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B HSCTOllll188 Bp8MH ra30Bbl8 qepeHKOBCKH8 cqeTqHKH HSXOillIT WHpOKOe npH

M8H8HH8 B 9KCnepHM8HTS.llbHOfi <pH3HK8 BblCOKHX 9HeprHfi, 

Paapa6oTKa KOHCTPYKUHfi ra30Bb!X qepeHKOBCKHX cqeTqHKOB C uenbIO HX npaK

TaqecKoro HCOO.llb30BaHHH B 9KCnepHM8HTS.llbHOfi <pH3HK8 Bb!COKHX 9HeprHfi, B qacT

HOCTH, 11.l!H Bbll18.ll8HHH onpeneneaaoro copTa penHTHBHCTCKHX 3apHlK8HHb!X qaCTHil B 

aecenapapoBaHHbIX nyqKax CHHXpocpa30Tpoaa OHHH, MOHHTOpHpOBSHHH, H3MepeHHSI 

HMOy.llbca qaCTHil nyqKa H T.n. aaqam:icb B OHHH Ha aape pa3BHTHlI ra30BbIX qe-

/1 / 
peHKOBCKHX cqeTqHKOB 

B qepeHKOBCKHX cqeTqHKaX ucno.llb3YIOTCH OCHOBHble CBOfiCTBa aanyqeHHH Ba

'IlHnoaa-lfepeWtoBa, Yron Hanyqerurn J () 1 CKOpOCTb 3aplilK8HHblX 'iaCTHil {J H .K09<p-

<plll1H8HT npenOM.1!8HHH n· , 11.l!H naHHOl!: A.llllHbl BO.l!Hbl CBH38Hbl COOTHOW8Hll8M: 

Cos 6 .. 
n(>..)fJ ( 1) 

1 

noc.KO.llbKY B ra30Bb!X qepeHKOBCKHX cqeTq11KaX yron nanyqeHHlI Man, n .. fJ .. 1 

H O .. sln6atg6 , nOCTO.llbKy COOTHOW8Hll8 ( 1) MOlKHO aanncaTb B BHne: 

2 

0 
2 

;=· n 
2 
-1 -

m 

(2) 

rne m - H p -Macca a HMnyni,c qacTHIIbl, 

(3necb H B 1:ianbHefiweM CKOpOCTb CB8Ta B BaKyyMe C .. 1 ) • 

1iepeHKOBCKH8 cqeTqJ!KH COCTOHT H3 cpellbl (pai:maTopa), B KOTOpofi o6paayeT-· 

ClI CBeT, onTnqecxoil: CHCTEiMbl, co6npa10wefi ero, cpOTOYMHOlKllTeneil: • ( <l>SY), npeo6-

paayrownx CBeT B aneKTpaqeCKH8 HMnynbCbl, H 9.ll8KTpOHHOfi annapaTypbl, perHCTpH

pyromefi 9TII HMnynbCbl, 
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ITopoI'OBbie C'leT'IIIKII IIMeIOT OilTII'leCKIIe CIICTeMbl, qyBCTBIITeilbHble K CBeTy' 

11cnymeHHOMY B /IOBOilbHO llllIPOKOM IIHTepBane, II peI'IICTpllpyIOT 'laCTIIUhI, CKOpOCTb 

KOTOpbIX OOilbllle IIeKOTOpof1 nopOI'OBOll Beilll'IIIHbl /3 t 

weHIIll ( 1) npn ycnOBIIII, 'ITO cos 0 = l 

, onpe11enneMOll 113 COOTHO-

{3 
n t 

.!lmpcpepeHUII8Ilblibie C'leT'IIIKII peI'IICTpllpyIOT '!aCTl!Ubl, CKOpOCTb KOTOpb!X {3 
0 

YIIOBileTBOplleT .ycnOBll!O 

110 (3 + _l_ ti, (3 • 
C 2 

. CBll3b /).0 C /). (3 

{3 > {3 II 3aKITIO'leHa B Y3KOM IIHTepaane OT (3 - j_ /). (3 
C I C 2 

11n11 pa3pewa1omy10 cnoco6HocTh TaKor-o cqeT'!11Ka no 

CKOpocT11 nony'I11M, npo1111cpcjlepeHu11poaaB cooTHoweH11e ( 1) ,: 

8{3e:0e!).0e. ( 1) 

Pa3pewa10man cnoco6HocTb 1111cjlcjlepeHill!anhHOI'O C'leT'IIIKa 6y11eT TeM ny'lme, 'leM 

MeHb!lle yr-on, Ha KOTOpblll HaCTpoeHa onTll'leCKall CIICTeMa 11 ''leM ylKe ee o6naCTb 

'IYBCTBl!TenbHOCTllo 

Ecn11 1!3BeCTHO, 'ITO 'laCTIIUbl l!MeIOT onpe11eneHHblll l!MilyITbC, TO pa3pemenne. 

no CKopocT11 ner-Ko nepeBecTII.B pa3peweH11e no Macce 

fl {3 
m2 

p2 
l'lm 

m (4) 

CeneKTIIBHJ,le CBOHCTB8 'lepeHKOBCKIIX C'l8T'IIIKOB C I'830BblMII pa)llI8TOp8MI! 

coxpaHll!OTCll BililOTb llO CBepXBb!COKIIX SHepI'IIll • .!lei1cTBHTenbHO, KOScpcpl!UlleHT npe

nOMileHHll I'a3a B npllHUIIIle MOlKHO c11enaTb CKOllb YI'O/IHO 6nl!3KIIM K 8ll_lIHl!Ue II, 

.cneAOBaTeilbHO, IlplI Il!OOOll SHepI'IIII 11cn0Ilb30B8;.b nopOI'OBb!8 CBOllCTBa II3ny'leHIIll 

BaBIIIlOBa-t.J:epeHKOBa. 

C IIPYI'Oll CTOpOHbl, II3 COOTHOlll0Hllll (3) cneAyeT, 'ITO /).0>>!).{3 ' T;e. 1!3-

MeHeHIIe yr-na 3H8'IIITenbHO 6onbwe ll3MeHeHiHI CKOpOCTII. TioaTOMY ./IBlKe np11 Manon 

pa3~11ue B CKOpOCTllX MOlKHO iracTpO!!Tb OilTl!'leCKYIO Cl!CTeMy Ha onpeAeneHHblll. 

yr-on II per-11cTp11poBaTb 'IBCTl!llbl c onpe11eneHHoil Maccon, ecna TOilbKO o6paayeTCll 

/IOCTaTO'IHOe KOnl!'I0CTBO CBeTa. 

4 

,\ 
I 

_j 

raaOBble cpe)lbl B '!epeHKOBCKIIX cqeT'IIIKaX 06na11a10T B8lKHblM npel!MymecTB_OM 

no cpaBHeHll!O C TBep/lbIMII ll lKll/lKllMll. KoscjlcjJ11uneHT npenoMneHIIll B I'83e 38Bll

CIIT OT nnoTHOCTll, KOTOpall ll3M8Hll8TC!l B 38BllCIIMOCTII OT .QaaneRllll II TeMnepaTypb!o 

3TO II03BOillleT HaCTpal!BBTb I'830Bble C'leT'lllKII B HeKOTOpOM HHTepaane CKOPO-

CTell H3MeHeHII8M I'838 l!Illl 11aaneH11ll'I'a3a
0

B cqeT'lllKe. C~ll3b K09cp!pllllll8HTa npeno~ 

MneHl!ll C nnoTHOCTb!O BbipaJKaeTCll ll~BeCTHb!M 38KOHOM nopeHTu-nopeaua: 

2 

~ = ~ 
n 

2 
+ 2 "' 

(5) 

KOTOpblll B cny'lae I'830B MOlKHO np116n11JKeHHO 3ann:caTb B Blllle: 

n2-l= 3Rp 
M 

Dp, (6) 

I'/le p - H M - nnoTHOCTb II MoneKynnpHblll aec I'a3a, R - KOHCTaHTa /IIlll uaH

ROI'O r-a3a, Ha3bIBaeMall MOneKynnpHOli pecppB.KUHell. 

ITocKoITbKY a r-a30BbIX 'lepeHKOBCKIIX cqeT'IIIKBX aenocpellCTBeHHO 11cnollb3YIOT

cn cneun:cpn:'IeCKl!e CBOllCTBB H3Ily'leHHll Baan:noaa-t.J:epeHKOBa, MOlKHO Bbl/leITHTb aa11-

,6onee BalKHbie o6mne cpyHKUIIH, KOTOpbie MOI'YT Bb!IlOilHllTb ,TaK11e C'!eT'IHKH B pa3-

Il1I'!Hb!X SKCnepnMeHTaX HB coapeMeHHb!X yCKOpHTennx: 
6 8 

1) Ob!CTpblll C'leT 3apllJKeHHblX qaCTIIU (10 -10 ) 'IBCTICeK; 

2) BbI/leneHHe pennTnancTc~nx 'laCTHll c ·onpe11eneHHoll Macccifi nnn onpe11enea

HhIMH MBCCaMII Ha cpOHe (a TOM qncne II IIHTeHCHBHOM cjloae) qaCTllll C pa3Hb1MII 

MaCCBMll, 06na11a10m1IMII O.QIIHaKOBb!MII nMnynbCBMll; 

3) ceneKUll!O CKOpOCTell, T.e. peI'l!CTpaun10 TBKIIX' 'IBCTllll, CKOpOCTb KOTOpb!X 

3aKITIO'leHa B HeKOTOpOM IIHTepaane; 

4) ceneKUIIIO aanpaaneHHll, T.e. peI'IICTpBUIIIO TaKHX· 'laCTllll, KOTOpbie npoxo

/lllT 'lepe3 C'leT'lnK B onpe11eneHHOM HanpaaneHnH a npe11enax .onpe11eneHHoro Tenec-

Horo yrna; 

5) Bbl1IeneH1I8 onpe11eneHHbIX B3,aHMO/lellCTBHll penllTIIBIICTCKIIX 'laCTBll ,c aeme-

CTBOM (nn11 CBOliCTB STIIX qacTnU) Ha cpoHe 11pyr1IX B3alIM0/18llCTBIIll, 'IBCTO. C no

c.ne11y10lll1IM ynpaanea1IeM, no11a'lefi KOMaHJlbI Ha 11pyrne q>II3ll'leCKIIe np1I6opb1, aa

npHMep, IICKPOBbie KaMepbl II T.n. II IIO/IB'lefi IIH!pOpMa1111n. co C'!eT'lllKOB- Ha C'!e.T

Hbie, BMIIIllITY/IHbie, BpeMeHHbie aHailll3llpy10m11e yc;pofiCTBa II ,Bbl'!IICillITenhHble 

" MaWl!Hbl, 
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B 1:mccepTaunn OHllC8Hbl KOHCTpyKUl!I! llll<p<pepeHUlIBnbHbIX II noporOBb!X ra30Bb!X 

'IepeHKOBCKllX C'ieT'il!KOB, paapa6oTaHHbIX n .1Ja6opaTopnn Bb!COKl!X aHeprnll OIUUf, 

IIX xap8KTeplICTllKll, a TaIOKe o6o6meH MHOroneTHIIH OH~T l!X ncnonb30B8HIIll B pa3-

nn'IHb!X !p1!3l!'IeCKl!X 3KCnepaMeHTax, Bb!IlonHeHHbiX Ha CllHXpO<p830TpoHe Ha 
/2-10/ · 

10 ran rpynnoll coTpynHnKon a cocTane A.C. BoneHKO, A.C; rpaqena,B.H.ryCb-

Kona, T, llo6pononbCKoro, B.A. KynaKona, A.n. n106nMona, IO.A. MaTyneHKo, 

H.A. Cannll'.a, E.B. CMnpHona, B.C. CTannHcKoro, Croll l0l1H-'i8Ha1 Xa lOaHb-<py, 

t.I)K8H Hall-ceHS! ll 8BTOpa. O_CHOBHble pe3ynbT8Tbl nnccepTaunn ony6nnKOBaHbl B pa-

6 
/4,11,12/ 

OTaX . ·, 

llnccepTaUl!ll COCTOl!T ll3 Tpex rnan ll npnnO)K0Hllll, 

·B nepnoll rnane paCCMOTpeHbl OCHOB.ll'.ble nonOlKeHlrn Teopnn ra30Bb!X llll<p<pe

pemrnanbHb!X II noporOBb!X qepeHKOBCKl!X C'!eT'!HKOB, npoaHanJI31!pOB8Hbl cnenyronme 

<pl!3ll'!eCKl!e npll'Illll'.bl, nnl!l!IOI!ll!e- Ha <pOpMy KPllBOH 3<p<peKTllBHOCTll II, cnenonaTem,Ho, 

Ha pa3pewaIOI!lYIO CHOC06HOCTb C'!0T'lllKOB! 

pa3Mb!Tlle 1!3o6pa)KeHllll '!8CTllll ncnencTBlle. a6eppaunli OHTll'IeCKOli cneTeMhl; 

. lll!Cnepcl!n noKa3aTemi npenoMneHnn ra3a-paJ:lllaTopa; 

nnqipaKunn n Mll'.oroKp8Tll'.Oe pa_ccenane; 

pa36poc nepnn'IHOro ny'!Ka qacTnu no nMnynbcy; 

qinyKTY8llllll B ll0Hll38!ll!OHHblX· noTepsix; 

38Me):lnell'.lle '!8CTll!l B P8llll8Tope; 

MHorOKpaTHoe paccenHne '!BCTHU n nepenHefi cTeHKe·C'IeT'ilIKa; 

ll'.enapannenbll'.OCTb ny'!K8 'iaCTllll, nanaIOI!ll!X Ha C_'!eT'\!l!Ki 

Konbuenan ·nnaqiparMa ·I! cneToco611pa10man cncTeMa • 

npoaHann3nponaHhl cneny10m11e npll'illHbI, onpeuenn10m1Ie cpol! n ra3oBbIX qepeH

KoncKnx · C'i_eT'!llK8X! nenbT8 aneKTpOHbli MepHoe B38~Monel!CTBl!9 · 'iaCT~lli: _Ml!oro

Kp8THOe paccerurne qacTnu Ha 6onbw11e yrnbij .paccenHne cneTa 113-38 cpnyKTyaul!fi 

nnoTHOCTll ra3a-pannaTOpa; noTepn 3Hepr1111 'iaCTl!ll npll CTOnKHOBeHllll C aTOMHb!

MI! aneKTPOH8Mllj TOpM03HOe ll3ny'ieHl!e; CUIIHTl!nmnrnn ra3a; wyMbl <1>8Y 'll pern

CTpau11n ·11MnynbCOB OT l!eny'!KOBb!X 'laCTllll, 

06cylKJ:laIOTCl! 06m11e Tpe5onaHlll! K pai:tnaTOPll.M T'83<;>Bb!X qepeHKOBCKl!X C'ieT

'lllKOB, 

nepeqncneHhI ra3bI, Ha1I69nee nonxoi:tHI!llle i:tnn· ncnonb3ona.tml! a C'IeT'illKax, n na

HbI_ l!X xapaKTepllCTl!KI!. 

6 

j 
1 

1 
·1 

! 

i 
.1 
l 

I;'acCMOTpeHa B03MOllCHOCTb onpei:teneHlll! cpe.nnero 11MnynhC8 '!aCTllU ny'!K8 no 

nopory l!3ny'!etllll! Banl!nona-t!epeHKona. 

Onl!CbIBaeTCl! T8K)K0 MeTOA ll ycTaHOBK8 .nmi OT6opa <!>8Y .nm1 noporonb!X qe-

peHKOBCKIIX C'IeT'!llKOB, 

Bo BTOpOli rnane Olll!C8Hbl KOHCTpyKUllll ll np!!ne.neHbl xapaKTepHCTIIKII ra30Bb!X 

nnqiqiepe11u11anhHblX, I! noporOBblX C'!eT'll!KOB, pa3pa6oTaHHb!X B na5opaTOPllll Bb!COKIIX 

aHepr1!li OH5IH. 

CxeMbl KOHCTpyKUllll ra30BblX qepellKOBCKl!X C'!0T'!IIKOB noKa3aHbl Ha pnc. 1, 2 

II 8, 
XapaKTep!!CTIIKII J:lll<p<pepeHUl!anhl!blX qepeHKOBCKIIX C'!eT'illKOB, B. KOTOpb!X nany

'i0Hl!e Ban111ioaa-t.IepeHKoaa pacnpenenl!eTcl! aa HeCKOnbKO ¢8Y, npnaeneHbl a Ta6nn-

ue 1. 
PacCMOTPOHbl KOHCTpyKTllBHblO oco6eHHOCTI! i:tll<p<pepeHUl!aflbHOrO ·cqeT'!l!Ka llC2, 

np11neaeais1 pe3ynhTaThI nccneaoaamrn xapaKTep11cTnK c'!eT'll!KOB llCl Ha ny'!Ke nano·• 

)Kl!TOnb_HblX qaCTl!U C!!HXpoljlaaoTpOHa OH_5IH C l!MllynhCOM 4,75 raa/c,· xapaKTepl!CTHKll 

C'i0T'll!KOB llC2, lCl ll 2Cl Ha UY'!Ke· _nonOlK!!TenbHblX '!aCTl!U C l!MllynbCOM 8,19 ran, C 

~ xapaKTepncTl!Kll c'ieT'!IIKOB lCl I! 8Cl Ha ny'IKe nono)Kl!TenhHblX qacTllll c aMnynh-

coM oKono 4 ran/c. 

Ha p!!C • .4 np!!BO!I0Hbl Kpl!Bble aqiljleKTHBHOCTll C'ieT'illK8 -lCl B 3aBl!CllMOCTll OT 
0 . 

aannemrn n HeM aaoTa npn TeMnepaType 25 C, HMnynhc nonoiKl!TenhHbIX qaCTl!U 

ny'!Ka pane·H 4,12 ran/c ;!:.1%. no ocn a6cu11cc oTnOlKeHo aaaneane aaoTa a cqeT

'IIIKe, no OCI! Op!IllH8T - OTHOWeHlll! CKOpOCTll C'!0TOB 

f. ~ 
S +S +S +S +1DC2+ lCl - SK 

1 2 3 4 

S+S+S +S +1DC2-SK 
1 2 3 4 . 

<; I 

S+S+S +1DC2+1Cl 
1 2 3 

S +S +S +1DC2 
1 2 3 

8 T8KlK0 

1 - e 1-,; I 
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PacnonoJKemie annapaTypb! Ha ny,me nonolKllTenbHb!X qacTnu noKa3aHo. Ha pnc.5, 

2 
npn L1aB11eHnlix aaoTa a .c'leT'IHKe lCl ;; 2 Kr/cM , T,e, npn Liaanemrnx HnJKe 

+ . 
nopora nany'leHHli rr -MeaoHoa c nMnyl!bcoM 4, 12 raatc, cqeT o6ycnoanea,. B oc-

HOBHOM, npnMeC_b!O MIOOHOB II aneKTPOHOB B MOHHTOpe II cnyqailHb!MH coanaL18HllliMll 

wyMOBb!X HMnyJ!bCOB <P3Y C'!8T'IHKa lCl C MOlIHTOpliblMH, 

Ha pHC, 4 BHLIHO, 'ITO el ( p ) B pailOHe LiaBlleHnil 
. 2 
> ·4,5. xf / CM IlOCTOliHHa 

n paaHa ~ O,ij8, OTO o6ycnoaneHo, B OCHOBHOM, perncTpaimen MOHHT0pOM cn11w-

KOM MeLineHHb!X '!aCTH!l II cnyqafiHb!MII OTC'le_TaMH B MOHIITOpe. 

B cnyqae KpHBOil e ( p ) 113 M0HHTOpa Bb16poweHbl CJIHWKOM M8L1neHHble . '!BCTH

llbl npn IlOMOWH MarHHTHOro cneKTpOMeTpa H cnyqailHb!e coanaLieHnli llPH IlOMOWH 

6oJ!bworo CllHHTHnJ!lil!HQHHoro C'!8T'IHKa s I( 
Ha aHTHCOBilaLieHHli, 

Ha pnc. 4 BHLlHO, 'ITO - In 11 - e ( P ) I 
-2 

HHTepaane e "' 10 -0,999, 

C ":' LlblpKofi' no ny'IKy, BKJIIO'l8HHoro 

eCTb· JIHH8ilHali <PY'HKlllili L16B118HHli B 

3Tn SKCnepHMeHTaJ!bHble LlBHHble, a TaKJKe Lipyrae KOHTpOJ!bHb!e 3KCnepHM8HTbl, 

KOTOpb!8 OI:IHC8Hbl B TpeTi.en rnaae LlHCCepTallHH, noaaonan11 HCnom..soaaTb C'{eT'IHK 

lCl LIJ!li HaMepeang cpeLIHero HMnynbca ny'IKOB "+ -Meaonoa HenocpeLICTBeHHO np11 

npoaeLieHnH onb1Toa no ll3MepeHnro L1HcpcpepeH11HanbHb!X · ce'Ieann ynpyroro rr + p -pac-
- /8 10/ . 

C8liHHli-Ha3aLI 1 
, 

B TpeTbe:i!: rnaae on11caHb1 npHMepb! ncnol!b3oaaHHli ra30BblX qepeHKOBCKHX 

+ C'I8T'IHKOB B SKCnep11MeHTax no H3y'leHH!O·CTpyKTypb1 B ynpyroM 17 p -paccenHHH 
/10/ . + . 

aaaaLI I BblL1eneH11e II MOHHTOpHpOBaHHe ·17 -MeaoHOB B HHTepaane HMnynbCOB 

2,05-4, 72 raa/c n HaMepea11e cpe.qHHX HMnynbCOB 'IBCTH!l ny'!Ka 'IepeHKOBCKHMH C'IeT

'IHKBMH. 

Ha PHC, 6 noKaaaaa acpcpeKTHBHOCTb perncTpa111m llOJ!OlKHTenbHb!X 'IaCTHll C HM
'-

nyJ!bCOM 4,12 raa/c :!:.1% C'18T'IHK0M 1.ac2 B aaBHCHMOCTH OT LiaaneHHli.B HeM STH-

neaa npn TeMnepaType 25°c Jing paaJ:in'IHb!X MOHHTopoa, 

Paa6poc qacTHll a ny'!Ke no yrny paaea :!:.5 Mpafl• .Uong npoToaoa a ny'IKe paa

aa -60%, PacnonoJKeHHe C'18T'IHKOB Ha ny'!Ke noKaaa.110- Ha p11c. 5, 

B Ta6n1111e 2 . np11aeL1eHbl -peaynbTaTbl · HaMepean:i!: cpeLIHHX HMllYJ!bCOB · ,r + -Me

aoaoa, nonyqeHHb!e np11 noMomn: cqeT'!HKa lCl (pnc, 7 n 8). 

B OKOH'!aTeJ!bHb1e peayJ!bTaThl aaeceaa ·nonpaaKa nnroc (10:!:.l) Maa/c, 3Ta 

nonpaaKa Y'IHTb!BaeT nOTepn HMnynbca Ha H0HI1aa111110 B lKllLIKOM_ BOJIOp0.[18 . ( f =25cM)' 
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B B03Ayxe M0)KAY MHWe!IbIO ll C'IeT'IHKOM 1 Cl. B nepei:meil CTeHKe C'IeT'IHKa ll B 

CTeHKe MHWeHJi:. 

B Tpen,ell: rnaae TSK)Ke npnaeAeHbl pe3ynbT8Tbl H3MepeHHll nonHb!X Ce'IE!HHli 
/4/ 

IT+p -B3SHMOLteliCTBHll B HHTepnane HMllyllbCOB 2,69-4,75 ran/c • 

3Kcnepn:MeHT npoaeLteH Ha ny'!Kax ncino)KHTenbHbIX qacTn:u. Ha pn:c. 9 noKaaaHO 

pacnono)Kean:e annapaTyphl Ha ny11Ke. BbmeneHne · n: MOHHTopnponaHne naLtaromnx Ha 

llqlllKOBOLlOpOLlHYIO MHIIie!Ib. ·( H ) IT + -Me30HOB ocywecTBnMOCb ra30Bb!M noporOBblM 
·- 2 

'lepeHKOBCKHM C'I0T'IHKOM (II-lCl) n: CllHHTn:nnllUHOHHb!MH C'I0T'IHKSMH s, (t, 9 CM), 

s2 (%6 9 CM) H s 3 (t, 6 CM), BKnIO'IeHHb!MH Ha COBllSLl8HHll. Cun:HTannllUHOHHbll!: 

C'IeT'IHK s 7 • pacnonO)K0HHb!li 3a CBHHUOBbIM nornOTHTeneM (60 CM), BKn1011ancSJ 

Ha aHTHCOBnaLteHHSJ C MOHHTOpHbIMH, 'IT06bl HCKnlO'IHTb µ -Me30Hbl 113 ny11Ka. Cu11H-

TnnnmtHOHHble C'l0T'IHKB s. n: s 5 ( 0 14,5 CM) n: s e. (t, 18 CM) BMeCTe C Mo,-

+ '. . . 
Hll:TOpHb!MH peracTpnpoaann IT -M83QHbl, npOW8LlWH8 BOLlOPOLl!zyIO MHW81Ib ( 11, 7 ±. 

2 
0,06) .rlCM 6ea naan:MoLtel!:C'l'.BHSJ. C11eT'IHKH S 

5 
, S 

8 
a S 4 Bbipeaann: na ueHTpa 

MHWeHB TeneCHb18 yrnbl 1,89; 2,28 n: 3,95 MCTepaLt, COOTB8TCTB8HHO. 

Cp!a)J:tHHli n:Mnyllbc naLtarown:x HS )i{HJ:lKOBOLlOPOLlHYIO MHWe!Ib IT+ -Me30HOB onpe

nenSJncSJ npn llOMOWH MarHHTa (M), npeLtBapnTenbHO nporpa:nyupOBSHHOro M8TOLlOM 

TO:f!:OHecywell: HHTH H ra30Bb!MH qepeHKOBCKHMH C'I0T'IHKSMH JlC H lCl. CpeLtHH8 3Ha

'l0HBSJ HMllynbCOB, Hal!:LteHHbl8 STHMH LlBYMSJ M0TOLta·MH, COBnanaroT :npyr C LtpyroM B 

rrpeLtenax norpewH<;>CTeii aaMepeHaSJ, PeayllbTSTbI npnaei:teHbI a Ta6nane 3. 

Cpe.n;HHit 
HMfiYJU,C 
r:rni'c B 
n;eH:rpe p2 
OmHchca B 
onpe,n;ene
mm cpe.n;
Hero HM
rrym,ca 

2,69 

± I,8% 

Ta6nana 3 

3,I4 3,46 

+ I,2 % + I,5 % + 

3,70 4,36 4.75 
" 

I, I% + 0,8 % :!:. o, 9% 

Paa6poc ny'IKa no HMIIynhcy He npenblwan ±_2%. Oa: CKnaLtb1Banc11 na paa6poca 

'laCTHll no HMIIynhcy, onpeLtenl!BwerocSJ: 
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1) KOH0'1Hb!M BpeMeHeM c6poca npoTOHOB Ha .Me.QHbl8 MIIW0HH T 1 II T 2' KOTO

poe Kone6anocb oT 50 Aci 100 MCeK, npn otiHoapeMeHHOM pocTe Marmrra:oro nonSJ 

B YCKOPHTene; 

2) KOH0'IHOH anepTypolt -MarHHTHOl!: :aa:annanpyroweii CHC'J'.0Mbl, COCTOS!Illeil H3 

MarHl!Ta (M) H llBYX KBa.QpynonbHb!X n11H3 ( Q ) j 

3) HOHll3SUHOHHblMI! IIOTepSJMH B )l{fl.QKOBOAOPOAHOH MHW8HH (:t,25 Manic). 

Ily'IOK nonO)KHTellbHb!X 'IaCTHll MarHHTHbIM noneM yCKOpHTem1 ll KBSAPYIIOnbHbl

MH naH3aMH ¢oKycnponancSJ B ueHTp lKH.QKOBOI:OpO.QHOl!: MHW8HH. Pa3Mepb! IIY'IKS on

pe.QenSJnHCb CllHHTHnnmtHOHHb!M TenecKonoM ( s ' s ' s ) . Yrnoaag paCXO.QHMOCTb 
I 2 3. 

ny'IKB 6bma He Bb!We 15 MpaA._ 

B Ta6ruiue 4 npHB0.Q8Hbl pe3ynbTSTbl H3Mepea:nfi nonHblX ceqea:alt IT+ p B3SHMO

.QefiCTBH5l, nonyqea:ubre nna:eiiHol!: aKCTpanonmtnefi B a:yneaofi TenecHbilt yron. 

Ta.6naua 4 

-
liMnyJII>C r:rn/c 
IlH0H0B 2,69 3, I4 3,46 3,70 4,35 4,75 
B Jiad. 

:t. o,06 ± 0,06 ± o,o7 ± o,oa · ± 0,09 ± Q,IO CHCTe:Me 
:;,,' 

~O't. y(j 

29,J -29,6 29,3 28,4 26,I 27,4 

;!;. 0,5 ± o,4 ± 0,4 :!: 0,4 ± 0,9 ± 0,5 

Jlng KS)K.QOro HMnynhca H3M8p8HHSI npOH3BO.QHnHCb nocne.QOBaTenbHblMH cepniI

MH 'BOAOpcm-MaKeT'. Own6KH B BenH'IHHaX (1. '< IT+p). npHB8A8Hllbl8 B Ta6nn:ue 4,. 
tot · 

BKn IO'ISIOT:. a) CTSTHCTH'I8CKH8, KOTOpbl8 ,a:e npeaocxonnnH ±_0,25 M6, B) owu6KH,' 

ooycnoanea:HbIEl aKCTpanonmtnefi ce11ea:11lt a· a:yneaol!: TeneCHbifi yron, c) 9w116KH B 

nonpaaKe Ha Kyn<?HOBCKoe paccea11ne. Own6Ka, o6ycnoaneHHble. aarpll3HeHneM IT+ -

M830l!OB nyqxa A_pyrHMH 'ISCTHllSMH H cnyqafiHb!Mll COBna.QeHHHMH, npE)He6pemHMO 

ManbI, IlonpaaKa Ha KYIIOH()BCKOe paccestHH8' obma H3MepeHa .QnSI HMnynbCOB 4,75; 

4,35; 3,70 11 3,14. raa/c (BOAOPOAHSH MHW0Hb 3SM8HHnacb•aKBHBalleHTHOfi•nO Ton

.WHHe a pa.QHBUHOHHblX e.Qnam-1ax CBHllUOBOi!: nnaCTllH!tOii). 3Ta nonpaBKa npaKTH'Ie-
+ . 

CKH He 3SBHCHT ·OT HMnynbca IT -M830HOB H npn6nH3llT8nbl!O pl!Bl!a aynro .Qnsr 
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Tenecm,1x yrn:os 3,9& n 2,28 McTepau n pasHa (0,43±,0, 10) M6 unst 1,89 MCTepau. 
. n 

H3 cpaBHeHHSI peayn:bTaTOB, npnseueHHbIX B Ta6n:nne 4, C uaHHbIMH 1IOHI"O H 
/13/ /14/ .• 

Moliepa n D.apuen:a up. cn:euyeT: 

1 ) SKCnepnMeHTallbHbie uaHHble HaXOUstTCst B yuosneTBopnTelibHOM corn:acnn upyr 

c upyroM; 

2) JtaHHble yKa3bIBaIOT Ha HeperynsrpHoe noaeueHne non:Horo ce'leHaSI rr + p saan

MouelicTBHSI B HHTepaan:e HMnyllbC0B 2 - 4 r ss/ c; 

B CBSI3H C STHM OTMe'leHo, 'ITO nccn:euoaaHne xapaKTepa acnMnTOTH'leCKOI'0 
+· 

noaeue1rn11 CT ( rr p) cnpaaeun:nao un:SI nMnynbcoB > 4 rss/c. 
· tot + 

B nocn:euyromnx TmaTelibHbIX naMepeHBSIX CT (rr p ), npoaei:teHHbIX D.nuueHcOM 
/15/ . /18/ tot 

n up. (1963 r.) a llaTpOHOM a up. (1984 r.), Obin: o6Hapy:HrnH peaoHaHc s 

STOH o6·n:aCTH, 

,lln:g ann:rocTpanan Ha pac. 10 npasei:teHhl cyMMapHbie sKcnepnMeHTanbHbie uaH-

Hble no noaeueHHIO nOJIHbIX Ce'leanli B3aHMOi:teliC'I'BHSI CT ( fT + p ) B 3aBHCllMOCTll OT 
· t O t 

KHHeTH'leCK0H sneprnn rr + -Me30H0B B HHTepsane OT 0,5 J:t0 7. rss. (Pnc. 10 B3SIT 
/17/ 

H3 pa60Tbl · ). 

B npanolKeHllll np11aeuen cnpaBO'lHblH MaTepaan, cp0Torpacp1111 qepeHKOBCKBX C'leT

'lllKOB· a CBeToco611parom11x CHCTeM unSI AHq>cpepeannallbH.bIX raa0BbIX qepeHK0BCKBX. 

-C'leT'IBK0B. 

KpaTKHe BblB0Ubl 

Ha paCCM0TpeHHbIX o6mnx npHHllHllOB, Ha KOTOpbIX-0CHOBaHa pa6oTa 'lepeHKOB

CKHX C'leT'lHKOB, cn:euyeT, 'ITO s o6n:aCTH BbICOKHX SHeprnli nepcneKTllBl{bIM aanpaa

negneM smnsteTCSI paapa6oTKa 'lepeHKOBCKBX C'leT'lllK0B C raa0BblM p'aunaTOPOM. 

Onn.caHHble a MCCepTallBll ra3QBbie. uncpcpepeHI1BalibHbie 'lepeHK0BCKHe C'leT'lHKH 

xapaxTepnayIOTCst paapemaromeli cnoco6HocTbro no cKopoCTH (nonHast mnpnaa Ha 

llOnyB.bICOTe) 
Af:J -5 -3 u,-, -=2,2 · 10 - 2•10 .. 

3TO o6ecne'lHBaeT (B- llY'IK8X 'laCTHll .C OnpeueneHHbIM HMnyn:bCOM) BbIUeneHBe 

fT -Me30l{OB nn:n K -Me30H0B nn:n npoTOH0B (aHTllllPOTOHOB) B HHTepaan:e•HMnym,

COB (1--50) rss/c, (3-50} rsa/c H (5-50} rsa/c,. COOTBeTCTBeHHO, 

14 

,_,)° ,. 

,: 

OnncaHHble B unccepTanna ra30Bbl8 nopor0Bble 'l8p8HKOBCKHe. C'l8T'IHKH o6naua-
A -4 IOT paapemaromefi cnoco6aocTbIO no CKOPOCTH uo u f3 =10 H MaKCHManbHOfi scpcpeK-

THBHOCTbIO perBCTpannn ~ 0,9998, 'ITO noaaonsteT npn HCllOn:b30BaHnn BX B pelKHMe 

aHTHC0Bll/:IU8Hllil nouaBHTb perncTpaunro n:erKwt ( fT, /L, e) 'laCTHII a - 5000 paa. 

ripeun:olKeHHbie KOHCTPYKllllH ra30BbIX 'lepeHKOBCKHX C'!eT'lHKOB HeCn0lKHbl B na;

I'OTOBn:eHHR H yuo6Hbl B SKCnnyaTaunn. 

TairnM o6paaoM, l;"a30Bble '18p8HKOBCKHe C'leT'IIIKH nonHOCTbIO. o6ecnEal'lHn:n pewe

Hne PS!lla q>ll311'1'.8CKIIX aaua'l, BblllOlIHeHHbIX Ha cmi:xpocpaao.TpoHe OH.RH • 

2. ripn llOMomn onncaHHbIX B UHCCepTaI111H raaoabIX 'lepeHKOBCKIIX C'leT'lHK0B 

Ha CHHXpocpaaoTpoHe OH.RH 6binll non:y'leHbl SKcnep11MeHTan:1>Hb1e uaHHbie B TOM 

'lHCn:e: 

. + 
a) o uncpcpepemman1>HbIX ce'leHnSIX ynpyroro paccesta1rn rr -Meaoaoa Ha npo-

o . + 
. Toaax Ha yron: 180 npn nMnyn:1,cax IT -MeaoHoa 3, 15; 4, 10 n 4,85 rsa/c; 

6) o cTpyKType B ynpyroM pacce~nn rr+ -Meaoaoa Ha npoToHax Ha yron 

180° B HHTepaan:e HMllyn:bC0B IT -M830HOB (2,05-4,70) rsa/c; 

) . ,,+ + 
B O non:l{b!X Ce'l8HHSIX aaanMouelicTBHSI r. - H fT -M830HOB Ha npoT0HaX 

a HHTepsane HMnYn:bC0B 2 ,69 - 4, 75 rss/ c. 

JlnTepaTypa 
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P11c, I. CxeMbl KOHCTpyxn11l! All<pq>epe11n11am.11b!X ra30BblX qepeHKOBCKIIX C'I8T'<l!KOB! 

.llCI: I - CTanbHSlt Tpy6a; 2 - xopny'c C'I8T'Il!Ka; 3, 4 - <j,naHUbI; 5- <l>3Y-24; 
6 - nnexc11rnaccoaoe ox110; 7 - nonyc<j,ep11qecx11e Kpb!WKII ll3 11epJKaae101nel! 
CTan11 .I MM; 8 - c<j,ep11qecxoe 3epxano ( f a4Q cM),. 

.llC2: I - AIOpamaMllHll8Bbltt xopnyc; 2, - c<j,epaqecxoe 8JtIOMIIHllpOB8HHOe 
3epxano; 3 - napa6ann'IeCKlle 3epxana; 4 - xaapneahle ox11a; 5 - <j,oTo
YMHO>KllTenll <l>3Y-33; 6 - MarHllTHb!l! 9Kpa11; 7, 8 - A!OpaltIOMllllll8Bble 
<pllSHUbl TOnwllHOll 5 MM, 
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Pnc. 4. S<jxpeKTHBHOCTb C'leT'lnKa lCl B 3aBHCHM0CTH oT )laanena>1. B neM a30TB. 

Pac. 5. Pacnono>Kenae annapaTypbt na ny'!Ke nonolKBTenbHbl" 'ISCTHU. 
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Pnc. 6. 3qiqieKTHBHOCTb perHCTpaunH nonO)KlITenbHblX '!BCTH!l c HMnynbCOM 4,12 faB/C 

C'!eT'!IiKOM 1LlC2 B 38BHCHMOCT!i OT J:IBBneH!ill B HeM STHneHa. a I ' bh. - nep

BbIM, a 2 , b 2 - BTOpbIM H · a 12 , b 12 Ii c 12 - J:IByMn 4>3Y C'!eT'!HKa 1 C2,. 
BKmo'!eHHblMll Ha COBI18):1eHnll C MOHHTOpOM, MoHl!TOp 11 

(S1+S2+S3+S4+lCl), b-(S1+S2=-1-S3+s., c2-<s1+S2+Ss+s.-1c1, 
B C'!eT'!HKe lCl - aaoT P = 6 KflcM • . 
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f>nc. 7. K H3MepeHHIO cpeJlHHX HMnyllhCOB IT+ -Me3OHOB npn noMomn C'leT'IHKa 
lCl. no OCH OpJlHHaT OTnoJKeHa•Hia¢¢eKTHBHOCTb, no OCH a6cnncc - nasne

HHe aTnnena npn TeMnepaType 20 C. 

I' 

Pnc. 8. K H3MepeHH_IO cpenHHX· HMnyllhCOB ·IT+ -Me3OHOB npn noMomH C'l0T'IHKa 
lCl. no ocn opJlnHaT .OTnoJKeHa nea¢¢eKJHBHOCTb, no ocn a6cuncc Jlasnenne 

aaOTa npn TeMnepaType 20 C. 

f r~~i~::-~j: 

Pac. 9. PacnonoJKenne annap.fTYPbl Ba ny'IKe npn H3MepeBHH nonHbtX Ce'leHBll 
B38BMO)lel!CTBBSI IT -Me3OHOB Ba npOTOHax. 
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