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C50 

Y'le6Hoe noco6ue cocmaeneHo ootJeHmGMu 6a3oeoii Ka<jJeopbl Mlf P3A 
«3neKmpoHuKa <fJu3U'leCKUX ycmaH0B0K» npu YHJ..I OHJ!Jf 

A. B. CMUpH06blM, A. 0. CuoopuHblM, r. B. Tpy6HUK06blM (OHJ!Jf) 
u peKOMeH006QHO K U30QHUIO 3KCnepmHOU KOMUCcueii YHI.I OJ!Jllf 

u peoaKtJUOHHO-u3oamenbCKUM coeemoM MHP3A. 

CMupuoo A. B., Cu1wpuu A. 0., Tpy6uuK0B r. B. 
C50 Onttcautte pa3MepHbIX nepeMeHHblX C IlOMOillblO KJiaCCOB ua Jl3b!Ke C++: 

YtJe6uo-Me-ro.11. noco6tte. - )],Y6ua: OIUIH, 2008. - 35 c, 

Y'!e6Hoe noco6tte co,11eplKHT onttcautte ttepapxtttt KJiaccos .wrn co3,11aHHJ1 cptt3H
qecKHX pa3MepHI,IX nepeMeHHhlX Ha ll3b!Ke C++. PacCMOTpeHhl OCHOBHall H,llell co-
3,llaHHll pa3MepHb1X nepeMeHHhlX, onttcaHHll KJiaCCOB H npHMepbl HX 
HCilOJlb30BaHHll. TTpHBel(eH IlOJIHhlii TeKCT 6H6JJHOTeKH pa3MepHbIX nepeMeHHhIX. 

noco6He npel(HaJHa'leHO /(Jill Cl)'/(eHTOB tt acnttpaHTOB HHlKeHepHblX tt cpH3H
'!eCKHX cneUHaJJhHOCTeii, my'la!Oll.\HX 061,eKTHO-OpHeHTHposaHHOe nporpaMMHpO
BaHiie Ha ll3hIKe C++. 

,,,.._ ..... ·....: , .. ,,t- .. 

Smirnov A. v., Sidori~ ~:P·,;Trubnikov G.Y: .• . , ' 
Description of dimension variables with using ofC++ classes: Textbook. -

Dubna: JINR, 2ocis. - 35 p. / .. • ~,..r~··· ..... 
.,, '~ , ... .:~:~ ·~· ·-:·· .; . ..-1-;. ; ,.-/ '•• 

The textbook contains a descnption·'ofthe-class hierarchy for_physical dimen
sion variables which was writt~~ in the"C++ language. The idea of physical variables 
is considered, the descriptimi:or classes and their examples are presented. The full 
program code of the physical dimension variables is_included. .. i 

The book is addressed to the.students and p·ost-graduate students of physical and 
engineering specializations studying the object:oriented programming in C++ 
language: · • ·•· ' · · · · ,, 
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npe,qHCilOBHe 
,[(auuoe rroco6tte ua1mcauo KaK .norroJJHHTeJJhHhiil: MeTo,nttqecKttil: MaTepttan 110 

Kypcy JJeKUllll «O6'beKTHO-OplleHTllp0BaHHOe 11porpaMMllp0Bam1e», rrpoqllTaHH0MY 

CMttpHOBbIM A.B. s 2003 - 2007 rr. CTy,neHTaM 6aJOBOll Kaqie,npbl ::meKTP0HllKll 

qJll3HqecKHX ycTaH0B0K MocKOBCKoro rocy.napCTBeHH0ro llHCTHTyTa pa,nll0TeXHllKll, 

:ineKTP0HHKll H aBTOMaTHKll (MI1P3A), opraumooauuoil: B ,[(y6ue rrptt Yqe6uo

uayquoM ueHTPe O6'be.[IHHeHHOro llHCTHTYTa JI,nepHbJX llCCJJe,noBaHllll, tt 

rrpe,nHaJHaqeH0 .[IJJJI cry,neHT0B oquoil: qiopMbl o6yqeHHJI, CIIeUHMbH0CTb 200600 

«3JJeKTPOHHKa qJll3llqecKHX ycTaH0B0K». 

Pa3pa6oTKa rrepeMeHHbIX H0B0ro Tlllla - pa3MepHbIX rrepeMeHHbIX 

rro,npaJyMesaeT perrreutte uecK0JJbKHX corro,nqttueHHhIX 3a,naq. B 11epoy10 oqepe,nb '.!TO 

C03.[laHlle cpe,ncTB .[IJJJI pa3pa60TKll CllCTeM e,nHHllU ll3MepeHHJI ll pa3pa60TKa 

HeKOTOpoil: KOHKpeTHOll CllCTeMbI e,nllHllU. Ha 0CH0Be pa3pa6oTaHHOll CllCTeMbl e,nHHllU 

ll3MepeHHJI Heo6xo,nHMO pa3pa6oTaTb CTaH,napT rrpe,ncTaBJJeHllJI pa3MepHbIX 

rrepeMeHHbIX, orrpe,neJJllT'b MaTeMaTttqecKHe orrepaUllll C HllMll, orrpe,neJJHTb orrepaUllll, 

BbIII0JJHJieMbie C pa3MepHbIMll rrepeMeHHbIMll ll .npymMll CTaH,napTHbIMll TllIIaMll 

rrepeMeHHbIX BhI6paHHOro JI3bIKa rrporpaMMllp0BaHllJI. ,[(JJJI y,no6cTBa BB0,na qiopMyJJ 

.[IJJJI M0,neJJttp0BaHllJI qlll3HqecKHX rrpoueccoB oqeHb II0JJe3H0 TaK)Ke orrpe,neJJHTb B 

rrporpaMMe 0CH0BHhie pa3MepHbie K0HCTaHTbI, TaKHe KaK, uarrpttMep, CK0p0CTb CBeTa, 

3apJI,n 3JJeKTP0Ha ll T.II. 

IIpe,ncTaBJJeHHaJI ttepapxHJI KJJaCC0B .[IJJJI 0llllCaHllJI pa3MepHblX rrepeMeHHbIX 

6bma crreuHMbH0 C03,naua .[IJJJI rrporpaMMbI ITO M0.[leJJttpoBaHHIO .[lllHaMllKll 

3apJilKeHHbIX qacTHU B UllKJJHqecKHX HaK0IIllTeJJJIX [ 1] ll JIBJJJieTCJI opttmHMbHOll 

pa3pa6oTKOll aBT0p0B. I1crrOJJb30BaHHe pa3MepHbIX rrepeMeHHbIX II03B0JJllJJ0 3aMeTH0 

yrrp0CTllTb rrpouecc pa3pa60TKll rrporpaMMbI .nm1 Mo.nenttpoBaHHJI qJll3HqecKHX 

rrpoueccoo, a TaKlKe YCK0pllTb 0TJ!a.[IKY ll rrpooepKy rrporpaMMH0ro K0,na. 

Iloco6He rrpe,nHaJHaqeuo .[IJJJI CTy,neHT0B tt acrrttpaHT0B llHlKeHepHbIX tt 

qlll3llqecKHX crreUllaJJbH0CTeil:, myqaIOIUllX o6'heKTHO-OplleHTllpOBaHHOe 

rrporpaMMttpoBaHHe Ha JI3bIKe C++. 

ABTOphr BbipalKaIOT 6naro.napuocTb cry,neHTKe Kaqie,nphr 3<l>Y MI1P3A 

Mttxail:noooil: E.A. 3a rroM0IUh B rro,nroT0BKe .nauuoro rroco6ttJI. 

© 061,e)lHHCHHbIH HHCTHl)'T ».nepHbIX 

HCcne)lOBaHH~, 2008 3 



BeeAeH1,1e 

J1106IDI cjm311qecKIDI BeJmqntta X MoJKeT 6bITh npe,ncTaBnetta B cne,ny10meM 

Bn.ne: 

X=v•u, 

r,ne V - q11cn0Boe npe,ncTaBJieHHe ,naHHOll qJH3HqecKOll BennqHHbl B npHHRTblX 

e,nHHHIJax ee H3MepeHHR, a U - npHHRTIDI e,nHHHIIa H3MepeHHR. B Kaqecrne V MOJKeT 

HCIIOJlb30BaTbCR nepeMeHHIDI o,nttoro H3 CTaH,napTHblX B R3bIKe nporpaMMHpOBaHHR 

THIIOB, TOr,na KaK ,!(JIR npe,ncTaBJieHHR e,nHHHII H3MepeHHR B 60JibIIIHHCTBe R3bIKOB 

nporpaMMHpoBaHHR cne11narrbHbie cpe,ncrna OTCYTCTBYlQT. (Onepa11n11 C pa3MepHblMH 

nepeMeHHblMH pearrH30BaHbl B HeKOTOpbIX cne11narrm11poBaHHblX cpe,nax 

nporpaMMHpoBaHHR, TaKnx, ttanpnMep, KaK MathCad nrrn Mathematica.) 

CnolKHOCTh pearrmmnn pa3MepHbIX nepeMeHHbIX B R3bIKax 

nporpaMMHpoBaHHR CBR3aHa B OCHOBHOM C TeM, ~o cymecrnyeT 60JibIIIOe KOJIHqecTBO 

pa3JIHqHblX CHCTeM e,nHHHII H3MepeHHR, H ,nJIR H3MepeHHR O.l(HOH H TOH lKe qJH3HqecKOll 

BeJIHqHHbl MOrYT HCII0Jlb30BaTbCR pa3Hbie e,nHHHllhI H3MepeHHR. Ilo:noMy Heo6xo,nHMO 

pa3pa6oTaTb CTaH,napT npe,nCTaBJieHHR IIpOH3B0JlhHOll e,nHHHIIhl -H3MepeHHR, 

II03BOJIRIOIIIHll pearrH30BaTh onepa11n10 cpaBHeHHR pa3JIHqffblX e,nHHHII H C03.l(aTb 

YHHBepcarrbHbill tta6op cpe,ncTB, II03BOJIRIOIIIHX IIOCTPOHTb IIpOH3B0JlbHYIO CHCTeMy 

e,nHHHII. 

Pa3JIHqaIOT 6a30Bbie e,nHHllllhI H3MepeHHR, KOTOpbre onpe,neJIRIOTCR C IIOMOIIIhlO 

3TaJIOHOB, H npoH3B0.l(Hbie e,nHHHllhI, onpe.nenReMbie C IIOMOIIIhlO 6a30BbIX. B JII060H 

KOHKpeTHOll CHCTeMe e,nHHHII (HanpnMep, CH HJIH crC) Bbr6op BeJIHqHHbI 11 

KOJIHqecrna 6a30BblX e,nHHHII H3MepeHHR MOlKeT 6hITh npOH3BOJihHbIM H onpe.nerrReTCR 

TOJlhKO TPMHIIHRMH HJIH cornarneHHRMH. O,nHaKO ,nJIR H3MepeHHR qimnqecKHX 

BerrnqnH MHHHMaJibHO Heo6xo,nHMblM RBJIReTCR onpe.nerreHHe Bcero TPeX He3aBHCHMhIX 

6a30BblX e,nHHHII H3MepeHHR, qepe3 KOTOpbre MoryT 6hITb BbipalKeHhI Bee OCTaribHbie 

e,nHHHIIbl. Cn:cTeMhl e,nn:HHII H3MepeHmI, OCHOBaHHbie Ha TPeX 6a30BblX e,nllHHIIax, 

Ha3bIBaIOTCR a6coJIIOTHbIMll. 
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BnepBbie a6COJIIOTHIDI CHCTeMa e,nHHHII 6brna BBe,neHa B 30-x rr. XIX B. 

K. rayccoM, npuqeM B Kaqecrne OCHOBHbIX OH npHHRJI 3a e,nHHHIIY ,!(JIHHbl -

MHJIJIHMeTP, MaCCbl - MHJIJIHrpaMM H BpeMeHH - CeKyH,ny. Ilo3TOMY qacTO Ha3BaHHe 

«a6coJIIOTHbie CHCTeMbl e,nHHHII» npnMeHRIOT B 6orree Y3KOM CMblCJie no OTHOIIIeHHIO K 

CllCTeMaM, IIOCTPOeHHbIM Ha Tpex OCHOBHblX e,nHHHIIax - ,nJIHHhl, MaCCbl H BpeMeHH, a 

HHor.na H B eme 6onee Y3KOM - IIO OTHOIIIeHHIO K crC-cncTeMaM e,nHHHII, T. e. K 

CHCTeMaM, B KOTOpbIX 3a OCHOBHbie e.l(HHHIIhI npHHRTbl caHTHMeTP, rpaMM H CeKyH,na. 

Ilpn: onpe,nerreHHH rrpoH3B0,!(HOll e,nHHllIIbl KaKOll-JIH6o qimn:qecKOll BenuqHHbl 

B a6COJIIOTH0ll CHCTeMe e,nHHHII llCXO,!(HT H3 qiopMyrrhl, Bb1palKa10meu 3aBHCllMOCTb 

MelK.l(y 3TOll BennqJIHOll H .npyrHMll BeJIHqHHaMH, e,nHHHllhl KOTOpbIX RBJIHIOTCH 

OCHOBHblMH HJIH BblpalKeHbl qepe3 OCHOBHhie. HarrpHMep, e,nHHHIIa H3MepeHHH 

CKOpOCTH B a6COJIIOTHOll CHCTeMe e.l(HHHII paBHa OTHOIIIeHHIO e,nHHHIIbl H3MepeHHH 

,!(JIHHbl, .neneHHOll Ha e,nHHHIIY H3MepeHHH BpeMeHll, B COOTBeTCTBllH C qiopMynou 

V= k-L/T, 

r.ne V - cKopocTh, L - rrpou,neHHhIH rryTh, T - BpeMR, k - K03q>qin11neHT rrepeBo,na 

e,nHHHII H3MepeHHR. Ilpn 3TOM ecrrn ,nJillHY H3MepRTb B MeTpax, a BpeMH B ceKyH,nax, 

TO rrpn paBHOM e,nHHHIIe K03qlqlHIIHeHTe k e,nHHHIIa H3MepeHHH CKOpOCTH 6y,neT «MeTP 

B CeKyH,ny». B a6COJIIOTHbIX CHCTeMax e,nHHHII K03q>q>HIIHeHT rrporrop11HOHaJibHOCTH 

06b1qHO H rrorraraIOT paBHhIM e,nHHHIIe. EcrrH no KaKHM-JIH6o rrp11qn:HaM HaM y.no6Hee 

H3MepRTb CKOpOCTb B caHTHMeTPax B ceKyH.ny, TO MbI ,!(OJllKHbl IIOJIOlKHTb k = 0,01. 

3TOT npHMep HJIJIIOCTPHPYeT OCHOBHOll He,nOCTaTOK a6coJIIOTHhlX CHCTeM e.nHHHII: rrpn 

paBHOM e,nHHHIIe K03qlqlHIIHeHTe rrepecqeTa rrpOH3B0,!(Hbie e,nHHHIIbl H3MepeHHR 

OKa3blBaIOTCR Hey.no6HblMH .l(JIH HHlKeHepHblX pacqeTOB, a rrpn He3aBHCHMOM 

orrpe.nerreHHH rrpOH3B0.l(HblX e,nHHHII B qiopMynax IIOHBJIHIOTCH Heq>mnqHbie 

K03qlqlHIIHeHTbl rrepecqeTa (TaKHe KaK, HarrpHMep, .l(H3JieKTPHqecKaR rrpoHHIIaeMOCTb 

BaKYYMa B cncTeMe CH). 

Ilpn: peaJIH3aIIHH KOMilbIOTepHblX pacqeTOB C pa3MepHblMH rrepeMeHHhIMll 3TOT 

tte.nocTaToK MOlKeT 6bITh nerKo rrpeo.norreH, ecrrn K03q>q>n11neHT rrepecqeTa c,nerraTb 
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a-rpn6yTOM CaMOii rrpOH3B0,[IHOii e,[IHHllUbl ll3MepeHlllI. B :)TOM cny'!ae mo6y10 e,[lllHllUY 

ll3MepeHlllI U (pll3ll'IeCKOii BenH'IllHbl MO)KHO rrpe.[ICTaBllTb KaK rrpOH3Be,[leHHe TJ)ex 

6a30BbIX e.[IHHHU, B03Be,[(eHHbIX B HeK0Topy10 CTerreHb, ll qncnoBoro MH0)KllTenH, 

CBlI3bIBaJOIUero BenII'IHHY ,[laHHOii e.[IHHHUbI ll3MepeHlllI C BenH'IHHaMll 6a30BbIX 

e,[IHHHU: 

i j I U = k • U1 • U2 • U3, 

r.z:1e ul,2,3 - 6a30Bble e.[IHHHU:bl H3MepeHHlI, i, j, I - uenbie nnn .z:1po6Ho-paunoHMbHb!e 

'!Hcna, k - 'IHCnOBOii MHO)KHTenh. TaKHM o6pa30M, JIJ06aH e,[IHHHUa H3MepeHHlI MO)KeT 

6bITb rrpe,[ICTaBJieHa yrroplI.[IO'!eHHbIM Ha6opoM '!eTb!pex '!Ileen (i,j, /, k) . .[];Be pa3Hbie 

e,[IHHHUbl ll3MepeHHlI C'IllTaJOTClI 3KBHBaneHTHb!Mll .z:1pyr .z:1pyry (T.e. OHH MOryT 

rrpnMeHlITbClI ,[(ill! ll3MepeHHlI 0,[IHOii H TOH )Ke (pll3H'!eCKOii BenH'IllHbI), ecnH y HHX 

COBIIa,[laJOT IIOKa3aTenH CTerreHeii BCex TJ)eX 6a30Bb!X e,[IHHHU. 

.[l;nll C03,[laHlllI ttepapxHH KJiaCCOB, OIIllCbIBaeMOii B ,[(aHHOM rroco6HH, 6hIJill 

Bh!6paHbl TJ)H 6a30Bb!e e,[(HHHUbI H3 Me)K.[lyHapo.z:1Hoii CllCTeMbl CM: e.[IHHHUa 

ll3MepeHlllI BpeMeHH - ceKyH.[la, e,[IHHHUa H3MepeHlllI JneKTJ)H'!eCKOro 3apll,[1a - KynoH, 

e,[IHHHUa H3MepeHHlI ,[lllllHbl - MeTJ). IIpnMepbl OIIHCaHlllI 6a30BbIX ll rrpOH3B0,[(HbIX 

e,[IHHHU: ll3MepeHHlI (pll3H'!eCKllX BenH'IHH rrpttBe,[leHhl B Ta6JIHUe. 

<l>H3H'IeCKall BeJIH'IHHa C'IHTaeTClI 6e3pa3MepHoii (HyneBoii pa3MepHOCTH), ecntt 

IIOKa3aTenn CTerreHeii Bcex TJ)eX 6a30BbIX e,[IHHHU: paBHbl Hyn10. 113 Ta6nHUbl Bll,[IHO, 

qTO TaKHe e,[IHHHUbI H3MepeHHlI, KaK MeTJ) ll caHTHMeTp, lIBlllIIOTClI 3KBHBaneHTHbIMll, 

TaK KaK OHH OTllH'IaJOTClI TOllbKO 'IllCilOBbIM MHO)KllTeneM. To'IHO TaK )Ke 3TO 

OTHOCllTClI K KenbBHHy ll ,[l)l(Oyn10. 

Ha6op H3 TJ)eX 6a30BbIX e,[(HHHU ,[lllll a6conJOTHOii CllCTeMbl MO)KeT 6hITh 

BbI6paH pa3nH'!HbIMll crroco6aMH. EcJIH a6conJOTHall CllCTeMa IIOCTpoeHa Ha OCHOBe 

HeKOTOporo Ha6opa 6a30BbIX e,[IHHHU, KaK, HarrpttMep, CllCTeMa e,[IHHHU, 

rrpe,[ICTaBneHHall B Ta6nttue, TO B Ka'!eCTBe 6a30BbIX e,[IHHHU HOBOii a6con10THoii 

CHCTeMbI MO)KeT 6hITb BbI6paHa JIJ06aH TJ)OiiKa e,[IHHHU H3MepeHHlI, y KOTOpoii BeKTOpbI 

(i, j, /) lIBlllIIOTClI nHHeiiHO He3aBHCllMbIMll. TaK, ll3 Ta6nHUbI Bll,[IHO, 'ITO B Kaqecrne 

TJ)OllKH 6a30BbIX e,[IHHHU: H3MepeHHlI MOryT 6b!Tb BbI6paHbI, HaIIpHMep, Hb!OTOH, 
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,[l)l(0ynh tt BaTT. IlOCTJ)OeHHe TaKOii a6conJOTHOii CllCTeMbl e,[IHHHU MO)KHO 

peKOMeH,[IOBaTb B Ka'IeCTBe caMOCTOlITenbHOro yrrpa)KHeHlllI. 

IIpnMep orrpe.z:1eneHlllI e,[(HHHU ll3MepeHlllI <pll3llqecKHX BenttqllH 

~ 
UJ U2 U3 KOJ<p<pnuneHT 

SECOND QULOUN METER 

i j I k a 

C 1 0 0 1 

Kn 0 1 0 1 

M 0 0 1 1 

CM 0 0 1 0.01 

A -1 1 0 1 

OM 1 0 -1 0.11 *9e-9 

Kr 1 2 -3 0.11 *9e-9 

K 0 2 -1 l .53407*e-33 

Tn 0 1 -2 0.037*e-5 

H 0 2 -2 0.11 *e-9 

Ila 0 2 -4 0.11 *e-9 

ru -1 0 0 1 

B 0 1 -1 0.11 *e-9 

BT -1 2 -1 0.11 *e-9 

.r:i;)K 0 2 -1 0.11 *e-9 

IIpaBnna orrepaunii c e.z:1nHHUaMn H3MepeHHlI rrpnBe.[leHbI B cne.z:1y10rueM 

pa3.z:1ene rroco6Hll n MOryT 6b!Tb rrponnnJOCTpttpoBaHbl Ha rrpnMepe YMHO)KeHlllI. Ilpn 

YMHO)KeHHH 0,[IHOii e,[IHHHUbI H3MepeHlllI Ha .z:1pyry10 IIOKa3aTenn CTerreHeii 6moBbIX 

e,[IHHHU CKJia,[lbIBaJOTClI, a K03<p<pHUHeHTbl rrepec'!eTa YMHO)KaJOTClI. 

CaMa pa3MepHaH rrepeMeHHall MO)KeT 6hITb rrpe,[ICTaBneHa B BH,[le 

yrroplI.[IO'!eHHOro Ha6opa H3 IllITH 'IHCen, 0,[IHO H3 KOTOJ)bIX orrpe.z:1enHeT ee 'IllCllOBOe 

rrpe.[ICTaBneHHe, a '!eTbipe OCTMbHbIX - e,[IHHHUY H3MepeHHlI. B :)TOM cnyqae rrpH 
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ofo,HBJieHirn pa3MepHOH rrepeMeHHOH B rrporpaMMe Heo6XO,[(IIMO 06bHBIITh ee e,[(IIHIIllY 

113MepeHIIH. IlpII BhIII0JIHeHIIII orrepallIIII rrpIICB0eHIIH 3HatieHIIH pa3MepHOH 

rrepeMeHHOH IIJIII cpaBHeHIIH .lIBYX pa3MepHhIX rrepeMeHHhIX Heo6XO,[(IIMO 

ocyIIIeCTBJIHTh rrpoBepKy 3KBIIBaJieHTH0CTII pa3MepHOCTeif. HarrpIIMep, eCJIII B 

rrporpaMMe o6bHBJieHa rrepeMeHHaH u, 113MepHeMaH B B0JihTax, II ,[(Be rrepeMeHHhie 

I= 5 A II R = 1 OM, TO rrp11 BhIII0JIHeHIIII orrepa111111 rrp11cBoeHIIH 

U=J·R 

Heo6XO,[(IlMO ocyIIIeCTBilTh CJie,[(yIOIIIIle .[(eHCTBIIH. eHatiana HY)KH0 rrepeMH0)KIITh 

e;JilHilUbl Il3MepeHIIH rrepeMeHHhIX I Il R, 3aTeM y6e,[(IIThCH, 'ITO II0JIYtIIIBIIIaHCH 

e;JilHilUa Il3MepeHIIH 3KBIIBaJieHTHa B0JihTy. EcJIII 3T0 He TaK, TO Bhl,[(aTh C006IIIeHIIe 06 

ourn6Ke. EcJIII e,[(IlHilllhl 113MepeHilH 3KBIIBaJieHTHhl, TO BhltIIlCJIIITh tIIICJI0B0e 

npc,1craBJieHIIe pe3yJihTaTa Il3MepeHilH. I1, 0K0HtiaTeJihH0, BhltIIlCJIIlTh tIIlCJI0B0e 

npc.ucraBJieHile rrepeMeHHOH U C YtieT0M K03q:Jq:JIIUIIeHTOB rrepectieTa e,[(IIHIIU 

II,MepeHIIH. 

B .r1aHH0M rroco61111 pean113an11H anropHTMa orrepan11if c pa3MepHhIMII 

rrepeMeHHhlMII ocyIIIeCTBJIHeTCH C II0M0lllhlO .lIBYX 0CH0BHhIX KJiaCC0B. B peaJihHOH 

rrporpaMMe ,[(JIH II0Mep)KKII pa60Thl IICII0Jih3YeTCH 3HatIIITeJihH0 60JihIIIee K0JIIItieCTB0 

KJiaCC0B, HO ,[(JIH OTpa)KeHIIH OCHOBHOH 11,[(eII ,[(0CTaT0tIH0 0IIIICaHIIH CTpYKTYPhl 

0CH0BHhlX KJiaCC0B. 

class Units_ - KJiacc e,[(IIHIIll 113MepeHilH. 3TOT KJiacc C03,[(aeT HOBh!H TIIII 

,[(aHHhIX - e,[(IIHIIUhl 113MepeHIIH q:JII31ItieCKIIX BeJIII'IIIH (Harrp11Mep, CM, H, BT II T.,[(.), 

ocyIIIeCTBJIHeT BhlB0,[( C006IIIeHIIH 06 OIIIII6Kax, rrpoBepHeT 3KBIIBaJieHTH0CTh e,[(IIHIIU 

113MepeHilH, ocyIIIeCTBJIHeT apII<j:JMeTIItieCKIIe ,[(eHCTBIIH C e,[(IIHIIUaMII 113MepeHIIH 

(yMHO)KeHIIe, ,[(eJieHIIe, B03Be,[(eHIIe B CTerreHh). 

class doubleU - Knacc, KoTophlif co3.r1aeT HOBhIH TIIII .r1aHHhIX - pa3MepHhie 

rrepeMeHHhie (Harrp11Mep, 5 A, 10 B, 3 Ila), rrpoBepHeT C00TBeTCTBIIe pa3MepHOCTeif 

rrp11 apIIq:JMeTIItieCKIIX ,[(eHCTBIIHX, BhIB0,[(IIT coo6IIIeHIIH 06 OIIIII6Kax, II03B0JIHeT 

rrpe,[(CTaBJIHTh q:JII3II'IeCKIIe BeJIII'IIIHhl B pa3JIII'IHhlX e,[(IIHIIllax (uarrp11Mep, 3HeprIIIO B 

38 IIJIIl B ,[()I(), IIHIIUIIaJIII3IIpyeT K0HCTaHThl (Harrp11Mep, CK0p0CTh CBeTa, 3apH.lI 
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3JieKTp0Ha II T . .lI.), BhIII0JIHHeT ap11<j:JMeT1ItieCKIIe II MaTeMaTIItieCKIIe ,[(eHCTBIIH, 

orrepau1111 cpaBHeHIIH, B03Be,[(eHIIH B CTerreHh, BhltIIICJIHeT TpllfOH0MeTpIItieCKIIe 

q:JYHKUIIII II T.II. 

I1crrOJih30BaHIIe pa3MepHhIX rrepeMeHHh!X Ha 633e OIIIICaHHOH BhIIIIe 

a6COJIIOTHOH CIICTeMhl e,[(IIHIIU .r1aeT PH.lI rrpe11MyII1eCTB rrpII pa3pa60TKe rrporpaMM ITO 

M0,[(eJI11poBaHIIIO q:JII31ItieCKIIX rrpouecC0B. 3To B03M0)KH0CTb C0BMeCTH0ro 

IICII0Jih30BaHIIH q:JII3IItieCKIIX BeJIII'IIIH, 3arr11caJIHhIX B pa3JIII'IHhIX CIICTeMax e,[(IIHIIU 

(eJ1, ere), TaK KaK BCe e,[(IIHIIllhl 113MepeHIIH IIMeIOT BHyTpeHHee rrpe,[(CTaBJieJIIIe 

qepe3 TpII 6330Bhle e,[(IIHIIUhl. I1p11 rrporpaMMIIp0BaHIIII q:JII3IItieCKIIX q:JOpMyJI HeT 

Heo6XO,[(IIMOCTII IICII0Jih30BaHIIH K03q:Jq:JIIUIIeHTOB rrepeB0,[(a 113 0,[(HOH CIICTeMhl e,[(IIHIIll 

B .r1pyrym, TaK KaK K03q:Jq:JllllIIeHT rrepecqera HBJIHeTCH aTp116yTOM caMOH e,[(IIHIIUhl 

113MepeHIIH. <l>11311qecK11e rrepeMeHHhie caMII ocyIIIeCTBJIHIOT rrpoBepKy pa,MepHOCTeif B 

q:iopMynax, 'ITO JaMeTH0 yrrpoIIIaeT rrpouecc rrporpaMMIIpoBamrn II 0TJia.lIKY 

rrporpaMMhl. 

rnaBHhIM He,[(0CTaTK0M TaKoro rrpe,[(CTaBJieHIIH HBJIHeTCH TO, 'ITO JII06aH 

q:JII31ItieCKaH BeJIII'IIIHa IIJIII K0HCTaHTa rrpe.[(CTaBJieHa IIHThlO rrepeMeHHh!MII TIIIIa 

double. O.[(HaKO 3T0 JIIIIIIh He3HatIIITeJihH0 yBeJIII'IIIBaeT pa3Mep II BpeMH BhIII0JIHeHIIH 

rrporpaMMhl. Ilp11 3T0M pa3MepHb!e rrepeMeHHhie rrpe,[(0CTaBJIHIOT B03M0)KH0CTh 

BhIII0JIHHTh apII<j:JMeTIItieCKIIe orrepa111111 C0BMeCTH0 C 06hI'IHh!MII rrepeMeHHh!MII TIIIIa 

double IIJIII int, 'ITO II03B0mieT rrepeX0,[(IITh K o6bI'IHhIM rrepeMeHHh!M B Tex MeCTax 

rrporpaMMhl, r.r1e CK0p0CTh BhIII0JIHeHIIH K0,[(a Hatt6onee KpIITIItIHa (Harrp11Mep, 

MH0r0KpaTH0 BJIQ)KeHHhie lllIKJihI). 

.l(anee paccMaTpIIBaeTCH CTpYKTypa KJiaCC0B II rrpIIB0,[(HTCH rrp11Mepbl 

IICII0Jih30BaHIIH rrepeMeHHhlX BH0Bh C03,[(aHHhIX TIIII0B. 
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nocTpoeH111e Cll1CTeMbl e.ql/1H111'-' H3MepeHll1~ 

class Units_ OIIIICbIBaeT e,nlIHIIUbl II3MepeHml q>II31IqecKIIX BeJIJiqlIH II 

orrepaulIII C HIIMII. Ilpe)l()];e qeM CO3,naTb ,naHHblH KJiacc, o6bJIBIIM rrepequcrrJieMbIH TIIII 

BaseEnum, KOTOpblil: IICIIOJib3yeTCJI IIplI orrpe,nerreHIIII 6a30BblX e,nlIHIIU: ceKyH,na, 

KyrroH, MeTp. KoHCTaHTa UNIT=3 orrpe,nerrJieT KOJIIIqecTBo 6aJOBhIX e,nuHIIU 

II3MepeHIIJI, qro IIO3BOJIIIT o6oil::TIICb MIIHIIMaJibHblM II3MeHeHIIeM rrporpaMMHOro Ko,na, 

eCJIII :no KOJIIIqecTBO 6y,neT yBeJIIIqeHO B 6y.nymeM (HarrpuMep, ,1lJIJI IICIIOJib3OBaHIIJI 

pa3MepHbIX rrepeMeHHblX B 3KOHOMIIqecKIIX pacqernx). 

enum BaseEnum{SECOND, QULOUN, METER, UNIT}; 

class Units_ 
{public: 

double sQm[UNIT]; 
double k; 
Units_(); 
Units_ (double); 
Units_ (BaseEnum) {;} 
void UnitsWarning(); 
void operator()(Units_); 
bool operator==(Units_); 
bool operator!=(Units_); 
bool Zero(); 
Units_ operator*(Units_); 
Units_ operator/(Units_); 
Units_ operator*(double); 
Units_ operator/(double); 
Units_ operator"(double); 

}; 

~aHHblil:: KJiacc IIMeeT ,nBa qrreHa: MaCCIIB IIOKa3aTerreil:: CTerreHeil:: 6a30BblX 

e,nlIHIIU sQm[UNIT] II K03q>q>IIUIIeHT k ,nrrJI rrepeBo,na ,naHHOil:: e,n1IH1IUhI K 6aJOBbIM. 

~arree orrpe,nerreHhI TplI KOHCTpyKTopa KJiacca. KoHcTpyKTop 6e3 rrapaMeTpOB 

IIHIIUIIaJIII31Ipye-r e,nlIHIIUY II3MepeHIIJI 6e3pa3MepHbIX q>II31IqecKIIX BeJI1Iq1IH C 

K03q>q>IIUIIeHTOM, paBHbIM e,nlIHIIUe. 3rreMeHTbl MaCCIIBa sQm rrplI 3TOM paBHbl Hymo: 

IO 

Units_::Units_() 
{ k = 1.; 

for (inti= 0; i < UNIT; i++) 
sQm[i] = 0; 

KoHCTpYKTop c rrapaMe-rpoM rnrra double ucrrorrn3yeTCJI ,nrrJI IIHIIUIIarrmaUIIII 

e,nlIHIIUbl II3MepeHIIJI 6e3pa3MepHoil:: q>JI3IIqecKoil:: BeJI1Iq1IHbl C orrpe,nerreHHblM 

K03q>qllIUIIeHTOM: 

Units_::Units_(double koef) 
{ k = koef; 

for (inti= 0; i < UNIT; i++) 
sQm[i] = 0; 

KoHCTpYKTop c rrapaMeTpOM rnrra BaseEnum IICIIOJih3yeTcJI ,nrrJI 

IIHIIUIIaJIII3aUIIII TpeX 6a30BbIX e,nlIHIIU II3MepeHIIJI: 

void Units_::Units_(BaseEnum baseenum) 
{ k = 1.; 

for (inti= 0; i < UNIT; i++) 
sQm[i] = 0; 
if (baseenum != UNIT} 

sQm[baseenum] = 1; 

Ilocrre KOHCTpYKTOpOB II,1leT OIIIICaHIIe cpyHKUJiil::-qrreHOB KJiacca. <l>yHKUIIJI 

UnitsWarning IICIIOJih3yeTCJI ,1lJIJI BbIBO,na coo6meHIIH 06 ourn6Kax II BblBOJ:llIT 

3HaqeHIIJI MaCCIIBa CTeIIeHeil:: 6a30BblX e,nlIHIIU mMepeHIIJI: 

void Units_::UnitsWarning() 
{ Warning(" s"",sQm[0],", Q"",sQm[1],", m"",sQm[2]); } 

3,neCb q>yHKUIIJI Warning eCTb HeKOTOpaJI q>yHKUIIJI ,1lJIJI BbIBO,na coo6meHIIH Ha 

3KpaH. B 3aBIICIIMOCTII OT orrepaUIIOHHOil:: CIICTeMbl IIJIII IICIIOJih3yeMoro KOMIIIIJIJITOpa 

,naHHaJI q>yHKUIIJI MO:lKeT IIMeTb pa3JIIIqHble BapliaHTbl pearrmaulIII, IIO3TOMY Mbl He 

6y,neM IIp1IBO,1llITb ee rrporpaMMHOro KO,na. 
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<l>yHKIUHI ,nmr CO3,[(aHIUI rrpOH3BO,[(Hhl.X e,nlIHlIU lI3MepeHlI}I operator() 

BblTIOJIH}IeT ,neil:CTBIUI, aHanornqHbie KOHCTPYKTOPY KorrupoBaHlI}I, KOTOpblll 

aBTOMaTuqecKlI co3,naeTC}I KOMillIJl.}ITOpOM: 

void Units_::operator()(Units_ u) 
{ k = u.k; 

for (inti= O; i < UNIT; i++) 
sQm[i] = u.sQm[i]; 

,ll;JI}I cpaBHeHlI}I e,nHHlIU lIJMepeHU}I lICITOJl.h3YeTC}I <pyHKUlI}I operator==, 

KOTOpM BO3BpamaeT true, eCJJ.lI e,nUHlIUhI 3KBlIBaJJ.eHTHhI, lI BO3BpamaeT false, eCJJ.lI He 

3KBlIBaJJ.eHTHhI: 

bool Units_::operator==(Units_ u) 
{ for (inti= O; i < UNIT; i++) 

if ( fabs(sQm[i] - u.sQm[i]) > 1e-9) 
return false; 

return true; 

)];aHHM <pYHKUlI}I cpaBHeHlI}I lIClIOJl.h3yeTC}I rrpu BhITIOJJ.HeHlllI 

apu<pMeTnqecKux orrepauuil: HM paJMepHhIMH rrepeMeHHhIMH B KJJ.acce doubleU. ,ll;ng 

3Toro MO)KHO lIClIOJJ.b3OBaTh eme o,nHy <pyHKUlIIO cpaBHeHlI}I, KOTOpM BO3BpamaeT 

o6paTHOe 3HaqeHue cpaBHeHug: 

bool Units_::operator!=(Units_ u) 
{ return !(*this == u); } 

<l>YHKUlI}I rrpoBepKH HyJJ.eBOll pa3MepHOCTlI Zero() lIClIOJl.h3YeTC}I B 

anre6pauqecKlIX u rpuroHOMerpuqeCKlIX <pyHKUll}IX B KJJ.acce doubleU, TaKlIX KaK sin, 

cos, In, log, exp lI T. ,n., KOTOpbre He orrpe,neneHhI ,nJl.}I pa3MepHbIX BenuquH: 

bool Units_::Zero() 
{ for (inti= O; i < UNIT; i++) 

if ( fabs(sQm[i]) > 1e-9) 
return false; 

return true; 
} 
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B KJJ.acce orrpe,neJJ.eHhI eme HeCKOJl.bKO apu<pMeTuqeCKlIX cpyHKUllll, C lIOMOIUhIO 

KOTOpbIX CO3,[(aIOTC}I rrpOH3BO,[(Hbie e,nlIHlIUhl lI3MepeHlI}I, 

YMHO)KeHue 0,[(HOll e,nlIHlIUhI lI3MepeHU}I Ha ,npyryro: 

Units_ Units_::oporator*(Units_ u) 
{ Units_ tUnit; 

} 

tUnit.k = k * u.k; 
for (inti= O; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i] + u.sQm[i]; 
return tUnit; 

,ll;eneHHe O,[(HOll e,nHHlIUhI lI3MepeHH}I Ha ,npyryro: 

Units_ Units_::operator/(Units_ u) 
{ 

} 

Units_ tUnit; 
tUnit.k = k / u.k; 
for (inti= O; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i] - u.sQm[i]; 
return tUnit; 

YMHO)KeHUe e,nHHlIUhl. ll3MepeHlI}I Ha KOHCTaHTy: 

Units_ Units_::operator*(double koef) 
{ Units_ tUnit; 

} 

tUnit.k = k * koef; 
for (inti= O; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i]; 
return tUnit; 

,ll;eneHue e,nlIHlIUhI lI3MepeHlI}I Ha KOHCTaHry: 

Units_ Units_::operator/(double koef) 
{ Units_ tUnit; 

} 

tUnit.k = k / koef; 
for (inti= O; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i]; 
return tUnit; 

Bo3Be,neHue e,nUHlIUhI lI3MepeHlI}I B CTerreHb: 

Units_ Units_::operator"(double power) 

13 



{ Units_ tUnit ; 
tUnit.k = pow(k, power);· · 

} 

for (inti= O; i < UNIT; i++) 
tUnit.sQm[i] = sQm[i] * power; 

return tUnit; 

I1p1mep1,1 orrpe,nerremui e,nHHHU H3MepeHHll rrpnae,neHhI a rrpnrro)!(eHHH. 

I1oJih30BaTeJih CaM MO)!(eT rrenco ,no6aBHTh HOBhie e,nHHHl{hl H3MepeHHJl Ha OCHOBe y)!(e 

paHee OilHCaHHhlX. 
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npe.qcTaB11eHHe pa3MepHblX nepeMeHHblX 

~arree rrpHCTYilHM K co3,naHH!O HOBOfO THila ,naHHhlX - pa3MepHhIX 

rrepeMeHHbIX, C IIOMOll{h!O KOTOporo MO)!(HO OilHCbIBaTb B rrporpaMMHOM KO,ne 

pearrhHhie q>H3HqeCKHe aerrnqHHhl. Ha.no OTMeTHTh, lf!O ,!l;aHHhlll THil IlOCTPOeH He 

TOJlhKO Ha OCHOBe O,!l;HOro KJiacca, HO H C IlOMOll{h!O q>yHKl{Hll, He JlBJIJl!Oll{HXCJl 

qrreHaMH 3TOro KJiacca. IIpnae,neM OilHCaHHe OCHOBHhlX qJieHOB H q>yHKl{Hll KJiacca, 

KOTOpbie o6ecrreqnaaioT ero pa6oTy. IJOJIHhlll TeKCT rrporpaMMhl rrpnae,neH a 

rrpHJIO)!(eHHH. 

class doubleU 
{ 
public: 
double v; 
Units_ u; 

doubleU(); 
doubleU(double); 
doubleU(Units_); 
doubleU(double, Units_); 
doubleU(double, double); 

void set(double); 
void set(double, Units_); 
void set(double, double); 
void set(Units_); 
void set(doubleU); 

bool CheckUnits(doubleU, char*); 
bool CheckZero (char*); 
double operator()(); 
double operator()(Units_); 
void operator=(const doubleU&); 
void operator=(double d); 

doubleU operator+(doubleU); 
doubleU operator-(doubleU); 
doubleU operator-(); 
doubleU operator*(doubleU); 
doubleU operator/(doubleU); 
doubleU operator&(doubleU); 

15 



}; 

doubleU operator*(double); 
doubleU operator/(double}; 
doubleU operator"( double); 

boo! operator==(doubleU); 
bool operator!=(doubleU); 
bool operator> (doubleU); 
bool operator>=(doubleU); 
bool operator< (doubleU); 
boo! operator<=(doubleU); 

doubleU operator+(double, doubleU); 
doubleU operator-(double, doubleU); 
doubleU operator*(double, doubleU); 
doubleU operator/(double, doubleU); 

class doubleU nMeeT acero JIHIIIh ~Be rrepeMeHHhie: v - qncnoaoe 

rrpe~CTaBJieHne lpH3HqecKOll BeJinqnHhI H U - emrn.11:uy H3MepeHmr 3TOH q>ll3nqecKOll 

BeJinqnHhI. ,n:anee pacCM0TpHM, KaK ocymecTBJIHlOTCH orrepaunn H~ 3THMH 

rrepeMeHHhIMH. 

B K0HCTPYKT0pe 6e3 rrapaMeTp0B 3HaqeHne q>H3nqecKOll BennqnHhI 

ycrnHaBJIHBaeTCH paBHhIM e~HHHUe, a ee pa3MepH0CTh orrpe~eJieHa B K0HCTPYKT0pe 6e3 

rrapaMeTpoB KJiacca Units_. 

doubleU::doubleU() 
{ V = 1; } 

OcTanhHhie K0HCTPYKT0phI HCII0Jih3YlOTCH ~JIH 3~aHHH HaqanhHhIX 3HaqeHHH 

q>ll3HqecKOll BeJIHqHHhl H ee pa3MepH0CTII. 

doubleU::doubleU(double v1) 
{ v=v1;} 

doubleU::doubleU(Units_ u1) 
{ V = 1; 

u = u1; 
} 
doubleU::doubleU(double v1, Units_ u1) 
{ V = V1; 

u = u1; 
} 
doubleU::doubleU(double v1, double u1) 
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{ V = V1; 
u.k = u1; 

} 

Ecnn pa3MepH0CTh q>II3nqecKOll BennqnHhl IIJIII ee BennqnHa He 6hmll 3~aHhl 

rrpn IIHmi:nanll3aunn C II0M0IUhlO K0HCTPYKT0p0B C rrapaMeTPaMII, TO :no M0lKH0 

c~enaTh c II0M0IUhIO Ha6opa cne~YIOmnx q>yHKUnfi set: 

void doubleU::set(double d) 
{ v = d / u.k;} 

void doubleU::set(double d, Units_ u1) 
{ V = d; 

u = u1; 
} 
void doubleU::set(double d, double du) 
{ 

} 

v=d; 
u.k = du; 

void doubleU::set(Units_ u1) 
{u=u1;} 

void doubleU::set(doubleU zvars) 
{ v = zvars.v; 

u = zvars.u; 

.ll:IDI rrpoaepKII C00TBeTCTBIISI pa3MepH0CTII q>ll3nqecKIIX BeJinqnH HCII0Jih3yeTCH 

crreunanhHM q>yHKUIIH, K0Topa» BhIB0~nT coo6meHne 06 OIIIH6Ke B cnyqae 

HeC00TBeTCTBIIH pa3MepHOCTeii If coo6maeT pa3MepH0CTII q>II31fqecKHX rrepeMeHHhIX, 

H~ K0T0phIMII BhIII0JIHIDOTCSI apHq>MeTnqeCKHe orrepauHH: 

bool doubleU::CheckUnits(doubleU du, char* sign) 
{ if (u != du.u) 

{ Warning("Can not execute operator", sign); 
u.UnitsWarning(); 
du.u.UnitsWarning(); 

//********************************************************* 
return false; //******** Debuger point *********** 

//********************************************************* 
} 
return true; 

} 

,~- ···------- ---- --
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CrpoKa, OTMeqeHH!UI KOMMeHTaplleM Debuger point, MOlKeT 6b!Tb 

llC!IOllb30BaHa ,n;m1 ycTaHOBKll ToqKn OTnMqnKa B cnyqae, Kor,n;a rrpn BbIIIOnHeHllll 

rrporpaMMbl IIOJIBJU!eTCJI ,D;aHH!UI onm6Ka. 

)];JUI BbIIIOnHeHllJI anre6panqeCKllX n TPllfOHOMeTPHqecKHX <pyHKI.{llll HM 

pa3MepHb!Mll rrepeMeHHbIMll Heo6xo,n;HMO c,n;enaTb rrpoBepKy, qTo OHll JIBJUIIOTCJI 

6e3pa3MepHbIMll: 

boot doubleU::CheckZero(char* sign) 
{ 

if (!u.Zero()) 
{ Warning("Can not execute operator'', sign); 

u.UnitsWarning(); 
return false; 

} 
return true; 

Cne.n;YIQIIJ;!U! <pyHKI.{llJI llCIIOllb3YeTCJI ,n;nJI rronyqeHHJI (pll3llqecKOH BennqllHbl 

6e3 yqeTa ee pa3MepHOCTll: 

double doubleU::operator()() 
{ return v; } 

Ecnn )Ke Heo6xo.n;nMo rronyqnTh qncneHHOe 3HaqeHne <pmnqecKoil: BennqnHbI B 

HeKOTOpoil: orrpe,n;eneHHOH pa3MepHOCTll, TO Tor,n;a rrpoBepJieTCJI CHaqana B03MOlKHOCTb 

rrpeo6pa30BaHllJI K TaKOH pa3MepHOCTll. I1Haqe BbI,D;aeTCJI coo6rn;eHHe 06 OIIIH6Ke ll 

rrpHBO,!l;JITCJI 3HaqeHHJI llCXO,!J;HOH ll rrpHBO,!l;llMOH pa3MepHOCTeil:: 

double doubleU::operator()(Units_ u1) 
{ 

} 

if (u != u1) 
{ Warning("Can not execute operator(Units)"); 

u.UnitsWaming(); 
u1 .UnitsWaming(); 
return false; 

} 
return v * u.k / u1 .k; 

Ilpn BhmonHeHHH orrepaunn rrpncBanBaHHJI cHaqana rrpoBepHeTcJI 

COOTBeTCTBlle <pll3llqecKHX pa3MepHOCTeil:. B cnyqae HX COOTBeTCTBHJI rrpncBaHBaeM!UI 
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BennqnHa Macnna6npyeTCJI cornacHo pa3MepHOCTH rrepeMemmil:, B Kornpy10 .oHa 

KOIIHpyeTCJI. BbmonHeHne rrpoBepKll rrpn KOIIHpoBaHllll O,!l;HOH rrepeMCHHOH B ,n;pyryIO 

Han6onee HpKO IIOKa3hIBaeT rrpenMyrn;ecTBO llCIIOllb30BaHHJI HOBOfO Tll!Ia pa3MepHbIX 

rrepeMeHHbIX. 

void doubleU::operator=(const doubleU& zvars) 
{ 

CheckUnits(zvars, " = "); 
v = zvars.v * zvars.u.k / u.k; 

} . 

)];JUI COBMeCTllMOCTll C rrpe,n;onpe,n;eneHHblMll qncnOBblMll Tll!IaMll 

peann3oBaHa rrpocT!UI <pyHKUllJI rrpncBoeHHJI rrepeMeHHOH rnrra double. B 3TOM cnyqae 

rrpoBepKll Ha COOTBeTCTBlle pa3MepHOCTeil: He TPe6yeTCJI. 

void doubleU::operator=(double d) 
{ v = d; } 

)];anee cne,n;yeT rpyrrna apn<pMeTnqecKnx onepaunil: HM pa3MepHhIMll 

rrepeMeHHbIMll. HMO OTMeTHTb, qTO ,n;nJI onepaunil: CllOlKCHHJI ll BbJqllTaHllJI TaKlKC 

IIpOH3BO,!l;llTCJI npoBepKa COOTBeTCTBllJI pa3MepHOCTeH. )];nJI YMHOlKeHHJI ll ,n;eneHHJI 

TaKoil: rrpoBepKH He npon3BO,!l;HTCJI. B onepaunn ,n;eneHHJI TaKJKe npoBepJieTCJI onm6Ka 

,n;eneHHJI Ha HOllb. 

doubleU doubleU::operator+(doubleU zvars) 
{ CheckUnits(zvars, " + "); 

} 

doubleU temp ; 
temp.u = u; 
temp.v = v + zvars.v * zvars.u.k / temp.u.k; 
return temp; 

doubleU doubleU::operator-(doubleU zvars) 
{ CheckUnits(zvars, " - "); 

} 

doubleU temp ; 
temp.u = u; 
temp.v = v - zvars.v * zvars.u.k / temp.u.k; 
return temp; 

doubleU doubleU::operator*(doubleU zvars) 
{ doubleU temp ; 

temp.u = u * zvars.u; 
temp.v = v * zvars.v; 
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return temp; 
} 
doubleU doubleU::operator/(doubleU zvars) 
{ doubleU temp ; 

} 

temp.u = u / zvars.u; 
if (zvars.v) 

temp.v = v I zvars.v; 
else 

Warning("Division by zero"); 
return temp; 

IloJie3HO TaKlKe onpe~eJIHTb yHapHblH onepaTop, KOTOpbIH Mem!eT 3HaK 

pa3MepHOH Bem1qnHhI: 

doubleU doubleU: :operator-() 
{ doubleU temp; 

temp.v =-v; 
temp.u = u; 
return temp; 

} 

)],m1 apmpMeTnqecKnx onepaunw c npe~onpe~eneHHhIM THIIOM double TaK)l(e 

onpe~eJieHhl onep~Hll yMHO)l(eHHll ll ~eJieHHll. ~ll onepaunn ~eJieHHll BbIIIOJIHlleTCll 

npoBepKa Ha OIIIH6Ky ~eJieHHll Ha HOJib: 

doubleU doubleU::operator*(double d) 
{ doubleU temp ; 

temp.u = u; 
temp.v = v * d; 
return temp; 

} 
doubleU doubleU::operator/(double d) 
{ doubleU temp ; 

} 

temp.u = u; 
if (d) 

temp.v = v Id; 
else 

Warning("Division by zero"); 
return temp; 

)],oIIOJIHHTeJibHO onpe~eJieHa onep~Hll BO3Be~eHHll B CTeneHb. HaJto HMCTI, II 

BH~Y, ~o nepeonpe~eJieHne onep~HH He MeHlleT npnopHTCT HX BblHOJJIICllllll, 

IIO3TOMY npn TaKOM onpe~eJieHHH onep~Hll BO3Be~eHHll B CTeneHb Olla ue 6yJ{CT 
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HMCTb 6onee BbICOKOfO npnopnTeTa no cpaBHeHHIO c ~pyrnMH apmpMeTnqeCKHMll 

onepaUHllMH: 

doubleU doubleU::operator"(double d) 
{ doubleU temp ; 

temp.u = u " d; 
temp.v = pow(v, d); 
return temp; 

} 

)],Jlll pa3MepHblX nepeMeHHbIX IIOJie3HO onpe~eJIHTb nornqeCKHC onepaunn 

cpaBHeHHll. B HHX TaK)l(e ocymecTBJilleTCll npoBepKa Ha COOTBeTCTBHe pmMepHOCTeH: 

boot doubleU::operator==(doubleU zvars) 
{ CheckUnits(zvars, " == "); 

return (v*u.k) == (zvars.v*zvars.u.k); 
} 
boot doubleU::operator!=(doubleU zvars) 
{ CheckUnits(zvars, " != "); 

return (v*u.k) != (zvars.v*zvars.u.k); 
} 

KaK y)l(e 6bIJIO OTMeqeHO, HOBblH THII pmMepHbIX nepeMeHHbIX onncaH He 

TOJibKO c IIOMOII{blO nepapxnn KJiaccoB, HO n c IlOMOII{blO rno6anhHblX qiyHKUHH, 

HCIIOJib3YIOlllllX B KaqeCTBe BXO~HbIX napaMeTpOB ll pe3yJibTaTa onepaunn pmMepHbie 

nepeMeHHbie. Ilpn 3TOM, KaK npaBnno, ~enaeTcll npoBepKa Ha To, qTo apnqiMeTnqecKne 

onep~Hll ocymecTBJilllOTCll Ha/( 6e3pa3MepHbIMll BeJinqnHaMll. IlOJIHblH CIIHCOK Bcex 

apnqiMeTnqecKnx onepaunw npnBe~eH B npnJio)l(eHnn. 

doubleU operator+(double d, doubleU du) 
{ du.CheckZeroC' (double)+"); 

} 

doubleU temp; 
temp.u = du.u; 
temp.v = d / du.u.k + du.v; 
return temp; 

doubleU operator*(double d, doubleU du) 
{ doubleU temp; 

} 

temp.LI = du.u; 
temp.v = d * du.v; 
return temp; 

21 



np1,1Mep nporpaMMbl C pa3MepHblM"1 nepeMeHHblMl,1 

B KaqecTBe rrpuMepa rrpHBe,u:eM pea.rrmau:mo KJiacca, KOTOphIH MO)KHO 

IICIIOJJh30BaTb B pea.rrbHOll rrporpaMMe ,[{JJH OIIHCaHIIH 3Hepnm peJJHTIIBIICTCKIIX qaCTIIU:. 

I1oJJh30BaTeJJb MO)KeT 3a,[{aTh mo6oii: Il3 BapHaHTOB orrpe,u:eneHIIH 3Heprnu qaCTIIU:hI: 

IIOJJHaH 3HeprIIH, KIIHeruqecKaH 3HeprI1H, IIMIIYJJhC qacTHU:hl, MarHHTHaH )KeCTKOCTh, 

peJJHTIIBIICTCKile q>aKTOpbI y IIJJII p. OcTa.JihHhie 6y,u:yT aBTOMaruqeCKII rrepecqHTaHhl B 

cooTBeTCTBIIII C Maccoll II 3apH,U:OM qacTIIU:hl. 

CHaqa.rra orrpe,u:enuM TIIII U_EnergyEnum c BapHaHTaMH orrpe,u:eneHIIH 3HeprnH 

qacTIIU:hl. ,[{a.rree Il,[{eT OIII1CaHI1e KJJacca, IICIIOJJh3YIOIU:ero pmMepHhie rrepeMeHHbie. 

JlornqecKaH rrepeMeHHaH PerNucleon HCIIOJJh3yeTCH, ecJJH orrpe,u:eneHa He IIOJJHaH 

3HeprRH qaCTIIU:hl, a 3HeprIIH Ha O,[{IIH HyKJIOH. B KOHCTPYKTOpe KJiacca 061,HBIIM 

pmMepHOCTII qJJeHOB KJiacca. 

B rrepBOll q>yHKU:IIH Set H,U:eT pacqeT 3HepreTHqecKIIX BeJmquH qacTHU:hl B 

3aBHCHMOCTH OT Toro, KaK OHa 6bIJJa orrpe,u:eneHa BO BTOpoii: q>yHKU:HII. BTopaH 

q>yHKU:HH Set 3a,[{aeT, KaKIIM o6pa30M 6bma orrpe,u:eneHa 3HeprHH qaCTHU:hI,II BhI3hIBaeT 

rrepByro q>yHKU:HIO MH pacqera Bcex BapuaHTOB orrpe,u:eneHIIH 3HeprnH qacruo;hl. 

enum U_EnergyEnum{U_GAMMA, U_BETA, U_VELOCITY, U_ENERGY, U_KINETIC, 
U_MOMENTUM, U_REGIDITY}; 

class U_Energy 
{public: 

static bool PerNucleon; 
doubleU Gamma, Beta, Velocity, Energy; 
doubleU Kinetic, Momentum, Rigidity, Massa; 
doubleU Z, A; 
U_Energy(); 
bool Set(U_EnergyEnum); 
bool Set(U_EnergyEnum, doubleU); 

}; 

bool U_Energy::PerNucleon = true; 

U_Energy::U_Energy() 
{ Velocity.set(m_/s_); 

Energy. set(eV_); 
Kinetic. set(eV_); 
Momentum .set( eV _ c _); 
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Rigidity.set(T _*m_); 
Massa. set(amu_); 

} 

bool U_Energy::Set(U_EnergyEnum ue) 
{ 

bool errors = false; 
doubleU amu; 
if (!PerNucleon) amu = A; 

switch(ue) 
{case U_GAMMA: 

if (Gamma() <= 1) 
{ Waming("GAMMA should be more than unit"); 

errors = true; 
} break; 

case U_BETA: 
if ((Beta() >0) && (Beta() < 1)) 
{ Gamma= (1 - (Beta112))11(-0.5); 
}else 
{ Warning("BETA should be less than unit and positive"); 

errors = true; 
} break; 

case U_VELOCITY: 
if ((Velocity()> 0) && (Velocity< U_c)) 
{ Beta= Velocity/ U_c; 

Gamma = (1 - (Beta112))11(-0.5); 
}else 
{ Warning(''VELOCITY should be less than light speed"); 

errors = true; 
} break; 

case U_ENERGY: 
Gamma= Energy/ (A• Massa• (U_c112)); 
if (Gamma() <= 1) 
{ Warning("Total Energy should be more than rest mass"); 

errors = true; 
} break; 

case U_KINETIC: 
if (Kinetic() > 0) 
{ Gamma= Kinetic/ (amu •Massa• (U_c112)) + 1; 
}else 
{ Warning("Kinetic Energy should be positive"); 

errors = true; 
} break; 

case U MOMENTUM: 
if (Momentum() > 0) 
{ Energy= (((Momentum*U_c)"2)+((A •Massa• (U_c112) )112))110.5; 

Gamma= Energy/ (A• Massa• (U_c112)); 
}else 
{ Waming("MOMENTUM should be positive"); 

errors = true; 
} break; 

case U RIGIDITY: 
if (Rigklity() > 0) 
{ Momentum= Rigidity• U_e / U_c; 
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Energy= (((Momentum*U_c)112)+((A*Massa • (U_c"2) )112))"0.5; 
Gamma= Energy I (A• Massa• (U_c112)); 

}else 
{ Warning("REGIDITY should be positive"); 

errors = true; 
} break; 

default: Warning("Unknown zEnergyEnum parameter:", ue); 
} 
if (!errors) 
{ if (ue != U_BETA) Beta= (1 - (Gamma"-2)) 11 0.5; 

} 

if (ue != U_VELOCITY) Velocity= Beta* U_c; 
if (ue != U_ENERGY) Energy= Gamma• A• Massa• (U_c"2); 
if (ue != U_KINETIC) Kinetic= (Gamma-1 )*amu*Massa*(U_c112); 
if (ue != U_MOMENTUM) 

Momentum= (((Energy"2)- (A*Massa*(U_c112)"2))"0.5) I U_c; 
if (ue != U_REGIDITY) Rigidity= Momentum* U_c / U_e; 

return errors; 

bool U_Energy::Set(U_EnergyEnum ue, doubleU du) 
{ 

} 

switch(ue) 
{case U_GAMMA: Gamma = du; break; 
case U_BETA: Beta = du; break; 
case U_VELOCITY: Velocity= du; break; 
case U_ENERGY: Energy = du; break; 
case U_KINETIC: Kinetic = du; break; 
case U_MOMENTUM: Momentum= du; break; 
case U_RIGIDITY: Rigidity= du; break; 
default: Warning("Unknown zEnergyEnum parameter:", ue); 

} 
return Set(ue); 

fl1,1TepaTypa 

[I) MeIIIKOB I1.H., ITIIBIIH P.B., CanopHH A.O., CMHpHOB A.B., Tpy6HJIKOB r.B. 

qHcneHHOe M0~enHp0BaHJie ~IIHaMIIKII ~aCTIIU B HaK0ITHTenRX C IICIT0ilh30BaHJieM 

rrporpaMMhl BETACOOL /!IIHChMa B 3qA51, T.3, N27, CTP. 82-86 (2006) 

http: //lepta.jinr.ru/betacool 
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np"1IIO>K8H"18. HOBblH T"1n pa3M8pHblX nepeM8HHblX 

ma~n "doubleU.h" 

//'----------------
extern Units s , Q , m , U1 ; 
extern Units= cm_, barn-:::., H_~Hz_, min_, hour_, day_, year_; 
extern Units_ e_, q_, F _, V _, A_, Ohm_, uP _, G_, T _; 
extern Units_ eV_, K_, eV_c_, eV_c2_, J_, W_, kg_, g_; 
extern Units amu , neutron , proton , electron ; 
extern Units= N_, Pa_, atm_~ Torr_; - -

extern doubleU U_0,U_1,U_hbar,U_amu,U_mn,U_mp,U_me,U_k,U_c,U_e; 
extern doubleU U_Grav,U_grav,U_NA,U_pi,U_exp,U_eps0,U_mu0; 
extern doubleU U_fine,U_re,U_rp,U_r1 ,U_R,U_Ecoup,U_lambdaC,U_muBorn; 

1/-----------------
enum BaseEnum{SECOND, QULOUN, METER, UNIT}; 

class Units_ 
{ 
public: 
#ifdef PoWeRs 

void UnitsWarning(); 
double sQm[UNIT]; 

#endif 

}; 

double k; 
Units_(); 
Units_ (double); 
Units_ (BaseEnum) {;} 
void operator()(BaseEnum); 
void operator()(Units_); 
bool operator==(Units_); 
bool operator!=(Units_); 
bool Zero(); 
Units_ operator*(Units_); 
Units_ operator/(Units_); 
Units_ operator*(double); 
Units_ operator/(double); 
Units_ operator"(double); 

//----------------
class doubleU 
{ 
public: 

double v; 
Units u; 
doubieU(); 
doubleU( double); 
doubleU(Units_); 
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}; 

doubleU(double, Units_); 
doubleU(double, double); . 
doubleU(BaseEnum); 

bool CheckUnits(doubleU, char'); 
bool CheckZero (char*); 
double operator()() { return v; } 
double operator()(Units_); 

void set(double); 
void set(double, Units_); 
void set(double, double); 
void set(Units_); 
void set(doubleU); 

void operator=(const doubleU&); 
void operator=(double d); 

void operator+=(doubleU); 
void operator-=(doubleU); 
void operator*=(doubleU); 
void operator/=(doubleU); 
void operator%=(doubleU); 

doubleU operator+(doubleU); 
doubleU operator-(doubleU); 
doubleU operator-(); 
doubleU operator*(doubleU); 
doubleU operator/(doubleU); 

doubleU operator+(double); 
doubleU operator-(double); 
doubleU operator*(double); 
doubleU operator/(double); 
doubleU operator"(double); 

bool operator==(doubleU); 
bool operator!=(doubleU); 
bool operator> (doubleU); 
bool operator>=(doubleU); 
bool operator< (doubleU); 
bool operator<=(doubleU); 

1/-----------------
doubleU operator+(double, doubleU); 
doubleU operator-(double, doubleU); 
doubleU operator*(double, doubleU); 
doubleU operator/(double, doubleU); 

double U_Ln (doubleU); 
double U_Log(doubleU); 
double U_Exp(doubleU); 
double U_Pow(doubleU, double); 
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double U_Sin(doubleU); 
double U_Cos(doubleU); 
double U_Tan(doubleU); 
double U_Asin(doubleU); 
double U_Acos(doubleU); 
double U_Atan(doubleU); 
double U_Atan2(doubleU, doubleU); 
double ArcTan2(double, double); 
double SqrtSum(double a, double b); 
doubleU U_SqrtSum(doubleU, doubleU); 
doubleU U_Abs(doubleU); 

cbailln "doubleU.cpp" 

//---------------
double light= 2.99792458e10; 

// Base units 
Units_ s_ (SECOND); 
Units_ Q_ (QULOUN); 
Units_ m_ (METER); 
Units_ U1_(UNIT); 

II Some derivative units 
Units_ cm_ (m_/100); 
Units_ barn_((cm_"2)*1 e-24); 
Units_ H_ (cm_•1e9); 
Units_ Hz_ (s_"-1); 
Units_ min_ (s_*60); 
Units_ hour_(min_*60); 
Units_ day_ (hour_*24); 
Units_ year_(day_*365); 

II Electromagnetic, perveance 
Units_ e_ (Q_*1.6021893e-19); 
Units_ q_ (Q_/3e9); 
Units_ F _ (cm_*9e11); 
Units_ v_ (Q_/F _); 
Units_A_ (Q_/s_); 
Units_ Ohm_(V _/A_); 
Units_ uP _ (u_6*A_/(V _"1.5)); 
Units_ G_ (V_/cm_*300); 
Units_ T_ (G_*1e4); 

II Power, temperature, momentum, massa 
Units_ eV_ (e_*V_); 
Units_ K_ (eV_*8.61738573e-5); 
Units_ eV_c2_(eV_*((s_/(cm_*light))"2)); 
Units_ eV _c_ (eV _* s_/(cm_*light)); 
Units_J_ (Q_*V_); 
Units_ w_ (J_/s_); 
Units_ kg_ (J_*(s_/m_"2)); 
Units_ g_ (kg_/1000); 

II centimetre 
II barn 
II Henry 
// Herz 
II minute 
II hour 
II day 
II year 

II electron charge 
II SGSI charge 
II Farade 
// Volt 
// Ampere 
//Ohm 
// Perveance 
// Gauss 
// Tesla 

// electron Volts 
// Kelvin 
// mass 
II momentum 
II Joule 
//Watt 
II kilogram 
II gram 
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II Massa of particles 
Units_ amu_ (M_6*eV_c2_ * 931.5016); 
Units_ neutron_ (M_6*eV_c2_ • 939.5731); 
Units_ proton_ (M_6*eV_c2_ * 938.2796); 
Units_ electron_ (M_6*eV_c2_ • 0.5110034); 

II atom mass unit 
II neutron mass 
II proton mass 
II electron mass 

II Force, pressure 
Units_ N_ (J_/m_); 
Units_ Pa_ (N_/(m_"2)}; 
Units_ atm_ (Pa_ *1.013e5); 
Units_ Torr_(atm_n60); 

II Newton 
// Pascal 
II atmosphere 
II Torr 

//Base constants 
doubleU u_o._ ( o, u1_ ); 
doubleU U_1._ ( 1, U1_); 
doubleU U_hbar._ ( 0.658212202e-15, eV_*s_ ); 
doubleU U_amu._ ( 1, amu_ ); 
doubleU U_mn._ ( 1, neutron_); 
doubleU U_mp._ ( 1, proton_); 
doubleU U_me._ ( 1, electron_); 
doubleU U_k._ ( 8.61738573e-5, eV_/K_ ); 
doubleU U_c._ ( lighU100., m_/s_ ); 
doubleU U_e._ ( 1, e_ ); 
doubleU U_Grav._ (6.6725985e-8,(cm_"3)l(g_*(s_"2))); 
doubleU U_grav._ ( 9.80665, m_/(s_"2) ); 
doubleU U_NA._ ( 6.022136736e23, U1_ ); 
doubleU U_pi._ ( M_PI, U1_ ); 
doubleU U_exp._ ( 2.718281828459045235,U1_); 
doubleU U_eps0._ ( 1./(4.*U_pi()*9e+9), F _/m_); 
doubleU U_muo._ ( 4.*U_pi()*1e-7, H_/m_); 

II Derivative constants 
doubleU U_fine._ ( (U_e"2) I (U_hbar * U_c) ); 
doubleU U_re._ ( (U_e"2) I (U_me*(U_c"2)} ); 
doubleU U_rp._ ( (U_e"2) I (U_mp*(U_c"2)) ); 
doubleU U_r1._ ( (U_hbar"2)l(U_me*(U_e"2)) ); 
doubleU U_R._ (U_me * (U_e"4) I ( (U_hbar"3) * 2)}; 
doubleU U_Ecoup._(U_me*(U_e"4) / ((U_hbar"2) * 2)); 
doubleU U_lambdaC._(U_pi * U_hbar * 21 (U_me*U_c)); 
doubleU U_muBorn._(U_e * U_hbar / (U_me • U_c • 2)); 

//'-----------------
Units_::Units_() 
{ k = 1.; 

for (inti= 0; i < UNIT; i++) 
sQm[i] = 0; 

} 
Units_::Units_(double koef) 
{ k = koef; 

for (inti= 0; i < UNIT; i++) 
sQm[i]=0; 

} 
void Units_::operator()(BaseEnum baseenum) 
{ k = 1.; 
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II zero 
II unit 
// Plank constant 
II atom mass unit 
II neutron mass 
II proton mass 
II electron mass 
II Boltzman 
// light speed 
II electron charge 
II gravitational 
II acceleration 
II Avagadro 
II pi 
II exponent 
II permittinity 
II permeability 

II fine structure 
II electron radius 
II proton radius 
111 st Borh radius 
II Ridberg 
II coupling energy 
II Compthon length 
II Borh magnethon 

for (inti= 0; i < UNIT; i++) 
sQm[i] =0; 

if (baseenum != UNIT) 
sQm[baseenum] = 1; 

} 
void Units_::operator()(Units_ u) 
{ k = u.k; 

for (inti= 0; i < UNIT; i++) 
sQm[i] = u.sQm[i]; 

} 
void Units_::UnitsWarning() 
{ Warning(" s"",sQm[0],", O"",sQm[1],", m"",sQm[2]);} 

bool Units_::operator==(Units_ u) 
{ for (inti= 0; i < UNIT; i++) 

if ( fabs(sQm[i] - u.sQm[i]) >accuracy) 
return false; 

Warning("! - Comparison of dimensions is not correct - !"); 
return true; 

} 
bool Units_::operator!=(Units_ u) 
{ return !(*this== u); } 

bool Units_::Zero() 
{ for (inti= 0; i < UNIT; i++) 

} 

if ( fabs(sQm[i]) > accuracy) 
return false; 

return true; 

Units_ Units_::operator*(Units_ u) 
{ Units_ !Unit; 

tUnit.k = k * u.k; 
for (inti= 0; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i] + u.sQm[i]; 
return !Unit; 

} 
Units_ Units_::operatorl(Units_ u) 
{ Units_ !Unit; 

tUnit.k = k I u.k; 
for (inti= 0; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i] - u.sQm[i]; 
return !Unit; 

} 
Units_ Units_::operator*(double koef) 
{ Units_ !Unit; 

tUnit.k = k * koef; 
for (inti= 0; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i]; 
return !Unit; 

} 
Units_ Units_::operatorl(double koef) 
{ Units_ tUnit; 

tUnit.k = k / koef; 
for (inti= 0; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i]; 
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return tUnit; 
} 

Units_ Units_::operator"(double power) 
{ Units_ tUnit ; 

} 

tUnit.k = pow(k, power); 
for (inti= O; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i] • power; 
return tUnit; 

Units_ Units_::operator•(MicroMega mega) 
{ Units_ tUnit ; 

tUnit.k = k • mega.MegaValue; 
for (inti= O; i < UNIT; i++) 

tUnit.sQm[i] = sQm[i]; 
return tUnit; 

} 
//'----------------
doubleU::doubleU() 
{ v=1;} 

doubleU::doubleU(double v1) 
{ V = v1; } 

doubleU::doubleU(Units_ u1) 
{ V = 1; 

u = u1; 
} 
doubleU::doubleU(double v1, Units_ u1) 
{ V = v1; 

u = u1; 
} 
doubleU::doubleU(double v1, double u1) 
{ V = V1; 

u.k = u1; 
} 
doubleU::doubleU(BaseEnum unit) : u(unit) { ; } 

bool doubleU::CheckUnits(doubleU du, char• sign) 
{ if (u != du.u) 

{ Warning("Can not execute operator'', sign, ); 
u. UnitsWarning(); 
du.u.UnitsWarning(); 

//********************************************************** 
return false; II •••••••• Debuger point ••••••••••• 

//********************************************************** 
} 
return true; 

} 
bool doubleU::CheckZero(char• sign) 
{ 

if (!u.Zero()) 
{ Warning("Can not execute operator'', sign); 

u.UnitsWarning(); 
return false; 
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} 
return true; 

} 
double doubleU::operator()(Units_ u1) 
{ if (u != u1) 

{ Warning("Can not execute operator''); 
u. UnitsWarning(); 
u1 .UnitsWarning(); 
return false; 

} 
return v • u.k / u1 .k; 

} 

void doubleU::set(double d) 
{ v = d / u.k; } 

void doubleU::set(double d, Units_ u1) 
{ v= d; 

u = u1; 
} 
void doubleU::set(double d, double du) 
{ v= d; 

u.k = du; 
} 
void doubleU::set(Units_ u1) 
{ u = u1; }. 

void doubleU::set(doubleU zvars) 
{ v = zvars.v; 

u = zvars.u; 
} 
void doubleU::operator=(const doubleU& zvars) 
{ CheckUnits(zvars, "="); 

v = zvars.v • zvars.u.k I u.k; 
} 
void doubleU::operator=(double d) 
{ V = d; } 

void doubleU::operator+=(doubleU zvars) 
{ CheckUnits(zvars, "+="); 

v += zvars.v • zvars.u.k / u.k; 
} 
void doubleU::operator-=(doubleU zvars) 
{ CheckUnits(zvars, "-="); 

v -= zvars.v • zvars.u.k I u.k; 
} 
void doubleU::operator•=(doubleU zvars) 
{ u = u • zvars.u; 

v •= zvars.v; 
} 
void doubleU::operator/=(doubleU zvars) 
{ u = u / zvars.u; 

if (zvars. v) 
v /= zvars.v; 

else 
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Warning("Division by zero"); 
} 
doubleU doubleU::operator+(doubleU zvars) 
{ CheckUnits(zvars, "+"); 

} 

doubleU temp ; 
temp.u = u; 
temp.v = v + zvars.v • zvars.u.k / temp.u.k; 
return temp; 

doubleU doubleU::operator-(doubleU zvars) 
{ CheckUnits(zvars, "-"); 

} 

doubleU temp ; 
temp.u = u; 
temp.v = v- zvars.v • zvars.u.k / temp.u.k; 
return temp; 

doubleU doubleU::operator-() 
{ doubleU temp; 

} 

temp.v = -v; 
temp.u = u; 
return temp; 

doubleU doubleU::operator*(doubleU zvars) 
{ doubleU temp ; 

} 

temp.u = u • zvars.u; 
temp.v = v • zvars.v; 
return temp; 

doubleU doubleU::operator/(doubleU zvars) 
{ doubleU temp ; 

temp.u = u / zvars.u; 
if (zvars. v) 

temp.v = v / zvars.v; 
else 

Warning("Division by zero"); 
return temp; 

} 

doubleU doubleU::operatoro/o(doubleU zvars) 
{ 

} 

doubleU temp(*this); 
temp %= zvars; 
return temp; 

doubleU doubleU::operator+(double d) 
{ CheckZerof'+(double)"); 

} 

doubleU temp ; 
temp.u = u; 
temp.v = v + d / u.k; 
return temp; 

doubleU doubleU::operator-(double d) 
{ CheckZero("-(double)"); 

doubleU temp ; 
temp.u = u; 
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} 

temp.v = v - d / u.k; 
return temp; 

doubleU doubleU::operator*(double d) 
{ doubleU temp ; 

} 

temp.u = u; 
temp.v = v • d; 
return temp; 

doubleU doubleU::operator/(double d) 
{ doubleU temp ; 

} 

temp.u = u; 
if (d) 

temp.v = v / d; 
else 

Warning("Division by zero"); 
return temp; 

doubleU doubleU::operator"(double d) 
{ doubleU temp ; 

} 

temp.u = u "d; 
temp.v = pow(v, d); 
return temp; 

bool doubleU::operator==(doubleU zvars) 
{ CheckUnits(zvars, "=="); 

return (v*u.k) == (zvars.v*zvars.u.k); 
} 

bool doubleU::operator!=(doubleU zvars) 
{ CheckUnits(zvars, "!="); 

return (v*u.k) != (zvars.v*zvars.u.k); 
} 
bool doubleU::operator>(doubleU zvars) 
{ CheckUnits(zvars, ">"); 

return (v*u.k) > (zvars.v*zvars.u.k); 
} 
bool doubleU::operator>=(doubleU zvars) 
{ CheckUnits(zvars, ">="); 

return (v*u.k) >= (zvars.v*zvars.u.k); 
} 

bool doubleU::operator<(doubleU zvars) 
{ CheckUnits(zvars, "<"); 

return (v*u.k) < (zvars.v*zvars.u.k); 
} 

bool doubleU::operator<=(doubleU zvars) 
{ CheckUnits(zvars, "<="); 

return (v*u.k) <= (zvars.v*zvars.u.k); 
} 
1/----------------
doubleU operator+(double d, doubleU du) 
{ du.CheckZero("(double)+"); 

doubleU temp; 
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} 

temp.u = du.u; 
temp.v = d / du.u.k + du.v;. 
return temp; 

doubleU operator-(double d, doubleU du) 
{ du.CheckZero("(double)-"); 

} 

doubleU temp; 
temp.u = du.u; 
temp.v = d I du.u.k - du.v; 
return temp; 

doubleU operator*(double d, doubleU du) 
{ doubleU temp; 

} 

temp.u = du.u; 
temp.v = d • du.v; 
return temp; 

doubleU operator/(double d, doubleU du) 
{ doubleU temp; 

} 

temp.u = U1_ / du.u; 
temp.v = d I du.v; 
return temp; 

double U_Ln(doubleU zvars) 
{ zvars.CheckZero(" U_Ln(doubleU )"); 

return log(zvars(U1_)); 
} 
double U_Log(doubleU zvars) 
{ zvars.CheckZero(" U_Log(doubleU )"); 

return log10(zvars(U1_)); 
} 
double U_Exp(doubleU zvars) 
{ zvars.CheckZero(" U_Exp(doubleU )"); 

return exp(zvars(U1_)); 
} 
double U_Pow(doubleU zvars, double power) 
{ zvars.CheckZero(" U_Pow(doubleU )"); 

return pow(zvars(U1_), power); 
} 
double U_Sin(doubleU zvars) 
{ zvars.CheckZero(" U_Sin(doubleU )"); 

return sin(zvars(U1_)); 
} 
double U_Cos(doubleU zvars) 
{ zvars.CheckZero(" U_Cos(doubleU )"); 

return cos(zvars(U1_)); 
} 
double U_Tan(doubleU zvars) 
{ zvars.CheckZero(" U_Tan(doubleU )"); 

return tan(zvars(U1_)); 
} 
double U_Asin(doubleU zvars) 
{ zvars.CheckZero(" U_Asin(doubleU )"); 

return asin(zvars(U1_)); 
} 
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double U_Acos(doubleU zvars) 
{ zvars.CheckZero(" U_Acos(doubleU )"); 

return acos(zvars(U1_)); 
} 

double U_Atan(doubleU zvars) 
{ zvars.CheckZero(" U_Atan(doubleU )"); 

return atan(zvars(U1_)); 
} 
double U_Atan2(doubleU zvars1, doubleU zvars2) 
{ zvars1 .CheckUnits(zvars2, " U_Atan2(doubleU, doubleU)"); 

return ArcTan2(zvars1(U1_), zvars2(U1_)); 
} 
double ArcTan2(double y, double x) 
{ double angle; 

if ( X) 
{ angle = atan(y/x); 

if (x < 0) 
{ if (y < 0) angle-= U_pi(); 

else angle+= U_pi(); 
} 

}else 
{ if ( y) 

{ if (y < 0) angle= -U_pi()/2.; 
else angle = U_pi()/2.; 

}else 
angle= 0; 

} 
return angle; 

} 
double SqrtSum(double a, double b) 
{ return sqrt(a*a + b*b);} 

doubleU U_SqrtSum(doubleU a, doubleU b) 
{ 

a.CheckUnits(b, " U_SqrtSum(doubleU, doubleU)"); 
return (((a*a)+(b*b))"0.5); 

} 
doubleU U_Abs(doubleU zvars) 
{ doubleU temp; 

temp.v = fabs(zvars.v); 
temp.u = zvars.u; 
return temp; 

} 
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