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B HacTo.rrmee BpeM=r B OV!ffi1 rrpoeKTHpyeTCf.I KOMIIJieKc HaKOIIHTeJr:&· 
HHX KOJieU, B KOTOpH~ ~{O~HT' C-Tay ~a6pHKa /I, 2/~ B CBOD o~epe~D, 

B COCTaB C-Tay ~a6pHK~ BXO~f.IT HCTO~HHK, JIHH9HHH~ ycKOpHT9JID, 

~eMII~Hpyvme-aKKYMYJIHPYIDmee KOJIDUO, 6ycTep H OCHOBHOe KOJIDUO. 
Taru!IM 66pa30M, C-Tay ~a6pHKa f.IBJif.I9TCf.I B9CDMa CJIO.?KHHM KOMIIJI9KCOM, 
BKJIDTiaDIJUfM B ce6f.I H9CKOJIDK0 pa3mrqHHX YCKOpHTeJie~. IlO~TOMjT, B 
~aJIDHemneM lVIhi 6y~e.M IIO,fiD30BaTDCf.I Tep:MHHOM "yCKOpHT9JlD1

.
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.IU1ArHOC'TIIKA ILYl!KOB HA YCKOfl1TEJIHX 

~~ o6ecrre~eHRff :r~o~eTBopnTe~:orrux rrapaue~poB·n:yq:KoB 3apH­
xeHHHX ~aCTRU Ha BHXO;IJ;!3 ycKopnTeM, a TaruKe ncc~e;n;oBa.HIDI ;n;RHa.ME:­
KR ~BIDK9HRf.I J:IY'I.Ra H9ITO(~pe;D;CTB9HHO B rrpou;ecce YCKOpeHlta: ~aCTO 
TpedyeTCH R3M9pHT:& pa3.~HHe ero rrapaMeTpN. B 3aBHCHMOCTH OT 
rrpmn.wrra ycKopeHHH n T:irrra ycxopHTeM rryqoK, Ha.xO;rJ;.f.llltRHCH B rrpou;ec­
ce yciwpeHRH n.mr BBTXO;n;.:mtH~ H3. ycKopHTe~, MOJKeT 6:sT:o HenpepNBlillM 
RMITy~:&CHHM HJI.H: COCTOflmd.M 113 O;rJ;HOrO HJI.H: 6o~:omero ~HC~a cryCTKOB, 
c~e,eyDutiDC O;D;HH 3a ;n;pyr:trM C 6o~:&lliOH ~aCTOTOH. B CM3H C T9H;n;9H­
UH9H pocTa ncrron:&30BaK~H 3BM H HHWOPMaD;HOHHO-H3MepnTen:oHNx H 
YrrPaBIDIDIJU1X CHCTeMax Ho3. BC9X YCKOpHTeJIJIX (Y) • B03HRKaeT BOITpoC 0 
pemeHHn rrpo6neMN pa3pajoTKH YHHWHUHPOBaHHNX n CTaH;n;apTH~OBaHHUX 
·H3M9PRTe~e:f1: rrapaMeTpOB J:J:Y':IKOB 3apJDK9HHNX ~aCTRU, KOTOpNe IT03BOM· 
~H ON Cy,IJ;HT:& 06 OCHOBHiifX 8~9KTpk1'1'eCKHX, reor..teTpk1'1'eCKIDC, SHepre­
T~eCKHX H BpeMeHH:biX X9.paKTepHCTHKa.x rrytlKOB B mHpOKHX ;rJ;Haiia30Hax 
H3MepeHRff STHX rrapaMeTpOB. 

Eo~ee· H~ MeHee O~eB~HO, ~TO STY rrpo6neMY MOERO pemHT:& C 
ITOMOIIt:OD H3M9pHTe~e:0:, ITOCTpOeHHNX Ha MO;D;y~:&HOH CTpyKType. Ha6op 

/ TaKHX Mo;n;y~e:0: MOJKHO pas;n;e.mrT:o Ha I18:T:& .rpyrrrr: · 
I. ITepBHqHNe rrpeo6pa3oBaTe.mr - ~aT~HKH. 

2 •. YcH~Te~:&HUe )TCTpOHCTBa H KOMMYTaTOpN. 
3. AHanorO-UHWPOBNe rrpeo6pa3oBaTe.mr. 
4. YcTpo:0:cTBa CBff3H c 3BM. 
5. YcTpOftCTBa OTOOpruKeHHH RH(DOpMa:o;HH. 

YcTpo:0:cTBa rrocne~HHX Tpex rpyrrrr ycrreWHo pa3pa6aTNBaDTCH R mHpoKo 
HCIIOn:&3yJJTCH ITOBC9M9CTHO. oTO - xopomo H3B9CTH1TH CTaH;n;apT KAMAl\ 

C mHPOKKM cneKTpOM HOM9HKnaTypN. 
. YcTpOHCTBa BTOPOH rpyrrrrN TaKme ycrremHO pa3BHBaDTCH, HO B 

H9KOTOpNX C~aHX He06XO;rJ;HMO pa3padaTNBaT:& CIT9D;RanH3HpoBaHHH9 
CX9MN ycRJI.H:Te~eH H KOMMYTaTopoB. 

HaK6onee ysKH~ MeCTOM HBMeTc.rr rrepBM rpyrrrra ycTpOHCTB, 
H9CMOTpfl Ha TO, ~TO B HaCTOamee BpeMH C03;rJ;aHN R paspa6aTNBaDTC.fi 
pa3~HNe· M3MepnTe~:&HHe rrpeo6pasoBaTe.mr rrapaMeTpoB H xapaKTe­
pHCTm<: rryq.KOB Ha yCKOJ.:HTeJIJIX. 0;rJ;HaKO, He BCe ITO~OCT:&D COOTB9TCT 
ByJJT T9M Tpe60BaHHHM, KOTOpHe rrpe;n;~HB~TCH K rrpeo6pa30BaTe~, 
npe;n;Ha3Ha~eHHHM ;D;M pa.60TH B HHWOPMa:o;HOHHO-H3M9pHTe~:&HHX H yrrpaB 
.IDIDI!tHX CHCTeMa.x ycKopnTe~eH. 

K ~CJiy OCHOBHH:X. TpeOOBaHHH OTHOCHT cne;n;yJJIItHe / 3 ' 5/ • 
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I. MHHHManbHOCTb B03~e!CTBKff, OKa3HBaeMoro rrpeo6pa30BaTe­
JI9M Ha rrapa.MeTplif rryq:Ka (rrpo.3pa'tiHOCTb rrpeo6pa3oBamiJI) • 

2. Bo3MO!tHOCTb HGrrpepbiBHOro rro,nyqemrJI HHWOPMa.TJ;HH o6 H3Me­
pJieMOM rrapaMeTpe B IIIHpOKOM ~Haiia30He H3M9H9HH.ff ero 3Ha'tJeHHR. 

3. BlifCOKM IIOM9XOYCTOHqHBOCTb, aKCIIJIYaTa:o;HOHHM H8J];9!tHOCTb 
XOp0illaJI CTa6HJibHOCTb H IIOBTOpJI9MOCTb.XapaKTepHCTHK rrpeo6pa30Ba-

TeJIJI. 
• 

4. 8JieKTpn-qecKM rrpnpo~a BlifXO~Horo cnrHaJia.rrpeo6pa3oBaTeJIJI 
n Ha.HMeHbill66 ROJ!lfq6CTBO rrp6o6pa30Baimii H3M6pJieMoro rrapa.MeTpa ~o 
BBO~a B yrrpaBJffiDII(y:D oBi~. 

5. Il0Blifill6HHM· pa,~a.JJ;ROHHM . CTOIDtOCTb. 
llJIJI IIOJ!Y'q6HH.ff HffiPOPManHH 0 rrapaM6Tpax ITy-q:Ka Ha Y HCITOJib-

.3yt)T IIp606pa30BaTeJ.IH p.3.3JIH'qHOrO THIIa, OTma.DIIUI6CJI ~pyr OT ~pyra 
He TOJibKO WH3~6CKKMH .apKHUHIIaMH ~eicTBH.ff, HO H cTerreHbD cJiox­
HOCTH n crroco6aMH rrp6ojpa30BaHHJI HHWOPMa.TJ;HH ~JIJI BBO~a ee B aBTO­

MaTH3HpoBaHHHe cncTeMH c6opa. HHWOP~ H Y,IIPaBJieHIDI. 
B COOTB6TCTBHH C KJiaCCHWHKauJf!9H 4,S7 II6pBH'qHlif6 rrp6o6pa30-

BaTeJIH ~ 3aBHCHMOCTH or WH3~eCKoro IIpJtiHUHrra rrpeo6pa30BaHEH HH~: 

MauHJf! ~eJIJITC.ff Ha CJI9~Dmli6 THIIlif. 
IlOJI6BH6 npeo6pasoBaTeJIH, HCIIOJ!b3y:DII(He B3aHM0~6HCTBHe 8JI9KT· 

. pOMarmiTHOrO IIOJIJI, C03,D;aBa6MOrO ITJ'qKOM 3apJDK6HHlifX "tJaCTIDJ;; C H3Me· 
pHT9JibHlifM ycTpOHCTBOM. K 3TOMY THrrJ rrpeo6pa30BaTeJieii OTHOCJITC.ff 
aJieKTpocTaTH'ti6CKH6, MarHHTommyKIJ,HOHHRe H p6soHaTopHlif6. rrp6o6pa­
soBaT6JIR, a TaEXe np6o6pasoBaT6JIH, ncrroJib3y:DII(H6 8~6KT XoJIJia. 

KOJIJI6KTOpHbl6 rrpeo6pa30BaTeJIH, rrpHHIJ;HII ~6HCTBH.ff KOTOplifX OCH 
.. v (Jio 

BaH Ha IIOrJIQU:teHHH IIy-qKa HJIH ero "tJaCTH HC3: H3M6pHTeJibHblX ycTpOHCT-

Bax CII6UHaJibHOH KOHCTPYKI.UiH, YCTaHaBJmBaeMblX Ha rryTH IIY'lKa 3apJI­
JKeHHblX -qaCTm:J;, K TaKHM rrpeo6pa30BaTeJIJ3JIA OTHOCJIT UHJIHH.IJ;p CI?apa,n;eJI, 
KOJIJIHMaTophl R ~HawparMhl, meJieBble n JiaMeJibHR6 rrpeo6pasoBaTeJIH, 
30~ H l\miii6HH. 

MOHH3a:o;HOHHble IItieo6pasoBaTeJIH, B KOT~phlX ~JI.ff IT0~6HH.ff HH­

WOPMaUHH o rrapaMeTpax rryqKa HCIIOJib3YJ)T pasJIH'tiHhle B~hl Hs~eHHJI: 
CHHXPQT.POHHoe,BaBHJIOBa-lfepeHKoBa, TOpMosHoe, rrepexo~Hoe. 

8MHCCHOHHble rrpeo6pasoBaT6JIH, B OCHOB6 KOTOpbiX JI6DT JIBil:e­

HHe BTOpKtlHOH 3MHCCHH. 
AKvCTHqeCKH'6 rrp606pa30BclT6JIH, rrpHHURII ~eHCTBH.ff KOTOpWC OC­

HOBaH Ha perHCTPauKH M9XaHHqeCKHX Harrp~eHHH B Mnill6HH, CIT9UHaJib-
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HblX ti>oJI:orax HJm npoBoJiottax, BOSHHKa.DJltHX nplii nona,n;amn1 rryqKa. · 

KaJIOpliiMBTpgqecKJii9 npeo6pasoBaTeJIJii, KOTOpH9.JiiCIIOJI:03JDT Harpe· 
BaHJiie rryqKoM cnewraJI:&Hlf.X: npeo6pasoBaTeJie! JiiJIJii MIDIIeHa·i:i .n;JIJI rroJIJ"fe­
HIDI JiiHWO pMa.rum: o rra paMe ·r pax rry'tfKa. · 

KOM61iiHKpOBaHHij9 npeo6pa30BaTeJIJii, KOTOpHe BKJID~aDT B C96fl 

O,IJ;IDI KJIJii HGCKOJI:OKO BHill9:fRa3aHHbtX rrpeo6pa30BaT9JI9H C ,IJ;OIIO.JIIDIT9JI:&­

HIIM B03,IJ;9!CTBlii9M JIJii60 H.3. IIyqOK, JIJii60 Ha npeo6pa30BaT9JI:&. K ~TOMY 
THrry OTHOCHTCR pas~HO:C'O TJiiiia ~KpaH:ot H ,IJ;9T9RTOpH, MarHHTHH9 Jii 
~JI9KTpOCTaTH1l9CKki9 a.Ha.Jiif3aTOpH, 60JI:OII111IHCTBO H3M9pHT9JI9H aMHTTaHCa 
rryqRa H cpe,n;Hefi aHeprliiH ycKopeHHHX -qacTHU rryqKa. 

BH6op nepB:a-q:HHX rr~peo6pasoBaTeJiefi, o6ecrre'tf.HBa.DIIJ,liiX HHtl>opMa­

wroHHo-xsuepHTeJI:&HHe Jii ;ynpa:BJIJII)IIUI9 CJiiCT9Mhi IIOJIHHM 06'b9MOM HHWOp­

MauRH, KOTOpaR Heo6xo,n;m~a .n;JIR ee Ha,n;e~Horo WYHKUJiiOHliiPOBaHMR -
' ,IJ;OBOJI:OHO CJIO~HM 3a,IJ;a'tfa, T9M 60JI99, ,IJ;JIR IIyqKOB Ha C-Tay tl>a6pHKax. 

oTO CBfl3aHO C T9M, 'tlTO (KaK rOBOpliiJIOC:O BHme) C-Tay ti>a6pliiRa BRJID­
-qaeT B ce6R HeCROJI:&Ro pa.sJilii'tfHHX ycKopHTeJiefi, OTJIH-qa.DI.JUDCCR ,n;pyr 

OT ,n;pyra Ta:KHMH.B~H9HmAMM rrapaM9TpaMiii KaR UJiiRJ!Jii-qHOCT:O P.a60TH, 
BpeMeHHM cTpyRTypa rryq::ta, liiHT9HCJiiBHOCT:& H ~HeprliiR /I ,27. Bee 

8TO IIO,IJ;TB9PJK,IJ;a9T MhiCJI:O 0 TOM, ~TO BH60p rrepBki'tlHHX rrpeo6pa30BaT9-
JI9H ,IJ;JIR ,IJ;JiiarHOCTHRJii rryq::ta Ha C-Tay cpa6pUR9 - ,IJ;9HCTBHT9JI:OHO CJIOlt­
HM sa,n;a~a. IToaTOMY, ,IJ;K~ OIITHMaJI:OHOrO BH6opa TJiiiia rrepBH"qHOro rrpe­

o6pa30BaT9J!fl Heo6xo~M ·rmaTeJI:oHHa aHaJIJii3, ROTOpHif 6y,n;eT ocymecT-· 
BJI9H B T9XHH1l9CROM trpoe::tTe ~ 

I. MsMepeHHe liiHTe::-rcHBHOCTJii rryqRa 

OrrHcaH:ae Jii3MepeHH.~ liiHT9HCJiiBHOCTH rryqRa Ha'tlHeM c UJii.1IliiH,IT;pa 

i.Papa,n;eR, IIOCKOJI:&Ry HCTO.PH1l9CKJii 8TO Ca.MhiH II9pBHH rrpeo6pasoBaT9JI:O, 
KOTOpHH 6HJI liiCIIOJI:030BaH ,IJ;JIR H3M9p9HliiR HHT9HCHBHOCTJii (TORa) lii 
,n;pyrRX rrapaM9TpOB rryllRa. 

I) • UliiJIIDI,IJ;p i.Papa,n;(~R - a To HaH6oJiee pacrrpocTpa!@HHHif npH6op, 
liiCIIOJI:03Y9MHH B Ka1l9CTB9 II9pBH1lHOrO 8TaJIOHHOrO IIpH6opa ,IJ;JIH Jii3M9pe­
HIDI TOKOB rry1l:KOB sap.F.OKe::-IHHX -qacTHU 13 ' 7 I. ITpn· HsMepeHHH TOKa rry-

1lOR IIOIIa,n;aeT Ha ,IJ;OCTaTO,lHO MaCCHBHHH, 8JI9RTpki1l9CRlii H30JIJiipOBaHHHH 

OT OKp~aDIIJ,liiX IIp9,n;M9TOB ~JI9KTpO,n;, ROTOpHfi 3aJJ;9~Ba9T -qaCTHUH, 
o6pa3YIJIIUI9CH IIplii CTOJIKHOB9HliiH ~aCTHU C MaTepHaJIOM 8JI9RTpo,n;a. 

UliiJIHH.n;p i.Papa,n;eR (U. i.P.) .mJIR9TCR 00H1lHO 'tlaCT:&Il 3a.MKHYTOi1: ~JI9KTpH­
~9CRO! D;9IIH, TOR B ROTO_pOM H3M9p.810T H3M9pliiT9JI.ffMII TOKa (IIO IIa;IJ;9HmJ 
Haiip.F.DK9HHR Ha H3B9CTHOM COIIpOTJiiBJI9HJiilii,- HaiipHMep). 
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0CHOBHHe ,Il;OCTOlf.f:ICTBa paCCMaTpHBaeMoro MeTO,Il;a l13Mepelm.ff -
BHCORaff TO~HOCTb (norp9IDHOCTb - ,neCRTHe ,Il;O~ rrpOUeHTa) H B03MO~­
HOCTD H3MepeHHfl BeCDMa ~X TOROB nyqROB. Eillaro,napR 8THM OC0-
6eHHOCTRM U~ g,acTO npHMeHRIDT ,Il;nff a6COEDTHUX l13MepeHHH 3apR,n;a, 
nepeHOCHMOrO llyqROM, H ,Il;~ rp~yHpOBRH ,npyrHX K3MepHTe~efi TORa. 
IlpH noMOmH UG? c .nocTaT:)g,Ho BnrcoRofi Tog,HOCTDKl K3MepRlOT H 6o~DIJm;e 
HMfiY~DCHnre TORH CH~DHOTOg,HHX HaHOCeRyH,n;HHX yCROpHTe~efi ,Il;O HeCKO~ 
RKX MaB. MHTeHCHBHOCTD nyg,Ka no TOKY onpe.nenHeTCfl cne.nyiDmHM 
o6pa3oM: 

Q 
N = q ' 

r,ne N - '1KCnO g,acTKD; B nyqKe (KHTeHCHBHOCTD) , Q - 3apR,n; 
. ny-g:Ra, q- 3apS:UJ; a~eMeHTapHOH g,acTm.:r;oi. 

B CBOD og,epe,Il;D 
tu Tu 

Q = j I (t) dt = j I (t) dt 
0 0 

IlpH ycKopeHHH npoTOHOB 3apfl.Il; npoTOHa paBHReTCfl 3apfl.Il;y a~eKTpoHa, 
T.e. 

N = S 19 
1,6.10-

K He)J;OCTaTKaM U~3 ,?/ OTHOCRTCR 60~DruHe ra6apHTHHe pa3Mepu 

H 60~Dillafl Macca, K TO, g,TO U<J? OTHOCHTCR K Herrp03pa'1HHM ,TI;aTg,H­

RaM (HeB03Mo~o rro~MTD c noMomDID U@ HHWOPMao;HD o TOKe rry-qza, 
He Hapyrnaa ero). YKa38HHHe He,TI;OCTaTKH orpaHH'1HBaDT ITpHMeHeHHe ll~ 

IlepeXO,Il;HM K OllHCaHKID TaK Ha3HBaeMHX ITp03pag,HHX ,naT'1HKOB, 
B g,acTHOCTK, MarHHTO-EH,Il;yKIJ.HOHHHX rrpeo6pa30BaTe~e:f1:. 

2). MarHHTO-HH.nYKUHOHHnre rrpeo6pa3oBaTe~ (MMII) - T8KHe 
rrpeo6pa30BaTenH, rrpmmliiTI pa60TH KOTOpHX OCHOBaH Ha perHCTpa.u;HK 
MarHHTHoro ITOJIR, co3,naBaeMoro nyqKOM rrpu ero .Il;BIDKeHKK. CHrHM, 
HaBe,neHHnrfi aTHM rro~eM Ha BHTKH KaTyrnKH TOpOK,Il;MDHOH wopMH, g,epe3 
IJ;eHTp KOTOpo:f1: ITpOXO,Il;HT nyqoK, ITpflMO rrporrOpiJ;HOHMeH 3Hag,emro H 
CKOpOC/TH K3MeHeHHR TORa nyqKa. VlHor,na MVlli Ha3HBB.DT ITOflCaMH PorOE 
cKoro 7 I. VIx o6nrg,Ho n 3rOTaB~aJ)T B BH,IJ;e TopoK,Il;anDHOli KaTyrnRK 
C cep,neg,m-IKOM H3 weppCMarHHTHOrO ('lame BCero) MaTepHana(pKc.Ia). 

Bnr6op MaTepuana npeo6pa30BaTeM o6yc~oB~aeTCfl Tpe6oBa­
HHJ":IJ\lli K '!yBCTBHTe~DHOCTH ,naT'tfKKa. l!eM BHille rrpoHHIJ;aeMOCTD.MarHHT-
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Horo MaTep:vraJia, TeM BHnre -qyBCTBHTeJI:oHOCT:O npeo6pasoBaTeJIJI. MIDI, 
H306paxeHH11:H Ha pnc. Ic., M0.7ltHO paCCMa.TpHBaT:O RaR HH,II;yKTHBH11ll . 
reHepaTop, cxeMa saMeutEHHfl KOToporo npHBe~eHa Ha p:vrc. I6. 3~ec:o 

L - HH.IJYRTHBHOCT:O :v.:sMepHTeJIJI; R0 - ero BHJTpeHHee COITpOTHB-
Jieime; U( t) - HaiiP.F.JKeHHe Ha BHXO~e HSMepHTeJIJI; RH- COnpo-

THBJieHHe HarpysRH; CH - eMRocT:o Harpysm. CH = CH + CBX. • The 
CH - COCCTBeHHM eMROC'I':O HSMepHTeJIJI; CBX - BXO~HM eMROCT:O RSMe­
pHTeJI:OHOrO . ycTpOHCTBa. 

B03MOXH11 ~Ba pe~tMa pa60T11 HSMepHTeJIJI. TipH Ma.JIOM conpOTHB­
JieHHH HarpySR:k:'I' Ita

1 
H3MElpHTeJI:O TORa :rryq:Ra pa6oTaeT B pe.?KHMe TpaHC­

{j?OpMaTopa TORa, a WOPMCt HMI!YJI:OCa Haiip.F.CKeHHfl U(t) nOBTOpfleT q)op­
Nr;f :mm:yJI:oca TORa :rryq:Ka. ifYBCTBHTeJI:OHOCT:O Mm! B STOM peltiDJie HPI3-

KM. TipH COJIDIDOM RH H3MepHTeJI:O pa60TaeT B pe~e KOHTypa y~ap­
HOI'O B03CYJGl;eHHfl, -qyBC'J~BHTeJI:OHOCT:O ero COJiee BHCORM, HO ~OpMa 
B11XO~HOI'O HaiipmKeHHfl He COOTBeTCTByeT WOpMe IDJJIIyJI:OCa TOKa r:ryq:Ra. 

Pac-g;eTHije COOTHOmeimfl :H cnoco611 BRJIIJqeHM npne~eHill: B JIHTepaTy~ 
pe/3,?/. MVlii MOJKHO HCIIOJI:OSOBaT:O ~J!fl HSMepeimfl TOROB IDT COTeH 

MHRpOaMIIep ~0· COTeH awrep npH ~JIHTeJI:OHOCTH OT e~HHHU HaHOCeRYH,IJ; 
~0 THO~ MHRpOCeRYH,IJ;. 

TipHMeHeHHe MMil ~Jm H3MepeHH~ HOHHOI'O TORa Ha yqaCTRe ~eR­
UHR CHHXpowasoTpOHa nplffie~eHO B pa60Tax /?, 8/. 8JieRTpOHH~ ~na-

paTypa, HCnOJI:OSyeMM )~J!fl 8THX D;eJieH, OIIRCaHa B pa6oTax / 8 , 9/. . 
8JieKTpocTaTKqeCRHe npeo6pasoBaTeJIH H npeo6pasoBaTeJIH Ha a~eRTe 
XOJIJia ~JIJI HSMepeHHfl HH~~eHCHBHOCTH Ha YCROpHTeJIJIX He HamJIH mHpO­
ROI'O rrpHMeHeHHfl B CBfl3lf C He~OCTaTRaMH, JKa3aHHb!Ml1 B JIHTepaTy~~~ 

3. PesoHaTomwe noeo6pasoBaTeJIH TOJKe Haxo.nHT npnMeHeHHe 
npH HSMepeHHH HHTeHCHBHOCTH (TOROB) Icy'liROB. 

. TaR B paCOTe / 57coo6maeTCfl 0 TOM, "tf.TO BeC:OMa nJIO~OTBOpHHM 
~JIJI HSMepeHHfl rrapaMeTpOB ITyqRa B YCROpHTeJIJIX ORa3aJIHC:O MeT0~11, 
OCHOBaHHHe Ha B03CYJIQJ;eHHH OC'belVIH11X peSOHaTOpOB npoJieTa.JJutHMH l!epe: 

HHX crycTRa.MH sapJDKeHHhiX -qacTHD;. 
nJifl HSMepeHHfl TOJ~a rryqRa HCIIOJI:OSyeTCfl D;HJIHH,I!;pHtleCRHH peso­

HaTOp, npOim311BaeMbl~ II:T"tf.ROM B~OJI:O OCH. nHaMeTp pesoHaTOpa B116H­
paeTCJ1 Taru1M o6pa30M, ~:JT06:H · ero pe30HaRCHaJ3: "tlaCTOTa ~JI.f.l: ROJie6a­
HHfl, ROI'~a 9JieRTpH"tleCIWe noJie Haiipa.BJieHO no OCH ~aT"tf.HRa, H BapHa· 
D;HH noJIJI no a3HMYTY H :anoJI:O OCH OTCyTCTByDT, COBn~aJia CH C -qac­
TOTO:tl RaR011:-JIHCO rapMOHHRH TORa r:ryqRa. IlpH IlpO~OJI:OHHX pasMepax 
~aT"11HRa I-3 OM H nOCTO.fiHHOH BpeMeHH 0,3+1 MRC ~OCTHreyTa lJYBCT- . 



6 

BHTeJI:oHocT:o OROJIO I B/MA, '!TO Ha .n;Ba nop.r.r.n;Ra Bbiiiie, '!eM y MarHO­
TO-:-mi,D;YKJ.U10HH1IX ,n;aT'!HROB TORa C .TeMH xe pa3M8pa.MH. HacTpa.HBM 
pesoHaTop Ha He~eTHYD rapMOHHRy, MO~O ITOJIY'!aT:O CHrHaJI, nponop­
Ul10HaJI:OH1I~ CJMMe TOROE ,Il;ByxROMHOrO ~Ra, a rrpl1 HaCTpo~e Ha 
~eTHYD rapMOHHKY - mc pasHOCT:o. ArrrrapaTypHar.r JIH60 nporpaMMHar.r 
o6pa60TRa 'OTll ,II;Byx·c~T'HaJIOB IT03BOJlffeT ITOJIY'!HT:O HHq>OpMar.:um O,Il;­
HOBpeMeHHO 06 o6eHX RCMITOH8HTax TOKa. 

BBH;Jzy CJIOXHOCTH RaJIH6pOBKH TaRHe ~aT~HI)H npHMeHRDT B CO~e,;. 
TaHHHC ·MarHHTO-HH.n;yRU110HHHMH .n;aT'tf.HRa.MH / 5 'II/, HCITOJI:03YJI ITOCJI8,Il;­

HPI8 .TI:JIJI Ramr6pOBRH IT8,PB1IX I1 ITOJIY1!eHI1JI pa3HOCTHOrO CPirHaJia ,Il;Byx­
ROMITOH8HTHOrO ~Ra. k· BHXO,Il;HOM CI1rHaJie pesoHaTOpHOrO ,n:aT'tf.HRa 
co.n;epxKTCJI HHWOPMaUHJI He TOJI:ORO o6 PIHT8HCRBHOCTH ~Ka, HO I1 

.wasOBOM ITOJIOX8HHK OT,II;eJI:OHHX cryCTROB. 06 HCITOJI:030BaHHH 9TOH 
·HH(f>opMa.IJ;IDI 6y;n;eT cRasa.Ho HIDKe, B pas,n:eJie o6 HsMepeHHH cpe.n;Hefi 
aHeprmr ~acT~. 

IIpHMep HcnoJI:osoEaHHJI pesoHaTopHnrx .n;aT'!HROB .n;M .n;iarHoc
7
Tmm 

ny-qKoB Ha IDDKeKTope c~:HXpowasoTpoHa rroKasaH B pa6oTax IO, II • 
·Ms cxasaHHoro Bhme, MOXHO c.n;eJiaT:o cJie.n;yDmMe BHBo.n;a. IIpH 

HaJianxe peEXMoB pa6o~H ycxopHTe~ei neJiecoo6pasHo xcnoJI:osoBaHHe 
u~. B npo:u;ecce pa60TH ,JIHHeHlioro ycxopHT9Jlff KaR ~9KTOpa KOJI:O­
:u;eBoro YCKOpHTeJIJI HaHCOJI88 a<Ixl)eKTRBHO HCITOJI:030BaHH9 MarHHTO­
I1H.n;YKUI10HHHX npeo6pascBaTeJiefi (.n;aT~HROB), TeM 6oJiee, '!TO~ · 

MOryT JierKO KaJIH6pOB8.T:OCJI, eCJIH npe,n;ycMOTpeT:O B HHX ,Il;OITOJIHPIT8Jll 
HYD 06:MOTKY KaJIH6pOB~. !IO,J;J;aBM B aTy 06MOTKY HMITYJI:OCH TOKa OIT­
pe,n;eJieHHOH B8JIIftmHH H 3HM '!HCJIO ee BHTKOB, MOJKHO KaJIH6poBaT:O 
H8 TOJI:OKO .n;aT'tf.HK, HO E BeC:O I13Mepi1TeJI:Omi~ TpaKT, BITJIOT:O ,Il;O BBO­
,n;a B 3BM. 

PesoHaTOpH1Ie .n;a~'tf.HKH MeHee YHHBepcaJI:OHH .n;JIJI I13MepeHHJI HH-
T8HCHBHOCTH, TaK KaK Tp86YDT ~OK, MO,Il;yJII1·poBaHH1I~ ITO BlifCOKOH 

'I.aCTOTe, ~TO He BCer,n:a. B03MO.iKHO (HanpRMep, ~Ok C q}opiDDK8KTOpa) 

lJIJI ITOBHilleHHJI -qyBeTBH~eJI:OHOCTH Mll!IOB HCITOJI:03YDT ,Il;OITOnHHT8JI:OH1I8 

06MOTKH o6paTHOH CBJI3n ( TpaHCq}OpMaTOp XepByp;ga/), a TaroKe TpaHC­
ciJopMaTOpH XepByp.n;a C MarHHTH1IM MO,II;yJIJITOpOM /~Z • 

!Iporpecc B 06JiaCTI1 C03,Il;aHHJI HOBHX q}eppoMarHHTHHX MaTepHa­
JIOB CO CBepXBHCOKO~ McXHI1THO~ npOHHUaeMOCT:OD (HOBH8 COpTa nep­
Ma.JIJIOJI, aMO.IXl>Hhi8 CITJiaE.bl l1 ~.,II;. ) H ITpOH3BO,Il;CTBa MaJIOIIJYM.HlltHX JIHH8ll 

HhiX l1HTerpaJI:OH1IX MHKpOCX8M, IT03B0Jlff8T Ha,II;eJIT:OCJI, 'I.TO MarHHTO-
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liiH,IJ;y:Kl.UiiOHHH8 npeo6pasCBaT8JIH CTaHYT ;LJ;8HCTBliiT8JibHO YJ:IMB8pCaJI:OHH­
Mlii lii mli!pORO npliiM8Hff8MBMlii ,n;aT~liiRaMlii liiHT8HCliiBHOCTlii nyqROB sap~eH­

HblX 'IaCTIDJ;. 

IT. llsMepeHne ~Heprmr lii aHepreTH'!ecRoro cneRTpa 

K ~:mepr8Tli!'I8CRIDJ: xapaRT8pHCTli!Ra.M KMIIyJI:OCHblX nyq:ROB OTHOCJIT 
I) nOJIHYD ~Heprnro cryCTRa HJilii li!MnyJI:oca, 2) MaRCli!MaJI:OHYID lii cpe,n;­
HDD ~Heprli!D ~aCTHU ~Ra, 3) ~H8pi'8Tlii'I8CRliiH cneKTp .cryCTKa HJilii 

li!MIIYJI:&ca n~Ka. 
CyTI\eCTBYJJT pas.mrtJ.HHe MeTO;LJ;H liiSMepeHHJI ,n;aHHHX napa.MeTpoB: 
I) MeTo,n; liiSMepeHHJI no BSai1Mo,n;eiicTBm:J sap.ff,Il;a -qacTIDJ;H c 

BH8IIIHHMli! MarHHTHHMlii HJJH 8JI8KTplii'I8CKID.m nOJI.r.I::MH. !Ipn6opH, OCHOBaH­
. HH8 Ha ~TOM M8TO;LJ;8, HC:.SHBa.IOTC.ff cneKTpOM8Tpa.MH liiJilii aHaJili!SaTOpaMlii. 

IIpliiHIJ;li!n ,n;eiicTBKJI MarHl1;T/HX lii aJieKTpocTaTli!'IecKliiX cneKTpoMeTpOB 
lii3JI0~8H B JIHTepaType / 3 • 

B HacTOJimee Bpe~~ cos,n;aHH TaKme aHaJIHsaTopH, B KOTOPHX 
;LJ;JI.ff OTKJIOH8Hli!.ff H pas;LJ;EJI8HH.ff 'iaCTIDJ; no 8H8pi'HJIM HCnOJI:OSYJJT BHCO­

KO'IaCTOTH08 noJie (CM. CCHJIKY I63 B/3/). 

MarHHTHHe cneKT.POMeTpH - HaH6oJiee pacnpocTpaHeHHHe npH60pE 
;LJ;JIJI TO'IHblX lf3M8p8Hli!M MaRCli!MaJI:OHOi1: H cpe;LJ;H8H KHH8TH"t.J.8CKOH 8H8prkm 
H aHeprHTH1i8CKoro cneF:Tpa n~KOB sap.r.DKeHHHX ~acTMU. To'!HOCT:O 
H3M8p8HHJI C nOMOin:OD Mc.I'HHTHHX cneKTpOM8TpOB MOX8T ;LJ;OCTHraT:O 
0, OOI%. To'IHOCT:O aJieK'!'POCTaTH"tJ.ecKHX H BHCOKO'liaCTOTHHX a.HaJili!saTo­
poB HIDite H Hax:O,IUrTC.ff E· npe,n;eJiax I-5% • .!{.J:m Hamero CJiy't!M aTOT 
M8TO;LJ; HenpH8MH8M T.K. H806XO;LJ;HMO C03;LJ;aBaT:O Cn8UKa.JI:OH08 ,n;ono~­
T8~:0H08 06opy;LJ;OB8HH8, KOTOpoe ;LJ;O~O 6HT:O pasMemeHO Ha TpaRT8 
HHX8KUHH H Hax:O;LJ;HTC.ff E· BaKyy.Me. KpoMe TOI'O, ny'IOK ,n;o~eH OTKJIO­
HJIT:OCJI OT TpaKTa, T.E. H8JI:03.ff lii3M8pJIT:O, H8 HapyrnaJI pe~ pa60TE 

2). 3WWeKTHBHee HcnoJI:osoBaT:o pesoHaTopHHe npeo6pasoBaTeJIM, 

0 KOTOp1IX I'OBOPHTC.ff EHI118. llcnOJI:03Y.ff pa3JIIrtJ.HH8 KOHCTPYKUHH peso­
HaTOpOB H B036YJK;LJ;M ID: Ha pa3H1IX rapMOHHKax 'tJ.aCTOTH CJI8;LJ;OBaHH.ff 

cryCTKOB, a T~e HCnCJI:03Y.ff o6pa60TKY Cliii'HaJIOB C noMom:oD 3BM, 
~0.7KHO H3M8pJIT:O He TOJII.KO HHT8HCHBHOCT:O H nonepe~H08 nOJIOJK8HH8 
ny'IKOB, HO TaKm8 liiX Cp8;LJ;IrnD CKOpOCT:O (aHeprHD), ;LJ;JIHT8JI:OHOCT:O 
n WOPMY crycTKOB, Illliip:v.:ey aHepreTH"tJ.ecKoro cneKTpa, pacnpe,n;eJieHne 
'IaCTHU no nonepe'IHOMY ceqemm (npocpHJI:&) nyqKa, a Ta.roite onpe,n;e-., 
JIHT:O ero oueEHBaJI pacnpe,n;eJieHne "tJ.acTMU no nonepe'IHHM 

• 
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wasOBNM IT~OCROCTHM. 
KaR rOBOpM~OC:& BHIDe, B BhlXO~HOM CMrH~e p~SOHaTOpHOrO 

~aT~RRa co~epmHTca MHWOPMaUMff He TO~:&Ro o6 MHTeHCHBHOCTM rryqRa, 
HO M wasOBOM rro~oxeHMH crycTROB. 8Ty MHWOPMaUHD MCITO~DSYDT ~~ 
orrpe~e~eHMa cpe.n;HeH 8HHprum ~aCTIDJ;, HSMepHH pasHOCTD was M911JI.Y 

BNXO~HNMH CHrH~a.Ml! ,IJ;B~7X peSOHaTOpHhlX .n;aT't!MROB, y,n;~eHHNX ,n;pyr 
OT ~pyra Ha HSBeCTHOe paCCTOHHMe. 

A6COJIDTHNe HSMepBHH.ff C TO~HOCT:&D ~0 I0-2 rrpOHSBO.n;HTCH Ha 
paccTOHHM.r.rx, He rrpeBNm~mmn ( 2+3) J3 A • 

lipM OTHOCHTe~:&HbiX HSMepeHM.f.IX paCCTOHHMe yBemHBa.DT ,IJ;O 
( I0-20) jJA , o6ecrre't!MBM rrpn 8TOM TO't!HOCT:& ,n;o I0-4 • 

.Jl,Jm OD;eHRM ~JniTe~I:&HOCTM CryCTROB H IDMpMHbi 9HepreTH't!eCROrO 
crreRTpa MCITO~:&syeTCH Ha6op ysROITO~OCHbTX pesoHaTOpOB, RaJIQJ;HH MS 
KOTOpiDC HaCTpOeH Ha orrpe,n;e~eHHy.D rapMOHMKy ~Ra. XOTH rrpH 8TOM 
ITO~OCT:&IJTepaeTCH HH(pOpMa.D;MH 06 OTHOCHTe~:&HNX wasax rapMOHHR, 
MO~e.IDipOBaHHe Ha 8BM MBMepHTe~:&HOro rrpo:o;ecca ,IJ;nff cryCTROB C~­
-qa:f.iHOH ci>opMhl n .n;~Te~:&HOCTH rro~TBep~n~o a~eRTHBHOCT:& aToro we­
To.n;a. 

B yxe yrrOMHHaB~CCH pa6oTax /IO,II/ OITHCaHH ManOra6apHTHHe 

p980HaTOpHNe .n;aT'!HRH, pasMep:or ROTOpbiX yMeH:&illeHbi sa C'!eT HCITO~b­
SOBaHHH ,II;~H HSMepeHHH He :o;H.IDIH.n;pH't!eCROrO, a TOpOH.n;~DHOrO peso-. 
HaTopa. 0co6eHHOCT:&D ROHCTpyR:o;HH ,n;aT'!HROB HB~eTCH TO, "'TO peso­
HaTOp OT,n;e~eH OT BaR~nMHoro o6~eMa. HecMoTpa Ha pH.n; WaRTOpoB, 
CH~aDI.tXHX ,n;o6pOTHOCT:&, TaKHX RaR H~He ,IJ;Ha~eRTPH'!eCROH BCTaBRH 
M~OCT:& sasopa H ~pyrHH, '!yBCTBHTe~DHOCT:& .n;aT~HRa ORas~aCD Ha 
ypOBHe · 0, 6+0, 7 B/MA, '!'rO ,IJ;MO BOSM0.7KHOCT:b C ITOMOin:&ID rrpOCTOH CXe· 
Mhl ITO,IJ;aB~eijHH BbiCORO'!aGTOTHbiX ITOMeX, rrpHMeHMT:& ero ,IJ;JI.ff H3MepeHHH 
Ha ~Rax C TORa.MH A. :~0 MKA. H BHr.rre • 

BH.IDI ycTaHOB~eHI:J Ha TpaxTe ~eKUHH cHHXpowasoTpoHa .n;Ba 
TaRHX .n;aT"tiHRa: O,IJ;HH (P;l-I) Herrocpe,IJ;CTBeHHO sa BaRYYMHI:JM KOatyXOM 
~Hemtoro ycROpHTe~, ;~pyroii (P,ll-2) - Ha paCCTOHHHH 2I M OT 

Hero, sa BHpaBHHBaTe~eM aHeprnn H MO~y~TopoM aHeprnH. 
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C ·xaJK,IJ;oro .rtaT'!MKa HCIIOJib30Ba.mrc:o .rtBa BhlXO.rtHI:JX cHrHarra. O.rtKH. 

llepe3 BblCOKO'tlaCTOTHhl:ft ycHJDirTeJI:o-orpaHlfCn'!T9Jib R CTyrre:NaTHM £l>asope­

ryJI.SITOp .IIO.D;aBaJIC.a: Ha <l>a30BbiM MOCT, B1IXO,Il;HOM CHrHaJI C KOTOporo RCIIOJI:o· 

30Ba.JICB: ,II;~ R3MepeHKff Be~IHHH MO.D:YJIB:UHR aHeprHH rryqxa B Te-qeHne 

;D;JmT9JI:OHOCTH HMIIyJI:oca: BTO)OM BhiXO,Il;HOM CHrHaJI QJiyJKUJI ,Il;JIB: no,n:yq:eHU.a: 

IDIWOPMawm: o6 aHepreTH'!eCROM crreKTpe rryqKa (BTopoii cHrHarr c P.U-I . 

H9C UH£l>OpMau;mo TOJI:OKO 06 H>ITeHCMBHOCTH rryqKa). l13MepuTeJI:OHM CMCTeMa 

;D;aBaJia B03MO~HOCT:O KOHTpOJDipOBaT:O rrapaMeTphl IIy-qKa He TOJI:OKO COOCT­

BeHHO JmHefuroro YCKOpHTeJIB:, HO H B COBOKYIIHOCTH C BhipaBHHBaTeJieM H 

MO,D;yJIB:TOpOM 3Heprl1H. 

3). B pa6oTe /I3/ H3.':IOJKeH CIIOCOO HH,Il;HRau;HH M ROHTpOJIB: 3Hepre­

Tl'l'IeCRoro CIIeRTpa rry'!Ka Ha BhiXO,D;e JmHeifHoro yCROpMTeJIH C IIOMOIIt:OIO 

IIp03 pa't!HOrO MII.nYRUUOHHOrO ;~aT'tlHRa. 

l1sMep:aTeJI:OHIIii .rtaT't!HR 6I:JJI ycTaHOBJieH Ha paccTOB:HHH IO M OT 

BblXO,D;a JmHeifHoro yCROpHTeJI:I. B Ka't!eCTBe ,D;aT't!HRa HCIIOJI:030BaJICB: n;H­

JIUH,D;pH-qeCKHM ImKaii-3JieKTpO~~ ,Il;HaMeTpOM 90 MM, ,Il;JmHa o6pasyr>me:f:i 3 CM. 

CxeMa HsMepeHH.a: rroRasaHa Ha puc. 2 . 
YCHJIMTeJI:OHhiM TpaRT CXeMbi He CO,D;ep7KUT HOpMaJIH3au;HH Ha Bemuey 

rrpoJieTHOrO TORa yCKOP,eHHhlX 't!aCTHU. WOpMa ~JI:OCa (KaR 3TO MO~HO 

Bm:J;eT:O H3 paOOThl /I37) H3MGHHeTCH sa BpeMff H~eRI.Ui1H. Ilpn HB.mHH B 

cxeMe HOPMaJIHsyr>r.n;ero aJieMeHTa (HarrpHMep, APY) cpopMa cHrHarra c nnxarr­

sJieKTpo.rta B er.n;e c5oJI:omei1: CTGrreHH c5y.rteT oTpaxaT:o cpopNJY or:vrc5a.IJmeif HM- . 

IIyJI:OCa B. 1:!. IIOJIB: ;3a BpeMR: li!IDKeKUIDI. 

0IIHC1IBaeMbiM MeTO,Il; H3Mepem:t.a: CIIeKTpa He ,D;aeT, KOHe't!HO, rrpe,D;CTaB· 

JieHHB: :a Bm:J;e CII8KTpaJI:OHOM J<pMBOM, ROTOphlM MOJKHO IIOJiy<rHT:O, IIOJI:03y.a:c:o 

KJIB.CCM't!eCKHM MeTO,Il;OM (HarrpHMep, MarHHTHhiMI1 CII8KTpOMeTpa.MK), HO OH 

II03BOJIB:eT ,Il;OCTaTO't!HO TO'tlHO H, 't!TO H8MaJIOBamHO, onepaTHBHO oc5eCII8'tlHT:O 

orrTIDAaJI:OHYJ) HacTpo:futy HIDKeJ<Topa .rtJIB: corJiacoBaHH.a: ero no cneK'rpy c 

KOJI:OUOM YCKOpnTeJIB:. 

O.rtHH :as ca.Mbrx pacrrpooTpaHeHHhlX MeTO.rtOB isMepeHM.a: aHeprHn -

3TO MeTO,Il; H3MepeHMH 't!aCTHU ITO BpeM9HH.IIpOJI9T8.. ,UJIB: IDArryJI:OCHhiX rryqKOB 

HaHOCeeyH,D;HhlX ,Il;JIHT9JI:OHOCT9]1: H rryqROB, crpyrrrrHpOBaHHhlX B cryCTKH, 

sToT crrococ5 peaJmsyeTc.a: .rtoeTaTO'tlHO rrpocTo. Ha y-qacTKe CBOOO,D;Horo 

. ,D;pe~a rryqKa Ha paCCTOB:HHH 1 ,D;pyr OT ,D;pyra yCTaHaBJmBaDT ,D;Ba ,D;aT­

't!HKB., KOTOpue perRCTpHpyr>T MOMeHTH t1 H t 2 ·rrpoxo~eHHH cryCTKa 

MJIH .eyra cryCTKOB. Ilo ~MepeHrOI'zy HHT8pBaJiy BpeMeHH orrpe,D;9JI.8l)T cpe,D;-

HDD CKOpOCT:O 't!aCTHU V ==t----t • 
1 - 2 
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B ~aHHHX H3MepeHHEX MO~HO HCnO~D30BaTD ~6ue npeo6pa30BaTe~ 
H ~eTeKTOpH KOpOTKHX HM.IIY;IDCOB .• KaK rOBOpHJIOCD BHme, O"tieHD y~OOHH B 

3TOM OTHOW9HIDI pe30HaTOPIDlle npeo6pa30BaTemi, HaCTpOeHHUe Ha 'tlaCTOTY 

c~e~OBa.HIDI cryCTKOB H~ HH. O~HY H3 ee rapMOHHK. 

0TCD~a MO~O C~e~aTj) C~e,eyDIItHe BHBO~H: 

,UJlf.l: H3MepeHH.FI 3HeprBTH"t!eCIWX xapaKTepHCTHK r:rytiKa Ha YCKOpH­

TeX.FIX MOEHO C03~aBaTD cneJ~~DHHe cneKTpOMeTpH, HO 3TO He BCer~a 

onpaB~aHO H B03MO~HO. 

11:3MepeHHe aHepreTH"tinCKIDC xapaKTepHCTHK C nOMO!UDil npeo6pa30Ba­

Te~e:fd:, HCnOJID3YJ)IltHX H3.rrytieHHe BaBHJIOBa-1iepeHKOBa, a Tai\JKe no npo6e~ 

H norJiameHHD B BemecTBe Hn no.rryqH~ rmrpoKoro pacnpocTpa.HeHH.FI. 

H~KOJ,Qpoe pacnpOCTpaHeHHe nOJiy"tfHJIH CUHHTHJI~OHHue npeo6pa30· 

BaTeJIH /II • O~HaKO, HaHOOJiee mHpOKOe pacnpocTpa.HeHHe npl:I H3MepeHHl:I 

aHepreTH't!8CKHX xapaKTepHc~rHK no~Jm OeCKOHTaKTHHe M8TO~H - peso­

HaTOPHble npeo6pasoBaTeJIH / 5 ,IO,II/, ~YKIJ,HOHHble npeo6pasoBaTe~/I3~ 
III. M3MepeHHe npod>H~H: H pasMeooB rryq:KOB 

~HeifHHe npO(pHJm nyt!Ka ~a.IOT Ha.E:OOJiee nOJIHYD HH(pOpMa.um:> 06 OC­

HOBHHX napaMeTpax nyqKa -qacT:m:t;. IIpo(pHJI:& npe~cTaB~eT co6o:fd: Wymt'Ul:ID 

pacnpe~eJieHM nJIOTHOCTH TOKa no Ce"tieH:WO ny't!Ka. MOKCIDA~DHOe 3Ha'tle­

HH9 HHTerp~a aTOH WYHKI:(lfU nponopUHOH~DHO TORY nyg.Ka. 1iepes npo(pl:Im 

rryq.Ka onpe~eJI.FIDT ~eHTp Tm~eCTH l:I pa3M9pbl rryqKa. 

B Ka'tl9CTBe xapa.RTepl:WTHKH pasMepa ny"t!Ka HCnO~D3YJJT pa3Me7_gbl~ 1 
KOTOpble OXBaTbTBaDT Jm6yn BaJJ;aBaeMYJO ~OJJl) ero HHTeHCHBHOCTH I'# • 

Bo MHOrHX CJIY'tla.FIX He Tpe6yeTC.FI ~eT~DHOrO pacnpe~eJieHl:I.FI "tiaCTIDJ; B 

ny-qKe, a ~ocTaTO"t!HO npocJI<:~~HTD xapaTep H3MeHeHH.FI ero pasMepoB. B 

aTOM c,rryqae ~JI.FI onpe~eJieHIDI pasMepoB nyq.Ka aJieKTpOHHOH armapaTypo:fd: 

l:IHTerpl:IpYiJT Be~Hey, KOT)pyD nOJiy-qa.toT B pesy~DTaTe npeo6pa30BaHl:I.fi 

B aJieKTplfCieCKH:fd: Cl:IrH~. T·3eymee 3Ha~eHHe l:IHTerpaJia HenpepHBHO CpaB­

Hl:IBa.I>T CO 3Ha"tJ.eHH.FIMR' N (0,5- (}.._ /2) l:I N (0,5 + c/.../2) H H3Mep.FIDT 

l:IHTepBaJI Me~y MOMeHT~ :)OBnaJJ;eHH'H. 

06ffi't!HO pasMepbl rryqK~ onpe~eJIRDT KaK mHpHHy npo(pn~ Ha no;ry­

BhlCOTe , T • e • npH o( = 0 , 5 • Cpe~H.fi.f! KBaJJ;paT:Iftf.e CKa.FI a.MJl.ID!Ty:IJ;a KOJie-

6a.mrfi 'tJ.aCTID.l; paBHa ITOJIYIIIl:IpHHe (py"HKIJ;IDI ITpoqJKJI.fi Ha ypOBHe ~ = 0 , 368. 
,UJ.I.E: no.rryq:eHl:I.f! HH(popMa.uHH )6 HsMeHeHHK 8.Ml1JIHTY~ 6oJIDmHX H MaJIIDC KOJie· 

6aHHH :unp:eymipynmHX -qacTKo; pasMe phi rryqKa orrpe~eJI.B])T Ha ~Byx H 6oJiee 

YPOBH.FIX. 

llOHH3aJ:nrOHHbl9 npo(pHJIOMeTpbl llpKMeH.f.ti)T B OCHOBHOM ~JI.f! H3Mepe~ 
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pacnpe~e~eHRR n~OTHOCTH TORa no ce~eHHD B RO~bUeBHX npOTOHHHX YCKO­
pHTe~. Hx npKMeHHDT T~te Ha rrpOTOHHUX HaROnHTe~ H CH~bHOTO~HUX 
6eTaTpOHax. l13MepeHRR npog)H.IDI ~Ra MOJKHO npOBO~Tb no CHHXpOTpOH-

HOMY H3~eHHD, ROTOpoe HaOJI])~aeTC.H, B OCHOBHOM, B ycROpHTeJI.f.lX ' 
a~eRTpOHOB. 3MHCCHOHHHe H a.KYCT~ecrure npOWH~OMeTpi:il npHMeHmoT B 
HOHOITpOBO~ax HaROITHTe~bHI:ilJC RO~eu, B RaH~ax OI:ilCTporo H Me~~eHHOrO 
BI:i!BO,Il;a H Ha JmHeiDruX YCROj)HTeJI.f.lX (,Il;OBO~bHO pe,IJ;RO). YRa3aHHI:ile MeTO~I:il 
He Ha.uiJTI1" IIIHpOROrO rrpHMeHeHH.H B ~HarHOCTHRe ~ROB Ha yCROpHTeJIJIX 
H n08TOMY ITO,Il;pOOHO 3,IJ;eCb Ha paCCMaTpHBaJJTC.H. 

I). Ko~~eRTopHI:ile rrpow:a~oMeTpi:il. 
ITo CTeneHH B03,IJ;eHCTBH.ff Ha ~OR ITPOWH~OMeTpll Ha OCHOBe RO~­

~eKTOpHI:i!X npeopa30BaTe~eH (30H,Il;ll, 8RpaHI:i!, me~eBHe rrpHOOpi:il, UH~pi:il 
~apa,n;e.H) 6tlBa.DT HeiTp03pa~JihiMH HJm ITOJiyiipo3pa~HI:ilMH. 0CHOBHOe ,Il;OCTOHH· 
CTBO ROJI~eRTOpHI:i!X ITPOWHJIOMeTpOB - CpaBHHTe~bHa.H ITpOCTOTa ROHCTpyR­
UIDI, a OCHOBHOH He~ocTaTo::< - rrorJiomeHHe Bcero ~Ra HJm ero "tiaCTH 
Ha H3MepHTeJibHOM ycTpOHCT3e. HeCMOTp.H Ha TO, 't!TO ROJIJieRTOPHI:ile npo­
WHJIOMeTpi:il rrocTeneHHHO BI:ifTt3CIDmTC.H HOBI:i!MH, 6oJiee rre pcneRTHBHl:JMH Me­
TO,IJ;a.MH H3MepeHRR pacrrpe,IJ;eJieHH.ff IT~OTHOCTH TORa no ·ce~eHKD nyq:Ra, He 
ORa3HBaD~ OOpaTHOrO B03,IJ;eHCTBH.ff Ha ny't!OR, HX ,Il;O CHX rrop WHpORO 

rrpHMeH.HDT Ha YCROpHTe~ ·~ HaROITHTe~ ,Il;.IDI HacTpOHKH H BHBO,IJ;a Ha 
OITT~bHI:ilH pe.7KHM paOOTI:il JHCTeM HHJKeRI:(l1l! H rrpoBO~RH ~Ra Ha rrep­
BliX 06opOTaX I(HMH~eCRHX YCROpHTeJieii. 

MeTo~ 30~0B, 3~o~aiDmHMC.H B TOM, 't!TO norrepeR nyqRa rrepeMe­
maeTC.H MeT~I't!eCRHH 8JieRTp~ HeOOJibmHX pa3MepOB H H3Mep.HeTC.ff TOR, 
ITOIT8J];aD~H Ha 8TOT a~eRTpO,IJ;. C ITOMOmbD 30H,IJ;a CHHMaeTC.ff ycpe,IJ;HeHHa.H 
RapTHHa pacrrpe,IJ;eneHH.H ITJIOTHOCTH TORa. Ycpe,IJ;HeHHe 3aBHCHT OT.pa3Me­
pOB 30~a (rrpOCTpaHCTBeHHOe pa3pemeHHe) H OT CROpOCTH CRaHkipOBaHH.ff 
(BpeMeHHoe) pa3pemeHHe. He,IJ;ocTaTRH aToro MeTo~a o~eB~HI:il: Heo6xo~~ 
Ma HOp:rvmpOBRa CHrHMa ITO I!HTeHCHBHOCTH (~TOOH OT I:(HRJia R UHRJIY H3-
MeHeHne HHTeHCHBHOCTH He CRa3HB~OCb Ha ITORa3aHH.HX), HeOOXO,Il;HMO 

CJIOJKHOe MeXaH}lqeCROe ,Il;HCTaHUHOHHO yrrpaBJI.HeMOe ycTpOHCTBO rrepeMeme-:­
HH.ff (cRaHHpOBaHH.H) 30~a B BaRYYMe. KpOMe TOro,HeOOXO,Il;HMO TO't!HOe 
3HaH:ae rro~o~eHH.H 30~a. 

Ha Ham B3r~, ,IJ;mi H3MepeHH.H rrpo<l>Hmi 6oJiee aW<I>eKTHBHO rrpHMe-. 
HeHHe MHOrorrpOBO~O~HllX ,Il;6.T'tJHROB C BepTiiiRMbHllMH H rOplii30HTMbHbiMki,. 
H30JmpOBaHH:biMlii ,Il;pyr OT ,Il;pyra, npOBOJIO~Ra.MH, ,Il;Ha.MeTp ROTOpi:i!X H orrpe.: 
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HSMepeHJ!Lf.[ 20 MC, 06':&8M HHcpOpMa.r.nm: IK fi pasp.ff,IJ;HbTX CJIOB. 
B IIOCJie~Hee BpeMrr IIO£ffiHJ!RCn npHKJI~HUe TeJieBHSHOHHHe YCTaHOB­

KH H T9JI8BR3HOHHH8 KaMepH Ha npH6opax C sap.ff,IJ;OBOH CB.ff3nD (IT3C). 

ilpeHMYm9CTBa T8JI9BH3HOHHHX KaMep Ha OC,OBe IT3C-MaTpHUH nepe~ 06H~­
H1IMH TeJieBHSHOHHHMH KaMeprum: o~eBH;TI;HH I? I. MoHoKpHCTaJIJI KpeMHH.FI 
RM88T BbiCOKHJi KBaHTOBH:tf BHXO~ B IIIHpOKOM CII8KTpaJinHOM ~HariaSOHe, 
npouecc CKaHHpOBaHH.ff HS06pc~eHHJI Be~eTC.ff ITO~ ~eHCTBH8M 8JI9KTp~e­
CKHX ynpaB.JI.HDillHX HMIIyJinCOB HHSKOro Hanp.mKeHHR. MaTpHUa IT3C HMeeT 
BhiCOKOe npOCTpaHCTB8HH08 paspemeHHe, IIOTpe6JIReT Ma.JIYD MOillHOCTn H 
y,n;o6Ha B 8KCITJiyaTa.u,HH 6Jiaro,n;apJI CB08H KOMITaKTHOCTH. K ,II;OCTOHHCTCBaM 
IT3C MODO OTH8CTH Ta.RJKe M8Xamii.l8CRYJ) npo~HOCTn, CTOHKOCTn K y,n;apaM 
H BH6pauH.fiM, H~e~HOCTn, O~~HOCHT8JinHyD ,n;emeBHSHY H ,II;JIHT8JinHHH CpOK 
c.JIYi6H. · 

B pa6oTe /I?/ onHcaHa UHWPOBM nepe.n;a.DmM TeJieBHSHOHHM KaMe­
pa Ha OCHOBe IT3C~MaTpHUH, npe,n;HasHa~eHHa.ff ,II;JI.ff ,n;HarHOCTHRH napaMeT­
pOB rryq:KOB sap.mKeHHhiX ~aCTiliJ;, pa60Ta.IOillM B HOHOH H3M8pHT8JinHOH 
CHCTeMe, COIIp.mKeHHOH C 3BM .. lipHB8,IJ;8Hhi noporOBHe HHT8HC11BHOCTH ,II;JI.ff 
pasmHHX .ff,IJ;epHbiX ~ROB, Ha'lHHaJI C ROTOpHX MO~HO ROHTpOJIHpOBaTn 
mc napaMeTpH. 

lis CRasaHHOrO BHll18 MOJKHO c,n;eJiaTn CJI8.n;yi0IllH8 BhiBO,IJ;hi: 
,UJIR HSMepeHHJI npoqmmr ~Ka npH HacTpOHR.e JIHHefffioro ycRopHTe-. 

JI.fi U8JI8C006pasHO ITOJinSOBaTJ~C.ff J.OOMRH8CU8HT,~ 8KpaHaMIII C npHM8H8-
HH8M T8JI8BH3HOHHhiX RaMep Ha IT3C-MaTpHUax I?/. 

B c~ae pa60Thi JJY COBM8CTHO C ROJinU8BHM yCROpHT8JI8M .7K8JiaT82fn­
HO npHM8H8HHe npOBOJIO~HHX npocpHJIOM8TpOB C npospa'lHOCTnD 95+97,5%/I~/ 

IY. OnpeneJieHHe noJio~eHHR ueHTpa TEmeCTH rrv,Ka 
YcTpolicTBa orrpe,n;eJieHHJI noJio]KeH:rur rryg-xa sapm.KeHHHX -qacTHU Ha 

TpaRTax IDDK9RUHH Hap.ff,IJ;y C ~~pyrHMR ycTpOHCTBaMH HH,n;HKauD rry-qRa cy­
meCTB9HHH npH sanycKe H. aRcrreyaTauHH JIHHeHHHx ycKopHTeJieli. K HaH6o~ 
JI88 paspa60TaHHhiM H mHpORO IIpHM8HRDillHMCfl npeo6paSOBaTeJIHM llOJI0.7K9HHff 
U8HTpa TEm8CTH ~Ra (UTII) OTHOCJITCfl pa3HOCTHH8 MarHHTOHH,n;yro:J;HOHHH8 

HsMepHTeJIH UTII, rr:gHMeHJI8Mhi13 · Ha JIHHe:tiHux ycRopHTeJIHX. 
B pa6oTe / 37 IIpHB9,I1;83H CX8Mhi MarHHTOHH.n;yRUHOHHhiX H3M8pHT8JI8H 

UTII c .n;BYMfi HsMepHTeJinHHMH o6MOTRa.MIDIJIH HJIH c .n;BYM.ff RaHaJiaMH. EoJiee 
onTHMaJIDHH MarHHTOHH.n;YRUHO::m;e HsMepHTeJIH UTII c 'l8THPnMJI o6MOTKaMH, 
KaR 3TO c,n;e~aHO B pa6oTe /IS . 



- I4 -

CTporo roBopH, ~KH orrpE~e~eHHH rro~o~eHMH neHTpa TmKeCTM rryqRq 
MO.iKHO HCITO~:b30BaT:O H3MepHTe~I·HI:Je rrpeoc5pa30BaTe~, ROTOpi:Je HCIT0~:03YJ)T­

CH rrpH.H3MepeHMH HHT8HCHBHOCTH ITyqRa M ITPOWH~·(c HeROTOpi:JMM MO~WH­

Ra.n;HHMM). KaR y;Ke roBopn:~oc:b B pas~e~e, nsMepeHHe rrpOWMM M pasMepoB · I 
rryq:Ra, B pac5oTe /IS/ RpaTRO CITHCaH rrpOBO~O'IHHll ~aT'IHK, MCITO~:b3yeli1Tfi 
B aBTOMaTH3MpoBaHHOM CHCTeMe l13MepeHHH H KOH'l'pOM OCHOBHI:JX rrapaMeTpOB 
HHJKeR.nHOHHOrO KOMII~eKca CHHXfOcpa30TpOHa. Mm%JopManMIO 0 rrpocpu~e MO.iKHO 
ITO~HT:O Herrocpe~CTB8HHO Ha ccnHJI~Orpa.g_)e, HJIH, HCIT0~:03YH AIJJI, Ha 
nBeTHOM MOHHTope. MHWOPMauKD .iKe o rro~o.iKeHHH neHTpa T~ecTM rryqRa MO.iK­
HO orrpe~8JIHT:O, 3HM pacrrpe~eJieHHe ITJIOTHOCTH TORa ITO C8'I8HJIIO rryqRa B 
B8pTMRM:bHOM n(y) H ropH80HTM:bHOM n(x) HaiTpaB~eHHJIX 113 BI:JpaJKeHHfi 

Y ;y.n(;y~ d;y = nty, ay 

X = 

BH'IHC~eHHH rrpoHsBO~HTCH Ha 3BM. OrriimeM cncTeMY ~M rro~eHHH HHWOPMa­

UMH 0 rrpo~;e, ITO~O~eHI1H H HHTeHCHBHOCTH rry'!Ra Ha MHXeRTOpe CHHXpowa-
30TpOHa I 5 , c rroc~e~mefi ojpac5oTKOH Ha 3BM CM-3 II BI:JBO~OM Ha UBeT­
Hofi MOHHTOp H IT~OTTe_t). 

~OK CXeMa 8~eRTpOHHOM ~rrapaTyp:or, ycTaHOB~eHHOH B0JIH3H HOHO­
rrpOBO~a HHJKeRTOpa H Ha rry~:oTe ]Y-20 ITORa3aHa Ha pHc.3. KaR B~HO H3 

pMCYHRa, 8~eKTpOHHM arrrrapaTy,pa BRJIIO'IaeT B ce6H ITPOWll~OMeTp, HaxO~fl­

mHMCfl Ha HOHOITpOBO~e, yCHJIHTeJm C HCTO'IHHKaMll ITHTaHHfl (Ha pHCYHRe He 
ITOKasaHI:J) H aHMOrOBhiM KOMMyT.lTOp, pasMemeHHhie B RapRace "Bl1lliHH". Ha 
rry~:oTe HaxO~HTCH rraccHBHI:Je n aRTHBHI:Je RpefiThT KAMAK, HeRoTopi:Je 6~oRn 
ROTOpbiX HaxO~HTCH B COCTaBe H:3M8pHTe~:OHOM CHCTelV.II:if. liPOWH~OM8Tp. pa3M8.;;. 

meH B CTa.JI:OHOM KOprryce, B KOTOpOM HaxO~flTCfl 2 ~aT'IHKa (I-M- ,6 'rrpoBO~O· 
'IeK 50 MHRpOH, 2-M - p rrpo'BO~o'!eK IOO MHRpOH). B:or6op TOrO 11JIH HHOrO 

~aT\Il1Ra HJm BHBO~ I1X H3 30HN )~eMCTBHfl ITY\f.Ka OCYJneCTBMeTCfl RaR Bpyq-
, HYJJ, TaR H ~l1CTaiiiJ;MOHHO (¢;rry~1>Ta) rrpH ITOMOmH 8JieRTporrpir.BO~a. 

MHQ:JOpMa­
UHR C R.am;JJ;OM rrpOBO~O\IRH BHBO~:ITCR -qepes ROHTaRT Ba.eyyMHOrO pa3':&8Ma H 
ITOCTyrraeT Ha BXO~hl YCHJIHTeJiefi, rrapMeJI:OHO KOTOpHM ITO~R~'IeHI:J 3aiTOMH­
Ha.DmHe elVIROCTM, BbiXO~I:J 8TIDC YCHJIHTe~eH coe~HeHI:J CO BXO~OM aHMoro­
BOrO ROMMyTaTopa. AHaJiorOBHH B:OMMyTaTop (AK) CBH3aH C rry~:OTOM AY-20 
TpeMH: Ra6eJIJ:l:MH:sarrycKaJ)InHH (sanycR AK), CTapT .AIUI (64 sarrycRa AUIT B 
UHR~e) H aHa.JioroBufi BHXO~Ho~ (coe~eTcH co Bxo~oM AUII). 

CHcTeMa pa6oTaeT c~e~yvmHM o6pasoM. 
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C rrp:axo,noM HMIIyJI:&ca Ha'tf.aJia :rnmJia yCiwpeHRH (sarrycK AK) sarryc- 1 

Ka9TC.ff aHaJIOrOBI:JH KONJMYTaTOp. 0,IJ;EOBp9M9HHO C HRM, rrpR HaJIR'tf.RR rryq:Ka 
Ha ROHOIIpOBO,IJ;e, OCTaTO'tf.HI:JH sap~ Ha IIpOBOJIQqK3X 3aiiOMHHaeTC.ff 9MROC- , 

THMH IIa.M.ffTR (CI+C64). 1fepe3 Bp9M8, paBH09 ,IJ;JmT9JI:OHOCTR RMITYJI:&Ca RH­
lt9KIJ;lm (500 MKC9K), aHaJIOrOBI:JH KONJMYTaTOp Ha'tfRHaeT orrpoc C Ka.1K,IJ;OrO 
ycRJmTeJIE c rrepe,na-qefi Ha AUIT, Haxo.n~erocJI Ha nyJI:&Te ]Y-20. 

CHHXpOHR3auHH pa60TH. aJieKTfOHHofi arrrrapaTypu Ha rryJI:&Te ]Y-20 
R rrporpaMMHoro ooecrre'tf.eHRH ocymecTBJIEeTcH no s~e~aHHOMY KMIIyJI:ocy 
Ha't!aJia URKJia ycKOp9HR.ff (3H!lY), tlJHKCRpyeMOMY rrapaJIJieJI:&IruM BXO,IJ;HI:JM 
perRCTpOM (TIBP). 

Ha AUIT c·RoMMyTaTopa B K~OM UHKJie rrocTyrraeT 64 pasa (no 
'tf.RCJ!Y rrpOBOJIO'tf.eK) o,nHoBpeMeHHo 2 mMIIyJI:oca: aHaJioroBI:Jfi - RHWOPMguHH 
c orrpamRBaeMoro ycRJmTeJIH R cTapTJBI:JH - ,nJIH sarrycKa AUIT. B cRcTeMe 

RCIIOJI:03Y9TC.ff ,IJ;B9Ha,IJ;UaTRpasp~HI:JH -~ TRIIa CAM.4.04-I (~~' BHP) c 
OywepHOH IIaMHT:OD 64xi2 pasp~OB • 

.UJIH orrepaTRBHoro rrpe,n;cTaBJie::mH HUPOPMa.UHR rrpRMeHJieTCH IJ;B9THOfi 
T9JI9BR3HOHHI:JM ,IJ;RCIIJI9M (UT), IIO,IJ;RJIJO'tf.9HH1IM K MarRCTpaJm K.AMAK 'tlepe3 
paspa6oTaHHHfi B JiaoopaTopHR BhiCOK:DC aHeprRti RHTep!IJe:tfc MTB-574. 
JJ:OKYM9HTHpOBaHR9 pesyJI:&TaTOB IIpOH3BO,IJ;HTC.ff C IIOMOIJ.t:OD II9't!aTa.Ilii.t9rO 
yc~poticTBa nM-I80 R r~aworrocTpOHT3JI.ff X-4675 (Watanabe , HrroHHH), 
IIO,IJ;KJID'tf.9HHI:JH K MarHCTpaJm KAMAK 'tf.13p93 rrapaJIJI9JI:&H:or:~ BI:JXO,IJ;HOH perHCTp 
CAM.2.I2-2 (W1~11, BHP) H OJIOK cmr!CpoHHsa.uiD:r. 3JieKTpoHHM arrrrapaTypa 
B CTaH,D;apTe KA.MAK IIO,IJ;KJm'tf.eHa K 00II:(9H IIIIDI9 3BM CM-3 C IIOMOIJ.t:OI> Kpei!T­
KOHTpOJIJiepa (KK-I06B). 

KaK B~HO H3 H3JI0~9HHOrO, 3a~na'tf.H OIIp9,D;9JI9HH.ff IIOJIOlt9HHH IJ;9HTpa 
T.F.OK9CTH rry'tiKa MOIDIO ycrremHO pemaT::, IIOJIHOCT:OIO rrpospa'IHHNlli ,IJ;aT'tf.HKa.MH 
HJm ,naT'tfHKa.I\m C rrpospa't!HOCT:OJO 95-~37, 5%. 

Y. MsMepeHHe aDmTTaHca rryq:Ka sap.IIiKeHHhiX -qacTmr 

COCTO.ffHH9 K~OH 'tf.aCTHII;I:J B ;m6ofi MOM9HT Bp9M9HH B IIpOCTpaHCT­
B9 Koop,n;HHaT H RMITYJI:&COB xapaKTepusyeTC.ff 2n rrepeMeHHIDvm, n H3 
KOTOphiX orrpe,ne.rumT IIOJIOlt9HH9 'tf.aCTUD;I:J B. IIpOCTpaHCTB9 0000IJ.t9HHI:JX 
ROOp,n:HHaT ri, a ,npyrHX - xaprutT9pH3YJJT CKOpoCT:O ,IJ;BIDK9IDltf IIO 
KaJK,IJ;O:A: CT9II9Im CBOOO,IJ;hi (OOOOIJ.t9HH1IE! HMrryJI:OCI:J Pi ) • 3Ta 2n - Me p-
HM CHCT9Ma COOp,IJ;HHaT Ha3I:JBa9TC.ff g)a30BI:JM npOCTpaHCTBOM. B 't!aC~HOCTH, 
B ,IJ;9KapTOBOM CHCT9M9 KOOpnHHaT ,IJ;Bim9HH9 'tf.aCTHD; IIOJIHOCT:OIO orrpe,neJie-
HO, 9CJm H3B9CTHI:J ee KOO~aTI:J X, Y, Z H KOMII0H9HThi HMIIyJI:&Ca 

PX' Py, Pz , KOTOpi:Je H300p~aDTC.ff npe,IJ;CTaBJIHDII.t9M TO'qKOM B meCTH­
M9pHOM !lJa30BOM IIpOCTpaHC'l'B9 H9KOTOP1IH, OTJllf'qHU:t:i OT ey.JIE, OO'b9M. 
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KOiru;eiiUHJI g)a30BOrO IIpOOTpaHOTBa HB.XO,Il;UT O,Il;HO U3 IIpaKTI1'r.eORIDC 

rrpHMeHeHHH IIpU pao'ieTe HHTeHO:ffBHOOTH :rryciRa 'i.aOTID.J;, BirycmaeMHX U3 

HH.?KeRTOpa B YOROpUTeJI:b. YoTpOMOTBO BBO;n;a IDDKeRTHJ?YeM1IX tiaOTHtl; B. 

yoRopHTeJII:> ;n;oJDKHo c5HT:b apoo"tJHTaHO u ooopYJKeHo Ta.RliM oc5pasoM, 1IT06H 

06~eM g)a30BOrO IIpOOTpaHOTBa, 3aHHMaeMOrO BbiXO,Il;RmUM ny"tJROM (SM:ffTTaHOh 

ObiJI no B03MO]KHOOTH c5JIH30R R oc5~eMY TOM -qaoTu rrpooTpaHOTBa, ROTopa.r.r 

ooOTBeTOTByeT -qaoTHUaM, saxBaTHBaeMHM yoRopnTeieM (aRoenTaHo). AHa­

JiorH't:IHHe BOIIpOObl B03HHRaJJT npa paOOMOTp8HHU "''KaORa,IJ;HbiX" OHOT8M 0 

rrepeXO,Il;OM IIy"tJRa U3 O,Il;HOrO yoROpHT8JIJI B ;n;pyroii HJlli ~aROIIHT8JI:bHbiX 

OHOT8Max, Ry;n;a MaROHMaJII:>Hbl8 IIYlJRR IIOOTyiiaJJT H2 OIIeUHaJI:bHOrO yoROpH­

T8J:tff. TaR RaR ~ = ( 2E ~I/2 r·', r;n;e E- rrorrepe'tJHM OOOTaBJI.fll)IltM 

SHeprHJI "tJaOTHUH, a r'- HaRITOH IIYlJRa R OOH, ,Il;JIJI y;n;OOOTBa 00bl~O 
BHpaJKa.I>T -crepes r u r ' • B s roM oJiy-qae SM:ffTT'~o nytiRa c.· , orrpe;n;e­

JI.r.reM1I:f.i RaR IIJIOIUa,II;:b OOOTB8TOTBYJOntero Oe1!8HHJI (rOpH30HTaJI:bHOrO UJIH 

BepTHRaJihHOrO) Wa30BOrO oc5~eM~, 3aHJITYD rrpe;n;OTaBJ!EDiltHM:ff TO"tJRaM:ff 

IIy"tJRa, ;n;eJieHHYlJ Ha 1( : 

[ = 1--jd.r: r-
1 

11 ' 

TaR RaR yrJioBa.r.r paoxo;n;HMOCT:b r,rqRa paBHa OTHomeHHD rrorrepe-crHoro u 

IIP,Q;rJ;~JI:bHOrO HMIIyJI:bCOB, IIpH O.PaBHeHHH SM:ffTTaHOOB rry'1ROB OT pa3JIH'1-

HbiX HOTOtiHHROB HCIIOJI:b3y:K)T HOp:IAaJIU30BaHHbl8 SM:ffTTaHObi, YlJHTHBa.IOIItHe 

8HeprHD rryqRa. ,llJIJI IIOJiy-qeHHJI :iiHBapHaHTHOrO 3Ha'tJeHHJI, IIpHrO;n;Ha ,Il;JIJI 

OpaBHeHH SMHTTaHOOB OT pasJIH'i::mx HCTO"tJHHROB sapmiteHHHX -craOTHD;, 8Ha­

'tJeHH8 H3MepeHHOrO SMHTTaH.Oa Y:VIHOJKa.IOT Ha RaROH-JlliOO cpaKTOp, rrporrop­

IJ;HOHaJI:bHbiM HMIIyJII:>oy -craoTHIJ;. o'ro ;n;eJiaroT ;n;By-Mr.r orrococ5aM:ff. lie pBHM 

COOTOUT B TOM, 'tJTO H3M8p8HH08, 3Ha1!8HI1e SM:ffTTaHoa YMHOJKruJT Ha rrpHB8-

,Il;8HHbiM HMIIyJI:bO "tJaCTHIJ; r~: 

Vn = fl/'[ 
r;n;e Vn - rrorrepe1!HHM wasOBbiH oc5~eM. 

BTOpOM CIIOOOO OOHOBHBae•ro.r.r Ha TOM, 1ITO IIpH HI13RIDC 8HeprHJIX 

sap.F.DKeHHHX -qacTHD; HMIIyJI:bC (rrp1 sa,n;aHHOM Maooe -qaoTHD;bi) rrporropD;HOHa­

JieH ROpHIO H3 RHH8TI11I80ROM 8H8}rHH. B pesyJII:>TaTe IIOJiy-qaeTCJI xJ..n..ou. 

HbiM HOpMaJIH30BaHHbiH 8M:ffTTaHO : C H = q , r;n;e 

TR - RHHeTm.eoRa.r.r aHeprH.r.r. 

CymeOTBYJOIItHe M8TO,Il;bl U3M(~p8HHJI SM:ffTTaHCa :rryciROB 3ap.F.DK8HHHX 

-qaoTH:o; MOlllHO pas;n;eJIHT:b Ha TPH RJiacoa: I) MeTo;n; orrpe;n;eJieHHJI sM:ffTTaHoa 
• 

ITO H3M8 peHHblM B HeCROJI:ORHX TO,!Rax IIOIIe p8"CIHbiM . C8'1eHI1mJI; 2) M8TO,Il;, 00- • 
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HOBaHHbiM Ha ;n;Ha.tPparr.mpOBaHIUI OT,IJ;eJioHI:JX '!aCTeH nyqKa; 3) MeTO,IJ; 30H­
;n;:v.tpOBallliJI :rryq:Ka. 3TOT MeTO,Il;. He ·6YJJ;eM paCCMaTpimaT:O B CBJI3H C ero ··· 

CJIO:IKHOCT:OD. Orrpe;n;eJIJIT:O ar.mTra.Hc nyqRa M0.7KHO ITocpe;n;cTBOM ITpospaq:.... 

HhiX, ITOJIYIIpospa~HHX H HeiTpo3pa~HhiX ITpeo6pasoBaTeJie:tr. 
B ·saBHCHMOCTH OT CITOCJ6a OITpe;n;eJieHHJI yrJIOBHX H IIpOCTpaHCTBeH­

HI:JX KOOp,II;HHaT rryqKa MO:IKHO B::a;n;eJrnT:O pasmHHe MO,IJ;H(i>HKaUIU'l OTMe't!eHHI:JX 
BHille MeTO,IJ;OB. 

I). MeTo;n; oiTpe;n;eJieHH.r.r ar.mTTaHca ITO HsMepeHH.r.rM B HecKoJI:orurx: 

TO'IK~ NJOiKHO ocymeCTBHT:O ITpH ITOMOlilH OITHCaHHI:JX Bbiille ITpOcpMJIOMeT­
pOB /I5/, yCTaHOBHB I1X B pa:3HI:JX MeCTax TpaKTa IDI.1KeKlUf".vi. B pas;n;eJie 

III, r;n;e ormcHBa.DTCJI MeTo;n;H H:3MepeHIDI aHepreTH't1ecKmc xapa.KTepHCTHK, 
rOBOpHTCJI 0 TOM, 'ITO pesoHa~~OpHbie ;n;aT~HKH MO:IKHO HCITOJI:030BaT:B ,IJ;JI.fi 
H3MepeHHH 3MHTTa.HCa, CJie,IJ;OBctTeJI:OHO, 3MMTTaHC MO:IKHO H3MepJIT:O ITOJI­

HOCT:OIO ITpOspa~HbTMM ;n;aT'!HKaiVIH. 
2). ,llJIJI MeTo;n;a, OCHOBHHHOrO Ha ;n;nacpparMHpOBa.HI1H OT,IJ;eJI:OHI:JX 

'IaCTeH nyqRa,MOJKHO HCITOJI:030BaT:O JiaMeJI:OHlJe ;n;aT'!HKH, ceRI(HOHHpOBaH­

HlJe Ml1illeHH H.Jrn; JIIOM11HeCI(eHTHHe 3KpaHlJ COBMeCTHO C TeJieKaMep8.MI1 Ha 
IT3C-MaTpHnax /IG/. 

B HaCTOJimee BpeMJI CJmECTBYDT H;n;eH OTHOCHTeJI:OHO 60Jiee 3~eKTMB· 
HOrO HCITOJI:030Ba.HHJI TeJieKaMep ,IJ;AA H3Mefe/I1JI 3MHTTaHCa C BapHru_ure:tf 
TOKa, HaiTpHMep, B MarHHTHlJX JIHHsax I 9 . Boo6me roBopJI, usMepeHHJI 
3MHTTaHca ,IJ;OBOJI:OHO CJIO:IKHaJI E rpOM03,IJ;KaJI s~a~a, CBJI3aHHaJI C 60JI:O­
illHM o6~eMOM pac't!eToB. HaJIH'!Ee 3BM IT03BOAAeT pemaT:o yciTemHo aTy 

s~a-qy. 

B sax.JID-creHHe MOJKHO cKasaT:o, -crTo ,IJ;MarHOCTHKa rryq:KoB 3apmKeH­
H1IX ~aCTHI( Ha yCKOpHTeJIJIX YCIT8illHO pa3BHBaeTCJI ITO Mepe HX MO;n;epHH-
3aw'lH H C03,IJ;aHHJI HOBlJX. ~ nHarHOCTHKH rryqKOB Ha 0-Tay cpa6p:v.tKe 
ITpHM8IfliiMbl MeTO;n;hi-, HCITOJI:OSyeMore ,IJ;JIJI ,IJ;HarHOCTHKH nyqKOB Ha ycKOpH­

TeJIJIX JIID61IX THITOB. PacmHpeHH~ ;n;HarHOCTHKa ITyqKOB IT03BOJIJieT C03,IJ;a­

BaT:O cHcTeMlJ o6opa HHWOPMaw-I.if H yrrpaBJieHHJI y;cKopHTeJI~ sap.IDK8HHlJX 
~aCTHU, o ~eM roBopJIT cJie;n;yiO;J.tHe rry6JIHKai(HI1 720 ' 21 ' 22/. ITpo;n;oJDKaeT 

pa3BHBaT:OCJI ,IJ;HarHOCTHKa ~K,)B C ITOMOII\:OIO TeJieBH3HOHHOH T8XHHKH Ha 

OCHOBe l13C-CTpyKTyp. TaR, Ha:Ipi1Mep, B JIB3 6biJia paspac50TaHa CHCTeMa 

Ha OCHOBe IT3C H ITpOBe;n;eHlJ 3KCITepHM8HTbi ITO HCCJie,IJ;OBfiDD ITpOCTpaHCT­
B8HHbiX xapaKTepHCTHK nyqKOB OHHXpocpa30TpOHa / 23 •24 • B ]B3 TaR:IKe 

paspa6aTlJBa.DTCJI HH,IJ;YKW-IOHHlJe ;n;aT'!HKH H aiTITapaTypa ,IJ;JI.fi H3MepeHHJI 
HHTeHClffiHOCTH rryqKa, OCHOBaHime Ha BlJ,IJ;eJieHHH H H3MepeHirn: 2-0H rap­

MOHHKH. ,llaT~HK H aiiiTapaTypa B 3TOM C~ae aHaJIOrH'{HlJ ;n;aT~HKY H 
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H arrrrapaType rrpH6opa, orrHCaHH)ro B pa6oTe 1251. llpHMeHeHHe TaRoro 
po~a H3M9pHTe~eM B9CDMa 8WW9RrHBHO ITpH H3MepeHHRX M9~~9HHO M9HHD­
~HXCR HHT9HCHBHOCT9M ITyqROB (:~arrpHMep, B OCHOBHOM RO~DU9 C-Tay 
wa6pHRH). 
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