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BBe,lleHue 

Ilpn peaJIU3aUHH MH0rruc anropHTM0B JIHHeii:Hoii: anre6pIJ HCII0Jib3YIOTCJI [1,2] 3Ha'!e

HHJI K0HCTaHT BemecTBeHHIJii: apmpMeTHKH 3BM, a TaK:lKe rrpone.llypIJ BIJ,lleJieHHJI MaH

TUCCIJ U rropJI,llKa BemecTBeHHoro 'IHCJia. PeaJibHO MaIUHHHIJe K0HCTaHTIJ 3aBHCJIT OT 

apXHTeKTYPIJ KOHKpeTHOH 3BM. O3HaKOMHBIUHCI, C COOTBeTCTBy10meii: ,llOKyMeHTanneii: 

II0 apXHTeKType, UCIIOJib3yeMoii: 3BM, M0)KH0 II0JIY'IHTI, HH<pOpMaUHIO 06 3TillC K0HCTaH

TaX. Ho 3T0 "3HaKOMCTBO" Tpe6yeT, KaK H3BeCTH0, 3Ha'IHTeJibHIJX YCHJIHH KaK II0 II0HCKY 

C00TBeTCTBy10mero T0Ma 0IIHCaHHJI TexJIH'!eCKOH U rrporpaMMHOH ,ll0KyMeHTannu, TaK H 

"rpaMOTHOro" ero rrp0'!TeHHJI. Y'IHTIJBaJI 3T0 o6cTOJITeJibCTBO, B ,!(aHHOH pa6oTe npe,!(

JiaraeTCJI rrpocToii: anropIITM aBT0MaTH'!eCK0ro II0JIY'!eHHJI 6a30BIJX K0HCTaHT MaIUIIHHOH 

apH<pMeTHKU n, KaK CJle,!(CTBHe, II0HCKa MaHTHCCl,I II II0pJI.llKa BemeCTBeHH0ro 'IHCJia B 

qi9pMaTe naHnoii: 3BM. 

KaK H3BeCTH0 [1-3], n106oe BemecTBeHHoe 'IHCJI0 x B 3BM rrpencTaBJIJieTcJI B HopMa

JIH30BaHH0M ( C IIJiaBa10mef1 TO'!Koii:) BH,!(e: 

X = ±m•/3°, (1) 

rne /3(1 < /3) - 0CH0BaHne CHCTeMIJ C'!HCJieIIHJI ,!(aHIIOH 3BM, m - MaHTHCCa 'IHCJia x. 
Ilpn 3T0M m = 1t- + ~ + ··· + r,,"jj ~ m < 1,0 ~ d. ~ /3- l,d1-/= O,i = 1,2, ••• ,t, 
rne t - 'IHCJI0 /3-H'IHIJX pa3pJI,ll0B, 0TBe,!(eHHIJX ,!(JIJI xpaHeHIIJI MaHTHCCIJj e - rropJI,ll0K 

'!HCJia x(l ~ e ~ u), rne (l < 0,u > 0) - rpaHHUIJ nHarraJoHa H3MeHeIIHH rropJI,llKa. 

TaKHM o6pa30M,_IIOpMaJIH30BaHHOe 'IHCJI0 X HBJIJieTCH.K0He'!lll,IM paUH0HaJibHIJM 'IHCJI0M, 

rrpn6JIH)KaIOmHM 3a,!(aHH0e Bew:ecTBeHH0e 'IHCJI0 X E R. Ilpn 3T0M o6pa30M 6ecKOHe'!IIOro 

MII0:lKeCTBa BemecTBeHHIJX 'IllCeJI x E R HBJIJieTCJI pann0HaJibH0e 'IHCJI0 x H OIUH6Ka 

TaKoro IIpe.l(CTaBJieHHJI HMeeT BH,!( 

Ix _ xi < { c~, eCJin lxl < co,_ 
- lxlc1, eCJIH co ~ lxl ~ c 00 , 

(2) 

rne Coo - MaKCHMaJibII0e 'IHCJI0, rrpe.l(CTaBHM0e B ,!(aHHOH 3BM (MaIUHHHaJI 6ecKOHe'!

HOCTb), co - MHHHMaJibH0e 'IHCJI0, IIpe,!(CTaBHMoe B ,llaHHOK 3BM (MaIUHHIIblH nym,), 

Cl - 0TH0CHTeJibHaJI rrorpeIUH0CTI, BIJ'IHCJieHHH C H0pMaJIH30BaHIIIJMH 'IHCJiaMH ,!(aHHOH 

3BM. ECJIH lxl > c 00 , To 'IHCJio x He rrpH6JIH:lKaeTcH IIHKaKHMK MaIUHHHIJMH 'IHCJiaMH H B 

3aBHCHM0CTH OT IIpHIIHTOH B ,!(aHHOH cepHH 3BM K0HUeIIIIHH JIH6o rrpOHCXO,!(HT OCTaH0BKa 

("no rreperroJIHeHH10"), JIH6o x 3aMeHHeTcJI Ha c 00 • 

MIIo:lKeCTBO 'IHCeJI, rrpe.l(CTaBHMIJX YKa3aHHIJM BIJIUe (1)-(2) crroco6oM B JII06o:ii: H'Ieii:

Ke rraM11TH ,!(aHHOi 3BM, He HBJIHeTc11 6ecKoHe'IHIJM. B 3TOM MHO:lKeCTBe, KaK H3BeCTH0 

[2], He 6onee 2(/3 - l)/3t-1(u - l + 1) + 1 'IHCeJI. TaKHM o6pa3oM, Me)K,lly JII06IJMH .l(ByM11 

C0Ce,!(HHMH HOpMaJIH30BaHHblMH 'IHCJlaMH X1 H X2 (1) B COOTBeTCTBHH C aKCHOMaTH'IeCKOH 

TeopHei BenteCTBeHHIJX 'IHCeJI [5] HaxO,!(HTCH 6eCKOHe'IHO MHOro (xoHTHHYYM) Bem:ecTBeH

HIJX 'IHCeJI X. 

BIJrrOJIHeHHe apH<pMeTH'IeCKHX onepanH:ii Ha.I( 'IHCJlaMH C IIJiaBaIOntei TO'IKOH IIpHBO

,!(HT B CBOIO O'Iepe,!(I, K IIOHBJieHHIO onm6oK oxpyrJieHHH. ECJIH o6o3Ha'IHTb-© - JII06YIO 113 

apH<pMeTlI'I~CKHX onepanHi ( +, -, ·, /) Ha.I( 'IHCJiaMH x, y BH,!(a (1), TO .llJlH a6cOJIIOTHOH 

norpeIIIHOCTH pe3ym,TaTa HMeeT MeCTO HepaBeHCTBO 

t::,,. < { co, eCJIH Ix© YI < co, 

'"®11 
- Ix© Ylc1 + co, eCJIH co ~ Ix© YI ::; coo• 

(3) 

MoJKHO cymecTBeHHO CHH3HTb [1,2,4) BJIHHHHe HaKOIIJieHHJI t::,,.,.01/ Ha KOHe'IHblH pe3ym,TaT 

C IIOMOIIJ;l,IO TaK Ha3IJBaeMoii: apH<pMeTHKH 'IHCeJI C BblHeCeHHblMH nopH,ItKa.MlI. 
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Own6KH OKpyrJieHHJI (2)-(3) xapaKTepH3YIOTCJI, KaK BH,!lHO, Beru;ecTBeHHbIMH KOH

CTaHTaMH £00,£0 H £1. 8TH MaWHHHbie KOHCTaHTbI HHor.na 3aMeHJIIOT [1,2,4] CJie.ny10ru;nMH 

'leTbipLM.R nenbIMH KOHCTaHTaMH: /3, t, l H u. 3Ha'leHHJI KOHKpeTHOro U3 MYX YKa3aHHbIX 

Ha6opoB KOHCTaHT MoryT npHBO,!lHTLC.R, KaK 6bIJIO OTMe'leHO BbIWe, B pyKOBO,!lCTBax ,!laH

HOH BbI'IHCJIHTeJILHOH MaWHHbI. 

1. ll>opMaThl npe.ncTaBJieHH.R BeI.UeCTBeHHhIX 'IHCen B pa3nH'IHhIX THUax 

3BM 

B CJiy'lae, Kor.na JII06aJI KOHCTaHTa H3 YKa3aHHbIX Ha6opoB no KaKOH-JIH6o npH'IH

He, OTMe'leHHOH BbIWe, He ,!lOCTYIIHa, OHa MOllCeT 6bITl, BOCCTaHOBJieHa IIOJIL30BaTeJieM. 

IlpH 3TOM cymecTBeHHYIO poJIL nrpaeT HOpMaJIH30BaHHaJI cpopMa (1) npe,!lCTaBJieHHJI B 

8BM nemecTBeHHoro 'IHCJia. Ilpe.ncTaBJieHHe 'IHCeJI B BH'Ae (1) H BbIIIOJIHeHHe onepanH:ii 

Ha.n HHMH 6bIJIO peaJIH30BaHo [6] B 1954 r. B Bhl'IHCJIHTeJILHbIX MaWHHax NORC H 704 

q>HpMbI IBM. C Tex nop HOpMaJIH30BaHHhle 'IHCJia B pa3JIH'IHhlX KOHq>HrypanHJIX 8BM 

rrp~CTaBJI.RIOTCJI no-pa3HOMY B 3aBHCHMOCTH OT KOHKpeTHOH peaJIH3anHH KOMIIHJIJITopa H 

apn1TeKTYPhl KOHKpeTHo:ii 8BM. Ha pHc. 1 rrpHB~eHbI cpopMaTbI ( Bnympennee "no6um-

11,oe" npeacmaB.11,e11,ue) HOpMaJIH30BaHHbIX Beru;eCTBeHHbIX 'IHCeJI C MOHHOH TO'IHOCTLIO 

,!lJI.R paJJIH'IHbIX THIIOB 8BM. 

e m 

l±l±I +- I +- I - EC 8BM (/3 = 16) 
0 8 63 

m e m 
~ . 

I -t I -ti±l±I -t I - Vax,CM-4 (/3 = 2) 
0 6 15 63 

e m 

l±l±I +- I +- I _ { Convex C240, Sun, 
o 12 63 Spp 2000 (/3 = 2) 

m e 

I -t I -+ l±~I - IBM PC (/3 = 2) 
0 U ~ 

PHc. 1. <l>opMaTl,l npe.z.cTaBlleHH>I BeII1eCTBeHHLIX tJHCen C .IIBOHHOH TOtJHOCThlO pa:mHtJHLIX THllOB 

3BM. CTpenKoii (---t) YKa3aHl,l HanpaBJieHH>I B03pacTaHH>I CTapmwt .IIBOHtJHLIX pa3p>I.110B (6HTOB) 

MaBTHCCl,l H nop>1.11Ka, ± - 3HaK MaHTHCCl,l H nop>1.11Ka COOTBeTCTBeHHO 

B cpopMaTax 8BM paJJIH'IHbIX (n TOM 'IUCJie YKa3aHHbIX) TUJIOB rropMOK e H MaHTHcca 

m HOpMaJIH30BaHHoro 'IHCJia X np~CTaBJI.RIOTC.R n~pa3HOMy. 8To pa3JIH'IHe, KaK BH'AHO 

H3 npHB~eHHbIX BbIWe cpopMaTOB (p11c. 1), a TaKllCe npHBO,!lHMbIX HHllCe (pHc. 2) MO

H'IHbIX np~cTaBJieHH:ii 'IHcen, o6ycnoBJieHo cn~y10ru;nM. B paJJIH'IHbIX Tnnax 8BM MJI 

xpaneHH.R MaHTHCCbI m H nopMKa e, a TaKllCe HX 3HaKOB OTBO,!lJITC.R pa.311,i,ie MOU'IHbie 

pa3pJI'Ahl .R'leeK naM.RTH. IlpH 3TOM MK MOH'IHOro npe,!lCTaBJieHHJI yxaJaHHbIX BeJIH'IHH 

H HX 3HaKOB HCIIOJIL3YIOTC.R pa.311,U"i'll,bif KO,!lbI. CymecTBYIOT, xax H3BeCTHO [7,8], npJTM.ou, 

06pam11,i,iu, H aono.11,11,umMb'H,!,IU KO,!lbI. }lJI.a ynporu;eHH.R HJIJIIOCTpanHH paJJIH'lllH IIp.RMOl'O, 

o6paTHOro H ,!lOIIOJIHUTeJILHOro KO,!lOB pacCMOTpHM np~CTaBJieHH.R B 3THX KO,!lax nenbIX 

'IHCeJI H nemecTBeHHbIX 'IHCeJI C q>llKCHpOBaHHOH TO'IKOH. 

KaK H3BeCTHO [7,8], JII06oe nemecTBeHHOe 'IHCJIO X C gjv:r.;cupoBa'll,'11,0U TO'IKOH np~-
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cTaBJIJieTcJI B 8BM B Bn.ne 

X = ±(dn-11r-1 + ... + dofJ0 + d_1fJ-l + ... + d_.,fJ-") = ±dn-1 ... do, d_1 ... d_.,, (4) 

r.ne O s; d; s; /3 - 1. n H V 'IHCJIO {J-H'IHbIX pa3pMOB, OTBe,!leHHbIX ,!lJIJI neno:ii 'laCTH H 

.npo6Ho:ii 'laCTH 'IHC.Jia X COOTBeTCTBeHHO. llnJI npe,!lCTaBJieHHJI 3HaKa (±) 'IHCJia X OTBO

,!lHTCJI k(k 2 1) ,!lB0H'IHbIX pa3pAAOB. TaKHM o6pa30M, B cpopMaTe 3TOro npe.ncTaBJieHHJI 

q>HKCHpoBaH /3-H'IHhlH pa3pAA co.nepllCaru;H:ii do. Ecnn x - nenoe 'IHCJio, TO v = 0 H do 
6y.neT MJia.n1IIe:ii 3Ha•rame:ii nHcppo:ii 'IHCJia x. B cny'lae x - Beru;ecTBeHHoro v 'f O H d0 

6y.neT MJia.nwe:ii 3Ha•rame:ii nHcppo:ii neno:ii '!acTH 'IHCJia x. 
IlycTL x - nenoe HJIH nemecTBeHHOe c ¢HKCHpoBaHHOH TO'IKOH 'IHCJIO BH,!la (4). llpE

.Mbt.M -i.oao.M 'IHCJia x Ha3bIBaeTcJI nenoe ( k + n + v )-pa3pAAHOe 'IHCJIO [ x ]:p, orrpe.nenJieMoe 

[7] cpopMyno:ii ( 4) BMa 

. { ~dn-1 ... d1dod-1 ... d_., npH x 2 0, 

[x]k = k 
np ~ dn-1 ... d1 dod-1 ... d_., npH X S:: 0. 

k 

(5) 

06pamm,iM 1-oao.M 'IHCJia x Ha3bIBaeTcJI nenoe (k + n + v)-pa:ipJIAHOe 'IHCJIO [x]~6p, orrpe

,!leJIJieMoe COOTBeTCTBeHHO cpopMyJio:ii 

{ 

~dn-1 · . . d1dod-1 ... d_., rrpH X 2 0, 

[x]\ = k - - - - -
0 P ~ dn-1 ... d1 dod-1 ... d_., npH X S:: 0, 

k 

(6) 

r.ne J; = (/3-1)-d;(i = n- l, ... ,l,0,-l, ... ,-v). Jiono.11,11,ume.11,r,11,r,i.M -i.oao.M 'IHCJia 

X H33bIBaeTCJI nenoe (k + n + v)-pa3pAAHOe 'IHCJIO [x]tn, onpe,!leJIJieMOe COOTBeTCTBeHHO 

cpopMyno:ii 

{ 

~dn-1 · .. d1dod-1 .. . d_., rrpH x 2 0, 

[xt = k - - - - -
don ~dn-1 ... d1dod-1 ... d_.,GJL;.Q! IIpH X S:: 0, 

k k+n+v 

(7) 

r.ne [±]- onepanHJI apncpMeTH'lecKoro CJiollCeHHJI (Ha'IHHaJI c Mna.nwero npaBoro pa:ipma) 

6e3 rrepeHoca e,!lHHHnhl H3 CTapwero pa3pMa n - 1 B n (nepBbIH 3HaKOBbIH pa3pAA). 

CTap1II11e k pa3pAAOB ncex KO,!lOB Ha3bIBaIOT 3H3KOBbIMH, a OCTaJILHbie pa3pAAbI -

nncppoBbIMH. Ha npaKTHKe 'lame Bcero IIpHMeHJIIOTC.R KO,!lhl C k = 1 JI B o6o3Ha•reHHJIX 

xo.noB (x]k nepXHH:ii 3Ha'IOK k orrycxaeTc.a. 

KaK BH'AHO H3 rrpHB~eHHbIX cpopMyJI MJI HeOTpnnaTeJil,HbIX (x 2 O) nenbIX H Be

mecTBeHHbIX (c q>HKCHpOBaHHOH TO'IKOH) 'IHCeJI, rrpn O,!lllHaKOBOM 3Ha'leHHH k HX IIpJIMbie, 

o6paTHbie H ,!lOIIOJIHUTeJILHbie KO,!lhl conna.naIOT. ilJIJI OTpnnaTeJILHbIX 'IHCeJI BCe TpH KO

.na MellC.llY co6o:ii OTJIH'laIOTC.R. IlycTl, JIMelOTCJI, HarrpHMep, nenhle H nemecTBeHHbIC ( c 

q>llKCHponaHHOH TO'IKO:ii) 'IHCJia: 1 n 1., a TaJCJKe (-1) n (-1.). Tor.na HX MOH'IHhle rrpe.n

CTaBJICHHJI (npn k = 1) B yxaJaHHbIX Bhlme (5)-(7) Ko.nax ,!lJIJI JII06hlx 8BM rrpHHHMaI<>T 

Bll,!l, rrpllB~eHHbIH HlllKC B Ta6nnne 1. IlpH 3TOM B Ta6nnne 1 B03pacTaHHe nopAAKOBbIX 

H0MepoB MOH'IHbIX pa3pMOB (6HTOB) npoHCXC>.nHT crrpana HMeBo, a TaKllCC 3HaKOBbIM 

pa3pM0M 'IHCJia .RBJIJICTCJI n-:ii CTapllIHH (neBbIH) pa:ipm. 
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1(1.) 
Ta6nm~a 1 
-1(-1.) 

Ilp11MOH KO,!J; 

O6paTHblll KO,!I; 

.lionoJIHHTeJU,HbIH Ko,n 

0000 ... 0001 1000 ... 0001 

0000 ... 0001 1111 ... 1110 

0000 ... 0001 1111 ... 1111 

B CJiyqae JKe HOpMaJIH30BaHHOro 'lHCJia X ero nopll,!l;OK e H MaHTHCCa m MoryT npe,n

CTaBJillTI,Cll (KaK n;enble 'lHCJia) B 3BM B mo6oM H3 yKa3aHHbIX Ko,noB [6-8]. HanpnMep, 

B EC 3BM pa3pll,!l;bI 1-7 CJIJJKaT .nn11 npe,ncTaBJieHHll nopll,!l;Ka (xapaKTepncTnKn) e qnc

na x. Ilpn 3TOM B 3THX pa3pll,!l;ax nopll,!l;OK e npe,nCTaBJilleTCll B ,!l;OilOJIHHTeJILHOM Ko,ne H 

k = l, n = 6 ( CM. pnc. 11))- B cTapureM pa3pll,!l;e 6y,neT 1, eCJin e :::: 0, 0 - ecnn e < 0. 

MaHTncca npe,ncTaBJilleTc11 B nplIMoM Ko,ne. B VAX, IBM PC, Convex, Spp n Sun 3BM 

MaHTHCCbI npe,ncTaBJilllOTCll B npllMOM Ko,ne, a nopll,!l;KH - B ,!l;OIIOJIHHTeJILHOM KO,ne. 3Ha

'leHH11 BeJIH'lHH kn n B Vax 3BM k = l, n = 7 (cM. pnc. 12i), a B Convex, Sun, Spp 2000 

n IBM PC - k = l, n = 10 ( CM. pnc. 13),4))-

HnJKe (pnc. 2) npnBe,neHbI npnMepbI HOpMaJIH30BaHHoro npe,ncTaBJieHHll HeKOTOpbIX H3 

MaurnHIIbIX KOHCTaHT: co = ¼ · /JI - "MaIIIHIIHbIK" HJJIL, c:00 = (1 - f,) · /3" - "MaurnII

HM" 6ecKoHe'lHOCTL, £1 = ¼ · 132-t - OTIIocnTeJILHa11 norpeurHOCTL, 1 = ¼ • /31 - e.nnHnn:a 

n ¼ = ¼ • {3° - 'lHCJIO o6paTIIoe K OCHOBaHHIO cncTeMbI cqncneIIn11. Ilpn 3TOM Ha pnc. 

2 IIOKa3aHO KaK peanLHO yKa3aHHble 'lHCJia npe,ncTaBJillIOTCll B ,!l;BOH'lHOM Ko,ne C y'leTOM 

npHBe,neHHbIX BbIIIIe (pnc. 1) qiopMaTOB B ll'leKKax naMllTH 3BM yKa3aHHbIX THilOB. 

Convex C240, 

EC3BM Vax CM-4 Sun, Spp 2000 IBMPC 

¼ jo1000000000100---ool io---00000000100---ol joo111111111000---ool loo---000111111111001 

1 !01000001000100---ool lo---01000000100---ol !00111111111100---ooj joo---001111111111001 

c:1 !00110100000100---ool lo---00101001000---ol !00111100101100---ooj loo---001101001111001 

£~ 01111111111111 ·. -11 I 11 .. -11111111101- .. 1 I jo11111111110ll··•lll !11---110111111111101 

c:ojooooooooooo100---ooj jo---01000000000---ol !00000000000100---ool joo---001000000000001 
0 7 11 63 0 7 15 63 0 11 63 0 52 63 

Pnc. 2. Ilpe,llcTaBJieHne HOpMann3oBaHHhlX 'lncen ¼, 1, f:1, f:00 n.f:o B q,opMaTax pa.3JIH'IHhlX 3BM 

lfHqiopMan;n11 o qiopMaTax npe,ncTaBJieHHll qncen B 3BM BaJKIIa, B qacTHOcTn, npn 

BbI'lHCJieIIHllX C HCilOJI1,30BaHneM MaCUITa6npoBaHH11 (HopMHpOBKH) 'lHCeJI. :::ha npon;e,ny

pa peaJibHO MOJKeT npnBo,nnTL K 6onee ycTOK'lHBbIM BbI'lHCJieHnJIM Ha 3BM. H3BeCTHbI [1] 

,D;Ba cnoco6a MacurTa6npoBaHn11 qncen. IlycTL, nanpnMep, apnqiMeTn'lecKne BbI'lHCJieHn11 

na 3BM npon3B0,!1;11TC11 Ha,n MHoJKeCTBOM { x;} 'lHCeJI x;. Ilpn nepBoM cnoco6e itopMu

p0B11:u, npe.lK,Zle 'leM 3TH BbI'lHCJieHHll ocyw:ecTBHTL, 'lHCJia x; npe,nCTaBJilllOTCll B BH,D;e 

x; =a. (~x;) = ax; C Bew;ecTBeHHbIM CKaJillpOM a. Ilpn 3TOM [1] a MOJKeT 6bITI, BLI6pan, 

HanpnMep, B Bn,ne a = p, nn6o B Bn,ne a = mrx lx;I- Ilpn BmopoM cnoco6e '11,0pMU-

poBr.:U 'Ill'.CJia X; npe,ncTaBJiltIOTCll B BH,ne X; = /3e({3••-em;) = /3ex;, r,ne e;, m; - /3-H'IHLIK 

nopll,!l;OI: Ji MaHTHCCa 'lHCJia X;, ( - U:eJIOe 'lHCJIO, /3 - OCIIOBaHHe CHCTeMLI C'lllCJieHlUI. 

IIpH 3TOM < MO)KeT 6:LITL BbI6pan, HanpHMep, B BH,ne < = m;i,xe;, JIHOO B BH,ne cpe,nnero 
I 

apH<pMeTR'leCKoro 3Ha'leHHJI nopll,!l;KOB e1, e2, .... IloCJie BbIIIOJIIIeHR.ll YJ:a3alIHLIX IIOpMH-
poBOK peaJibIIall pa6oTa 3BM ocymecTBJI11eTc11 c 'lHCJiaMn x; nn6o x;. 
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Han6onee BblrO,D;HbIK, C TO'lKH 3peHHJI naKOIIJieHHll MHHHMaJII,HbIX ourn6oK H3-3a OKpyr

JieHHK B pe3JJILTaTe BbIIIOJIIIenn11 apnqiMeTn'leCKHX onepan:nii na 3BM, cnoco6 MacurTa-

6npoBa11n11 - BTOpoii [1] H3 yKa3aHIILIX BbIIIIe cnoco6oB. Ilpn TaKOM cnoco6e HOpMHpOBKR 

B cpe,nneM o6ecne'lHBaeTCJI 11a116onee 3<p<peKTHBllbIK peJK11M BbIIIOJIHenn11 ap11qiMeTJI'lec

KIIX onepan:nii Ha,n MaHTHCCaMn 'lllCeJI. 

PaccMOTpllM, nanpnMep, CJie,ny10w:y10 COBMeCTHJIO neBbipOJK,D;eHHJIO CHCTeMy JIIIHeii-

llHX anre6pa11qecKnx ypaBHeH11ii AX = Y: · 

[ 
1/4 

1/4 
(1 _ 2-55)r

127 
] [ x 1 ] _ [ 1 ] 

(1 - 2-56)2..!127 X2 - 1 

. TO'lIIbIM peure1111eM KOTopoii JIBJilleTcJI BeKTop X = ( 4, 0). O,nnaKo np11 peureHn11 3TOK 

cncTeMbI, 11anp11Mep, na VAX 3BM (c napaMeTpaMn /3 = 2,t = 56,l = -127,u = 127) 

MaTp11n:a CIICTeMbI "cTaHOBIITCJI" BLipoJK,nennoii. B caMOM ,nene, npn peurennn CHCTeMbI 

c noMOIIJ:I,IO nporpaMM, HanpnMep, DEQN,DBEQN 113 6n6nnoTeKn CERNLIB [9] (MeTo,n ra

ycca) n PS□L 113 naKeTa LINA [1] ( SV D-paJJioJKenne) BLI,naIOTCJI coo6w;eHnJI o BbipOJK

,nenHOCTH n naTanorn'leCKll IIJIOXOK o6yCJioBJiellHOCTll CHCTeMLI n peureHne ne naxo,nnTCJI. 

IIporpaMMa SLAY 113 6n6mmTeirn LIBJINR [10] (MeTo,n peryngpH3an;nn TnxoIIoBa) BLI'lnc

JIJieT BeKTOp-peuren11e xa = ( 4 + 10-15) 0) C a ~ 10-9) eCJill 3a,naeTCJI OTHOCHTeJII,HaJI 

ourn6Ka npaBOH 'laCTll ay = £1. Peurenne JKa3aHIIOH CHCTeMbI MeTO,!l;OM KpHTH'leCKHX KOM

IIOHeHT [11,12] c ncnoJII,30BamreM nporpaMM LinsysccmSolver, Lin3dsysccmSolver 113 

6n6nnoTeKn LIBJINR ,naeT pe3JJILTaTbI X = (4, 0) n X = ( 4, 0) cooTBeTcTBenno. 

ECJin npnMennTL MacurTa6npoBaHne no cToJI6n;aM c D2 = diag(l/4, (1- 2-56 )2-127) n 

D2 = diag(2-1, 2-127), r.ne D2 nonyqena nepBbIM, a D2 - BTOphlM cnoco6oM nopMHpoBKH 

cooTBeTCTBenno, TO nony'lnM peurennJI X = (4 + 10-17,0) n X = (4,0). OTc10,na BH,n

Ho, 'ITO BTOpoii cnoco6 HOpMllpOBKH npHBO,!J;HT K 6onee TO'lHOMY pe3ym,TaTy. OTMeTHM, 

HaKoHen:, 'ITO peurenne COBMeCTIIOH JillHeiiIIoii anre6panqecKoii cncTeM.bI AX = Y nopll,!l;

Ka m MOJKeT 6bITI, TaKJKe naii,neno C HCIIOJI1,30BanneM MaCIIITa6npoBaHHJl o6onx THIIOB: 

n-;1 AD2Z = D-; 1Y, r,ne X = D2Z. Ilpn 3TOM 

{ 
D1 = ~ag(a1, ... , am), 
D2 = diag(b1, ... , bm) HJIH { 

D1 = diag(/3•1 , ••• ,f3•m), 
D2 = diag(f3ht) .•. ) {3hm ), 

r,ne ,nnaroHaJibHble MaTpllU:hl Di, D2 nonyqeHLI nepBLIM n BTOpbIM cnoco6oM MaCUITa6n

poBaHHJI coOTBeTCTBemm. ECJin D2 = E (nn6o D 1 = E), r,ne E - e,nimn'lHM MaTpnn:a, 

TO MaCUITa6npoBanne 11331,IBaIOT CTpO'IHbIM ( CTOJI6n;eBbIM). 

<I>opMaTLI npe,nCTaBJieHHJI 'lHCeJI llCIIOJII,3JIOTCJI TaKJKe ,nmr II0JIJ'leHHJI KOIICTaIIT Be

w:eCTBeIIIIOH apn<pMeTHKH 3BM. 

2. AnropHTM nonyqenmI KODCTaBT Be~eCTBennoii apHct,MeTHKH 3BM 

HnJKe npHBO,!l;.lITCJI anropnTMhl aBTOMaTR'leCKOro IIOJIJ'leHRJI KOHCTaHT too, Eo H £1 Be

w:ecTBeHHOH apn<pMeTHKH 3BM, a TaKJKe U:eJibIX KOIICTaHT {3,t,l nu na ocHoBe anann3a 

qiopMaTOB npe,nCTaBJieHHJI HOpMaJill30BaHHbIX 'lHCeJI B naMJITH 3BM. 

KaK H3BeCTHO [6], B C0BpeMeHHbIX 3BM HOpMaJill30B3HHLie 'lllCJia npe,ncTaBJilllOTCJI B 

<pOpMaTax H3 8 6aHTOB (64 ,nBOll'lHbIX pa3p.ll,noB), a IteJILie 'lllCJia - B qiopMaTax 1!3 4 

6aiiToB (32 pa3p.ll,noB). 

B ocHoBe npe,nnarae:r.roro anropnTMa nexmT nopa3p1la'H,oe uccAeaoBa'ltue ifjopMama 

npe,ncTaBJieHHJI HOpMa.i"'IH30B3HHbIX 'lHCeJI B 3BM. IIycTL B qiopMaTe, HanpnMep, ll3 64 
,!J;BOll'lHbIX pa3pll,!l;OB npe,nCTaBJieHO HOpMaJill30B3HHOe "UICJIO /1 = (1.). Kom1pyeM 3TOT 
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q>OpMaT B .npyro:ii q>OpMaT r TaKo:ii JKe ,O:JIHHLI. IlpeJK,ne •reM OIIHC3Tb ,O:aJibHe:iimHe marH 

anropHTMa OTMeTHM CJie,nyrom:ee. ECJIH ,naHHall 8BM pa6oTaeT rrpH ocHOBaHHH {3 = 2, TO 

H3BeCTHO [6], 'ITO co.nepJKHMOe CTapmero 6HTa M3HTHCCLI MOJKeT xpaHHTbCJI H BHe <pop

MaTa. 8To o6ecrre'IHBaeT YBeJIH'IeHHe ,O:JIHHLI M3HTHCCLI Ha 0,0:HH pa3pH,D;. Ilo3TOMY rrpH 

{3 = 2 B pa3pa.nax <popMaTa, OTBe,O:eHHLIX ,O:JIJI xpaHeHHJI lllaHTHCCLI, B CJiy'Iae 1'1 = (1.) 

6y,nyT BCe HYJIH. 

IlpH
0

{3 > 2 (H IIpH {3 = 2, eCJIH e,o:HHHD;a M3HTHCCLI 1'1 ~ (1.) xpaHHTCJI B q>OpMaTe) 

B pa3pa.nax, OTBe,O:eHHLIX ,D;JIJI xpaHeHHJI M3HTHCCLI 'IHCJia 1'1 = (1.), 6y,nyT HYJIH H JIHllib 

O,O:Ha e,o:HHHD;a B CTapmeM {3-H'IHOM pa3pH,D;e M3HTHCCLI. 8Ta e,nHHHn;a HBJIJleTCJI M3lliHH

HLIM rrpe,O:CT3BJieHHeM 'IHCJia 1/{3. nnll XpaHeHHJI JII06o:ii 3Ha'Iam;e:ii IIH<ppLI OTO ,0:0 {3-1 
(rrpH OCHOBaHHH {3) 6y,neT OTBO,O:HTbCJI n13 - ,D;BOH'IHLIX pa3pH,D;OB q>OpMaTa. Cne,nOB3TeJib

HO MaHTHCCa 'IHCJia 1'1 = (1.) 6y,neT xpaHHTbCJI B BH,O:e e,D;HHUIILI B MJia,nmeM 113 n13 -

,D;BOU'IHLIX pa3pH,D;OB MaHTHCCLI q>OpMaTa r. 
IIycTb MaHTllCCa m1 H IIOpH,D;OK e1 'IUCJia ')'1 = (1.) xpaHJITCJI B IIpllMOM Ko.ne•l B 

q>OpMaTe r B BH,O:e .D:BYX e,o:HHHII B COOTBeTCTByrom;nx pa3pH,D;ax. Bee OCTaJibHLie pa3pH,D;LI 

q>OpMaTa r 6y,nyT rrpu 3TOM HyJieBLIMH. O603Ha'IHM HOMepa ,D;BOH'IHLIX pa3pH,D;OB q>OpMaTa 

r, B KOTOpLIX xpaHJITCJI e,o:HHHIILI COOTBeTCTBeHHO µ; H µj (cM. pHC. 3). 

1'1 = 1. : I 111 111 I r 
µj µ; 

PHc. 3 

IlpH 3TOM ,O:aJibHe:iimee OIIHC3HHe anropHTMa He 33BllCUT OT Toro HBJIJieTCJI JIU i > j 
HJIU Hao6opoT. IlpH6aBUM (1.)-e,o:HHHIIY K 'IHCJIY ')'1, T.e. IIOJIY'IHM B q>OpMaTe r 'IHCJIO 

')'2 = (,1 + 1.). Tor.na, eCJIH OCHOB3HHe {3 6LIJIO paBHO 2, TO B q>OpMaTe r, B KOTOpOM 

xpaHllTCJI Terrepb 'IHCJIO ')'2 = 2., e,O:HHHD;a MaHTHCCLI OCTaHeTCJI B rrpeJKHeM ,D;BOH'IHOM 

pa3pH.D:e µ;, a e,D;HHHn;a rropH,D;Ka rrepeMeCTHTCJI B CJie,nyrom;n:ii cTapmH:ii pa3pH.D: µj+l• Ilpu 

noM B pa3pH,D;e µj 6y,neT 0 (cM. puc. 4). 

')'2 = 2. : I 11°1 111 I r 
µj µ; 

PHc. 4 

8To o6yCJIOBJieHO TeM, 'ITO rrpu JII060M OCHOBaHUH {3 B n13-.D:BOH'IHLIX pa3pa.nax 6y,neT 

IIpe,D;CTaBHMa e,D;UHHD;aMU ({3 - 1) - M3KCUMaJibHall 3Ha'Iam;all IIH<ppa. IIonoMy 'IUCJIO {3 
- OCHOBaHue CHCTeMLI C'IHCJieHJIJI 6y.neT yJKe .D:BY3Ha'IHLIM H OHO rrpe.ncTaBJIJleTCJI B <pop

MaTe e,D;HHHn;e:ii B pa3pH,D;ax M3HTUCCLI H ,D;BOHKO:ii B pa3pH,D;ax rropa.nKa. Cne.noBaTeJibHO, 

eCJIH rrpOH30llieJI YK333HHLI:ii C,D;Bur e,D;HHHIILI B pa3pH,D;ax nopa.nKa, TO OCHOB3HHe {3 = 2 
Ha:ii.neHo. ECJiu yKa3aHHLI:ii c,D;Bur nopa.nKa He rrpouJomen, TO {3 > 2. Ho rrpu 3TOM e,nuHun;a 

M3HTHCCLI rrepeMem;aeTCJI B CJie,nyrom:n:ii pa3pH,D; µ;+ 1 ( CM. puc. 5). 

')'2 = 2. : I 111 11°1 Ir 
µj µ; 

PHc. 5 

B pa3pH,D;e µ; 6y,neT 0, a e,D;HHHD;a IIOpH,D;Ka OCTaHeTCJI B npeJKHeM ,D;BOH'IHOM pa3pH,D;e µj. 
nanee IIpH6aBJIJieM (1.)-e,o:HHHIIJ K 'IHCJIY ')'2 = (2.), T.e. IIOJIY'IHM B <popMaTe r 'IHCJIO 

')'a= (3.). Tor.na, eCJIH OCHOBaHHe {3 6LIJio paBHO 3, TO B q>OpMaTe r, B KOTOpOM xpaHHTCJI 

•lPaccylK,lleurui, no,11o6uL1e npHBQJlHMLIM HHJKe, HMeIOT MecTO H B cnyqae n106oro ,11pyroro KQJla npe.n

cTaBneum1 H0pManH30BaHHLIX 'IHCen. OTMeTHM TaKJKe, 'ITO npH n1060M 0CH0BaHHH {3-6a3UCHbU&tl (3ua,.. 

'I=HMH) llH4>paMH JIBnJIIOTCJI 0, 1, 2, • • • ,_6 - 1. 6 

},. 

V 

Terrepb ",o:By3H3'IHOe" 'IHCJIO 1'3 = 3., e,O:HHHD;a MaHTHCCLI B03Bpam:aeTCJI B pa3pH,D; µ;, pa3-

PAA l'i+l 6y,neT co.nepJKaTb o, a e,O:HHHD;a rropa.nKa rrepeMeCTHTCJI B CJie,ny10m:n:ii CTapmH:ii 

pa3pH,D; µj+l ( CM. pHC. 6). 

,a=3.:I 11°1 111 Ir 
µj /li 

PHc. 6 

ECJIH TaKo:ii C,0:BHr rropa.nKa He IIpOH30llieJI, TO {3 > 3 H anropHTM IIOHCKa {3 rrpo,noJIJKaeTCJI. 

MTaK, rrycTb {3 > 3. Tor.na B COOTBeTCTBHH C BLillie OIIHC3HHO:ii rrpon:e.nypo:ii 331IOJIHeHHJI 

,O:BOH'IHLIX n13-pa3pH,D;OB pa6oTa anropHTMa IIOHCKa {3 rrpeKpam;aeTCJI KaK TOJibKO rrpoucxo

,0:HT rrepeMem;eHHe e,O:HHHIILI rropa.nKa H3 pa3pH,D;a µ; B ,O:BOH'IHLIH pa3pH,D; µi+l• IlpH 3TOM B 

n13-.0:BOH'IHLIX pa3pH,D;ax MaHTHCCLI ,O:OJIJKHO 6LIJIO 6LI xpaHHTbCJI (B ,O:BOH'IHOM Ko,ne) 'IHCJIO 

{3, KOTopoe, KaK OTMe'IeHO yJKe BLime, HBJIJleTCJI .O:BY3H3'IHLIM rrpu OCHOBaHHH {3. Ilo3TOMY, 

KaK H IIpH OCHOB3HHJIX {3 = 2; 3, B MJia,nmH:ii H3 n13-.D:BOH'IHLIX pa3pH,D;OB rrepeMeCTHTCJI 1, 

a OCTaJibHLie ( n13 - 1 )-cTapmHX H3 3THX ,D;BOH'IHLIX pa3pH,D;OB 6y,nyT HyJieBLIMH. TaKHM 

o6pa30M, 6y,neT Ha:ii,neHO 'IHCJIO n13-,0:BOH'IHLIX pa3pH,D;OB, B KOTOpLIX xpaHHTCJI B ,O:BOH'IHOM 

Ko,ne ({3 - 1 )-MaKCHMaJibHall H3 3Ha•mm:ux IIH<pp 0' 1, ... ' {3 - 1 IIpH OCHOB3HHH {3 B BH,O:e 

{3 -1 = (µ;+nrl = 1) · 2np-l + (µi+nr2) · 2nr2 + · · · + (µ;+1) • 2 1 + (Jt;) • 2°, 

r.ne (µi+nri), (µi+nr2), (µ;+i), (µ;) - co,nepJKHMoe (1 HJIH 0) yKa3aHHLIX .D:BOH'IHLIX pa3-

pH,D;oB µ;+np-1,Jli+np-2,µ;+1,µ;. Ilpu 3TOM 1'k-l = {3-1 H ')'k = {3 xpaHJITCJI B q>OpMaTe r 
B BH,D;e (cM. puc. 7). 

"Yk-1 = ,8- i:I Ill l(µ;+n,-il • • • (µ;+1}(µ;)1 I r 
µj 

"Yk =,8: I 11°1 1°1 °111 Ir 
µj µi+nrl µ;+1 /Li 

PHc. 7 

MTaK, OCHOB3HHe {3 H n13-.D:BOH'IHLIX pa3pH,D;oB, B KOTOpLIX xpaHJITCJI 3H3'Iam;He IIH<ppLI 

o, 1, 2, ... ,{3- 1, Ha:ii.neHLI. 

B ,0:aJibHe:iimeM rpyrrrry H3 n13-.D:BOH'IHLIX pa3pH,D;OB 6y,neM Ha3LIB3Tb 0,0:HHM {3-H'IHLIM 

pa3pH,D;OM. Ha:ii,neM Terrepb KOHCT3HTY t - 'IHCJIO {3-H'IHLIX pa3pH,D;OB B M3HTHcce Hop

MaJIH30B3HHOro 'IHCJia. IlycTb B q>OpMaTe r rrpe,nCTaBJieH HYJib (,o = 0.). Ilpu 3TOM Bee 

,D;BOH'IHLie pa3pH,D;LI q>OpMaTa (B TOM 'IHCJie {3-H'IHLie pa3pH,D;LI MaHTHCCLI) 6y.nyT HyJie

BLIMH. IIpu6aBHM K 'IHCJIY ')'o 'IHCJIO 81 = ({3 - 1)/ {3. Tor.na rrony'IHM B <popMaTe r 'IHCJio 

')'1 = ')'o + 81. Ilpu 3TOM B n13-.D:BOH'IHLIX pa3pH,D;ax /'i+np-1, µi+np-2, ... , µ;+l, µ; 6y.neT xpa

HHTbCJI 'IHCJIO {3 - 1 c y'IeTOM Toro, 'ITO {3 - OCHOBauue CHCTeMLI C'IHCJieHHJI, a Bee 

OCTaJibHLie pa3pH,D;LI <popMaTa r 6y,nyT HyJieBLIMH (cM. pHC. 81),2))-

~1 ')'1 = /3 : 1°1 l(µ;+n,-il · · · (1,,+1)(µ,JI 
µj 

Ir 
~1 1°11 .6-1 I Ir ')'1 = /3 : 

µj T/1 

i. = I 111 1°1 0111 Ir 
µj µ;+np-1 µ;+l /li 

PHc. 8 

O6o3H3'IHM 3TOT {3-H'IHLI:ii pa3pH,D; B BH,D;e f/1 (puc. 821)- Ilpu6aBHM Terrepb K 'IHCJIY ')'1 
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'IHCJIO S2 = (/3- 1)//32 = sif {3. Tor,Aa B <popMaTe T ,AOJDKHO 6y,AeT xpaHHThC11 'IHCJIO 

'"f2 ='"fl+ S2 = 0.((3 - l)(/3 - 1). 

ECJIH t = 1, TO B ,ABOH'!HhIX pa3p!1,Aax µ; H µ; <pOpMaTa T 6y.AyT e,AHHHU:hl, a Bee OCTaJihHhle 

pa3p!1,Ahl <popMaTa 6y.AyT HyJieBhIMH ( CM. pnc. 83))- 8To o6yCJioBJieHO CJie.n;y10m1IM o6CTO

J'ITeJihCTBOM. ECJIH ,AJIJI xpaHeHHJl MaHTHCChl npn OCHOBaHHH f3 6blJIO OTBe,D;eHO TOJlhKO · 

nJJ-.ABOH'!HhIX pa3p!1,AOB, TO 'IHCJIO 'Y2 = 0.(/3-1)(/3- 1) yJKe He MOJKeT 6b1Th npe.n;cTaBJie

HO B 3THX nJJ-.ABOH'!HhIX pa3p!l,Aax. Ilo3TOMY OHO 6y.n;eT 01-py211,e11,o Jo edu1tU'lfb!, KOTOpall: lI 

npe.n;cTaBJIJleTCJl B <popMaTe TB Bll.D:e puc. 83)· ECJIH JKe .D:JIJl xpaHeHlIJl MaHTlICChl OTBe.l(eHo 

6onee .ABYX /3-H'!HhIX pa3p!1,AOB (T.e. t 2: 2), TO 'IHCJIO 'Y2 6y.n;eT xpaHIIThCJl B qiopMaTe TB 

BII.Ae, npe.n;cTaBJieHHOM Ha pnc. 9. 

1'2 = ")'d 82: I 1°1 I.B- 11.B- y I T 
µ; 'f/1 'f/2 

PHc. 9 

IIpo,zi:oJIJKaJl 3TOT npon:ecc npn t > 2, nony'!aeM '!HCJia 'Yt = 'Yt-l + (/3- 1)//31
. Ilpu 3TOM, 

eCJIH ,D;JIJl xpaHeHIIJI MaHTlICChl 'IHCJia OTBO.D:HJIOCh t /3-H'!HhlX pa3p!1,AOB, TO B HTore '!HCJIO 

'Yt 6y.n;eT xpaHHThCJl B <pOpMaTe r B Bll.D:e, npe.n;cTaBJieHHOM Ha pnc. 10. 

'Yt : 1°1 1.B- 11.B- y I.B - 11 T 

µ; 'f/1 'f/2 T/t 
PHc. 10 

ECJIII Teneph K 'IHCJIY 'Yt .n;o6aanTh 'IHCJIO (/3 - 1) / (31+1, TO 'IHCJio 'Yt+l 

'Yt+l = 'Yt + (/3- l)//3
1
+1 = 0. (/3- 1)(/3- 1) • • • (/3- 1)(/3-1) 

t+l 

.D:OJIJKHO 6y.n;eT xpaHlIThCJl TaKJKe B <popMaTe r B BH.n;e, npe,D;CTaBJieHHOM Ha pnc. 10, 'ITO 

HeB03MOlKHO no BhlllleyKa3aHHOlI npH'IHHe irpn t = 1; 2; .... B pe3yJihTaTe npOH30H,D;eT 

oKpyrneHne '!HCJia 'Yt+l ,AO e,AHHIIU:hl II cMeHa <popMaTa (pnc. 10) Ha qiopMaT pnc. 83)· 

TaKIIM o6pa30M, CMeHa <pOpMaTOB T (pnc. 8, npu t = 1, pnc. 9, npn t = 2, H pnc. 10, npn 

JII060M t), B KOTOphIX xpaHJlTCJl 'IHCJia 'Y1, 'Y2, ···,'Yt, Ha <popllrnT pnc. Sa), CBII.D:eTeJihCTByeT 

0 TOM, 'ITO 'IHCJIO t {3-H'IHhIX pa3p!1,AOB HaH.n;eHO. 

HaiJ,Je,M, menepr, ne-.ABOH'IllhIX pa3p!1,AOB, OTBe,AeHHhIX ,AJIJI xpaneHHJl nop.smKa HOpMa

JIH30BaHHOro 'IHCJia. IlycTh B <popMaTe T npe,D;CTaBJieHO 'IHCJIO 'Yo = 1/ {3. Ilpn 3TOM B 

pa3p!1,Ae µ; 6y.n;eT e,AHlllIU:a MaHTHCChl, Bee OCTaJihHhle pa3p!1,Ahl <popMaTa 6y.n;yT HyJieBhl

MH (pnc. 11). 

1. 
'Yo = "jj • I 1°1 1°1 °111 IT 

µ; µ;+nrl µ;+l µ; 

PHc. 11 

YMHOJKHM 'IHCJIO 'Yo na 'IHCJIO q = 1/ {3. Tor.zi:a B qiopMaTe r .D:OJIJKHO 6y.n;eT xpaHHThCJl 

'Yl = 1 / /32. ECJIH npH 3TOM ,AJ!Jl xpaHelllIJI nop.smKa OTBO,AHJICJI O,AHH ,ABOH'!Hhlll pa3p!1,A C 

y'!eToM 3HaKa, To l = 0 Haii.n;eHo. Eorn JKe Ill > 0, TO B <popMaTe .T 6y.n;eT xpaHHThCJl, c 

y'!eTOM OCHOBaHHJl /3, 'IHCJIO 'Yl = 1/ /3 2 = 0, 01, 'ITO npe.ACTaBJieno Ha pnc. 12. 
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1 • 
'Y1 = "jj'i. 111 111 111 I T 

µ;+n, µ; µ; 
PHc. 12 

TaKHM o6pa30M, B pe3Y.llh,TaTe B nop!l,AKOBOM pa3p!1,Ae µ; IlOJIBHTCJI (-1), 3HaK KOTopoi 

xpaHHTCJI B pa3p.sme•l µ;+n,' a pa3p!1,Ahl MaHTHCCi:,I He H3MellJlIOTCJI. lITaK, eCJIH l = -1, TO 

l nai.zi:eHo. IlycTh Teneph l < -1. Tor,Aa CHOBa YMllOlKHM 'IHCJIO 'Yi Ha '!HCJIO q = 1/{3. B 

pe3yJihTaTe IlOJIY'IHM C y'!eTOM OCHOBaHHJl f3 'IHCJIO 'Y2 = 1//33 = 0,001, KOTOpoe .D:OJIJKHO 

6y.n;eT xpaHHThCJl B <popMaTe T B BII.Ae, H3~6paJKeHllOM Ha pnc. 13. 

1 . 
'Y2 = "ii3. 111 11°1 111 IT 

µ;+n, µ;+1µ; µ; 
Pnc. 13 

B <popMaTe T (pnc. 13) MOJKeT TaKJKe xpaHHThCJl 'IHCJIO 'Y3 = 1/ {3 4 = 0, 0001. Ilpn 3TOM 

<popMaT npHHHMaeT BII.A, npe.ACTaBJieHHhlll Ha pnc. 14. 

1 • 
'Y3 ="if'. 111 1111 111 IT 

µ;+n, µ;+1µ; µ; 
Pnc. 14 

TaKHM o6pa30M, eCJIH .D:JIJl xpaHeHHJl nop.smxa l OTBO,D;HJIOCh rpn ,ABOH'IHhIX pa3p!1,Aa 

(ne = 2) c y'IeTOM 3HaKoBoro pa3p.sma, TO l = -3 Hai.zi:eno. Ilpo,AOJIJKaJl 3TOT npon:ecc, 

Hai.zi:eM '!HCJIO l, KOTOpoe 6y.n;eT xpanHThCJl B ne-.ABOH'!HhIX pa3p.smax <popMaTa TB BlI,ll;e, 

npe.ACTaBJiellHOM Ha pnc. 15. 

'YI= 131~1 : 111 1111 111 IT 
µ;+n, µ;+1µ; µ; 

Pnc. 15 

lITaK, Hai.n;eHO 'IIICJIO co = !f31 - MHHIIMaJihHOe H3 npe.n;CTaBHMhIX B <pOpMaTe ,AaHHOH 

8BM. Kax yJKe OTMe'!eHo Bhlllle, Bee BemecTBeHnhle '!UCJia x E R, y.AoBJICTBopJ110mue 

ycnoan:10 lxl < co, 6y.AyT MallIHHHhIMII HYJIJlMH ( CM. pnc. 16). llnH coBpeMeHllhIX 8BM 

BCJIIl'!Hlla co(co < f3-l. 5t) o6bl'!HO HaxO,D;HTCJl B npe.AeJiax 10-38 ·- 10-308 [3,6). 

-coo -1 -c1 -co O co Cl 1 coo 
Pnc. 16 

Haii,JeM, 11,a1-01tetf, 'IHCJIO Coo - MaKCHMaJihHOC H3 npe.n;CTaBIIMhIX B <pOpMaTe ,AaHHOH 

8BM, OTJIH'IllOC OT MallIHHHOH 6ecKOHC'!llOCTH (cM. puc. 16). Ilpn 3TOM, KaK OTMC'!eno 

Bhlllle, ace BemecTBennhle 'IIICJia x E R Bll.D:a lxl > coo 6y.n;yT MallIHllHhll\Ill 6ecxoHe'!Hoc

TJlMH. B COOTBeTCTBHII C onpe.AeJienneM co B <popMaTe C IIJiaBaIOmei TO'IKOH 'IHCJIO Coo 

onpe,D;eJIJlIOT [3) B Bll.D:C £00 ;::: co
1
• lfTaK, nycTh £00 ;::: co

1 
XpaHHTCJl B <pop.r,rnTe T. Tor.zi:a, 

eCJIH B qiopMaTe T MOJKeT xpanHThCJI /3foo, TO coo = /3€00 • Bee 'IHCJia Ix! > c 00 C'!H

TaIOTCJI MallIHHHhIMII 6ecKOHe'!HOCTJlMH. Ilpn 3TOM, CCJIH np11 Bhl'IlICJICllHJlX IlOJIY'JaCTCJI 

Ix! > coo, TO B 3aBHCHMOCTII OT nplIHJlToi B ,AaHHoi 8BM KoHn:emum (np1111n:1In yMoJI'!a

HHJI), n1160 lxl nonaraIOT paanhIM c 00 , nn6o Bhl'IHCJIIITeJihHhIH npon:ecc ocTaHaBJI1IBaeTCJl. 

lITaK, nai.zi:eHo '!HCJIO c00 - MaKCIIMaJihHOe 113 npe,zi:cTaBIIMhIX B <popMaTe ,AaHHoi 8BM 

c nnaaa10mei TO'!Koi. 

•)JlBOH'IHLIH pa.:ip,m µ;+n. - 3HaKOBLIH pa.:ip,m nopl!,!!Ka M021CeT 6LITL B mo6oM MeCTe 4>opMaTa. Jlmr 
HarnJI,!lHOCTH HaMH BLI6paH KpaftHe neBLIH ,!lBOH'IHLIH paap,m <pe>pMaTa. 
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TaxnM o6pa30M, B C00TBeTCTBHH C npe.nc·TaBJieHHhlM Bhlllle aJir0pHTM0M MoryT 6hlTb 

aBT0MaTH'IeCKH HaH,ZJ;eHhl e,ZJ;HHCTBeHHhle 6a3HCHhle K0HCTaHThl (/3, t, l, u n coo, co, ci) Be

IqeCTBeHHO:ii: apnq>MeTHKH C nnanaIOme:ii: TO'IKO:ii: ,ZJ;aHHoro K0MnbIOTepa. 

3. OnHcaHHe nporpaMM noJiy'leHHJI K0HCTaHT nemecTBeHHOH apmt,MeTHKH 

3B:tv:J: 

B 3T0M naparpaqie npHB0,ZJ;HTCJI onncaHne nporpaMM: !NIT - noJiy'IeHHJI K0HCTaHT 

nemecTBeHHo:ii: apnq>MeTHKH 3BM, a TaK)Ke nony'IeHHJI napaMeTpon HacTpo:ii:Kn qiyHKn;H:ii: 

GTEXP - Bhl,Zl;eJieHHJI MaHTncc1,1 n nopJI,ZJ;Ka nemecTBeHHoro 'IHCJia n CHEXP - noccTaHan

JieHHJI nemecTBeHHOro 'IHCJia no ero M3HTHCCe H nopAAKy. IlpHBO,Zl;Jl:TCJI TaK)Ke HeKOTO

p1,1e pe3yn1,TaThl pa6oThl nporpaMMhl !NIT, a TaK)Ke TeKCThl nporpaMM !NIT, GTEXP, 
CHEXP. IlporpaMMhl HanncaHhl Ha <I>opTpaHe-77 [13] n Ha 0CHOBe anropHTMOB noJiy'IeHHJI 

KOHCTaHT nemecTBeHHO:ii: apHq>MeTHKH 3BM, H3JIO)KeHHhlX B naparpaqie 2. 

OnncaHne nporpaMMhl !NIT 

Cmpy1>mypa: SUBROUTINE 
B11,e111,11,ue nodnpozpa.M.Mbt u rfiy11,1>14uu: INITP - no,nnporpaMMa ne'!aTH Bhl'IHCJieHHhlX 

M3IIIHHHhlX K0HCTaHT 

0611./ue 6ao1>u: COMMON /RCONST / OVFLO, UNDFLO, EPS, EPSMIN 
COMMON /!CONST/ RADIX,MAXEXP,MINEXP,MANTSZ 
COMMON /ICHGT/ INO,ILT,MNE1,MNE2,INB,LWT,KB,BINV 

06paU1e11,ue: CALL !NIT, eCJIH ne'!aTb Bhl'IHCJieHHhlX KOCTaHT He Tpe6yeTcJI; 

CALL INITP' eCJIH KOHCTaHThl ne'IaTaIOTCJI 

Bxodubie dauubte: HeT (T.K. no,nnporpaMMa onpe,nenJieT 6a3oBhle KOCTaHThl ,naHHo:ii: 3BM) 

Bbtxodubte dauubte: nemecTBeHHhle KOHCTaHThl c 00 ,co,ci,c2 = ci//3 n n;en1,1e KOHCTaHThl 

{3, u, l, t. Bhl,Zl;aIOTCJI B 6noKax RCONST n !CONST B yKMaHHhlX nocne,nonaTeJibHOCTHX 

COOTBeTCTBeHHO. B 6JIOKe ICHGT co,nep)KaTCJI cne,nyIOmne Bhl,Zl;eJieHHhle napaMeTphl 

HacTpo:ii:Kn qiyHKU:HH GTEXP , CHEXP : 

BINV - (rea1*8) nemecTBeHHoe TIHCJIO panHoe 1//3; 

KB - (integer) HOMep noJIOBHHLI 4>opMaTa, B KOT0pOM xpaHHTCJI MJia,ZJ;IIIHH pa3pAA 

rropJI,ZJ;Ka HOpMaJIH30BaHH0ro 'IHCJia; 

LWT - (integer) npe,ncTaBJieHne n;enoro nopJI,ZJ;Ka e = 0 B pa3pAAax qiopMaTa, OTBe

,neHHhlX MJI rropJI,ZJ;Ka; 
IND - (integer) KOJIH'IeCTBO /3-H'IHhlX pa3pH,Zl;OB, 0TBe,ZJ;eHHhlX ,ZJ;JIJI nopJI,ZJ;Ka C y'IeTOM 

ero 3HaKa (n 4>opMaTe MH xpaHeHHJI nemecTneHH0ro 'IHCJia); 

INB - (integer) KOJIH'IeCTBO /3-H'IHhlX pa3pH,Zl;OB, 0TBe,ZJ;eHHhlX ,Zl;JIJI MaHTHCCl,I C y'Ie

T0M ee 3HaKa (n 4>opMaTe MH xpaHeHHJI nemecTBeHHoro 'IHCJia); 
MNE1 - (integer) rrpH3HaK Ko,na (e > 0)-noJIO)KHTeJibHoro nopAAKa. Ilpn 3T0M 

MNE1 = [e]~.a - e (cM. rraparpa4> 1); 
MNE2 - (integer) npH3HaK K0,ZJ;a (e < 0)-oTpnn;aTeJibHOro nopJI,ZJ;Ka. Ilpn 3TOM 

MNE2 = (e]~00 - e (cM. naparpaqi 1); 

Memod: aJiropHTM rrony'IeHHJI KOHCTaHT nemecTBeHHo:ii: apnq>MeTHKH 3BM, H3JIO)KeHHLI:ii 

B naparpaqie 2. 
Jle11,amb: IIO,Zl;IIporpaMMa INITP Bhl'IHCJI.i.teT H rre'IaTaeT K0HCTaHTl,I nemecTBeHHO:ii: apnqi

MeTHKH 3BM. 
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<l>yHKD;HH GTEXP' CHEXP Bhl,Zl;eJIJIK>T MaHTHccy H nopH,Zl;OK H, CO0TBeTCTBeHHO, BOCCTa

HaBJIHBaK>T no HUM nemecTBeHHOe 'IUCJIO. Ecnu npu 3TOM co,nepJKUMOe 6JIOKa ICHGT y)Ke 

cqiopMuponaHo, TO qiyHKn;uu GTEXP, CHEXP pa6oTaK>T 6e3 npe.nnapuTeJibHOro o6pameHUJI 

K !NIT. B npOTUBHOM CJIY'Iae, nepe.n o6pameHUeM K q>yHKD;UJIM, CHa'IaJia Bhl3hlBaeTCJI 

!NIT. 

OnucaHJre nporpaMMhl GTEXP 

Cmpy1>mypa: DOUBLE PRECISION FUNCTION 

Bueumue noonpo2pa.M.Mu u rfiy11,n14uu: HeT 

06utue 611,onu: COMMON /ICHGT/ INO,ILT,MNE1,MNE2,INB,LWT,KB,BINV 
06pauteuue: RM=GTEXP (R, E) 

Bxoom,ie Ja11,n1,ie: R - (real*8) nemecTBeHHOe 'IUCJIO, nopJI,ZJ;OK u MaHTUCCa KOTOporo Bhl

,ZJ;eJIJieTCJij 6noK ICHGT co,nepJKUT HacTpoe'IHhle rrapaMeTpLI, onpe,neneHHLie B !NIT 
(unu 3apaHee U3BeCTHhle) 

Bbtxoonbte Januue: RM - (reah8) co,nep)KUT Bhl,ZJ;eJieHHYK> MaHTuccy 'IUCJia R; E -
(integer) co,nep)KUT Bhl,Zl;eJieHHhl:ii: nopAAOK 'IUCJia R 

Memoo: noru'!ecKue onepan;uu no Bhl,Zl;eJieHuK> MaHTUCCLI u nopAAKa c y'IeToM nHq>OpMa-

n;uu 6JioKa ICHGT. 

OnucaHue nporpaMMLI CHEXP 

Cmpy1>mypa: DOUBLE PRECISION FUNCTION 
Bne111,11,ue noonpo2pa.M.Mbt u rfiynn14uu: HeT 

06U1ue 6.n,o1>u: COMMON /!CONST/ RADIX,MAXEXP,MINEXP,MANTSZ 
COMMON /ICHGT/ INO,ILT,MNE1,MNE2,INB,LWT,KB,BINV 

06paU/enue: R=CHEXP (RM, E) 

Bxod11,ue Jannbte: RM - (rea1*8) MaHTucca 'IUCJia R; E - (integer) rropJI,ZJ;oK 'IUCJia R; 
6JioKH !CONST u ICHGT co,nep)KaT 3JieMeHTLI, onpe,neneHHLie B !NIT (unu 3apaHee 

H3BeCTHhle) 

Bbixooubl.e dannue: R - (real*8) co,nep)KHT nemecTBeHHoro 'IUCJia {31 -RM=R 

Memod: JIOrH'IeCKUe onepan;HU no BOCCTaHOBJieHUIO BemecTBeHHOrD 'IUCJIO no M3HTUCCe 

n nopAAKY c y'IeTOM HHq>opMan;nn 6noKoB !CONST, ICHGT. 

Ilpu.Mep: Bhl,Zl;eJIHTh Ha IBM PC (/3 = 2, t = 53, l = -1021, u = 1024) MaHTucc1,1 n rropAA

KH BemecTBeHHhlX '!Hcen: 1 = } • /31 
- e,nuHHU:hl, c 1 = } • {32- 1 - OTHOCHTeJihHo:ii: 

norpellIHOCTH, co = } ·/31 
- "MallIHHHoro" HYJIH H c 00 = (1-f,-) •/Ju - "MallIUHHm'i" 

6ecKOHe'IHOCTH, a T3K)Ke B0CCTaH0BHTb 3TH 'IHCJia no HX MaHTHCCaM H nopJI,ZJ;KaM. 

Hn)Ke npHBO,!l;JITCJI TeKCT nporpaMMLI pellleHHJI 3TOH 33,!J;3'IH, a T3K)Ke Ta6JIHD;hl 2 H 

3 pe3yJibTaTOB pa6oThl nporpaMMLI. 

PROGRAM TEST 
IMPLICIT REAL•8 (A-H, 0-Z) 
INTEGER RADIX 
COMMON /RCONST/ OVFLO,UNDFLO,EPS,EPSMIN 
COMMON /!CONST/ RADIX,MAXEXP,MINEXP,MANTSZ 
CALL !NIT 
D1=GTEXP(1DO,I) 
DE=GTEXP(EPS,J) 
DO=GTEXP(OVFLO,L) 11 



C 

DU=GTEXP(UNDFLO,K) 
D=1D0 
PRINT1,D,D1,I,EPS,DE,J,UNDFLO,DU,K,OVFLO,DO,L, 

1 FORMAT(10X,'tm:CR0',10X,':',6X,'MAHTHCCA',6X,': ITOP5UIOK',/, 
* 25( ,_'), 
* '+',20('-'),'+',8('-'),4(/,E24.15E3,' :',F19.16,' : ',I5),/) 

CALL SUB(D1,I,DE,J,DO,L,DU,K) 
STOP 
END 

SUBROUTINE SUB(D,I,DE,J,DO,L,DU,K) 
IMPLICIT REAL•B (A-H, 0-Z) 
D1=CHEXP(D,I) 
EPS=CHEXP(DE,J) 
OVFL=CHEXP(DO,L) 
UNDF=CHEXP(DU,K) 
PRINT1,D,I,D1,DE,J,EPS,DE,K,UNDF,DO,L,OVFL 

1 FORMAT(6X,'MAHTHCCA' ,6X,': ITOP5UIOK:',10X,'tm:CR0',/,20('-'), 
* '+',8('-'),'+',25('-'),4(/,F19.16,': ',I5,' :',E24.15E3)) 

RETURN 
END 

Ta6nm:i:a 2 BbiJe.11,e'll,'ll,b!X .Ma'll,mUCC u nopllJ'l\:OB BeU/eCmBe'll,'11,b!X 'l/,UCe.t£: 1 = ¼ · /Jl, 
c1 = ¼ · {32-t, co = ¼ · {31 II coo = (1 - f,) · {Ju 

t-llfCRO MAHTHCCA ITOP51IlOK 
------------------------+--------------------+--------

.100000000000000E+001 

.222044604925031E-015 

.222507385850720E-307 

.179769313486232E+309 

.5000000000000000 1 

.5000000000000000 -51 

.5000000000000000 -1021 

.9999999999999999 1024 

Ta6nmi:a 3 Boccma11,0B.t£e11,11,Mx no .Ma11,mucca.M u nopllJ'l\:a.M Be1J./eCmBe11,11,bix 'l/,Uce.11,: 

l. {Jl - 1 l. f32-t - ~l l. {Jl - ~o II (1 - 1...) • {Ju = C 
(3 - ' (3 - C, ' (3 - ~ {3' 00 

MAHTHCCA ITOP5UIOK: '1-llfCRO 
-------------------+--------+-------------------------

.5000000000000000 1 

.5000000000000000 -51 

.5000000000000000 -1021 

.9999999999999999 1024 

.100000000000000E+001 

.222044604925031E-015 

.222507385850720E-307 

.179769313486232E+309 

Pe3yn&TaT:&I pa6oTLI nporpaMMbl INIT 

IlpHBe,zi:eM Ta6JIII11:hl 4 II 5 KOHCTaHT Bem;eCTBeHHOH ap11qiMeTJ1Kll 3BM, II0JIY-,IeHHhle 
C IIOll!Om;blO nporpaMM.bI INIT' TeKCT KOTOpo1'i IIpIIBO,ll:IITC11 HII)Ke. IlpII 3TOM B Ta6JIII11:aJC 
Bem;eCTBeHH.bie 'IIICJia coo, co, c1, c2 rrpe,zi:cTaBJieH.bI B ,zi:eC11Tll'IHOil: CllCTeMe C'IIICJieIIll11. 
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Ta6nH11:a 4 
THII 3BM {J l u t c2 = ci//J 
Convex 120, Sun, 
Spp 2000 2 -1021 1024 53 1.110223024625157E-16 
Convex 240 2 -1023 1023 53 l.110223024625157E-16 
Vax,CM-4 2 -127 127 56 1.387778780781416E-17 
IBM PC 2 -1021 1024 53 1.110223024625157E-16 
EC3BM 16 -64 63 14 1.387778780781416E-17 

Ta6nH11:a 5 
TIIII 3BM I co I coo I c1 
Convex 120, Sun, 
Spp 2000 2.225073858507201E-308 1. 797693134862316E308 2.220446049250313E-16 
Convex 240 5.562684646268003E-309 8.988465674311579E308 2.220446U49250313E-16 
Vax,CM-4 2.938735877055719E-039 1. 701411834604692E038 2.775557561562891E-17 
IBM PC 2.225073858507201E-308 1. 797693134862316E308 2.220446049250313E-16 
EC 3BM 5.397605346934028E-079 7.237005577332262E075 2.220446049250313E-16 

TeKCTbl nporpaMM INIT, GTEXP, CHEXP ua cl>opTpaHe-77 

SUBROUTINE INIT 
IMPLICIT REAL*B (A-H, 0-Z) 
INTEGER RADIX,J1(2),J2(2),J3(2),N1(2),N2(2),N3(2) 
COMMON /RCONST/ OVFLO,UNDFLO,EPS,EPSMIN 
COMMON /ICONST/ RADIX,MAXEXP,MINEXP,MANTSZ 
COMMON /ICHGT/ INO,ILT,MNE1,HNE2,INB,LWT,KB,BINV 
EQUIVALENCE (J1,R1),(J2,R2),(J3,R3) 
EQUIVALENCE (OVFLO,N1),(UNDFLO,N2),(EPS,N3) 
GOTO 1 
ENTRY INITP 
LPCONST=1 

1 R1=1DO 
RADIX=! 
KB=1 

C UHKJI ITOHCKA (BETA) - OCHOBAHH51 CHCTEMLI C'l-llfCREIDl51 

C 

2 RADIX=RADIX+1 
R2=RADIX 
R3=1DO/R2 
ILT=J2(1)-J1(1) 
INO=J2(2)-J1(2) 
IF(ILT.NE.(J1(1)-J3(1)).0R.INO.NE.(J1(2)-J3(2))) GOTO 2 

UHKJI ITOHCKA t - PA3P51.l10B, OTBElIEHHLIX M51 XPAHEHlIH MAHTHCCll m 

D=R3•(R2-R1) 
UNDFLO=D 
MAifTSZ=O 
BINV=R3 
IF(IIO.EQ.O) GOTO 3 
ILT=INO 
KB=2 13 



3 OVFLO=UNDFLO 
MANTSZ=MANTSZ+1 
D=D*R3 
UNDFLO=UNDFLO+D 
EPS=UNDFLO 
IF(EPS.LT.R1) GOTO 3 
EPSMIN=R1-OVFLO 
MINEXP=2-MANTSZ 
EPS=EPSMIN 
UNDFLO=EPS*R2 
MNE2=N2(KB) 
IF(MNE2.LT.N3(KB)) MNE2=-MNE2 
MNE2=MNE2/ILT-MINEXP 
I=IABS(N3(KB)-N2(KB)) 

C mnm BLilfflCnEIDUI e_O - MHHHMAnbHO IIPE.llCTABHMOr□ 
C B 3BM lfflCnA H Ero IIOP.$lllKA 

4 UHDFLO=EPS 
MINEXP=MillEXP-1 
D=UNDFLO*R3 
EPS=D 
J=N3(KB)-N2(KB) 
IF(EPS.GT.ODO.AND.I.EQ.IABS(J)) GOTO 4 

C UHKn BbllfflCnEHH~ u - IIOP.$lllKA MAKCHMAnbHO IIPE.llCTABHMOro 
C B 3BM lfflCnA e_8 

EPS=R1 
D=R2 
1=1 

5 MAXEXP=2*I 
INO=N3(KB).OR.INO 
IF(MAXEXP.GE.-MINEXP) GOTO 6 
EPS=EPS*D 
D=D*D 
I=MAXEXP 
GOTO 5 

6 IF((MAXEXP+MINEXP).LE.1) MAXEXP=MAXEXP-1 
C UHKn BbllfflCnEHH~ e_8 - MAKCHMAnhHO IIPE.llCTABHMOro B 3BM lfflGnA 

OVFLO=OVFLO*EPS 
DO 7 K=I,MAXEXP 
OVFLO=OVFLO*R2 

7 CONTINUE 
C BJIOK Bb!lfflCnEHH~ IIAPAMETPOB BbUIEnEH~ IIOP.$lllKA H MAHTHCCLI lfflCnA 

EPS=R3*R3 
I=MINO(N3(KB),N2(KB),J3(KB)) 
INO=(INO-I).OR.(N2(KB)-I).OR.(J3(KB)-I) 
INO=INO.OR.(N3(KB)-I).OR.(J1(KB)-I) 
INB=.NOT.INO 
LWT=J3(KB).AND.INO 
MNE1=LWT/ILT 
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C 

C 

EPS=EPSMIN*R2 
IF(LPCONST.NE.1) GOTO 8 
PRINT*,'The constants of mashin's arithmetic 
PRINT9, MAXEXP, OVFLO ,MINEXP ,.UNDFLO ,RADIX, EPS, MANTSZ, EPSMIN 

9 FORMAT(1X,'MAXEXP=',I8,' OVFLO=',1PE24.15E3,/, 
* 1X,'MINEXP=',I8,' UNDFLO=',1PE24.15E3,/, 
* 1X,' RADIX=',18,' EPS=',1PE24.15E3,/, 
* 1X,'MANTSZ=' ,18,' EPSMIN=' ,1PE24.15E3) 

8 RETURN 
END 

REAL FUNCTION GTEXP*B(R,E) 
INTEGER 1(2),E 
REAL*B R,Z,BINV 
COMMON /ICHGT/ INO,ILT,MNE1,MNE2,INB,LWT,KB,BINV 
EQUIVALENCE (Z,I) 
IF(R.EQ.ODO) GOTO 2 
Z=R 
J=MNE1 
E=(I(KB).AND.INO)/ILT 
IF(DABS(Z).GE.BINV) GOTO 3 
IF(MNE2.LT.O) E=-E 
J=MNE2 

3 E=E-J 
I(KB)=(I(KB).AND.INB).OR.LWT 
GTEXP=Z 

1 RETURN 
2 GTEXP=O 

E=O 
GOTO 1 
END 

REAL FUNCTION CHEXP*B(R,E) 
INTEGER 1(2),L,J,E,RADIX 
REAL*B R,Z,BINV 
COMMON /ICHGT/ INO,ILT,MNE1,MNE2,INB,LWT,KB,BINV 
COMMON /!CONST/ RADIX,MAXEXP,MINEXP,MANTSZ 
EQUIVALENCE (Z,I) 
IF(E.EQ.O.OR.R.EQ.ODO) GOTO 2 
Z=R 
K=MNE1 
J=(I(KB).AND.INO)/ILT 
IF(DABS(Z).GE.BINV) GOTO 4 
IF(MNE2.LT.O) J=-J 
K=MNE2 

4 L=J-K+E 
IF(L.GT.MAXEXP) L=MAXEXP 
K=MNE1 
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IF(L.GT.O) GOTO 5 
IF(L.LT.MINEXP) GOTO 3 
K=IABS(MNE2) 
IF(MNE2.LT.O) L=-L 

5 I(KB)=(I(KB).AND.INB).OR.((L+K)•ILT) 
CHEXP=Z 

1 RETURN 
2 CHEXP=R 

GOTO 1 
3 CHEXP=O 

GOTO 1 
END 

Bnaro,napHocTH 

ABTOphl BhlpaJKaIOT 6naro,napHoCTb ,n.q>.-M.H. npoqieccopy r.A.EMeJibJIHeHKO 3a no
cTaHOBKY 3a,na'IH, IIJIO,l{OTBOpHhle ,D;HCKYCCHH II COBeThl. ABTOphl 1Ip113HaTeJibHhl TaKJKe 

K.q>.-M.H. A.II.CanoJKHIIKOBY 3a noJie3Hhle 06cyJK,neH11J1 11 3aMe'!aHHJI. 
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,lzywaHOB 3.E., EMenbJlHeHKO M.r., KoHOBaJIOBa r.IO 
0 qiopMarnx npe.!lCTaanemra aemecTBeHHhIX queen 
u anropUTMe aBTOMaTHtJeCKOro onpe,ZleneHUH KOHCTaHT 
aemecTBeHHOH apmpMernKu 3BM 

Pl 1-2000-163 

Ilpuae,ZleHbl q>OpMaTbl u KO,Zlbl npe,ZlCTaBneHUJl queen mo6oro Tuna a pa3nH'IHhIX 
3BM. Pa3pa6oTaH anropUTM aBTOMaTHtJeCKoro nonyqeHUH KOHCTaHT aemecTBeHHOH 
apttq>MeTUKU 3BM. IlpuBe,ZleHbl TeKCThl nporpaMM Ha <l>oprpaHe-77, peanmyromue 
:nu anropUTMhl, a TaIOKe TeKCTbl nporpaMM Bbl,ZleneHHH nopH,ZlKa u MaHTUCCbl aeme
CTBeHHoro qucna. 

Pa6oTa BhmonHeHa B Jla6opaTopuu UHq>opMaQUOHHhIX TexHonomii OIUll1. 

npenpttlIT O61,e)lttHeHHOro ttHCTttT)'Tll ll)lepHblX HCC/le)l0BaHttl!. ,lzy6Ha, 2000 
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Dushanov E.B., Emelianenko M.G., Konovalova G.Yu. 
On Fonnats of Real Numbers Representation 
and Algorithm for Automatical Detennination of Constants 
of Computer Numerical Arithmetics 

Pl 1-2000-163 

Computer fonnats and codes of numbers representation are presented. An algo
rithm for automatically receiving constants of numerical computer arithmetics is ob
tained. The text of programme written in Fortran 77 on the basis of these algorithms is 
presented. Apart from this, the texts of programmes for obtaining the order and man
tiss of computer real numbers are given. 

The investigation has been perfonned at the Laboratory oflnfonnation Technolo
gies, JINR. 
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