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06WA51 XAPAKTEPI1CTI1KA PA60Thl 

.:u.,yanbH0CTb TeMbl. 

OTKpb1Tl1e irnneHHll "B3pb1BHOH 3neKTJ)OHHOH 3MHCCHH" H BrrocneJ{CTBHII "B3pbIBHOH 

3Ml1CCl111 II0H0B .. CJ{enano KOpettHOH rrepeB0p0T B cp11311Ke II TeXHHKe CHnbH0T0'IHblX ITY'JK0B. 

3TO np1rneno K C03J{aHHIO M0!l1HblX HMnynb~HblX Cl1nbH0T0'!HblX HCT0'IHIIK0B 3neKTJl0H0B 11 

II0H0B (11Cl1311). TaKHe 11CT0'IHl1KH aKTHBH0 rrpuMeHlllOTCll B C0BpeMeHHbIX pMHaQH0HHblX 

TeXH0n0rHllX, TaKHX KaK noBepXH0CTHal! MOJIHcjJHKaQHll MaTep11an0B, ClrnTe3 

nonynp0B0JIHIIK0BblX CTPYKTYP, C03J{aHHe rrneH0K II noKpbITHH C :rneKTJ)0HHblM H H0HHblM 

nepeMeWHBaHlleM, CTep11amnaI.1Hll n11111eBblX npoJiyKT0B H HHCTpyMeHT0B, pa3nH'IHble 

np11MetteH11ll B 06nacn1 ynyqwett1rn OKpyJKaIOmeii cpeJlbl II T. JI. 

11ccneJ{0BaHl!ll, npoB0J{l1Mble _B 3Tl1X o6naCTllX TeXH11Kll, Bbl3bIBalOT 0CTpy!O He06XOJ{IIMOCTb 

B C03J{aHIIII HaJ{eJKHblX B 3KCrrnyara1.11111 K0MnneKCHblX CHCTeM Ha 6a3e 11Cl1311 J{nll 

ycnewttoro pewett11ll np11KnaJ1HbIX 3Ma'I, rrocTaBneHHbIX rrepeA 11ccneJ10BaTenl!MH. 

Uenb pa6oTbl. 

Pa3pa60TKa II C03J{aHHe aBTOMaTH311pOBaHHOH KOMnneKCHOH CHCTeMbl Ha 6a3e 

11Cl1311 Jinll pewett1rn np11KnaJ1HbIX 3Ma'I. TTpnMeHettue 3Toro K0MnneKca B 3KcrrepnMeHTax B 

o6nacTH ny'IK0BblX TeXHOnOrHH . 

Hay'!Hall H0BH3Ha. 

l. Pa3pa6oraHa H C03J{aHa aBT0MaTH311p0BaHHal! K0MITneKCHal! CHCTeMa (KCTTT) Jlnll 

npHMeHeHHll B o6nacTH rry'IK0BblX TeXHOnorHH. KCTTT C0CTOIIT 113 HMrrynbCH0ro 

c11nbH0T0'IH0ro IICT0'IHHKa 3neKTp0H0B 11 H0H0B H aBTOMaTH'!eCKOH CHCTeMbl H3Mepemrn 

1neKTp11qecrnx napaMerpoB o6ny'!aeMbIX o6pa31.IOB (p11c. I). 

- pa3pa6oTatta II C03J{aHa aBT0MaTH311p0BaHHal! CIICTeMa yrrpaBneHHll II K0HTponll 

ycTaH0BKII 11Cl1311; 

pa3pa6oTaHa II co1J1atta c11cTeMa 3KCrrpecc-aHan111a o6nyqaeMbIX o6pa31.IOB (C3A) 

(aBTOMaTll'leCKOe 113MepeH11e 3neKTpH'!eCKIIX rrapaMeTp0B o6nyqaeMb!X o6pa31.10B ); 

- pa3pa60TaHO If C03J{aH0 rrporpaMMH0e o6ecrre'!eHHe Jlnll KOMITneKCHOH CHCTeMbl KCTTT. 

2. C rrpHMeHeHMeM CHCTeMbl KCTTT rrpoBeJ{eHbl 3KCrrepnMeHTbl, IT03B0nHBilIHe: 

- o6HapylKHTb 3cjlcjieKT H3MeHeHlfll rrapaMerpa a KpHCTannH'!eCKOH perneTKII rrp11 

o6ny'leHIIII HHKeneBOH cponbr11 CHJibH0T0'IHbIM 3JieKTJ)0HHblM rry'IK0M; 

BrrepBbie HaHTII, '!TO MOJ{HcjJIIKaQHll ITOBepxHOCTeH rpacjJIITOBbIX :rneKTJ)0JI0B 

CHJibH0T0'IHblM 3JieKTp0HHblM rry'IK0M Ka'!eCTBeHH0 yrry'IIlIHJia xapaKTepHCTHKH "B3pbIBHbIX" 
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KaT0JI0B. 

IlpaKTnqecKoe 3HaqeHHe. 

1. Co3;1aHHe aBTOMaTH3HpOBaHHOll CHCTeMbl ynpa~rreHHJI H K0HTp0JJJI 11Cl13H 3HaqnTeJJh!IO 

ynp0CTHJJ0 3KCimyaTaQHIO H B TO JKe BpeMJI yaerrnqnrro Ha;ielKH0CTI, pa60Tl,J KOMJineKca 

EJ[:] 
~ 

Ynpae••••• k 2 

KCITT. 

2. C03;1aH11e aBTOMaT11qecKOH CHCTeMbl 

3c11pecc-aHarr113a ;iano B0JM0lKH0CTh 

3cpq>eKTIIBHO 11epecTpal!BaTb pelKIIMbl 

pa60T1,1 ycrnH0BKII HCH311. 

3. Mo;111cp11u11posa11Hhie 11yqK0M 

3JJeKTp0H0B rpaq>IITOBh!e 3JJeKTp0Jlbl 

HaIIIJJII nrnpoKoe 11pnMe11eH11e B 

IIMIIYJJhCHhlX CHJll,H0TQqllb!X 

IICTQqHIIKaX 3JJeKTp0H0B H II0H0B. 

Puc.I. CmpyKmyp11aR cxe.Ma aemoMamU3upoean11ou cucme.Mbl KCIIT 

Ha 3all.lllTV BbIH0CJITCll crreJ:IVIOILllle Te3HC"!; 

1. Pa3pa6oTaHa H C03;1aHa aBT0MaTH311p0BaHHall K0MIIJleKCHaJI CIICTeMa KCITT ;IJJJI 

11p11Menemrn a 06rracT11 nyqKoBhIX Texuorrornil:: 

- pa3pa6ornua II co3;1aua aBT0MaTll311p0BaHHall CliCTeMa ynpaarreHHJI II KOHTpOJJJI 

ycrnuonKoil: 11CH311; 

- pa3pa6ornHa H co3;1aua cncTeMa 3KC11pecc-a11anll3a o6rryqaeMhIX o6pa3QOB; 

pa3pa6ornuo 11porpaMMH0e 06ecneqeH11e ;irrll KoM11rreKCHOH c11cTeMU KCITT. 

2. O6uapYJKeH 3cpcpeKT 113MeHeHIIJI 11apaMeTpa .!! peIIIeTKH HIIKeJJeBOH !pOJlhrII npll ee 

o6rryqeHHII CIIJll,H0T0qHl,JM 3JJeKTp0Hlll,JM nyqKOM. 

3. }],oKa3aH0, qTQ MOJIH!pHKaullJI rpaq>IITOBl,JX 3rreKTp0JI0B CllJll,IIOTOqUl,JM 3rreKTp0HIIh!M 

11yqKoM TI0BhIIIJaeT 3rreKTp11qeCKYJO npoqH0CTI, BaKyyMIIl,JX 3a30p0B MelKJIY IIIIMII, 

yaerr11q11aaeT noaepXH0CTIIYJO TBep;I0CTh. 

A11po6aUHJ1 pa6oThJ. 

OcHOBHhJe pe3yJJhTaThl, 113JJ0)l(eHHh!e B ;111ccepTaQIIII o6cYJK;laJIIICI, Ha Hayqno-

MeT0JlllqeCKIIX ceMHHapax Jla6oparnpH11 !pll311KII qaCTIIQ O6be;111HeHHOI'O IIHCTIITYTa 

JI;iepuux 11ccrre;ioaaH11il:, ;10Krra;i1,rnan11c1, Ha XI Mell(Jlynapo;iHoil: KoHcpepemurn 110 
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mrnyn1,c11oil: TeXHIIKe (6anniMop, CWA, 1997r), Ha eJKer0LIHhIX c11M110311yMax Jla6oparnp1rn 

qi11JHKJ1 11oaepx11ocTeil: (y1rnaepc11TeT Rutgers, NJ, USA), 1998, 1999, Mell(Jly11apo;111oil: 

Ko11qiepe111.1u11 110 MeTannypr11qecK11M 11rre11KaM 11 110Kpb1T11JIM ( CaH-}],11ero, a11perr1,, 97, 

CWA). 

TTy6rruKau1m. no MaTepuanaM ;111cceprnun11 011y6n11KoBaHo B m1;1e cTaTeil:, 11pe11p1111ToB 

O115111,;ioKJJa;IOB n Te3HC0B ;I0KJJa;I0B - 6 pa6oT. 

O6beM pa60Thl. .[(nccepTaQIIJI C0CT0JIT IIJ BBeL1eHHJ1, 'leThipex rrraa, 3aKJJIO'leHIIJI II CIIIICKa 

JJl!TepaTypb!. Pa6oTa l13JI0lKeIIa Ha 84 CTpaHIIQax, BKJJIQqaeT 4 7 pncyHK0B II Ta6JJIIQ. 

C1111coK mnepaTypbl C0L1eplKIIT 69 11a11MCHOBam1ii. 

CoJ:1eplKan11e pa6oTbl. 

Bo BBeJ:!eHIIH cqiopMymiposaua QeJJb pa60Tbl, KpaTK0 IIJJI0lKeH0 C0L1epJKaH1IC mas 

;111ccepTaQIIII 11 11p1meL1eHbl TeJHCbl, BhIII0CHMbJe Ha 3all.{llTY-

B nepsow rnaae 11p11BeL1eJ1 KpaTKHH o63op cyu(eCTBYIOll.lllX IIMIIYJJbCIIhlX IICT0'll!IIK0B 

3JJeKTp0H0B II II0H0B ;IJJJI 11p11MefleHIIJI B qJ113ll'IeCKHX 3Kc11ep11MeHTaX. PacCMOTpeHhl 

npnHQlllll,J pa60Tl,J II cxeMHhie peIIIeHllJI 11naJMeHHblX ra3opa3pl!JlllblX HCToqllJfK0B, 

HCT0'llll!K0B 3JleKTp0H0B C pa3plllllll,IMH KaT0J:laMII, IICT0'IIIHK0B C aBT03MIICCII0HIIbIMII 

3MHTTepaMII II IICT0q1111K0B 3JJeKTp0H0B II ll0110B C B3phIBHOII 3MHCCHeil:. TTp1rneL1eHbl IIX 

0CH0BHhie xapaKTepllCTIIKII, npeHMyll.{eCTBa II 11e;iocTaTKII. 

B HaCT0llll.{ee apeMJI TeXH0JJ0rHH B1,JC0K0r0 ypomrn, 0CH0BaIIHh!e Ha HemmeiiIIOM 

B3aHMO;lettCTBHH llMIIYJJhCH0r0 HCT0'lHHKa 311Cpnm C TBepllblM TeJJ0M, qJII31IKa 

61,1cTpo;iettcTBYIOll.{IIX npoueccoB, qJH3HKa l]Jl33Mbl Bbl3hlBaJ0T 1lOTpe611ocTb B CIIJlhH0T0'IHbIX 

HMIIYJJbCllh!X 3JJeKTpOI11IbJX H H0l!Hb!X IICT0'llll!Kax H ycKop11TeJJJIX. TTJJOTHOCTh T0Ka 

TepM03JICKTpOHHOH 3MIICCHH orpallli'!Clla TeMnepaTypoii JJJJaBJJelllll! 3MIITTepa. C TI0M0ll.{bl0 

3BT03JJeKTpOHHOll 3MIICCIIH npHHQl!llllaJibII0 803M0lKII0 norryqe11ne j ~ 106-108 
A/c~i2, 110 /.IJIJI 

3T0ro HYJKHbl 3MHTTCphl B BH;le C0B0KYIIIIOCTII 6on1,woro 'lllCJJa OCTpllii IIJ:leHTWIIIOll <pOpMbl, 

'!TO npaKTuqecKH HCB03M0lKII0. OTKpb!Tlle "s3p1,rn11oii 3MIICCIIII" 3JJeKTp01I0B II 110110B 

CJ:ICJJaJI0 Kopeuuoii 11epesopoT B qJ113HKe Ii TeXHIIKC Cl!JlbH0T0qHl,JX llY'lK0B. 3TO II0JB0JIIIJIO 

C03JlaTh. npoCTble Ii 11a;ielKHhJe B 3KCllrryaTaQllll CIIJJbII0T0'lllhle IIMIIYJJbCHble :JJICKTp0llllblC II 

11011111,ie HCTff'lHIIKII ;irrJJ npose;iemrn nccne;iosa1111il: s 06rracT11 paL111aU110HHhIX Texnonornii, 

QJH311Ke TBep;ioro TeJJa, MOJ:IIIQJHKaQIIH MaTepllaJJ0B H T. JI. 

Bo BTopoii rnase npe;icrasrreuo onnca11ne ycrn110BK11 HCH3H, B oc11ose Kornpoii 

JaJ!0lKCHbl npHHQHllbl B3pbIBIIOll 3JJeKTpOHHOii II IIOHHOii 3MJICCIIH. 3L1eCb lKe npllB0Jll!TCJI 

0llHCaill!e aBTOMaTH3HpOBaHHOll CHCTeMbl ynpasneHHJI ycTaHOBKOii. HCH3H JIBJ!lleTCJI 

COCTaBHOH qaCTbl0 KOMIIJICKCHOH CIICTeMbl KCTTT, 11a KOTOpoii HJJ0B0)IJITCJI 3Kcnep11MCHThl 110 



HaIIL!IleHmO, CllHTe3y ll MOJ1HCp11Kamrn HOBhlX MaTepHaJJOB. Ha pnc.2 rrp11BeJ1etta 

CTPYKTYPHM cxeMa I1CI13I1. YcTaHOBKa COCTOHT !13 BaKyyMHOfO JIHOJla, B KOTOpOM 

C03JlaJOTCll 3JieKTPOHHh!e ll HOHHLJe II}"!Kll, BaKYYMllOH CIICTeMLI, rettepaTopa HMIIYJILCOB 

Harrpl!lKeH!lll (rHH), KOTOphlH 3arrllTLJBaeTCll OT BhICOKOBOJihTHOrO Bh!IIpl!MllTem1 BC-70, 

3>maI01Umi 
nHeparop 

fiDAMO
A}'JnlTOp 

6JIOIC 

mmunm 

Ycrpoftcrno 
ynp~nemm 

Puc.2. CmpyKmypHaJI 6noK-cxe.MaycmaH06KU l1Cl1311 

H CHCTeMLI ynpaBJieH!lll. 

B Kaqecwe retteparnpa rHH 11crronL3YeTCll rrpOMLJIIIneHHLJtt retteparnp ApKMLeBa

MapKca rHH-400. BaKyyMHM CllCTeMa COCTOllT ll3 BaKyyMHOro arperaTa BA-0,5 C 3aJJHBHOH 

a3ornoi1 noByrnKoi1 n qiopnaKYYMHoro 11acoca 2HP,D;-5BP. ,ll;aBnett11e ocrnrnq11oro ra3a 

KaMepe ~ 5 • 10·5 
Topp. 

ITapaMeTOLJ ycTaHOBKll I1CI131-f; 

- KllHeTllqecKM 3Heprllll rryqKa 

- MHTeJILHOCTh llMIIYJILCa rryqKa 

- TOK 3JieKTPOHHOro rryqKa 

- TOK llOHHOro II}"!Ka 

- qacTOTa llMIIYJihCOB rryqKa 

W=300K3B; 

t.=300 ttc; 

L,=1000 A; 

1=140A. 

f=l-10 fQ 

B 

Ha p11c.3 110Ka3atta 6noK-CXeMa pa3pa6oTaHHOH JIByxypoBHeBOH aBTOMaT!l3llpOBaHHOH 
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CHCTeMhl yrrpaBJieHHll ycTaHOBKll I1CI13I1. Ha JlllJKHeM ypOBHe ocyrnecTBnlleTCll aBTOHOMHOe 

yrrpannett11e ll KOHTPOJih rrapaM~OB ycTaHOBKll. 8 aBTOHOMHOM pelKl!Me IIOJI ynpaBJiett11eM 

MllKpOKOHTPOnnepa K 1816BES I, 

~-"-----, ~---~ 7 
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Puc.3 EnoK-CXe.Ma cucmeMbl ynpaenemm l1Cl1311 

ocyrnecTBJilleTCll KOMIIhJOTepoM, KOTOphlH CBl!3aH C 

pacrronoJKeHHOM B 6noKe YITPIT 

JlllarHOCTllKa rrpOBOJlllTCll 

3JieKTPoHttoi1 arrrrapaTyphl ll 

ITOJlfOTOBKa K o6nyqeH!llO ( OTKaqKa 

BaKYYMHOH CllCTeMLI, BKnIOqeHlle 

CllJIOBhIX ycTaHOBOK ll T. JI.). 

O6mee yrrpanneH11e ncei1 c11cTeMLI 

KCITT (BepxH11i1 yponeHL 

ynpaBneHirn) 

6noKoM YITPIT qepe3 KOHTPonnep 

KK009 11 anamep AYITPIT, BLmonHeHHLJe B CTaHJlapTe KAMAK. 3J1eCL 3a]laIOTCll peJK11MLI 

pa60Thl ycTaHOBKll HCI13I1 II o6pa6aTLJBaIOTCll JlaHHLie, rronyqeHHLie B pe3yJILTaTe 

]lltarHOCTllKll arrrrapaTyphl II o6nyqeHHll. 

ITaKeT rrporpaMM, IIOJl]leplKIIBa1011111i1 pa60Ty ycTaHOBKII I1CI13I1, o6ecrreqIIBaeT 

yrrpannett11e 3JieKTPOHHoi1 arrrrapaTypoi1, ocyrnecTBnlleT rrpeJ1Bap11TeJILHYJO o6pa6oTKy c 

BhJBOJIOM Ha rreqaTL, 3aHOCllT pe3yJILTaTLI H3MepeH!lll B 6aJy JlaHHhJX, llBJil!eTCll qacTLIO 

o6mero rrporpaMMHOro o6erreqeH!lll CllCTeMhl KCITT. ITporpaMMhl HaITIICaHLI Ha ll3h!Ke 

TURBO PASCAL II ASSEMBLER. 

,D;anee rrpllBOJIIITCll OIIIICaHIIe JlllarnocrnqecKOH arrrrapaTYPLI, IICIIOJIL3yeMOH Jlnll 

II3MepeHIIll rrapaMeTPOB 3JieKTPOHHOro II IIOHHOfO rryqKa: QIIJIIIHJIPLI <l>apaJlell, 

llHTerpIIpYJOI111le IIOJ!Ca PoroBCKoro Jlnll ll3Mepemrn TOKa IT}"!Ka, Bh!COKOBOJihTHLie J1eJI11TeJIII 

JIJill ll3MepeHirn HarrplllKeH!lll Ha llCToqHl!Ke qaCTllQ ll T. JI. HccneJIOBaH!le TOIIOrpaqJIIll 

rroBepXHOCTH o6pa3QOB rrpoBOJlllJIOCh Ha paCTPOBOM 3JieKTPOHHOM MIIKpOCKorre JSM-840, 

PacrrpeJ1eJieH11e rrpOqJllnll KOHQeffTPaQ!lII ITO rny6IIHe MeTOJIOM o6paTHOfO 

pe3epqiopJIOBCKOro paccel!HIIll rrpoTOHOB (PEC) II MeTOJIOM BTOpIIqttOH IIOHHOll Macc

crreKTPOCKOITHH (BHMC), qJa30BhJH aHaJJH3 rrpOBOJIHJICll no JlaHHhlM peHITeHOBCKOH 

JlllqipaKl\HH Ha ycTaHOBKe ,D;POH-3. Ha CHCTeMe 3KCrrpecc aHanll3a (C3A) H3Mepl!JIHCL 

3JieKTPllqecKHe rrapaM~hl o6nyqeHHOro o6pa3Qa: CHllMaJJaCL BOJILT- aMrrepHM ll BOJILT-
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<t>apa,nHall xapaKTepHCTl!Ka; ll3Mepl!rrach IIp0B0/.IHM0CTh "qeThipex 30H/.10Bh!M" MeTO/.IOM. 

B TpeThell rrraBe IIpllB0/.lllTCll 0IIl!CaHHe aBTOMaTll'leCKOll CllCTeMhl 3KCnpecc-aHamna 

o6rryqaeMh!X o6pa3IJOB (C3A), C03,naHHOll B rra6opaTOpH11 JI<Dq 01-um:, /.llill COBMecrnoii 

pa6oThI c ycTaHOBKOM HCH3H B cocrnse KOMnrreKcnou cncTeMhI KCIIT. CncTeMa C3A 

npe,nHa3Ha'lena /.llill aBT0MaTn'leCK0ro ll3MepeHHll 3JieKTpH'leCKHX napaMeTpOB (cHllTHe BOJihT

aMnepHh!X II B0JihT- 4>apa,nHh!X xapaKTepHCTHK, ll3Mepenne y,neJihHOro conpOTHBJieHJlll 

"'leTh!pex 30H/.10Bh!M" MeTO/.IOM) o6rryqaeMI,IX o6pa3IJOB. Ilo pe3yJihTaTaM TaKoro 3Kcnpecc

ananH3a onepaTIIBH0 BH0Cl!TCll K0ppeKTHBhl B peJKHM 06rryqe11nll. 

TexHH'leCKHe napaMeTphI C3A: 

l. lI3MepeHHe B0JihT-aMnepHh!X xapaKTepncTIIK: 

- /.IHaIIa30H 3a,naBaeMh!X /.lllCKpeTHhlX HaIIpl!JKennii 0,1-200 B; 

- MllHHMaJihHhlll mar 3a,naBaeM0r0 Hanpl!JKeHllll 0,02 B /.llill U< 20 B; 
0,2 B U>20B; 

MaKcl!MaJihHhIM TOK l A npll U< 20 B; 

2. ll3Mepem1e y,neJihHOll npoB0/.IHM0CTH: 

• /.IHaIIa30H pa60'IHX T0K0B 

- /.lllaIIa30H ll3Mepl!eMoro y,nerrhH0ro conpoTIIBJieHllll 

• T0'IH0CTh ll3MepeHllll 

3. H.3MepenHe BOJihT-<t>apa,nHhIX xapaKTepllCTHK: 

- /.lllaIIa30H ll3MepJieMhIX eMKOCTeH. 

- T0'IH0CTh H3MepeHHJI eMKOCTll 

- ,nnaIIa3011 qacT0T pa60'IIIX T0K0B 

- 1-111a11a30H 3a,naBaeMh!X /.IIICKpeTHh!X nanpJIJKeHIIH. 

- MHHIIMaJihHhlll mar 3a,nasaeMoro nanpl!JKeHIIJI 

0,01 U>20 B. 

l(Js-10-1 A; 

10·3 - 103 OM·CM; 

0,5%. 

1-1500 n<D; 

0,5%; 

l-50KrIJ; 

0,1-200 B; 

0,02 B /.llIJI U<20 B; 

0,2 B /.llIJI U>20 B; 

AnnapaTypa C3A BI,III0rrHena B cTan,napTe KAMAK. Ha p11c.4 II0Ka3ana cTpyKTYPHaJI 6rroK

cxeMa cHCTCMhI 3Kcnpecc-ananll3a. Pa3pa6ornnnue 6rroKH BAX 11 YCM pa60TaIOT B peJKHMe 

CHllTHJI BOJihT-aMnepHOH xapaKTepHCTHKH ll H3Mepemrn y,nerrhHOro coHpOTIIBJieHHll. 

EMKOCTllhle napaMeTphl H BOJihT-<t>apa,nHall xapaKTepHCTHKa ll3MeplllOTCl! 6JIOKOM B<DX. 

6 

... 

"\I 

;, 

... 

<DynKUHOHanhHall cxeMa 6rroKa BAX noKa3ana na pnc.5. B 6rroKe BAX pacnorroJKeHhI 

ynpaBJillCMhlH HCT0'IHHK nanpl!JKeHHll II CXCMhl ynpasrreHllll CHllTHll BOJihT-aMnepnoii 

xapaKTepHCTIIKII. Bell CIIJI0Ball qaCTh Bh!Hecena s 6rroK YCM. 

~ ~-y-~.:- i" TT_t ___ i 
1( KAMAK 1 
L----- -- - _________ _J 

Puc.4. CmpyKmyp11aR 6J10K-cxeAta cucmeAtbl C3A 

3,nech naxo,nl!TCJI yc11rr11Terr11 M0IUH0CTH YC200 (U=200 B, 1=10 mA, P=I0 BT), 

YC20 (U=20 B, !=I A, P=20 BT). 

IlorpenrnocTh Kanana 3a,na1111l! 1-111cKpen1oro 11anpl!JKe1111l! Ha 11arpY3Ke onpe,ne1rneTCll 

<jiopMyrroii: oS=l/2-UM,p+Ecns+ K·c.E+ f(Eax IC°), 

r.ne 1/2 UM,p - Oll!116Ka KBaHT0BaHHll; Ecns - HaIIplllKCIIIIC Ha narpyJKe npH 0TCyrCTBHII CllrHaJia 

na sxo.ne Kanana "3a,nan11ll nanpl!JKemrn"; KLI.E - norpelllH0CTh K03<ji<ji11u11e1na nepe.ua'm 

Kanana; f(E.xtC0
) - Olllll6Ka ll3-3a BJIHllllllll TCMnepaTypu Ha 3JieMeHThl KaHana. 

,[\rrll 3a,na11Hll Hallpl!JKCHHll C 3a.ua1111oii T0'lll0CThl0 6blJI np11Menc11 MCT0/l 

MHHl!MH33!JHH paccorrracosamrn c.U=U,a.,, - U11,". H3Mepenm: 3a.ua1111oro n11cKpeT11oro 

HanpllJKeHHll IIp0113B0/.IHTCll u11<jipOBhIM B0JlbTMeTp0M TR65150. B cpe,nneM Tpe6yeTCll 2-3 

HTTepaIJHH, 'IT06h! paccorrracosaHHe U nonano B 3a,naHHhlii ,nuana30H T0'IH0CTII. 
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Puc.5. <Py11KlJUOIWJlblWR cxe1>ta 6J10Ka BAX 

Y,11eJibHOe conpOTHBJieHHe H3Mepl!JIOCb "qeTbipex 30H,ll0Bb!M" MeT0,llOM. CrrcTeMa 

30H,ll0B npe,llCTaBJIJ!eT co6oii Marp!IqHYIO roJIOBKY C ,11aTq11KaMII, pacnorrolKeHHblMII B 

BeplllHHax KBa,11parn. TaKoe pacnorrolKeH11e 3011,110B 06ecneq11BaeT yMe11bIIJe1111e crryqai111b1X 

OIIJH60K H3MepeHHJ!. 3TO ,llOCTl!raeTCJ! 3a cqeT BbIIIOJIHellllll 113Mepe1111ii nprr nponycKaIIIIU 

T0Ka nocrre,11011aTeJibllO qepe3 KalK,llYIO napy coce,111111x 3011,!I0B, II3MeHl!l! IIOJ!l!pHOCTb 

npm1mKe1111oro nanpl!lKeHHl! 11 nocrre.11Y1Qmero BhlqHcrrenul! cpe,1111ero 311aqe111Il! y,11errM:oro 

conpOTHBJieHHJ! no pe3yJihTaTaM BOCeMH U3MepeHHll. Y,11eJibHOe conpOTHBJieHHe Bb1q11crrl!eTCJ! 

no <jJopMyrre: p = 2nS (2-'✓2) U34. / Iu; 

r,11e S - paCCTOJ!HHe MelK,lly 3011,llaMH; Iu. - 3a,11a1111blll TOK, nponymeHHblll MelK.llY 3011,llaMU 

1,2; U34. - H3Mepe1111oe nanpJilKeHrre MelK.llY 3on,11aMH 3,4. 
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1 

1 
J 

Pa3pa6ornHHbIH B crnH,11apTe KAMAK 6rroK Bct>X coBMecruo c umppoBhIM 

BOJibTMerpoM TR65150, rro,11KmoqeHHhlM qepe3 a,11arrTep TR65 K Marncrparrrr KAMAK 

(p11c.4), ocymeCTBJIJ!IOT eMKOCTHhle H3MepeHHJ! 

rrorrynpoB0,llHllK0BhlX o6pa3U0B. EMKOCTHhle MeTO,llhl 

rrapaMerpOB 

II3MepeHHl! 

o6nyqeHHb!X 

napaMerpoB 

rrorrynpoB0,llHllKa 0CH0BaHhl na orrpe,11erreHHll 3aB!1CllMOCTll eMKOCTH crpyicrypbl, 

06ycrr0Brre1111oii 11arr11q11eM 06beMHOro 3apJl,!la B IIOBepXHOCTIIOll o6rraCTH rrorrynpOBO,llHHKa OT 

rrp11rrolKeHHOro K Hell Hanpl!lKeHHJ!. B OCIIOBy° H3Mepemrn 6hlJI nOJIOlKeH MeTO,ll cpa1111eHHJ! 

T0K0B, nporrymeHHbIX qepe3 3TaJIO!lllbie K0H,lleHCaT0pbI, C TOKOM, TeKymeM qepe3 

113Mepl!eMYIO eMKOCTb. Ha p11c.6 IIOKa3aHa <pynKUIIOHaJibllaJI cxeMa 6rroKa B<l>X. 

W6 -WI-W6 

EJ~ 
6Pt 1-----------' 

F(4)A(O)EJ-1G1--- Tl K6 r;;::;l L.J [eH ~H:'1, 

r-D_1c1.1i r:;: t----i 
U=200B ,L_!~

1 

l ~ ! ~ I-~-
F(6)A(O)B--G 

~ 

Puc.6. <PyHKlJUOlta!lbHaR cxeMa 6J10Ka B<PX 

Ha naqarrbH0M 3Tarre CHIIMaeTCJ! KaJIII6poBoqnaJI xapaKTepHCTHKa II3MepIITeJil,H0r0 Kanarra I,T. 

= f(CJT)- 3aTeM ua TOM lKe Kanarre H npaKTrrqecKII B 0,!IHO u TO lKe BpeMl! U3Mepl!eTCJ! TOK 

TeKymrrii qepe3 o6pa3el.\. Ilo Karrrr6po11oqnoi1 xapaKTeprrcTrrKe onpe,11eJll!IOT 311aqe111Ie 

U3MepeHHOll eMKOCTII: 

CH3M = Ci+! + (Ci - Ci-1)-IHJM / (L - Ii-J). 

IlaKeT nporpaMM, rro,ll,lleplKHBaIOII.\HH pa6oTy C3A, JIBJll!eTCl! qacrhIO nporpaMMH0ro 

o6ecrreqenHJ! KOMIIJieKCHOll CHCTeMhl KCITT. Ou C0CT0UT m ceMH oBeprrettllb!X 
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6JIOKOB, CO.!\CplKaUU!X rrporpaMMhl CHJITIUI BOJlhT-aMrrepHbIX II BOJlhT-q:,apa,!\HhIX 

xapaKTepl!CTIIK, l!3MepeHIIJI y.!(eJihHOro corrpOTIIBJieHIIJI, TeCTilpOBaHl!JI 3JieKTpOHIIOJ1 

arrrrapaTYPhI, rrporpaMMhl 6a3hl .!(aHHhIX o6ny,rneMbIX o6pa31\0B. IlOJih30BaTeJihCKIIJ1 

l!HTepq:,eHc pa3pa60TaH B Bil.!(e Ta6JIIl'lHhIX OKOH C MHOroypOBHeBOl1 CTPYKTYPOl1. 

qeTBepTall rnaBa IlOCBJIIl\eHa rrpIIKJia.!(HOMY rrpl!MCHCHIIIO CIICTCMhl KCITT no 

HailhlJICHIIIO IlJI(:HOK, Cl!HTe3y II MO.!\l!QlIIKal\l!l! MaTepilaJIOB CIIJihHOTO'lHhIMII 3JICKTPOIIHhlMII 

II IIOHHhIMII rryqKaMII. 

IlpII o6nyqeHIIII o6pa31\a IIMilYJihCHhlM CIIJihHOTO'lHhIM IlY'JKOM 3JICKTPOIIOB II IIOHOB 

3Hepr11JI rrepe,!\aeTCJI 3a O'lCHh KOpOTKOe BpeMJI B orpaHll'leHHyIO o6JiaCTh B3allMO,!\el1CTBllll 

rryqKa II o6nyqaeMoro Be1I1eCTBa. (3JICKTPOHHhll1 rryqoK c TOKOM I= 1000 A, rrp11 ,!\JIIITeJihHOCTH 

IIMilYJihCa t.=300 HC, KIIHCTll'ICCK011 3Heprn11 E=300 K3B, o6Jia,!\aeT 3Heprnei1 3a O,!\IIH 

IIMilYJihC W=U-I-t=90 ,ll,JK.) ,ll,n11TeJihHOCTh pa3B11Tllll TeilJIOBbIX rrpo11ecc0B Ha rny61111e 

rrpo6era 3JICKTPOHOB II IIOHOB MHOro 60Jibllle, 'leM apeMll B3allMO,!\Cl1CTBilll rryqKa C 

BCil\CCTBOM (t.=300 nc). Cne.!(OBaTCJlhHO, B orpaHll'ICHHOM o6beMe B3allMO,!\Cl1CTBl!ll Ily"JKa II 

o6ny,rneMoro BCil\CCTBa pean113yeTCJ1 ycnoa11e a.!(11a6aT11qecKoro pacrrpocTPaHe1111J1 Terrna. B 

TaKOM cnyqae rrp11 o6nyqeHIIII 06pa311a B JIOKaJihH011 o6naCTII B3allMO,!\Cl1CTBllll TeMrrepaTypa 

Ha rny611ue rrpo6era 3JICKTPOHOB paBHa: T=2W-t/(b·S-p) , 'r,!(e W- IlJIOTHOCTh MOIIIHOCTII 

rryqKa, t - ,!\JIIITCJlhHOCTh rryqKa, S - IlJIOIIla.!(h o6nyqaeMOl1 IlOBepXHOCTII, p - IlJIOTHOCTb 

o6nyqaeMoro o6pa31\a, b=2A. / p·c ( A - TCilJIOBaJI rrpoBO,!\IIMOCTh, c - TCilJIOBall eMKOCTh ). 

TeMrrepaTypa B rrp11rpaHll'IHOM CJIOe o6nyqeHIIJI o6pa31\a MOJKeT ,!\OCTllraTh IICCKOJlhKO ThJCJl'I 

rpa,!\ycoB K. B3aIIMO,!\el1CTBlle IIMilYJihCHoro rryqKa 3JieKTpOHOB 11 110110B C TBep,!\blM TeJIOM 

xapaKTep113YeTCll Qla30BhIMII rrepexo.!(aMII, CBl!3aH!lhlMII C 6hICTPhIM narpeBOM Tena Ha 

rny6I1He rrpo6era 3JICKTPOHOB II IIOHOB II JJOCJIC,!\yIOil\IIM OXJiaJK,!\CHIICM. IloCKOJlhKY 

rrpOHIIKHOBel!Ile CIIJihl!OTO'll!OrO Ily"JKa 3JICKTPOHOB II IIOHOB corrpoBOJK.!(aeTCJI TaKIIM 

IICO,!\HOpO.!\IlhlM BhlCOKOCKOpOCTHhIM pa3orpeBOM BCil\CCTBa, TO B Hi::M B03HIIKalOT yrrpyrile 

HarrpJilKC!IIIJI II ,!\CQ)OpMal\IIII. TipII 3TOM BHYTPII 06nyqe11HOl1 o6naCTII .!(aBJiel!IIC, Bhl3Ba1111oe 

rpa,!\IICHTOM TeilJIOThl .!\OCTilraeT ~ 1010 
Ila. Bo3HIIKaeT y,!\ap11all BOJIHa. B pe3yJihTaTe 

TeilJIOBOro II y,!\ap11oro B03.!(el1CTBIIJI B 30He B3aIIMO,!\eJ1CTBIIJI 3JICKTPOHHOro II IIOHHOro rryqKa 

C o6nyqaeMbIM o6pa31\0M rrpOIICXO,!\llT pa3JIIl'lllhJe CTPYKTYPilhJe 113MCHC!lllll. TOJIIIIIIHa 3TOJ1 

30llhl orrpe.!(eJIJieTCJI KIIHCTll'ICCKOl1 3HeprI1eii rryqKa II BCJIIl'IIIHOl1 rrpo6era 3JICKTPOHOB II 

110H0B B MaTepuane o6nyqaeMoro o6pa31\a. 

JO 

MoiJudmKm111J1 zpadmmo«b1x «3pb1«0:JAwccuo1111b1x KamoiJoe 11.11ny.,1&c11b1At cu,1b110JIJO'l/!bPl 

llF'IK0.11 3,1eKmpo110«. 

T(Hf) 
50,0 

40,0 

30,0 

20,0 

10,0 

~. 
·~, 

~3 

'o'--'-~-~-~--'--'~~-~ 
l0 100 150 200 

l(kA) 

100(1 

750 

500 

150 

0 

,-, 

50 m 

W(p,-.Jcr,i} 

2 
H 

15(1 

O6nyqe1111e IlOBepXHOCTII 

rpaq:,IITOBOro 3JICKTPO.!\a HMIIYJihCHhlM 

IlY'JKOM 3JICKTPOHOB rrpoBO,!\IIJIOCh Ha 

KCITT rrp11 ycKOpllIOIIICM HarrplllKeH1111 

U=200-300 KB, TOKe 3JICKTPOHHoro 

rryqKa le=200-1000 A, ,!\JlllTCJlhHOCTJI 

Puc.7. 

wiJepJ1CK11 

]a6UCU,ltoCnlb 

MeJICiJ_v 

epe.11e1111 

1Utn)'.1bCO.II 

_vCKOpJIIOllfeZO 11anpJ1.J1Ce111m II lllOK0.11 

ny'IKG om 311epzem11'1eCKOl/ IWOnl/lOCl/lll 

ny'IKa, npu pa3.W'lllblX epe.11e11ax 

06J1y'le111m: I- I .1w11.; 2- JO ,111111.; 3- 20 ,11w1 

3 
f-i 

100 

U(kB) 

l50 

Puc.8. lloJ16Jl<'IIUe npo6oR 6 6GKYYAIIIO.ll 3030pe Al<'.JICoy .II0()111jJ1llfllP06ill/l/bl.llll ,'parjJlll/l()(//,/.1111 

3JlCKmpooGAIU 6 3G6UCIIMOCmu om ycKOpRIOUJezo 11anpRJ1CellUJI. 

f- npo6ou AteJ1CiJy He AtoouqJUtjl1p06i11/llb/Alll 3JleKlllpOo/L-llll; 2- npo6oz1 .11<'.Hct)y 

,lfOOll(jJUlJUp06illlllb!Alll 3JleKmpooGAtu. BpeAIJI AtOOU(jJIIKGlJllll /=5,111111.; 3- «pe.,m .11oiJ11rjJllK(llfl/ll 

/=IO AIU/I. PacCl/lOJ/1111<' AIC:JICOY 3JleKmpooaAIII 10 .mt. ,aa«Jle/111(' (/ Kllltepe p= 5. J 0·5 Topp. 

HMilYJihCa t=300 HC, 'JaCTOTe flOBTOpe,11111 f= I r11. O6ny,iaeMhiii MaTep11a.,1 ~ /ll!CKII 113 
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rpaqmrn TOlllI.IIlHOH. 5 MM, ,UilaMeTJ)OM 5 11 20 MM. BpeMJI o6JJ)"leHilJI 1-10-20 MIIII. B 

pe3yJJhTaTe o6JJ)"leHilJI ll3MeHHJJaCb KapTHHa peHTreHOBCKOH. .umppaKTorpaMMhl. OpOil30WJJO 

Il3Me11eH11e aMJJJJIITY.Uhl ~IlKOB Ha yrne 27° B 54? pa3, '-ITO YKa3hIBaeT Ha JJOJIBJJC!!Ile 

KpllCTaJJJJH'-leCKOH. !pa3hl. AHaJJil3 TOIIorpa<pHil rroBepxH0CTil o6JJ)"laeMoro rpacjmTa Ha 

CKaHttpyromeM MIIKp0CKOJJe JSM-840 BhlJIBilll JJ0JIBJJCHile DLC CTPYKTYPhl 

( aJJMa3HOJJO,U06Hoii) B rrpmmBepxH0CTH0M CJJOe. 

YaeJJll'-IIlJJaCh TBep.uocTh JJ0BepxH0CTil MO,Uil!pl!l.(IlpOBaHHblX rpa(jJilTOBhlX 3JJeKTp0.U0B 

(K~10
4

, rrptt apeMeHH o6JJy'-!eHHJI I MIIH.; K~,7-104, BpeMll o6JJ)"leHHJI IO MHH.; '-!aCTOTa 

JJOChIJJ0K IlMIIYJJhC0B 1 ru:; JJJJ0TH0CTh 3Heprnll Il)"JKa I 00 )].lK!cM
2
). l13MepeHilJI rrapaMeTp0B 

II)"JKa, JJ0JJ)"leHHhIX B pe3yJJhTaTe rrpHMeHeHilJI MO.Uil!pllU:HpoBaHHhIX rpa<pHTOBhIX 

3JleK-rp0,U0B, 110Ka3aJJil Ha yseJJil'-ICHile cTa6IlJJhHOCTil pa3pll.U0B MeJK,uy 3JJeKTpo,uaMH ,:::,j / 

j-3%. (Crn6IlllhHOCTh pa3pJI,ua MCJK.ZlY He MO.UH<pllU:HPOBa!lllblMil 3JJeKTpo,uaMil 6j / j-15% 

rrpll ycK0pllIOII.leM HaIIplllKCHilll 200-300 KB). 

Pe3yJJhTaThl ll3MepeHHJI rrapaMeTp0B 3JJeKTJ)ll'lCCK0ro pa3pll,ua (IIpilMC!IJIJlCJI 

MO.UHqJHU:HpoBaHHblll rpa<pllTOBhlll 3JleKTJ)O.U) II0Ka3aHbl Ha pttc.7. 113 11p11se.ue111rnii 

3aBilCilM0CTil Bll,UH0 3Ha'-IHTeJJhH0C YMCHhllleHHe 3a,uepJKKil T0Ka Il)"JKa OT YCK0pllIOII.ICro 

HaIIplllKCHilJI, '-ITO YKa3hIBaeT Ha Yll)"JIIICHile 3MilCCil0HHblX CBOH.CTB MO,Ull!pllU:IlpOBaHHhlX 

3JleK-rp0,U0B. Ha pttc.8 rrpe,UCTaBJJeH rpacpHK 3aBilCilMOCTil B03HllKH0BeHilJI 11po60J1 B 3a30pe 

MCJK.UY MO,UH<pllU:IlPOBaHHhlMil rpa<pllTOBhIMil 3JJeKTpo,uaMH OT ycK0pllIOII.lero HaIIplllKCJIIlJI. 

l1CIIh1ThlBaJJilCh 3lleKTJ)0,Uhl C BpeMeHCM MO.Ull<pHKaU:Illl t1=5 MllH. H !2= 10 MilH.; 3a30p MelK.UY 

:meK-rpo,uaMH d=I0 MM.; .uaarre1me B KaMepe BaKyyMH0ro ,u110,ua p=5· 10-5 
Topp. 113 rpacpnKa 

BH.UH0, '-ITO C rrpHMeHeHHeM MO,Uil<pllU:IlpOBaHHhJX 3JJCKTJ)0,U0B B BaKyyMH0M .uno.ue 

HarrpmKeHHe rrpo6oll MelK,Zly 3JJCKTJ)0,UaMil yseJJH'-IIlJJ0Ch. 3TO 03Ha'-!aeT, '-ITO 3lleKTJ)Il'-ICCKaJI 

rrp0'-IH0CTh B 3a3ope B03p0CJJa. 

CmpyKmyp11b1e U3Me11e11W1 IIUKelleBoii pO!lb2U, u11oyyup0Ba/l/lble UMnV!lbC/lblM 3/leKmpoll/lblM . 

ny'IKOM. 

napaMe-rpbl Il)"JKa ycTaH0BKil l1Cl13l1 rrpll o6JJ)"JCHilll IIHKeJJeBoro o6pa3u:a: 

3Heprnll Il)"JKa E=250 K3B; TOK Il)"JKa 3JJeKTJ)0H0B le= 1000 A; ,UllllTeJJhH0CTh HMIIYllbCa !=300 

He; '-laCT0Ta IlMIIYJJhC0B f=0,2 fu;. 

Ilepe.u o6JJ)"leHileM Bee <pOJJhrH 6blJJil 110,UBeprHyrhI OTJKHry. 3KcrrepHMeHTaJJhHhie 

<pOllhrH 6bIJJil o6JJ)"leHbl co BpeMeHCM 3KCII03IlU:Illl 10 Il 20 MIIHYT- KOHTJ)OllhHaJI (He 

o6JJ)"JCHHaJ1) II o6JJ)"leHHbJe Ha l1Cl13lf HHKeJJCBhIC !pOJJhrH IlCCJJe,U0BaJJIICh Ha <llyphe 

12 

,uttcppaKTOMeTpe HRFD, 06rra.ua10meM BhICOKoii pa3peII1a10meii crroco6Hocn10. 

IlapaMeTp peweTKil a , IIIIIpHHa pellleTKil Il JJ03IIU:Illl rnaBHblX ,Ull<ppaKu;HOHHblX JJIIKOB 

6bIJJII Bbl'-lllCJJeHhl ,ZlJJJ! acex Il3MepeHHhlX 

o6pa3U:0B. Ha pttc.9 

110 
IIapaMeTppewi:rPI a 

3,529, 

paC'-IHTaHHaJI 

3KCrrepHMeHTaJJhHblM 

II0Ka3aHa 

JJ0JI)"leHHblM 

):(aHHhIM 

J,SJS 

J,527 

3,526 

3,525 / 
/ 

_,,/,,, 

/ 
// 0 

p 

Bpe1uo6ny'leH1L1 
T(11n1.11:) 

3aBHCIIM0CTh rrapaMe-rpa peIIIeTKII a OT 

BpeMeHil o6JiyqeHHJI HHKeJieBoro 

06pa3u:a, KaK pe3yJihTaT B03,UeH.CTBIIJ! 

y.uapHOH B0JIHhl. 8 ,UllaIIa30He BpeMeHH 

o6JI)"leHHJ! o6pa3U:a OT 0-20 MllH. c 

'-!aCTOTOH f=0,2 ru: 
3,524 1-~_J _ _.__J._--'_.J-~_J _ _.__ 

0 4 8 12 16 20 

IlMIIYJihCOB 

peI!leTKil JIHHeHHO rrapaMeTJ) 

B03pacTaeT. 

rrpe,ucTaBJIJieT 

a 

lliTJ)IIX0BaJI JIIlHilJ! 

co6oiI JIIIHeiIHyro 

arrnpoKCHMau:mo napaMe-rpa pellleTKH 

Puc.9. 3aBucUMocm& nap(JJ',tempa a peutemKu 

IIUKellll om BpeMe/lU o6lly'le11Wl. 

a = 0,00017t + 3,52495. PeKpHCTaJJII3aU:HJI OT pacITJiaBa ocymeCTBJIJieTcJI B nepno.u MelK,Zly 

HMIIYllbCaMil Il)"JKa 3JleKTJ)0H0B. 3TOT npol.(eCc M0JKeT conpOBO)K,ZlaThCJ! '-!aCTII'-IHOH 

aMopcp113aU:Heii o6JI)"laeMoro BemecTBa. AHaJJil3hl rnaBHhIX .UII<ppaKl.(Il0HHhIX IlIIKOB Ha BCeM 

,UIIaUa30He JJOKa3hIBaIOT, '-!TO OHil OCTaIOTCJ! Ha CB0ilX IT03Ill.(IlJ!X. CJie,uoaaTeJihl!O MOJKHO 

CKa3aTh, '-ITO aMopcp113al.(IlJ! 0TCYTCTBYCT. 

8 3aKJIIO'-!eHilll ccpopMyJIIIpoBaHbl OCH0BHble pe3yJihTaTbl ,UllCCepTal.(IIII. 

Pe3YJJbTaTbl .L{IlCCepTaUilOHHOH. pa60Thl. 

1. Pa3pa6oTaHa Il C03,UaHa aBTOMaTII3IlpOBaHHaJI K0MUJleKCHaJI CllCTeMa (KCIIT) ,UJIJ! 

IICil0Jih30BaHIIJ! B 3KCnepHMeHTax B o6JiaCTII Il)"lKOBblX TeXHOJIOrHii: 

- pa3pa6oraHa Il C03,UaHa aBTOMaTH3IIp0BaHHaJ! CIICTeMa ynpaaJJeHJJJ! II KOHTJ)OJIJ! ycTaHOBKII 

IlMIIYJihCH0ro CIIJlhH0T0'-IH0ro IICT'-IHHKa 3JICKTJ)0H0B Il Il0H0B (HCH3lf); 

- pa3pa60Ta!la Il C03,UaHa aBTOMaTH'-leCKaJI CllCTeMa II3MepeHJJJ! 3JieKTJ)II'-leCKIIX napaMe-rpOB 

o6JJ)"laCMhIX o6pa31.(0B (C3A); 

- HaUIICaH rraKeT rrporpaMM, no.u.ueplKIIBaIOII.IIIll pa6ory aBTOMaTil3IIp0Ba!lHOH KOMITJieKCHOH. 
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cncTeMhl KCIIT. 

2. B pe3yJihTaTe o6rr)"IeHHll rpaqmTOBh!X rroaepxHOCTei1: HMIIYJihCHhlM CIIJihHQTOqJlb]M 

:.JJieKTP0HHh!M II)"IK0M 6bIJIH C03):laHhl 3JieKTp0/:lhl C yrryqrueHHhlMH Mexam1qecKl!MII 11 

3JieKTpnqecKHMH CBOllCTBaMH. 

3. IlOJI)"IeH H HCCJie):I0BaH 3<p<peKT 113MeHeHHll rrapaMeTpa perneTKII a Hl!Kerreaoi1: 

IIJiaCTHHKH B 3aBHCHM0CTH OT ):IJil!TeJihH0CTH o6rr)"IeHHll. 
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