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B 9KcnepaMeHTarrbHofi Rnepaofi ~HaaKe 6onbw oe aaa~eaae aMeeT perHcTpa

IIHR 9I19KTpH'19CKHX HMI1YI1bCOB1 CT8THCTH'I9CKH pacnpenen&HHbiX BO BpeMeHH. TaK 

KBK BCS!KHH perHCTp Hpy iOIUHli I1pH6op o6na naeT KBKHM-TO MepTBbiM BpeMeHeM 

TO 'IHCI10 periiCTpRpye MblX HMI1YI1bCOB N P BCerna M 9 Hbill9 'IHC I18 HMnynbCOB 

r 
M 

No , 

nocTynaiOIUHX aa axon rrpa6opa, H npa aenponne Ba JOmeMcR M e p TBOM BpeMeaa paa-

HO 

N 
p (t) 

Yaenaqeaae qac na peracTp a p yeM biX HMrrynbcoB MOJKHO rron y 'IHTb aa c'!eT yMe Hb-

WeHHS! MepTBOrO BpeMeHH, 'ITO B OI1HOK8H8I1bH blX C'I9THblX CHCTeMaX He npenC T 8 B

I15!9T 6orrbwax TpynaocTell. B a a cToRwee BpeMR nocTpoeHb i nepec '!eTHbre y cTpoi! 

CTBa HB neCRTKII II COTHH Merarepu. B MHOrOK8H8I1bHblX C HCT9M8 X 1 KB K I1p8 BHI10 1 

I1I151 perRCTp8UHH HMI1YI1bCOB HCI1 0 I1b3 YIOTC S! ycTpOikTBB, 8 H8I10 f'H'!H bl9 38 I10MHH810-

IUHM yCTpOliCTBBM (3Y) Bbi'!HCI1HT9I1bHblX M8WHH, rne B K8'!9CTB9 38I10MHH810WHX 

9I19M9HTOB HCI10I1b3YIOTC51 ~eppHTOBbie KOI1bU8 1 MarBHTH85! neaTa, 6apa6 aa, I1HCKH 

a T . n. EbiCTponellcTBHe nono6Hb iX cacTeM orpanH'IHBaeTCH KBK xapaKTepac THKBMH 

C8MHX 38I10MHH8JOIIIHX 9I19M9HTOB, TBK H ycTpOiiCTBOM ynpaBI19HHS! , 06IUHM I1I15! BCeX ., 

K8H8I10B , H COCT8BI15!9T necS!TKH H COTHH MKC9K H8 perHCTp8UHJO OI1HOrO HMfiYI1bC8. 

oTO I1pHBOI1HT npH CT8 T HCTH'I9CKOM pacnpeneneHIIH RMI1YI1bCOB K noTepe H~OpMa

UHH ( I1pOC'!eTaM ) H 'IBCTO K HCK8lK9HHIO CI19KTpa. 

C npyroil CTOpOHbi, 9CI1H 6bi TO JKe KOI1H'I9CTBO HMI1YI1bCOB npHXOI1HI10 B 3Y 

paanoMepno c nepaonoM, paBHbiM ana 6onbWHM rM , TO I1p0C'I9Tbl OTCyTCTBOB8-

I1H 6b! . llrrR 9TOro aeo6XOI1HMO 9 TH HMI1YI1bCbl rrpenBapHT9I1bHO 3 8 I10MHH8Tb B 

KaKol1-mt6o 6biCTpoA naMRTH. 3Ta aneg 6btna B paaHoe apeMR Hea aaacaMo npenno
/1 ,41 I 

JKeHa HeCKOnbKHMH aBTopaMH, a B 1954 r. arrepBbie peanaaoBaHa H. B. lliTpaaaxoM . 
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non06Hbl9 ycTpolkTBa IIIHpOKO npHMeHHIOTCH B HBCTOHlllee BpeMH B TeXHHK9 BpeMeH

Horo, aMnnHTynaoro H MaoroMepaoro aaanHaa H nonyqHnH aaasaaHe •ycTpoAcTB 

npoMeJKyToqaoA naMITH' ( Ynn). 

Ynn aaxonHT npHMeaeaHe H nnH aecKonhKO HHoA aaaaqH : AnH cornacosaHHB 

HMnynbCHOrO HCTO'IHHKa BHcPOpMllltBB, o6nana10111ero ManoA CpeaaeA HHTeHCHBHOCTbl01 

c nocTaTO'IHO 6biCTpbiM aaKonHTeneM, Tpe6yJOIIIHM .onaaxo, onpeneneaaoro speMeHH 

Ha llOllrOTOBKY K aanHCH HMUyilbCOB (aarrpHMep, M8rHHTH851 neHTR CO CTapT-CTOU

HblM neaTonpoTH>I<HbiM MexaHHaMoM). B aToM cnyqae uenecoo6paaao caaqana aa

KOUITb BHcPOpMBUBIO B crrenBanbHOM 3Y, a 38TeM 6onblllBM MaCCBBOM nepeUBCaTb 

ee aa neaTy , 6 apa6aa 11 T,A. TaKRM o6paaoM, ocaosao l! aanaqeA Ynn HBnHeTca 

naMeaeaHe pacrrpeaeneaua nocTynaJOmeA HacjlopManHH so speMeHH c nenbJO acjlcjleK

THBHoro HCU0Ub30B8HH51 CBOACTB OCHOBROrO 3Y, 

l, KnaccHdmKauBn Ynn 

npBMeRHTenbao K aaaaqaM aKcnepuMeaTanbROA naepaol! cj!BaBKB aaH6onee 

uonao HayqeHbi nsa qacTRbiX cny'laB: 1) Koraa Ynn aenpepbiBao npHHHMaeT HH

cjlopManHJO B nepenaeT ee TaKJKe aenpepb!BRO B OCHOBROe 3Y ( "paapaBHHBaJOlllHA" 

peJKHM); 2) Koraa HacjlopManun B Ynn nocTynaeT HMnynbcao, B TeqeaHe onpene

neaaoro HHTepsana BpeMeau, a nepenaeTcH B ocaosaoe 3Y B nayaax MeJKlly BH

TepsanaMH perHCTpauHH ( 'HaltOITHTenbHbiA" peJKH:.t), npOBQlleHO naJKe AeneHHe 
/2/ 

scex Ynn rro aTHM npHaaaKaM aa nse rpynnbi 

0ARaKo uenbiA pHll paapa6oTaHHbiX B nocnenaHe roabl ycTpoAcTB ae yKnanbi

BaeTcH B paMKB aTHx AByx rpynn, noaToMy, aa na111 sarnnn, nenecoo6paaao cocTa -

BHTb 6 onee paasepayTyJO KnaccHcjlHKBUHJO Ynn no cneayJOlllHM xapaKTepabiM npHa

RaKaM ( pnc , 1), 

I.XapaKTep n o c T y n n e a H H H H cP 0 p M a U H H H a 

B X 0 ll Y n n 
a) HerrpepbiBRoe nocTynneaHe HacjlopMBUHH. 

6) HMnynbcHbiA xapaKTep nocTynneaHn Ha<jlopMaUHH, B aToM peJKHMe Ynn nH6o pa-

6oTaeT C HMllynbCHbiM HCTO'IHHKOM, nH60 HMnynbCHbiA X8p8KTep HHcjlopMBUHH !18 BXOlle 

13/ Ynn aanaeTcH HCKyccTseano caMHM Ynn nocne aanonneHHH sceA ero eMKOCTH 

11 . X a p a K T e p C 'I H T bl B a H H H H H cP 0 p M a U H H H a Ynn 

a) HenpepbiBHoe C'IHTbiBBHHe ( aToT peJKHM MOJKeT 6biTb npH n106oM xapaK

Tepe UOCTynneHHH HHcPOpMaUBH), 
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6) 11MnynbCabil! X8p8KT9p C'IHTbiBBaiHI ( UpH aenpepb!BaOM UOCTYflllSHHH HHcj>op

MBUHH aa axon Ynn). 
B) J1MnynbCHbiM xapaKT9p C'IHTbiBaHHSI ( npH HMnynbCaOM XapaKTepe flOCTyn-

neanSI nucj>opMauHH aa axon Ynn a coananeaHH, HaTepaanoa 3anacn H cqHT biBBHHSI ; 

flO l!Of'HK9 pa60Tbl H pacqeTy fl0T9pb STOT pelKHM COBnanaeT C p9lKHMOM pa60Tbl 

Ynn - aenpepbiBHoe nocTynneaHe HHcj>opMaUHH npH aenpepbiBHOM cqHThiBaHHH). 

r) !1MnynhCHhill xapaKTep C'IHTbiBaaHSI (cqHTbiBaaHe npoucxonHT B nay3aX 

MeJKny UOCTynneBHSIMH uacj>opMaUHH 1 TaK 'ITO CyMMa HHT9pBallOB cqHTbiBaHHSI H 38-

UHCH paaaa nepHony pa6oThl YnnJ. 
m. X a p a K T e p o n p o c a Y n n 

a) UnKnHqecKHii ( Ynn nocToSiaao Hna B TeqeJrne HaTepaana c q [.! TbiBa HHSI -

B 3aBHCHMOCTH OT xapaKTSpa C'IHTb!BaHHSI - onpaWHBaSTCSI n epHOnll'!aCKOM c epne i\ 

HMnynbCOB C nepHonoM T onpoca; C'IHThiBBHHe 1!:3 Ynn - I'IPH Hi!HHqlni a aeM 

3am:CaHHOM HHcj>opMaUHH - npOHCXOnHT 6nHJKal!WHM HMflYl!bCOM cepHH), 

6 ) HeunKnnqecKnl! (cqHThiBaHRe H3 Ynn npoucxonHT cpa3y )l(e nocne sanncn 

B Hero uHcj>opMaulm, a saTeM, ecnu Ynn ne ocao6oJKnaeTcl'! npenurny iUHM HMnynh

coM UOllHOCTbl0
1 

C HHTe pBanaMH BpeMeHH 1 neo6xonHMbiMH nn11 nepe38 fi i!CH B OCHOB

HYIO naMS!Tb), 

IV . C 0 0 T H 0 W e H H e 

B 0 I' 0 ape Me au 

n e p H o .ll a o n p o c a 

0 C a 0 B H 0 I' 0 3 y T 
M 

aHe TonbKO nnSI uHKnHqecKoro xapaKTepa onpoca Ynn). 

a) T onp. L r M 

6) T < r 
onp. M 

(a rpaHH'IHOM cnyqae npa 

T H M e p T-
onp 

( aTO HM99T 3Ha'le -

T -o 
onp 

peJKHM pa6oThi Ynn npH6nHJKaeTCSI K pa6oTe c ueuHKl!H'IeCKHM x apaKTepoM onpoca). 

V. C o o T a o w e H H e nay3hi MSJKU Y n 0 C T y rr n e H H ~ M H 

Hacj>opMaUHH T rrays hi u B p e M e H e M , H e 0 6 X 0 n H-

M bl M n n 11 C'IHTb!B8HHSI H H cjJ 0 p M a ll H H c 0 

B C e X s n u a e e K Ynn H paBH blM rr p o a s B e n e-

H H 10 s. T (nnl'! Ynn c ll H K n H q e C K H M x a p a K T e -
orrp. 

o n p o c a) u n H S • r 
M 

(nnSI Ynn c ueuaKnaqecKnM xapaKTe-p 0 M 

poM orrpoca) . 3 TO xapaKTepHCTHKa HMeeT 3HaqeaHe TOl!b KO nnSI Ynn c HMrrynh-
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CHbiM xapaKTepOM fiOC TynneHHll HH!jlopMaUHH H C Henpepb!BHblM ( HliH B nay3aX) 

xapaKTepoM cqHTbiBaHHll ee , 

TaKIIM o6pa3oM, no aToii KnacculjluKauHH, qucTo pa3p aBHHBaiOmul! pex<HM orm-

CbiBaeTCll llBYMll B8TBliMH: 

1) HenpepbiBHbll':i xapaKTep noc;:Tynneaul! HH!jlopMauuH npu aenpepbiBHOM cqu

TbiBaHHH I a - II a . 

2) YfMnynbCHblli xapaKTep fiOCTYfi1!8HHll HHtPOpMaUHH H CqHTbiBaHHll npH COBn a 

/l8HHH HHT epBaliOB Oaf!HCI! H Cqi!Tb!BaHl!ll I 6 - II 6 , 

'IHCTO HaKOfiHT81I bHbl li pe>KHM OflHCbiBaeTCll 14 B8TBbiO; HMflyllbCHb!H xapaKTep 

fiOCTyfl118Hll51 HHijJOpMaUHH npH HMflyllbCHOM XapaKTepe CqlfTbiBa HHll ( B nay3aX M8>K-

llY nocTynneHHliMH ualjlopMauuu), npu 

IV a, v a·. 
T > S· T , T,e, I 6 

nay3br ' onp. II 6 , Ill a, 

l1pOB8/l8HHall KllaCCHtPHKaUHll YCTpOilcTB npOMe>KyToqaoii f!aMSITH yqlfTbiBaP.T 

TOllbKO Te XapaKT8pHCTHKH 1 KOTOpb!8 Oflp8/l81151IOT npocqeTbl yCTpOl!CTBa 3a cqeT 

KOHeqaolf ero 8MK O.C TH , 

ITo BH/ly 3anoMnHaeMoli ualjlopMauun Yl1!1 MO>KHO pa3nenHTb aa aaanorOBbre 

II UHtPPOBbl8, Aaanor OBbl8 yCTpoliCTBa npHM8HliiOTCll B TOM cnyqae, KOrJla OCHOB 

HOfr BK1!8/l B M8pTB08 Bp8Mll aHa11!13aTopa BHOCHT npeo6pa30BaT81Ib H3M8pli8MOI! 

nenuqz.rabr B KO/l ( aanpz.rMep, npH aMnnHTYJlHOM aHanH3e). B a To M cnyqae Yl1!1 

ycTauanm!aaeTCll nepen aaanoro-uH!jlpoBbiM npeo6pa3onaTeneM, 

Haz.r 6onblllee pacnpocT paaeaue B MHoroKauanbHb!X aHanH3aTopax nonyqHm! 

UHtPpOB bJe Y!1!1, KOT Opbre If 6yJlyT OCHOBHOI\ T8MOI! H8CTOllll!ero 063opa, 

2, UHppoBbre Yl1!1 

Pnapa6oTKa Yl1!1 aeneTcll o6brqao B CBSl3H c onpeneneH HbiMH 3anaqaMH tPH3H

qecKoro 9 KCnepHM8HTa, OT YCliOBHii KOTOporo 3a BHCHT Bb!60p TOrO HliH HHOrO THfla 

Yl1!1, a TaKx<e ero eMKOCTb H 6 b!CTponeilcTBHe, H ecMoTpSl aa 6onb!lloe pa3Hoo6-

paa ue KOHKpeTHb!X CXeM , ony61!HKOBaHHbiX K HaCTOHIUeMy BpeMeHH , MO>KHO fiP81lCT8-

BHTb o6myro CTpyK T ypHyiO CXeMy UHtPpOBblX Y!1!1 ( pHC , 2) , 

B xonaor1 p e r H c T p flpHHHMaeT HHtPOpM8UHIO napa1!1!81IbH biM HliH 

nocnenoaaTe nbH biM KO/lOM , Y epe3 HeKOTopoe npeMSl ou onpall!HBaeTCSl 11 napannenb-

Hblll KOil n e peHOCHTC51 B 0/lll )" lf 3 CB060illlb!X CTpOK 3af!OMIIIlaiOIUer1 MaTpiiU L>I , a 
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caM perHcTp c6pacbta aeTCSI, YcTpollcTao roToao K npHeMy cneny10mero Kona. B 

HeKOTOpb!.X Clly'IBSIX ace Ynn COCTOHT H3 O):IHOrO perHCTpa (eMKOCTb - OJ:IHO CliOBO) 

HHOrJ:ta ~YHKUHH BXOJ:IHOrO perHCTpa B b!liOliHS!eT anpeCHb!ll perHCTp npeo6p830B8T eng, 

Bb!XOJ:IHOII p e r K c T p cny)I{KT nm1 cornacoaaa11n Ynn c nplleMHbtMH 

6noKaMH ocaoaaoro 3Y. B a e KoTopblX Ynn, pa6oTaJOIUHX a 'IHCTO aaKonHTenbHOM 

pe)I{HMe, B Ka'!eCTBe BXO):IHOrO II Bb!XO):IHOrO peri!CTpOB 11Cll0llb3yeTCH OJ:IHH H TOT 

/ 4/ 
)1{6 perHCTp 

KoMMyTaTop C T p 0 K Bbt6HpaeT a onpeneneHaol\ nocnenoaaTenb-

HOCTH CTpOKH 38l!OMHH8JO!Uert M8Tpi!Ubl lip!! 38 lii!CH H C'!HTb!B8HHI! , KoMMyTBTOp 

CTpOK M0)1{9T COCTOHTb nH60 113 J:IBYX OTJ:191lbHblX KOllbUeBb!X C'I9T'IIIKOB J:lllll 3 8liHCH 

H J:lliH C'IHTb!B8HHH, lii!60 H3 OJ:IHOrO peaepCiiBHOro C'!eT'II!Ka, nepeKnJO'IaJOIUero 

CTpOKH B llpHMOM Hallp8Bli6Hiili npll 3alJHCH H B o6paTHOM H8llpaBlJ6HHH npli C 'IH-

TbiBaHI!Ii , 

Y C T p 0 J! C T B 0 y n p a a n e H H n BblliOliHH6T Cli6J:IYJO!Uii6 ~YHKUHH: 

a) YnpaaneHHe Bbt60pOM CTpOK 3aliOMHH8JOIUeJ! MaTpi!Ubl rrpll 38l!IJCI1 H C '!H-

T b!BaHiiH, 

6) EnoKHpoaKa 3anRCII rrpH 3arronaeHHII acell eMKOCTii Ynn n 6noKnpoaKa 

C'IHTbJBaHHH llpll ee OCB060)1{):16HHH, 

a) Pa3neneaRe unKnoa C'IHTbiBaHnH n 3arrHcli, 

r) EnoK1ipOBK8 C'IHTblB8HHH H8 B p6MH pa60Tbl OCH OBHOro 3Y ( ecnli !!MeeT MeC -

TO UHKliH'I6CKHJ! xapaKTep OllpOC8 C T < r ). 
onp. M 

n) Bbtpa6oTKa KOMBHJ:IHbiX HMrrynbcoa B orrpeneneHHoll nocnenoaaTenhHOCTH: 

38liYCK ~OpMHpOB8T6llel\ I!MllynhCOB 38llliCH If C'IHTbiB8HIIH 38liOMHH810IUeJ! 

M8TpHUbt; 

onpoc axonHoro peracTpa; 

CTp06HpOB8HHe BblXO):IHOrO CHrnana; 

onpoc BbiXOJ:IHOro perllcTpa; 

38liYCK OCHOBHOJ! li8MHTH H T,J:I , 

/51 
OnHa H3 Haa6onee paHHHX pa3pa6oTOK Ynn npuHanne)I{H T aaTopa~t 3To 

yCTpOJ!CTBO OTHOCHTCH K ill6CTO" BeTBH H8Wero Kn8CCH~HK8UHOHHOro nepeaa , 

npocneJ:IHM ee , 

1. X a paKTep nocTynneHHH HH~opMaUHH - HMnynhCHbtl\ , 

2. XapaKTep C'lllTbtBBHHH - HMnynhCHbtft ( HHTepaan C'll!TbJBaHHH c oananaeT c 

HHTepaanOM 38liHCH), 
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3. XapaKTep orrpoca Ynn - unKnl!qecKnli. 

4. T > r 
o rrp M 

( l!n l! KpaTKO: I 6, II B , III a, IV a) . 

OcTanbHhle TeXHH'IeCKI!e aaHHNe: 

'll!CnO CTpOK - 4, 

'll!CnO paapS!AOB - 10 ABOH'IHbiX pa3pS!AOB, 

MepTBOe BpeMSI IIO BXOAy - 1 MKCeK, 

rrepnoa orrpoca - 32 MKCeK. 

3arroMHHaune nponaBOAHTCSI ua ¢epp!!TOBhiX KOnhuax. KpaTKaSI 6noK-cxeMa 

aToro Ynn rrpnaeaeua ua pnc . 3. 

Bb160p CTpOK BO BpeMS! aaiii!CH 1Ip01!3BOAHTCS! C IIOMOlllbiO perHCTpa ( 1), KOTO

pbiH SIBnSieTCSI KOnhueBbiM C'leT'IHKOM c MoayneM 4. Yrrpaaneune 3TI!M c'!eT'!I!KOM 

1IpOH3BOAHTCSI c¢aaHpOBaHHbiM AeTeKTOpHbiM HMIIynbCOM. B bi6op CTpOK BO BpeMS! 

C'IHTbiBaHHS! OCyllleCTBnS!eTCS! C IIOMOlllbiO Apyroro perHCTpa ( 2), perHCTpa C'IHTbi

BaHHSI, KOTOpbiH SIBnSieTCSI 2-paapS!AHbiM ABOH'IHbiM C'!eT'IHKOM C AHOIIHbiM AeWH¢pa 

TOpOM . B cnyqae npHMeueunn AByx OTAenhHbiX cqeT'IHKOB a KOMMyTaTope cTpoK 

6nOKHpOBKa aaiiHCH H C'IHTbiB8HHS! 1Ip01!3BOAHTCSI pS!AOM CO BIIaAeHHll OTAenbHbiX COCTO

S!HHll 3THX C'!eT'IHKOBo .llnSI 6nOKHpOBKH C'II!TbiB8HHS! IIpi!MeHSIIQTCS! COBIIBAeHHSI TH-

na ~ 3 C (HnH B Apyri!X ycTpOl!CTBaX ~ 
3 

C ) KOTOpbie COOTBeT-
ann q-n-1 ann qn' 

CTBYIOT CB0 60AHOMY OT HH¢OpM8UHH Ynn ( C'lliTbiB8HHe * AOI"'Hano• 381IHCb) • .llnSI 

peannaauHH 3 THX coanaae unli B pacc MaTpHaaeMoM ycTpollcTBe rrpnMeHSieTCSI B Ka*

aoti cTpoKe no aononHHTenhHOMy , II cepae'IHHKy, KOTOpbie napeMarHH'IHBaJOTCSI npn 

aa iiHCH B ABHHOfi CTpOKe I!H¢opMaUHH. BN6paHHhlH AO IIOnHHTenbHhlfi c epAe 'IHHK nepH

OAI!'IeCKH orrpawn aaeTCS! cneunanhHbiM reu epaTopoM onpoca (3). Ecnn aToT cepaeq

HHK 6bin HaMarHI!'IeH npH 381IHCH B AaHHYIO CTpOKy HH¢OpM8UHH, TO nepBbltl *e 

OIIpaWHBaJOII!Htl HMIIynhC n epeMarHH'II!BaeT ero , HaBOASI B BbiXOAHOll 06MOTKe (o6weli 

anSI acex qeTbipex AononHHTenbHbiX cepae'IHHKoB) cn ruan aanycKa norHKH nepeaann -
• 

CH HHQJopMaUHH H3 AaHHOfi CTpOKH B OCHOBHOe 3Y. B KOHUe 3TOrO UHKna C'!eT'!HK ( 2) 

yc TauaannaaeTCSI a cneayJOmee nono*eHI!e H reuepaTop orrpoca 6yAeT onpawnaaTb 

cneAyJOII!Hl! AononHHTe nhHbi l! cepae'IHHK 11 T.A. EnoKHpoaKa C 'IHTbiBaHHH ocymecTBnSI

e TcH 3AeCb 6naroaapH OTCYTCTBHIO HaMaf'HI!'!eHHOI"'O AOIIOnHHTenbHOrO cepAe 'IHHKa • 

.llnSI 6nOKHpOBKH aanHCI! MOryT IIpHMeHSITbCS! COBIIaAeHHS! THIIa ~ 
3an n Cqn+I 

B aTOM cnyqae aanHch "aoroHSieT" C'IHTbiBBHI!e , T . e . aanonmieTCSI BCSI eMKOCTb 

Ynn. HeaocTaTKOM paccMaTpnaaeMoro ycTpof1cTaa HBnHeTcSI OTCYTCTBIW 6noKHpon -
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XH aanHCH npH 31!lnOIJHeHHH BCell eMKOCT~ . qTO MO*eT npHBeCTft K Hl!liiO*eHHID ABYX 

paanHqHbiX HH<jJOpMI!l.llHA B OAHOA H TOll *e CTpOKE:, 

Ynn ae &MeeT co6cTaeHHbiX ax:>naoro H Bbi.xonaoro peracTpoa H HcnonhayeT 

a.npeCHbie perHCTpbl BpeMeHHOrO KO.IlHpOBUlHKI!l H OCHOBHOrO 3Y, T8K Kl!lK IIOCTOHHHO 

pa60TI!leT TOJJbKO C aTHMH 6nOKI!lMH, 

/6/ 
noa.naee 6binO onHC8HO Ynn H8 TyHHeJJbHblX AHOJl8X C MepTBbiM BpeMeHeM 

no BXO.IlY 0,1 MKCeK, florH'!eCKOe noCTpoeHHe 8TOrO Ynn OCT8JJ0Cb 6e3 H3MeHeHHH. 

17/ 
B pa6oTe onHC8iiO ycTpOACTBO , nOJl06aoe no norRKe pa60Tbl npeAb!JlYUlHM 

Ynn, ao RMeiDmee 6onblllee norR'!ecKoe aaaepllleaRe, no aaJJieA Knacca¢>aKanaR 

OHO OTHOCHTCH K 8-oi! BeTBH ( 16, II a, Ill 6, Va), 3TO Ynn pa60T8eT B pe*RMe 

paapaaaaBaHHH cTaTHCTH'!ecKoA aa¢>opManaa npa aanaca aa Ml!lrHHTHyiD neaTy. Xa

paKTepRcTHKH 8TOrO ycTpOi!CTB8: 

'!HCJJO CTpOK - 10, 

'!HCJJO p83pHJlOB 

MepTBOe BpeMH 

16 JlBOH'!HblX p83pHJlOB, 

5 MKCeK, 

EnoK-cxeMa Ynn npHBeJleaa aa pac. 4. KoMMyTaTop cTpOK ycTpollcTBa &MeeT JlBa 

OT.IleJJbHbiX C'!eT'!HK8 1 38nHCH H C'!HTbJB8HHH 0 HMeiDTCH OTJleJJbHO BXOJlHOll H BbJXOJl

HOA peracTpbi. B oTnH'!He oT paaee paccMoTpeaaoro Ynn a)lecb rrpaMeReH bi 6no-

KHpOBKH H C'!HTb!BaHHH, H 381IHCH npH JlOCTH*eHHH rpaHH'!Hbl.X 3HI!l'!eHHll, '!TO II03-

BOJJHeT H36e*8Tb perHCTp8AHH HCKI!l*eHHbiX KOJlOB 1IpH nepeJJOJJHeHHH eMKOCTH 

ycTpollcTBa, B aTOM Ynn HMeeTCH H peracTpanHH npoc'!HTSHHbiX ( aeaaperHcTpHpo

BBHHbiX) HMnynhCOB. EnoK-cxeMa norHKH ycTpollcTaa npuaeJleHa aa pac, 5, nep

Boe C'!HTbiBaaue uu¢>opManHH a a Ynn npoaaBOJlHTCH curaanoM •nycK nor&KH aa

naca•, nocneJlyiDmae aanaiDTCH OllHOBH6paTopaMH aa)lep*KH OB
1
, OB

2
, apeMH Bbi

nep*KH KOTOpblX 60JJbJJie MepTBOro BpeMeHH OCHOBHoro 3Y, YrrpaBneaae C'!HTbiBI!l

HHeM npOH3BOJlHTCH 6nOKHpOBKOll Knanaaa ( 1) CXeMOA BbJJleneBHH COBIII!lJleHHll 

~ 3arr. C'!n-f Yrrpaaneuae aarrHCbiD rrpoHaBOJliiTCH 6noKHpOBKoll Knanaaa (3) a 

BXOilHOro perHCTpl!l cxeMoA BbJ)leJJeHHH COBna)leHHA ~3arr n C'!. +I . nanbaellmHM 

/27/ 
ycoaepweacTaoaaaaeM aToro ycTpoAcTBa HBHnacb paapa6oTKa Ynn , HMeiDmero 

MeHbWee MepTBOe BpeMH - 1 MKCeK, 6onee Hl!lJle*HbJe 31!liiOMHHI!liDUlHe aneMeHTbl, 

HO JJOrH'!eCKH HH'!eM He OTJJH'!8IDUXerOCH OT OIIHCI!lHHOrO B npeJlbiJlyUXell pa6oTe, 

Eonee y.tto6Hb1M B KOMMyTI!lTOpe CTpOK SIBJJS!eTCH rrpHMeHeHHe BMeCTO JlBYX 

aeaaBHCHMbiX c'!eT'!HKOB OJlHoro peaepcaaaoro, EnoKupoBKa aarraca npu aarronae

HHH Ynn H 6nOKHpOBKI!l C'!HTbiB8HHH llpH IIOJJHOM OCB060*JleHHH ero eMKOCTH ocy-
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UleCTBnReTCR C nOMOIIlbiO KOHe'!HbiX COCTORHHll peBepCHBHOrO C'!eT'!HKa , llnR 3anHCH 

Bbi6HpaeTcR nepaag cao6onaaR cTpoKa, nnR C'!HTbiBaHHR - nocnenamr 3aHRTaR, npu 

3anucu nenaeTCR war anepen, npu C'!HTbiBaHHH - war aa3an. Ynn c nono6HbiM 
/8/ 

Bbi6opoM CTpOK OnHCaHO B pa6oTe , 3TO ycTpOllCTBO 6bi/I.O C03naHO nnR pa60Tbi 

C 1024-KaaanbHbiM BpeMeHHbiM aaanH3aTOpOM, no HaweA KnaCCHqlHKaUHH OHO OT-

HOCHTCR K 7-A BSTBH: 

'!HCno CTpOK - 4, 

'!Hcno pa3pRnoa 10 naoH'!HbiX pa3pRnoa, 

MepTaoe apeMR no axony - 1 MKceK. 

EnoK-cxeMa norHKH Ynn npuaeneaa aa puc. 6, 3anHcb aaquaaeTcR c npuxonoM 

HMnynbca 'nycK norHKH 3anHCH', KOTOpb!ll nocne QJOpMHpOBaHHR I:!10XO.IlHT qepe3 

Knanaa K
1 

aa 3anycK «!JopMHpoaaTeneA HMnynhca 3anucu no cTpoKaM. Knanaa K
1 

3aKpbiaaeTcR npH 3anonaeaHH aceA eMKOCTH Ynn. C'!HTbiBaaue ua.PopMaUHH npoH3BO

nHTCR MHKpoceKyanaoA cepueA HMnynhcoa, nocTynaiOmeA aa Knanaa K
2

• 3ToT Kna

naa 6noKHpyeTcR qepe3 «!JopMHpoaaTenh <I>H
3 

TpHrrepoM T 
17 

B cnyqae nonaoro ocBo-

6o*neRHR Ynn (no 3anHcH nepaoro HMnynhcaoro Kana) H a cnyqae 3anHcH Ko.na 

(aa onHB nepuon MHKpoceKyanaoA cepuu), a TaK*e qepe3 noporoByiO cxeMy nc 

B cnyqae perHCTpaUHH KOna B OCHOBHOM 3Y (aa apeMR perHCTp8UHH), noporoBaft 

cxeMa ocymecTsnHeT «!Ja3Hpoaaaue MHKpoceKyanaoA cepueA 3aAHero QJpoaTa 6noKH-

py10ruero HMnynhca. 

B pa6oTe
191 

paccMaTpHaaeTcH 6onee 6biCTponellcTByiOmee Ynn c opHrHaanh'-

Hb!M peweHHeM aonpoca KOMMyTaUHH CTpOK, 

T exaHqecKHe naHHbie ycTpoAcTaa : 

'!HCno CTpOK - 3, 

'!HCnO pa3pHUOB - 20 UBOH'!HbiX pa3pHUOB, 

BpeMR UHKna - 0, 1 MKCeK, 

Me MepTBOe BpeMH 3anHCH - 0,04 MKCeK, 

3TO Ynn HCnOnh3yeTCR B pe*HMe pa3paBHHBaHHR CTaTHCTH'!eCKOA HHQJOpMa

UHH aa axone ocaoaaoro 3Y HnH 6onee Menneaaoro Ynn, xapaKTepucTHKH KOToporo 

npHBOUHTCH HH*e• 

YnpomeaaaH 6noK-cxeMa ycTpoAcTaa npuaeneaa aa puc, 7. 3anHcb aaquaaeTcH 

C npHXOUOM HMnynbCa SC , KOTOpblA B3BOUHT nepBbiA TpHrrep FF I KOMMyTaTOpa 

cTpoK, nepenan aanpR*eHHH c aToro TpHrrepa nocTynaeT aa nu«PQJepeanupyiOI!lHA 

KaCKaU 0 , KOTOpblll QJOpMHpyeT HMnynhC 3anHCH B nepByiO CTpoKy 3anOMHHaiO

IIleA MaTpHUbl, BTopaH 3anHCb npOH3BOnHTCR C npHXOUOM BTOpOrO HMnynbca SC , 
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KOTOpb!i! B3BOnHT TpHrrep FF l KOMMyTaTopa CTpOK. CioSI3aHHbii! C HHM nu<jlqle-

p9HUHpyiOIIIHil KaCKan D <jlopMHpyeT HMnynbC 3aUHCH BO BTOpyiO CTpOKY H T.n. 

3anHcb 6noKHpyeTcSI B3BeneHHeM nocnenHero TpHI'repa FF8 , KOTopbii! 3aKpbiBaeT 

KnanaH G1 . CqHTbiBaHH9 UpOH3BOllHTCfl HMnynbCOM FM , KOTOpb!i! BHaqane c6pa

CbiBa9T TpHrrepbl BbiXOnHoro perHCTpa, a 3aTeM c6paCbiBaeT TOT TpHrrep KOM

MyTaTopa, KOTOpbli! 6bin B3BeneH npH 3aUHCH nocnenHHMo flepenan HanpSI)K9HHfl C 

npyroro nneqa Tpurrepa nonaeTcfl Ha CBSI3aHHbiil c HHM nH<!><jlepeHuHpyiOIIIHil KacKan, 

<jlopMHpyiOIIIHil HMnynbC cqHTbiBaHHfl B COOTBeTCTByiOIIIYIO CTpOKy. 3aTeM c6paCbiBa-

9TCfl npenbinymHi! TpHrrep H T.n. no caMoro aaqana. EnoKHpOBKa cqHTbiBaHHSI npo

H3BonHTCSI c6pacbJBaaueM nepaoro TpHrrepa FF 1 KOMMyTaTopa . CneuHanbHaSI cxe 

Ma yCTp8HSieT Tpy~OCTH, B03HHKaiOmHe UpH OllHOBpeMeHHOM npHXOne CHraanoB SC 

H FM . 

B aToll )Ke pa6oTe ynoMHaaeTCSI o BTopoM, 6onee MenneaHoM YITIT, HMeiOmeM 

nono6ay10 norRqecKyiO cTpyKTYPY• 

TexaHqecKHe naHHbie: 

qHCnO CTpOK - 10, 

qHCnO pa3pflll0B - 16 llBOHqHbiX pa3pSIL!OB , 

BpeMSI llHKJia - 2 MKCeK, 

M9pTBOe BpeMSI 38UHCH - 0,7 MKCeK, 

PaccMoTpHM HH)Ke HecKOnbKO ycTpottcTB, pa6oTaiOmHx B oTnHqHe OT y)Ke 

OllHCBHHb!X B ql!CTO HaKOIIHTenbHOM pe)KHMe. 
110/ 

Yllfl, paccMaTpHaaeMoe a pa6oTe , onHCbiBaeTcSI 14 (HnH 15) aeTBbiO 

(_16, TJ r, III a, IV a) .B uenSIX yMeHbiii9HHfl npocqeTOB perHCTpHpyeMbiX HMnynbCOB 

Yllll COCTOHT H3 LlBYX pa6oTaiOIIIHX nooqepeLtHO HL{eHTHqHbiX 38 llOMHHaiOIIIHX ycTpoi!CTB. 

TexauqecKHe aaHHbie KB)Klloro: 

qHcno CTpOK - 32, 

qHcno pa3pSIL!OB 

M9pTBOe BpeMSI 

20 nBoHqHbiX pa3pS!LlOB, 

16 MKCeK. 

EnoK-cxeMa Yllfl npHBeneaa Ha pHc. 8. ITocTynaiOmaSI H3 IIITencenbHoro KOM

MyTaTopa ( llJK) HH<jlopMBUHfl B BHL{e napannenbHOrO KOL!B npoXOL!HT H8 CXeMy KOM

MyTaUHH (CK), KOTOpaSI UpOH3BOilHT nooqepenHyiO HX nepenaqy Ha OL!HO H3 3ano

MHHaiOIIIHX ycTpOI!:CTB. Ha BXOne Ka)Knoro ycTpottCTBa KOLlbl 3aHOCSITCSI Ha <jleppHTO

·nHOL{Hbltt perHcTp ( perncTp A) , cny)KamHi! onHoBpeMeHao H cxeMoi! Bbi6opKH ro-

pH30HTBJibHbiX TOKOB 38UHCH nnSI 3anoMHBaiOmero ycTpoi!cTaa. BepTHKBJibHbie TOKH 
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Bhl5upaiOTCH c rroMO!IlbiO .rtpyroro ljleppuTO-.rtHo.rtuoro perucTpa ( perucTp B), yrrpas

neuue KOTOpbiM IlpOH3BO):{HTC1I peBGpCBBHbiM O):{HOT8KTHbiM ljleppBTO-):{HO):{HbiM CABH

raiO!IlBM perucTpoM ( CP). Bee ueo5xo.rtBMbie .rtnu aarrucu HMrryn&Cbi o5paayiOTCB B 

cxeMe noruxu aanucu (noruKa aarr.), xoTOpau aarrycxaeTcu OAHOBpeMeauo c aaae

ceuueM KOAOB aa perHCTp A. liMIIynbCbi, aeo5XOABMbi9 .rtnH TOro 
11 
'IT05bl IlpOB3B9CTB 

c'IBTblBaaue uuljlopManuu ua Ynn, o5paayiOTCH B cxeMe noruxu C'IBThiBaaua. liM

rryn&Cbi C'IHTbiBaeMoro napannen&aoro Ko.rta rrocne ycuneaua BbiXOARbiMB ycunuTe

nHMH 'lepe3 cxeMy liRli IlOA8IOTCll R8 BXOAHOll perHCTp M8rRBTO$OR8, 0JlHOBpeMeH

H8H pa50T8 ABYX 38IlOMHR810IIlHX ycTpOliCTB Tpe5yeT BBeAGHBSI ):{OIIOnHHTen&RbiX 

CX9M, onpe.rtenHIOIIlHX Ilp8BHnbR09 B38HMO.rt9ACTBH9 HX Me~y C050ft B C OCTanbHhi

MH 5nOK8MH MHOrOMepHOro 8118nH38TOpa, C IlOMOIIlb!O 3THX CXGM 5nOKHpyeTC!I BXO):{ 

MHoroMepaoro aaanuaaTopa, ecnu B o5oux aarroMHRaiOmux ycTpoAcTsax rrpouaso

ABTCH perBCTp8IlHB HMnynhCOB. llnH 3TOl\ nenu H3 K8~ol\ CX9Mhl norHKH 38IlHCB 

Il0):{8IOTC!I HMIIynhCbi1 .rtnH'renhROCTh KOTOpb!X p8BR8 Bp9M9H11 perHCTp8IlBB HMnynb

CROro K0):{8, npu COBil8):{9RHll 3TBX BMIIyn&COB1 KOTOpoe BbiHBnHeTCB CX9MOft COB-

na.rteHBSI B 1 , 5noxupyeTC!I BXOA MHoroMepaoro aaanuaaTopa qepea cxeMy liRli-1. 

EnOKBpOBKa BXO):{a IIpOBCXOilBT B IlpH IIOnHOM 38IlOnH9HHH XOT!I 5bl O):{HOrO B3 38-

IlOMBH810IIlHX ycTpoAcTB. B 9TOM cnyqae 5noKupoBKa rrpoH3BOAKTC!I TpurrepoM T 1 • 

C'IHTbiBaaue ocymecTBnlleTCH l!Mnyn&caMu ua MarauTo$oaa. Ecnu XOT!I 5hl B o.rt-

HO H3 38IIOMBH810IIlBX ycTpOACTB Ilp0B3BO):{BTCSI 38IlHCb 1 C'IHTblB8HH9 5noKupyeTCB 

KnanaaoM B 2 , ynpasneaue KoTOpbiM npoucxo.rtHT 'lepea cxeMy Hnli-2 HMnyn&-

caMB ua cxeM norHKB aanucu. C noMOIIlbiO Tpurrepa T
2

nooqepe.rtao aanycKaiOTC!I 

CX9Mbl norHKB C'IHTbiBaHBJI I B norHKB C'IHTb!Ba.llRJI II • npu nonHOM C'IHTbiB8HRB, 

T,e. KOr.rta IIOnHOCTbiO OCB0.50~89TCB TO HnB HHOe yCTpoftCTB0 1 38IIyCK COOTBeT-

CTBYIOIIl9ft cxeMbi norHKB C'IHTbiBaRBll 5noKBpyeTcll TpurrepoM T 8 ( unu T 4 ) , Ko-

TOpbiA aaKpbrBaeT xnanaa B 8 ( B 4 ) • 

/4/ 
B pa5oTe onucbmaeTCll Ynn, pa5oTaiOmall Taxllte B 'IBCTO aaKonuTen&HOM 

pe~Me (14 BeTBb Kn8CCHijlRK8IIBORHOro .rtepesa), lialjlopM8IlBB 38IIOMBH89TCB BO 

Bp9Mll BMnyn&C8 CBHXpOTpOH8 H nepe.rtaeTCJI B OCH~HYJO Il8MJITb H8 MarHHTHOA nea-

Te B rrayaax. 

TexauqecKHe .rtaHable: 

'IHCno CTpOK - 32, 

'IBCnO p83pBA~B - 96 ABOH'IHhiX pa3pBAOB, 

MepTBOe Bp 9 Mll 38IIBCH - 5 MKC9K, 
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Y n p o m eHH8Sl 6noK -<:XeM~ npaaeneaa 88 pRe. e. B lt8'18CTBEI OC80BHoro 3Y 

a c riOnhayeTc st oaHon tol!MOB8H llleCTHnopoJKe'ln8H M8r8HTH8H nenT8. B nenax sr;:oao

Ml! ll OltH ll ll TOT JK9 p erHCTp cny>KBT B K8'1eCTBe BXOJ:(Horo, BbiXOJ:(80rO H CllBRraiO

mero perHCTp8. B xou HMnynbca 'TiycK norHKH 38naca' 6noKnpyeTcH aa apeMH 

aann cu 11 H8 aech nep n on C'IHTbiBB8HH. C'IHTbiB88He na'IH8aeTca noc ne Toro, KaK 

38il011H SI!OT CII nee 32 CT f10KH YTITI H CllBHrBIOIDHll perHCTp K OMMYT8TOp8 CTpO K ne

pellneT B CBOe 33 rrono JKeHIIe , H11H OKOH'IHTCSI HMnynhC CH8XpOTpOH8 (ynpaB11e HH9 

H3Bne) . npa C"'HTbiB8HHH nn¢opM8 URSI C88'18IT8 3880CHTCSI 88 perHCTp X ( BC8 

96 p83pHilOB), £: 38TeM 16 T8KT8MH no 6 p83pHJ:tOB nepeHOCHTCSI H8 M8rHHT8YIO 

ne8Ty. 

l18orna, npa aeo6xonHMOCTH npaMeae8HH Ynn 6onhllloll eMKOcTH, B KaqecTBe 

YTITI HCnOnb3yiOT CT81Ul8pTHbi9 38IIOMHH8101llH9 ycTpOACTB8 (HUH '18CTb HX). B pa-

/3/ 
rlOTa OIIHCb!B88TCll .B3M9pHT811bH8H CHCT8M8 C 38IIHCbiO HH¢0pM8UHH 88 M8rHHT-

HyiO 1198Ty. TipenB8p.BT911bBO HB¢OpM8UH.II 38IIOMHH89TCll B YTITI, B KS'IeCTBe K OTC>

poro HCnOnb3y !OT nonOBRHy CT8Bil8pTHOro 38IIOMHB8I01llero yCTpOi!CTB8 1-18 1024 'IIJC -

118. AnpecHbi i!: K on aanBChiBaeTcH B gqeAKax 0-511 qepea apa¢MeTH'IecKnli peraCTp 

Pl (pac. 10) no Mepe nocTyrrnenHll aaanaaapyeMbiX HMrrynbcoa. Anpeca btl! perHcTp 

PlY c npaxonoM KBJKnoro aaanaaapyeMoro HMnynbca nepexo.lUJT K cnenytomeA 

gqel!Ke aanoMHHaiOmero ycTpoAcTsa, noKa ae nepeAneT K 511 gqel!Ke. 3anncb B 

STy 11'191\Ky 03H8'18eT, 'ITO BCH 9MKOCTb YTITI aanonHeH8 H neo6xonHMO BCIO HH

¢opM8UBIO nepenBC8Tb 88 MarBHTHyiO neHTy. Beca UBK11 UOBTOpl!eTCH ltO TeX nop, 

nOK8 Be 6yneT B3p8CXOilOB8H8 BCH M8rHHTH8.11 ne8T8. 

B cnyq8e neo6xonnMocTx nepen aTHM y cTpolicTBOM MOJKeT 6biTb nocTaane8o 

/ll/ 
eme onno 6onee 6•tcTpoe Ynn nnon8o- K o anencaTopaoro Tnna co cneny .IbmBMR 

TeXHH'18CII:RMH li8HHbiMH: 

'IRCITO CTpOK - 8, 

'IBCITO p83pHltOB - 18 J:(BOH'18b!X p8:;Jp!IJ:tOB, 

apeMH o 6pameaal! K Ynn - 1,5 MXCeK, 

BpeMH Xp8R9HWH BH¢0pM8UBB 6 ea nepeaanBCB - OKOITO J MeeK, 

'18CTOT8 rrepe38ilBCH B Cne nyiOmee yCTpOACTBO - 66 Kru. 

8 K8'1eCTB9 OCHOBBOro 3Y HCn011b3YIOTCH CT8Hll8pTHW9 BBKOnHTenH RB M8rHBTBOll 

ne8Te (aanpaMep, OT UB.M M-20). 

3 a cnyJKHsa iOT l'IBBM88HR Ynn, paap86oTaHHhie anll aan11ca aa¢opManan, nMeiO-

m e il BenpepblBHblX X8p8KTep, B TO BpeMH K8K C'IBTbiB8BHe ilpOHCXOJlHT B OTnenbRbie 
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liHTepBAnhl Bp&M&IDr. ITo X.llllCCB!fli!I:XaUHB STll ycTpOliCTBll OTROCS!TCH K 4l! BeTJIJI. 
/12/ 

YITIT, paccMBTpBBaeMoe !I pa6oTe , 6hmO pa3pa5oTaao A.IIH 3anucH Ha!)JopManHB 

.lUI MArRBTBylO .n&liTy B !jlopMaTe, npBM911SI6MOM B Bhl'IHC.IIBT&.IlhROI\ MllWHHe, Mar

HJITRBS! nei!T8 ABBJK8TCll B CT8pT-cTOUI!OM pelKBMe, CTapT rrpOH3BOABTCli B MOM&HT 

!lpaM&RH, xorAa 38nonaeuue YITIT BXOAROII HH!jlopMauHell aocTHraeT IT% OT Bcell 

eMXoCTB YITIT. 3uq:emre IT% Bhi6HpaeTcsr c TaKBM pac'!eToM, 'IT06hi 38 speMH yc-

xopeiDril neliThi T 5hma 3anonaeaa no'!TH !!Cl! ocTaswaHCH '!BCTh eMKOCTH 
y cx. 

YITIT ( 100 - IT%). 3anuca aa MarsaTHYIO n eHTY aa'!uaaeTc.ll nocne Taro, xax 

.118RT8 H8'!H9T UBBI"8TbCS! C YCT~HOBHBW&I\CSI CKOpOCTh!O, 4Hcno 38HSIThiX CTpOK K 

MOM&HTy H8'{Ana nep&3ARJICJ! l!H!jJOpM8UHH R8 Mai"HHTH YIO neaTy onpeuenHeTCli no 

cneAyiOmel\ !jlopMyne: 

B ~ ll B + F BX ' T ycK a (2) 

rue B - nonaasr eMKoCTh YITIT, 

F BX - cpeAHHS! CKOpOCTh IIOCTynneHHS! BXOAHOI\ HH!)JOpMBUHH, 

MuaHMBIThHhi& pa3Mephi YITIT onpeAensriOT no !jlopMyne ( ecnK C'IHTBTb, 'ITO Bp&Mll 

ycxopeBHS! H 38M6.QIT9HHSI OAHHBKOBhl): 

Il min > 2F • T 
- Bx. ycx 

(3) 

KpaTKaH 6nox-cxeMa ycTpollcTBa npuse.Qeaa a& puc. 11. B KOMMyTaTope 

cTpox uMeeTCH ABa oTAenhHhiX C'!eT'IJIXa anSI 3anucu u AnSI C'lHThiBBHHH, CTapT 

IT9HThl UpOH3BOAHTCH npB COBU8AeHHB fiOX838HHI\ C'!eT'I:HKB 38nHCH C nOK838HHHMH, 

yCTllHOBneRHhiMB 38paaee, 0CT8HOB neaTh! npOB30l!AeT nocne Taro, KBK COBnaAyT 

noxaaaaBH o6oux C'teT'!HKOB (c'teT'!HKa 3anucu B C'!eT'!HKa C'IBThiBBHHH). ITpu oc

TBHOBe neRThl o6e C'I9T'!Blt8 c6paChiB8IOTCll, 

KpaTKHe X8p8KT8pBCTHKH OnBChiB88MOII CBCT6Mhi: 

1. Ma!)JopMaUBH 3anHChiBanach no 8 AOpolKltaM aeBHTHAopolKe'!aol\ MarHBTaol! 

neaTh!, 

2. ITnoTaocTh aanucu - BOO BMnynbcos/Arol!M. 

3 
3, CxopoCTh perucTpauuu aa MaraHTHol\ neaTe • 480.10 BMnynbcoB/ cex. 

4, BpeMSI ycxopeHHS! ( aaMe.QneauH ) neaTh! "" 0,006 celt. 

5, Cpe.ztHHH CXOpOCTb IIOCTyrraeHBH HH!)JOpMLIUBH IIOCTOH!{RBH, 

6. PaaMephi YITIT - 612x8; 1024x8; 2048x8; 4096x8. 
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A sTop aaan:a:aupyeT 3aBHCHMOCTll ocHOBIIblX xapaxTepHCTHK YITIT ( c~~:opocn. 

UOCTynneHHH HH~OpMaUHH1 pa3MepN ycTpOftCTB8 1 BpeMH perHcTpaUHH Ha neaTe If 

HCUOnb30BBHHe neHThl) H UpHBO.QlfT COOTBeTCTBYIOWH9 rpa~HKH, 

2,1, fl p H M e H e H H e YITIT B p e r H c T p H p y 10-

W H X 

r H A 

y C T p 0 A C T B a X ~ H 3 H K II BbiCOKHX a a e p-

Oco6eHHOCTb npHMeaeaHll YITIT B perucTpupyiOWHX yeTpoAeTsax ~H3HKH Bweo-

KHX aaeprHA CBll3aHa B nepByiO 0"!9p9.Qb C He06XO.UHMOeTbiO aBTOMaTH3aUHH o6pa-

60TXH 60JibWOrO XOnH"!eeTBB HH~OpMaUHH1 nonyqeaaoA 88 ~H3HqeeKHX yeTSHOBKaX, 

06pa6oTxa oeymecTBnlleTCH aa UBM, pa6oTaromeA B pe)!{HMe - off- lin e , 1 I109-

TOMy ~H3H"!9CKH9 yeTaHOBKH (K8M9pb!1 MHoroeqeT"!HKOBbl8 eHCT8M bl H ,up,) BBO.UliT 

CBOIO HH~OpMaUHIO B MaWHHY e UOMOWbiO ne~o- HnH M8rHHTHOA neHTbl, ,Una e6opa 

sToA aa~opMauaa, a TaK)!{e t:tna eornaeoB8HHll c neHToA e uenbiO aaa6onee pauuo

aanbaoro ncnonh30B8HHR ee npaMeHHIOT YITIT ( qame seero aa ~eppHTOBbiX eepneq

anxax}. Eo1Ibmoe aaaqeane t:tna Bbi6opa xoaeTpyxuHH H norHKH pa6oTbi YITIT HMeeT 

THU ~B3lf"!6CXOA ycTaHOBKH (!!:8M9pb1 1 ronoeKOUbi 1 MHOrOK8HBnbHbl8 e"!9THbl9 eae

T9Mbl H T,,u,}, ,lloeTaTO"!HO non aNA 0630p UB~pOBbiX perueTpHpyiOUlHX yeTpoAeTB 
/13/ 

~H3HKH Bbieoxux aaepral!, a BMecTe e HHMH H YITIT 6bin naa B pa6oTe • HH)!{e 

6onee nonpo6ao paccMoTpnM YITIT, paapa6oTaaaoe nna npHeMa natjlopMauHH o;- cuua-

THnnRUHOHBbiX C"!8TqlfKOB1 paenonOJK8HHbiX BOKpyr HeKpOBOll KBM8p b! H nepe.US"!H ee 
/14/ 

aa neptjloneaTy • MeJK.fly e"!eTqlfKBMH H YITIT aaxonHTeH ronoexonx"!eexaa cHeTe-

Ma, npOH3BO.URWaR OT60p CIU'HanoB, eOOTB9TCTBYIOWHX O.UHOMy H3 Q)!{H,UaeMbiX C06bi

THA, 

TexaaqeexHe naBHbie ycTpoACTBB: 

"!HCno queen - 120, 

qucno paapanos - 48 nBoHqabiX paapanoB, 

ME<pTBOe BpeMSI 38UHeH - 10 MKCeK, 

eKOpOeTb ne~Op8TOp8 - 20 eTpOII:/eeK, 

speMa nepenaqlf onaoro "!Rena - 0,6 ceK, 

M8KeHMBnbH8SI CKOpOCTb perHeTpauHH - 100 "!HCen/MHB, 

fleptjlopaTop pa6oTaeT B aenpepbiBHOM pe)!{HMe, flo aameA xnaeeH¢axanaa aTo YITIT 

MO)!{HO OTHeeTH K 15 B9TBH, EnoK-eXeMa yeTpoAeTBS npHBe.UeHa HB pHe, 12, C 

UOSIBneBHeM O)!{H,U88MOrO e06biTHll H& BXO.Ubl l-7'48 UOCTYUBIOT HMnynbebJ 1 eOOTBeT

eTBYIOWH9 xony naaHoro eo6biTHR, a aa axon A onaospeMeHao noeTynaeT HM-

15 



nym.c 'Tiycx norau aanaca'. Knanaa H c oTpHnaaaeM (H0
1

) oTKphiT JJ.O Tex 

nop, noxa YTITI ae aarronRHTca. Knanaa B
1 

aopMAIIbRO OTKpwT, ao c rrpHXOJJ.OM xaJK

.noro BMnym.ca 'Tiycx IIOrHII:H 38IIHCH' 381tpb!B8.9TCB H8 Bp9MH, p8BH09 lQ MJI:C8K 1 

"'TO COCTABIIB9T M9pTB09 BpeMSI YTITI 110 BXOJJ.y. 3TOT JKe KII8118H OTKpb!BB.9T HOpMSIIb

HO 38l!:pb!Tb!9 rropa3pliJJ.Hb!9 BOpOTB TIPB, IlpOnyCJt8H KOJJ.OBbi9 HMIIYIIbChl Ra 'JHC-

IIO.BOA perucTp, rJJ.e OHII Bp9M9RRO XpARSITCH. HMnym.c 'rrycx norHKU 38IIHCH' 1 

npome,[lmHA Knanaa B
1
, aanycKaeT BApecay iO cacTeMy Ae u AU<j><j>peanaanbHYIO rre

pee'JeTayiO cxeMy nne, cnyJKamyiO JJ.llll KOHTPOIIH 38HHTOCTH Sl'J991t YTITI. AApeeaaJI 

CBCTeMa .Bb16BpaeT O'IepeJJ.ayiO CB060A&y!O li'I&AKy, B KOTOpyiO 119p9XOABT COJJ.epJKSHH9 

'IBCnosoro peracTpa 4P. e'JaTwBaane aa<j>opManaa npoaaBOABTCH caraanoM 'Tiycx 

IIOrHKH C'JHTb!BB.HJrSl' 1 IIOABHHbiM HB BXO,[l E. 3 TOT CHrHan <j>opMHpyeTCSl H3 TBltTO

.Boro HMnym.ca ycKopHTenH. 3ToT HMnynbc B3BOAUT Tparrep Tp.l. Ero cpa6aTbiBa-

BHe IlpHBOIIIIT x noaBneHHIO caraana aa BXone Knarraaa c oTpanaaueM H0
2
,KoTo

pbiA oTil:pb!T JJ.O T9X rrop, IIOKB YTITI COAepJI<HT XOTB 6b! OAHY 38HBTYIO Sl'leA Ky, 

C'uraan c BbiXOAa sToro Knarraaa nocne aanepJKKU T 
1 

aanycK& eT nu<j><j>epeanuanbHYIO 

nep8C'J9THYIO cxeMy nne H anpeCHYJO CHCT9My Ae, IlpOH3BOAll Bb!BOA HH<j>OpManHH 

c o"'epe.naoa aaHHToA B'JeAxu YTITI aa perucTp C'IUTb!Baaua 'Iepea cucTeMy nopaa

PHJJ.HbiX BopoT c ycHffi!TenHMH C'IHTbiBBHRH YB. OnaospeMeHao s ToT lite cHrHan 

"'&pea aanepJKKY T 
2 

B3BOAHT Tpurrep Tp.
2

, oTnaparomaA Knanaa H. HMnynJ.Cw c Tax

TO.Boro reaepaTopa r 'I9p93 <j>opMHpOBBT9IIb ¢ K IIOCTYIIBIOT Ha KOMMYTBTOp TOK8 

K , KoTOpwA npouaBOAHT maroByro nepeaa'Iy 48-paapHnaoro cnoBa no 4 paapHAa 
0 

aa nep<j>oneRTy. Tiepe.o,aqa onaoro cnoBa aaaaMaeT 12 TBKTOB. B aa'Jane nepena"'B 

IUllKAOrO 'IHCI18 Ha BblXOA9 V IIOliBIIBeTCH Ma·pKepHbJJ:I HMIIYIIbC1 a KBlKAblA TBKTO

BbiA HMIIynbC 1 c<j>opMHpOBBHHbiA <j>opMUpOBB.TeneM ¢ 1 IIOHBIIH9TCH HB IV Bb!XOJJ.9 
y 

B K8"19CTB9 ynpaBIIftiOrnero HMIIYIIbCA AIIH rrep<j>opaTopa. T1ocne OKOH'IBHHH nepeAB'IH 

"'HCIIa TpHrrepbi Tp.l H Tp.2 c6pacbiBaroTca, aaKp biBaeTcH Knarrau H, a MOlKHO cao

BB. 11pOH3BOAUTb C"'HTbiB8HHe B3 YTITI. A.o,peCHBH CHCTeMa yCTpOlkTB8 COCTOHT H3 

AByx OT,[l91IbHb!X CX9M BbJ6opa anpeca IlpH 38IIHCH H IIpH C'JHTbiBBHHU, 

2.2. Jl II <j> p 0 B bl e Yrrrr A II H OCHOBHbiX 3Y II e p H 0 ,[l H-

'I e c x o r o T H II a 

0c06YJO rpynny 110 CBOeA norH'I9CKOi! CTpyKType COCTBBIIHIOT YTITI, 11p9AHB3HB

"18Hllb19 II.IIB pa60Tbl C OCHOBHblMB 3Y IlepBOAH'19Cli:OrO THII8 (MarHBTHbl9 6apa6aHbl 1 

ABCKll, nHBllll a aaeplKKH a T.JJ..). Eo1Ibmoe pacnpocTpaaeaae cpena BBx nony"'Hffil 

16 



Ylln, HpBMeHSIIOmBe B KB'IeeTBe fiBMHTB AHHBMB'IeCKRe perHeTpbl ( HB <jleppHTBX, 
I 15,16/ 

TpBH3HCTOpalc:, TyaaenbHblX fiHOfiBX H T.n.) , HpH'IeM 'IHeno fiHHBMH'IeeKHX 

perHeTpOB paBHO 'IHCny ABOH'IHhlX p83pHfiOB yeTpOi!CTBa. none3BBH HH<jlopMBUHH B 

BHne napannellbHblX fiBOH'IHhlX KOHOB 38HOeHTeH B eOOTSeTeTsyromlle fiHHBMH'IeeKHe 

peracTpbi a nap~tynapyeT s HIIX no Tex nop, noKa ae 6yneT nepenaeaaa s oeaos

aoe 3Y. Oeaosnoe 3Y BhinaeT aa exeMy cpasaenaa rroenenosaTenbao see eBOH an

peca, B nnH KHlKllOrO H3 HHX ITOO'Iepenao see eTpOKH YDD 'nOKH3 blBHJOT' CBOJI 

KOfibi. B cnyqae eosnaneaaH KaKoro-na6o xona Ynn e anpeeoM ocaosaoro 3Y no 

aToMy anpeey npoaexonaT no6asneaae '+1', a onaospeMeaao rrpoaexonaT eTHpa

IIHe cosnaswero Kona s eooTseTcTsyromeft eTpoKe Ynn. 

HeKoTopbiM aenoeTaTKOM yeTpoAeTs, noeTpoeaBbiX no TaKoMy npaanuny, MOlKBO 

e'IHTBTb 3BBHCHMOCTb speMeBH onpoea YDD fillS! KBJKfiOrO anpec a OCBOBBOr O 3Y 

OT eMKOeTH yeTpOfieTBB. C ysenB'IeHHe M eMKOeTH SpeMH onpoc a ysenH'IHBaeTeH, 

TBK KBK anpec oeBOBHOrO 3Y 6yneT cpa BHHBBTbCH e 60llbWHM 'IHeUOM l!MnynhCHb!X 

Konos. Eonee npenno'ITHTellbBbi B aToM oTaoweaua Ynn e onpocoM oaaospeMea-
117/ 

ao no seeM aqei!KaM • B aTOM enyqae speMH onpoea npu ysenH'Ieaaa eMKoeTB 

yeTpoAeTsa He H3MeaaeTeH. nnn eoanaHHSI TaKoro Ynn aenonbayroTeH aanoMHHBIO

mue aneMeBTbi e aepaapywaromHM C'lBThisaaaeM ( aanpaMep, 6aaKcbi). 

EnoK-cxeMa noao6aoro yeTpoffeTsa nnH asyxMepaoro aaanaaa npaseneaa 

aa pae. 13. B Ka'leeTse oeaosaoro 3Y aenonb3yeTcH MaraHTBblfi 6apa6aa, no 

OKpylKBOeTB KOTOporo paaMemaeTeH HB<!JopMBUHH 06 O.QHOM napaMeTpe, a HO 06pa

ayromei! - o npyroM. CooTseTCTBeaao B Ynn paa6usaeTcH aa nse qaeTH: aanoMH

aaromee yeTpoi!cTso e anpeeaoA Sb16opKoA ua<jlopManHH ( 3Y 
1

) a aanoManaromee 

yeTpoffeTso e 6eaaapeenoA: Sbi6opKc:l (3Y
68

). HMnynheHbie KOfibi o6oux napaMeT

pos noeTynaiOT aa perueTpbi Pr 
1 

H Pf 2 a aaTeM aanHChisaroTcn B oaaoli aa eso-

6onabiX H'leeK Ynn. B peJKBMe noaeKa a epasaeaaa see 'IHenoBbie naael!Ka 3Y 
68 

nopaapaaao onpawasaiOTeH exeMoll ynpasneaaa onpoeoM CYO a epasansaJOTea e 

paapHnaMa anpeea, aanaeaaaoro aa perueTpe noaexa Pr
5 

(yrrpasneaae aTHM pe

racTpoM npOH3SO.QBTeH KBHBllbB biMB BMllYllbCBMH H3 OeHOSHOrO 3Y). EcnH XOTH 6bl 

s oaaoM aa paapanos aMeeTeH aeeosnaneaae, aa Bblxonaoft waae on poea noHBBTCH 

BMnynhc aanpHJKeaaa nonolKHTenbaoll nonspaoeTH. 3ToT HMnynbc nonaeTCH aa exe

My aeTeKTopa, csaaaaaoro e aanaol! 'IHCnosol! nHHeA:Ko A: . noene onpoc a s c ex paa

pHnos s neTeKTopax aanoMaaaeTeH aa<jlopManaH o Tex naae fiKax, eonepJKa aue Ko

TopbiX eosnano e noaeKOSbiM aapeeoM (eena TBKHe nnue A:KH 6binH s Ynn). 3a-
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T&M 38DyC~aeTCB CXeMa ynpaBneBBB AeTeKTOp8MB Yll, KOTOp8H npOH3BOABT OABO

BpeMeBB~A OBpOC AOTe~TopoB. EcnK COBUBAeBHA BeT, CX~MB $opMBpOB8BHH HM

nyn&eoB Cci>H Bbipa6aT~BaeT uMnym.c 'Kosen unpoca', KoTOpbiA c6pacblaaeT Ae

T9KTop~ B paapernaeT 38DBCb B YITIT. Ecnu XOTH 6~ B OABOA 'IHCnoaoA nHHeAKe 

3Y ObUl aanacaa BApec DORCKa, TO BbiABOTCH BMirynloC 'CoanaAe&ue', KOTOpblA 
6a 

c6p8c~saeT peracTp~ Pr 3 • Pf 4 •. 3aTeM npoaaBOABTCH onpoc AeTeKTopoa no Ko-

opABBaTaM, onpe,[lenHIOIIIHA a.:~pec 'IBCnoaoA naaeAxu, B XoTOpoA 6~n aanucaa SA

pee UORC~a. 11H$OpM8JlBH H3 9TOA naaeAXI nepeBOCRTCR B OCBOBBOO 3Y HMnynb

COM 'CTapa&Be', KOTOpblA B~pa68T~B89T HMDynbc 'Koaen on poe a', Ha peracT

p8X Pr
3 

a Pr
4 

coxp8&ReTCH 8llpec, cao6oliB~A OT aa$opManaa. ITo aTQMy aApe

ey npoaaoAAeT a8nOMH&auue ua$opManHB B cneAyiOIIIOM nuxne aanuca. TloAo6&bie 

YITIT 3B8'1RTenbHO UOBb11118IOT 6~CTpDA9ACTBH9 OCBOBHbiX 3Y nep&OAH'IOCKOTO TH-

na. 

3. 3anoM!lBA19111Be aneMeaT~ nsppoBbiX Yrrn 

3800MHB810[[[Be aneMeBTbl (33) MOlKBO p8CCM8TpliB8Tb C AByX TO'I9~ 3p9BH!I: 

Bo-nepBblX, C TO'IKH apeBHH MeTOA8 38UOMHB8BJIH 0 BO-BTOp~x, - CHCT9Mbl BbiOOpa 

aeo6XO.!LBMbiX 38UOMHH8IOIIIHX H'lee~ B ycTpOACTBe.C TO'IKH ape&BH M9TO.It8 38fl0-

MHH8BHII 33 MO>KBO p83AenHTb 88 TpB rpynn~: 

I . 33, ae Tpe6y10mue AnR xp8&9.1!l!!H l!!&$opManHI!! ane~TpH'IeexoA auepruu. 

CJOA8 OTBOCRTCH $eppHTOBbi9 ~Onbn8, M8TBHT.1!~9 Rll91lKB, M8TBJ!TH8ll neBT8, OH8K

C~ B T • .lt. 3A9Cb aneKTpH'IeC~8H aaepr&R B BH.rte HMnyn&eOB TOK8 Tpe6yeTCH TOnb

ltO B cny'lae uaMeaeJJHH co.neplKB.IIIB Yrrrr. 

2. 33, Tpe6yJOmae .nna xp8Be.IIHH ua$opManuu anexTpH'IOCKYJO aHeprHJO B BR

Ae ITOCTOHIIIIOTO TOKB. CIOA8 OTJIOCHTCH: Ty&aem.~e ABO.Itbi, KpXOTpD.I!bi, TpHrrep~ 

H T • .lt. llnH 33 I H 2 rpy1111~ xapa~TepB~M HBnHOTCll B8nH'IHe TBC"''epX3BC8. 3TO 

3B8'1HT, 'ITO 88 HX X8paiT9pBCTHX8X HMeJOTCH .ltBa ycTOA'IHBblX COCTORBHll, D03BOnH

IOIIIH9 38DOMXB8Tb HH$opM&nH» B .I{BOB'IBOM KOAe. 

3. 33, BB$opM8UBIO B KOTOp~X BOOOXO.ItHMO nepHO.ItH'IOCKH pereaep&pOB8Tb. 

CIOA8 OTHOCRTCH Te aneM911Tbl 1 y KOTOpbiX 119T YCTOA'IHB~X COCTOHBJ!A, - 9TO 

snexTpollllo-ny'leB&Ie Tpy6Ku, KOH.IIellcaTOpbi, naan 38AeplKII:u, nepcucTOp~ a 1' • .1{. 

Eon~o~~~HM aeAocTaTKOM Ta~xx 3Y IIB.lm&TCII TO, 'ITO on Mory'r 'aa6blBaTb' all$op

M81tHJO. 
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Ha ynoMBHYTbiX Bblllle 33 aau6onee 'IBCTo nmr aanoMHHBHHB na$opManuu B 
/3-5,9,10,12 14 15 18-24/ 

OHQJpOBbiX Yflfl llpHM9HHIOTCH ljleppHTOBbl9 KOITb08 ' 
1 1 

, TyH-
/6,8,9,25/ / 26,27/ !7,11,2W 

H9Ub Hbl9 JlHOilbl 1 nonynpOBOilHHKOBbl9 TpHrrepbl 1 KOHil9HC8TOpbl , 

/17/ 
peJKe - 6H8KCbl , 

PaccMOTpHM HHJKe KPBTKO xapaKT epHCTHXH 33. 

<t> e p p 11 T bi. Ha puc. 14 noKaaaaa neTnR rncTepeanca ljleppHTOBoro 

KOllbOB, 3 8BHCHMOCTb B = I( H) . 

KaK BHilHM , C9pll9'1HHK o6nanaeT llByMR yCTOfi'IHBblMH COCTOSIHHHMH (+ 8 r , -ll r ) . 

flepexon ua onaoro c ocTORHHR B npyroe B03MOJKeH TOnbKo B TO M cnyqae, ecnH 

aanpsrJKe aaocTb npanoJKeaaoro nonsr (H) n peBbimaeT aeKoTopoe noporosoe aaaqe-

aae (:t_ H c ). Kax aasec·rao, speMn nepexniO'IeHHB paBHo 

T :: (4) 

rne H 0 - KoapnHTHBHan c:ana, 

S w KOaQJQJHIIH9HT nepeKIT10'19HHll C9pll9'1HHK8. 

C ysenaqeuneM H BpeMH nepeKniO'I9HHH yMeHbiiiSeTcH. CnenosaTenbHO, npeaMy

!IIeCTPOM C TO'IKH 3p9 RHll 6biC'rpOJlefiCTBHll o 6rr81l8 10T Te CHCT9Mbl, rne B9UH'IHH8 

H ue orpaaH'IHBaeTcR. 

Ma r HHTH bt e n n e a K H. MaraHTHbie nneaKH Tonmnuo A 

1000 7 2000 fz , H3 r OTO BU 9HH bl9 H3 Ni Fe M9TOilOM BS!tyyMHOro HCil8p9HHH, B 

n pHCyTCTBI!'H UOCTOI'IBHOro UOUSI o 6nBilBIOT B p83BblX H8Up8BU9HHSIX p83Hb1MH Mar

HHTH b!MH csoAcTBaMH , B nanpasneHHH Tax aa3biBaeMoA •ocu nerKoro aaMarRH'IH-

B8RlHI ' 38 BHCHMOCTb B = f (II l noqTH uneanbRO npHMoyronbaaH. Ecnu uanpasne-

aYe aaMarRH'IHBBHHR nepneanaK y n !!pao x aToA ocn, aaBHCHMocTb B c f(H l nnaeA

HBH ( pHC , 15) • flonpo6ao p8CCM8TpHB8SI CBOACTB8 MBrHHTHblX lliT9HOK 1 MOJK.BO BH-

neTb, 'ITO B npacyTcTBHII rrorrepeqaoro nonsr neTnH rHcTepe3Hca no ocu nerxoro 

H8MarBH'IHB8HHH CTSHOBBTCll y JKe, TaKHM o6p830M1 H906XOJlHM09 3H8'19HH9 npo-

n onhaoro rronH nnH nepexn~'I9HHH rrneaKH yMeHb!IIaeTcB, OT senH'IHH H H 
rrpon. 

H 38BHCHT 89 TOnbKO rropor cpa68TbiB8HHll 1 HO H BpeMB rrepe!tiTIO'I9HIIB. 
rrorrepe'!H. 12 9/ 

3Ta aaBHCHMOCTb rroxa.aaHa aa pHc. 16 • MoJKBo o'!eHb 6biCTpo nepexnJO'IHTb 

MBrHHTHYIO rrneHKY C ITOMOBUo~ 0AHOBp9M9H.Il0 llOA8HHbiX H B H 
npoA. nonepe'!H. 

T y a a e n b a bi e ll 11 o ll bl. TyaaenbBbiA .!lBOil (TLI) RBruleTca 

6biCTpOil9ACTByiOII!HM rronynpOBOilBHKOB biM llpH60pOM, BOITbT-8Mil9pH8H X8p8!tT9-
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pliCTI!Jta ltOTOporo IIMeeT .llBa yCTOft'II!BbiX COCTOliBIISI ( pi!C. 17). npl! liOAK.IIJO'Ie

BIIII T.Ll 'lepea cooT~;~eTCTBymmee collpoTHBnesl!e R0 K sanp!IJKeliHJO U0 ero pa-

50'1811 TO'IK8 MOJKeT ycTOft'IHBO B8XO.llliTbCSI no B8llpSIJKeBHIO .riR6o BHJKe u 
liiiK 

( TO'Ill:a "'0"'), nu6o Bblme U (TO'IK8 .. 1"'). 113 O.llBOro yCTOft'IHBOrO COCTOH-
MHB 

HHSI B .llpyroe T.Ll nepeK.riJO'II!lSTCSI TO.IlbKO B TOM cny'll!le, ecnu TOK, npoTSK810illliA 

'lepea T.Ll, 6y.lleT swme t llnH BHJKe I • 3TH .llOHO.riRHTen&Bble TOKII 
nux MHH 

"!:... ~I llonaJOTCH sa T.Ll ua Bsemsero reuepaTOpa TOJta. IIJupoxoe pacnpocTpase-

HilS T.Ll B HMny.llbCBOft TSXIIHKS o6'bl!CBReTCSI HX BbiCOKHM 6biCTpO.ll&ftCTBHSM, Ma

.llbiMII ra6apHTaMH 11 ycTOft'IHBOCTbJO pa6oTbl npu H3MeaeaJUI TeMnepaTypbl. 11a na

paMeTpoB T.Ll napaMeTpbl no aanpHJKeBHJO 6onee cTa611n&Bbl, 'ISM no Toxy, Tax 

KaK HX OBa'ISBHe 3aBHCHT TO.IlbKO OT M8T9pllan8 T.Ll. 

n 0 .II y n p 0 B 0 .ll B H K 0 B hl e T p u r r e p w . B 6 biCTponeftcT-

BYIOIDHX Ynn B lt8'19CTBe 33 HBOr.Qa Hcno.llb3yiOTCSI TpHrre p bl Ha n onynpoBO.llBHKO

BbiX Tpuoax. Bxo.llHoe conpoTHBneHue ux .llOCTaTO'IHO 6on&llloe, 'IT06bl o6oftTHcb 

/26 27/ 
6 ea MOillHbiX reaepaTopoB ToKa aanHcH H C'IHTbiBaauR ' • 11a-aa c p aBHHTenbHO 

60.riblliOft aMttliHTy.llbl BhlXO.llHbiX CHrHS.riOB BbiXOAHble yCH.riHTe.riH 06hl'IHO He npHMSBSI-

IOTCll, KpOMS TOrO, B p !!.Qe cny'laeB H3liHiliH9 T8KJK9 npHMeHeHHe BblXO.llSbiX perHCT-

poB. 

K o a .ll e H c a T o p w. B Tex Ynn, r.lle se Tpe5y eTca lWIITen&Horo 

xpaHeHHll HH~OpMaUHH, B Ka'leCTBe 33 MOJKHO HCUOllb30BaTb KOH.lleHC8TOp. KoH.QeS

C8TOp OTHOCHTCll K TOft rpynne 33, B ltOTOphlX HS~OpMSUHll onpe.QenaeTCll Ha.riH'IHSM 

aapH.lla. MoJKso coaAaTb uenbift pll.ll .llROAHo-xoa.QeacaTopHbi :X. aanoMHHaiOmHx R'leeK, 

HO HaH6o.riblllee pacnpocTpaHeHae nony'III.IIB .llBYX - H TpexnoniOCHbie cxeMbi . ITpHH

uHnllanbaaa CXeMa TaKOro llBYXUO.IIIOCHHK8 II H.QeanH3HpoB8BH8ll xapaXTepHCTHK8 

nRo.lla noxaaaHbl Ha pRe. 18. Ecn• aa xosneacaTOpe aaxonaTca sanpRJKeHHe uk 
B Ka'ISCTBe 3aUOMHHa9MOft HS~OpMaUHH, TO llllll .llHOA8 OSO COCT8BHT CMemeBBe 

"'0"' HnH +"'1"'. 11s~opMauaoaaoe coneplkilaue aanoMHBaJOmelt R'leliKH He MeHHeTCa 

liO Tex nop, noxa cyMMa sanpl!lKeHHll Uk u U Bsema. se npeBbiillaeT + 11 HnH 

- H. 

CxeMa TpexnonJOcsHKa H Heo6xonHMaa HneanHaHpoBaasaa xapaxTepucTHKa 

.llHona npencTaBneHhl sa pnc. 19. 11cnonb3yiOT TonbKO nonoBHBy BonbT-aMnepsoll 

xapaKTepHCTHKH .llHO.llOB. Hu~opMaUHll aanoMHHaeTca sa KOH.llescaTOpe c noMombro 

uanpRJKeHHSI, liO.llaSBOrO B TO'IKH XZ H CHHM89TCSI C TO'ISK YZ . 

C TO'IKH apeBHSI Bbi60pa Heo6XOAHMOft 38UOMHS810IDei! R'leAKB BCe CHCTSMbl, 

npHMeHReMble B Ynn MOJKHo p a a nenHTb Ha TpH rpynnbi: 
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1. CHCTeM8 BH8IDHero Bbl!Sopa. 

2. CHcTeMa nHHel!Boro Bhroopa. 

3. CHcTeM8 MaTpR'llloro Bbr6opa. 

3.1. C H C T e M a BHernaero BblOOp& 

B )laHBOl! CHCT6M8 38liOMHilaJOII()I6 Sl'l6l!IJI TOJibXO 3tiDOMRHaiOT HH<j!OpMaDKJO, a 

Bbroop aylltHhiX Sl'leeK rrpoHaeonHTCH eae aanoMliHaJOmel! nnocioCTH. CucTeMa Bhl-

6opa H6CI01IbKO ycn&lltHH9TCH, HO ITOBblillaeTCH H8.)l9JKilOCTb paOOTbl CX6Mbl H ee 

ObiCTponeACTBRe, XopOlliBM rrpHMepoM liOJ:IOOBbiX CHCT9M HBllH6TCH CHCT6M8. Bbloopa, 

/9/ 
ODHCaBHaH B paoOTe (pHC. 20). 3anOMliH8.101IliM 3ll8M6HTOM (33) HBmreTCH TyB-

H61lbHbiA JlBOJl (Tll). flpB C'lRTbtBaHHH orrpalliHBa!OTCSI Bee paap!IJ:ihl Bb10p8.HHOJ! CTpo

XH. flpH 38IT.IICH C ITOMOIIlb!O CX9M 11 BMDYilbC aaiTRCH DO)laeTCIJ TOllbXO Ha Te 

p83p!I)lbl BbiOpaHHOll CTpOXH, B XOTOpbtX XOTHM 3anHC8Tb "1" . TliKHM 00pli30M, 

p8a6poc nllpliMeTpoe Tll MeHbrne enuneT ua aaJ:te)l(aocTb paooThl Yrrrr. 

3.2. C H C T e M a n B n e l! H o r o a ht 6 o p a 

Ecnu qucno paapnnoe e YITIT nocTaTO'lHO 6onbmoe, To Bbtmeonucauaan cHc

TeMa BBemaero BbiOOpa CT8BOBRTCB B69KOHOMH'lBOl! Ba-aa CJlO]f(HOI% CBCT6Mbl 38-

IUICH. EcllH 33 HM66T noporoBbie CBOl!CTBa, TO OH M0li<6T BbiDOnBBTb Te tPYBKiliH, 

KOTOpble 88 pliC. 19 BhliiOllBBIOT CXeMbl 11. TaX!IMR CBOJ!CTB8MH 001!8Jl810T ITO'lTJI 

ace nu<jlpOBble 33. 3anoMHH8101IlaH MaTpHil8 C CBCT9MOA llHHellaoro BbiOOpa ITOKa-

3888 H8 pHC. 21. AApeC By]f(HOH CTpOKH ITO)l89TCSI C liOMOIIlaiO " n " paapHJlBOTO 

JlBOII'lBOro 'IHCJia. llernu<jlpaTop BbtOBpaeT COOTBeTCTBYIOIIlYIO BblXOJl !lyJO IllHBy !13 2 n 

eoaMO)I(BhlX. Ha aTOll rnHne uaxoAHTCst ace paapSIAhl oyli<BoA B8M cTpOKR. Boa6yJK

AllH aTy illHHy, C'IBTbtBaeM OTTyna O,!J,HO BpeMeHHO BCIO HH<j!OpM8DHIO. flpu 38llHCH 

O,!J,HOBpeMeBBO C B030YJKJl6HH9M illBHbl CTpOit B030Y)I(.llti!OTCSI H lllllllbl paapSIJlOB, ITO 

KOTOpbiM aanucblearoTCH "1 ". ITepeKnro'la roTcsr TonbKO Te 33, 118 ~toTopbte ITonaeTCsr 

Boa6y)l(.lleHH9 ITO 006HM illBH8M. flpH ITpHM6H9HHB <jleppHTOBbiX KOll6U B X:a'l6CTB6 

33 C'lHTbiB8.HH9 ITpOH3BOJlHTCSI liOllHbiM TOKOM DO CTpoKaM, a aaiiHCb COBII8A6-

/5,18,30/ M 
HB6M IIOllyTOKOB • 8KCHMilllbHO )lOITyCTHM8B B6llH'IBH8 9THX ITonyTOIOB 

orrpenens.eT MHHHM8nbaoe epeMH rrepexnro'leBHH cepne'IBHKOB rrpu a8nHcu. 11a6u

paTellbnoe OTHOlli6BHe IIpH 38ITBCH B 9TOM C1IY'I89 p8BHO 2: 1. llnn DOBblill6BHSI 

/14/ 
aTOro oTaomeHHH cymecTeyroT p83llH'IBbte MeTOnhl. H8npBMep , MO]f(BO coan8-

eaTb Boa6y)l(.lleHHe ITO CTpOK8M + 11 0 , 8 ITO p83pHJl8M :!:.. + 11 0 B 38BHCHMOCTH 

OT 38liHCbtB89MOll HH<j!OpMllUHB. 11Borna HCliOllb3YI01' MeTOJl, B30opa)I(9HHbll! Ba 

puc. 22. 
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npH C03A8RHH 6 onee 6 b!CTpoAelicTBYIOIUHX Ynn B lt8'16CTBe 38 'I8CTO npH

MeHSIIOT T y HR6fibHbl6 L!HOAbl (Tll). 3anHC b B HHX B C HCTeMe llHHeAHOli Bb!6 0pKH MO

)f(6T npoHaBOAHTbC SI ABY M SI c noco6aMH: 

1) Cll0C060M COBfl8A6HHSI TOKOB, 

2) CflOC060M COBll8A6R HSI H8llpSI)f(6BH H . 

6 
/ 31,32,8/ 

no nepBOMy cnoco6y pa OT8 IOT C IICT 6Mbl • C'IHTb!B8HHe B HHX npoH3BO-

AHTCSI nepeaoa6yMne HHeM, 'ITO y cKopS!e T n epeKnroqe aHe Tn. 3 anHcb ocym ecTBnaeT

c a C OBll8A6 RH6M nonyTOKO B (pHC . 23). 0nTHM8 llbHO e 3H8'16RH6 3 THX nonyTOKOB C 

TO'IKH 3p6HIIR CT86 HllbROCTH: 

lli!K, 
1.(1 -1 ) 
3 M-IHI. MHH. 

(5) 

8 CIICT6M6 B H S WHero Bbi6 opa T 8 KOrO orp8 HH'l6HHR He 6 wno. npH AO CT8TO'IHO 6onb

UIOI1 M8TpHue, '!T06b ! YAOBne TBOp!iTb 3 TOMY T pe60B8BHIO, BS06XOAHMO TlUBTenb

/25,33/ 
ao noa6HpaTb oTAenbBbie Tll HnH c noMOIUbiO cMem eaHR aaane)f(amHM o6pa-

/32/ 
30M Bbl6H p 8Tb OAHY 113 pa60'!HX TO'ISK • KaK BRAHM, npH 38llHCH HH<jJOpM81lHH 

a a THX c ncTeMax HcnonhayroTca noporoBbie caolicTBa Tll no ToKy. Ho TaK KaK 

TOKO Bbie n a paMeTpbi Tll Meaee cTa6HnhB b i, 'ISM napaMeTpbi no aanpR)f(S/IHIO, TO 

/ 32,34,35/ 
FlbirO AHee npHMSHRTb 38fiOMHH8 HHe CllOC060M C 0Bll8A6HHR R8llpSI)f(6HHli 

( p HC . 24) • 

C n oMO!UbiO o 6 p a meaaoro AHOAa HnH Apyroro aenHael\aoro ane MeHTa coaaa

e M Har p y30'IH YIO nHHHIO cneuHanbBOH <jlopM L I. n p H 3 8fiHC H H C'IHTblB8BHH H8 M8TpH-

U y llOA8 IOTC H C O OT B 6TC TByiOIUHe HMnynbCbl H8llpR)f(6HHSI, llOA BllHRHH6M KOTOpblX 

OTH OCH T e nbHOe nono)f(e HH e aonbT-aMnepaol\ x a paKTe pHC THKH Tll H a a rpya o'!HOA 

l!HHHH ~!6HSI6TC SI . 

EcnH 'lHcno c TpoK a Ynn Bbtm e 50.;. 60 H Tpe6yeTca aocTaTo'lHoe 6wcTpo

a efrcTB He ( BpeMSI o6p8IU6HHSI S 100 HCSK), TO HCllOllb30B8Tb AlfOA b l CT8 BOBHTCR 

H6B blrOAH biM , T B K K B K paa Mepb! M8TpHU bl CT8HOBRTCSI 6onbiUIJMH H 6biCTpOli6HCTBH6 

C HH )!{86TC SI. B T 8 KHX cny'IBSIX HCllOllb3YIOT TOHK He M 8rHHTHbl6 nneHKH. npll nona'le 

OAI!O B peM e HHO llpOAOllbHOrO H nonepe'lHOrO B036y)f(A6HIJSI Bp6MSI nepeKniO'I6BHll nne

HO 'lH b!X 38 6 y A e T ll6)!{8Tb B npenenax 10 HC e K. M a TpHua Ha llOA06H blX aneMeHTBX 

H a m opbi aoa6y*ABIOUI RX T OK OB noKaaa H bi Ha p R e . 25. CHrHanhHB SI rnHaa a aToll 

M a TpHue MAeT na p a n nenbHO WHHe CTP OK . no T B KOMY npHHUHITy pa6oTaeT Ynn, 

/ 36 / 
o nH ca Huoe a • C ymec Tae HH bi M Heao c T a T KOM M a rHHTHbiX nnenoK SIBnH IOTCSI 6onh-

11 1116 T OK H ynpADnCI! l l>l H M8Jll>l6 B b lXOAH hl6 CHrHBJlbl. 
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Oco6yro rpyn:ny sanoMHHaJOmHx R'leeK cocTaan!IJOT llHOAHO-KOBJiencaTOpHbie 

CX9Mhl, 0co6eHHOCTJ. HX COCTOII'r B TOM, 'ITO B HHX B&BO<:MOlKHO Aonroe BpeMSI xpa

a.TJ. •H¢opManBJO, DpoAOnlKHTenhHoe xpaaeaHe Hn~opManHH ocymecTBnneTcR nepH

OAII'Iecl!:HM ee nep&HHCbiB89HB9M, 3TO l!ey):{06CTBO Be 0'19Hh 38M8TBO B TeX YTJD, 

r):{& BH~OpM8UHR Xp8HHTCB KOpOTKOe Bp9MR, H AOCT8TO'IBO 6biCTpo rrepenHCbiB89TCH 

B OCHOBHOe 3Y. nBOAHO-l!:OHA9HC8TOpBble M8TpHUhl p 8 60T8IDT ITO CHCT9Me C nHBei!-

/38 39/ /38/ 
Bh!M Bhi60pOM B pelKHMe COBIT8):{8Bl!R H81TpSDK&HHi! 1 

, 0rrHC8BH8R B M8TpB-

ll8 B DpBBllBITH8nbH8li CX8M8 38ITOMBB810ill8i! R'I8 HKH npeACT8Bii&Hhl B8 pHC, 26. 

S.S. C B C T e M a M 8 T p H 'I H 0 r 0 B bi6opa 

EcnH ae TOnhKO 'IHcno paa pRAoB, eo H '!Hcno cTpoK a Ynn nocTaTO'IHO a e

nHKo, CHCT9M8 iiHHe llaoro Bb!60pa Tpe6yeT CliHlllKOM CliOlKBOrO /l8lllH~p8TOpa. B 

STOM CliY'I88 HCl!Onh3yeTCR CHCT8M 8 TpeXMe pnoro HiiH T8K 883b!B89MOrO 'MaT

pH'IHOI'O' Bb!60pa. B STOlt CHCT8Me HCll0llh3yiOTCR l!OpOrOBb!8 CBOl\CTB8 33 K8K 

npH aaiD!cH, TaK H rrpH C'IHTbiBBBHH. MexaanaM pa6oTbi aanoM HHaiOmel\ MaTpHnhl 

B306palKeH BH pHC, 27. nernn~paTOp pa3 6HT B8 /lB9 '18CTH, qHCITO BbiXO/lBbiX IDII.B 

n/2 
KHlK):{Ol\ 'IBCTH paBHO 2 , rne 

n - o6mee 'IHCi!O /lBOH'IH b! X p 8 3 pR/l0B 8/lpeca. 

DpH C'IHTb!BBBBH OJ:IH8 H3 ropH30HT81TbBb!X H 0/lHH H3 B8pTHK8llhHb!X IDII.H Oll

p8lllHB810TCSI HMrrynbcaMH onnaa Koaoli nonS!pHoCTH. Dpn STOM ace aanoMHHaiOmHe 

sneMeBTbi, aaxonS!mBe cSI H8 nepece'!eHHH s TII.X rn11.a, Bbi/lHIOT cll.rH8nbi H8 mHBbi 

5 1 fS 1 B 38BHCII.MOCTH OT TOro, coneplKII.T ITH 33 '1' {lllHHbl S He l!OK8388hl 

H8 pac. 27), Dp11. 38l!HCII rronRpaocTh cBraanoa mil. a X H Y MeBS!eTCSI 11. a aa

BHCHMOCTH OT TOrO, 38lll1Cb!B88TCR llll l!O J:IHHHOMy p83pRny "0' !liTH v 1: H8 lllH

Hbl Z I li0}:188TCR HITH ae nona eTCH HMllyllbC 38llp9T8 38l!HCH, YDD C CHCT9MOi! 

/30 22,25/ 
M8TpH'IROrO Bb!60p8 Ol!HCHI!b! B p860THX 

1 
• B STOll CHCTeMe H81Tb3SI llpH-

M8HHTb nepeaoa6ylKJ:IeBII8 33, T8K K8K OT/l91TbBb!8 B036ylKJ:I9BHSI CTporo orpaBH'I8Hbl 

onpeneneaaol! noporoaol\ Bennqnaol!. 

B TpexMepaoM pelKII.Me aanoMHBaiOmaR nHaeliKa aa Tn pa6oT8eT T8K, KaK 

noKaa8HO aa pnc. 28. OnTHManbHble aB8'!eHHR ToJ(oa Ix 11 I Y c TO'!KH apeanR 

H8/l9lKHOCTH onpenenSIIOTCR 113 ypaBH8HHR 

) 1 {6) 
MHH, 

Ha sTore BBnao, '!TO noneaabrl! AH8IT8aoa pa61'Tbi Tn no oTaorneaiiiO K cHcTeMe 

nBael!aoro Bbr6opa yMeabmiiJICR a ABB paaa. 



4. C•teTHbre xapaKTepacTHKH Ynn 

4.1. p B 3 p B B H H B B !0 ill H fi pe>KHM 

l.JT06b! yrrpOCTHTb p8CCMOTp6HH6 BOIIpOCB 0 rrpOC'!6TBX CHCT6Mbl, 06bi'IHO C'lH

TB!OT, 'ITO C06b!THH, IIOAII6>K8illH6 perHCTpBUHH, pacrrpenem::Hbl IIO 38KOHy nyaCCOHB 

C IlOCTORHBOfi cpeABefi HBT9RCHBHOCTb!O N0 B o6meM cnyqae C'l6THBH X8p8K'l'epHC

THK8 Ynn B p83p8BHHBB!Oill9M pe>KHMe 3BBHCHT ae TOIIbKO OT No , HO H OT MepT-

ooro apeMeaa no axony Ynn ' OT eMKOCTH Ynn s 
BX. 

, OT M9pTBOrO Bp6M6HH 

OCHOBHOH IIBMHTH r . KaK 6brno rroKaaaao Bbrme, MepTBoe apeMH no axony r 
M BX. 

MO>KHO Cll9II8Tb O'l9Hb MBIIblM H ero BIIHHHH6M HB H3M686HHe C'!61~ M0}1{80 rrpeae-

6p6'Ib. npH aarronaeaau acea eMKocTH Ynn ero axon 6noKapyeTca. nepaon orrpoca 

ycTpOfiCTBB MO>K9T 6b!Tb p83Hb!M B rrpenenax 

0 < (J -:;_ rM (7) 

Ha BpeMH perHCTpBUHH OllHOrO C06b!THH B OCHOBHOfi IIBMHTH Bb!XOil reaepBTOpB 

6noKBpyeTca. EcTeCTBeaao, 'ITO, ecna (J > r M , aeo6xonHMOCTb B TaKofi 6noKBpoB

Ke OTCyTCTByeT. Ynn B pa3p8BHHB8!0ill9M p6}1{HMe HBIIH!OTCR TBIIH'lHb!MH OAHOKB

HBIIbHb!MH CHCT6MBMH MBCCOBOrO o6cny>KBB8HHH C orpBHH'!6BBOfi O'lepeAb!p
1
1IOaTO

My yno6ao BOC1IOIIb30BBTbCH MBT6MBTH'l6CKHM BIIrrapaTOM TeOpHH MBCCOBOro o6-

cny>KHBBHHH, KOTOpb!H xoporno p63 BHT. 

118/ 
I) UHKrrH'!eCKHA orrpoc 9=rM 

0603BB'!HM qepe3 pk (t 1 ) B6pOHTHOCTb TOro, 'ITO B MOM9HT Bp9M6HH tl' 

aerrocpencTaeaao npenmecTayromuA rrpoaaaonhao Bbr6paaaoMy HMrrynbcy onpoca, B 

Ynn aaperacTpapoaaao K co6brTafi ( K -::.. s ) , Ecnu K = 0, T.e. Ynn cao6onao, 

TO rrpH ero orrpoce C'lHTbiBBHHe npoaaaonHTbCR ae 6yAeT. BepoHTHOCTb C'lHTbiBBHHH, 

B 3HB'lHT, H B6pORTHOCTb perHCTpBIIHH C06b!THR B OCHOBHOH IIBMRTB 6yneT.O'l9BHil

HO~. pBBHB 1 - P0 , rne p o -BepoRTHOCTb TOrO, 'ITO Ynn CB060ilHO, B 'lBCIIO C06b!

THfi, 3BperHCTpHpOBBHHb!X B 9/lBHHilY Bp9M9HH, 

No _1_(1-P
0

l . 
r 

M 

(8) 

nonenHB o6e 'lBCTH paBeHC TBB HB N 0 , IIOIIY'!HM OTHOl119HHe 3 aperHCTpHpOBBHHblX 

C06blTHH K IIOCTyiiBBillHM: 
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NP 
n = Na (9) 

r~te A = N 0 • r M . 

!13 Bb!p8JK9HHSI ( 9) BH.ltHO, 'ITO ecnH :Abl CM0)1{9M Ollp9,lt9ni1Tb P 
0 

, TO llOC T8Bll9HH8SI 

3aJta'!a 6y~teT pemeaa. PaccMoTpHM MOMeHTbl apeMeaa 

cnenyiOmae paccylK.IteHHSI. 

t I H t I + (} H ITpOB9.[{9M 

B MOM9HT BpeMeHB t 1 + (J Y!l!l 6yJteT CB060AHO, ecn11 OHO 6binO CB060.[{HO 

B MOM9HT t 1 H 38 BpeMS! (J HH O,ltHOro C06b!THSI He f!OCTynano, HnH B MOM9HT 

t 1 6binO 3 8llBC8HO O.[{HO C06b!TB9, KOTOpoe 6binO cpaay )1{9 COC'IHTBHO, a 38 Bpe-

MSI (} HH O.[{HOrO C06b!THSI He f!OCTynBnO, 3allHlil9M 9TO M8T9M8TH'I9CKH: 

( 10) 

-aepOHTHOCTb OTCYTCTBHSI C06biTHSI D HHT9pDane () . PacCylK.ItBSI 8Ha-

nOrH'IHO, H8llHlil9M BepOSITHOCTH ltllSI JtpyrHX COCTOHHBil Y!l!l : 

H T,Jt, 

3~tecb g 1 ( fJ l -aepoHTnocTi> nocTynneauH 

Ll.nH pacrrpeneneaaH Ilyaccoaa 

i! 

C06biTJfi! 38 BP9MSI (J • 

(12) 

OrpaaB'IHBBSICb paccMOTpeaaeM ronbKO ycTaaoauamaxcH aaa'!eHHI!, T, e . paccMoT

peaa e M npouecca qepea AOCTBTO'IHO 6onhmoe apeMSJ rrocne HB'Iana peracTpauau, 

MO)I{HO CK838Tb, 'ITO P k (t) He SIBllSI9TCSI !jlyHKUH91l: BpeMeHH, T.e, 

( 13) 

r~te 1,2,3,4 .•• 
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YqHTbiBBSI Bbip8)!(8HHSI ( 12) H ( 13), COC TBBIIM CIICTSMy S ypBBH8HHll AnSI 

Pk[k• 0,1,2,3 •• (S -I)] 

Po = (P 0 + PI )e-A 

PI= (Po +PI)Ae-A+ pe-A 
2 

p2 =(Po+ p) _A.: .-'.~+ p '-A p ....,\ (14) 
I 2 ! 2 1\e + 8 e 

(.-I) 
P0 _ 1 = (P0 +P 

1
) L-.: .• -A+ ..... + P -A 

(S -I l! • 

PemaeM 9 TH ypanaeanSI oTaocnTenbao P
0 

: 

PI 

p2 

p8 

H T.A. 

A P 
0 

( e -I) , 

P [ e 2 A_ eA (I+ A l J 
0 

aA 2A A L 
P0 [ e - e + e (A+ 

2 
)j 

( 15) 

yqHTbiBBSI B KaqecTB8 AOITOnHHTSnbHOrO yp8BH8HHSI yCnOBIIe BOpMHpOBKII 

• 
~ p 

k= 0 k 
I ' ( 16) 

rrpoBeAeM cyMMHpoaaane, rrpHAaBaSI ~ paGnHqHb i e uenoqacneaabie GaaqeanSI: 
I A 

Ami S = I ~ P = P 0 e = I , 
k =() k 

AnSI s = 2 2A A 
l Pk=P 0 (e -A e )c 

k =0 

Amr A 
2 

A 
( 17) 

a A 2A s = 3 lPk=P 0 ( e - 2Ae + T e )=I k=O 

AnSI s = 4 • <A 8A (2Al 2 
2A A8 A 

k;
0
Pk=P0 ( e -3Ae +"""""f! e -3T e )=1 . 

11,5/ 
PeGynbT8Tbi, rronyq8HB bi8 B pa6oT8X , HSCKOnbKO OTnHqBIOTCSI OT ( 17). 
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3TO 06b51CH51 8 TC51 OUJH60'!HblM YTB8p>K!l8HH8M 8BTOpOB, 'ITO B8p051THDCTb OOTepb r 

paaaa aepoHTiiOCTH 3anonaeaHH acei! eMxocTa Ynn P • , - 3.0:ecb ae )"!'t'eao, 'ITO 

CBCT9M8 ypaBH9HHA cnpaaeanHB8 TOUbKO anSI MOMeBTOB BpaM88H, He~c peaCTBeHHO 

npeawecTByiOmax caraany onpoca YO!l, a r;e anH npoa3aonbHbtX. J.13 Bblpa JKeaal! 

( 17) aeTpyaao onpeaennTb Po anH Yllll pa3nH'!Hol! eMKOCTH, o6beaH HHB BbtpaJKeaue 

B CKo6KBX 06WHM 38KOHOM! 

( -p.><·- j) 

(S- j)! 

( 18) 

/18/ 
Ha pHC, 31 npnaeaeHO CeMel!cTBO KpHBblX , XBp8KTepH3YlOWHX OTHOCHTenbHble 

HOTepH C'!eTa K B K <)lyHKUHlO ,\ H S , 

r= 1-n = 1(,\ ,S). ( 19) 

2) H e U H K n H 'l e C K H l! o n p o c ( (J --0) . PaccMoTpHM aa-

Tepaan Bp8M8HH MelKay aB)'MSI COC8):1HBMH OTC'l8 T8MH OC HO B HOr'O 3Y C MepTBblM 

BpeMeaeM r M Oa 6y.neT cxnaabtBBTbCSI H3 MepTaoro apeMeau r M a apeMeaa 

140 / 
oJKaaaaKH eneA y iOmero oTcqeTa , ecna cnycTSJ apeMH nocne Ha'!ana nep-

M 

BOr'O, Yllll OK8lK8TC SI CB060aHblM, EcnH K 3TOMY MOM98Ty BpeMeHB B Y!l!l 6yaeT 

Xp8HHTbC51 HH<)!Op M8U H51, TO Bp9MSI OlKB.r:tBHHSI paBHO HyniO. 0603 H8'1HB B8p051THOCTb 

H8UH'IH51 OlKH.r:t8Hil51 'lepe3 P0 , MOlKHO 38HHC8Tb cpeaHIOlO HHT8HCHBHOCTb OTC'Ie

TOB B OCHOBHOl! H8MSITH B BHae 

N 
p 

rae T OlK cpeaaee apeMSJ OlKHaaaHH. 

llnH cny'laSJ, Koraa co6btTHSJ pacnpeaeneHbt no 38KOHy llyaccoaa, 

a Bb!pBlK8BH8 ( 20) npHM8T BH.r:t 

N 
p 

HnH 
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( 21) 



No 
n a 

~ >.+Po (22) 

lln5l O llpCJl9 1J9 HIUI P0 COCT8DHM Clh. T e My y p8BH9Hifii, CB5l::JbiBQIOmyro B9p05lTfiOCTH 

cocToSJflnll Ynn a MoM9fiTbl Fl fw Mean ' 1 H 12 , C OOTBSTCTBy!OmHe OK0fi'J8HHIO 

p9T'HCTp8HHH JlByX COC9Jliii!X 11pOR3BOlJbfiO B bt6p8Hflb1X HMilylJbC OB, llpHfiHB T 9 )1(9 0603 -

fi8"!9HHSJ , 'ITO H B ( 4.1,1). B MOM9fiT BpC MSHH <2 ( p H c . 29) Ynn 6yn9T c ao6oa -
flO B JlByX C lly"'BSJX: 

a ) E c nn OHO 6hrno cao6onHo B <1 H ::Ja Dp9MH 12 - t 0 =r M fiB axon He 

flOCTymrr. o H H OLIHOT'O HMIT Y ll bCB. VJMrrynbC, 38perHCTplipOBB HH b 1M B MOM9HT Bp9M9 HH 

<0 • 6yn9T cpaay )1{9 coc'InTa H n a Ynn. 

6 ) EcnH a MoM e nT <1 B Yn n o cTaeTcH aa uHc anHLJM onuu HMnynhc "' aa 

t 2 -t 0 =TM f!9 nocTynHT HH onnoro HMnynhca. 

T aK HM o6paaoM, 

Po ( t 2 l (P0 (t 1 ) + P 1 (t
1

)J . 'lJ(T ) . 
M 

B peayn hTaTe avanorH'JH blX paccymne f!Hii nony'IHM ypaBHeHHSJ Jll!SJ P 
1 

(t
2 

), P 
2 

(t
2 

) 

H 1.LI . 

Pl(t2) =(Po (Jl )+PI (ti)J. g,(rlol· )+ P2(tt)• g o(rl'-1) • 

P 2 ( t 2 ) = ( P 0 (t 1 ) +P 1 (t 1 lJ g 2 (rM )+ P 2 ( t 1 ) g 1 (rM)+P
8

(t
1

l· g
0

(rM) 

H T.Jl. lln5l yCTBHODIIBUJST'OCH p91KHM8, p8CCMOTp9 HH9M KOTOporo Mbl OT'p8 Hll'JHMCH, 

pk ( ~~ ) = pk ( t l) II CHC T C.Mn y p B BIIS HH H llp11M9 T DMJl: 

H ~ , fl . 

I' o = < r o 

1'1 = ( p 0 

..,.\ 
+ r 1 >. 

->. ->. 
+f' 1 ).\o c +P

2
e 

p 
2 

>.2 ->. ->. - >. 
( p 0 + PI ) 2 P + P 2 >. e + P 3 t' 

; 1· ' 7; ' . ':to BH;:J,<?Tb , 1lTO 3T8 CHCTCMa ypaBH eH Wii 1!0/lll OCTUJO HJ-te l!T li '! Hu CII CTel\1 ( 1 

I I '!). ~··~· ·J• iii!C KO TOpo ii Mhl y~<9 llOlJY"!HlJH. n onT u pMM 9 T' O : 
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I 
I 

~ 
jcl 

e(Jl\) (-j.\) ( • - j) 

( ~ - jl I 

HaTepecao npoaecTH cpaaaeaae o Taocn Ten b HLrx no Tepb cqe Ta Ynn npu UHKnH'tecKOM 

H H9UHKUHqecKOM rH onpoce npH On HH8KOBO H HHT8HCHBHO CTH N 0 H onuaa-

KOBOll eMKOCTH Ynn s . 

I- 1 -Po 
r I -u. A IJ , 

HcKmoqast aa aTHx BbtpaJKeaall P0 , nonyqHM 

r H = (23) 

B 6onhlUHHCTBe HHTepecyJOmax aac cnyqaea 
-2 

r = ( 1- 2). 10 , a A= N0 r"" unst 

paapaBHHBaJOmero pe>KHMa pa6oT bt YD!l peuKo npeBbiUtaeT "J Haqe aae 0, 7 70,8, no 

aToMy Bblp8>K9HH9 ( 23 ) MO>KeT 6b!Tb 38M9 H9RO npH6UH>K9HH blM p8B9HCTBOM: 

'a (24) 

3.) U H K U II q e C K H l! 0 II p 0 C ( 0 < 8 < r_M 

llnst OIIpeneneHHSI cqeTHblX xapaKTepHCTHK B aTOM cnyqae BOCII0Ub3Y9MCH 

¢opMynol!, rrpHMeHsteMol! npH ae uHKnHqecKOM orrpoce, 

B peMn OlKHUBHHH T 6yn eT KpaTHbiM ne paouy orrpoca 8 , a Bepon THOCTb Toro, 
0 )1( 

'ITO T = k 8 6yueT o npenerHI TbCH c n enytomHM c o oTaomeaaeM : 
OJK 

II< k 8 l 
-<k -t lNo ·O - '1 0 0 

c • ( 1- e ) , (25 ) 

r ne k = 1,2, 3,4 ••• 
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0TCIOA8 HeTpyAHO onpeAeJJHTb cpenaee 3 H8 ''!e HHe BpeMe HH 0 )f(HA8HHS1: 

-{k-I)NO 0 -No 0 
T 0 >K= 0:£ k• e •(1- e )~ 

k ~I 

e 
- . -NoO (26) 

llnst OITpeAeneHIHI Bep05ITHOCTH 0)f(li}:l8HIHI P0 p8CCMO T pHM MOMeHTbl B peMeHH 

H t2 , COOT BeTCT ByiOIIlH e HB<ra ny H OKOH<!BHHIO BpeMeHH 0)f(H.Q B HHS1 ( pHC, 29), 

P0 (t 2 l~o ( T,K, I 2 SlBJJSieTCSI H8q8JJOM Oqepe.QHOrO CqHTbiB8HHS1) 

P 1 ( 1 2 ) ~ P 1 (1 1 ) + P0 (1 1 l·P
01 

P2 ( 12 l ~P2 (t 1 l + P0 (t
1 

).J>
02 

P3 (t 2 ) ~ P
3

(1
1
)+P

0
(t

1
l·P

08 
(27) 

1' ,\1 2 ) ~ P
5

(t 1)+P
0 

(t
1

l · P
08

, 

rAe Pok - nepo H Tnoc T b perRcTpauHH a Ynn k HM IT YJJbCOB 38 B peMSI t 2 - t I 

npH yCJJOBH H, '-ITO B MOMeHT t 1 Ynn 6bwo cao6oaao. :Vb ycn oBIHI, qTo 3a apeMst 

t 2 - I 1 He 6binO ITp01!3Beae HO HH O.QHOrO CqHTblB8HH S1 , SlCHO, qTO BCe HMnynh-

COB .QO JJ)f(fl bl 6bJTb 3aperHCTpHpOB8Hbl B ITO Cn e.U UH;i n e peA MOMeUT OM t 
2 nepHO.Q 

orrpoca 0 a :o a ace npearnecTBJIOIIllte eMy n e pHO.Qbi, Ha'-!uuast c MOM e HTa t 
1 

, 

peracTpauun ue 6hlno . nocKonbK Y TaKHx nepnoaoa MO)f(eT 6hlTb n106oe ueno e que-

no, DKl1 !0 'I811 H)'.'lb , Bep05I T HOCTb Pok MO)f(HO 33 lli!C8Tb cneny!OillHM o6p830M: 

POk 

- No0 (No@~k c. . ---
k ! 

l e -INoO 

·~ 0 

( N 0 0 )k -N
0

0 
--- e 

k! (28) 
I - e--NoO ' 

a anst k < s 

POse 
"' (N00l; -N

0
0 L. 

;.,...- :£ -.- • e c - N 0 
1- e -No u J =s J! 1- e o (29) 

nollCTBBJ151S1 3 TH Bblp8)f(eHHS1 B ( 27), nony<r HM y pBBHeHH SI , CBS13blB8101Illle BepOSITHOCTH 

COCTOSIHI!i! CIICTe Mbl nepen H8'!8l10M CqHTb!BBHIIH H nepe.Q OKOH'IBHI!eM perHCTpBUIIH B 

OCHOBHOM 3Y npeameCTBYIOIIlero HMITyJJbCB . PBCCM8Tp11B85! TOJlbKO YCTW!OIJ TIBWHil -

CH nponecc H y qHTbiBaH, 'ITO npH 3 TOM aepostTHOCTH cocTOH HHSI Ynn: OllllH1lKODhl 
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lWR m o6oro OTC'I8T8 OCHOBHOrO 3Y, Mbl M0)!{8M COC T 8BHTb "llle Oll lly CHCTeMy 5 

( s - I) 

P
1 

{t
2

) _.\ __ e-.\+ ..... + i', {t 
1 

)e-.\. 
{S - I)! 

PeiU8R COBM8CTHO CHCT8 Mbl ( 27) H ( 30) OTHOCHT8llbHO p k { t 1 ) = P k • lln5l p83 nlf'I -

HblX 3Ha'leHHA eMKOCTH Ynn nony'IHM : 

s I. PI = Po {e-.\ -1) . 

s 2 PI Po {e -.1. a · e -a 
= a - ---) , 

1 - e-a 

2.\ .\ a - e-a L {(J) 
P2 aP[ e - e (.\+---)----], 0 I - e-« I- e -a 

-a 
S::::: 3 .P1 ::::: P0 (eA-~) 

I - e -a 

2.\ .\ a•e-a a2 e -a 
P2 a p 0 [ e - e {.\ + ---) +- • ---] , 

1- e-a 2 1-e -a 

[ 
a.\ 2 .\ a -a 2 .\ -a .;: ' e - a L <0) 

P 3 = P0 e - e {2.\ + _•_e_) +e.\ (L + ~ ----l--3--J 
I - e -a 2 I - e -a I - e-a I - e-a 

( 31) 

Y'IHTblBBR ycnoBHe HOpMHpoBKH 
1
!-

0 
P1 a I , nony'IHM cyMM bi nnR S = 1 , 2, 3 .. . 

S a I. 

s- 2 . (32) 
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s ~ 3. a A 2 A A 2 A L 2 2A A L 8 A 
I • P 0 [( e - 2Ae + z- e l+--(e +A e l+--·e J. 

I - e-a 1- e-a 

(32) 

H T,J1 , 

0603KB'IHB Bb!pBlKElH H!il B Kpyr/Ib!X CK06Kax '1epe3 A 1 , A 2 , A a II T . Jl., rae IIHJleKC 

o603 1lB'Ia eT BbiCIIIY IO CTe /IeHh npH eA , MO)I{eM 06beJlHHHTb HX o6mHM 3BKOHOM: 

(k-J) 

A - ~ (-j>.l .A 
k - ..., • eJ 

J~l (k.-j)! 
(33) 

nepeTIHil!eM (32) B 6onee o6meM BHJle , 0603H8'!l'IB 'Iepe3 P
0

(S} BepO!i!THOCTb OlKH

Jl8HHs! npH eMKOCTH Ynn. paBHOH s 

Ll 
I~P0· (S2l) . A 1 -L 1 

Ll L2 I =P0 (S=2}.(A2-+ A1-l 
L I L I 

L1 L2 
~ p 0 ( s = 3}. (A 8 L + A2 -L + 

I I 

1 • 
I= Po(S} • - ~ A•-J Ll+ I . 

L 1 J=-0 

La } 
A- • 

I L, {34) 

TaKMM o6pa3o M , Mbi BbtnOII.Illlll.ll nocTaanenayro aaaa'Iy no onpeac neHI!ro P 
0 

( s l : 

p o (S) 
L 1 

f A•-J ' LJ+I 
!=0 

(35) 

noJlCT8BIIB ( 26) II ( 35) B ( 20) II n pOH3 BOJl>l COOTBCTCT B y 10m11e 11pe o 6 p iJ30Ba tul!i!, 

TIO/Iy'IHM C'leTUy!O x apaK T epHCTI!Ky: 

fl = N,, -., --
'o 
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4.2. H a K 0 n H T e n b H bl I! p e }!{ H M 

EyneM C'IHTBTb, TaK }f{e KBK H nnn pa3paBHHBaiOmero pe)KHMa, 'ITO MepTaoe 

BpeMR no BXOUY UOCT8TO'IHO MBUO H OCHOBHbie UOTepH C'leTa UpOHCXOURT 38 C'leT 

Koaeqaoll eMKOCTH Ynn. PaccMoTpHM onay H3 3anaq aaKonaTenbHoro pe}f{HMa. npa 

pa6oTe C nynbCHpyiOWHMH HCTO'IHHK8MH H3Uy'IeHHR Ynn H8K8flllHB8eT HMUynbCbl ( KO

Uhi) H3 onaoll BCUbiWKH. CqaTbiBBHHe npoH3BOUHTCR B nay3ax Me}f{Jly BCUbiWKaMH • .Unn 

UpOCTOTbl 6yneM C'IHT8Tb, 'ITO BHyTpH H3MepReMOI"O HHTepaana HMnynbCbl pacnpene-

neHbl no 38KORy nyaccoaa. EcnH s - eMKOCTb Ynn, gl - BepoRTHOCTb noc-

TynneHHR HB BXOA HMnynbCOB 38 H3Mepl!eMblli HHTepB8U T H
3

M H B nay3ax 

Me}f{lly BCllbiWK8MH Ynn llOUROCTbiO OCBP60}f{Jl8eTCll, TO OTHOCHTeUbHbie UOTepH HH-

1 2/ 
ljlopM8UHH 6ynyT 

(37) 

B HeKOTOpbiX SKCUepHMeHT8X ( H8llpHMep, Bp9M9HHOH 8H8UH3) HHTepeCHO 3H8Tb 

H& TOUbKO CyMM8pHbie UOTepH, HO H p!ICUpeneneHHe BepOSITOOCTH UOTepb BHyTpH H3-

Mep><eMOI"O HHTepBana, T.e. : 

r = I( t) , rne 0 < t ~ T H3M. 

BepoRTHOCTb Toro, 'ITO HMnynbc, nocTynHBWHil aa axon B OTpe30K BpeMeHH ~t. 

OTCTORWHII OT H8'I8U8 H8 Bp9Mll t, 6yneT UOTepnH, p8BH8 BepORTHOCTli 38CT8Tb B 

aTo apeMn Ynn 3anonaeaaol!. 

(38) 

B Koaue H3Mepl!eMoro HHTepaana, rne noTepa 6ynyT MBKCHManbHbi, 

r 1 max (39) 

m:O g 
8 

+ m npeACT8BU!IeT BepoRTHOCTb UOCTynneHHll HB BXOll S H 6onee HMUyllb-

COB, pacnpeneneHHblX ITO 38KOHy nyaCCOH8 C cpenneil HHT9HCHBHOCTbiO No , H M0-

)!{9T 6biTb B3HTa H3 Ta6nau. 4To6bi yno6aee cpaBHHBBTb ( 37) a ( 39), nyTeM aecno}f{-
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Hb!X ~6paaoaa1mlt (37) MOJKHO npaaecTH x cneny10meMy Bllny: 

.. 
r = I 

m=O 

§ .. 
11 - I g 

•+m No , ~aM"'•O •+m+l 
(40) 

/42/ 
B pa6oTe paCCM8TpHB89TCR aanaqa Bhl60pa OUTHM8UbHOro COOTBOlli9HHR 

M6lKAY o6'beMOM YTIIl H CKOpOCTbiO CqBTbiB8BHR npB HMllYllbCBOM xapaKTepe llOCTyn

ne!mR aacj>opManHH a c'll!TbiB8HBH ee B nayaax. B cnyqae pa6oTw Yilil c acaosaol! 

naMSJTbiO TBna aenpepbiBHO ABHJKymeltcSJ neHTbi nonaoe oqameaae Yilil npHBeAeT K 

yMeHbmeHHIO 38UOnHeHBSI neHTbl BHcj>OpM8UHell, T.K. qucnO BMnynbCOB, .ll&ltQlln8HHhlX B 

xaJKAOM uaxne~6yAeT cTaTBCTaqecxa MeHSJTbCSJ. IloaToMy npeAnaraeTcSJ aenonaoe 

oqumeaae Ynn c nepeAaqelt B OCHOBHYIO U8MS!Tb 38 K&lKAbill UBKn p8BHbiX KOnaqeCTB 

cnoB. B aToM c nyqae HMeeT MecTo •BTOPH'!Hoe paapaBBHBaHHe•. 3aAaqa pelllanach 

MeTOAOM cT~THCTH'!ecxoro MonenupoBaHHSJ uccnenyeMoro npouecca ( MoaTe-Kapno) 

aa anexTpoaaoll uacj>posol! BbiqHcnHTenhHOi! Malllaae ( 3UBM). Iloanaee aTH JKe pe

aynhTaTbi 6binH nonyqeHbl nyTeM pemeBHSI Ha 3UBM CHCT6Mbl ypaBH6BHi! , OllHCbiBa-
/43/ 

IOrnelt pacnpeAeneaae BepOS!TBOCTell npe6biBaBHSI CHCTeMbl B n1060M H3 COCTOSIHHlf • 

HecMoTpSI na lliHpoKHe B03MOJKBOCTH 3UBM, oqeab TPYAHO yqecTb see peanh

Hbie ycnOBHSI, B KOTOpblX pa60T810T Yilil, ll09TOMy 6onbWOit HHTepec npencT8BllSI
/37/ 

eT C03A8HHe MonenB Yilil H CBSITHe X8p8KTepHCTHK B pe8llbHblX ycnOBHSIX • C 

UOMOIUbiO MOAenH 6hlllH npOBepeBbl H3BeCTHbie COOTBOWeHHSI MeJKny napaMeTp8MH 
I 181 121 Ynn B paapaBBBBaiOmeM H aaxonHTenbHOM peJKBMax, a TaKJKe CBSJTbi aasa-

CHMOCTB UOTepb Yilil, p860T8IOIUero B 6onee CilOlKHblX ycnoBHSIX ( HMUyllhCBbii! xa

p8KTep UOCTYUlleBHSI BHcj>OpMaUBH H Henpepb!BHaSJ nepeaanHCb ee B OCBOBHyiO UaMS!Tb), 

npB aaMeaeHHB B mHpOXHX npenenax qncna aanoMHBaiOmHx aneMeaToB, cpenaelt 

.cxopocTH nocTynneaHSJ HMnynhcos, speMeaaoro HHTepsana, B TeqeaHe xoToporo 

nocTynaiOT BMnynbCbi, a cxopocTH nepeaalillcH. PeaynhTaTbi aToll pa6oTbi B sune 

rpacj>uxos npHseneabi sa puc. 30. 
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