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OaKoll H3 oc KoBKbiX T9KJ:leKuKll pa3 BHTKll M e T OJ:lHKK cospeMeKKoro 3KcnepKMeKTa 

liJ:l9pHOJI ¢K3K KK liBnHe TCll ysenH'l9HHe 6biCTpOJ:l91iCTBHll B C9X npHM9Hli9MbiX y c TpOJICTB, 

3 TO CBli38HO C H 3Mep eHH 9M 0'19Hb KOpOTKHX BpeMeHHblX HHTepsanOB - llOpliJ:lK8 COT 9H 0 

J:l9CHTKOB K 9J:lHHHU llHKOCeKyKJ:lbl ( JO-J 2
ceK) , 

B aaHoce KyH.O.HOM .naanaaoHe, KSK Hasec THo. npH no.no6HbiX HaMepeHHSIX c ycnexoM 

npHMBHHIDTCR 0Tp93KH K08KCH8nbHOrO KB6enR, .D.nH KOTOporo CKOpOCTb pacnpOC Tp8H8 HHR 

c HrHana aaae.o.oMo Hasec THa. B H3MepeHHHX apeMeHHblX HHTepsanoa Me Hbwe HBHoceKyH.O.bi 

( 10-g C9K) H CnOnb30B8HH9 3TOrO M9TOJ:l8 y>K e C BH38HO C TpyJ:lHOCTliMH H CylU9CTB9HHbiMH 

norpew H OCTliMH K3-38 orpaHH'l9HHOJI T O'IHOCTK, C KOTOpOJI MO>KHO onpeaenl!Tb H llO):lJ:lep

>KHB8Tb fiOCTOSIHHblMH 38.09p>KKH 0 Tp93KOB K08KCH8nhHOrO K8 6enst . 

PaapeweuHe, KOTOpoe MO}KHO nonyqHTb, n p HMeHSHI nepeMeHHbie nHHHH aa.a.ep>KKH 

cnHpanbHoro TKna , B pHae cnyqaes HBnHeTcll HeyaosneTsopKTenb HbiM (HanpKMep, 

20- 50. 10- 12 
ceK) H qacTo 6wsaeT Toro >Ke nop HaKa, 'ITO H pa3peweHH e Hcc neayeMbiX 

YCT8HOBOK, 

llnR H3M8p8HHSI B llHKOC8KYHJJ.HOM .llH8ll830H8 MO>KHO HCflOnb30B8Tb H T 8K H83biB88M bie 

yanHHHTen bHb!e nHHHK , KOTOp bre HaXOJ:lHT npKMeHeHRe B p aaKoT exKH'!ecxKx CB4 ycTpollc-r

Bax. K CO>KaneHHIO, pacnpOCTpaHeHHOCTb 3 TKX nHKKl! B npaKTKK9 HJ:l9pHo-¢K 3H'l9CKOr o 

3KCnepHM9HT8 J:lOBOnbHO orpaHH'leHH8, npKTOM HX 3neKTpH'19CK8H ):lnHH8 06hi'!HO H9J:lOCTa-

TO'!H8 ( H anpHMep, 1\ I 330.10 -!2 
C9K), H KX npHM9H9HK9 C BH38HO C He 06XOJ:lHMO-

CTbiO npOH3BOJ:lHTb J:lOTIOnHHTenbHble nepeC'!eTbl , T 8K K8K OHH nporpaJ:lyHpOB8Hbl B CM, 

B CBli3H c BhrwecKa3aHHbiM anll Hcc neaosaHHH HexoTopwx '6b!CTpbrx' ycTpollcTB / 
11 

6binH C):lenaHbl pac'!eTbl K CKOHCTpyHpOB8H8 B03J:lyWH8H nepeMeHH8H nHHHll 38J:l9p>KKH ):lnH 

H3M9p8HHSI B llHKOCeKyH.llHOM ,llHdll830He. 

Hec MOTpH H8 H e KOTOpble n peHMyweC T B8 nepeMeHHbiX nHHHll n - o6pa3Horo • TpOM6ou

Horo' THna ( HanpHMep, yJ:l06HaH CHCTeMa CMelU9HHll), K8K 6onee npOCTOll B8pH8HT/
7/ 

6 brna B bi6paHa 06b! 'IHdH npHM8H K08KCH8nbH8ll KOHCTpyKUHH 'TeneCKOllH'l9C KOrO' THna, npH 

3 T OM 0CHOBH8ll 38):18'18 0 KOTopy10 He06XOJ:lHMO 6 blnO peWHTb, BKniO'l8na B ce6A KOHCTpyHpOB8HH9 

flO.llBH>KHbiX KOH T 8KTOB 1 n o nyqeHH9 .O.OCT8TOttHOft O.C.HOpO.OHOCTB BOnROBOrO conpOTHBneHH SI 

B p83nH'lHbiX y'laCTKBX nHHHH, a TaK>Ke H nony'leHHe YJ:l0Bn9TBOpHTenbROI MeX8HH'leCKOll 

C T86HnbHOCTH, 

KpoM e BhiweyxasaHHbiX oco6eHHocTell, npn peanH381lHH nHHHll noao6Horo poaa B na-

6opaTopHb!X ycnOBHliX H9 M9Hee B8>KHbiM liBnlleTCH H TO H8nH'!H9 CT8HJ:l8pTHb!X ¢aCOHRbiX 

MaTepaanOB, H3 KOTOporo H8J:l0 BCXOJ:lHTb, 'IT06bl 069Cll9'1HTb nonyqeHH9 J:l8HHOro BOnHOBOrO 

conpOTRBneHHA. 

3 



B CBH3H c 6onbweA pacnpocTpaHeHHOCTbiO na6opaTopHbiX npH6opos ( '6biCTphlx' reHe

paTopos, '6biCTpb!X' OCUHnnorpacjloB H T.a. ) C XBp8KTBpHCTH'IBCKHM COllpOTH&neHReM 75 OM ue

TIBC006pa3HO Bbi6pBTb BOTIHOBOB COllpOTHBTIBHHB TIHHHH TOrO >KB nopllaKa. 

nocKOllbKY OTHOllleHHB pac npeaeneHHOit HHayKTHBHOCTH K pacnpeaeneHHO!I eMKOCTH, 

KOTOpOe Ollp9Jl8RHeT 130RHOB09 COITpOTHBR9HH8 1 CBH38HO C reOM3TpB1:19CKHMH COOTHOW9HHHMR 1 

/2,3/ 
.O.RH K08KCH8RbHOR RHHHH H3 H9M8rHHTHOrO M8T9pH8R8 era MO>KHO npe.O.CTB.BRTb B BH.O.e 

z ~ 138 - lg (D) 
y. T OM • ( J ) 

3 a e cb - aK a neKTpH'IBC K8H npo HHUBB MOCTb cpeabi ( anH 8oaayxa < = 1 ) : D - BHyr-

peHHbiA aKBMBTp BHBWHero npOB OaHHK8, MM; d - aHBMBTp 8HyTp8HHero npo80aHHK8 nH-

H HH, MM. 

TaK K BK TIKHKH nepeMBHH8SI, OH8 C OCTOHT H3 asyx OTaerrbHbiX BXOaHLUHX apyr B apy

ra K08 K C H 8R bH bfX RHHHA . npHHUHfl K OHCTpyKUHH flOK838H H8 pHC. 1. 0'19BRJlH0 1 liTO 3)l.9Cb 

K8 K )l.RH 0 , TBK H .O.RH , nony"'BIOTCH .usa aHaqeHHSJ : D 1 02 K d 1 , d2 

l1CXOaH H3 pS!aa C006p8>K BHH!I (COXp8HBHHB 80TIH080rO COllpOTH8Tie HHSI B aonyCTHMb!X 

npeaenax - Ha npRMep , !. tO%, yao6Hble ra6apHTbi, OCo6eHHOCTH H3rOT08fieHHll ll T.a.), anSI 

D H d 6 b !TIH 8bi6pBHbl cneayiOLUHe 3HB'leHHSI ; 

o, 15,00 MM 

0 2 = 16,00 MM 

d 1 = 4,00 MM 

d 2 = 4,45 MM 

npH 3TOM BOTIH080e COllpOTH8TIBHHe nHHHH 8 p83Hb!X ee y'laCTit8X (He npHHHM8SI 80 

BHHM8HHe KpenB>KHbiX H30illtTOp08) nony'I8BTCll pB8HbiM 

T.e. 

HBHHSI 

~ -+ Z1 ~ 79 OM ; 

d t 

~ -+ Z2 = 73 OM 

d2 

H3MB-HSIBTCSI B .llOllYCTHMhlX npe,oenax. 

~-+ ;~ 76 OM 
d2 

06LUBSI 3 fieitTpH'IBC K8SI anHH8 nHHHH onpeaenHeTClt H8 OCH088HH H CKOpOCTH pacnpOCTpa -

10 -1 . 
C ~ 3.10 CM.CeK H C8H38HB C H3MepHBMbiMH 8peMeHHb!Mll HHTBp88TIBMH: anSI 

H 3 MBpBHHH B llHKOCeKyH.llHOM .O.H)ill830He M8KCHM81IbHOB H3M9HBHH9 .ll01l)f(HQ COCT8B1ISITb 

-12 
500 - 1000.10 CeK. 3Ta anRHB onpeaenSIBTCSI He TOnbKO 3 nBitTpH'leCKHMll Tpe608BHHSIMH, 

H O H H B K OTOpbiMH TBXHOIIOf'Ht{BC KHMH Tpy.llHOCTSIMH ee H3f'OTOB1IBHH9 HB TOK8pHOM CT8HKB. 

B ee npos o.astm He .oe TanH nHHHH BbJnonHeHhi H3 naTyHH H nocepe6pe Hbl aneKTpOJIHTK

q ec KHM nyTe M . Oc o6oe BHHM BHH B H e o 6 x o .nHM O y.n e nHTh n o .n.BH >K HhiM KOHTBKTBM, KOTOphie 

4 

~ 

J 

caenaHbl paapeaHhiMH H aononHHT 

H3I'OTOBR9RHSI )l.OR>KHB 6biTb )l.OC'I 

aorr>KHbl 6b!Tb Tlll8TerrbHO o6pa6o 

Kpene>KHbie HaonHTOpbi cae 

COXpBHH Tb 0THOCHT9RbH08 ITOCTOH 

uenH T8M )t{9 yBBRH'iBHO H OTHO W 

HeoaHopoaHOCTb 3 HB'll!TerrbHO YMI 

pa6o'IKX ycno8KHX. 

KoHcTpyKTH8Hbill qepTe>K m 

AHanHa .a.ononHHTen&HhlX noJ 

'ITO OHH nony'IBIOTCSI npeHe6pe>KHI 

3 RBKTpHq9CKOA JlRHH~ nHHHH H3-~ 

t.e 
~e~ 

rae R 1 - p acnpeaeneHHoe con1 

11MeSI 8 8Hay, 'ITO anH aaHROrO 

Ha-aa nonepeqHoro aaTyxaHHH, n 

R IIIII' o, 

rae F - MBitCRM8rrbHBR pa6oqa 

H B HBWHero K08KCH8RbHOrO ITpOBC 

npH 3TOM amt rpaHH'lllbiX < 

t. 
f 

norpeWHOCTb Ha-aa TepMR< 

npeHe6pe>KKMO Mana - oHa He np 

TpH 'leCKOll npOHHUBeMOCTH 803~ 

TypbJ) MeHbWe 0,0 1%. 

H a n p8KTHKe HCTO'IHHKO!.( H 

KOHTBKTOB H He K OTOpOA He CT86Hn 

KB6eneft, B T BK.>K e K3- 38 MBXBHH c 

Har oToaneHHR. T eM He MeHee 3KC 

lO T, t.{TQ BOC11 p OH3 B O.O.HMOC T b H 3 M 

MHOf'O K p 8 TH bl X H 3 M e peHHfiX C KOH" 

-1 
06bi 'IH O He n p e B bi WBIO T 2-3.10 

nonyqaeTCH p8BHOii O KOn o 1- 1, 5, 



npK6opos ( '6biCTpbiX' reHe

: KHM C011p0TKII119HKBM 75 OM ue-

nopR.uxa. 

pac npe ,ae neHHOll € MKOCTH, 

3TpKq9C KH M H COOTHOW8HHHMH 1 

MO.>K H O npe .D.CTS.BHTb B BH.D.8 

( I ) 

oa.ayxa < ~ 1 ) : D - BHy'I""" 

y T peHHer o npo BO.OHHKa IIH-

>HbiX B X O.O HW HX ,apyr B ,apy-

1. Q q e B R.OH O , 'IT O 3 ,lle Cb 

0 2 H d 1 , d 2 

lllp OTHBneHHSI B .a. o nyC THM biX 

I H3rOT OBileHRH R T,,ll.), .llllH 

yqacTxax (He npHHHMaH so 

I OB aHHH CKOpOC T H pacnp OC Tpa -

I Hbi MH HHTep a an8M H : ,llnH 

HH9 llOn}f{ H Q COC T 8 B nSI T b 

~KTpHtt9CKHMH T pe60B 8 HHHMH , 

l9HHH H8 T OK 8 p HOM CT8HK9. 

nocepe6p eHbl anexT ponHTH-

KHbiM KOHT8KT 8M 1 KOT Opbl9 

. I 

I 

c.aenaHbl paape3HbiMH H .aononHKTBilbHO ycKneHbl cooTseTcTIIyiOWHMH npy}I(HHaMH. T o'IHOCTb 

H3rOTOR119 HHlil ,ll01l>KH a 6 biTb .llOCTaTO'IHO BbiCOKOll, H BCe TOKOilpOBO.OHWH B llOBBpXHOC TH 

.OOII}I(Hbl 6biTb TWaTBilbHO 06pa6oTaHbl (xnacc V 7 ), 

Kpen e }I(Hbie H30IIHTOpbt c.aenaHbi H3 nonHCTHpona ( • b 2,5). 0HH o6ner'!e Hhi, 'IT06bi 

C OXpa HHTb OTHOCHTellbHOe llOCTOHHCTBO BOIIHOBOrO C OnpOTHIIIleHHH B HX p a llo He . )lllH 3 T OII 

D 
uenH TBM :m: e yaenH"'eHo H OTHo w eKHe T . TaKHM o6paaoM, BBO.D.HMBH .nononHHTenbHBH 

He o .aHopo .OHOCTb a HaqHTenbHO yMeHbwaeTcH
131 

H npaxTH'IeCKII He cxaablllaeTcH B o6bi'IHhiX 

pa60'IHX y CIIOBHHX. 

K o HC TpyxTHBHbill qepTB}I( IIHHHH .a a H Ha pHc. 2, a H a pHc. 3 noxaaaH a e e ¢oT o rpa¢HH. 

AH811H3 .O OD OIIHHT€1lbHbiX norpeWHOCTell, KOTOpble MOryT HMeTb M e CTO , n o x a3biBa e T, 

'ITO OHH nonyqaiOTC H npeHe 6pe}I(HMO ManbiMH. Tax, MO}I(HO noxaaaTb
14 •

51
, 'IT O H3 M e H e HH e 

3 1leKTpH'IeCKOll ,llllHHbl IIHHHH Ha-aa ee KOHB'IHOII npOBO.OHMOCTH 

t.e 
-e- - •0,5~ 

<u L1 
(2) 

r.a e R 1 - pacnpe.aeneHHoe conpoTHIIneHR e , a L 1 - pacnpe.ae neHHaH HH.OyKTHBHOCTb. 

Y1M e H B BR.Oy, 'ITO .anH ,aaHHoro cny'laH L 1 b 2,4 .10-12 
H/cM, H npe He 6pe raH noTe pHMH 

Ha -aa nonepe'!Horo aaTyxaHHH, .anH cepe6pHHHbcr nosepxHocTell nony'!aeM: 

R I"' 0,8,10'
8 yF (...!.. 

d D 

F - MaKCHManbHaH pa6o'!aH qacToTa B Mrrn, a 

H B H8ll1He r o K08KCR8.nbHOI'O npOBO.ll.OB B MM. 

-1 
OM.CM 

d H D 

npH 3 TOM .011<1 rpaHH'IHbiX qacTOT nopH.axa COTeH Mrru 

M 
-f-

tit 
0,1 % • 

(3 ) 

- ,OHaMeTpbi BHyTpeHHero 

norpeWHOCTb Ha-aa TepMH'IeCKHX H3MeHeHHll .llllHHbl IIHHHII B HHTe psa ne :t_ 10°C T O}I(e 

npeHeOpB }I(HM O Mana - OHa He npe BbiW a eT 0,05%, a norpeW HOC Tb Ha - aa H3 M€HB HHH .O H 311€K-

TpH'IBC KOll llpOHHUaeMOCTH B03.0yxa
141 

(HallH '!H e BO.OHHbiX napo B H H3 MBH€HH e T e M nepa-

Typbl ) M€HbWe 0,01%. 

Ha ll p 8 KTHK9 HCTOlf.HHKOM H B H 60n bWHX OWH60K MO)t{ H O CqHT 8 T b H BRHYH9 llO.OBH>KHhiX 

KOHTa KTOB H H €KOT Op o ll H €CT a OHilbHOC TH Ha - aa ,ae¢op MaUHH CO€,ll H HHT€1lbHbiX KOaKC HallbHbiX 

KB6ene A, 8 T 8K>K9 H 3 - 38 M 9 X 8 HHtt 9CKHX CM9ll.l.9HHA, CBH38 H HbiX C orpaHHqSHHOA TO'-IHOCTb10 

HaroTosneHHH. TeM H e M eHee axcnepHMSHT BnhHbie .aaHHbJe 3KcnnyaTaUHH nHHHH noK83hiBB

JOT, tt T o socnpOH3BO.llHM OC T b H3M e p e HH it snonae y.llOBneTaop HTenhHBH. TaK, aanpHMep, npH 

MHOrOKp 8THblX H3M9p9HH HX C KOHBepT OpHbiMH ycTpOAC T B8MH M8KCHM8nhHbi€ O TKnOH 9HHH 

06bl'tHO He npeBbiWaiOT 2-3.10 -! 2
ceK, a cpe,OHH!I KBa,apaTH'!HaH OWH6Ka COOTB€TCTB€HHO 

nony'!aeTCH pasHol1 oKono I - 1,5.10-!
2 

ceK. 
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3JlBeb H8Jl0 HM9Tb B BHJly, 'ITO II UOJl06HbiX H3MepeHHSIX yqaeTeyeT HB TOUbKO UHHHSI, 

HO BBeb H3MBpHTBnbHbiA KOMUUBKe (eM, pRe, 4) - BKUIO'IBSI HMnynbCHbiA reHepaTop, eoe

JlHHHTBUbHbiB K86BUH, KOHBBpTOp, yCHUHTBUb H MHOrOI<BHBnbHbiA 8MUUHTyJlHbiA 8HBnH38TOp. 

nHHBAHOCTb H3MBpHTBUbHOA UHHHH HUUIOeTpHpyBTCSI pHC, 5 H pHC, 6. 3TH H3MBpBHHll 

e )lBU8Hbl COrUBCHO 6noK-eXBMB, Jl8HHOA H8 pHe. 4. 0HH BbiUOUHBHbl npH COXp8HBHHH Bee x 

-12 
pa60'IHX ycnO~HA CJlBHrOM H3MBpHT8UbHOA UHHHH qepe3 K8)1(Jlbl8 100.10 CBK. 

TaK KBK H 3Jl8Cb yqaeTByeT aeeb H3MBpRTBUbHbiA KOMUUBKe, MO>KHO yTBBp>KJl B Tb, 

'ITO norpeWHOeTb H3-38 HBpBBHOMBpHOeTH H HBUHHBAHOCTH OJlHOA UHHHH H B C8MOM JlBUB 

M8Hbwe . 

npHMBp H3MBpBHHH M8Ub!X BpBMBHHbiX HHTepBBnOB ( e UOJl06HbiM >Ke KOMUUBKCOM) 

UOK838H HB pHC, 7. 0TJl8UbHbl8 DHKH, KOTOpbiB BHJlHbl H8 pHCyHKB, nor.y'IBHbl nyTBM e )lBHra 

-12 
UHHHH '1Bpe3 20.10 CBI< , npH COXpBHBHHH OeTBnbHbi X ycnOBHA 3KCUepHMBHT8, 

B CBSI3H C JlBUbHeAWKM nporpeceOM 3KCnepHMBHT8UbHOA TBXHHKH II o()naeTK OBUB)le-

HKH flHKOCeKyH.ll.HhlM ,llHan830HOM, MO}I{HO 01KH.ll8Tb1 \ITO llpHM8H9HH8 OllHC8HHOA nHHHH B 

na60p8TOpHOA npBKTHKB OK8)1{8TCSI fiOU93HbiM. 
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PyKonHCb nocTynHna B H3JlBTenbCKHA OTJlen 

20 ¢eepanH 1965 r. 
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PHC, 3. <POTOrpa!pHH nepeMeHHOI ITHHHH 3B.ll9p)!(KH, 

I 1 ~ ~=I ;u~---H ; J 
2 

PHc, 4, 3KcnepHMeHTBIThHBH ycTBHOBKB .!liTH H3MepeHHH MBilblx speMeHHhlX HHTepsanos; 

J- HMflyiThCHbiA reHepBTOp KOpOTKHX HMITyiThCOB peneiHOrO THUB, 2 - nepe

M 9HHBH ITHHHH 3B.ll9p)!(KH, 3 - KOHB9pTOp Bp8MH-BMUITHTy.llbl C .BbiCOKHM pa3-

peweHH9M, 4 - MBflOWyMHillHI yCHnHT9ITh, 5 - MHOrOKBHBflhHhlA BMflflHTy.ll

Hbll! BHBnH3BTOp 
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Pac. 5. PeaynhT&Tbl H3MepeHHA nony'ieHbl c noMO!llbiO ycT&HOBKH,noKaaaHaoA 

HS pRe. 4. 0T.llellbHble_ ~KH )'CT&HaBIIHBSIIRCb nyT eM C.llBBra IIBHHB 

'iepea KB.)K.llble 100.10 ceJ<. 

I 

l 
I 

-

1 
\ 



,._ 
/'1AA v I / ""' v v 

'IS / 
/ 

$P v 
/ 

1S / 
v 

I 

D -
PHc. 6. K llHHeAHOCTH nepeMeHHOA nHHHK aa.aep.>KKH. PeaynbTBTbl n o .1y'ieHbl c 

TIOMOUlbiO T OrO >Ke M9TO.ll8 1 'iTO H p e3yllbT8Tbl 1 TIOK83BHH bi9 H8 pHC. 5. 
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PHc. 7. K H3MepeHHJO MBllbiX apeMeHHbiX HHTepsanoa. 0Tnenbno; e liHKH , 

nony"leHbt nyTeM cn.anra nepeMeHHOA nHHHH qepea 20.10-12 c eK . 


