:HOBPeMeHHO 3a OJJ:HH 
IJ,l,1KJI no BCeMY JJ:Hana30HY, '-ITO cym,ecTBeHHO COKpam,aeT BpeMSI KaJil16POBKH
.n:ocTHraeTCSI 3TO BbI6opoM onpe.IIeJieHHOro 3Ha'-!eHHSI R3KB H HCnOJ!b30BaHHeM 
pe::icttMa CTa6tt.1Il13al.J,l,1tt HanpS1XeHHS1 YM. 

Ue.l!b Ka.1Il16POBKH H3MepttTe.l!bHOro KaHaJia B pelCttMe OXJia::icJJ:eHHSI 
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3aKJIIOl{aeTCSI B nOJIY'-!eHHH 3aBHCHMOCTH N=f(~KB), r.lle N - KOll AUn, 
H3MepS1I0111,ero TOK B TB3, ~KB-conpoTHBJieHtte HMHTHPYIOmee TB3. B 3TOM 
CJIY'lae oco6eHHOCTb COCTOHT B TOM, l{TO Ha TB3 nOJJ:alOTCSI H3MePHTe.l!bHhle 
HMnYJ!bCbl HanpSl::!CeHHSI (aMnJillTYllOH 6 B tt .llJillTe.l!bHOCTblO 10+20 MKC > tt 
onpe.lleJ!SleTCSI BeJill\filHa· TOKa B T83 • 

CJieJJ:YeT OTMefflTb, '-ITO noJ!Yl{eHHhle B pe3YJ!bTaTe Ka.Jll16POBOK 
H3MepttTe.m,HbIX KaHaJIOB 3aBHCHMOCTH .NI=f(IH), Nu=f(UH) H N=f(~KB) 
6b1Jrn HeJittHeHHbl- IT03TOMY nptt H3MepeHHSIX npttMeHSIJiaCb KYCO\!HO 
JillHeHHaSI annpoKCHMal.J,l,1SI 3fflX 3aBHCHMOCTeH •. 4HCJIO y:3.l!OBhlX TO'-!eK B 
KalC.llOM KOHKpeTHOM CJIY'-lae Bbl6ttpaJIOCb HCXO.llSI H3 Tpe6yeMo£1 TO'-lliOCffl 
H3MepeHHSI-

CTAPT 

Bhl60P KOH<NffYPAU1111 Cl1CTEMbl 
11 PEJICl1MOB 

KAJil16POBKA 

KAJil16POBKAYITPABJI.5lIOIU11X 11 
113MEPl1TEJibHbIX-KAHAJIOB 

l3AITl1Cb .UAHHhlXKAJil16POBKl1 
B <I>A~JI ·· 

.l{A 

YCTAHOBKA ITAPAMETPOB 
fAC 11 fYl1 ' 

3AITYCK'U11KJIA ."HAfPEB
OXJIA](.l{EHl1E" 

4TEHl1E .UAHHhlX 1111X 
ITPE.UBAPl1JEJibHA.5l 06PA60TKA 

Bh!BO.l{ PE3YJibTATOB HA 
MOHl1TOP 11 AHAJil13 

HET 

3AITl1Cb 11H<I>OPMAUl111 B 6AHK 
. -AUULJV• . . ,· . . 

HET 

Pttc. 7. 6JIOK-cxeMa aJiropMTMa npoae.IIeHHSl'HCCJie.!lOBaHMH. 
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]laJiee B 3TOi1 rJiaBe paCCMOTpeHa MeTO.ID1Ka no.nrOTOBKH 3JieKTPOHHOi1 

annapa-rypbl .ltJl5I npoBe.n:eHHS'I 3KCnepttMeHTOB no HC,CJie.n:oBaHHJO BJIHS'IHHS'I 

napaMeTPOB HMnYJibCOB MOlll,HOCffl Ha xapaKTepHCfflKH HeCTaU110HaPHOi1 

TenJionepe.n:atrn. OpttMeHS'leMaS'I MeTO.ID1Ka no3Bo~eT npoBecffl TecfflpoBaHHe 

OT.lteJ!bHhlX 4acTei1 CHCTeMhl H npe.ZJ:BaPHTeJ!bHYJO OTpa60TKY napaMeTpOB 

ynpaB~DJ>1X CHrHaJIOB Ha ~KBC nocJie.ZJ:YJODJ>1M nepeKJIJ04eHHeM Ha TB3. 

TaKaS'I MeTO,ID1Ka .n:aeT B03MO:l!CHOCTb cyinecTBeHHO COKpan1Tb' , 3aTpaTbl H 

speMS'I Ha noJIY'4eHHe ~KcnepttMeHTaJ!bHhlX .ZJ:aHHblX • 

B KoHue rJiaBhI npHBO.ID1TCS'I. nporpaMMHoe , o6ecne4e1:me, KoTOpoe 

ynpaB~eT pa60TO~ CHCTeMbI B pe:l!CHMaX KaJIH6POBKH, c6opa .ZJ:aHHhlX H 

npe.ZJ:BaPHTeJ!bHOro oT6opa .ZJ:aHHhlX C HCnOJib30BaHHeM rpaqiH4eCKoro 

npe.n:cTaBJieHHS'I pe3yJ!bTaTOB. 

8 nsrro~ r JiaBe npe.n:cTaBJieHbl HeK(?TOPble pe3yJ!bTaThl, noJiy4eHHble Ha 

KPHOreHHOM CTeH.n:e JICB3 011.5U1, npH' ttCnOJ!b30BaHHH C03.ZJ:aHHOro: KOMnJieKca 

annapaTHO - nporpaMMHblX cpe.n:CTB- 3KcnepHMeHTbl npOBO.ID1JIHCb c 

HOPMaJ!bHhlM H CBepXTeKY4HM 1'.e~eM npH pa3JIH4Hh!X · .' opHeHTaUl1S!X 

3KcnepHMeHTaJ!bHblX o6pa3UOB~'B CB060.lO-lhlX YCJIOBHS'IX H, B TaK Ha3h!BaeMbIX 

"cTecHEiHHWC;, ycJIOBHS'IX, ior ~ 06pa3eu noMema,JIH B KaHaJI, p~~no~oxeHHhl~ 

BOKpyr TenJIOOT.n:aJOmei1 , noBepxHOCffl. 8 3TOi1 rJiase nPHBOJ!S'ITCS'I Te 

pe3YJibTaThl, KOTOPhle : . .OTPa;ic.aIOT OCHOBHble xapaKTePl1CfflK~ , C03.ltaHHOi1 

Cl1CTeMbl 0 3ffl pe3yJ!bTaThl noJIY'4eHbl KaK B COaBTOPCTBe; ,TaK. tt _OT.lteJ!bHO 

.n:pyrnMH COTPY.n:HHKaMH JICB3 011,5111. 
3aKOHOMepHOCffl TefJJIOnepe.zial!H K BhIHY:l!C,.lteHHhlM llOTOKaM ireyxqia3Horo 

reJIHS'I npH CTaU110HapHOM H i-1Mn'yJ!bCHOM . HarpeBe l1CCJie.n:oBaJIHCb B 

pa6oTe131• YcJIO~HS'I 3KcnepttMeHTa 6~ cJie.ZJ:YJODJ>1MH: MaccoBa'si cKopocTb 

m=25.;-110 Kf /~C, .ZJ:aBJieHHe P=l.25 Oa, OTHOCHTeJibHaS'I · 3HTaJ!bTTHS'I 

x=-0 .1 +1, y~eJ!bHh18 TenJIOBh!e nOTOKH Q=75..-5000 B~/M
2

, Ha~PY3KH 

CTaU110HapHble H , HMnYJ!bCHble, .ltJIHTeJ!bHOCTb npS'IMOyrOJ!bHOro 'HMnYJ!bCa 

MOlll,HOCffl HaXO.ID1JiaCb B ,, npe.zteJiaX OT 10 .n:o 25 MC O ' OpoBe.n:eHHble 

3KCnepHMeHTaJ!bHble ttCCJIE!.llOBaHHS'I Bb!SlBHJitt KaqecTBeHHble 1,1• KOJitt\leCTBeHHble 

oco6eHHOCffl ' 'npouecca ; HeCTaUl10HapHoi1 TenJionepe.n:atrn K nOTOKY 

.ZJ:Byxqia3Horo reJittS'I nptt O.ID1H04HhIX HMnYJ!bCax, a TaK:iJCe , cyinecTBeHHoe 
' ' •. . j,' • 

OTJIHtrne HeCTaUl10HapHhlX xapaKTePHCfflK 3TOro npouecca no cpaBHeHHIO co 
,·,. , • "I '. 

CTaU110HapHb!Ml1° 3TO bco6ettHO. 3aMeTHO Ha Ha4aJ!bHhlX fTa.ID1S'IX npouecca 

.ltJl5I OTHOCHTeJ!bHO 60J!blllJ,1X BeJitttrnH Q H x • 

8 pa6oTI/6 / 6bLm1. noJIY'4eHbl 3aBttCHMOCffl neperpeBa t,,T(t,Q) B 

HHTepBaJie BpeMeH 10 MKC .. f;J MHH npH 3a.n:aHttH B TB3 y.n:eJ!bHOH MOlll,HOCffl 

np51MOyrOJ!bHOH <liOPMhl B . .ID1ana3oHe OT O .17 .n:o · 10 KBT/~. 3 KcnepHMeHTbl 

np0B0.ID1Jrttcb B o6beMe HacwmeHHoro reJittS'I nptt•.n:aBJieHHS'IX 0.06-0.18 Mna 

npH ropH30HTaJ!bHOH'H BePfflKaJ!bHOH optteHTaUl1S'IX 06pa3ua B CB060.n:Hb!X H 

CTeCHSHHhlX YCJIOm1S'IX. 
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B pe3YJ!bTaTe aHaJitt3a noJIY'4eHHblX 3aBHCHMOCTei1' t,,T(t,Q) 6~ 
06HapyxeHbl CJie.ZJ:YJODJ>1e 3qiqieKTbl: 

- B03HHKHOBeHtte. S'IPKO BbipaxeHHhlX nttKOB neperpeBa; 

- pa3BHffle He3aTyxaJODJ>1X KOJie6aHHi1 TeMnepaTYpbl; 

- B03MO:l!CHOCTb xo.n:a npouecca no HBCKOJ!bKttM TTYTS'IM npH HeH3MBHHOi1 

npe.ltbICTOPHH :7 BBTBJIBHHB KPHB~. 

HanpHMep' Ha PHC. 8 o6JiaCTb C 3fflMH 3qiqieKTaMH HaXO.ID1TCS'I B 

HHTepBaJiax neperpeBoB OT 1 .n:o 40 K H BP~MeH OT 100 MC .n:o 64 c. 

CJie.ZJ:YeT OC060 nO.lt4BPKHYTb, 4TO o6HapyxeHHe 3TOH 06JiaCffl CTaJIO 

B03MO:l!CHO TOJibKO npH HCnOJ!b30BaHHH MOlll,HOCffl TenJIOBhl.llBJIBHHS'I B Ka4BCTBe 

napaMeTpa, T.e. 6Jiaro.n:apS'I pa6oTe C03.ZJ:aHHOrO YM BP~:l!CHMe CTa6HJIH3aU11H 

MOlll,HOCffl. 
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Pttc._8. 3aBHCHMocffl neperpeBa t,,T(t,Q), P=0.1 Mna. 

]laJI~e- B ~TOH r JiaBe npe.ZJ:CTaBJIBHhl PB3YJ!bTaThl/7 / 3Kcne,PHMBHTaJ!bHOro 

HCCJIB.ltOBaHHS'I HBCTaU110HapHblX TeTTJIOBblX npoueccoB, npOTeKaJODJ>1X Ha 

rpaHHUB pa3.ltBJia "TBep.l[OB TeJIO , - :l!CH,l!KHH reJIHi1" TTO.lt B03.ltBHCTBHBM 

TBTTJIOBO;O .B03MYJnBHHS'I TpaneUBH.ZJ:aJ!bHOH qiOpMbl. ]laHHble nO.nytIBHbl TTPH 

CJie.ZJ:YJOlltHX YCJIOBHS'IX: OPHeHTaUl1S'I 06pa3ua - BBPfflKaJ!bHaS'I, reJitti1 

HachlllieHHhli1, TeMnepaTYpa o6beMa - 4. 23 K, . .ztJittTeJ!bHOCTb HMnYJ!bca 

MOlll,HOCffl - 6.4 c c MOlll,HOCTbJO TenJioBoro HMny.in,ca B · 0.3..-17 BT, 

,l!Jil1TeJ!bHOCTb nepe.ZJ:Hero WP?HTa HMnYJ!bCa MOlll,HOCffl - 20 MKC, l MC, 2 MC 

10 MC , 100 MC , 200 MC , 1 C • 
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Pe3yJibTaThl nponeMOHCTPHPOBa.m1 cyinecTBeHHOe BJil15lliHe ~TeJibHOC™ 

nepe.ZJl-lero WPOHTa Ten.irosoro B03MYJneHH~ Ha npouecc Ten.ironepe,lla.4H- Ha 

PHC-9 nPHBeneHO cpasHeHHe 3aBHCHMOCTett neperpesa ~ ~yX cepHH 

3KcnepHMeHTOB-

::::,:::: 
E
<J 

1 =20 JU 

1 = 1 s ~ ......,~ , I I 1 o 1 I I A" - -- ,, .i.- ~ 

t 
2 

100 

10-2 --:-:-~-~"' 
10-4 10-3 10~2 10-1 

t;c, 
100 101 

PHc.9. 3aBHCHMOC™ AT(t,Q) M~ .zmyX 31-IalleHHH WPOHToB" <20 ~c 

H 1 c ). Henpephffi.Hbl~ Jil1HH~ - rpaHHUhl pe:llrnMOB,, npephJBHCThle -

3Ha4eHH~ MOlll,HOC™ 3aBHC~MOCTeH 1-8 COOTBeTCTBeHHO ~ .16.7. 

8.54. 6.4. 3.48, 1.34, 0.63, 0.33 BT. 

,lla.HHhJe. 

10 .9. 

Ha OCHOBe 3KCnepHMeHTaJibHb!X ,lla.HHb!X aBTOPaMH 3TOH pa60Thl 6~ 
YCTaHOBJieH YHHBepcaJibHhM xapaKTeP KaPTh! pe:l!CHMOB HeCTa~OHapHOH 

Ten.ironepe,lla.~ H npen.iroxeH MeTon !04Horo pac4e-ra rpaHHU pexHMOB, a 

TaK:l!Ce HoBa~ MO~WHKa~~ KaPTh! pe:l!CHMOB. 
B pa6oTe141 npHseneHbl 3KCnepHMeHTaJibHhie ,lla.HHhle no HCCJienoBaH~IO 

Hec-ra~oHapHott. Ten.ironepe,lla.~ K Bb!HY:lfCneHHhIM noTOKaM ~yx~a3Horo I'e.m1~ 

oT mec™KaHaJibHoro 06pa3ua. T.e. Hcc.ireno,sa.m1cb npocTpaHcTBeHHhie 

xapaKTePHC™KH Ten.ironepe,lla.4H. Pe3YJibTaThl 6hLm1 ' no~eHbl B BHne 

3aBHCHMOCTett neperpeBa AT nosepXHOC™ 06pa3ua OT epeMeHH t noc.ire 

no,lla.~ np~oyrOJibHOrO mmyJibca MOlll,HOC™• 0pHeHTaW1~ 06pa3ua 6wa 

ropH30HTaJibHOH. a MaCCOBa~ CKOPOCTb TaKOBa. 4TO peaJil130BhIBa.m1cb 

paccJIOeHhie pe:l!CHMb! Te4eHH~ ~y){Wa3HOrO re.m1~ npH ,lla.BJieHHH 1.3x10
5 

na. 

8 pe3YJibTaTe aHa.m13a 3a~HCHMOCTeH AT ( t~ Q) . (PHC .10) MO:l!CHO 

BhUieJil1Tb xapaKTepHble pe:l!CHMbl HeCTa~OHapHOH Ten.ironepe,lla.4H H oueHHTb 

16 

pa3.m1~He B CTeneHH HHTeHCHBHOC™ npoueccoB ~ sepxHett H HH:l!CHett 

o6pa3YIOl$1X 06pa3ua. 4TO CB~3aHO C pacCJIOeHHeM noTOKa re.m1~. B 

ox.iraxM10meM KaHa.ire. 

~ 
E--, 

102 P= 126 &Ila 

10 1 --:---~--f--+--L-

<J O I 1 J ~\~· · :;: q;s,,,-.•r·- I 10 e e --• ••· ...... - I• 
• 

10 l 102 103 104 105 106 

t, MKC 

PHc.10. 3aBHCHMOCTH neperpesa AT(t·,Q) nosepXHOCTH 06pa3ua: * -
~ sepXHeA o6pa3YIOmeti •• - M~ HH:l!CHett o6pa3YIOmeA. 1 - 9100 BTIM2 • 

2 - 4540 BT/~~ m=48 Kf/~c, x=0.32, P=126 Kna. . 

npoBO~Jil1Cb TaK:l!Ce· 3KCnepttMeHThl, .B KOTOPhlX B Ka4eCTBe KPHOreHTa 

HCnOJib30BaJIC~ csepXTeK~H re.irtti-1. 3™ 3KCnepHMeHThl noKa3aJil1 p~ 

OTJil14HH nptt HCnOJib30BaHttH csepxTeKY4ero re.m1~ no CP~BHeHHIO C 

HOPMaJibHb!M~ B 4aCTHOCTH, 'aBTOPhl 3TOH pa6oThl181Ha OCHOBe no.iry4eHHb!X' 

3KCnepttMeHTaJibHb!X ,lla.HHhlX onpene.m1JIH OTHOCttTeJibHO MaJIOe spe~ 

YCTaHOBJieHtt~ CTa~OHapHb!X ' pe:l!CHMOB OTBO,lla. Ten.ira tt cpaBHttTe.JlbHO 

6oJibmoe spe~ HacTYnJieHH~ KPH3Hca. KpoMe 3TOro, s onpene.ireHHb!X 

YCJIOBttS!X no~eHhl Ka4eCTBeHHO HOBhlEl ,lla.HHble: o6HapY]CeHa. o6JiaCTb 

nepexonos; xapaKTePtt3YIOma~c~ nHKaMtt neperpeBa Ten.irooT.na10me£1 

noBePXHOCTH • H c.ireny10mee, 33 Hei-1 YCKOpeHHOe HaCTYnJieHHe KPH3ttca, 

o6yc.iros.ireHHoe TYP6y.m13a~ei-1 csepxTeKY4ero re.irtt~. 

KpoMe 3KcnepHMeHTOB no H3Y4eHHIO HeCTa~OHapHOH Ten.ironepena~ B 

pexHMe Harpesa. nposo~.irttcb ttcc.irenosaHtt~.xapaKTePHCTHK Ten.ironepe.na~ 

B pexHMe ox.iraxneHtt~- B pe3YJibTaTe 3THX Hcc.irenosaHtttt 6b!JIO onpene.ireHo 

noseneHHe 33BttCHMOCTeH neperpesa AT(t,Q) nocJie·OTKJII04eHtt~ MOlll,HOCTH B 

3aBHCttMOC™ OT YPOBH~ MOlll,HOCTH B ttMnYJibCe. ,' opHeHTa~H 
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3Kcnep11MeHTaJibHoro o6paawi 11 TeMnepaTYPhl re.m1~{
9

/ 

OcHOBHhle peayJibTaTbl pa60Tbl 
1. CwopMY.m1POBaHhl OCHOBHhle Tpe6oBaH11~ K KOMn~eKCY annapaTHO 

nporpaMMHb~ cpencTB c ueJibro no~y4eH11~ 3Kcnep11MeHTaJibHW MHHb~ no 

BJil1~11ID WOPMhl Ten~oaoro 11MnYJibCa 11 reoMeTP1111 3KCnep11MeHTa Ha_ 

~HaMHKY Ten~OBW npoueccoB B Cl1CTeMaX C HOPMaJibHhlM 11 caepxTeKY~M 

re.m1eM a UHK~e "Harpea - ox~:lK:neH11e" c 11cnoJibaoaaH11eM 

3Kcnep11MeHTaJlbHb~ o6paauoa, y KOTOPW Ten~oa~e~IIJ,He noaepXHOCTH 

o~oapeMeHHO c~aT B Ka4eCTBe M~KOB TeMnepaTYPbl• 
2. npoaeneH aHa.m1a pe:lK:11MOB n111a.H11~ 3KCnep11MeHTa~bHor6· o6paaua. 

Cne~H BblB?n O TOM, 4TO np11 11CC~enoaaH11~X. C np11MeHeH11eM 

3Kcnep11MeHTaJibHoro o6paawi c coaMem.eHHhlM HarpeaaTe~eM 

TepMOM~KOM Ha116o~ee, onTHMaJibH0'1 $1B~~eTC~ pa6oTa YM ' B pe:lK:11Me 

c1a.611.m1aaUHl1 MOIII,HOCTH• Paapa6oTaHbl '-11 BHe~eim MeTO~K11 C 

cooTBeTCTBYID111,e'1. annapaTYP0'1 '~ 'nporpaMMHoe' o6ecne4eime ~ noWOTOBK11 

3~eKTPOHH0'1 Cl1CTeMbl K 3KCnep11MeHTaM 0 

3. Paapa6oTaH_ 11 coaM~ KOMn~eKc annapaTHo - nporpaMMrIW cpencTB, 

KOTOPbM noaao~eT B IIIYlPQK11X npene~x npoao~Th 11cc~enoaaH11~ no 

BJil1~11ID WOPMhl Ten~oaoro 11MnY~Ca 11 reoMeTP1111 3KCnep11MeHTa Ha 

xapaKTeP11CTHK11 HeCTaUHOHapH0'1 Ten~onepeM~ K HOPMaJibHOMY 11 

caepXTeKY4eMY re.m1ro. 8 4aCTHOCTH pea~11aoaaHbl c~e~m.11e BO,aMO:l!CHOCTH: 

- C nol,!0111,bID coaMHHoro YM o6ecne~aaeTC~ pe:lK:11M c1a.611.m1aaUHl1 MOIIl,HOCTH 

Ten~OBbine~eH11~ B IIIYlPOK11X npene~x 11aMeHeHl1~ conpoTHB~em151 TB:3 (1, +. 

6 K0M) 11 MOIIl,HOCTH B H8M (0+40 BT) C T04HOCTbID CTa611Jil1aaUH11 He XY:lK:e 

4 % 11 apeMeHeM peaKUH11 np11 pa6oTe ' Ha 6bICTPOMeH~IIl,YIOC~ BO apeMeH11 

HarpyaKy He 6o~ee 20 MKC; 
- aaMeTC~ npaKTH48CK11 ~ro6a~ WOPMa 11MnY~bCa MOIIl,HOCTH Ten~OBbute~eH11~. 

T.e. , TaK11e napaMeTphl KaK aMn~11TYM, . WPOHT, nJil1T8JibHOCTb 11 

CKBa:lK:!iOCTb; 
- MHOroKaHaJibHa~ C11CTeMa ( n11TaHl1~ TB:3 (mecTh ,\ KaHa~OB) C 

cooTBeTCTBYIDIIJ,HMH KaHa~MH -ynpaa~eH11~ noaao~eT 11cc~enoaaTh 

npocTpaHcTBeHHhle <no yr~ 11 M11He 3Kcnep11MeHTaJibHoro o6paawi> 

xapaKT8P11CTHK11 HeCTaUHOHaPH0'1 Ten~onepeM411; 
- cxeMHoe pemeH11e YM c noMOIIl,bID nonc11cTeM ynpaa~eH11~ ·· 11 11aMepeH11~ 

noaao~eT onpene~ TeMnepaTYPY•Ten~oab1ne~111,e'1 :noaepxHOCTH TB:3 KaK 
nonao~Mo'1 B pe:lK:11Me Harpeaa, TaK 11 B pe:lK:11M8 ox~:acneH11~ c. KOHTPO~eM 

MOIIl,HOCTH • 
4. Paapa6oTaHhl 11 coaMHhl' KOMn~eKT annapaTYPhl '11 CTPYKTYPa 

C11JibHW 11HWOPMaUHOHHoro coo6111,eH11~. o6ecne~aarol!J,He B yc~oa11m 

3~eKTpoMarH11THW noMeX' CBIDb annapaTYPhl KP110reHHOro CTeHM C 

YM~eHHo'1 <no 500 MeTPOB) 3BM. Carob opraH11aoaaHa. noc~enoaaTeJlbHhlM 
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KonoM C 11cnoJibaOBaH~eM IIIYJPOTHO - 11MnYJibCHOH MOny~~11 11 annapawo. -

nporpaMMHblM KOHTPO~eM npaB11JibHOCTH nepeMBaeMoro coo6111,eH11~ C 

np11aBo~TeJibHOCThID no 10 K6aAT/c. l!11c~o nonK~4aeMb~ KPeHTOB KAMAK -

OT o~oro no 4eThlpex. 

5. C noMolll,bro coaMHHoro KOMn~eKca annapaTYPhl, nporpaMMHoro 

o6ecne4eH11~ 11 MeTO~K no~eH p~ Ka4eCTB8HHO HOBW 

3Kcnep11MeHTaJibHW MHHb~ no HeCTaUHOHaPHOH Ten~onepeM48 K 

HOPMa~bHOMY 11 CBepxTeKY4eMY re~11ro. ·s 43CTHOCTH: oi5HapY:lK:eHci o6~aCTb 

Ten~oaoA' HeYCTOH411BOCTH B CTaTH4eCKOM 'HOPMaJibHOM re~1111 np11 

Harpyakax, 6.m1aK11x K CTaUHOHapHOH BeJil1~He Kp11a11ca K11neH11~; 

11cc~enoBaHO B.m1~11e n.m1TeJibHOCTH nepe~ero WPOHTa 11MnYJibCa MOIII,HOCTH 

Ha xapaKTeP11CTHK11 Ten~onepeM~; fI0~4eHa KOJil14ecTBeHHa~ -~HWOPMaUH~ 

0 npocTpaHCTBeHHb!X xapaKT8P11CTHKaX HeCTaUHOHapHOH Ten~onepeM~ K 

BbIHY:l!CneHHOMY nOTOKY nayxwaaHoro·reJil1~. 

6. COaMHHbrn KOn~eKC annapaTHO - npo'rpaMMHW cpencTB B HaCTO~ee 

Bpe~ 11cnoJibayeTC~ B· MJibHeHIIIYJX 11CC~enoBaHJ.1m no HeCTaUHOH3.PHOH 

Ten~onepeM4e K HOpMa~bHOMY '11 CBepxTeKY4eMY re.JMro, a OTneJibHhle 43C'I'l1. 

3Toro KOMn~eKca 'TaK:lK:e Ham.m1 np11MeHeH11e 11 B npyrmc CHCTeMaX?'l,O/ _ 
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