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1. Ilpe,n;I-IcJioBI-Ie 

MttorocpyttKIIHOHaJihHhiii rraKeT rrporpaMM ROOT 6bw co3,n:att ,n:JIH attaJIH3a 3KCrre

pHMeHTaJihHhIX ,n:aHHhIX H HX BH3YaJIH3aIIHH B q>H3HKe BhICOKHX 3HeprHii. ABTOpaMH 

3Toro rrporpaMMHOro rrpo.n:yKTa HBJIHeTcH · rpyrrrra cpH3HKOB: Pette Bpatt (Rene Brun 

(U:EPH)); <I>ott Pa,n:eMaKep (Fons Rademakers'(<I>HAJI)), Macaxapy foTy (Masaharu 

Goto ( 5IrrottHH)), BanepHii <I>aiiH (Valery Fine (U:EPH)), Hetta,n: BattKHK (N enad 

Buncic), c:IiHJIHrrrr Kiman (Philippe Canal), Cro3~HHa IIattaceK (Suzanne Panacek) 

(<I>HAJI) H ,n:p. 5IBJIHHCh pa3pa6oT'IHKaMn TaKHX H3BeCTHhIX rraKeToB, KaK PAW, 

PIAF H GEANT, P.BpaH H <I>.Pa,n:eMaKep rrpHIIIJIH K BhIB0.n:y, 'ITO ,n:aJihtteiirnee 

pa3BHTHe rrporpaMMH0ro o6ecrre'IeHHH ,n:JIH o6pa60TKH ,n:aHHhIX cpH3H'IeCKHX 3KCIIe

pHMeHTOB BBH.n:y yCJIQ)KHeHHH HX CTPYKTYPhI Tpe6yeT BHe,n:peHHH ofrheKTHO-OpHeH

THpOBaHf.lhlX Texttonomii rrporpaMMHpOBaHHH. ITo3TOMY ,n:JIH ttarrHcaHHH ROOT 6un 
ncrrOJih30BaH H3hIK rrporpaMMHpoBaHHH o6rn.ero Ha3tta'IeHHH C++. Pa3pa6oT'IHKH 

HOBOii CHCTeMhl IIOCTaBHJIH rrepe,n: co6oii 3a,n:a'IH IIOMep)KKH IIOJIH0rO IIHKJia attaJIH3a 

,n:aHHbIX, yrrpaBJieHHH KOMIIJieKCHhIMH CTpyKTypaMH co CJIO)KHOii Hepapxneii ofrI,eK~ 

TOB H coxpaHeHHH TaKHX pattee HCIIOJih30BaBIIIHXCH" MeTo,n:0B atta.nH3a (m'uipHMep B 

PAW), KaK rncTorpaMMHpoBattne, q>HTHpOBaHHe H BH3yaJIH3aIIHH. :3TH 3a,n:a'IH 6hIJIH 

ycrrernHO pernettbl. CoBpeMeHHhJe 3KcrrepHMeHThl B o6JiaCTH cpH3HKH BhICOKHX 3Hep

mii, :icapaKTepn3y!OTCH 60JihIIIOii CTaTHCTHKOii H 60JihIIIOii MHO)KeCTBeHHOCTh!O co6bI

THH. Ha CTa,n:HH attaJIH3a ROOT rro3BOJIHeT Bh1,n:eJIHTh H3 MaCCHBa ,n:aHHhIX T0JihKO 

HHTepecyrorn.He HCCJie,n:oBaTeJIH co6b!THH H TeM caMbIM, cym;eCTBef.!H0 yrrpOCTHTh HX 

o6pa6oTKy. ITo3TOMY B ttacToHrn.ee BpeMH ROOT HBJIHeTCH o,n:HHM H3 caMhIX rrorry

JIHpHhIX ,rraKeTOB rrpHKJia,n:HhIX, rrporpaMM, HCIIOJib3Y!Olil.HXCH B q>H3H'IeCKHX Jia6opa

T0pHHX BCero MHpa. 

IIporpaMMHhiii rraKeT ROOT xoporno ,n:oKyMeHTHpOBaH. MttcpopMaIIHOHHhiii y3eJI 

ROOT http://root.cern.ch CB0eBpeMeHHO o6HOBJIHeTCH. Mcxo,n:Hhiii TeKCT ROOT rro3-

BOJIHeT JierKO rettepnpoBaTb ,n:oKyMeHTaIIHIO, H Ka)K,n:hIH' KJiacc HMeeT B ceTH' CBOIO 

co6CTBeHHYIO CTpaHHIIY, co,n:ep)KaIIIYIO orrncaHHe KJiacca H 061,HCHeHHe Ka)K,n:0ro Me

TO,n:a. 8Ta CTpattH11,a Bcer,n:a cooTBeTcTByeT rroCJie,n:tteii ocpHIIHaJihHOii BepcHn ROOT. 

IIo a,n:pecy http://root.cern.ch/root/html/Classlndex.html MO)KHO ttaiiTn HHcpopMa

IIHIO o KJiacca:x. B ,n:orrontteHHe K 3TOMY web-caiiT ROOT co,n:ep)KHT caMyro rroCJie,n:

HIOIO Beprnro pyKoBo,n:cTBa rr0Jih30BaTe.JIH ROOT, CIIHCOK rry6JIHKaIInii no ROOT, 

rrpHKJia,n:tthie H o6y~arorn.ne rrporpaMMhI, rrpHMephI HCIIOJih30BaHHH ROOT B Kpyrr

HhIX Hay'IHhIX KOJIJia6opaIJ,HHX. 

IIpJI cocTaBnettHH ,n:attttoro yqe6ttoro rroco6nH 6hIJIH HCIIOJih30BaHhI MaTepHMhI 

web-caiiTa ROOTH "The ROOT Users Guide 3.05" [1]. 

Bonhrnyro rroM0lil.h aBTopy rrpn rro,n:roTOBKe pyKOIIHcH OKa3aJI A.f.ConoBheB, BHe

cH 3Ha'IHTeJibHhie ynyqrneHHH B pa3,n:eJI O H3hIKe C++ H ycTpaHHB pH,n: HeT0'IH0CTeii. 

3a 3TO H 3a Tlil,aTeJihHOe pe,ziaKTHpOBaHHe Bceii KHHrH H rrpHHOIIIJ eMy rny60Ky10 

6naro,n:apttocTh. 5I TaK)Ke rrpn3ttaTeJibHa H.B.CKa'IKOBy H ,LI,.B.Batt.n:ypHtty 3a rrocTa~ 

HOBKY 3Toro yqe6ttoro Kypca B YHU: OM5IM H A.B.CTa,n:HHKy 3a rroJie3tthrn cOBeThI. 
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2. BBe,n;enne 

1. B TeKCTe rroco6m1 rrpHHHTbI CJie,zzyro~ue IIIpII<pTOBbie BbI,IJ;eJieHuH: 

(a) IIIpmpTOM C CHMBOJiaMH, HMeIO~HMH o,n:uHaKOByro IIIHpHHY, BbI,n:eJieHbI 

HMeHa KJiaccoB u MeTo,n:oB ROOT, ucxo,n:Hbrit Ko,n: B cKpurrmx, HMeHa 

CKpHIITOB II KaTaJioroB, HarrpuMep TDbject: :Draw(), 
(b) KypcUBOM BbI,IJ;eJieHbI rJI06aJibHbre rrepeMeHHbre, HarrpuMep gDirectory, 
(c) py6JieHbIM IIIpmpTOM BbI,n:eJieHbI a,n:peca B I1HTepHeTe, HarrpHMep 

http://root.cern.ch. 

2. B ,n:uanoroBofi cucTeMe rro,n:CKa:3Ka ROOT HMeeT HOMe:p CTpoKu, HarrpuMep 

root[5], pa,n;u rrpOCTOTbI 3TOT HOMep B 60JibllIHHCTBe CJiy'laeB OT6poIIIeH. 

3. Kor,n;a HCIIOJib3yeTCH rrepeMeHHaH, OHa IIOKa:3bIBaeTCH Me)K,Lzy YrJIOBbIMH CK06-

KaMH, HarrpuMep <lib>. 

2.1. CorJiaIIIeHIUI KO,LJ;llpOBaHlrn: 

C rrepBbIX ,n;Hefi pa:3BHTHH ROOT 6brJio peIIIeHO ucrroJib30BaTb Ha6op cornaIIIeHufi, 

HCIIOJib3yeMbIX rrpu HarrucaHHH KO,n;a. 9TO II03B0JIHJIO ,n;o6UTbCH e,n;uHoo6pa:3HH BHY

TpH ucxo,n;Horo TeKCTa. C IIOMO~bIO 3TOrO Ha6opa IIOJib30BaTeJIIO rrpo~e orrpe,n;eJIHTb, 

c KaKofi HH<pOpMan;uett OH HMeeT ,n;eJIO, u, CJie,n;oBaTeJibHO, IIOHHTb KO,D; JIY'IIIIe u 6br

CTpee. KoHe'IHO, MO)KHO HCIIOJib30BaTb ,n;pyrue corJiaIIIeHHH KO,D;HpOBaHHH, HO eCJiu 

Bbl co6upaeTeCb rrpe,n:cTaBJIHTb HeKOTOpbiit KO,n: ,IJ;JIH BKJIIO'leHHH B COCTaB ucxo,n:Ho

ro Ko,n:a ROOT, Bbr 6y,n:eTe ,n:oJI)KHbI ux ucrroJib30BaTb. I1mK, B ROOT rrpuHHTbI 

CJie,zzyro~ue corJiaIIIeHHH Ko,n:upoBaHHH: 

1. KJiaCCbI Ha'IHHaIOTCH c rrpoIIHCHOfi 6yKBbI T: TTree, TBrowser. 

2. <I>yH,n;aMeHTaJibHbie THIIbI 3aKaH'IUBaIOTCH CTpO'IHOfi 6yKBOfi _t: Int_t. 

3. l..JJieHbI-,D;aHHbie Ha'IUHaIOTCH co CTpO'IHOfi 6yKBbI f: fTree. 

4. <I>yHKil;HH-'IJieHbl Ha'IHHaIOTCH c rrpOIIHCHOfi 6yKBbl: Loop(). 

5. KoHCTaHTbI Ha'luHaIOTCH co cTpO'IHOfi 6yKBbI k: kini tialSize, kRed. 

6. fJio6aJibHbie rrepeMeHHbie Ha'IHHaIOTCH co CTpO'IHOfi 6yKBbI g: gEnv. 

7. CTaTH'leCKHe 'IJieHbI ,n;aHHbIX Ha'IUHaIOTCH c CO'leTaHHH 6yKB fg: fgTable. 

8. THIIbl rrepe'IUCJieHHH Ha'IHiiaIOTCH c rrporruCHOfi 6yKBbl E: EColorLevel. 

9. JlOKaJibHble rrepeMeHHbie u rrapaMeTpb! Ha'IHHaIOT co CTpO'IHblX 6yKB: nbytes. 

10. MeTO,n:bI IIOJiy'leHHH (getters) u ycTaHOBKH (setters) Ha'IUHaIOTCH c Get u Set, 

HarrpuMep, GetFirst O u SetLast O. 

l..JT06b! rapaHTHpOBaTb pa:3Mep rrepeMeHHbIX, HCIIOJib3yfiTe ,D;JIH HUX rrpe,n:orrpe,n:e

JieHHbie THIIbI B ROOT: 

1. Char - t - CHMBOJibHaH rrepeMeHHaH co 3HaKOM 1 6afiT, 

2. UChar_t - CHMBOJibHaH rrepeMeHHaH 6e3 3HaKa 1 6afiT, 
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3. Short_t - KOpOTKoe u;enoe 'IHCJIO co 3HaKOM 2 6afiTa, 

4. UShort_ t - KOpOTKOe n;eJioe 'IHCJIO 6e3 3HaKa 2 6afiTa, 

5.' Int_t - u;e:noe 'IHCJIO co 3HaKOM 4 6afiTa, 

6. Uint_t - n;eJioe 'IHCJI0 6e3 3HaKa 4 6attm, 

7. Long_t - ,n:JIHHH0e n;eJioe 'IHCJI0 co 3HaK0M 8 6aiiTOB, 

8. ULong_t - ,Il;JIHHHOe n;eJioe 'IHCJIO 6e3 3HaKa 8 6aitTOB, 

9. Float_t - 'IHCJI0 c IIJiaBaro~efi TO'IKOfi 4 6attTa, 

10. Double_t - 'IHCJIO c IIJiaBaIO~ett TO'IK0ll ,Il;BOfiHOfi TO'IH0CTH 8 6afiTOB, 

11. Bool_t - Jioru'lecKaH rrepeMeHHaH (0=false, l~true). 

ECJIH Bbl He co6upaeTeCb coxpaHHTb rrepeMeHHYIO Ha ,n:ucKe, TO MO)KHO HCIIOJib30BaTb 

He TOJibKO Int_t, HO H int, pe3yJibTaT 6y,n;eT 0,Il;HH II TOT )Ke, HHTeprrpeTaTop HJIH 

KOMIIHJIHTOp o6pa6oTaIOT !IX· O,IJ;HHaKOB0. 

B 3aroJIOBO'IHbIX cpattJiax ROOT Gtypes. h, Htypes. h H Rtypes. h c rroMO~bro 

typedef BBe,n:eHbl crren;uanbHbie THribI ,n:JIH rpacpu'leCKHX u rucTorpaMMHbrx KJiaccOB, 

HarrpuMep Dption_t, Color_t u Axis_t. 

2.2. .YcTaHOBKa ROOT 

l..JT06~1 ycTaHOBHTb ROOT Ha BaIIIeM KOMIIbIOTepe, 3afi,n:uTe Ha web-caiiT 

http://root.cern.ch/rooti Availability'.html. IIoCJie BbI6opa Bepcuu Me)K,Lzy new, pro u 

old (,n:JIH HOBbIX IIOJib3oBaTeJiefi peKOMeH,zzyeTCH BepCHH pro) Bbl ,D;OJI)KHbi 6y,n;eTe 

TaK)Ke BbI6paTb Me)K,Lzy 3arpy3KOfi HCXO,D;Horo KO,n;a HJIH CKOMIIHJIHpOBaHHOll Bepcuu. 

I1cxo,n;Hbifi ,n:ucTpu6ynrn ROOT MaIIIHHHO He3aBucuM. IIopH,n:oK ero HHCTaJIJIH

n;uu MO)KHO HaiiTH rro a,n;pecy: http://root.cern.ch/root/lnstall.html. IIoCJie co3,n:aHHH 

root KaTanora rrpO'ITHTe cpaiiJI READ ME /INST ALL ,IJ;JIH ,n:eTaJibHoro orrucaHHH rrpo

n;e,izypbr ·rrocTpoeHHH ROOT B HY)KH0ii KOH<purypau;1m. 

BuHapHbIH ,n:ucTpu6ynrn ROOT 3aBHCHT OT rrJiaTcpOpMbI. IIoCJie 3arpy3KH cooT

BeTCTByro~ero cpafiJia pacrraKyfiTe ero KOMaH,n:aMu: 

gunzip root_<name_version>.<name_platform>.tar.gz 

tar xvf root_<name_version>.<name_platform>.tar 

9To co3,n:acT root KaTaJior. IIpo'ITHTe cpafiJI README/README rrepe,n: Ha'laJIOM 
pa60Tbl. -

IIopH,n:OK ycTaHOBKH ROOT MO)KHO TaK)Ke HafiTu B rrpHJIO)KeHim A B [1]. 

2.3. CTpyKTypa ROOT 

IIoCJie HHCTaJIJIHn;uu ROOT B KaTanore root 6y,zzyT Haxo,n:uTbCH CJie,zzyro~He KaTa

Jioru: 

• bin co,n:ep)KHT Bb!IIOJIHHeMble rrporpaMMbi: 

- root - rroKa3bIBaeT 3aCTaBKY ROOT u BbI3bIBaeT root. exe; 
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root. exe - OCHOBHaH Bh!IlOJIHHeMaH nporpaMMa, 06ecneq1,rna10rn;a51 nHTep

aKTHBHhifi pe)KllM pa60Thl C naKeTOM; 
- rootcint - yT11JinTa ROOT, 11cnOJih3yeMa5l AJIH co3,n;aH11H CJIOBapH KJiac

coB ,n;JIH CINT; 
- rmkdepend - Mo,n;mpnu,11pOBaHHaH Bepc1151 makedepend 113 C++, 11cnOJih-

3yeTcH ROOT AJIH nocTpoeH11H c11cTeMh1; 
- -root-config - cKp11nT, B03Bparn;a10rn;11fi cpnar11, Heo6xo,n;11Mh1e ,n;JIH KOM

n11nHu,1111 npoeKTOB, KOTOpb1e KOMn11n11py10TCH BMecTe c ROOT; 
- cint - C++ 11HTepnpeTaTop, 0He3aB11c11MhIH OT ROOT; 
- makecint - q11cTaH CINT Bepc1151 rootcint, 11cnoJih3yeMaH HeKOTOphIMn 

CINT cKp11nTaM11 ,n;JIH reHepau,1111 CJIOBapH ,n;JIH BHelllHnx c11cTeMHhIX 6116-

JillOTeK; 
- proofd - ,n;eMOH ,ll;Jl5l Il0,ll;TBep)K,n;eH115l IlO,ll;JlllHHOCTll Il0Jlh30BaTeJrn B npo

u;ecce napa.rrnenhHOfi 06pa60TK11 ROOT (PROOF); 
- proofserv - OCHOBHOH ,n;eMOH )];JIH PROOF; 
- rootd - ,n;eM0H ,n;JIH 0T,n;a.rreHHoro ,n;ocTyna K ROOT cpafinaM. 

• lib co,n;ep)Kl!T 6116n110TeK11 ROOT. 1..JaCTh 113 HIIX 3arpy)KaeTCH no yMonqa

H1110, cpa3y nocne Bxo,n;a B ROOT. HeK0Topb1e HJ)KHO 3arpy)KaTh ,n;onoJIHll

TeJihHO, HanpnMep: libEGPythia. so 11 libEGPythia6. so - nHTepcpefic K na

KeTaM Pythia5 11 Pythia6, libRFIO. so - llHTepcpefic K cncTeMe oT,n;a.rreHHoro 

BBo,n;a/Bhmo,n;a CERN 11 libRGL. so - llHTepcpefic K 0penGl. 

• tutorials co,n;ep)Kl!T MHOro CKpl!IlTOB C 06yqa10rn;nM11 nporpaMMaMl!. OHll 

co,n;ep)KaT HeKOTOphrn aneMeHTapHhJe 3HaH115l ROOT. 

• test co,n;ep)Kl!T Ha6op np11MepoB, KOTOphie npe,n;cTaBJIHJOT BCe 06nacT11 ROOT. 

Kor,n;a Bh!XO,ll;l!T HOBa5l BepC115l, np11Mepbi B 3TOM KaTa.rrore KOMilllJillPY!OTC5l 

11 Bh!IlOJIHHJOTCH, qT06b1 np0Bep11Th COBMeCTMMOCTh HOBOfi Bepcn:11 ROOT co 

CTapOH. 

• include co,n;ep)Kl!T BCe 3aronoBO'IHhJe cpaiiJihI ROOT. 

2.4. rJio6aJihHbie rrepeMeHHhie 

ROOT 11MeeT Ha6op rno6a.rrhHhIX nepeMeHHhIX, KOTOpb1e ncnOJih3JJOTC5l B ceaHce. Bee 

rno6aJihHhie nepeMeHHbie Haq11Ha!OTC5l co CTpOqHOH 6yKBhl "g", 3a· K◊Topoii cne,n;yeT 

3arnaBHaH 6yKBa. 

• gROOT- JKa3aTeJih, c noMOII.J;h!O KOToporo nOJih30BaTeJJh nonyqaeT ,n;ocTyn K 

Ka)K,ll;OMY o6'beKTY, co3,n;aHHOMY B nporpaMMe ROOT. B Te'IeHne ROOT ceaHca 

gROOT coxpaHHeT pH,n; COBOKynHOCTeii o6'beKTOB. K Hl!M MO)KHO o6parn;aThC5l 

c noMOII.J;hJO gRD0T: : GetListOf ... MeTo,n;oB. 

• gFile - JKa3aTeJJh Ha TeKyrn;11ii OTKphIThiii cpaiin. 

·• gDirectory - yKa3aTeJJh Ha TeKyrn;11fi KaTa.rror. 

• gPad - yKa3aTeJJb Ha aKTllBHhiii o6'beKT KJJacca TPad, Ha KOTOphiii 6y,n;yT BhI

BO,ll;llTbCH BCe rpacp11qecK11e o6'heKThl. 
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• gRandom - yKa3aTeJib Ha TeKyrn;nii reHepaTop cnyqaiiHhIX qncen. 

• gStyle - yKa3aTeJih Ha TeKyrn;11fi CTllJih. 

• gEnv - rno6aJibHa5l nepeMeHHa.51 co BCeMn napaMeTpaMll HaCTpOHKll cpe)];hl ,ll;Jl5l 
TeKyrn;ero ceaHca. 

2.5. IIpeo6pa3oBamrn HBOOK/P AW cpaiiJioB B ROOT cpop-
MaT 

)::i:JIH naKeTa ROOT 6brn pa3pa60TaH cBoii co6cTBeHHhiii cpopMaT cpaiinOB. OrpoMHOe 

K0JillqecTBO llHq>OpMau,1111 B q>11311Ke BhICOKllX 3Hepr11n 6h!JIO o6pa6oTaHo naKeTaM11 

rrpIIKJia,n;tthIX nporpaMM HBOOK II PAW. l..JT06h1 KOHBepT11poBaTh cpaiiJJhI c rncTo

rpaMMaMII II ,n;pyrnMII ,n;aHHhIMII, co3,n;aHHhIMII 3TIIMII naKeTaM11, B cpaiiJJhI ROOT, 

cyrn;ecTByeT yTIIJinTa h2root. l..JT06h1 ee IICTIOJih30BaTh, Ha6ep11Te KOMaH,n;y shell: 

h2root <hbookfile> <rootfile> 

EcnII BTopoii napaMeTp He onpe,n;eneH, TO IIMH cpaiina creHepIIpyeTrn aBTOMaTIIqe

CKII. To ecTb ecnn hbookf ile IIMeeT cpopMy file. hbook, TO cpaiin 6y,n;eT Ha3hIBaThC5l 
file.root. 

YTIIJIIITa h2root npeo6pa3yeT HBOOK rncTorpaMMhI B o6'beKThI ROOT Knacca 

TH1F, HBOOK npoq>IIJihHhie rncTOrpaMMhI - B o6'beKThI ROOT KJiacca TProfile, a 

HBOOK ntuples - B o6'heKThI ROOT Knacca TTree. B nocne,n;HeM cnyqae Ka)K,n;h1ii 

cTon6eu; ntuple CTaHeT BeTBhJO ROOT ,n;epeBa. B HeKOTOph1x cnyqa.51:x, ecn11 Ka)K

,ll;hiii aneMeHT ntuple caM .5IBJI5leTC5l MHoroMepHhIM MaccnBOM, KOHBepTau,IIa HBOOK 

cpaiinoB MO)KeT npoiiTII He noJJHOCThJO. 11MeHa ·rncTOrpaMM B ROOT cpaiine 6y,n;yT 

llMeTh BII:U, hID (h_ID)' r,n;e ID eCTh u,eJihlH IlOJJO)KllTeJihHhlH ( OTpnu,aTeJihHhiii) 
n,n;eHTllq>nKaTOp HBOOK rncTOrpaMMhI. 

3. Heo6XO;l];lIMbie CBe,n;eHM51 0 c++ 
B 3TOM pa3,n;ene Mb! Il03HaKOMIIM 'IllTaTeJieii C OCHOBHh!Mll KOHU,enu,II.51:Mll c++, Heo6-

X0,ll;llMbIMII )];JIH pa6oTbI c ROOT II nOHIIMaHIIa ,n;oKyMeHTall,IIII. EcnII Bb1 y)Ke 3Ha

KOMbI c C++, CMeno nponycKaiiTe 3TOT pa3,n;en u nepexoiIITe K cne,n;y10rn;eMy. 

3.1. OcHOBHbie cpe,r:i;CTBa 

3.1.1. THilbl II 06'bHBJieHIIH 

B C++ IIMeeTca Ha6op cpyH,n;aMeHTaJihHhIX T11noB, oTpa)KaJOrn;nx xapaKTepHhJe oco-

6eHHOCT11 opraHII3all,IIII naM5ITII 6oJJblllIIHCTBa KOMilh!OTepoB II HaII6onee pacnpocTa
HeHHb!e cnoco6bi xpaHeHII5l ,n;aHHbIX: 

• norIIqecKIIii TIIn (bool); 

• CIIMBOJlbHhie TIIIlbl (HanpIIMep, char);. 
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• u;eJible TlIIIbl (HaIIplIMep, int); 
• TlIIIbl C IIJiaBaIOIIJ;eil: TO'IKOil: (HarrpHMep, double) . 

Ilpe)K,!],e 'leM lIMH (lI,!J,eHTlI<plIKaTop) MO)KeT 6bITb lICIIOJib30BaHO B rrporpaMMe Ha 

C++, OHO ,ll,OJl)KHO 6b!Tb o6'hHBJieHO. To eCTb ,!],OJI)KeH 6b!Tb YKa3aH TlIII lIMeHlI, 'IT06b! 

KOMIIlIJIHTOp 3HaJI, Ha cyru;HOCTb KaKOrO BlI,!],a CCbIJiaeTCH lIMH. O6'hHBJieHHe COCTOlIT 

H3 'leTb!pex <JacTeil:: Heo6a:3aTEl.JlbHOrO crreu;Hq:>HKaTopa, 6a30BOrO THrra, o6'bHBJIHIO

IIIeH <JaCTH H, B03M0)KHO, lIHlIIJ;liaJ!lI3aTOpa (Ha'laJibHOrO 3Ha<JeHHH). HarrpHMep: 

int a=l; 

B 3TOM rrplIMepe 6a30Bb!M THIIOM HBJIHeTCH int , 06'b.HBJIHIOru;eil: <JaCTbIO - a·, lIHlIIJ;H

.aJilI3aTOpOM - 1. B Ka<JeCTBe crren;H<plIKaTOpOB MOryT BbICTyrraTb KJIIO<JeBbie CJIOBa, 

HarrpHMep virtual. OHlI rrpHBO,!],HTCH B Ha<JaJie o6'bHBJieHlIH lI OIIHCbIBaIOT xapaKTe

pHCTlIKH, He CBH3aHHbie C THIIOM. O6'hHBJIHIOru;aH <JaCTb COCTOlIT lI3 HMeHlI, KOTOpoe 

MO)KeT CO,!],ep)KaTb IIOCJie,!],OBaTeJibHOCTb 6yKB, IJ;H<pp H IIO,!],'IepKHBaHHil:, HO He MO

)KeT Ha'IHHaTbCH C IJ;H<ppb!. KJIIO<JeBbie CJIOBa c++ HeJib3H lICIIOJib30BaTb B Ka'leCTBe 

HMeHH cyru;HOCTlI, orrpe,!],eJIHeMoil: IIOJib30BaTeJieM. Pa3pemaeTCH o6'bHBJIHTb HeCKOJib

KO HMeH, pa3,!],eJieHHbIX 3aIIHTb!MlI, B O,ll,HOM orrepaTope o6'hHBJieHlIH . 

3.1.2. O6JiaCTb BH)];HM0CTH 

O6'hHBJieHHe BBO,!],lIT HMH B o6JiaCTb BH,ll,HMOCTlI. '.:ho 3Ha<JlIT, 'ITO HMH MO)KeT HCIIOJib-

30BaTbCH TOJibKO B orrpe,!],eJieHHOil: <JaCTlI rrporpaMMhl. ,Ll;JIH lIMeHlI, o6'bHBJieHHOro B 

TeJie <pyHKIJ;lIH (TaKoe HMH 'laCTO Ha3bIBaIOT JIOKaJlbHbIM), o6JiaCTb BlI,!],lIMOCTlI Ha

'llIHaeTCH C MeCTa o6'bHBJieHlIH lIMeHlI lI 3aKaH<JlIBaeTCH B KOHIJ;e 6JIOKa, B KOTOpOM 

3TO lIMH o6'bHBJieHO. BJIOKOM Ha3brnaeTCH <pparMeHT TeKCTa, 3aKJIIO'leHHblil: B <plI- ' 

rypHbie CK06KlI. I1MH Ha3bJBaeTCH rJio6aJibHbIM, eCJilI OHO o6'bHBJieHO BHe JII06oti 

<pyHKIJ;lilI lIJllI KJiacca. O6JiaCTb BlI,!],HMOCTlI rJio6aJibHbIX lIMeH rrpOCTlipaeTCH OT Me

CTa lIX o6'bHBJieHlIH ,ll,O KOHIJ;a <patiJia, CO,!],ep)Karu;ero o6'hHBJieHHe. 

3.1.3. Pa3Mern;eHHe HHCTpyKu;Hii H K0MMeHTapHH 

TeKCT rrporpaMMbl pa3Meru;aeTCH CB060,ll,HO, Ha 0,ll,HOH CTpOKe MO)KeT HaXO,!],lITbCH 

HeCKOJibKO lIHCTpyKIJ;liil:, Ka)K,!],aH HHCTPYKIJ;lIH 3aKaH<JlIBaeTCH 3HaKOM ";" (TO'IKa C 
1 

3aIIHToil:). KoMMeHTaplilI B c++ Ha<JlIHaIOTCH C / / (,!J,Ba CJiema) lI 3aKaH<JlIBaIOTCH 

B KOHIJ;e CTpOKlI. Mo)KHO TaK)Ke lICIIOJib30BaTb KOMMeHTaplilI B CTlIJie C: 

I* 3To KoMMeHTapHil: *I 
I* 

3TO TOEe KOMM8HTapHil: 

*I 

3.1.4. ApmpMeTH'leCKHe onepaTOpbl 

Ap11cpMeTH'leCKI1e onepaTOpbl C++ B 60JibIIIlIHCTBe II0,!],06Hbl apIIq:>MeTII'leCKlIM orre

paTopaM ,!],pyrlIX H3b1KOB rrporpaMMlipOBaHlIH. I1CKJIIO'leHHe COCTaBJIHIOT orrepaTOpbl 
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lIHKpeMeHTa ( ++) lI ,!],eKpeMeHm(- - ) . OrrepaTOp ++ ( no KOTOpOMY H3b!K c++ lI 

IIOJIY'llIJI CBOe Ha3BaHHe) IICIIOJib3YeTCH ,ll,JIH HBHOro YKa3aHlIH orrepau;1111 yBeJIH'leHlIH 

BMeCTO MeHee HBHOil: 3aIIIIClI, COCTOHru;eil: 113 KOM6IIHan;11H CJIO)KeHIIH II rrp11cBa11BaHIIH. 

Ilo orrpe,!],eJieHIIIO, ++lvalue 03Ha<JaeT lvalue = lvalue + 1. I1o,ll,06HbIM )Ke o6pa-

30M 3aIIlICbIBaeTCH orrepaTop ,!],eKpeMeHTa --. I1HKpeMeHT II ,!],eKpeMeHT MoryT 6b!Tb 

KaK IIOCT<pIIKCHbIMII, TaK lI rrpe<plIKCHblMlI. ITocT<plIKCHb!il: lIHKpeMeHT (,!J,eKpeMeHT) 

COCTOIIT 113 ,ll,BYX IIIaroB: 1 - IICIIOJlb30BaTb rrepeMeHHYIO, 2 - yBeJilI'IIITb (yMeHbIIIIITb) 

ee. Ilpeq:>IIKCHb!il: IIHKpeMeHT (,!J,eKpeMeHT): 1 - YBeJIII'IIITb (yMeHbIIllITb) nepeMeH

HYIO, 2 - IICIIOJlb30BaTb ee. Cyru;eCTByeT YKOpo<JeHHaH 3amicb KOM611Hau;1111 apliq:>Me

TII'leCKIIX ,!],eil:CTBIIil: II IIplICBalIBaHIIH: 

x=x+y -> x+=y, x=x-y -> x-=y, x=x*y -> x*=y, x=x/y -> x/=y 
' ' 

IlpaBHJia ycTaHOBJieHlIH IIplIOpIITeTa apIIq:>MeTII<JeCKIIX orrepaTOpOB aHaJIOrH'!Hbl rrpa-

BIIJiaM rrp11op11TeTa COOTBeTCTBYIOIIl;IIX ap11q:>MeTlI'leCKIIX ,!],eiicTBIIil:. . 

3.1.5. MHCTpyKD;HH nepe.n;a'IH ynpaBJieHHll 

C++ rrpe~oCTaB'.JiHeT · o6bI'!Hbiil: irn6op IIHCTpyKu;11il: iJia: pean113au;1111 BeTBJieHIIH 11 

IJ;IIKJIOB. 

1. I1HCTPYKIJ;lIH BbI6opa: 

if (yc.!!OBue) B'btpa:Jteettue_1; else Bbtpa:Jteettue_2; 
IlepBoe Bb1pa)KeH11e BblIIOJIHHeTCH, eCJIII yCJIOBIIe IICTIIH~Q, BTOpOJ:l, Bbtpa)Kel:me 

BblIIOJIHHeTCH, eCJIII yCJIOBIIe JIO)KHO. 

2. U11KJI c 3apaHee ia,!],aHHhIM <JIICJIOM rroBTopemiil: (u;11KJI 'co c<JeT'IIIKoM): 

for ( 06MB11ettue u uttu'4ua11u3a'4UJ1. nepeMettttou c'lem'lux:a; yc110Bue npoao11-
:JtCettUJ1. '4Ux:1La; 6btpa:Jteettue a11J1. Moaurjmx:a'4UU nepeMe;-tttOU C'lem'lUx:a)Bbtpa
:JtCettue, B'btnOl!ttJl.eMoe Mttozo pa3. 

3. U11KJiht, BblIIOJIHHIOru;11e 6JioK orrepaTopoB ,!J,O Tex nop, rroKa yKa.JaHHoe yCJI0B11e 

IICTIIHHO, 6blBaIOT ,ll,BYX TIIIIOB: 

• IJ;IIKJI while (yc.110Bue) Bbtpa:Jteettue; 
11cnOJih3yeTCH, eCJIII eCTb BepOHTHOCTh, 'ITO orrepaTOpbl IJ;IIKJia MOryT He 

BbIIIOJIHHTbCH; 

• IJ;IIKJI do Bbtpa:Jteettue while (yc110Bue); 
IICIIOJib3yeTCH, eCJIII orrepaTOpbl IJ;IIKJia BblIIOJIHHIOTCH no Kpail:Heil: Mepe 

0,ll,IIH pa3. 

B Ka<JeCTBe Bblpa)KeHIIH MO)KeT lICIIOJib30BaTbCH Ha6op IIHCTPYKIJ;IIH,. 3aKJIIO<JeHHblil: 

B q:>HrypHble CK06KlI. B 3TOM CJiy<Jae noCJie 3aKpbIBaIOru;eil: q:>HrypHoil: CK06KlI TO'!Ka 

C 3aIIHTOil: He CTaBlITCH. 
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3.1.6. JiornqeCKHe orrepaT0pbl n orrepaT0PbI 0TH0meHHH 

B IIHCTpyKI.l,mIX rrepe,LJ,a'III ynpaBJieHII.H IIplIMeH.HIOTC.H CJie,LJ,y!Olll,IIe JIOrH'leCKIIe orre

paTOpbI, pacrronm1<eHI-ib1e B, rrop.H,LJ,Ke y6brnall1I.H rrpmip1ITeTa: 

• ! - JIOrlI'leCKOe :'He", ' 
• && - .nprlI'leCKOe 

1
-
1
1I

11
' 

• 11 - norlI'lecKoe "IIJIII 11- •-

II orrepaTOpbl OTHOllleHII.H: 
• ! •• 

• < - MeHbllle, 

• > - 60Jibllle, 

• <= - MeHbllle IIJIII paBHO, 

• >= - 60Jibllle IIJIII paBHO,, 

• == - paBHO, 

• ! = - He paBHO. 

IIepBbie 'leTb!pe orrepaTopa OTHOllleHII.H IIMeJOT 6oJiee BblCOKIIil: IIp1IOpIITe-i:, qeM ,LJ,Ba 

IIOCJie,LJ,HIIX. ApmpMeTII'leCKIIe OrrepaTOpbi IIMeJOT 6onee Bb!COKIIH IIp1IOpll':reT, qeM 

JIOrII'leCKIIe onepaTOpbi II orrepaTOpbl OTHOllleHII.H. IIp1I COCTaBJieHIIII CJIO)KHbIX Bbl

pa)KeHIIH peKOMeH,LJ,yeTC.H rrp1IMeH.HTb CK06KII. 

3.2. CTaH,n;apTHaH 6n6JIMOTeKa 

HII 0,LJ,Ha rrporpaMMa nplIJIII'IHbIX pa3MepoB He IIIIllleTC.H C IICIIOJib30BaHIIeM TOJlbKO 

"rOJibIX" KOHCTPYKI.l,IIH .H3bIKa. Ka)K,LJ,biil: K0MIIIIJI.HTOp C++ rrocTaBJI.HeTC.H co CTaH

,LJ,apTHOil: 61I6JI1IoTeKoil: C++, KOTOpa.H 

• 06ecrre'11IBaeT IIOMep)KKY CBOHCTB .H3b!Ka, TaKIIX KaK ynpaBJieHIIe rraM.HTb!O II 

IIHq>OpMall,II.H O THIIax BO BpeM.H BblIIOJIHeHII.H; , 

• npe,LJ,OCTaBmieT cpyHKI.l,IIII, KOTOpbie He Moryr, 6b!Tb HaIIIICaHbl OIITIIM8JlbHO ,Ll,JI.H 

BCex CIICTeM co6CTBeHHO Ha .H3b!Ke C++, HanplIMep sqrt; 
• rrpe,LJ,OCTaBJI.HeT nporpaMMIICTy HeTp1IBII8JlbHbie cpe,LJ,CTBa; Ha KOTOpbie OH CMO

)KeT paCC'IIITbIBaTb, 3a60T.HCb O rrepeHOCIIMOCTII, HaIIplIMep, CIIIICKII, <PYHKI.l,IIII 

copTIIpOBKII II IIOTOKII BBO,LJ,a/BbIBO,LJ,a; 

• ~Y)KIIT o6lll,IIM cpyH,LJ,aMeHTOM ,LJ,JIH _ ,LJ,pyfox 61I6JI1IOTeK. 

Cpe,LJ,CTBa CTaH,LJ,apTHOH 61I6JI1IOTeK1I npe,LJ,CTaBJieHbl Ha6opoM 3arOJIOBO'IHbIX cpail:

JIOB. OHII II,LJ,eHTIIq>III.l,IIPYJOT OCHOBHbie qaCTII 61I6JIIIOTeK1I. IToJIHOe IIX nepe'IIICJie

HIIe MO)KHO Hail:TII B 121. HanplIMep; 61I6JI1IOTeKa '<::cmatli> co,n;ep)Klfr o6lll,He MaTe-

1\laTII'leCKIIe cpyHKI.l,IIll', B qacTHOCTII ·cpyHKI.l,IIJO B03Be,LJ,eHII.H B c'rerrem, pow ( d, e) ( d 
B cTeneHII e). (B C+ + HeT orrepaTOpa B03Be,LJ,eHII.H B CTeneHh, KaK B <I>OPTPAHe 

II MHOrlIX ,LJ,pyrlIX .H3bIKaX rrporpaMMIIpOBaHII.H.) ,l],JI.H IICIIOJib30BaHII.H B03MO)KHOCTeil: 

Ka)K,LJ,Oro cpe,LJ,CTBa CTaH,LJ,apTHOil: 61I6JIIIOTeK1I B rrporpaMMY ,1],0JI)KeH 6bITb BKJIJO'leH 

COOTBeTCTBY!Olll,IIil: 3arOJIOBO'IHbiil: cpail:JI. 
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3.2.1. OrrepaTOpbI BB0,n;a-BbIB0,n;a 

B 3aroJIOBO'IHOM cpail:ne <iostream> CTaH,LJ,apTHOil: 61I6JI1IOTeK1I o6'b.HBJieHbl orrepaTop 

> > - onepaTop BBO,LJ,a II orrepaTop < < - orrepaTop BbIBO,LJ,a. KpoMe Toro, <iostream> 
rrpe,LJ,OCTaBn:.HeT CTaH,LJ,apTHbie IIOTOKII BBO,LJ,a cin II Bb!BO,LJ,a cout, a TaK)Ke CTaH,LJ,apT

Hblll IIOTOK Olllll60K cerr. CTp0Ka #include <iostream> B Ha'18Jle rrporpaMMbl ,LJ,aeT 

y@3aHHe KOMIIHJI.HTopy BKJIJO'IHTb o6'b.HBJiemrn cpe,LJ,CTB BBO,LJ,a/BbIB~,LJ,a cTaH,LJ,apTHoil: 

6H6JIHOTeKH <iostream>. Be3 3TOro Mb! He MOrJIH 6b1 BOCIIOJib30BaTbC.H orrepaTopaMH 

BBO,LJ,a / BbIBO,LJ,a. 

ITpHBe,LJ,eM 3,1],eCb He60JibIIIOil: rrpHMep KO,LJ,a C cmepaTOpOM Bb!BO,LJ,a. O6'b.HBIIM rre

peMeHHYJO a ll,eJioro TIIIIa, rrpHCBOllM eii 3Ha'leHHe 5 ll BbIBe,LJ,eM ee. 

#include <iostream> 
int a; 
a= 5; 
cout <<"a="<< a<< endl; 

3.3. IlpoM3B0,ZJ;Hbie TIIIlbl 

,l],JI.H Ka)K,LJ,Oro TIIIIa, KaK ,D;JI.H BCTpOeHHOro ( cpyH,n;aMeHT8JlbHOro)' TaK ll ,D;JI.H 0rrpe,n;e

JieHHOro IIOJib30BaTeJieM, cylll,eCTBYIOT rrpOH3B0,Ll,Hbie TIIIIbl. 

• MacCHB - JIIIHeil:Ha.H IIOCJie,D;OBaTeJibHOCTb 06'beKTOB 0,II;HOro THIIa. 9JieMeHTbl 

MaCCIIBa ,II;OCTYIIHbl qepe3 IIIH,II;eKcJ. ECJIH KOJIII'leCTBO 3JieMeHTOB MaCCHBa paB

HO n, TO rrepBblil: llH,II;eKC paBeH O , a rrocne,n;HIIH n-1. MO)KHO o6'b.HBJI.HTb MHO

roMepHbie MaCCHBbI, Harrp1IMep Double_ t xl20l[10J - o6'h.HBJiemie ,n;ByMepHoro 

MaCCIIBa. 

• YKa3aTeJib (pointer) - o6'beKT, KOTOpbiil: YKa3bIBaeT Ha ,n;pyroii o6'beKT, TO 

{'('.Tb co,n;ep)KllT a,n;pec ,n;pyroro o6'beKTa. '9-to6bi llCIIOJib30BaTb o6'beKT, Ha KO

TOJ>hlll yKa3bIBaeT YKa3aTeJib, Heo6xo,n;HMO IIpllMeHIITb orrepaTop *· 
*ptr - ofrueKT, Ha KOTOpblll yKa3bIBaeT YKa3aTeJib ptr. 
1 ITO0hl llCIIOJib30BaTb a,n;pec 06'beKTa, TO eCTb IIHIII.l,II8Jlll3llpoBaTb YKa3aTeJib, 

IWO0XO)J,llMO IIpllMeHHTb orrepaTop &. 

&obj - a,JJ,pec o6'beKTa obj. 
MPTO)J,bl o6'beKTa ,D;0CTYIIHbl qepe3 orrepaTOp • (TO'IKa). 

object .member() 
MPTO/\bl 06'beKTa, o6'b.HBJieHHOro qepe3 YKa3aTeJib, ,II;0CTYIIHbi qepe3 orrepaTop 

->. 
objectpointer->member(). 

• CcbIJIKa (reference) - ,LJ,pyroe llM.H o6'heKTa. He Cylll,eCTByeT HyJieBbIX CCb!JI0K. 

CcbIJIKa ,II;0JI)KHa BCer,n;a CCbIJiaTbC.H Ha KaKOil:_-JIH6o' o6'beKT. 

l1 yKa3aTeJIII, ll CCbIJIKll II03B0JI.HJOT He.HBHO CCbIJiaTbC.H Ha ,n;pyr1Ie o6'beKTbl. O,n;HaKo 

Me)K,LJ,y 3TllMII THIIaMH eCTb HeCK0JibKO pa3JIII'IIIH 13]. ECJIII Ballla rrepeMeHHa.H o6ec

neqllBaeT ,II;OCTYII K o6'beKTY, KOTOporo MO)KeT II He 6b!Tb, He06XO,l],IlMO IICDOJib30BaTb 
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YKa3aTeJib, IIOTOMY qTo 3TO II03B0JIHT rrpn:paBHHTb ero K HYJIIO. C ,11,pyroii CTOpOHbl, 

eCJIH rrepeMeHHaH ,11,0JI)KHa Bcer,11,a CCbIJiaTbCH Ha cym;eCTBYIOlll;Hii o6'beKT, TO eCTb He 
. . . . . . ' . ' . , , 

,11,0JI)KHa HMeTb HyJieBoro 3HaqeHHH, TO, CKOpee Bcero, JiyqIIIe HCIIOJib30BaTb B Kaqe-

CTBe TaKOii rrepeMeHHOii CChIJIKy. ,[wyroe Ba)KHOe p'a3;mqn:e Me)K,11,Y YKa3aTeJIHMH ~ 
CCbIJ!KaMH COCTOHT B B03MO)KHOCTH rrpn:cBan:BaTb yKa3aTeJIHM pa3JIHqHbie 3HaqeHHH 

,ll,JIH ,11,0CTyrra K pa3Hb!M o6'heKTaM. CCbIJIKa )Ke BCer,11,a YKa3bIBaeT Ha 0,11,HH H TOT )Ke 

o6ieKT, ::ia,11,aHHblii rrpn: ee HHHIJ,HaJIH3aIJ,HH. 

3.4. Co3,u;a_HIIe II ymPITO)KeHIIe o6'heKTOB 

OrrepaTop new BbI,!],eJIHeT rraMHTb ,ll,JIH o6'beKTa, pa3Mem;aeT B Heil o6'heKT H B03Bpa

m;aeT yKa3aTeJib Ha 3TOT o6'heKT. OrrepaTop delete yHn:qTO)KaeT o6'beKT, Ha KOTOpbiii 

YKa3bIBaeT YKa3aTeJib. Ka)K,ll,blii new ,ll,OJI)KeH 6bITb crrapeH TOJibKO C 0,11,HUM delete. 
,Ll;BoiiHOe yHn:qTO)KeHn:e MO)KeT rrpn:BeCTH BaIIIy rrporpaMMY K rrpepbIBaHHIO. ECJIH He 

rrpOH3B0,ll,HTb YHHqTO)KeHue, TO rrporpaMMa 6y,11,eT 3aHn:MaTb Bee 60JibIIIe H 60Jibllle 

rraMHTH, a 3Toro JiyqIIIe u36eraTb. Maccn:B co3,11,aeTCH orrepaTopoM new name [size], 
a yHn:qTO)KaeTCH orrepaTopoM delete[] name , 3,11,ech name - HMH Maccn:Ba, size - ero 

pa3Mep. 

B 3aBHCHMOCTU OT CBOero BpeMeHH )Kll3HH o6'beKTbl IIO,!],pa3,ll,eJIHIOTCH Ha CJie,11,Y-

10m;ue KaTeropn:n:. 

• ECJIH IIOJib30BaTeJib _He YKa3aJI HBHO HHOe, TO o6'beKT, o6'bHBJieHHhlii B <pyHK

IJ,HH, C03,ll,aeTCH, KOr,11,a BCTpeqaeTCH ·ero orrpe,11,eJieHn:e, a YHHqTO)KaeTCH B MO

MeHT Bb!XO,ll,a ero HMeHH H3 o6JiaCTH BU,11,HMOCTH. TaKue o6'beKTbl Ha3bIBaIOTCH 

aBTOMaTHqeCKHMH. 

• O6'beKTbI, o6'bHBJieHHbie rJio6aJibHO H )KHBym;n:e ,ll,O KOHIJ,a rrporpaMMbI, Ha3bl

BaIOTCH CTaTHqecKHMH. 

• O6'heKTbI, C03,!],aBaeMbie B o6JiaCTH CB060,11,Hoii rraMHTH, pa3Mem;aeMbie H y,11,a- i 

JIHeMbie B rrpon:3BOJibHOM rropH,11,Ke rro,11, KOHTpoJieM rrOJib30BaTeJIH, Ha3bIBaIOTCH I 
,lJ;HHaMHqeCKHMH. 51CHO, qTo o6'heKThI, C03,ll,aBaeMbie new, HBJIHIOTCH ,11,HHa

MHqecKHMH. 

3.5. <l>yHKIJ;lHI 

Orrpe,n:eJIHTb cpyHKD;HIO B C++ - 3Haqn:T 3a,IJ.aTb crroco6 BhIIIOJIHeHHH orrepan,n:n:. K \ 

<pyHKIJ,HH HeJih3H o6paTHTbCH, eCJIH OHa He 6blJia rrpe,n;Bapn:TeJibHO o6'bHBJieHa. 

O6'bHBJieHn:e <pyHKIJ,HH 3a,11,aeT HMH <pyHKIJ,HH, THII B03B pam;aeMoro 3HaqeHHH (yKa- i 

3aHn:e void B KaqecTBe B03Bpam;aeMoro 3HaqeHHH 03HaqaeT, qTO q>YHKIJ,HH He B03- j 

Bpam;aeT 3HaqeHn:H) H KOJin:qeCTBO H THilbI apryMeHTOB, KOTOpbie ,ll,OJl)KHbl rrpn:cyT

CTBOBaTb rrpn: BbI30Be <pyHKIJ,HU. O6'bHBJieHn:e <pyHKIJ,HH MO)KeT co,n;ep)KaTb H HMeHa ' 

apryMeHTOB, HO ,Il.JIH KOMIIHJIHTOpa 3TO He Ba)KHO. ECJin: <pyHKIJ,HH He UMeeT apry

MeHTOB, TO OHa o6'bHBJIHeTCH c rrycTbIM CIIHCKOM apryMeHTOB. 

Hanpn:Mep, o6'bHBHM cpyHKIJ,HIO c HMeHeM mul t n: ,Il;BYMH apryMeHTaMH THrra 

Double_t, B03Bpam;arom;yro BeJin:qn:Hy Tn:rra Double_t. 
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Double_ t mul t (Double_ t,. Double_ t) ; 

Ka)K,11,aH <pyHKIJ,HH, Bbl3bIBaeMaH B rrporpaMMe, ,ll,OJl)KHa 6b!Tb r,11,e-Hn:6y,11,b orrpe

,1.1,eJieHa ( H TOJibKO 0,IJ:UH pa3). Orrpe,n:eJieitn:e <pyHKll,HH HBJIHeTC.H 06'bHBJie1rneM <pyHK-

1.1,HH, B KOTOpoM rrpn:cyTCTByeT TeJio cpynK11;11n:. TeJio cpyHK11;11n: 3aKJIIOqaeTCH n ¢11-

rypHbie CK06Kn:. THIIhl B orrpe,n:eJieHHH u o6'hHBJieHHHX <pyHKll,1111 ,iiOJI)KHbl COBrra,n:aTb. 

O,n:uaKO HMeua apryMeHTOB He HBJIHIOTCH qacTbIO THIIa 11 COBrra,n:aTb ue ofonaubl. Ha

rrp11Mep, orrpe,n:eJieun:e <pyHKIJ,HH, o6'bHBJieHHOii BhIIIIe, MO)KeT BhlrJIH,IJ:eTb TaK: .• 

Double_t mult(Double_ta, Double_t b) { 
return a*b; ·· 
} 

Ba)KH0ii bco6euuocTbIO c++ HBJIHIOTCH rreperpy)Ke.HHbie' <pynKn.'un. lfro 3TO 03Ha

qaeT? KaK rrpaBHJIO, pa3Hb!M <pyHKIJ,UHM ,n,aIOT pa3Hhle HMeHa, HO KOr,ii,a <pyHKD;IIU 

Bb!II0JIHHIOT KOH~eIITYaJihH0 aHanOrf!qHbie :ia,n;aqn ,II,JIH ofo;eKT0B pa3JI'uqnhIX THIIOB, 

MO)KeT OKa:3aTbCH y,n:o6Hb!M npHCB0UTb UM O,n:H6 HTO )Ke HMH. I1crrOJib30BaHue O,Il.HOro 

n:MeHu ,IJ.JIH orrepan,n:n:, Bhirron'11.He!vtoii ·c pa:'.1Jin:qub1Mn: Tn:rraMn:, Ha3hrnaeTcH rreperpy3-

Koif CJie,IJ.OBaTeJlbHO; B
0 c++ ,Il.OII)'CKaeTCH orrpe,IJ.eJIHTb <pyHKIJ,HH t O,Il.HHM u TeM )Ke 

11MeneM, HO c pa3u~1M THITOM HJIHKO.rrn:qe·CTBOM apryMeHTOB. O,IJ.naKo B03Bpa~aeMoe 
s . l }i , ' .. !' , . 

3uaqeun:e He yqacTByeT B rrpori;ecce rreperpy3KH. 

y. cpyHK~llff . o6IIJ,ero· 
0

Ha3Ha,eirnH qaCTO 60Jibllle apryMeHTOB, 'IeM Tpe6yeTCH. B 

rrpOCTbIX c.rryqaHX. B qacruoCTh:, cpyHKIJ,HH, C03,IJ.aIOm;n:e o6'heKTbI, ,I].JIH yBeJiuqeHHH 

rH0KOCTH ofih1quo rrpe,IJ.0CTaBnHioT iieCKO.ITbKO B03M0)KH0CTeii. B 3TOM CJiyqae HCIIOJ!b-

3YIOTCH apryMeHTbI mi yr;ioJiqaun:10. 0Hn: Bcer,IJ.a 3a,IJ.aK>TCH TOJibKO B KOHn,e crruc

Ka apryMeHT
0

0B. Tn:n apryMeiha no yMoJiqaHHIO rrpoBepHeTCH B Mec'te o6'bHBJieHUH 

q>JHKIJ,HH H BbrquCJIHeTCH B MOMeHT Bbl30Ba <pyHKIJ,HU. 

3.6. KJiaCChI 

KJiacc - 3TO THII, orrpe,IJ.eJieHHhlii. IIOJih30BaTeJieM. lfacTO KJiacc rrpe,Il.CTaBJIHeT co~ 

66ii cTpyKTypy, KoTopaH co,IJ.ep)KJIT rpyrrrry CBH3aHHhIX rrepeMeHHhrx, pacIIIupHeMyIO 

q>JHKIJ,HH!vm, 'crreri;Hq>IJ.qHbIMH ,l].JIH 3TOfi ·cTpyKTypbl (KJiacca). . 

Harrpii:Mep, orrpe,n;eJIIIM. KJiac_c, rrpe,IJ.CTaBJIHIOlll;Hii co6oii JIHHHIO 

class TLine { 
protected: Double_t xl; 
Double_ t yl; 
Double_t x2; 
Double_t y2; 
public: TLine(int x1, int y1, int x2, int y2); 
virtual void Draw(); 
}; 

ITepBaH . CTpOKa. ,IJ.aHHOii 3arrucn: CO,Il.ep)KHT HMH KJiacca. B IIOCJie,11,YIOlll;HX qeTbipex 

CTpOKax o6'bHBJIHIOTCH qJieHbI-,IJ.aHHbie, rrepe,IJ. KOTOpb!MU CTOHT MO,IJ.Uq>HKaTOp ,Il.OCTY-

~ ~A, A.>!i~J-r -~; Mt?Il~:~fit :'iE c:1~~ 
El-~E~~=i i{./-1; 
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na, B ,!],aHHOM cnyqae protected. ,lJ.aJiee C MO,!l,Hq>HKaTOpOM ,!l,OCTyna public BBe,!l,eHbl 

,!],Be <PYHKIIHH, KOTOpble Mbl 6y,!l,eM Ha3bIBaTb MeTO,!l,aMH HJIH <PYHKIIH51MH-qJieHaMH 

KJiacca TLine. IIepBblfi MeTO,!l, Ha3bIBaeTC51 KOHCTPYKTOpOM Il HCIIOJib3YeTC51 ,!l,Jl51 IlHH

IIH8.JIH3aIIHH o6'heKTa JIHHHH. BTopofi MeTO,!l, npe,!1,Ha3HaqeH ,!l,Jl51 pHCOBaHH51. Il03TO

MY, qT06bI IIOCTpOHTb Il HapHCOBaTb JIHHHIO, Mbl ,!l,OJI)KHbl C,!l,eJiaTb CJie,!],yIOIIIee: 

TLine l(~.,1.,2.,2); 

l.Draw(); 

B nepaofi CTpOKe ,!],aHHOro KO,!l,a CTpOHTC51 o6'heKT 1 (Bbl3bIBaeTC51 ero KOHCTPYKTop). 

Bo BTOpoii CTpOKe Bbl3bIBaeTC51 MeTO,!l, Draw() 1 3TOro o6'heKTa, napaMeTpbl ,!l,Jl51 3TO

ro MeTO,!l,a nepe,!],aBaTb He HY)KHO, TaK KaK OH CB513aH C o6'beKTOM 1, KOTOpblfi 3HaeT 

KOOp,!1,HHaTbl JIHHHH - BHyTpeHHHe nepeMeHHbie, KOTOpble 6hIJIH HHHIIIlaJIH3HpOBaHbl 

KOHCTpyKTOpOM. 

Kn10qeab1e cnoaa public (oTKpbIThlfi), private (3aKpbITbiii) H protected (3a

IIIHIIIeHHbiii) perynnpyIOT npaaa ,!l,OCTyna K qJieHaM-,!l,aHHbIM Il MeTO,!l,aM KJiacca. 

Ka)K,!l,Oe HMH, o6'bHBJieHHoe public, ,!l,OCTYIIHO ,!l,JIH noJib30BaTeJIH KJiacca. Ecnn HMH 

o6'b51BJieHO private, TO OHO MO)KeT 6bITb ,!l,OCTYIIHO TOJibKO B KJiacce, B KOTOpOM 

o6'hHBJieHo. 1-IT06b1 o6paTHTbC51 K HeMy H3 BHemHero Mnpa, a ROOT ncrroJib3YIOT

cH cne11HaJibHble MeTO,!l,bI "getters" ("nonyqaTenn") H "setters" ("ycTaHaBJIHBaTenn"). 

O6'b51BJieHHe protected OTJIHqaeTC51 OT private JIIlllib TeM, qTO HMeHa, o6'b51BJieH

Hbie protected, ,!l,OCTYIIHbl Il3 ,!l,OqepHHX KJiaccoa. HanpHMep, eCJIH MeTO,!l, Draw() 

o6'b51aJieH KaK public, TO Ka)K,!l,blfi IIOJib30aaTeJib 6y,!l,eT cnoco6eH ero aH,!],eTb Il HC

IIOJib30aaTb. Ecnn nepeMeHHaH xl a KJiacce TLine 06'bHaJieHa private, TO K 3TOii 

nepeMeHHOfi MOryT o6paTHTbC51 TOJibKO MeTO,!l,bl (qneHbI-<PYHKIIHH) KJiacca TLine. 

3.7. HaCJie,z:i;oaamrn, IIOJIHMOpq>H3M H HHKaIICYJIS:(l];H.SI 

PaccMOTpHM O,!l,HO Il3 OCHOaHblX IIOH51THH c++ - HaCJie,!],OaaHHe. Mb! onpe,!],eJIHJIH 

KJiacc TLine, KOTOpb!H C0,!1,ep)KHT ace He06XO,!l,HMOe, qT06bI HapncoaaTb JIHHHIO. Te

nepb Mb! XOTHM HapncoaaTb CTpeJIKy. CTpeJIKa HaJI51eTC51 JIHHHefi C TpeyrOJibHHKOM 

Ha O,!l,HOM Il3 KOHIIOa JIHHHH. BbIJIO 6bI He3q>q>eKTHaHO onpe,!],eJI51Tb KJiacc TArrow Ha 

nycTOM MeCTe. Ilo3TOMY np11MeHHM HaCJie,!],OaaHHe Il onpe,!],eJI~M KJiacc TArrow KaK 

npOH3aO,!l,HblH KJiacc OT cyIIIeCTayIOIIIero KJiacca TLine. 

class TArrow: public TLine{ 

int ArrowHeadSize; 

void Draw(); 

void SetArrowSize(int arrowsize); 

}; 

TArrow HaCJie,!1,YeT public H protected MeTO,!l,hl H ,!],aHHbie OT TLine. To eCTb CO,!],ep

)KHT ace, qTo HMeeT KJiacc TLine H ,!l,o6aBJIHeT eIIIe napy aeIIIefi, pa3Mep TpeyrOJib-

13HaqeHHe KJIIOqesoro CJIOBa virtual 6y,!l.e-r OObllCHeHo npH paCCMOTpeHHH IlOJIHMOpqm3Ma B 

CJie,!1.ylOII\eM naparpacj>e. 
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mIKa II <PYHKIIHIO, qTo6bl Il3MeH51Tb ero. (Bee, qTo o6'b51aJieHO 'private a TLine, 

He,IJ,OCTYilHO a TArrow.) Draw() MeT6,ll, TArrow HapncyeT TpeyrOJibHIIK H ·abI30BeT 

M€TO,ll, pHCOBaHll51 KJiacca TLine. To eCTb Mb! ,!l,OJl)KHbl HairnCaTb KO,!], TOJibKO ,ll,J151 

p11cyHKa TpeyrOJibHIIKa. 

3a,IJ,aHHe O,ll,Horo II Toro )Ke Ha3aanHH MeT0;11,a a ,IJ,oqepHeM KJiacce TArrow II po

,IJ,IITeJibCKOM KJiacce TLine He npIIaO,l],IIT HH K. KaKHM npo6JieMaM. <I>ynKIIH51 Draw() 

B TArrow nepeonpe,IJ,eJIHeTC51 ,ll,Jl51 p11coaaHH51 CTpeJIKII BMeCTO JIIIHHII .. MeTO,!l, o6pa

rn;aeTC51 K o6'heKTY, TIIII KOTOporo Il3BecTeH. Ecn11 Mb! IIMeeM o6'beKT .1 THIIa TLine 

II o6'beKT a TIIIIa TArrow' TO np11 Bbl30Be 1 . Draw () p11cyeTC51 JIIIHIIH, a np11 .Bbl30Be 

a. Draw() pIIcyeTCH cTpenKa. 

<I>yHKIIIIH Draw O aanaeTca BIIPTYaJibHOii <PYHK1111eii. · B11pTyaJibHb1e <PYHKIIIIH 

npe,ll,OCTaBJI51IOT B03M0)KH0CTb nporpaMMHCTY ofrb51BHTb a 6a3oaoM KJiacce <PYHKIIHH, 

KOTOpb!e MO)KHO 3aMeCTHTb B Ka)K,ll,0M.IIpOH3aO,!l,HOM KJiacce. KOMilHJl51TOIJ. H3arpy3-

'IHK rapaHTHpyIOT npaaHJibHOe COOTBeTCTane Me)K)zy o6'heKTaMH H <PYHKIIH51MH, npn

M€H51eMbIMH ·K HIIM. ,1J.JI51 Toro, qT06bI o6'b51aJien11e BHPTYaJibHOH <PYHKIIHII pa60T8.JIO 

B Ka'IeCTBe HHTepq>eiica K cpyHKIIII51M, orrpe,IJ,eJieHHblM ~ npOH3aO,l],HbIX KJiaccax, THIIbl 

apryMeHTOB <PYHKIIHH B rrpo113ao,IJ,IiOM KJiacce He ,ll,OJI)KHbl OTJIIIqaTbC51.,QT TIIIIOB ap

ryMeHTOa, o6'b51BJieHHbIX ,B 6a30BOM KJiacce, II TOJlbKO oqeHb ne60JiblliIIe 113MeHeHII51 

,IJ,OI1ycKa10Trn ,IJ,JIH T11rra ao3apaIIIaeMoro 3HaqeHII51. B11pTyaJibtty10 q>yHKIIHIO-qJieH, 

KaK y)Ke roaopIIJIOCb Bb!We, IIHOr,IJ,a Ha3bIBaIOT MeTO,ll,OM. BIIpTyaJibHaa <PYHKIIII51 

,l],OJI)KHa 6b!Tb onpe,IJ,eJieHa ,ll,J151 KJiacca, B KOTOpOM OHa BIIepBbie 06'b51BJieHa. 

Kor,IJ,a <PYHKIIIIII pO,ll,IITeJibCKoro KJiacca Be,!l,YT ce6a npaBIIJibHO, He3aBIICIIMO OT 

TOrO, KaKO.H KOHKpeTHO rrpOII3B0,ll,Hbl.H OT Herp KJiacc_ IICIIOJib3JeTC51_, 3TO Ha3bIBaeT

C51 IIOJIIIMOpq>II3MOM [4]. Tm1, IIMeIOIIIIIli aIIpTyaJibHbJe <PYHKIIIIII, Ha3bIBaeTC51 IIOJIII

MOpq:>HblM TIIIIOM. ,II.na ,ll,OCTII)KeHII51 IIOJIIIMOpq>Horo IIOBe,IJ,eHII51 B c++ Bbl3bIBaeMbie 

cpyHKIIIIII-'IJieHbl .,l],OJI)KHbl 6bITb BIIPTYaJibHbIMII II ,ll,OCTYII K o6'beKTaM ,!l,OJI)KeH ocy

rn:ecTBJ151TbC51 qepe3 CCblJIKII IIJIII yKa3aTeJIII. 

l.J:aIIIe acero qJieHbI-,IJ,aHHbie KJiaccoa. o6'baBJI51IOTCa private IIJIII protected, a 

MeTO,ll,bl public. '.:ho Ha3bJBaeTC51 COKpb!TIIeM ,IJ,aHHbIX IIJIII IIHKaIICJJI51IIIIeii II 51B

JI51eTC51 0,l],HIIM II3 npeIIMyIIIeCTB o6'beKTHO-OpIIeHTIIpOBaHHOrO nporpaMM~poaaHII51. 

CoKpb!TIIe ,IJ,aHHblX II03B0JI51eT rrporpaMMIICTY HeO,!l,HOKpaTHO II3MeH51Tb peaJIII3aIIIIIO 

KJiaCCOB, a ,ll,J151 IIOJib30BaTeJia 3TO 6y,IJ,eT OCTaBaTbC51 He3aMe'IeHHbIM. 

3.8. 3arOJIOB0'9:Hhie cpafiJihl 

B TeKCTe ,IJ,aHHOro noco6II51 y)Ke BCTpe'IaJIOCb TaKoe IIOH51TIIe, KaK 3arOJIOB0'IHblli 

cpaiin. l.J:To otto o3Ha'IaeT? C++ rro,ll,,l],ep)KIIBaeT cornarneHIIe C o pa3,!l,eJibHOii KOM

m1na11IIII. '.:ho MO)KHQ IICIIOJib30aaTb ,ll,J151 opraHII3aIIIIII rrporpaMMbl B BII,l],e. IIO'ITII 

He3aBIICIIMbIX qacTeii. ,I1PIIH51TO IIOMeIIIaTb _o6'b51aJieHII51 TIIIIOB, <PYHKIIIIH II KJiaccoa, 

onpe,IJ,eJieHIIe KOHCTaHT II KOMMeHTapIIII a .OT,l],eJibHblli q>aiiJI, HOC51IIIIIH Ha3BaHIIe 3a

ronoBoqHoro q>aiiJia II IIMeIOIIIIIii pacmIIpeirne . h2
. <I>attJI, CO,IJ,ep)KaIIIIIH orrpe,IJ,eJieHII51 

2 3arOJidBOqHbie cpattJJbl CTatt,n:apTHOH fo16J1110TeKil He IlMeIOT pacnrnpeHile. h. 
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<pyHKU,IIil:, pa3JUPIHbie IIHCTPYKU.IIII II ,n;pyroil: IICHOJIH.HeMb!ll: K0,!1;, Ha3bIBaeTC.H IICITOJI

H.HeMb!M cpail:JIOM II, KaK npaBIIJIO, IIMeeT pacm1Ipett1Ie . C. qT06bI co6paTb cpparMeH

Tbl IICXO,!l;HOro KO,!l;a nporpaMMbl B 0,!l;HY e,n;IIHIIIJ,y, IICITOJib3YeTC.H ,!1;1IpeKT1IBa 

#include ''BKJIIO'laeMruI - KOMIIOHeHTa" 
KOTopa.H 3aMett.HeT cTpoKy, co,n;ep)KllIIJ,yJO #include, Ha co,n;ep)KIIMOe cpall:Jia ''BKJIIO
qaeMruI - KOMIIOHeHTa" . .Il:JI.H BKJIJO'IeHII.H 3arOJIOBO'IHb!X cpail:JIOB CTaH,n;apTHOll: 61I6-

JIIIOTeK1I BMeCTO KaBbI'IeK IICITOJib3YIOTC.H yrJIOBbie CK06KII < II >. HanplIMep: 

#include <iostream> 

#include "myheader.h" 

ITpo6eJibI BHYTPII < > II " " He ,n;onycKaJOTC.H. 

4. CINT - HHTeprrpeTaTop c++ 
BcTpoeHHbiil: B ROOT IIHTepnpeTaTOp CINT nepeBO,!J,IIT C++ Ha MamlIHHbill: .H3hIK. 

BJiaro,n;ap.H eMy noJib30BaTeJih o6rn;aeTC.H c ROOT Ha .H3hIKe C++. CINT .HBJI.HeT

c.H TaK)Ke npou,eccopOM CKPIIITTOB - nporpaMM, KOTOpb!e IICIIOJIH.HIOT orrpe,!],eJieHHbie 

3a,n;a'I1I. CINT oprattlI30BaH B BII,n;e KOMatt,n;ttoil: cTpOKII II oxBaTbrnaeT OKOJIO 85% 
KOHCTPYKU,IIll: .H3bIKa c++. Ott ITOMep)KIIBaeT MHOrOKpaTHOe HaCJie,n;OBaH1Ie, BIIpTy

aJibHbie <pyHKU,IIII, neperpy3KY <pyHKU,IIH II onepaTOpOB, 3a,n;aHHhie no YMOJI'IaHIIIO 

napaMeTphI, ma6JIOHhI II Mttoroe ,n;pyroe. CINT OIITIIMII31IpOBaH ,!l;JI.H Ko,n;a, KOTOpbiil: 

'IaCTO II3MeH.HeTC.H, B TO )Ke BpeM.H OH cnoco6ett 6bICTp0 3arpy)KaTb IICXO,!l;Hbie cpail:Jibl 

II o6pa6aTbIBaTb O'IeHb 60JibWOil: IICXO,!l;Hb!il: TeKCT. B OTJIII'IIIe OT 6oJibWIIHCTBa ,n;py

rlIX IIHTeprrpeTaTopoB, IIMeJOrn;IIX OT,n;eJihHbIH .H3bIK, pa3pa60TaHHblH cneU,IIaJibHO ,!l;JI.H 

IIHTepnpeTaU,IIII, CINT IICITOJih3yeT TOT )Ke .H3hIK, 'ITO II KOMITIIJI.HTOp. ITpe1IMyrn;ecTBO 

HaJIII'III.H o,n;Horo .H3bIKa ,!l;Jl.H IIHTepnpeTau,1m II KOMITIIJI.HU,IIII COCTOIIT B TOM, 'ITO KaK 

TOJibKO Oilb!THblll o6pa3eu, KO,n;a OTJia)KeH, OH MO)KeT 6b!Tb Cpa3y OTKOMITIIJIIIPOBaH .. 

CINT ,n;onycKaeT CMem1IBatt1Ie llHTepnpeTaU,IIII C++ II CBOIIX co6cTBeHHhIX KOMatt,n;, / 

06ecne'I1IBaeT II,!l;eHTII<plIKall,IIIO TIIITa BO BpeM.H Bb!IlOJIHeHII.H II IIMeeT BCTpOeHHb!il: . 

OTJia,!),'IIIK. 

Boo6rn;e CINT .HBJI.HeTC.H aBTOHOMHhIM 1I3,n;eJI1IeM II MO)KeT 6bITh ycTaHOBJieH OT

,n;eJibHO OT ROOT . .LI:anee MhI 6y,n;eM o6cy)K,n;aTb BepclIJO CINT, BCTpoeHHYJO B ROOT. 

4.1. OcHOBHbie K0MaHp;hI CINT 

MttTepnpeTaTOp IlOMep)KllBaeT TPII TIIITa KOMaH,n;. 

1. CINT KOMaH,n;h1 tta'IIIHaJOTC.H c TO'IKII. 

(a) .? IIJIII .help - BhIBO,!l;IIT CIIIICOK Bcex KOMaH,n; CINT, 

help/[keyword) - BhIBO,!l;IIT 1IH<popMaU,1IJO o keyword; 
(b) .> <filename> - nepettarrpaBJI.HeT Bb!XO,!I; B cpail:JI <filename>; 
(c) .f <filename> - noKa3b!BaeT IICXO,!l;Hhlfi KO,n; cpall:Jia <filename>; 
(d) .v <line> - ITOKa3bIBaeT IICXO,!l;Hb!ll: K0,!1; BOKpyr CTpOKII <line>; 
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(e) .p <expr> - 011,emrnaeT Bb1pa)Ke1me IIJIII ITOKa3hIBaeT TeKyrn;ee 3Ha'IeHIIe 

nepeMeHHoii:; 
(f) .L <filename> - 3arpy)KaeT cpaii:JI <filename>; 
(g) .x <filename> - 3arpy)KaeT <filename> II IICITOJIH.HeT yTBep*,n;eHII.H, 3a-

KJIJO'IeHHhie B q>IIrypHb!e CK06KII; 
(h) .g - BbI,!l;aeT CITIICOK rJI06aJibHb!X nepeMeHHbIX; 
(i) .1 - BbI,!l;aeT CITIICOK JIOKaJibHb!X nepeMeHHbIX; 
(j) .class - nOKa3hrnaeT Bee KJiaccbI ROOT; 
(k) .class <name> - noKa3hrnaeT onpe,n;eJieH1Ie KJiacca <name> (o,n;IIH ypo

Betth); 
(1) .Class <name> - noKa3hrnaeT onpe,n;eJieHIIe KJiacca <name> (Bee ypoBttlI); 

(m) .function - IlOKa3bIBaeT BCe <pyHK!l,IIII IIHTepnpeTaTOpa; 
(n) .file - IlOKa3bIBaeT CITIICOK 3arpy)KeHHb!X cpafiJIOB; 
( 0) . b - ycTaHaBJIIIBaeT TO'IKII npepbIBaHII.H; 
(p) .db - YHII'ITO)KaeT TO'IKII npephrnaHII.H; 
( q) .s - mar BHyTpii <pyHKU,IIII IIJIII ll,IIKJia; 
(r) .c <line> - npo,n;oJI)KaeT co cTpOKII <line>; 
(s) .e - Bb!X0,!1; II3 <pyHKIJ,IIII; 
(t) .q - Bh1xo,n; II3 IIHTepaKTIIBHoro ceattca R(?OT. 

2. SHELL KOMaH,!l;hI Ha'IIIHaIOTC.H c TO'IKII II BOCKJIIIIJ,aTeJibHoro 3HaKa, ttanp1IMep 

root [] . ! ls 

3. C++ KOMaH,!l;bl CJie,n;yJOT CIIHTaKCIICY C++ (ITO'ITII BCer,n;a). 

MttTepnpeTaTOp 3HaeT Bee KJiaCChI, <pyHK!l,IllI, nepeMeHHbie II onpe,n;eJI.HeMbie IlOJib-

30BaTeJieM TIIIlb!. 8TO o6JierqaeT IT0Jib30BaTeJIJO q>OpMIIpOBaHIIe KOMaH,!l;HOII CTp0KII. 

.Il:JI.H 3Toro IICIT0Jih3yeTC.H KJiaBmIIa [Tab]' II03B0JI.H!Oill;a5I 3aBepm1ITb tta6paHHOe Bbl

pa)l{eime. HarrplIMep, tta6ep1ITe B KOMaH,n;Hoil: CTpOKe 'IaCTb Ha3BaHII.H KJiacca II na

)l{MIITe KJiaBIIWY [Tab]. ECJIII Ha'IIIHaIOrn;IIeC.H c Ha6paHHOro C0'IeTaHII.H 6yKB KJiac

Cbl cyrn;eCTBYJOT, TO lll!TeprrpeTaTop llX rrepe'IIICJIIIT. MJIII Ha6ep1ITe MeT0,!I;, OTKpOii:Te 

CK06Ky II Ha)KMIITe KJiaBIIWY [Tab]. B pe3yJibTaTe II0JIY'IIITe CIIIICOK BCex rrapaMeT~ 

pOB MeTo,n;a. 

KoMaH,n;hI CINT pemcTp1Ipy10TC.H B cpail:Jte xpoH0JIOrHII . root_hist. 8ToT cpaii:JI 

co,n;ep)l{IIT IIOCJie,!l;HIIe 100 K0Man,n;. 8To TeKCTOBb!H cpail:JI, II ero M0)l{l!0 pe,n;aKTII

poBaTb. T.fro6b! o6paTIITbC.H K rrpe,!l;hl,!l;Ylll,eil: II II0CJie,nyJOrn;efi K0MaH,n;e, HaX0,!1;.HCb B 

ceattce ROOT, IICIIOJih3yfiTe_ CTpeJIKII BBepx II BHII3 B KOMaH,n;Hoii: cTpoKe. 

CINT ,n;orrycKaeT IICII0Jih30BaH1Ie K0Matt,n;hI c tteCK0JihKIIMII cTpoKaMII. TaKaH Ko

Man,n;a ,!l;0JI)KHa Ha'IIIHaThC.H II 3aKaH'IIIBaTbC.H q>IIrypHOil: CK06Koil: { ... }. Ka)K,n;a.H 

CTpOKa B K0MaH,n;e ,!l;0JI)KHa 3aKaH'IIIBaTbC.H TO'IKOII C 3aII.HTOII. Bee C03,n;aBaeMb!e B 

KOMaH,n;e OfrheKTbl 6y,n;yT IIMeTh rJI06aJihHYIO o6JiaCTb BII,!l;IIMOCTII. B TaKoil: K0MaH,n;e 

HeB03M0)KH0 BepttyThC.H Ha rrpe,n;bI,!l;YIIJ,ylO CTp0Ky. 

4.2. ROOT/CINT pacnrn:pemu1 c++ 
BcTpoettnh1il: B ROOT IIHTeprrpeTaTOp oCJia6JI.HeT HeK0Topb1e Tpe60Bamrn CIIHTaKCII

ca C++, a IIMeHno: 
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1. TiplI C03,D;aHIIII o6'beKTa KOHCTPYKTOpOM new MO)KeT 6bITb orryIIIeHo o6'b51BJiem1e 

3Toro o6'heKTa, Harrp1IMep 

root [] l=new TLine(0.1,0.1,0.9,0.9) 

2. TiplI Bbl30Be MeTO,Il,OB 3arr1ICb" -> " 3KBIIBaJieHTHa" . ". TaK, HeCMOTp51 Ha TO, 

qTO 1 - yKa3aTeJib Ha TLine, ,n;orryCTIIMO IICIIOJib30BaTb 

root[] l.Print() 

3. Mo)KHO orrycKaTb TOqKy C 3aII51TOll B KOHIJ;e CTpOKII. 

4. B CJiyqae, eCJIII CINT He MO)KeT HafiTII yrrOMIIHaeMhifi o6'beKT, OH 6y,n;eT rrpo

CIITb ROOT IICKaTb o6'beKT c 1I,n;eHT1IqHbIM Ha3BaH1IeM B rryTII IIOIICKa, orrpe,n;e

JieHHOM TR00T: : Find□b j ect O. ECJIII ROOT Haxo,n;IIT o6'heKT, OH B03B paIIIaeT 

CINT yKa3aTeJib Ha 3TOT o6'beKT II yKa3aTeJib Ha ero orrpe,n;eneH1Ie KJiacca, II 

CINT BbIIIOJIH51eT Tpe6yeMyIO cpyHKIJ;IIJO-qJieH. 

Kor,n;a IIHTeprrpeTaTop 3aMeH51eTC51 TpaHCJI51TOpOM, 3TII pacru1IpeH1I51 He "pa6oTaIOT. 

Tio3TOMY rrplI HaII1ICaH1III CKplIIITOB OT 3TIIX pacru1IpeH1Ill HY)KHO OTKa3aTbC51. 

4.3. CINT - rrpou;eccop CKpIIIITOB 

CKplIIITbI, Harr1IcaHHb1e ,n;JI51 ROOT, ,n;OJI)KHbI co,n;ep)KaTb q1ICTb1fi C++ Ko,n;. CKplirr

TbI MOryT co,n;ep)KaTb rrpOCTYIO IIOCJie,D;OBaTeJibHOCTb YTBep)K,Il,eHIIH, orrpe,n;eJieHII51 

cpyHKIJ;IIII II orrpe,n;eJieHII51 KJiaCCOB. 

4.3.1. HeHM€HOBaHHbie CKpHIITbl 

TiycTb cpail:JI C IIMeHeM script!. C co,n;ep)KIIT CJie,D;yIOIIIIIe yTBep)K,D;eHII51 

{ 

#include<iostream> 

Double_t x=2.; 

Int_t i=25; 
cout <"x = " < x < "i = '' < i <endl; 

} 

9TOT CKpHIIT COCTOHT H3 CIIHCKa HHCTPYKIJ;Hfi, 3aKJIJOqeHHblX B q:>IIrypHbie CK06-

KH. O6'beKTbI, KOTOpbie orrpe,n;eJI51IOTC51 B TaKOM CKpHIITe, HMeIOT rno6aJibHYIO 06-

JiaCTb BH,Il,HMOCTH. OHH OCTaIOTC51 ,Il,OCTYIIHblMH C KOMaH,D;HOll CTpOKH IIOCJie Toro, KaK 

CKpHIIT BblIIOJIHeH. TipH BbIIIOJIHeHHH HeHMeHOBaHHOro CKpHIITa CHOBa n CHOBa Heo6-

XO,Il,HMO oqnIIIaTb rno6aJibHYIO cpe,n;y. 9TO ,n;enaeTC51 Bbl30BOM gRDDT->Reset (). )Ke

JiaTeJibHO HaqnHaTb 3TOit KOMaH,n;oit Ka)K,Il,blll HeHMeHOBaHHbiit CKpHIIT. gRDDT->Reset 

Bbl3bIBaeT ,n;eCTPYKTOp o6'beKTa, eCJIH o6'beKT 6bIJI C03,D;aH B CTeKe. ECJIH o6'beKT 6bIJI 

C03,D;aH qepe3 new, OH He y,n;an51eTC51, HO rrepeMeHHM rrepecTaeT 6bITb CB513aHHOll C 

HH~. 06 3TOM HY)KHO IIOMHHTb, qT06bI He ,n;orrycTHTb IIOTepH naM51TH. l.fro6bi Bbl~ 

IIOJIHHTb BbimeyrroM51HYTbie HHCTPYKIJ;HH, HarreqaTafiTe B KOMaH,D;HOll CTpOKe: 

root [] .x scriptl.C 
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l1HTeprrpeTaTOp IIIIJ;eT CKplIIITbl B Root. MacroPath, KaK orrpe,n;eJieHO B BameM 

. rootrc cpafine. 

4.3.2. HMeHOBaHHbie CKpHIITbl 

Co3,n;a,n;1IM cpafin script2.C, ,n;o6aBHB B cpail:JI scriptl.C yTBep)K,n;eHne cpyHKIJ;HH: 

#include<iostream> 

int main() 

{ 

Double_t x=2.; 

Int_t i=25; 

cout <"x =" < x < "i 

return O; 
} 

"< i <endl; 

O6paTHTe BHIIMamre Ha pacrrOJIO)KeHHe cpnrypHbIX CK060K B ,IJ,aHHOM CJiyqae. lfro6bi 

BbIII0JIHIITb cpyHKIJ;IIIO main() B script2. C,ttarreqaTafiTe: 

root [] . L script2. C 

root [] main() 

KaK TOJibKO cpyHKIJ;II51, o6'b51BJieHHa51 B CKpHIITe, 6bIJia 3arpy)KeHa, OHa CTaHOBHTC51 

qaCTb!O CHCTeMbl TOqHO TaK )Ke, KaK ·OTKOMIIHJIHpOBaHHa51 cpyHKIJ;H51. 9To MO)KHO 

rrpoBeplITb, Ha6paB 

root [] . func 

Co3,IJ,a,IJ,IIM cpail:JI script3. c, H3MeHHB B cpafiJie script2. C IIM51 cpyHKIJ;HH C main() 

tta script3.CO: 

#include<iostream> 

int script(int j=10) 

{ 

Double_ t x=2. ; 
Int_t i=j; 

cout <"x =" < x < "i 

return O; 
} 

"< i <endl; 

l-J:T06bi BbIII0JIHHTb cpyHKIJ;HIO script3 0 B cpafiJie script3. c, HarreqaTafiTe: 

root D .x script3.C(5) 

3m KOMaH,IJ,a 3arpy)KaeT cpail:JI script3. CH BbIIIOJIH51eT cpyHKIJ;IIIO script3 (5). I1M51 

qmtiJia (6e3 pacmnpeHII51) H HM51 cpyHKIJ;IIH ,Il,0JI)KHbl 6b1Tb 0,Il,IIHaK0BbIMIL O6'beK

TbI, KOTOpbie orrpe,IJ,emIIOTC51 B HMeH0BaHH0M CKpmne, IIMeIOT JI0KaJibHYIO o6JiaCTb 

BII,IJ,IIM0CTII. l-J:T06bi Il36e)KaTb IICqe3HOBeHII51 o6'beKTOB ITOCJie Bb!XO,D;a H3 cpyHKIJ;HII, 

Heo6xO,IJ,IIMO C03,IJ,aBaTb HX qepe3 yKa3aTeJib C IIOMOIIJ;b!O orrepaTopa new. 
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4.3.3. BbIIlOJIHemrn CKpIIIITa II3 CKpIIIITa 

lfro6bl Bh!IlOJIHHTh CKpHIIT BHYTPH ,n;pyroro CKpHIITa, Heo6xo,n;HMO Bhl3BaTh HHTep

rrpeTaTOp. cho MO)KHO c,n;eJiaTh KOMaH,n;Oii: 

gR00T->ProcessLine(".x script.C"); 

)J;na rrpuMepa CMOTPHTe tutorials/ cernstaff. C. 

4.3.4. CKpIInT, co.n;ep*am;IIii onpe,n;eJieHIIe KJiacca 

)J;aBaii:Te co3,n;a,n;HM He6oJihIIIOii: KJiacc TMyClass H Knacc TChild, ,n;oqepHHii OT Hero. 

IIycTh B KJiacce TChild BHPTYaJihHhiii: MeTO,n; TMyClass::Print() 6y,n;eT rreperpy)KeH. 

CKpHIIT, co,n;ep)KaIII,Hii: orrpe,n;eneHHa 3THX ,n;Byx KnaccoB, Ha3oBeM script4. C. 

#include<iostream> 

class TMyClass { 

private: 

float fX; 

float fY; 

public: 

TMyClass() fX = fY = -1; 
virtual void Print() canst; 

void SetX(float x) fX = x; 

void SetY(float y) fY = y; 

}; 

void TMyClass: :Print() canst 
{ 

cout < "fX =" < fX < ",fY =" < fY < endl; 
} 

class TChild : public TMyClass { 

public: 
void Print() canst; 

}; 
void TChild::Print() canst 

{ 

cout < "This is TChild: : Print O" < endl; 

TMyClass::Print(); 
} 

3arpy3HM q:iaii:JI B cpe,n;y HHTeprrpemTOpa. / 

root[] .L script4.C 

Co3,n;a,n;HM o6'beKT KJiacca TChild. 

root[] TMyClass *a= new TChild 
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8bI30BeM ,Il;JIH Hero MeTO,n; Print() 

root[] a->Print() 

ITpoBepHM Bh!Il0JIHeHHe MeT0,Il;OB po,n;HTeJihCKOro KJiacca ,Il;JIH HaIIIero o6'heKTa a: 

root [] a->SetX (10) 

root [] a->SetY(12) 

root [] a->Print 0 

ITocMoTpHM orrpe,n;eneHHe c03,n;aHH0ro KJiacca: 

root [] .class TMyClass 

TaKHM o6pa30M y6e)K,n;aeMCH, qTO HHTeprrpeTHpyeMblll KJiacc Be,n;eT ce6a TOqHo TaK 

)Ke, KaK OTKOMIIHJIHpOBaHHhlll KJiacc. EcTh ,n;Ba orpaHHqeHHH ,Il;JIH KJiaCC0B, C03,Il;aH

HhlX B CKpHrrTe. OHH He M0ryT HaCJie,n;oBaTh OT T0bject H, CJie,Il;0BaTeJihHO, 0HH He 

M0ryT 6hITh 3am1caHbI B ROOT q:iaii:JI. 

4.3.5. OTJia)];Ka CKpIIIIT0B 

CINT HMeeT B03MO)KH0CTh 0TJia,Il;HTb CKpHIIThI, co,n;ep)KaIII,He <pyHKIJ,HH, rrocpe,n;cTBOM 

ycTaH0BKll KOHTp0JihHhIX TOqeK u crr6co6HOCTH K rroritarOBOMY BhIII0JIHeHHIO KO,n;a c 

Bh!BO,Il;OM Ha rreqaTh rrpoMe)KyT0qHhIX 3HaqeHHll IIel)eMeHHhIX. )J;na 3TOro K0MaH

,n;oii: . b ycTaHaBJIHBaeTCH ToqKa rrpepbIBaHHH Ha 0TJia)KHBaeMhlll MeTO,Il; llJIH CTpOKy. 

)J;ane,e Meio,n; 3arrycKaeTca Ha BhIII0JIHeHue, H Kor,n;a CINT rrorra,n;aeT Ha TOqKy rrpe

phrnaHHH, OH B03BpaIII,aeT KOMaH,n;HyIO CTp0KY, Ha K0TOpoii: MO)KHO 3arrycKaTh JII06y10 

H3 KOMaH,n;OTJia,n;quKa, HarrpuMep .s, .c, .p, .db. CMoTpH rrpHMep HaCTp.89 [l]. 

4.4. ACLiC - aBTOMaTrrqecK11ii KOMrrmrn:Top fo16JI110TeK ,JJ;JIH 

CINT 

,Il;na pa6oThI co CKPHIITaMH B ROOT II0MHMO CINT MO)KHO HCIIOJih30BaTh C++ 
K0MIIHJIHTOp. IIpeHMyIII,eCTBa 3T0ro crroco6a COCT0HT B cyIII,eCTBeHH0 6oJibIIIeii: CKO

pOCTll BhIIIOJIHeHHH CKpHIITOB H B03MO)KH0CTH HCII0Jih30BaHHH K0HCTPYKIJ,Hll C++, 

K0T0phie rroJIH0CThIO He IIOMep)KHBaIOTCa CINT. ACLiC co3,n;aeT CINT CJIOBaph rr 

,Il;llHaMuqecKyIO 6u6JIHOTeKy H3 BaIIIero C++ CKpHIITa. OH TaK)Ke ,n;o6aBJiaeT KJiaCChl 

rr <pyHKil,HH, o6'hHBJieHHhie B include <pafiJiax c TeM )Ke caMhIM HMeHeM, KaK q:iaii:JI 

CKpmITa, H JII06hIM H3 pacnmpeHHfi . h, • hh, . hpp, . hxx, . hPP, . hXX. 

IIpu ucrroJih30BaHHH ACLiC B CKpHrrT Heo6xo,n;HMO ,n;o6aBHTh include HHCTPYK

u;urr ,Il;JIH BCex KJiaCC0B, HCII0Jih3YeMbIX B CKpHnTe. )J;anee, 3arpy)KaeM CKpHilT H ,n;o-
6aBJIHeM B KOHeIJ, q:iaii:na 3HaK "+". 

root [] .L MyScript.C+ 

Orru;ua + reHepupyeT ,n;nHaMuqecKy10 6u6nuoTeKy H 11MeHyeT ee, 6epa Ha3BaHue <pafi

na, HO 3aMeHaa TOqKy nepe,n; pacIIIupeHHeM CllMB0JI0M no,n;qepKHBaHHH H ,n;o6aB,irna 

pacIIInpeHrre . so, xapaKTepH0e ,n;Jrn ,Il;HHaMnqecKHX 6116JIUOTeK - MyScript_C. so. 
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IlpII BhIII0JIHeHIIII + K0MaH,ri:h1, eCJIII ,ri:aTa c03,ri:aHHH header cpaiina cKpmITa II3MeHII

nach, Ji:IIHaMII'IeCKaH 6II6JIIIOTeKa rrepecTpaIIBaeTCH. Ho ,ri:aTbl C03,rr_aHIIH BCex BKJIIO

'IeHHb!X cpaiiJIOB aBT0MaTII'IeCKII He rrpoBepH!OTCH. qT06bI rapaHTIIp0BaTb, 'ITO ,rJ:IIHa

MII'IecKaH 6II6JIIIOTeKa B0CCTaH0BJieHa lI0CJie BCex II3MeHeHIIii, CJie,rr,yeT IIClI0Jib30BaTb 

++ CIIHTaKCIIC: 

root [] ._L MyScript. C++ 

qT06bI CTp0IITh, 3arpy)KaTh II Bb!II0JIHHTb <pyHKU:IIIO C TeM )Ke IIMeHeM, 'ITO II cpaiiJI, 

IIClI0Jib3YiiTe K0MaH,rr,y . X (. X). <l>yHKU:IIH rrpII 3T0M M0)KeT IIMeTb rrapaMeTpbI: 

root [] .x MyScript.C+ (100) 

BMecTO . L M0)KH0 IICIT0Jih30BaTb K0MaH,rr,y gRDDT->LoadMacro ("MyScript. C+!'). 

O6hI'IHO 3T0 rrpIIMeHHeTcH, eCJIII B o,ri:HoM CKpIIrrTe tty)KH0 IICIT0Jih30BaTh ACLiC, 'IT0-

6h1 CK0MlIIIJIIIpoBaTb II 3arpy3IITb ,ri:pyroii CKPIIITT, Onn;IIII + II ++ IIMe!OT rrpe)KHee 

3Ha'IeHIIe. 

BruKHoe 3aMeqaHne: HeJib3H BbI3bIBaTb ACLiC co CKpIInT0M, IIMeIOJUIIM <pyHK

U:IIIO C IIMeHeM main(). 

4.5. CINT - rettepaTop CJI0Bap51 ROOT 

B ROOT 6oJibIIIIIHCTBO KJiaccoB HaCJie,rr,yeT OT 0CH0BHoro KJiacca T0bject. 9T0T 

KJiacc o6ecrre'IIIBaeT 3a,ri:aHHoe no yM0JI'IaHIIIO noBe,ri:eHii:e·II rrpoToKoJI ,ri:JIH Bcex o6i~ 
eKT0B B CIICTeMe. B 'IaCTH0CTII, T0bjeCt o6ecrre'IIIBaeT a6CTpaKTHhie <pyHKU:IIII-'IJieHbl 

,ri:JIH CJie,rr,yIOJUIIX orrepan:IIii: 

• BB0Ji:-BhIB0A ofrheKTa - Read(), Write(); 

• o6pa6oTKa OIIIII60K - Warning(), Error();. 

• B03M0)KH0CTh coprnpoBKII - IsSortable(); 

• 0CM0TP - Inspect(); 

• rre'IaTh - Print(); 

• pm:OBaHIIe - Draw{); 

• cnoco6 BhI,ri:eneHIIH rraMHTII - IsOnHeap(); 

• rrpocMoTp ofrheKTa - Browse (), 

HecMoTpH Ha II,ri:eHTII<pIIKaU:IIIO TIIrra Bb BpeMH · BhIIIOJIHemrn (RTTI) ,ri:ocTyn K 11H

¢opMaU:IIli 0TH0CliTeJibH0 CTPYKTYPbI ,ri:allHbIX, nepeMeHHb!X li <pyHKU:liii ofrbCKTa II(• 

o6ecrre'IuBaeTCH iio BpeMH pa6oThI nporpaMMhI. Iloc1TOMY ,ri:oJI)Kell' cyru:ecTB0BaT1, ;~o
rroJIHHTeJihHhiii MexaHu3M ,ri:JIH c6opa :=iToii liH<popM)tu;1m. ,l],JIH 3Toro ROOT coe,z~mrn

eTCH c Ka)K,rJ:bIM KJiaccoM qepe3 crreu:11anbHhiii o6'bekT, onuci.rnaIOru:uii ero cTpyKTypy. 

9TOT crreU.IIaJibHbiii o6'beKT HBJIHeTCH rrpe,n;CTaBliTeJieM KJiacca TClass, K0T0pbiii co

,ri:ep)KliT cne,rr,yIOru.yIO liHq>OpMaU:IIIO 0 KJiacce: 

• ·uMH II 3al'0JI0B0K KJiacca; 

• pa3Mep · i '6aiiTax; ·-
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• ero po,ri:11TeJibCK11ii Knacc(hl}; 

• IIMeHa, 3ar0JI0BKII II ,ri:ecKpIIITT0pb! ero rrepeMeHHbIX; 

• IIMeHa II CIIHTdKCIIC ero <pyHKU:IIii-'IJieHoB; 

• a,ri:pec o6'beKTa, IIClI0Jib3yeMoro ,rJ:JIH C03,rJ:aHliH H0B0ro 06'beKTa. 

TaKIIM o6pa30M c IT0M0JUhIO CINT o6pa3yeTcH TaK Ha3hrnaeMhiii CJI0Bapb Knacca. 

To ecTb CINT rroMuMo <pyHKU:IIii IIHTeprrpeTaTOpa KoMaH,ri:Hoii cTp0Kli u rrpou:eccopa 

cKpIIlIT0B HBJIHeTCH eru:e II reHepaTop0M CJI0BapH. CJIOBapb KJiacca reHep11pyeTCH 
yn1JIIIT0ii rootcint. 

5. rpaqn1qeCKIIe 06'beKThl 

5.1. 06'heKTbI TCanvas H TPad 

5.1.1. OcHOBHOe rpacpnqecKoe 0KH0 

O6'heKThI ROOT, HaCJie,IJ,yIOIUIIe OT T0bject, K0T0phlii IIMeeT BIIPTYaJihHhrii MeTo,ri: 

Draw(), MoryT 6hrTh Bli3YaJIH311poBaHbI (Hap11coBaHb1) B cneu:11anhH0M 0KHe, K0To

poe Ha3hrnaeTCH canvas3 [kcenvas]. 9To rpacpuqecKoe 0KH0 peanu3oBaHo c rroM0IUb!O 

KJiacca TCanvas. KoHcTpyKTop 

TCanvas(const char* name, canst char* title, Int_t wtopx, Int_t 

wtopy, Int_t ww, Int_t wh) 

r,ri:e wtopx, wtopy - Koop,ri:IIHaTbI JieBoro BepxHero yrJia 0KHa B ITIIKCeJIHx; ww, wh -

pa3Mepb! 0KHa no 0CII X II y B IlliKCeJIHX. ECJili orrpe,ri:eJieHbl cpa3y HeCK0JibK0 o6'beK

T0B TCanvas, TO 0jJ:H0BpeMeHH0 T0JibK0 0,rJ:liH li3 HIIX HBJIHeTCH aKTIIBHblM. O6'heKT 

Bb!B0,rJ:liTCH Ha aKTIIBHblll TCanvas K0MaH,ri:oii object. Draw(). ECJili 0TKpb!TbIX rpa

q>II'IeCKliX 0K0H HeT, TO rrpII Bb!II0JIHeHIIli 3T0ii K0MaH,rJ:bl ycTaHaBJiliBaeTCH TCanvas 

C IIMeHeM cl, 3a,n;aHHb!H 110 YM0JI'IaHIIIO. 

OcHOBHOe rpa<pli'IeCKOe 0KH0 liMeeT CTP0KY rJiaBHoro MeHIO c 6oJibllIIIM K0JIII'Ie

CTB0M orru:11ii .. PaccMOTpIIM HeK0T0pb!e 113 HIIX. 

MeHIO "File" ,ri:aeT B03M0)KH0CTh 0TKpbITb cpaiin crreu:11anbH0ro ROOT cpopMaTa 

( 0 K0T0p0M 6y,ri:eT II,rJ:TII pe'Ib B pa3,ri:ene "BBO,ll;-BblBOJi:")- IIYHKT "Open ... ", crraCTII 

II3o6pa)KeHIIe Ha 3KpaHe B cpaiiJI cpopMaTa PostScript -·rryHKThI "Save As canvas.ps" 

nnu "Save As canvas.eps", crracTn K0MaH,rJ:hI , co3,ri:aBIII11e 3T0 11306pa)KeH11e,B cKpIIrrT 

- rryHKT "Save As canvas.C'', a TaK)Ke B crren:IIaJihHhiil ROOT cpaiin - rryHKT "Save 

As canvas.root". 

IlpII Bb16ope rryHKTa "Editor" B MeHIO "Edit" CTapTyeT BCTpoeHHhiii B rpacpn'Ie

CKnii pe,ri:aKT0p, K0T0pblll rrpe,ri:Ha3HaqeH jJ:JIH BbIB0,ri:a II pe,ri:aKTIIP0BaHIIH rrp0CTeii

llIIIX rpacp11qeCKIIX 06'beKTOB. OH 6y,ri:eT paCCM0TpeH B 0T,D;eJibH0M rraparpacpe ,n;aH

Horo pa3,ri:ena. 

3
O.[\HO 113 3HaqeHllli aHrJU:!UCK0r0 CJI0Ba "canvas" - "xoncT". Mb! 6y,L\eM BblBO.[\IITb B 3TOM rpaq>II

'IeCK0M 0KHe Halim rpaq>IIKII, rHCT0rpaMMbl II .[\eTaJJII q>II31IqecK1IX YCTaH0B0K TaK )Ke, KaK XY.L\0)K

IIHK pHcyeT Ha XOJJCTe CB0II KapTIIHbl. 
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Memo "View" II03B0JrneT rrp0CM0TpeTb Ha6op ,ll.0CTYIIHbIX D;BeT0B ".Colors" ' Map

Kep0B "Markers" II ¢oHTOB "Fonts" II IIX II)].eHTII<PIIKan;IIoHHbre H0Mepa. 

IlyHKT "Event ctatus" Memo "Option" BhI3hrnaeT TaK Ha3hrnaeMyro cTpoKy co

CT0HHrrn, pacrr0JI0)KeHHYIO BHII3Y ofrheKTa TCanvas. Ha Heit IIOKa3bIBaeTCH IIMH II 

3ar0JI0B0K OfrbeKTa, Ha KOT0pblll YKa3bIBaeT Kypcop, K00p)].IIHaTbl Kypcopa, a TaK)Ke 

)].0II0JIHIITeJibHaH IIHq)OpMaIJ;IIH 06 06'beKTe B 3aBIICIIM0CTII OT BII)].a o6'beKTa. 

MeHIO "Help" rrpe)].0CTaBJIHeT rroJib30BaTMIO pa3nwrnoro po)].a rrH¢opMan;IIro 06 

o6'beKTax ROOT. 

5.1.2. 06'beKT TBrowser 

GJroot 

@{;jtmml 
LGJcolors 

i. GJ Map Files 

-Dsockets 

;--···D Canvases 

:. D Styles 

: ... CJ Functions 

'· ()Tasks 

··D Geometries 

-()Browsers 

··Gl Specials 

··D Handlers 

:,·CJ Cleanups 

!- --CJ Streamer Info 

i···eJ ROOT Memor~ 
, ·CJ ROOT Files ~ 

CJ ihome/soloviev /Imp/root-pies 

CJ RO OT Files 

CJTBox 

(ll}]JTCanv~ 

CJ TDialog Canvas 

CJme 

CJTFolder 

CJTGCanvas 

(ll}]JTAttText 

(ll}]JTBranch 

(EJ]TClass 

(ll}]JTDictionarv 

liJ TFile Handler 

DTFrame 

C]TGCheckButton 

D TDirectorv 

CJrntPanel 

C]TGButtonGroup 

GJ TG Combo Box 

CJTGFSComboBox 

C]TGCompositeFrame liJTGDoubleVSlider 

(ll}]JTGFileContainer C]TGFrame 

D TG H Progress Bar liJ TG H Scroll Bar 

CJTGHorizontalFrame GJTGL VContainer 

@f)TGLabel DTGListBox 

@L)TGMenuBar 

(ll}]JTGPictureButton 

(ll}]JTGTextButton 

(ll}]JTGToolBar 

liJ TGVScroll Bar 

GJTGVerticalFrame 

Prrc. 1: OKHO npocM0Tpa 
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(lfil TG Horizontal3 D Line 

GJTGLVEntrv 

(lfil TG ListTree 

(Ej]TGMenuntle 

@LI TG Scroll Bar Element 

(ll}]JTGTextEntrv 

(ll}]JTGToollip 

@L)TGVSplitter 

{ 
C rroM0IIJ;bIO cTp0KII rnaBHoro MeHro M0)KHO BhI3BaTb TaK)Ke 6pay3ep ROOT ( CM. pIIc. 

1). Ilprr Bbr6ope rryHKTa "Start Browser" MeHro "Inspect" cmpTyeT OKHO rrpocM0Tpa 

(rrnrr rrporpaMMa rrpocMOTpa) ROOT Object Browser - o6'beKT Knacca TBrowser. OK

HO rrpocMOTpa, noKa3brnarorn;ee o6'beKTbI ROOT, )].0CTYIIHbre .n;na rrpocM0Tpa, M0)KH0 

TaK)Ke Bbl3BaTb II3 KOMal!)].H0it CTp0KII 

root [] TBrowser b 

5.1.3. .[I,eJieHHe OCHOBHOrO OKHa Ha IlO,!l;OKHa 

OcHOBHOe rpa¢rr'!eCKOe 0KH0 ( o6'beKT KJiacca TCanvas) M0)KH0 pa3)].eJIIITb Ha HeCKOJib

K0 II0)].0K0H, K0T0pbie M0ryT C0)].ep)KaTb ,l].pyrrre II0)].0KHa IIJIII rpaq)II'leCKIIe o6'beKTbl 

(cM. pIIc. 2). Ilo,n;oKHO Ha3brnaeTCH pad [pred] (,!1.opO)KKa, 3arrnaTKa) II peaJIII30BaHo 

c rroM0IIJ;bIO Knacca TPad. KoHCTPYKT0p: 

PIIc. 2: IlpIIMep pa36IIeHIIH 0CH0BHoro rpa¢II'!ecKoro 0KHa 
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TPad(const char* name, canst char* title, Double_t xlow, Double_t 

ylow, Double_t xup, Double_t yup, Color_t color= -1, Short_t 

bordersize = -1, Short_t bordermode = -2) 

TiapaMeTpbI: xlow - X KOOp,l.l,11HaTa mrnrnei1 JieBOH TO'-IKU 110,l.l,OKHa B CUCTeMe KOp,n:u

HaT TPad, yloy - y KOOp,n:mrnTa 3TOi1 TO'-IKU, xup - X KOOp,l.l,UHaTa BepxHei1 rrpaBOH 

TO'-IKU 11011,0KHa B CUCTeMe KOop,n:mrnT TPad, yup - y KOOp,l.l,UHaTa 3TOi1 TO'-IKU, color 

- U:BeT 110,n:oKHa, bordersize - pa3Mep rpaHuIJ:bI 110,n:oKHa B 11uKcemIx, bordermode -

TUii rpaHUIJ:b!. ,Ll;eJie1rne TCanvas na TPad MO)KeT rrpOU3BO,l.l,UTbCR HeCKOJ!bKUMU CIIO

co6aMU. Mo)KHO CTpOUTb 110,l.l,OKHa na o6'beKTe TCanvas, RBHO 3a,n:aBaR ux pa3Mep u 

IIOJIO)KeHIIe, IIOJib3YRCb rrpu 3TOM KOHCTPYKTOpOM U MeTO,l.l,OM Draw(). BTopoi1 CIIO

co6 COCTOIIT B aBTOMaTU'-leCKOM ,n:eJieHUU Ha ropU30HTaJibHbie u BepTUKaJibHbie 'pR,l.l,b!. 

HarrpIIMep, KOMaH,n:a 

root [] c1->Divide(3,2) 

pa3,n:eJiuT TCanvas Ha Tpu CTOJI6u:a u ,n:Be cTpOKII. Boo6iu:e )Ke MeTo,n: Divide O uMe

eT 5 rrapaMeTpOB, TpeTui1 u '-!eTBepTb!H U3 HUX 3a,n:aIOT IIOJIR Me)K,n:y 110,l.l,OKHaMU (B 

e,n:IIHIIU:aX, rrpu KOTOpb!X po,n:uTeJibCKUH TCanvas UMeeT pa3Mep 1 X 1), a IIRTb!H -

U:BeT rroJiy'-leHHbIX o6'beKTOB TPad. CreHepupoBaHHbie 110,n:OKHa rroJiy'-laT UMeHa c1_i. 

B narneM CJiy'-!ae:c1_1, c1_2, ... , c1_6. 

O6'beKT KJiacca TPad - rpaq:>U'-leCKUH KOHTei1Hep, UMeIOIIJ:IIH CBR3aHHb!H CIIUCOK 

yKa3aTeJiei1 na o6'heKTbr, KOTOpbIe on co,n:ep)KIIT. PucoBanue o6'beKTa ecTb ne '-!TO 

unoe, KaK ,n:o6aBJieHue yKa3aTeJIR Ha o6'beKT B 3TOT ClllICOK. 

5.1.4. B3aMMO,n;eii:CTBl1e C rpaq>M'l€CKMMM o6'beKTaMM 

Kor,n:a o6'beKT napIICOBan, MO)KHO C HUM B3aUMO,n:ei1CTBOBaTb. Tipeo6pa30Banue o6'b

eKTa Ha 3Kpane (B oKne TCanvas) TaK)Ke rrpeo6pa3yeT ero B rraMRTU. <I>aKTU'-leCKH 

Mb! B3aUMO,n:ei1CTByeM C peaJibHb!M o6'beKTOM, a He C ero KOIIHei1 Ha 3Kpane. TiepeM('

iu:enue UJIU U3Menenue pa3Mepon o6'beKTa ,n:eJiaeTCR JI€BOH KHOIIKOH Mb!Illll. Kypcop 

MO)KeT ll3MeHRTb CBO!O cpopMy, IIOKa3bIBaR, '-!TO cei1'-!aC MO)KeT 6b!Tb c,n:eJiaHO. 

Cpe,D;HiHI KHOIIKa Mb!IlIU rrpuMeHReTCR ,l.l,JIR Bbr6opa o6'beKTa, TO eCTb rrpu,n:aHUH 

eMy CTaTyca aKTUBHOrO. qT06hl aKTUBU3IIponaTb rpacpu'-!eCKOe OKHO U3 KOMaII,LJ,HOH 

CTpOKII, BBe,l.l,UTe KOMan,n:y 

root D cl->cd() 

B CJiy'-!ae 06'beKTOB TCanvas u TPad, Kor,n:a OHII CTaHOBRTCR aKTUBHb!MU, IIX rpaHIIIJ:bl 

Bb!CBe'-IIIBaIOTCR. fJio6aJibHaR rrepeMeHHaR gPad BCer,n:a yKa3bIBaeT na aKTUBHb!H 

TPad. 
Tipu HaBe,n:enuu Kypcopa Ha o6'beKT u Ha)KaTUU npaBoii KHOIIKU Mb!IlIU IIORBJIR

eTCR KOHTeKCTHOe MeHIO 3TOrO o6'beKTa, co,n:ep)Kaiu:ee ero OCHOBHbie MeTO,l.l,b!. qT06bI 

MeTO,l.l, IIORBUJICR B KOHTe~CTHOM MeHIO o6'beKTa, B 3aroJIOBO'-IHOM cpaiiJie KJiacca 3TOT 

Mero,n: ,l.l,OJI)KeH 6bITb OTMe'-len / /*MENU*. KoHTeKCTHOe MeHIO pa3,n:eJieHo JIUHURMU. 

Cna'-!aJia U,l.l,YT MeTO,l.l,bl 3TOro KJiacca, BO BTOpOM OT,l.l,eJJeHUU - MeTO,l.l,bl po,n:uTeJibCKIIX 
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KJiaCCOB, U IIOCJ!e..'I,_VIOIIJ:Ue pa3,n:eJibl co,n:ep,KaT MeTO,l.l,bl ,n:pyrux pO,l.l,UTeJibCKUX KJiac

COB B CJiy'-!ae MHOrOKpaTHOro naCJie,n:oBaHUR. Tipu BbI6ope U3 KOHTeKCTHoro MeHIO 

MeTo,n:a, KOTOpb!H UMeeT rrapaMeTpbI, IIORBUTCR ,l.l,UaJIOrOBOe OKHO, B KOTOpoe IIOJib-

30BaTeJib ,l.l,OJI)KeH 6y,n:eT BBeCTII orrpe,n:eJieHHOe 3Ha'-lenue COOTBeTCTBYIOIIJ:eii OITIJ:UII. 

5.1.5. CncTeMhI Koop,n;nHaT o6'beKTa TPad 

8 rpacpu'-!eCKUX OKnax UCIIOJ!b3YIOTCR Tpu CUCTeMbl KOOp,n:unaT: KOOp,l.l,UHaTbl ITOJib-

30BaTeJIR, HOpMaJIII30BaHHbie KOOp,n:unaTbr' (NDC) U KOOp,l.l,UHaTbl B ITUKCeJIRX. 

BoJibllIUHCTBO MeTO,l.l,OB o6'beKTa TPad UCIIOJ!b3yeT KOOp,ll;MHaThl IlOJih30BaTe

JIH. Tio YMOJI'-!aHUIO JieBblH HU)KHIIii yroJI ITYCTOrO Bbrne,n:eHnoro TPad IIMeeT KOOp

,n:unaTbl (0,0), II ,n:uaITa30H ux ITO OCRM XII y ycTaHaBJIUBaeTCR OTO ,l.1,0 1. ,Ll;anee, 

ucrroJib3YR MeTo,n: TPad: : Range (Float_ t xl, Float_ t yl, Float_ t x2, Float_ t 

y2), MO)KHO OITpe,n:eJIUTb HOBbie KOOp,n:unaTbl ITOJ!b30BaTeJIR, HaITpl!Mep 

root [] gPad->Range(0,100,~50,50) 

HopMaJIM30BaHHh1e Koop,n;MHaThI (NDC) He3aBuCUMbI OT pa3Mepa oKna u cu

CTeMbt KOOp,n:unaT ITOJ!b30BaTeJIR. JleBb!H HU)KHIIH yroJI o6'beKTa TPad UMeeT KOOp,l.l,U

HaTbl ( 0' 0) ' u ,n:uarra30H IIX ITO OCRM X II y ycTanaBJIIIBaeTCR OT 0 ,l.1,0 1. HeKOTOpb!e 

rpacpu'-!eCKIIe o6'beKTbl UMeIOT MeTO,l.l,bl Draw□b j ectNDC O ,l.l,JIR Bb!BO,l.l,a B CUCTeMe 

Koop,n:unaT NDC, ,n:a,Ke eCJiu ITpe,n:napuTeJibHO 6b1Jiu ycTanonJienbI OTJIU'-IHbte OT nee 

K00p,l.l,UHaTbl IIOJib30BaTeJIR. HanpnMep, eCJIU Bbl XOTUTe BblBO,l.l,IITb TeKCT ncer,n:a B 

0,l.l,H0M U TOM )Ke MeCTe 3Kpana, He3aBIICUM0 OT Toro, KaKue Koop,n:1rnaTbl ycTaHOBJie-
llbl, ncrroJib3yiiTe MeTO,l.l, DrawTextNDC (). · 

IlUKC€JihHaH CllCTeMa KOOp,ll;HHaT. JleBblll BepxHuii yroJI o6'beKTa TPad UMeeT 

K00p,l.l,IIHaTbl ( 0, 0) , nee pa3Mepbl OITpe,n:eJIRIOTCR B IIUKCeJIRX. 

,Ll;m1 ITpeo6pa30Bamrn M8)K)];y CIICTeMaMU KOOp,l.l,IIHaT TPad cyiu:ecTnyeT HeCKOJibKO 

MeT0,l.l,0B. TiyCTb (px' PY) - KOOp,l.l,UHaTbl TO'-IKU B IIUKCeJibHOH CIICTeMe, ( ux' uy) 

- B CUCTeMe KOOp,l.l,IIHaT IIOJib30BaTeJia, (ndcx, ndcy) - B HOpMaJIII30BaHH0i1 CUCTe

Me Koop,n:nnaT. MeTO,l.l,bI PixeltoX(Int_t px), PixeltoY(Int_t py) rrpeo6pa3yIOT 

TT!IKCeJibHbie KOOp,l.l,l!HaTbl B KOOp,l.l,IIHaTbl II0J!b30BaTeJIR (TUIT B03Bpaiu:aeMoi1 BeJIII

'!IU!b! - Double_t). MeTO,l.l,bI UtoPixel(Float_t ndcx), VtoPixel(Float_t ndcy) 

npeo6pa3yIOT HOpMaJIII30BaHHb!e KOOp,n:unaTbl B IIIIKCeJibHbie ( TIIII B03Bpaiu:aeMoii 

BeJIH'-ll!HbI - Int_t ). MeTO,l.l,bI XtoPixel(Double_t ux), YtoPixel(Double_t uy) 

rrpeo6pa3yIOT KOOp,l.l,l!HaTbl IIOJib30BaTeJIR B IIIIKCeJibHbie KOOp,l.l,l!HaTbl ( Tl!II B03Bpa

n~ael\WH BeJill'-ll!Hbl - Int_ t). 

JI11nei1HaR IIJIII JIOrapl!q:>MII'-!eCKaR IlIKaJia eCTb aTpu6yT TPad, a He KaKoro-JI1160 

11306pa)KeHUH Ha neM. 1..JT06bI ycTaH0BIITb JIOrapIIq:>MII'-leCKYIO IlIKaJIY, Ha11p11Mep B 

HarrpanJieH1111 x, tta6ep11Te KOMan,n:y 

root [] gPad->SetLogx(l) 

qT06b1 nepnyThCR K JIIIHei1HOi1 IIIKaJie, naITpIIMep B HaITpaBJieHIIII y, 11a6ep11Te B KO

Ma11,n:11oi1 CTpOKe 
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root [] gPad->SetLogy(0) 

MmKHO TaK)Ke Bhl3BaTb 3TH MeTO,Il,hl qepe3 KOHTeKCTHOe Memo TPad liJlll TCanvas. 

5.1.6. 06HOBJieHIIe TPad 

ITo rrpnq1rnaM 3cpcpeKTHBHOCTll o6HOBJICHHe 06'beKTa TPad He IIpOIICXO,Il,HT C Ka)K,IJ,h]M 
ll3MeHem1eM. ABTOMaTnqecKa51 rrepepHCOB_Ka rrpOHCXO,Il,HT B CJie,IJ,y!Olll,llX cnyqa51x: 

1. HaBe,IJ,eHne Kypcopa Ha TPad ll Ill,eJIKaHbe Mbllllh!O, HarrpnMep IIPII ll3MeHeHIIll 
ero pa3MepoB. 

2. OKouqaune Bb!IIOJIHeHH51 CKpllllTa. 

3. ,l],o6aBJieune HOBOro rpacpnqecKoro rrpIIMHTHBa HJ!ll ll3MeueHHe neKOTOpb!X CTa
pbIX, HaIIpHMep Ha3BaHH51 HJ!ll 3arOJIOBKa KaKOrO-JIH6o 06'beKTa. 

4. BhI30B MeTo,IJ,a Draw O. 

MO)Kl!O 51BHO Bhl3BaTh o6HOBJieHHe rpacpnqecKoro IIO,Il,OKHa Bh!30BOM MeTO,IJ,a 
TPad: : Modified. IloCJie,IJ,yIOIIl,Hii BhI30B TCanvas: : Update rrpocMaTpIIBaeT crrncoK 
o6'beKTOB TPad ll rrepepHCOBhIBaeT Te ll3 HHX, KOTOpbie 6b!Jlll o6'b51BJieHbl ll3Meueu
Hh!MH. 

5.2. rpaq>tPieCKMe I1pMMMTMBbl 

5.2.1. KJiacc TLine 

JinHH51 orrpe,IJ,eJI51eTC51 KOOp,IJ,IIHaTaMII uaqaJibHOii x1' y1 ll KOHequoii x2' y2 ToqeK. 
KoncTpyKTop: 

TLine(Double_t x1, Double_t y1, Double_t x2, Double_t y2) 

5.2.2. KJiacc TArrow 

CTpeJIKa orrpe,IJ,eJI51eTC.H KOOp,Il,IIHaTaMH HaqaJihHOii x1, y1 n KOnequoii x2, y2 TO
qeK, pa3MepOM arrowsize B rrpou,euTaX OT Bh!COThl o6'beKTa TPad H CBOHM 
BH,Il,OM - option. 3uaqeuII51, rrpnHHMaeMbie option - ">", "<", "I>", "<I", 
''<>'', ''< I>''. KoHCTPYKTop: 

TArrow(Double_t x1, Double_t y1, Double_t x2, Double_t y2, Float_t 
arrowsize, 0ption_t* option) 

MeTO,IJ, SetFillColor ( icolor) ycTanaBJIHBaeT u,BeT 3arronuemrn CTpenKH. Ilo 
yr.mwianIIIO icolor =0. MeTO,IJ, SetAngle (angle) ycTanaBJIIIBaeT yron Me)K,IJ,y 
,Il,BYM51 CTopouaMII CTpeJIKH, angle Bbipa)KaeTC51 B rpa,IJ,ycax, no YMOJiqaHII!O 
ero 3uaqeune 60. 
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5.2.3. KJiacc TPolyLine 

JioMaHa51 Jlllllll51 orrpe,IJ,eJI51eTC51 ua6opoM ToqeK, Me)K,IJ,y KOTOph!Mll paCIIOJIO)KeHhl ee 
cerMeHThI, n - KOJinqecTBO TOqeK, X ll y - MaCCHBhl C KOOp,Il,HHaTaMH ToqeK. 
KoucTpyKTop: 

TPolyLine(Int_t n, Double_t* x, Double_t* y) 

5.2.4. KJiacc TEllipse 

9JIJIHIIC orrpe,IJ,eJI51eTC.H CBOHM u,eHTpOM x1' y1 ll ,Il,BYM.H pa,IJ,nycaMH r1 II r2. 9JIJIIIIIC 
MO)KeT Bpalll,aThC.H n 6b!Th yceqeuHhIM, phimin II phimax - MIIHIIMaJihllhlii n MaKCII
MaJibllh!il. yron. KoncTpyKTOp: 

TEllipse(Double_t x1, Double_t y1, Double_t r1, Double_t r2, Double_t 
phimin, Double_t phimax) 

5.2.5. KJiacc TBox 

ITJIOCKIIil. rrp.aMoyrOJihlll!K orrpe,IJ,eJI.HeTC.H CBOIIMII HII)KHIIMH JieBb!MII KOOp,Il,IIHaTal\,lll 
x1, y1 II BepXHIIMH rrpaBh!MII KOOp,Il,IIHaTaMII x2, y2. KoHCTPYKTOp: 

TBox(Double_t x1, Double_t y1, Double_t x2, Double_t y2) 

5.2.6. KJiacc TWbox 

O6'beMHhlii rrp.HMoyroJihHIIK orrpe,Il,eJI.HeTC.H CBOIIMII HII)KHIIMII JieBb!Mll KOOp,Il,HHaTaMII 
x1, y1, BepXHIIMH rrpaBb!MII KOOp,Il,IIHaTaMII x2, y2, pa3MepoM rpaHHil,hl bordersize 
II pe)KIIMOM rpaumi;h1 bordermode. KoHCTpyKTop: 

TWbox(Double_t x1, Double_t y1, Double_t x2, Double_t y2, Int_t 
color, Int_t bordersize, Int_t bordermode) 

5.2.7. KJiacc TMarker 

MapKep orrpe,Il,eJI.aeTc.a KOOp,Il,1IHaTaM1I x, y n TIIIIOM marker. KoHCTPYKTOp: 

TMarker(Double_t x, Double_t y, Int_t marker) 

MeTO,Il, SetMarkerSize(size) ycTaHaBJI1IBaeT pa3Mep MapKepa, size 3a,Il,aeTc.a B 
IIIIKC8Jl.HX. 

5.2.8. KJiacc TPolyMarker 

Ha6op MapKepOB orrpe,Il,eJI.H8TC.H ,Il,BYM.H MaCCHBaMII ll3 n 3JI8M8HTOB, CO,Il,8p)Kalll,IIMII 
KOOp,Il,IIHaTbl TOqeK X [i] II y [i]. KoncTpyKTOp: 

TPolyMarker(Int_t n, Double_t* x, Double_t* y, 0ption_t* option) 
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5.2.9. KJiacc TCurlyLine 

BoJIJIIICTaR JIHJIHR orrpe,D,eJIReTCR KOOp,!1,H!laTaMH ua'laJih!IOH x1, y1 u KO!le'l!IOH x2, 
y2 TO'leK, ,!1,JIHHOii BOJIHhI wavelenght u aMIIJIHTY,!J,Oii amplitude. ,[l;Be rroCJie,D,une 
BeJill'lllllhl 3a,D,a!OTCR B rrpou,euTax OT Bh!COThl ofrheKTa TPad. KoucTpyKTOp: 

TCurlyLine(Double_t x1, Double_t y1, Double_t x2, Double_t y2, 
Double_t wavelenght, Double_t amplitude) 

5.2.10. KJiacc TCurlyArc 

BoJIJIHCTaR ,D,yra orrpe,D,eJIReTrn CBOHM u,euTpOM x1, y1 u pa,D,HyCOM rad. ,[l;JIHJ!a BOJI
Jlhl wavelenght II aMIIJIHTY,D,a amplitude 3a,D,a!OTCR rrpou,euTaMII OT ,!1,JIII!lhl JIIIJIIIH. 
YroJI tta'laJia phimin II yroJI OKOH'l.aHIIR phimax Af.ru 3a,D,aIOTCR B rpa,D,ycax. Kon
CTPYKTOp: 

TCurlyArc(Double_t x1, Double_t y1, Double_t rad, Double_t phimin, 
Double_t phimax, Double_t wavelenght, Double_t amplitude) 

5.2.11. KJiacc TLatex 

3TOT KJiacc 6b!JI IIOCTpoeu ,!l,JIR 1no6pa)KeHmITeKCTa B rpacpw1eCKHX OKHax TCanvas 
11JI11 TPad. Ero cnttTaKc11c rro,D,o6en MaTeMaTII'lecKoMy peMuiviy II3BeCT~oii cncTeMhl 
,!1,JlR BepCTKH TeKCTOB C cpopMyJiaMH Latex. HH)Kl!lle Il: Bepxttue HJl,!l,eKChl C03,!l,a!OT
CR - II A KOMaH,D,aMH. 1:fro6hI IIOJIY'IIITh CTpO'IHhie rpeqecKHe 6yKBhI, neo6X0,!1,IIMO 
rrepe,!1, na3Ba!IIIeM 6yKBhI, 3arrucaHHhlM JiaTHIIIIU,eii, IIOCTaBIITp 3JlaK #- ,[l;JIR IIOJiyqe
mrn rrporrucnoii rpeqecKoii 6yKBhI ttarreqaTaiiTe rrepBhiii CHMBOJI na3Bamrn rrporrIIcnoii 
6yKBOii. HarrpuMep: 

#alpha - a, #Omega - n, #beta - /3,#Delta - /1. 

,[l;JIR II306pa)Kel!IIR ,!1,po6eii IICIIOJlh3yeTrn KOMaU,D,a # f rac{ 'IIICJIIITeJih} { 3JlaMeHaTeJih}. 
KoMaH,D,a #sqrt{} rrpOH3BO,!J,IIT KBa,D,paTHhlll KOpenh OT CBOero rrapaMeTpa. Heo6ma
TeJihllhlll rrepBhlll rrapaMeTp HCIIOJih3yeTrn ,!1,JIR II306pa)KeHirn KOpneii ,!1,pyroii CTerre
HH #sqrt[]{}. MaTeMaTll'leCKlle CIIMBOJlhI, ,!J,HaKpeTH'leCKlle _3HaKII II CTpeJIKII TaK)Ke 
11306pa)KaJOTrn c rroMOlil,hIO KoMatt,D,, ana.rroru'111hrx KOMaH,D,aM Latex (cM.crp.118 [l]). 

5.2.12. KJiacc TPaves 

TeKCT MO)KeT H306pa)KaThCR B rpacpuqeCKOM OK!le caMOCTORTeJihHO, a MO)KeT pac
IIOJiaraTbCR B 06'beM!lhlX paMKax (rraueJIRX). Pave (naueJib) - 3TO 6JIOK C pa3MepOM 
rpaHHil,hl II xapaKTepOM paCIIOJIO)Ke!IHR Tenn. 

5.2.13. KJiacc TPaveLabel 

ITatteJih, C0,!1,ep)Karu;aR TOJlhKO 0,!1,IIY CTpOKY TeKCTa, onpe,D,eJIReTCR KOOp,!1,II!laTaMH 
11u)K11ero JieBoro yr.rra x1, y1, Bepxuero npaBoro yrJia x2, y2, u306pa)KaeMhIM TeK-
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CTOM label II BII,!1,0M na11eJI11 option. 3uaqeJIIIR, npIIHIIMaeMb!e option: "T" - TeHb 
cBepxy, "B" - Te!lh CJIII3y, "R" - Te!lh cnpaBa, "L" - Te!lh CJieBa, "NDC" - x1, y1, x2,. 
y2 3a,D,a10TCR B NDC, "ARC" - yrnbl naueJIH oKpyrJIHIOTCR. KoucTpyKTop: 

TPaveLabel(Double_t x1; Double_t y1, Double_t x2, Double_t y2, canst 
char *label, Option_t *option) 

MeTO,!l, SetBorderSize O ycTaHaBJIIIBaeT pa3Mep rpaHIIIl,bI. Ilo yMoJiqauIIIO pa3Mep 
rpaHIIIl,hI - 5, a option - "BR". 

5.2.14. KJiacc TPaveText 

3TOT KJiacc OTJIH'laeTCR OT rrpe,!1,bl,D,ylil,ero TOJihKO TeM, 'ITO o6'beKT TPaveText MO)KeT 
CO,!J,ep)KaTh ueCKOJlhKO CTpOK TeKCTa. 

5.2.15. KJiacc TPavesText 

CTOIIKa TeKCTOBh!X naueJieii onpe,D,eJIReTCR CBOIIMII KOOp,!1,II!laTaMII, 'IIICJIOM naueJieii 
B cTonKe npaves II BII,!1,0M option. Ilo yMoJiqa11II10 npaves=5, option - "BR". Kou
CTPYKTop: 

TPavesText(Double_t x1, Double_t y1, Double_t x2, Double_t y2, Int_t 
npaves, Dption_t *Option) 

5.2.16. Ilp11Mep 

IlpHBe,D,eM 3,!l,eCh rrpuMep KO,!J,a, CTpORlil,ero ueKOTOpbre rpacpII'IeCKIIe o6'beKThl. 11306-
pa)Ke!IIIe, rroJiyqeuuoe ua TCanvas B 3TOM CJiyqae, rroKa3auo ua puc. 3. 

root[] TArrow ar(0.1,0.1,0.3,0.3,0.05;''<1>") 
root [] ar.SetAngle(45) 
root [] ar. Draw() 
root [] TEllipse el(0.65,0.2,0.2,0.1) 
root [] el.SetFillStyle(3005) 
root [] el. Draw() 
root [] TWbox wb(0.1,0.6,0.4,0.9,16,10,5) 
root [] wb.Draw() 
root [] TMarker m(0.6,0.6,3) 
root [] m.SetMarkerSize(5) 
root [] m. Draw 0 
root D TCurlyArc cyr(0.7,0.6,0.2,270,360) 
root [] cyr.Draw() 
root [] TPaveLabel py(0.45,0.8,0.95,0.9,"Graphical objects","brarc") 
root [] pv.Draw() 
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[ Graphical objects) 

* 

/ 
Puc. 3: fpacpuqecKue rrpuMHTHBbl 

5.2.17. KJiacc TSlider 

Ilonoca rrpoKpyTKH (c.n,Bur), peanu3oBaHHaR c rroMo~hIO Knacca TSlider, ucrroJih-

3yeTCR .n,JIR rroKa3a pa3BHTHR rrpou;ecca. Ilonoca npoKpyTKH co.n,ep:iKuT .D,BIDKy~ui1:cR 

6JIOK, KOTOpb!H MO:lKeT 6bITb rrepeMe~eH llJill ll3MeHeH. KoHCTpyKTop: 

TSlider(const char name, const char* title, Double_t xi, Double_t yl, 

Double_t x2, Double_t y2, Int_t color, Int_t bordersize, Int_t 

bordermode) 

TeKy~aR n03lllillR IIOJIOCbl rrpOKPYTKll MO:lKeT 6hITb Hai1:.n,eHa C IIOMO~b!O MeTO,[\OB 

GetMinimum () u GetMaximum () , B03Bpa~aeMhre qucna Jie:iKaT B .n,1iarra30He OT O .n,o 1. 
Ecnu BbI3BaH MeTO,[\ SetMethod (), TO rrpu rrepeMe~eHHll IIOJIOCbl BbIITOJIHReTCR ycTa

HOBJieHHblll MeTO,[\ llJill CKpHIIT ( eCJIH B KaqeCTBe napaMeTpa HCIIOJih3yeTCR CTpOKa 

". X script. C"). B CKPllIITe o6brqHo cquTbIBaeTCR TeKy~aR II03lllIHR IIOJIOCbI npo

KpyTKII ll B 3aBHCllMOCTll OT Hee ycTaHaBJIHBaeTCR .n,uarra30H BbIBO.D,a KaKoro-Jiu6o 

u306pa:iKeHHR. IlpuMep llCIIOJib30BaHHR o6'heKTa KJiacca TSlider MO:lKHO HaHTll B 

tutorials/xyslider.C 
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5.2.18. KJiacchl TAxis H TGaxis 

Ilo llCTOpuqeCKHM npuquHaM HMeIOTCR ,[\Ba KJiacca, peaJIH3YIO~He OCb. Bo-nepBbIX, 

o6'heKTbI OCH aBTOMaTuqecKH CTPORTCR pa3JillqHbIMII 06'heKTI1Mll Bb!COKOro ypoB

HR, HarrpIIMep rucTorpaMMaMH llJlll rpacpaMH. B 3TOM CJiyqae OCb X (y, z) rHCTO

rpaMMbI - o6'heKT KJiacca TAxis, ll OHa MO:lKeT 6bITb IIOJiyqeHa rrpu BbI30Be MeTO

.n,a Tfll: : GetXaxis O (TH!: : GetYaxis O, TH!: : GetZaxis O) 4. Och x (y) rpacpa 

BhI3hrnaeTca MeTo.n,oM TGraph:: GetXaxis () (TGraph:: GetYax_is () ) 5 .• 

' TaK:lKe OCb MO:lKeT 6bITb BbIBe.n,eH,a He3aBHCIIMO OT' rucTorpaMMbI IIJill rpacpa. B 

3TOM cnrrne HY:lKHO IICIIOJib30BaTb KJiacc rpacpuqecKoro rrpe.n,c.TaBJJeHllR OCH TGaxis, 

KOHCTpyKTOp KOToporo HMeeT Bll,ll, 

TGaxis (Double_t xmin, Double_t ymin, Double_t xmax, Double_t ymax, 

Double_t wmin, Double_t wmax, Int_t ndiv ~ 510, 0ption_t* chopt, 

Double_t gridlehght = 0) 

ITapaMeTpbI xmin' ymin (xmax '. ymax) - HaqaJibHhie (KoHeqHh!e) KOOp.n,uHaTbl OCH B 

CIICTeMe KOOp.D,IrnaT IIOJib30BaTeJIR, wmin ll wmax - MllHIIMaJibHOe B Haqane II MaKCll

MaJihHOe B KOHIIe OCH 3HaqeHHR, KOTOpbre 6y.n,yT rrpe.n,cTaBJieHbl ,Ha OCII, ndiv - qnCJio 

.n,eJieHui1:, 

ndiv = N1+100*N2+10000*N3, 

r.n,e Nl - qucno rrepBuqHhIX .n,eneHIIi1:; N2 - qIJCJIO BTOpIJqHhIX .n,eJieHIIH, N3 - qucno 

TpeTuqHbIX .n,eJieHHH. 

ITapaMeTp chopt rrprrHIJMaeT cne.n,yIO~ue 3HaqeHIJR: 

• "G" - norapucpMuqecKIIH MacnITa6 ocu; 

• "B" - pucyIOTCR TOJibKO MeTKll ll IIHcppbI, OCb He BbIBO,ll,I!TCR; 

• "+" - MeTKll .n,eneHHH BhIBe.n,eHbI Ha noJIO)KIJTeJibHOH CTOpoHe OCII (3HaqeHHe no 

yMOJiqaHIIIO); 

• "-" - MeTKll .n,eJieHllll Bb!Be.n,eHhI Ha OTpIIIIaTeJibHOH CTOpOHe ocu; 

• "+-"- MeTKll .n,eneHIIH BhIBe.n,eHbl c o6eIJX CTOpOH OCII; 

• "U" - pucyeTCR TOJibKO OCb II MeTKll .n,eJieHHH, III!q>pbi He BhIBO,ll,RTCR; 

• "W" - 3a.n,aeT ceTKY Ha rpacpuqecKOM 3KpaHe; 

• "=" - III!q>pbl BbIBO,ll,RTCR Ha TOH :lKe CTOpoHe OCII, Ha KOTOpoi1: pacrrOJIO:lKeHbl 

MeTKll .n,eJieHllll ( no YMOJiqamno Ha CTOpOHe HarrpOTI!B MeTOK .n,eneHI!ll); 

• "M" - III!q>pbl CTORT B cepe.n,IIHe I!HTepBaJIOB Me:lK.n,y MeTKaMII; 

• "N" - HeT OnTHMIJ3alIIJII pa36IIeHIJR OCI! Ha 6IJHbl ( no YMOJiqaHHIO 3TO pa36IJeHue 

OIITIIMll31IpOBaHO); 

• "I" - u;eJioqIJCJieHHhie MeTKn; 

• "t" - co3.n,aeTCR OCb C KOOp,lJ,I!HaTaMH B cpopMaTe npeMeHu. 

EcnII xmin = xmax, TO 

4TH1 - KJiacC 0,D;HOMepHblX rncTorpa.MM. 
5TGraph - Knacc rpacpos. 
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• "R" - MeTKH )],eJieHnii C)],BHHYTbI BrrpaBo OTHOCHTeJibHO IJH<PP (3Ha<.1eHHe rro 

yMOJI'IaHH!O); 

• "L" - MeTKH ;i:eneHHii C)],BHHYTbl BJieBO OTHOCHTeJibHO IJH<pp; 

• "C" - IJH<ppbl 11eHTpHpOBaHbl OTHOCHTeJibHO MeTOK OCH. 

ECJIH 3Ha'IeHH.H KOOp)],HHaT OCH O'IeHb 60JibIIIHe HJIH O'IeHb MaJieHbKHe, TO IIO 

yMOJI'IaHH!O HCIIOJib3yeTC.H 3KCIIOHeHIJllaJibHOe rrpe,ll,CTaBJieHHe )],JI.H 3THX 'IHCeJI. Ho 

ero MO)KHO OTKJIJO'IHTb MeTO,ll,OM TAxis: : SetNoExponent (kTRUE). Mo)KHO TaK)Ke 

H3MeHHTb 3a)],aHHOe II0 YMOJI'IaHH!O MaKCHMaJibH0e 'IHCJIO IJH<pp, rrpH KOTOpOM K0Op

)],HHaTbl OCH Bee eIIJe He 6y)],yT HMeTb 3KCIIOHeHIJHaJibHOe rrpe)],CTaBJieHHe. ,LJ:JI.H 3TOro 

HCIIOJib3YeTC.H MeTO;i: TGaxis: :SetMaxDigits(Int_t maxd=5), maxd - 3a)],aBaeMoe 

IIOJib30BaTeJieM 'IHCJIO IJH<pp. 
CKpHIIT gaxis. c,. HaX0)],51IIJl1HC.H B Ka Tan ore tutorials, HJIJI!OCTpHpyeT IIOCTpO

eH11e oceii c pa3JIH'IHbIMH rrapaMeTpaM11. 

5.3. rpaq:m:qecKIIe aTpII6yThl o6'beKTOB 

5.3.1. TeKCTOBbie aTptt6yTbl 

Kor)],a KJiacc C0,1].ep)KHT TeKCT 11Jil1 rrpOHCXO)],HT OT KJiacca, CO)],ep)KaIIJero TeKCT, Tpe-

6yeTC.H, 'IT06bI OH 6bIJI crroco6eH ycTaHaBmrnaTb TaKHe aTpH6yTbl TeKCTa, KaK THI!, 

pa3Mep 11 IJBeT rnpH<pTa. Ilo3TOMY TaKOii KJiacc )],OJI)KeH HaCJie)],OBaTb OT KJiacca 

TAttText. 
MeTO,ll, SetTextAlign(align) ycTaHaBJIHBaeT BbipaBHHBaHHe TeKcTa, r)],e 

align= 10 * HorizontalAlign + VerticalAlign. 

,LJ:n.H HorizontalAlign rrpnMeHHeTC.H CJie)],yJOIIJee cornarneHne: 

• 1-BbrpaBHHBaeT IIO JieBOMY Kpa!O, 

• 2-IJeHTpHpyeT, 

• 3-BbipaBHHBaeT IIO rrpaBOMY Kpa!O . 

,LJ:n.H VerticalAlign rrpnMeHHeTcH CJie)],yJOIIJee cornarneHne: 

• 1-BbipaBHHBaeT IIO Hll)KHeMy Kpa10, 

• 2-IJeHTpHpyeT, 

• 3-BbipaBHHBaeT IIO BepxHeMy Kpa!O. 

MeTo;i: SetTextAngle (angle) ycTaHaBJIHBaeT yroJI TeKCTa, angle - rpa)],yCbI OT )],Ha

roHaJIH. MeTO,ll, SetTextColor (color) ycTaHaBJIHBaeT IJBeT TeKcTa, color - HH)],eKc 

IJBeTa. MeTO,ll. SetTextFont (font) ycmHaBJIHBaeT rnpnq>T, font - KO)], rnpnq>Ta, o6'b

e;i:HH.HJOIIJHii ID rnpH<pTa H TO'IHOCTb: font=10 * fontID + precision. ID rnpH<p

Ta MO)KeT H3MeH.HTbC.H OT 1 )],O 14, Ta6JIHIJY )],OCTYIIHblX lllpH<pTOB MO)KHO HaiiTH Ha 

CTp. 137 B [l]. TO'IHOCTb MO)KeT HMeTb 3HaqeHH.H 0, 1, 2. OT TO'IHOCTH 3aBHCHT Kaqe

CTBO MacrnTa6HpOBaHJ151, crroco6HOCTb K Bpa11Jem110 lllpH<pTOB If 6bICTpOTa IIO.HBJieHH.H 

na;i:rrHCH. MeTO,ll, SetTextSize (size) ycTaHaBmmaeT pa3Mep TeKCTa, size - pa3Mep 

TeKCTa, Bblpa)KeHHblH B rrpo11enTaX OT TeKyIIJero pa3Mepa o6'beKTa TPad. 

38 

5.3.2. ATptt6yTbl JIHHHH 

Bee KJiaCCbI, MaHHIIYJIHPYJOIIJHe ·c JIHHH.HMH, ·)],OJI)KHbl HMeTh )],eJio ·c inpn6yTaMH JIH

HHH. ITo3TOMy TaKHe KJiaCCbl )],OJI)KHbl HaCJie,1].0BaTb OT K.nacca TAttLine'. '· 

MeTO,ll, SetLineColor (color) ycTaHaBJIHBaeT IJBeT JIHHHH, color - HH,Ll;eKc IJBeTa. 

MeTo)], SetLineStyle (style) ycTaHaBJIHBaeT THII JIHHHH, style - HH)],eKc, rrpHHHMa

JOIIJHii 3Ha'IeHH.H OT 1 )],O 4, 1 - CIIJIOllIHa.H JIHHH.H, 2 - JIHHH.H ll.3 THpe, 3 - rryHKTHpHa.H 

JIHHH.H, 4 - JIHHHH H3 Tnpe H ToqeK. MeTO~ SetLineWidth(width) ydaHaBJIHBaeT 

IIIHpHHY JIHHHH, width - llIHpHHa, Bbipa)KeHHa.H B IIHKCeJI.HX: 

5.3.3. ATpu6yTbl 3aIIOJIHeHHSI 

MHorne rpacpHqeCKHe 06'beKTbl HMe!OT 3aIIOJIH.HIOIIJHeC.H o6JiaCTH. IT03T0MY KJiaCCbI, 

HX OIIHCbIBaJOIIJHe, )],OJI)KHbI HMeTb )],eJIO C 3aIIOJIH.H!OIIJHMH aTpii6yTaMH H, CJie,IJ:OBa

TeJibHO, ,ll.OJI)KHbI HaCJie)],OBaTb OT KJiacca TAttFilL 

MeTO)], SetFillColor (color) ycTaHaBJIHBaeT IJBeT o6JiaCTH 3aITOJIHeHirn, color 

- HH)],eKC IJBeTa. MeTO)], SetFillStyle_ (style) ycnrnaBJIHBaeT CTH.Tlb, K0TOpbIM 06-

JiaCTb 6y)],eT 3aII0JIHHTbC.H, style - HH,ll.eKc, rrpHHHMaJOIIJHii 3Haqe~H.H OT 3000 ,ll,O 

3025. Pa3JIH'Iifble o6pa3ll,bl CTHJI.H 3aIIOJIHeHH.H MO)KHO HaHTH Ha CTp.140 [l]. 

5.3.4. YcTaHOBKa rpa<pH'leCKHX aTpH6yTOB B HHTepaKTHBHOM pe)KHMe 

ATpn6yTbl TeKcTa, JIHHHH ll 3aIIOJIHeHH.H )],OCTYIIHbl qepe3 KOHTeKCTHOe MeHJO rpa

cpnqeCKHX o6'beKTOB. IlpH IIJeJI'IKe IIO 06'beKTY, CO)],ep)KaIIJeMy TeKCT (HMeJOIIJeMy 

HeKOTOpbre aTpn6yTbl JIHHHH, 3aIIOJIH.HIOIIJY!OC.H o6JiaCTb), 0,IJ:HH H3 IIOCJie,II,HHX IIYHK

TOB rroHBJIHJOIIJerorn MeHJO eCTb SetTextAttributes (SetLineAttributes, 

SetFillAttrib~tes). Ilpn Bb16ope 3THX rryHKTOB IIOHB.HTC.H )],HaJIOrOBbie OKna c 

)],0CTYIIHblMH ,ll.J151 )],aHHbIX rpacpnqeCKHX •06'heKTOB aTpn6yTaMH. Bb16Hpa.H Mbllllb!O 

neo6X0)],11MbIH THTI aTpn6yTOB If Ha)KHMa.H '3aTeM ·Ha KJiaBHllIY Apply ,/J:llaJIOrOBOrO 

OKHa, IIOJib30BaTeJib MO)KeT )],06HTbC.H'.Tpe6yeMoro H306pa)KeHH.H. 

5.4. rpaq:m:qeCKIIM pe,n;aKTOp 

ROOT nMeeT BCTpoenHbiii rpacpHqecKHii pe,ll.aKTop )],JI.H pncoBann.H H pe)],aKTHpOBa

HHH rpacpnqecKHX o6'be;_TOB. OH IIOKa3aH Ha pnc. _4. Pe)],aKTOp CTapTyeT rrpn Bbr6ope 

nyHKTa "Editor" B MeHJO "Edit". IT pH· 3TOM rr·oHBJIHeTC.H ne3aBncnMoe OKHO c MeHJO. 

Bb16paB Tpe6yeMb!H nyHKT MeHJO, Ha)KMHTe _Ha nero JleBOii KHOTIKOii, )],aJiee: 

• Kpyr (Arc) - rrepeMeIIJaiiTe Mbilllb, )],ep)Ka Ha)KaToii ee neByJO KHOrrKy. Pe

,I1.aKTOp 6y)],eT BbIBO)],HTb pacT.HrHBa!OIIJHHC.H 6JIOK, B KOTOpb!H 3aTeM. II0MeCTHT 

Kpyr., OTnycTnTe KHOTIKY, KOr)],a HY)KHblii pa3Mep 6y,I1.eT )],OCTHrHyT. BbI3BaB 

KOHTeKCTH0e MeHJO Kpyra, MO)KHO rrpeo6pa3o~aTb ero B )],yry. 

• JlHHH51 HJIH CTpeJIKa (Line or Arrow) - TIO,IJ:Be)],.H Kypcop K TOqKe HaqaJia JIH

HHH, Ha,KMHTe Ha JieBy!O KHOIIKY MblllIH n, ,1],ep)Ka KHOIIKY Ha)KaToii, nepeMe

IIJaiiTe.Mbllllb ,ll.O TOqKH OKOHqaHH.H JIHHHH, r)],e OTTIYCTHTe KHOTIKy. 
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• KHOITKa (Button) - ITepeMem;afiTe MhIIIIh, ,n.ep)Ka Ha)KaTOfi ee JieByIO KHon

Ky. Pe,n.aKTOP 6y,n.eT BbIBO,ll.IITb paCT.HrIIBaIOIIl;IIHC.H 6JIOK, ITpe,n.Jiara.H KOHTYP 

KHOITKII, KOTOpyIO Bbl XOTIITe paCITOJIO)KIITb B rpaqmqeCKOM OKHe. OTnyCTII

Te KHOITKY Mb!IIIII, Kor.n.a HY)KHblll pa3Mep 6y,n.eT ,l].OCTIIrHyT. BBe,l].IITe TeKCT 

Ha,l].ITIICII Ha KHOITKe II Ha)KMIITe Ha KJiaBIIIIIY "Enter". BbI3BaB KOHTeKCTHOe 

MeHIO, MO)KHO ycTaHOBIITb MeTO,ll., Bbl3bIBaeMblll ITPII Ha)KaTIIII Ha 3TY KHOITKY 

rpaqmqecKoro OKHa, II ,n.pyrIIe ITapaMeTphl. 

• PoM6 (Diamond) - noMecTIIB Kypcop B Hy)Kny10 ToqKy, Ha)KMIITe na JieBy10 

KHOITKY Mb!IIIII II, ,n.ep)Ka KHOITKY Ha)KaToil:, ITepeMem;ail:Te Mbllllb. Pe,n.aKTOp 

6y,n.eT BbIBO,ll.IITb paCT.HrHBaIOm;IIil:C.H 6JIOK, B KOTOpblll 3aTeM ITOMeCTIIT poM6. 

OTnyCTIITe KHOITKY, Kor,n.a HY)KHblll pa3Mep 6y,n.eT ,l].OCTIIrHyT. 

• 9JIJIIIITC (Ellipse) - ITepeMem;ail:Te Mbllllh, ,n.ep)Ka Ha)KaTOil: ee JieByIO KHOITKy. 

Pe,n.aKTOp 6y,n.eT BblBO,ll.IITb paCT.HrIIBaIOm;IIil:C.H 6JIOK, B KOTOpbiil: 3aTeM ITOMe

CTIIT 3JIJIIIITC. OTITYCTIITe KHOITKY, KOr,n.a HY)KHblll pa3Mep 6y,n.eT ,ll.OCTIIrnyT. 

9JIJIIIITC MO)KHO paCT.HHYTh IIJIII C)KaTh, ITO,l].Be,n..H Kypcop K qyBCTBIITeJihHblM 

TOqKaM, KOTOpbie BbICBeqIIBaIOTC.H. 

• O6'beKT TPad (Pad) - ITepeMem;afiTe MhIIIIh, ,n.ep)Ka na)KaTOil: ee JieByIO KHOIT

Ky. Pe,n.aKTOP 6y,n.eT BbIBO,ll.IITb paCT.HrIIBaIOm;IIil:C.H 6JIOK, ITpe,n.Jiara.H KOHTYP 

o6'heKTa TPad. 

• ITaHeJib (Pave) - ITepeMem;ail:Te MhIIIIh, ,n.ep)Ka na)KaToii ee JieByIO KHOITKY, .n.o 

,ll.OCTII)KeHII.H Hy)KHOro pa3Mepa naHeJIII. 

• ITaHeJib c MeTKOil: (PaveLabel) - TO )Ke caMoe, KaK ,n.JI.H ITpocTOil: ITaHeJIII. ITpII 

3aBepIIIeHIIII ITpOI.1,ecca pe,n.aKTOp BbIBe,n.eT BepTIIKaJihHYIO qepTy Ha naneJIII II 

3HaK BOITpoca. BBe,l].IITe TeKCT II na)KMIITe na KJiaBIIIIIY "Enter". 
• ITaHeJib IIJIII ITaHeJIII c TeKCTOM (PaveText or PavesText) - TO )Ke caMoe, 

KaK ,ll.JI.H npOCTOil: naHeJIII. BbI3BaB KOHTeKCTHOe MeHIO o6'heKTa TPave (s)Text, 
BbI6epIITe OITI.l,IIIO InsertText II BBe,l].IITe TeKCT. 

• JioMaHa.H JIIIHII.H (PolyLine) - Ha)KMIITe JieBoil: KHOITKOil: na ITepBy10 TOqKy, 

ITepeMeCTIITe Mbllllh, CHOBa Ha)KMIITe JieBOil: KHOITKOil: na HOBYIO TOqKy II TaK 

,n.anee. 3aKpOiiTe JIOMaHyIO JIIIHIIIO ,l].BOilHhlM m;eJiqKOM. 

• BoJIHIICTa.H JIIIHII.H (CurlyLine) - TO )Ke caMoe, KaK ,ll.JI.H JIIIHIIII/cTpeJIKII. Bb1-

3BaB KOHTeKCTHOe MeHIO, MO)KHO II3MeHIITb aMITJIIITY.n.J, ,l].JIIIHY II ,n.pyrIIe xa

paKTepIICTIIKII BOJ!Hbl. 

• BoJIHIICTa.H .n.yra (CyrlyArc) - Ha)KMIITe JieBoil: KHOITKOii na ToqKy, B KOTopoil: 

,n.OJI)KeH pacnoJiaraThCH 1.1,enTp .n.yrII, II, ,n.ep)Ka KHOITKY Ha)KaToil:, ITepeMeCTII

Te Mbllllb .n.o IT03III.l,IIII HaqaJia .n.yrII. Pe,n.aKTOp BbIBe,n.eT BOJIHIICTblll 3JIJIIIITC, 

KOTOpblll M0)KH0 npeo6pa30BaTh B BOJIHIICTYIO .n.yry II II3MeHIITb TaKIIe xapaK

TepIICTIIKII, KaK CMem;enIIe, aMITJIIITy,n.a, ,ll.JIIIHa BOJ!Hhl II ,n.pyrIIe C ITOMOIIl;b!O 

KOHTeKCTHOrO MeHIO. 

• TeKCTOBaH CTpOKa (Text/Latex) - Ha)KMIITe JieBoil: KHOilKOil: ITO Il03III.1,IIII, B 

KOTOpOil: ,l].OJI)KeH 6b!Tb BbIBe,n.eH TeKCT, 3aTeM HaITeqaTail:Te ero II Ha)KMIITe Ha 

40 

KJiaBIIIIIY "Enter". TeKCT MO)KHO ITepeMem;aTb, Bpam;aTb :II pacT~IrIIBaTb. 

• MapKep (Marker) - na)KMIITe JieBOH KHOITKOII Mhllllll na TOqKy, B KOTOpofi 

XOTIITe pa3MeCTIITh MapKep. 

• fpacpIIqecKa.H Bhipe3Ka ( < ... Graphical Cut ... >) - na)KMIITe JieBoil: KHOITKOH 

ITO Ka)K,ll.Oil: TOqKe MHOroyrOJihHIIKa, orparrIIqI1Ba10m;ero Bh16panny10 o6JiaCTh, 

ITO ITOCJie,n.HeH TOqKe m;eJIKHIITe ,n.Ba)K,l].hl. 

PIIc. 4: fpacpIIqecKIIil: pe,n.aKTOp 
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5.5. Kom-1p0Bamrn rpacplPieCKHX ofrheKTOB 

,D,m1 KorrnpoBamrn rpacpw1ecK11x o6'beKTOB c o,n:Horo 3KpaHa Ha ,n:pyroii B ROOT 
pa3pa6oTaHbI MeTO,JJ:hI DrawClone II DrawClonePad. IloCJie,D:HIIii 113 HIIX np11Mem1eT
ca, eCJIII Mb! XOTIIM c,n:eJiaTb KOnIIIO u;eJioro o6'beKTa !Canvas Ha HOBblii 3KpaH (aK
TIIBHblll TPad). Cn11coK napaMeTpoB B MeTo,n:e TCanvas: : DrawClonePad () nycToii. 
MeTo,n: Dra.wClone 6oJiee ymmepcaneH, OH np11MeHaeTca ,n:Jia Bcex o6'beKTOB, npo11c
xo,n:arn:11x OT T0bject. Onu;11a B MeTO,n:e T0bject: :DrawClone (Dption_t* option) 
eCTb onu;11a Draw ,D:JIH rIICTOrpaMMbl IIJIII rpacpa. O6'beKTbl TCanvas IIJIII TPad, Ha KO
TOpbie npOII3B0,JJ:IITC.H Kon11poBaH11e, ,JJ:OJl)KHbl 6b!Tb aKTIIBHbIMII. Kon1111 He3aBilCilMbl 
OT nepBOHaqaJibHblX 06'beKTOB. ECJin Il3MeHilTb, HanpnMep, nepBOHaqaJibHYIO rnCTO-
rpaMMY, ee KOnna coxpaHilT BCe npe)KHile aTpn6yTbI. . 

O6a MeTo,n:a KOnnpoBaHil.H . ,JJ:OCTynHbl qepe3 KOHTeKCTHOe MeHIO rpacpnqeCKIIX 
o6'beKTOB. IloCJie,n:oBaTeJibHOCTb ,n:eii:CTBilii npn 3TOM TaKOBa: 

1. Go3,n:aii:Te HOBhiii !Canvas nJI11 TPad, Ha KOTOpbiii 6y,n:eT npon3BO,JJ:IITbC.H KO
nnpoBaHne ( IIJIII aKTIIBII3IlpyiiTe O,JJ:IlH Il3 cyw:ecTBYIOW:IlX, Ha)KlfMa.H no HeMy 
cpe,n:Heii KHOnKOii MbIIIIll). 

2. BbI30BilTe KOHTeKCTHOe MeHIO KOnnpyeMoro o6'beKTa, Ha)KnMa.H no HeMy npa
BOii KHOnKoii MbIIIIn, n Bb16epnTe MeTo,n: DrawClone nJin DrawClonePad (no
CJie,n:H11ii ,JJ:JI.H nOJIHOro !Canvas). 

3. B nO.HBIIBIIIeMC.H ,D:IlaJIOrOBOM OKHe OCTaBbTe onu;nro nycToii (nJIIl Ha6epnTe 0,JJ:HY 
Il3 onu;nii Draw()' eCJin XOTilTe, qT06bI KOnII.H OTJIIIqaJiaCb OT op11r11Hana) II 
Ha)KMIITe OK. 

5.6. KaK co3,n;aTh PostScript cpaii:JI 

i:.ho6b1 c03,n:aTh PostScript cpaiiJI o,n:Horo 11306pa)KeH11.H B rpacp11qecKOM OKHe np11 
pa6oTe B IIHTepaKTIIBHOM pe)KIIMe, HY)KHO Bb16paTb nyHKT "Save As canvas.ps" B 

MeHIO "File" o6'beKTa TCanvas IlJIIl na6paTb B KOMaH,JJ:HOii CTpOKe 

cl->Print ("filename"). 

9Ta KOMan,n:a creHepnpyeT PostScript cpaiiJI c n3o6pa)KenneM !Canvas, yKa3aHHOro 
KaK cl. KoHCTPYKTOp Postscript cpaiiJia 

TPostScript(char* filename, Int_~ type), 

r,n:e type ecTb onu;na cpopMaTa: 111 - portret, 112 - landscape, 113 - eps. MeTo,n: 
Range (xsize, ysize) ycTaHaBJinBaeT pa3Mep n3o6pa)KeHn.H. MeTo,n: 
Text (x' y '"string") ,n:o6aBJI.HeT TeKCT string K Il306pa)KeHil!O B n03Illl;Illl X' y. 

PacCMOTpllM ,n:Ba npnMepa, KaK noJiyqnTb MHOrOKpaTHbJe Il306pa)KeHil.H B 

PostScript cpaii:Jie. IlycTh hl y)Ke cyrn:ecTByrow:aa rncTOrpaMMa. B nepBOM CJiyqae 
PostScript cpaiiJI 6y,n:eT co,n:ep)KaTb ,n:Be CTpaHnn;hr, c o,n:HnM n3o6pa)KeHneM Ha Ka)K

,n:oii cTpannu;e. 

root [] TCanvas cl 
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root [] TPostScript rnyps ("my!. ps") 
root [] rnyps.Range(20,30) 
root [] hl. Draw() 
root [] cl.Update() 
root [] hl. Draw ("lego") 
root [] cl.Update() 
root [] rnyps.Close() 

renepau;11.H HOBOll CTpaHilll;bl Postscript cpaiina npOIICXO,D:IlT aBTOMaTnqeCKil, KOr,n:a 
l\IeTO,JJ: !Canvas: : Clear, oq11rn:aIOrn:11ii OKHO, Bbl3bIBaeTC.H KOMaH,n:oii obj e·ct->Draw (). 

Bo BTOpOM CJiyqae Postscript· cpaiiJI co,n:ep)KilT ,D:Be CTpaHilll;bl; Ka)K,n:aa Il3 KOTO
pb!X COCTOilT Il3 ABYX Il306pa)KeHIIii. 

root [] TCanvas cl 
root [] TPostScript rnps ("rny2. ps'..,; 12) 
root [] cl.Divide(2;1) 
root [] rnps.NewPage() 
root [] cl. cd(l) 
root [] hi.Draw() 
root[] c1.cd(2) 
root [] hl. Draw ("c") 
root [] cl. Update() 
root [] rnps.NewPage() 
root [] c1.cd(1) 
root [] hl . Draw ("*h") 
root [] c1.cd(2) 
root [] hl. Draw ("lego") 
root [] cl. Update() 
root [] rnps.Close() 

B 3TOM CJiyqae ,D:JIH reHepau;n11 HOBOll CTpaHilll;bl ,JJ:OJI)KeH Bbl3bIBaTbC51 MeTO,JJ: 
TPostScript: : NewPage, nocKOJihKY Bbl30B object->Draw () Tenepb oqnrn:aeT TOJib
Ko TPad, a ne Beeb TCanvas u;eJIIlKOM. 

5. 7. Co3,n;aH1-1e 1-1 H3MeHeH1-1e CTHJIB 

ITp11 C03,n:annn o6'beKTOB 3a,n:aHHbJe no YMOJiqaHil!O aTpn6yTbl 3TilX o6'beKTOB npnHII
MaIOTG.H OT TeKyrn:ero CTilJIH. TeKyrn:nii CTilJib - o6'beKT KJiacca TStyle n MO)KeT 6bITb 
BbI3Ban qepe3 rno6aJibHYIO nepeMennyro gStyle. ROOT o6ecneqnBaeT CJie,n:yIOrn:11e 
CTIIJIIl: 

• "Default" - 3a,n:annh1ii no yMoJiqan11IO; 

• "Bold" - c 6oJiee )KIIpHbIMII JIIIHH.HM11; 

o "Plain" - qepHo-6e.rrb1ii CTHJih; 

• "Pub" - no,n:xo,n:arn:11ii ,D:JI.H ny6JinKau;nii; 
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• "Video" - no,IJ.XO,Il.HIIJ;II:ii ,n,.rrn C03,IJ.amrn html 1no6pa)Kem1:ii. 

Mo)KHO rrepeorrpe,Il.eJIHTh 3a,Il.aHHhre no yMoJ1qamno rrapaMeTphr CTHJIH KOMatt,Il.a-

MH BH,Il.a gStyle->Set ... HarrpnMep, ,Il.JIH JIHHHH - SetLineColor () , SetLineStyle ()°, 
SetLineWidth (). ,[lJIH ,Il.pymx ofrbeKTOB attanomqtto. 

,[lonOJIHHTeJlbHbre CTHJIH C03,Il.aIOTCH KOHCTpyKTOpOM 

TStyle(char* name, char* title). 

,[lanee CJie,IJ.yeT orrpe,Il.eJIHTb aTpH6yThI CTHJIH, HarrpHMep, IJ;BeT o6'beKTOB TCanvas H 

TPad, pa3Mep H THII HX rpaHHU: MeTo,Il.aMH SetCanvasColorO, SetPadColorO, 

SetCanvasBorderSize () , SetPadBorderMode O, a;BeT MapKepoB - SetMarkerCo

lor (), yroJ1 ttaKJIOHa TeKCTa - SetTextAngle (), CTHJlh CTaTHCTHKH - SetStatStyle O, 

BCIO IIMHTPY a;BeTOB - SetPalette(Int_t ncolor) (ncolor - HOMep IIMHTphr, OH 

MO)KeT H3MeHHTbCH OTO ,IJ.O 49} H TaK ,II.Mee. TioJIHblll CIIHCOK aTpH6yTOB, KOTOpbre 

MOryT 6hITb yCTaH0BJleHhI B O,Il.HOM CTirne, HaXO,Il.HTCH B onHcaHHH KJlacca TStyle. 

Co3,Il.aHHhIH CTHJlh ycTaHaBJIHBaeTCH KOMaH,IJ.Oi1: gR00T->SetStyle (name). 

ECJIH Bbl qHTaeTe o6'beKT H3 cpai1:J1a, TO ero aTpH6yThI 6y,IJ.yT rrpHHHMaThCH OT 

CTHJIH, KOTOpblll 6bIJI ycTaHOBJleH npH 3aIIHCH 3TOro o6'heKTa B cpai1:JI. l.fro6br ycTaHO

BHTb TeKyIIIHll CTHJlb ,Il.JIH pattee C03,Il.aHHbIX o6'heKTOB, CJie,IJ.yeT ,Il.O qTeHHH o6'beKTOB 

H3 cpai1:J1a BhI3BaTh gR00T->ForseStyle (). 

6. fpaq:>bl 

fpaq> - rpacpHqecKHll o6'beKT, C03,Il.aHHblll ,Il.BYMH MaCCHBaMH, CO,!],ep)KaIIIHMH X II y 

KOOp,Il.HHaThI n TOqeK. I1MeIOTCH HeCKOJlbKO KJlaCCOB rpaq>a: TGraph, TGraphErrors, 

TGraphAsymmErrors II TMultiGraph. 

6.1. KJiacc TGraph 

fpaq> orrpe,IJ.eJIHeTCH qHCJIOM ToqeK n II MaCCHBaMH KOOp,Il.HHaT x, y, 3a,IJ.aHHbIMH 

3apattee. KottcTpyKTOp 

TGraph (Int_t n, Float_t x, Float_t y) 

Koop,IJ.HHaThI MoryT 6bITb npe,IJ.CTaBJleHhI TaK)Ke MaCCHBaMH c ,Il.BOHHOH TOqHOCTbIO. 

TiapaMeTpbI MeTO,Il.a Draw O ,II.JIB: rpaq>a MOryT 6bITb CJie,IJ.yIOIIIHMH: 

1. "A" - BhIBO,IJ.HTCH ocH rpacpa, 

2. "L" - Me)K,IJ.y TOqKaMH pHcyeTCH npOCTaH JIOMaHaH JIHHHH, 

3. "C" - Me)K,IJ.y TOqKaMH pHCyeTCH crJla)KeHH_aH KpHBaH JIHHHH, 

4. "P" - B Ka)K,IJ.O:ii TOqKe pHcyeTcH TeKyIIIH:ii MapKep, 

5. "*" - B Ka)K,Il.Oll TOqKe pHcyeTCH 3Be3,Il.a, 

6. "B" - B Ka)K,Il.Oll TOqKe pHcyeTCH I'HCTOrpaMMa, 

7. "F" - BbIBO,IJ.HTCH 3aIIOJIHHIOIIIaH 06J1aCTb. 
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,[lJIH ,Il.BYX IIOCJie,Il.HHX OIIIJ;Hll 3aIIOJIHHIOIIIHH IJ;BeT no YMOJlqaHHIO 6eJlbill, II03TOMY 

p33YMHO ycTaHOBHTb 3anOJIHHJOIIIHll IJ;BeT ,Il.O pHCOBaHHH rpaq>HKa, HCnOJlb3YH MeTO,Il. 

SetFillColor ( icolor). Mo)KHO ycTaHOBHTh IIIHpHHY JIHHHH (SetLineSize (size)), 

a;BeT JIHHHH (SetLineColor (icolor)), CTHJlh MapKepa (SetMarkerStyle (mstyle)), 

ero p33Mep (SetMarkerSize (size)) H a;BeT (SetMarkerColor(icolor)). TipH pH

coBamm ,IJ.BYX II 60J1ee rpaq>OB B O,Il.HOM o6'beKTe TPad OCH CJie,IJ.yeT BbIBO,IJ.HTb TOJlbKO 

O,Il.HH p33 II, CJie,Il.OBaTeJlbHO, B MeTO,IJ.e Draw() OIIIJ;HIO II A 113a,Il.aBaTb TOJlbKO ,Il.JIH O,Il.

HOrO rpacpa. 

6.2. KJiacc TGraphErrors 

fpaq> c CHMMeTpHqHbIMH OIIIH6KaMH onpe,!],eJIHeTCH, IIOMHMO qHCJia TOqeK II HX KO

Op,Il.HHaT, eIIIe II MaCCHBaMH C KOOp,Il.HHaTaMH OIIIH60K ex' ey. KoHCTPYKTOp 

TGraph (Int_t n, Float_t x, Float_t y, Float_t ex, Float_t ey) 

B 3TOM CJiyqae rrapaMeTpbI MeTO,Il.a Draw() TaKHe )Ke, KaK ,II.JIB: rpaq>a 6e3 OIIIH60K. 

I1 KpOMe HHX MO)KeT 6b!Tb HCIIOJlb30BaHa OIIIJ;HH "Z", KOTOpaH CTHpaeT MaJieHbKHe 

JIHHHH B KOHIJ;e IIOJIOC OIIIH60K. 

6.3. KJiacc TGraphAsymmErrors 

fpaq> c acHMMeTpHqHbIMH OIIm6KaMH onpe,IJ.eJIHeTCH IIIeCTbIO MaCCHBaMH: x, y - KO

Op,Il.HHaTbI ToqeK, exl' exh- MaCCHB JleBbIX II npaBhIX KOOp,IJ.HHaT X-IIOJIOCbl OIIIH60K, 

eyl' eyh - MaCCHB HH)KHHX II BepXHHX KOOp,Il.HHaT Y-IIOJIOCbl OIIIH60K. KoHCTPYKTOp 

TGraph (Int_t n, Float_t x, Float_t y, Float_t exl, Float_t exh, 

Float_t eyl, Float_t eyh) 

6.4. KJiacc TMultiGraph 

O6'beKT TMultiGraph eCTb COBOKYIIHOCTb HeCKOJlbKHX TGraph, KOTOpaH HMeeT 3TH 

06'beKTbI B CBOeM CIIHCKe. qT06bI ,Il.06aBHTb K CIIHCKY HOBblll rpaq>, HCIIOJlb3YHTe 

MeTo,IJ. TMultiGraph: :Add(). 

6.5. YcTaHOBKa 3arOJIOBKOB OCH rpacpa 

qT06bI ycTaHOBIITb 3arOJIOBOK OCH rpaq>a, CHaqana HY)KHO C03,Il.aTb II BbIBeCTH CaM 

rpacp, TOJlbKO noCJie 3TOro o6p33yeTCH o6'heKT OCH rpaq>a. MeTO,Il.bI GetXaxis () II 

GetYaxis () BhI3hrnaroT X II Y ocn cyIIIecTByroIIIero rpaq>a. MeTO,Il. TAxis: : SetTi tle 

(title) ycTaHaBJIHBaeT 3aroJ10BOK ocH. MeTO,Il.OM TAxis: :CenterTitle() MO)KHO 

OTIJ;eHTpHpOBaTb 3arOJIOBOK. 
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6.6. Jlerett,n:a ,n:m1 rpacpa 

O6'beKT TLegend - rraHeJib ,Il;JIH B_Be,IJ:eHirn KaKOrO-JIII6o TeKCTa. JiereH,rry MO,KeT HMeTb 
ne TOJibKO rpacp, HO If mo6oii o6'beKT, HMeIOlll,lfH Jll!HHIO, MapKep lfJilf 3aIIOJIH51IOlll,lfH 

aTpu6yT. KoHCTpJKTOp: 

TLegend(Double_t x1, Double_t y1, Double_t x2, Double_t y2, const char 

*header, ·0ption_t *Option) 

Omi:i,m x1, y1, x2, y2 3a,IJ:aIOT KOOp,Il;HHaTbI JiereH,IJ:bI B TeKylll,eM o6'beKTe TPad (B 
KOOp,Il;HHaTax NDC rro yMoJiqamiro), header - 3aroJIOBOK JiereH,Il;hI, option - TaKHe 
)Ke, KaK y o6'beKTOB TPave. KaK TOJlbKO 6JIOK JiereH,IJ:bl C03,IJ:aH, MO,KHO ,IJ:o6aBHTb 

TeKCT AddEntryO MeTO,Il;OM: 
TLegend::AddEntry(T□bject *Obj, canst char *label, Dption_t ·*option) 

• *obj - yKa3aTeJib Ha o6'beKT, HMeIOlll,lfH .JIHHHIO, MapKep HJIH 3aIIOJIH5110lll,HH 

aTpn6yT ( narrpuMep rpacp HJIH rncTOrpaMMY); 

• label- MeTKa, KOTOpaa: 6y,IJ:eT rrpHBR3aHa K o6'beKTy; 

• option: 

- "l" Bb!BO,Il;HT JIHHllIO, CB513aHHYIO C aTpn6yTaMH JIHHHH Obj' eCJIH Obj HMeeT 
ux (HaCJie,IJ:yeT OT TAttLine), 

- "p" Bb!BO,Il;HT IIOJIUMapKep, CBR3aHHblH C aTpu6yTaMH MapKepa obj' eCJill 

obj nMeeT nx (naCJie,rryeT OT TAttMarker), 
- "f" Bb!BO,ll;HT 6JIOK C 3arrbJIHeHHeM, CBR3aHHblH C 3a!10JIHRI0lll,HMH aTpn6y-' 

TaMn obj, eCJin obj nMeeT nx (HaCJie,rryeT OT TAttFill). 

6. 7. IlpnMep 

IlpuBe,n;eM Ha pnc. 5 rrpnMep rpacpa n KO,n; HHTepaKTHBnoro ceanca ROOT, B KOTO

poM 6bIJI IIOJiyqeH 3T01: rpacp. ,LJ:pyrne rrpnMepbl rpaq:>OB MO)KHO HaHTH B KaTaJIOre 
tutorials, HarrpnMep B CKpnnTax graph. C, gerrors. C, zdemo. C, gerrors2. C. 

root [] Int_ t n=20 
root [] Double_t x[n],y1[n],y2[n],ex[n],ey2[n] 

root [] { 
for(Int_t i=0; i<n; i++) { 

x[i]=i*0.5; 
y1[i]=5*cos(x[i]+0.2); 
y2[i]=5*sin(x[i]+0.2); 

ex[i]=0.3; 

ey2[i]=0.07*i; 
} 

} 
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Pnc. 5: fpacp 

root [] g1=new TGraph(n,x,y1) 
root [] g2=new TGraphErrors(n,x,y2,ex,ey2) 

root [] g1->SetMarkerStyle(21) 
root [] g2->SetMarkerStyle(22) 

root [] mg=new TMultiGraph() 
root [] mg->Add(g1) 

root [] mg->Add(g2) 
root [] mg->Draw("ALP") 
root [] mg->GetXaxis () ->SetTi tle ("X-axis") 
root [] mg->GetYaxis () ->SetTi tle ("Y-axis") 
root [] mg->GetYaxis()->CenterTitle() 
root [] mg..:>Draw ("ALP") 

root [] l=new TLegend(0.75,0.75,0.99,0.99) 
root [] 1->Draw() 
root [] 1->SetHeader("The functions") 

root [] 1->AddEntry (g1, "cos", "p") 
root [] 1->AddEntry(gl,"sin","p") 

root [] 1->Draw() 
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7. rIIcri:orpaMMbl 

7 .1. KJiacchI rHcTorpaMM 

ROOT noMep~1rnaeT CJie,rr,yIOlllIIe TIInhI rucTorpaMM: 

0,IJ;HO)\IepHhie rucTorpaMMhI: 

1. TH1C - rIICTOrpaMMhl C 0,IJ;HIIM 6aii:TOM Ha KaHaJI. MaKCllMa.JlhHOe co,n;ep)KaHiie 
6IIHa - 255; .. 

2. TH1S - rIICTOrpaMMhl C 0,Zl;HllM quCJIOM Tllna short Ha KaHaJI. MaKCHMaJibHOe 

co,n;ep)KaHne 6nna - 65535; 

3. TH1F - rHCTOrpaMMhl c O,Zl;HHM qnCJIOM Tnna float Ha KaHaJI. MaKCHMaJ!hHaa 

TOqHOCTh 7 3HaKOB; 

4. TH1D - rncTorpaMMhI c o,n;unM qnCJIOM Tnrra double na Kalla.JI. MaKCHMaJihHaa 

TOqHOCTh 14 3HaKoB; 

,Zl;ByMepHb!e rllCTOrpaMMhI: 

1. TH2C - rHCTorpaMMbl C O)l;HIIM 6aii:TOM Ha Kana.JI. MaKCHMa.JlhHOe co,n;ep)KaHne 

6IIHa - 255; 

2. TH2S - rncTorpaMMhI c O)l;HHM quCJIOM Tuna short Ha KaHaJI. MaKCIIMaJihHOe 

co,n;ep)Kaune 6nua - 65535; 

3. TH2F - rHCTOrpaMMhl c O)J;HIIM quCJIOM Tll!Ia float na Kalla.JI. MaKCHMaJ!bHaa 

TOqHOCTh 7 3HaKOB; 

4. TH2D - rncTorpaMMhI c o,n;HHM qnCJIOM Tnrra double ua KaH~. MaKCIIMaJihHaa 

TOqnoCTh 14 3HaKoB; 

TpexMepHb!e rIICTOrpaMMhI: 

1. TH3C - rHCTOrpaMMhl c O)J;HHM 6aii:TOM Ha KaHaJI. MaKCIIMa.JlhHOe co,n;ep)Katt:ne 

6nua - 255; 

2. TH3S - rIICTOrpaMMhl c O)J;HIIM quCJIOM TH!la short Ha Kalla.JI. MaKCllMaJibHOe 

co,n;ep)KaHne 6nHa - 65535; 

3. TH3F - rIICTOrpaMMhl C 0,Zl;HllM qnCJIOM TH!la float Ha Kalla.JI. MaKCIIMaJ!hHaa 

TOqHOCTh 7 3HaKOB; 

4. TH3D - rncTorpaMMhI c o,n;unM qnCJIOM nma double ua Kalla.JI. MaKCIIMaJihHaa 

TOqHOCTh 14 3HaKoB; 

rrpO<pIIJihHhie rIICTOrpaMMhI: 

1. TProfile - o,n;uoMepuaa rrpo<pIIJibHaa rncTorpaMMa; 

2. TProfile2D - ,Zl;ByMepuaa rrpO<pllJihHaa rllCTOrpaMMa. 

Bee KJiaCChl rncTorpaMM noJiyqeHbl ll3 OCHOBHOro KJiacca TH!. KJiaCChl rHCTO

rpaMM TaK)Ke naCJie,rr,yIOT OT KJiacca MaccuBa TArray. 
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7.2. Co3,n;aH1Ie rHCTOrpaMM 

O,n;HoMepnaa rncTorpaMMa orrpe,n;eJiaeTca nMeHeM name, 3aroJIOBKOM title, qHCJIOM 

6HHOB nbins II rpaum1aMII no OCH X - xlow, xup. KoHCTPYKTOp ,Zl;JIH rllCTOrpaMM C 

qHCJiaMH C IIJiaBa!Ollleii: TOqKoii:: 

TH1F(const char name, canst char* title, Int_t nbins, Float_t xlow, 
Float_t xup) 

KoHcTpyKTOp )l;JIH rHCTOrpaMM KJiaccoB TH1C, TH1S, TH1D auaJiornqeH KOHCTpyK

TOPY ,n;Jia KJiacca TH1F. 
,II:ByMepuaa rncTorpaMMa orrpe,n;eJiaeTca HMeneM name, 3aroJIOBKOM title, qHc

JIOM 6HHOB H rpaum1aMH no OCH X - nbinsx, xlow, xup II qHCJIOM 6HHOB H rpaHll!IaMH 

no OCH y - nbinsy, ylow, yup. KoHCTpyKTOp )l;JIH rHCTOrpaMM C qHCJiaMH C IIJiaBa!O

llleii TOqKoii:: 

TH1F(const char name, canst char* title, Int_t nbinsx, Float_t xlow, 
Float_t xup, Int_t nbinsy; Float_t ylow, Float_t yup) 

fHCTOrpaMMhI MOryT 6b!Th TaK)Ke C03,1l;aHbl BhI30BOM MeTo,n;a Clone() y cyllleCTBY

!Ollleii: rncTorpaMMhI, qTeHIIeM rHCTOrpaMMhI H3 cpaii:Jia H C03,n;auHeM np9eK1Illll H3 

,n;ByMepnoii: HJIII TpexMepnoii: rncTorpaMMhI. 

Bee THilbI rHCTorpaMM IIOMeP)KIIBa!OT <pHKCHpOBaHHhIH llJIH nepeMeHHhIH pa3-

Mep 6HHa. ,II:ByMepHbie rHCTOrpaMMhl MoryT HMeTb <pHKCHpOBaHHb!H pa3Mep 6nna no 

OCH x n nepeMeHHhlH pa3Mep 6HHa no OCH y n nao6opOT. KoHCTPYKTOp rHCTOrpaMMhl 

c nepeMeHHb!M pa3MepOM 6Hna IIMeeT Bll,Zl;: 

TH1(const char name, canst char* title, Int_t nbins, Float_t* xbins) 

3,n;ecb xbins - MaCCIIB HH)KHHX rpaHIIII ,Zl;JIH Ka)K)l;Oro 6una. Pa3MepHOCTb 3TOro MaC

CHBa - nbins+1. 

7.3. 3arrOJIHeHne rHCTOrpaMM 

,II:Jia 3aIIOJIHeHH51 rllCTOrpaMM HCIIOJ!h3yeTca MeTO,Zl; Fill() . IlycTh hi - O,Zl;HOMep

Haa rHCTOrpaMMa, a h2 II h3 COOTBeTCTBeHHO ,Zl;ByMepuaa u TpexMepuaa. x, y, z -
3HaqeHHH, KOTOpb!MH 3arrOJIHHeTCH rIICTOrpaMMa, W - Bee. Tor,n;a 3TH rIICTOrpaMMhI 

6y ,ll,YT 3aIIOJIH51ThCH rrpn BblllOJIHeHIIll CJie,rr,yIOlllHX KOMan,n;: 

root [] h1.Fill(x) 
root [] h1.Fill(x,w) 
root [] h2.Fill(x,y) 
root [] h2.Fill(x,y,w) 
root [] h3.Fill(x,y,z) 
root [] h3.Fill(x,y,z,w) 

Fill() MeTO,Zl; BhJqHCJIHeT HOMep 6uua, COOTBeTCTBY!OlllHfi ,n;aHHOMY 3HaqenHIO X' 

y mm z H yBeJIHqHBaeT 3TOT 6nH ua 3a,n;anHhiii Bee. MeTo,n; AddBinContent (Int_ t 
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bin, Int_t w) yBemrq1rnaeT co.z:i:ep)Kamre forna c HOMepoM bin Ha Bee w. MeTO.LJ: 

SetBinContent (Int_t bin, Int_t content) ycTaHaBmrnaeT co.i:i:ep)Kamre content 

forna c HOMepoM Qin. MeTO.z:i: GetBinContent ( Int_ t bin) rroJiyqaeT co.i:i:ep)KaHne 6n

Ha C HOMepOM bin. fHCTOrpaMMhl Bcex THIIOB MoryT HMeTh IIOJIO)KHTeJihHOe n/HJIH 

OTpmraTeJihHOe co.z:i:ep,KaHHe 6HHOB. 

;Ll:Jia 3aIIOJIHeHH£ rHCTOrpaMM CJiyqail:HhlM pacrrpe.z:i:eJieHHeM HCIIOJih3yeTC£ MeTo,n; 

FillRandom(const char* fname, Int_t ntimes=5000). IlapaMeTp fname orrpe

.i:i:eJiaeT HM£ q:>yHKIIHH ( o6'beKTa KJiacca TF), COOTBeTCTBeHHO KOTOpoii rrpoHCXO.LJ:HT 

pacrrpe.i:i:eJieHne. ROOT HMeeT qeThrpe BCTpoem1hre q:>yHKIIHH, ncrrOJih3yeMbre .LJ:JI£ 

CJiyqafiHhIX pacrrpe.i:i:eJieHnii: 

1. gaus - pacrrpe.z:i:eJiem1e faycca'... F(x) ~ pO * exp(-0.5 * ((x - pl)/p2)2
), 

2. expo - aKcrroHeHTa c .z:i:IiyMa rrapaMeTpaMn - F(x) = exp(pO +pl* x), 
3. poly - rroJIHHOMHM cTerreHH N - F(x) = pO +pl* x + p2 * x 2 + ... , 
4. landau - q:>yHKIJ,Ha JiaH.z:i:ay. 

IlapaMeTp ntimes yKa%maeT, CKOJihlW CJiyqafiHhIX qnceJI .LJ:OJI)KHO 6hITh creHepnpo

BaHO. 

7.4. PHCOBamrn rHCTorpaMM 

PncoBaHne rncTorpaMM rrpo113BO.LJ:llTCa c rroMOlll,hIO MeTo.z:i:a TH1: :Draw. Ilo yMOJIYJa

HHIO Bhl30B TH1: : Draw oq11lll,aeT o6'beKT TPad OT BCeX 06'beKTOB rrepe,.q pllCOBaHHeM 

Ka)K.z:i:oro HOBOro o6pa3a rHCTOrpaMMhl. I'llCTOrpaMMhl HCIIOJih3YIOT TeKylll,Hii CTl!Jlh 

gStyle, KOTOphrii aBJiaeTca rno6aJihHhIM o6'heKTOM KJiacca TStyle. 1-fro6hr 113Me

HHTh TeKylll,Hii CTHJih .LJ:JI£ rHCTOrpaMM, KJiacc TStyle 06ecrreq11BaeT MHO)KeCTBO Me

TO.LJ:OB. MeTO.LJ:hI SetFillStyle (Int_t styl=0) H SetFillColor(Int_t color=1) 

ycTaHaBJIHBaIOT CTHJih H IJ,BeT 3aIIOJIHeH11£ rHCTOrpaMMhl. MeTO.LJ:hl SetLineStyle 

(Int_t styl=0), SetFillColor(Int_t color=1) n SetLineWidth(Int_t 

width=1) ycTaHaBJIHBaIOT CTHJih, IJ,BeT Ii nmpnHy KOHTypa r11C±orp'aMMhl. 1.fro6hr 

pacrrpOCTpaHl!Th 3aMeHy TeKylll,ero CTHJI£ Ha rrpe.z:i:Bap11TeJihHO C03,ll;aHHYIO rllCTO

rpaMMY, Heo6xo.z:i:11Mo BhI3BaTh .LJ:Jia Hee UseCurrentStyleO MeTO.LJ:. lfao6pa,KeH11e 

113MeHllTC£ rroCJie MO.LJ:llq:>HKaIJ,llll o6'beKTa TPad, TO eCTh IIOCJie lll,eJiqKa BHYTPH Hero 

HJIH rroCJie Bhr3oBa TPad: : Update O. 

7.4.1. IIapaMeTpbI MeTo,n;a Draw() 

CJie,n;yIOlll,lle OII!l,1111 pHCOBaH11£ IIOMep)KaHhl .LJ:JI£ Bcex KJiaCCOB rllCTorpaMM: 

1. "axis" - BhIBeCTll TOJihKO ocn; 

2. "hist" - BhIBeCTH TOJihKO KOHTYP rHCTOrpaMMhl 6e3 onm6oK; 

3. "same" - HaJI0)Kl!Th rll(;TorpaMMY Ha npe.z:i:hr,n;ylll,ee n306pa)KeHne B_ TOT )Ke ca

Mhiii TPad; 
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4. "!ego" - BhIBeCTll rpaq:>HK, B KOTOpOM co.i:i:ep)KaHHe aqefiKll rrpe.LJ:CTaBJieHO B Bll.LJ:e 

TpexMepHoro 6JIOKa C BhICOTOii, rrporropll,HOHaJihHOil: co.z:i:ep,KaHHIO aqeil:K11; 

5. "legol" - BhIBeCTll rpaq:>HK, B KOTOpOM co.i:i:ep,KaH11e aqeil:Kll rrpe.LJ:CTaBJieHO B 

BH.LJ:e TpexMepHOl'O 6JIOKa c BhICOTOii, rrporropIIHOHaJibHOii co,n;ep)KaHHIO aqeil:KH, 
ll 0.LJ:HOii OKparneHHOii rpaHhIO; 

6. "lego2'1 - BhIBeCTll rpaq:>HK C llCIIOJih30BaHHeM IIBeTOB, qTo6bI IlOKa3aTh co.z:i:ep
)KaHHe WiellKH. 

,[LJia 0.LJ:HOMepHhIX rHCTOrpaMM MO)KHO llCIIOJih30BaTh .LJ:OilOJIHl!TeJibHO CJie,n;yIOlll,He 
0illl,llll: 

1. "b" - BhIBeCTll rrpo3paqHyIO r11cTorpaMMy; 

2. "I" - npoBeCTH JIHHIIIO qepe3 co,n;ep,KaH11e 611Ha; 

3. "c" - npoBeCTll rJia.LJ:KYIO KpHBYIO qepe3 6ttHhl rHCTOrpaMMhI; 

4. "p" - BhIBeCTll MapKepbi 
0

B Ka)K.LJ:OM 6nHe, llCIIOJih3Y£ TeKylll,Hii CTl!Jlh MapKepa 

rllCTorpaMMhl; 

5. "*h" - BhIBeCTll rHCTOrpaMMY co 3Be3.z:i:oqKoii B Ka)K.LJ:OM 6nHe; 

6. "el" - BhIBeCTll TOJihKO OIIIH6KH rllCTOrpaMMhI; 

7. "e2" - BhIBeCTll OIIIH6KH B B11.LJ:e rrpo3paqHhIX npaMoyrOJihHllKOB; 

8. "e3" - BhIBeCTll npo3paqHyro o6JiaCTh qepe3 KOHeqHhie TOqKll BepTHKaJihHhIX 

Jll!Hllll OIIIH60K; 

9. "e4" - BhIBeCTll CrJia)KeHHYIO o6JiaCTh qepe3 KOHeqHhie TOqKll Jll!Hllll OII11160K. 

CJie,n;yIOlll,l!e OIIIJ,1111 p11coBaH11a IIOMep)KaHhl .LJ:JI£ KJiaCCOB .LJ:ByMepHhIX rl!CTOrpaMM: 

1. "scat" - BhIBeCTII .LJ:JI£ Ka)K.LJ:Oll aqefiKll q11CJIO ToqeK, rrporropIJ,llOHaJihHOe co.z:i:ep

)KaHHIO aqeil:Kll ( 3HaqeHl!e no YMOJiqaHl!IO); 

2. "arr" - BhIBeCTll ,ll;JI£ Ka,K.LJ:Oll aqefiKll CTpeJIKY, IIOKa3hIBaIOIIIYIO rpa.z:i:neHT Me)K
,n;y CMe)KHhIMll aqeil:KaM11; 

3. "box" - BhIBeCTH ,ll;JI£ Ka)K.LJ:Oii aqefiKll npaMoyroJihHHK c IIOBepXHOCThIO, npo

IIOpll,HOHaJihHOii co.z:i:ep)KaHHIO aqeil:Kn; 

4. "col" - BhIBeCTH .LJ:JI£ Ka,K.LJ:Oii aqefiKH rrpaMoyrOJihHHK, IJ,BeT KOTOporo 113MeHa

eTca B 3aBHCHMOCTll OT co.i:i:ep)KaHHH aqeil:Kn; 

5. "colz'' - TO )Ke caMoe, KaK "col", HO c nannTpoii IIBeToB; 

6. "cont" - BhIBeCTH KOHTYPHhlll rpaq:>HK C llCIIOJih30BaHHeM IJ,BeTOB IIOBepxHOCTeii, 

qT06hr OTJIIIqllTh KOHTyphr; 

7. "contz" - TO )Ke caMoe, KaK "cont", HO c IlaJIHTpoii IIBeTOB; 

8. "contl" - BhIBeCTH KOHTypHhlii rpaq:>HK C HCIIOJih30BaHl!eM IJ,BeTOB Jll!Hllii, qTo6hl 

OTJillql!Th KOHTyphr; 

9. "cont2" - BhIBeCTll KOHTYPHhlll rpaq:>l!K C HCIIOJih30BaHl!eM Tl!IlOB JIHHllii, qTo6hr 

OTJillql!Th KOHTYPbI; 

10. "cont3" - BhIBeCTll KOHTYPHhlll rpaq:>l!K C llCIIOJib30BaHneM O,ll;HOrO 11 Toro )Ke 

TllIIa Jll!Hllll; 
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'11. "cont4" - BbIBeCTII KOHTYPHblll rpaqmK C llCIIOJib30BaHIIeM IJ;BeTOB, 3arrOJIHflIO

rn;IIx o6JiaCTII; 

12. "surf' - BbIBeCTll IIOBepxHOCTHblll rpaqmK; 

13. "surfl" - BbIBeCTII IIOBepxHOCTHblll rpaqmK C llCII0,1b30BaHneM IJ;BeTOB,- 'IT06bi 

IIOKa3aTb co.n;ep,1mttne f!qefiKn; 

14. "surf2" - BbIBeCTll IIOBepXHOCTHblll rpaqmK C llCIIOJib30BaHlleM D;BeTOB H y.n;a

JieHHb!Mll JIHHllHMll MeLK.n;y IIOBepxHOCTHMII; 

15. "surf3" - BbIBeCTll IIOBepXHOCTHblll rpaqmK BMeCTe c KOHTYPHblM rpaqmKOM, . : ' ', 

llCIIOJib3YIOID;llM IJ;BeTa; 

16. "surf4" - BhmeCTH rroBepxHOCTHhifi rpaqmK c ncrroJih30BattneM Gouraud oITe

HeHnH; 

17. "text" - BbIBeCTH co.n;epLKaHHe H'Jeil:KH KaK TeKCT. 

BoJiblllHHCTBO rrapaMeTpOB CBH3bIBaeTCH 6e3 rrpo6eJIOB HJIH 3aIIHTbIX, HarrpnMep: 

h->Draw("eisame") 

ITapaMeTpbl He3aBHCllMbl OT perncTpa. IToMIIMO ,11,eKapTOBbIX KOOp,11,HHaT, llCilOJib3Y

eMblX no yMOJI'laHllIO, IIOBepXHOCTHbie ll lego rpaqmKll MOLKHO IIOJiy'laTh ll B ,11,py

rnx CllCTeMaX KOOp,11,HHaT, coe,LJ;IIHHH COOTBeTCTBYIOID;He_ OIIfl.llll ~ OIIIJ;llHMll "sirf.. ." ll 

"lego ... ". -3TO ,11,eil:CTBHTeJibHO ll_ ,11,JIH 0,11,HOMepHbIX, II ,11,JIH ,11,ByMepHblX rHCTOrpaMM. 

l1crrOJib3YIOTCH CJie,LJ;YIOID;lle K00p,11,HH3.Tbl: 

1. "cyl" - u;rrnnH,n;pH'IeCKne; 

2. "pol" - rronHpttbie; 

3. "sph" - ccpepn'IeCKHe; 

4. "psr" - psevdo0 rapid/phi Kdop,11,IIHaThl. 

ITapaMeTpbI "cont", "surf' II "lego" HMeIOT rro yMOJI'laHnIO 20 paBHoy,11,aneHHhIX ypoB

tteil:. MoLKHO H3MeHHTh 'IHCJIO ypoBHeil: MeT0,11,0M SetGontour(Int_t nlevels). 

ITpnBe,11,eM rrpHMep II0CTpOeHHH,0,1l,H0Mep11bIX H ,11,ByMepHbIX rHCTOrpaMM. Pe3yJih

TaT BblII0JIHeHllH 3T0rO K0,11,a II0Ka3aH Ha pnc. 6. 

root [] TGanvas ci 

root [] c1.Divide(2,2) 

root [] ci_i. cd() 
root [] THiF hi("hi", "ex_i" ,30,-3,3) 

root [] hi .FillRandom("gaus" ,8000) 

root [] hi. Draw() 

root [] hi. Draw("eisame") 

root [] c1_2. cd 0 

root [] hi. Draw ("lego") 

root [] c1_3. cd 
root [] TH2F h2 ("h2", "ex_2", 20, 0, 20, 20, 0, 20) 

root [] h2.Fi11Random("landau" ,5000) 

root [] h2. Draw ("legoipol") 
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root [] ci_4.cdO 

root [] h2. Draw ("surf isph") 

ex 1 

600 

500 

400 

300 

200 

100 

t-----,-----1 
h1 

Nent = 8000 

Mean = 0.0015 

RMS = 0.9794 

o....,....i I I I I I ;::::w 
.3 ·2 -1 

ex 2 

0 2 3 

h2 
Nent = 5000 
Mean x = 3.835 
Meany= 10.01 
RMS x = 4.025 
RMSv = 5.741 

ex 1 
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ex 2 

Pnc. 6: O,n.HOMepHbie n ,11,ByMepHbie rHCT0rpaMMbl 

7.4.2. rncTorpaMMbI c orm;neii "bar" 

0 

+c;,')i 

h2 
Nent = 5000 
Mean x = 3.835 
Mean y = 10.01 
RMS x = 4.025 
RMSv = 5.741 

O,n;HOMepHbie rncTorpaMMbl MoryT 6b!Tb BbIBe,11,eHbl B BH,11,e BepTllKaJibHbIX HJill ro

PH30HTaJibHblX IIOJIOC. ,Il;JIH 3Toro B MeTo,11,e Draw() HCIIOJib3YIOTCfl rrapaMeTpbl "bar" 

"hbar" CO0TBeTCTBeHH0. IToJIOCbl 3aIIOJIHfl!OTCfl D;BeTOM, 3aIIOJIHflIOIIJ;HM rHCTOrpaM

My. JieBafl (HH,KHHH) CTOpOHa IIOJIOCbl BblB0,11,llTCH CBeTJiblM 3aIIOJIHHIOIIJ;HM D;BeTOM, 
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a ITpaBaH (BepXHHH) CTOpOHa ITOJIOCbl Bb!BO,II;IITCH TeMHbIM 3aITOJIHHIOlll;IIM IJ;BeTOM. 

Tipou;eHT ITOJIOCbl, BbIBe,n;eHHOii TeMHbIM U:BeTOM, CJie,n;y10rn;11ii: 

• "bar0", "hbar0" - 0 ITpou;eHTOB; 

• "barl", "hbarl" - 10 ITpou;eHTOB; 

• "bar2", "hbar2" - 20 ITpou;eHTOB; 

• "bar3?', "hbar3" - 30 ITpou;eHTOB; 

• "bar4", "hbar4" - 40 ITpou;eHTOB. 

MeTO,n; TH1F:: SetBarWidth(Float_t width=0. 5) yITpaBJIHeT nrnp11Hoii ITOJIOChI. 

MeTO,n; TH1F:: SetBar□ffset (Float_t offset=0. 25) yITpaBJIHeT cMern;eH11eM ITOJio

ChI. Tip11Mep r11cTorpaMMhI c oITu;11eii "bar" MO)KHO HaiiTII B tutorials/hbars. C. 

7.4.3. KaK ,n;aTb 3aroJIOBKH X-, Y- H Z-oc.SIM 

TiocKOJibKY 3aroJIOBOK OCII eCTb aTp116yT OCII, CHaqana Heo6xo,n;IIMO ITOJiyq11Tb OCb, a 

3aTeM BhI3BaTb MeTo,n; TAxis:: SetTitle, HaITpIIMep 

h->GetXaxis O->SetTi tle ("X axis title") 

3aroJIOBOK rIICTOrpaMMbl II 3arOJIOBKII OCII MOryT 6b!Tb JII06oii TLatex CTp0K0ii. 

7.4.4. YcTaHOBKa MeTOK Ha OCH 

MeTo,n; TPad: :SetTicks(Int_t tx=0, Int_t ty=0) OITpe,n;eJIHeT Tim MeTOK Ha 

OCHX rIICTOrpaMMbl. 3HaqeHIIH ITapaMeTpOB tx, ty: 

• tx=ty=0 - BbIBe,n;eHbl Hil)KHHH X-OCb II JieBaH Y-ocb; 

• tx=1 - BbIBe,n;eHhl ,n;eJieHIIH Ha BHJTpeHHeii CTOpOHe BepxHeii X-oc11; 

• tx=2 - Bhrne,n;eHbI u:II(ppbI Ha BHernHeii cTopoHe BepxHeii X-oc11; 

• ty=1 - BbIBe,n;eHbl ,n;eJieHIIH Ha BHJTpeHHeii CTOpOHe ITpaBOii Y-oc11; 

• ty=2 - Bbrne,n;eHhI IJ;II(ppbI Ha BHerneii CTopoHe ITpaBoii Y-oc11. 

7.4.5. TpexMepHbie rHCTOrpaMMbl 

Tio yMoJiqaHIIIO TpexMepHaH rIICTOrpaMMa p11cyeTCH B BII,II;e pacceHHHOro rpaq>IIKa. 

ECJIII OITpe,n;eJieHa OITU:IIH "box", Bb!BO,II;IITCH TpexMepHblll 6JIOK c o6'beMOM, ITpOITOp

IJ;IIOHaJibHblM co,n;ep)KaHIIIO H'IeiiKII. 

7.4.6. IIpoqrnJibHbie rHCTOrpaMMbl 

Tipoq>IIJibHaH rIICTOrpaMMa ITOKa3bIBaeT cpe,n;Hee 3HaqeHIIe BeJI11q11Hhl Y II ee cpe,n;He

KBa,n;paT11qHoe OTKJIOHeH11e (RMS) ,II;JIH Ka)K,n;oro 611Ha BeJI11q11HbI X. Bo MHOr11x CJIY

qaa:i:c IICITOJlb30BaTh ITpO(J)IIJibHbie rIICTOrpaMMbl 6oJiee y,n;o6Ho, qeM ,II;ByMepHbie. KoH

CTPYKTop: 

TProfile(const char* name, const char* title, Int_t nbins, Axis_t 
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xl'ow, Axis_t xup, 0ption_t* option) 

TiepBb!e ITHTb ITapaMeTpOB aHaJIOr11qHbl ITapaMeTpaM 0,Il;HOMepHbIX rIICTOrpaMM. TI0-

CJI€,II;Hllii ITapaMeTp option 3a,n;aeT CIT6co6 BbJq11CJieHI1£ 0IllII60K. Ll,JIH 3HaqeHIIH 3TO

ro ITapaMeTpa ITO yMoJiqaHIIJO orn116K11 OITpe,n;eJIHJOTCH: OTKJIOHeH11e / ,JN - B CJiyqae 

OTKJIOH€HIIH, OTJIIIqHoro OT HJJIH, JP/ ,./N - B CJiyqae, Kor,n;a OTKJIOH€HIIe paBHO 

HJJIIO, 3,II;€Cb Y - 3HaqeHIIH ToqeK ,n;aHHbIX, a N - q11CJI0 TOqeK ,n;aHHbIX. ,II:pyr11e 

311aqe1111H ITapaMeTpa option MO)KHO ITOCMOTpeTb Ha CTp.47 B [l]. qT06bI Bb!Be

CTII ITpO(J)IIJlbHYIO rIICT0rpaMMY 6e3 OllIII60K, IICIT0Jib3JiiTe 0ITIJ;IIIO "hist" B MeTO

,n;e TProfile: :Draw(). ,II:JIH 3aITOJIH€HIIH ITpOq>IIJibHbIX rIICT0rpaMM IICIT0Jib3J€TCH 

MeTO,n; TProfile: :Fill(Axis_t x:,Axis_t y). B K0HCTPYKTope o6'beKTa TProfile 

MO)KH0 ,n;o6aBIITb IlleCTbIM II ce,n;hMblM ITapaMeTpaMII MIIHIIMaJibHOe II MaKCIIMaJibHOe 

311aqemrn ITO Y-OCII.' Ho ITPII 3TOM 11eo6xo,n;11MO ITOMHIITb, qTo ITPII 3aITOJIH€HIIII rIICTO

rpaMMbl Fill MeTO,II; _ITpOBepHeT, HaX0,II;IIJCH JIii _ITepeMeHHaH y M€)K,!l;Y ylow II yup, II 

BC€ 3HaqeHIIH HII)Ke MIIHilMaJihHOro II Bb!Ille MaKCIIMaJibHOro 6y,n;yT OTBeprHJTbl. 

BMeCTO TpexMepHblX rIICTOrpaMM qaCTO MO)KHO IICIT0Jib30BaTb ,II;ByMepHbie ITpo-. 

q>IIJibllbie rIICT0rpa1'1MhI, peaJIII30BaHHbie KJiaCCOM TProfile2D. KoHCTPYKTOp: 

TProfile2D(const char* name, const char* title, Int_t nbinsx, Axis_t 

xlow, Axis_t xup, Int_t nbinsy, Axis_t ylow, Axis_t yup, 0ption_t* 
option) 

O6'beKT TProfile oT06pa)KaeT cpe,n;Hee 3HaqeH11e BeJI11q11HbI Z II ee RMS ,n;JIH Ka)K
,n;oii aqeiiKII [X, Y] . 

7.4.7. IIpoeKD;HH 

MO)KHQ c,n;eJiaTh 0,II;HOMepnyJO ITpoeKIJ;IIIO ,II;ByMepnoii rIICTOrpaMMbl IIJIII ee ITpOq>IIJib 

MeTO,n;aMII TH2: :ProjectiortXO, TH2:':ProjectionYO, TH2: :ProfileX(), 

TH2: :ProfileY() ;· TProfile: :ProjectionXO. ECJIII Bee ITapaMeTpb1 3TIIX MeTO

,n:oB 3a,n:aHbl ITO YMOJiqaHIIIO, TO IIMeHa ITOJiyqaJOrn;IIXCH rIICT0rpaMM o6pa3y!OTCH OT 

IIM€HII ITepBOHaqaJibHOii ,n:ByMepHOii rIICTOrpaMMbl II pacrnHpeHIIH ·_px' -PY' _pfx' 
_pfy, _px COOTBeTCTBenHo. MeTO,II;hI TH3: :ProjectionZ(), TH3: :Project3D: 

(Dption_t* option=x) C03,II;aioT O,ll;HOMepHbie ITpOeKu:1111 TpexMepHbIX rIICT0rpaMM. 

7 .5. CTaTMCTMqecKMll ,ll;MCIIJiefi 

ITo YMOJiqanIIJO 11306pa)KeHIIe rIICTOrpaMMbl BKJIJOqaeT 6JIOK CTaTHCTIIKil, TaK Ha3bl

BaeMbiti: CTaTIICTIIqeCKIIii il,IICITJieii. TIIIT OTo6pa)KaeMoii B HeM IIHq>OpMau;Hil MO)KHO 

BbI6paTb KOMaH;.i,oii 

gStyle->Set0ptStat(mode) 

ITapaMeTp mode COCTOilT II3 ceMII u;nq>p, KOTOpbie MoryT 6b!Tb JCTaHOBJI€Hbl mi 1 

IlJIIl Ha 0, mode = iourmen (3HaqeHIIe ITO YMOJiqaHIIIO = 0001111), 

1. n=l - HaneqaTaHO Ha3BaHIIe rIICTOrpaMMhI; 
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2. e=l - Harre'IaTaHO 'IllCJIO TO'IeK; 

3. m=l - Harre'IaTaHO cpe,n;Hee 3Ha'IeH11e; 

4. r=l - Harre'IaTaHO 3Ha'IeH11e KBa,n;paTHOrO KOpm1; 

5. u=l - Harre'IaTaHO 'IllCJIO; 

6. o=l - HarreqamHo 'IllCJIO rreperroJrneH11:ii; 

7. i=l - Harre'IaTaHa cyMMa (11HTerpaJI) 611HOB. 

ECJI11 rrepBbie u:mppb1 mode paBHhI 0, TO B MeTO,n;e SetOptStat (mode) 11x MO)KHO He 
3aIIllCbIBaTb. Tipll llCIIOJib3OBaHim OIIII;llll "same" CTaTllCTll'IeCKll:ii ,D;llCIIJie:ii IIOBTOpHO 

He BbIBO,D;llTCH. l.{To6hI rrpn HaJIO)KeHllll BTOporo ll306pa,KeHllH rllCTOrpaMMbI Ha rrep

BOe IIOJIY'IllTb 6JIOK CTaTllCTllKll BTOpO:ii rncTorpaMMhI, llCIIOJib3Y:iiTe orru:mo "sames". 

11 HaKOHeu: rrpnBe,n;eM rrp11Mep Ko,n;a, OT06pa,KaIOIII;ero cpa3y )];Ba 6JioKa CTaTIICTllKll: 

root [] TPaveStats *st= (TPaveStats*) gPad->GetPrimi ti ve ("stats") 

root [] st->SetName (new) / /new uma Char_ t, HanpUMep new="name2" 

root[] st->SetX1NDC(newx1) //newx1 THna Float_t, HanpUMep newx1=O.2 

root [] st->SetX2NDC(newx2) //newx2 TUna Float_t, HanpnMep newx2=O.4 

root [] newhist->Draw("sames") //newhist - BTOpa.H rncTorpaMMa. 

7.6. CJio)Kemrn, ,n;eJieHHe H yMHO)KeHHe rttcTorpaMM 

,Ll,m1 rllCTOrpaMM IIOMep,KllBaeTCH HeCKOJlbKO TllIIOB apncpMeTll'IeCKHX orrepau;n:ii. 

MeTO,D; TH1::Add(TH1* hi, TH1* h2, Double_t c1, Double_t c2) o6ecrre'InBa

eT ,n;o6aBJieHne rncTorpaMMhI K TeKyru;e:ii rncTorpaMMe, CJIO,KeHne ,n;Byx rncTorpaMM 

C K03<p<pllil,HeHTaMH H coxpaHeHHe B TeKyru;e:ii rHCTOrpaMMe. Mo)KHO TaK)Ke CKJia,D;hl

BaTb rncTOrpaMMbl C cpyHKil,He:ii, B 3TOM CJiyqae CJie,n;yeT Bbl3bIBaTh TH!: :Add(TF1* 

f1, Double_t c1). hi, h2, f1 - yKa3aTeJIH Ha rllCTOrpaMMbl n <pyHKil,HIO, a c1, 

c2 - K03<p<pllil,HeHTbI. MeTO,D;bl Divide() ll Multi ply() C aHaJIOrll'IHblM CllHTaKCllCOM 

o6ecrre'InBaIOT ,n;eJie11ne n yMHO)KeHne rncTorpaMM, a TaK)Ke ,n;eJie11ne n YMHO)Ke11ne 

rHCTOrpaMMbl 11a cpyHKil,HIO. 
TipnBe,n;eM rrpnMep IIOCTpOeHHH TpexMepHO:ii rllCTOrpaMMbl (cM. pnc. 7), CO3,D;aHHH 

ee rrpoeKU:H:ii no OCHM H CJIO)KeHirn 3THX O,D;HOMepHbIX rnCTOrpaMM C K03<p<pHil,HeHTa-

MH. 

root [] TCanvas c1 
root [] c1.Divide(2,2) 

root [] c1_1.cd() 
root [] TH3F h3("h3","ex_3",3,O,6,3,O,6,3,O,6) 

root [] h3.Fi11Random("po13",1O) 

root [] h3. Draw ("box") 

root [] cL2. cd() 
root [] h3.Project3D("x") 

root [] c 1_2. cd 0 
root [] h3_x.Draw() 
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root [] c1_3.cd() 

root [] h3.Project3D("y") 
root [] h3_y.Draw() 

root [] c1_4.cd() 

root [] TH1F hl("hl","add",3,O,6) 
root [] h1.Add(h3_x,h3_y,2,5) 

root [] hl. GetXaxis () ->Set Title ("Sum X- and Y-pro jection") 

root [] hl.GetXaxis()->CenterTitle() 
root [] hi.Draw() 

ex_3_y 1-------1h3_y 
Nent = 100 

Mean = 3.1 

RMS = 1.634 

ex 3 x I I h3_x 
Nent = 100 

Mean = 4.54 

RMS :0.9739 

0~ I I I I I I 
0 

add 

500 

400 

300 

200 

100; 

1------l 
h1 

Nent :900 

Mean = 3.9 

RMS = 1.492 

01'--'--...L......J...----'--''---'---'---'---'---'----'--' 
0 2 3 4 

Sum X• and Y-proJectlon 

Pnc. 7: TpexMepHaa rncTorpaMMa, ee rrpoeKIJ.llH 11 nx cyMMa 
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I 

8. <PMTMpOBaHI:Ie rMCTOrpaMM II rpaq:>OB 

8.1. <l>HTHpOBaHHe B HHTepaKTHBHOM pe)KJIMe 

<'I>1nup0Bam1e B IIHTepaKTUBHOM pe)KHMe rrpOB0,1],HTCa C IIOMOlllblO ,l],HaJIOr0BOro OK

Ha, K0TOpoe Ha3hIBaeTCa Fit IIa.JieJib. OHO IIOKa3aHO Ha puc. 8. 

Puc. 8: Fit rraHeJih 
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fncTorpaMMa ,ll,0JI)KHa 6hITh BhIBe)],eHa.Ha rpacpwiecKnii 3KpaH ,ll,O Ha"laJia rrpou.ec

ca <pHTnpoBaHua, T0r,l],a Fit IIaHeJih CTaH0BHTCa ,ll,OCTYIIHOH. BbI30BUTe KOHTeKCTHOe 

;\\CHIO rHCTOrpaMMhI, lllCJIKHYB rrpaBOH KH0IIKOH no Bepxneii rpaHHIJe JII06oro 6una. 

lfa MeHIO Bbr6epuTe 0IIIJHIO Fi tPanel. IlepBbie TPH pa)],a KHOII0K - rrpe,l],OIIpe)],eJieH

Hbie ( BCTpoeHHhre) cpyHKIJHH ROOT )],Jia <pnTnpoBaHna rucTOrpaMM: pacrrpe)],eJie

HHe faycca, 3KCIIOH8HTa, HeCKOJibKO II0JIHHOMOB H <pyHKIJH51 JiaH)],ay. MO)KHO TaK

)K8 caMOCT051TeJibH0 orrpe)],eJIHTb <pyHKIJHIO <pHTI!pOBamrn. H CBa3aTh ee C KHOIIKOH 

"user". MO)KHQ peryJiupoBaTb pe)KHM Bh!B0)],a KOJIH'IeCTBa HH<pOpMall,HH, Harreqa

TaHH0H Ha KOMaH,l],HOH CTp0Ke B pe3yJibTaTe <pHTHpoBanua, Bb16upaa OIIIJHH "Quiet" 

("KpaTKHii") HJIH "Verbose" ("Ilop;po6Hblii"). Ilo yMoJI"!aHHIO rroCJie BhIIIOJIHeHHa 

<pHTHpOBairna H306pa)Kenue rHCTOrpaMMbl 3aMeHaeTca Ha ll306pa)K8HHe <pyHKIJHU. 

1.ho6b! 0)1,HOBpeMeHHO YBH,l],8Tb rHCTOrpaMMY H <pHTHpOBamnyIO ee cpyHKIJHIO, CJie

,ll,yeT Ha)KaTh KHOIIKY "Same Picture". 1-IT06bi ycTaHOBHTb BCe onrn6KH Ha 1, Bbl-

6epnTe 0II[Jl!IO "W"; "lT06bI HCIIOJib30BaTh crre[JllaJibHYIO MeTO,l],llKY ,l],JI51 Bbl"lHCJieHH51 

JIY"lllIHX Oll!H60K, BbI6epnTe OII[JHIO "E". Ilp11 <pl!THpOBaHHH rncTorpaMMbl HeCKOJibKO 

pa3 rrpe)KHaa <pyHK[JHa no YMOJI"laHHIO y,ll,MaeTca II 3aMeHaeTca Ha caMyIO rroCJie)],

HIOIO. Orr[Jll51 "+ " ,ll,06aBJI518T HOBYIO <pyHKIJHIO K CIIHCKY <pHTHPYIOlllHX <pyHK[JUH. 

ITpu Bhr6ope orru.uu "N" <pnTupyIOlllaa <pyHKIJHa He ,ll,06aBJiaeTca K rucTorpaMMe 

u He BbIBO,ll,HTCa, rrpu BbI6ope OIIIJHH "O" <pHTnpy10lllaa <pyHKIJHa He pucyeTca Ha 

3KpaHe. OrrIJna "L" 3arrycKaeT ucrroJih30BaHue perucTpaIJHOHHoro MeTo)],a BepoaT

HOCTH. IloJioca rrpOKPYTKH BHH3Y rraHeJIU II03BOJiaeT ycTaHaBJIUBaTh )],Harra3oH ,l],JI51 

<pHTHpOBaHna rryTeM rrepeTaCKUBaHH51 rpaHeti IIOJI3YHKa K IJeHTpy. 1-ITo6hI BepHyThrn 

K rrepBOHa"laJihHb!M ycTaHOBKaM, Heo6XO,l],HMO Ha)KaTh Ha Defaults. 1{ T06b1 rrpHMe

HHTb <pHTHJ)OBaHne, Ha)KMHTe KHOIIKY Fit. 

8.2. Fit MeTO,ll; 

1-IT06bI <pllTHJ)OBaTb rHCTOrpaMMbl B CKJ)HIITax, UCTIOJih3yeTca MeTO,ll, 

TH1::Fit(const char* fname, Dption_t* option, Dption_t* goption, 

Axis_t xxmin, Axis_t xxman) 

ITepBbiti rrapaMeTp fname - Ha3BaHne <pHTnpyIOllleti cpyHKIJnn, 3apaHee npe,l],orrpe)],e

JieHHoti ROOT HJIH onpe,ll,eJiaeMoti rroJib30BaTeJieM. 

BTopoti rrapaMeTp opt ion - OII[Jll51 <pHTUpOBaHHa. IloMHMO BbIB8)],eHHblX Ha Fit 

rraHeJib H y)Ke paCCMOTpeHHhlX 3Ha"!eHHH 3TOH 0II[JIIH, OHa MO)KeT rrpHHl!MaTh CJie

,ll,Y!OlllH8 3Ha"leHna: "I" - HCIIOJib30BaTh BM8CTO 3Ha"leHna B IJeHTpe 6nHa HHTerpaJI 

<pyHK[JHH B 6HHe, "M" - YJIY"lllIHTb pe3yJibTaTbl <pllTHpOBaHHa, "R" - HCTIOJib30BaTb 

rrpu <pllTHJ)OBaHHll )],Harra30H, yKa3aHHb!H B ,1],Harra30He K0HCTpyKTOpa <pyHKIJllll, "B" 

- OTKJI!O"lHTb aBTOMaTH"l8CKOe Bbl"lllCJieHHe Ha"laJibHb!X 3Ha"!eHHH rrapaMeTpOB ,l],JI51 

CTaH,l],apTHb!X npe,l],Onpe)],eJieHHb!X <pyHKIJUH. 

TpeTnti rrapaMeTp goption - rpacpuqecKaa OIIIJHa, ee napaMeTpbI TaKHe )Ke, KaK y 

MeTo)],a Draw (); xxmin; xxmax - )],narra3oH, B KOTopoM rrpHMeHaeTca <pnTnpoBaHne. 
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8.2.1. <l>HTHpoBamie 3apauee onpe.u;eJienuoii cpyuKu;Heii 

B 3TOM CJiyqae HY)KHO rrpOCTO rrepe,n;aTb llMH <PYHKIJ,llll B rrepBOM rrapaMeTpe Fit 
MeTo,n;a, HarrpnMep 

root [J hist. Fit ("gaus") 

Haqa.JibHbie 3HaqeHHH rrapaMeTpOB ,!l;JIH BCTpOeHHblX <PYHKIJ,llll ycTaHaBJIHBa!OTCH aB

TOMaTnqeCKll. 

8.2.2. <l>HTHpOBanHe cpyuKu;Heii, onpe.u;eJieuuoii noJib30BaTeJieM 

<I>yHKIJ,IIII B ROOT pea.rrII30BaHbI c rroMOlll,h!O KJiacca TF1. ,ll;JIH t:pIITnpoBaHIIH rn

CTorpaMMhI Heo6xo,n;IIMO C03,!l;aTb o6'beKT TF1 II llCIIOJib30BaTb ero rrpn Bbl30Be Fit 
MeTO,n;a. KoHcTpyKTop: 

TF1(const char* name, const char* formula, Double_t xmin 
Double_t xmax = 1) 

0, 

3,n;ech name - IIMH cpyHK11,nn, formula - ee MaTeMaTli'IeCKoe Bbipa)KeHIIe, xmin II 

xmax - ,n;IIarra30H, B KOTOpOM 3a,n;aHa <PYHKIJ,IIH. B MaTeMaTIIqecKoe Bb!pa,KeHne MO

ryT 6b!Tb ,n;o6aBJieHhi rrapaMeTpb!. 11H,n;eKC rrapaMeTpa 3aKJIJOqaeTCH B KBa,n;paTHbJe 

CKo6irn. ,ll;JIH HBHOll ycTaHOBKII Haqa.JibHblX 3HaqeHllll rrapaMeTpOB IICII0Jib3JeTCH Me

T0,11; SetParameter(Int_t ipar, Double_t parvalue), r,n;e ipar - 1rn,n;eKc rrapa

MeTpa, parvalue - ero Haqa.JibHOe 3HaqeHne. ,ll;JIH yCTaHOBKII Haqa.JibHOro 3HaqeHIIH 

rrapaMeTpa B O cylll,eCTByeT crreIJ,IIa.JihHbiit MeTO,n; FixParameter(ipar, 0). ~iTo6bl 

ycTaHOBllTb 3HaqennH cpa3y BCex rrapaMeTpOB, llCIIOJih3yitTe: 

SetParameters(Double_t p0, Double_t pi, ... , Double_t p10 = 0) 

MeTo,n; SetParLimits(Int_t ipar, Double_t parmin, Double_t parmax) ycTa

naBJIIIBaeT rpaHIIIJ,hI ,n;JIH o,n;noro rrapaMeTpa, ipar - IIn,n;eKc rrapaMeTpa, parmin n 

parmax - rpaHIIIJ,bl ero II3MeHeHIIH. ECJIII HII,KHIIll Ii Bepxnnit rrpe,n;eJibl paBHhI, rra

paMeTp HBJIHeTCH (pIIKCIIpOBaHHbIM. IIpe,n;eJibl ,11;JIH BCex rrapaMeTpOB <PYHKIJ,llll ycTa

HaBJIIIBaTb Heo6H3aTeJibHO. 

Elll,e O,!l;llH crroco6 IIOCTpOIITb o6'heKT TF1 COCTOHT B TOM, qT06bI orrpe,n;eJIHTb 

<PYHKIJ,ll!O caMOCTOHTeJibHO n 3aTeM ,n;aTb ee llMH KOHCTPYKTOpy. <I>yHKIJ,IIH ,!l;JIH TF1 
KOHCTPYKTOpa ,!l;OJI)KHa IIMeTh CJie,n;y!Olll,JIO CIIrHaTypy: 

Double_t fitf(Double_t *x, Double_t *par) 

r,n;e Double_t *X - yKa3aTeJib Ha MaccnB II3MepennH, a Double_t *par - yKa3aTeJih 

Ha MaCCIIB rrapaMeTpOB. ,ll;JIH O,!l;HOMepHOH rncTorpaMMbl llCIIOJib3JeTCH X [OJ, ,!l;JIH 

,n;ByMepnoit - x [OJ , x [1J, ,!l;JIH TpexMepHOll - x [OJ , x [1] , x [2J, ntuple - MO)KeT 

IIMeTb ,n;o 10 ll3MepeHIIll. 

CKpIIIIT tutorials/myfi t. C IIJIJIIOCTpnpyeT, KaK (pllTIIpOBaTb 0,!l;HOMepHyJO rII

CTOrpaMMY C II0MOlll,b!O orrpe,n;eJieHHOH IIOJib30BaTeJieM <PYHKIJ,IIll. 

MO,KHO 06'be,!l;IIHHTb <PYHKIJ,llll, qT06bl t:pIITllpOBaTb rnCTOrpaMMY IIX CJMMOll. 

ITpIIMepbI cyMMnpOBaHnH cpynKIJ,IIit Haxo,n;HTCH B tutorials/multifit. C II 
tutorials/FittingDemo.C. 
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8.3. ,l];ocTyrr K rrapaMeTpaM cpyHK[J;IUI II pe3yJihTaTaM 

<l>HTIIPJ!Olll,aH <PYHKIJ,IIH ,n;o6aBJIHeTCH K criiicKy <PYHKIJ,llfi, CBH3aHHb!X C rncTorpaM

MOH. MeTo,n; TH1: : GetFunction (const char* name) OThICKIIBaeT cpyHKIJ;HJO, CBH-

3anHyJO C ,n;aHHOH rHCTOrpaMM0ll, name - llMH <PYHKIJ,IIII. ECJIII YKa3aTeJib Ha <PYHK-

11,ll!O Hafi,n;eH, HarrpnMep *f, TO rrapaMeTpbl (pllTIIpOBaHIIH ,!l;JIH 3TOH cpyHKil,llll HaXO

,!l;HTCH CJie,n;yJOlll,IIM o6pa30M: 

root [J Double_t chi2=f->GetChisquare() 
root [J Double_t pl=f->GetParameter(0) 
root [J Double_t e1=f->GetParError(0) 

3,n;ecb pi II e1 - BeJIII'lnHa II orrm6Ka rrepBoro rrapaMeTpa. TStyle: : Set0ptFi t (mode) 
MeT0,11; 3a,n;aeT, KaK rrapaMeTpbl (pllTllpOBaHHH OT06pa,KaJOTCH B 6JIOKe CTaTIICTllKll, 

mode = pcev (3HaqeHne rro yMoJiqaHIIJO - 0111), r,n;e 

• v=l - rreqaTaeT Ha3BaHHH n BeJIIIq1rnb1 rrapaMeTpoB; 

• e=l - rreqaTaeT orrm6Kn; 

• c=l - rreqaTaeT qnCJio CTerreHeit CB060,n;h1; 

• p=l - rreqaTaeT BepOHTHOCTb. 

9. IlarrKM 

IIarrKa (pea.JIII30BaHHaH C IIOMOlll,b!O KJiacca TFolder) - COBOKJIIHOCTb o6'beKTOB, BII

,!l;IIMb!X II pacKpbrnaeMbIX B 6pay3epe ROOT. IIarrKn nMeJOT Ha3BanIIe n 3aroJIOBOK II 

n,n;eHTII(pIIIJ,IIPYJOTCH B IIepapxIIn rrarroK rro,n;o6no UNIX. OcHOBHaH rrarrKa - / /root 
Bn,n;Ha CJieBa na Bepxy 6pay3epa ( CM. pIIc. 1). IIo,n; Heil: rroKa3ano elll,e necKOJihKO 

rrarroK. K rrarrKe MOryT ,n;o6aBJIHTbCH llJill y,n;a.rrHTbCH ll3 Hee HOBb!e rrarrKII. IIarrKH 

llCilOJib3JIOTCH ,!l;JIH yMeHhilleHIIH 3aBHCIIMOCTll KJiacca Ii YJIYqilleHIIH MO,!l;Y JlbHOCTII 

C03,!l;aBaeMb!X rrpIIJIO)KeHIIfi. 

PaccMoTpIIM, KaK co3,n;aTb uepapxnJO rrarroK. CHaqa.rra CJie,n;yeT ,n;o6aBIITh Bepx

HJOJO rrarrKy IIepapxnII K rrarrKe / /root. 

root [J TFolder *my Fold = gR00T->GetRootFolder O->AddFolder ("MyFold", 
"my top folder") 

3aTeM ,n;o6aBHTb BCe OCTa.JlbHb!e rrarrKII K cylll,eCTBJ!Olll,ell c Il0M0lll,b!O MeTo,n;a 

TFolder: : AddFolder O, IIMeJOlll,ero ,n;Ba rrapaMeTpa: Ha3BanIIe II 3aroJI0BOK rrarrKn. 

root [J TFolder 
root [J TFolder 
root [J TFolder 
root [J TFolder 
root [J TFolder 

*data= myFold->AddFolder("data", "experiense data") 
*Const= data->AddFolder("const", "Detector const") 
*Conf=data->AddFolder("conf", "Configuration") 
*test =myFold->AddFolder("test","test") 
*new =test->AddFolder("new","test in May") 
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root [] TFolder *new_24 =new->AddFolder("new_24", "test in 24 May") 

MO)l<HO .D,06aBIITb Jlll'IHY!O rrarrKy K CIIIICKY ofrbeKTOB, ,ll,OCTYIIHhIX rrporpaMMe rrpo
CMOTpa, K0MaH.D,Oii: 

root [] gROOT->GetListOfBrowsables ()->Add (my Fold, "MyFold") 

Tor.D,a 3Ta rrarrKa CTaHOBIITCa BII.D,Ha B rrporpaMMe rrpOCMOTpa Ha BepxHeM ypOBHe. 

HeKOTdpb1e ofrbeKThI ROOT aBT0MaTWieCKII .D,o6aBJiaIOTCa K IIepapxIIII rrarroK. 

HarrpIIMep, rrpII CTapTe cyI.U;eCTBYIOT CJie.D,yIOI.U;IIe rrarrKII: / /root/ROOT Files - co 

CIIIICKOM OTKpb!Th!X cpaiiJIOB, / /root/Classes - co CIIIICK0M aKTIIBHhIX KJiaccoB, 

I /root/Styles co CIIIICKOM rpacpIIqeCKIIX CTIIJieii II .D,pyrIIe. qT06bI HaiiTII rrarrKy 

mm o6'beKT B rrarrKe, BOCIIOJih3yiiTeCh MeTO.D,OM TROOT: :FindObjectAnyO. 

10. BBo,n;/Bhrno,n; 

10.1. (l>aiiJI B cpopMaTe ROOT 

B rraKeTe ROOT peaJIII30BaH crreu,IIaJihHhiii Bil,ll, cpaiiJioB, rrpIIMeHaeMhIX · .D,Jia xpa

tteHI1a o6'heKTOB, 3To TaK Ha3hrnaeMbie ROOT cpaiiJihI. O6b1qtto TaKoii cpaiiJI IIMeeT 

pacrrmpettI1e root. ROOT cpaiiJI MO)KeT co.D,ep)KaTh o6'heKThI II KaTaJiorII, opra1rn-

30BaHHhie B HeorpattIIqeHttoe K0JIIIqecTBO ypoBtteii, rro.D,o6Ho UNIX. KJiacc TFile 

orrIIChrnaeT ROOT cpaiiJI. KoHCTPYKTop: 

TFile (canst char* fname, Option_t* option, canst char* ftitle, Int_t 
compress=!) 

ITapaMeTp option MO)KeT rrpIIHIIMaTb CJie.D,y!OI.U;Ile 3HaqeHil5l: 

• NEW IIJIII CREATE - co3.D,aeT HOBhiii cpaiiJI II OTKphrnaeT ero .D,Jia 3aIII1CII; eCJIII 

cpaiiJI y)Ke CyI.U;eCTByeT, TO cpaii:JI He 0TKpOeTca; 

• RECREATE - C03.D,aeT HOBhiii cpaiiJI; eCJIII cpaiiJI y)Ke cyI.U;eCTByeT, TO OH 6y.D,eT 
rrepe3arrIIcaH; 

• UPDATE - OTKphrnaeT cyI.U;eCTBJIOI.U;IIii cpaiiJI .D,Jia 3arrIIcI1; 

• READ - OTKphrnaeT cyIIIeCTBJIOIIIIlii cpaiiJI .D,Jia qTettIIa. 

ITapaMeTp compress orrpe.D,eJiaeT ypoBeHh C)KaTila. 

10.1.1. KaK ycTpoeH ROOT cpaiiJI 

PaccMOTpIIM <pII3IIqecKoe pa3MeI.U;eHI1e ROOT cpaiiJia. ITepBhie 64 6aiiTa 3aHaThI 3a

roJIOBKOM cpaiiJia. ITepBble qeTb!pe 6aiiTa 3arOJIOBKa CO.D,ep)KaT CTpOKY "root", no Heit 

CIICTeMa ono3ttaeT cpaiiJI KaK cpaiiJI ROOT. I1o3TOMY pacrrmpeHIIe . root .D,Jia ROOT 

cpaiiJia Heo6a3aTeJibHO, a CJIJ)KIIT JIIIIIlb nO.D,CKa3KOii .D,JI5l nOJih30BaTeJia. ,lJ,aJiee CTOIIT 

HOMep BepcIIu cpaiiJia fVersion, JKa3aTeJih Ha nepBhIH peKop.D, c .D,aHHhIMU fBEGIN, 

yKa3aTeJib Ha nepBoe CB060.D,HOe CJI0BO fEND, YKa3aTeJib Ha CB060.D,Hhie peK0p,lJ,bl 
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fSeekFree, qIICJI0 6I1TOB B CBo6o.D,HhIX peK0p.D,ax fNBytesFree, qIICJIQ. CBo6o.D,HhIX 

peKOp.D,0B nfree, qIICJI0 6IITOB BO BpeMa C03.D,aHua fNbytesName, qIICJI0 6UTOB .D,JI5l 

yKa3aTeJieii cpaiiJia fUnits, ypoBeHh C)KaTIIa fCompress. 

84 6aiiTa rroCJie 3aroJI0BKa cpaiiJia co.D,ep)KaT onIIcaHIIe BepxHero KaTaJiora, BKJIIO

qaa Ha3BaHue, .D,aTy II BpeMa, K0r.D,a OH 6b!JI C03.D,aH, II .D,aTy II BpeMa noCJie.D,HIIX 

MO.D,II<pIIKau,uii. ,lJ,aJiee CJie.D,y!OT peK0p.D,bl C HH<pOpMau,ueii 06 o6'beKTax, 3anncaHHhIX 

B ROOT cpaii:JI. 9Ta nttcpopl\rnu,mi: BKJIIOqaeT B ce6a .D,JIHHY C)KaTOro o6'heKTa, .D,aTy 

II BpeMa, K0r.D,a o6'heKT 6b!JI 3aIII1CaH B qiaiiJI, qIICJI0 6IITOB B HMeHII KJiacca, IIM5l 

KJiacca o6'beKTa, qIICJI0 6IITOB B IIMeHII 3arOJIOBKa o6'beKTa, 3ar0JI0BOK 06'beKTa ,II 

tteK0T0pbie .D,pyrIIe .D,aHHbie. IIpOCMOTpeTb <pH3HqecKoe pa3MeIIIeHue cpaiiJia M0)KH0 

MeT0,ll,0M Tfile: : Map(), K0TOpbIH rreqaTaeT IIH<pOpMaU,II!O OTHOCIITeJihHO Ka)K.D,0r0 

peKop.D,a npII npocMOTpe cpaiiJia. 9TO BhITI0JIHIIMO U:oTOMY, qTQ ROOT II0Mep)KII-, ' 

BaeT .rrpaM0ii ,ll,0CTyn K o6'heKTaM. qT06bI ,c,n:eJiaTb TaK, TFile coxpaHaeT CnIICOK 

o6'beKTOB TKey, KOTOp,b!e 5IBJIH!OTnl no cyIIIeCTBY IIH.D,eKCaMII K o6'beKTaM B cpaiiJie. 

PeKOIJ,ll,hI, ,3aH.HTbie IIH<pOpMau,IIeii 06 o6'beKTe, corrp0B0)K.D,a!OTCa CIIIICK0M 0nil

caHIIH KJiacca no I1MeHn Streamerinfo. 9ToT cnII.C0K co.D,ep)KIIT orrncaHile Ka)K.D,0ro 

KJiacca, 3anucaHH0ro B cpaiiJI, Bcex npe.D,K0B KJiacca II Bcex qJieH0B-.D,aHHhIX 06.'heKTa. 

MeTO.L\ TFile: : ShowStreamerinfo () neqaTaeT cnIIC0K onIIcaHna. KJiacca. 

10.1.2. BoccTaHOBJieH11e cpaiiJia 

ITpe.D,eJihHhiii pa3Mep ROOT cpaiiJia 2 rE. ECJiu 3Ta KBoTa npeBhIIIIeHa IIJIII eCJin 

eCTb c6on B 'pa6oTe, TO cpaiiJI M0)KeT pa3pyIIIIIThnI, ero HeB03M0)KH0 6y.D,eT 38.Kpb!Tb 

npaBIIJlbHO II 3anI1CaTb Ha ,ll,IICK. B 3T0M CJiyqae He06XO,ll,IIMO coxpaHIITb KaK MO)K

H0 6oJibIIIe IIH<pOpMau,IIII. ROOT o6ecneqIIBaeT MexaHII3M B0CCTaH0BJieHIIa cpaiiJia, 

IICnOJih3J!OI.U;IIii UH<pOpMaU,II!O KaTaJiora B peK0p.D,aX 3aroJIOBKa. IIpn H0B0M 0TKpbl

TIIII cpaiiJia, 3aKphIToro He .D,0JI)KHhIM o6pa3oM, aJiropIITM B0CCTaH0BJieHIIa quTaeT 

cpaiiJI II C03.D,aeT coxpaHeHHbie o6'beKThl B naMaTII cornacHO IIH<pOpMaU,IIH 3ar0JI0B

Ka. qT06hI npII H0B0M 3aKpbITHII cpaiiJia C.D,eJiaHHbie IICnpaBJieHna 6b!JIII 3anIICaHbl 

Ha ,ll,HCK, cpaiiJI .D,0.JJ)KeH 6b!Tb 0TKpbIT B pe)KIIMe 3anIICII,. M~TO,ll, TFile: : Recover 0 
HBHO Bbl3bIBaeT npou,e.D,ypy BOCCTaH0BJieHIIH. 

10.1.3. IlpocMoTp co,n;ep:>Ka.HII.H cpaiiJia 

,lJ,Jia npOCMOTpa C0.D,ep)KaHIIa cpaiiJia ucn0Jih3JCTCa MeT0.D, TFile:: ls (Option_t* 

option)). qT06bJ HaiiTII onpe.D,eJieHHblll o6'heKT B cpaiiJie, CJie.D,yeT ucn0Jih30BaTb Me

TO,ll, TFile: : Get(). Ott Haxo.D,IIT o6'beKT cornacHo ero IIH.D,eKcy, onIIcaHHOMY KJiaccoM 

TKey. TFile IIMeeT MeTO,ll,bl nepeqIICJieHIIa C0.D,Cp)KaHJrn, Bb!BO.D,a IIMeH Ha neqaTb II 

co3.D,aHIIa no.D,KaTaJioroB. Kor.D,a Bh1 co3.D,aeTe o6'beKT TFile, OH cTaHOBHTCa TeKyI.U;IIM 

KaTaJioroM. TeKyI.U;nii KaTaJior coxpaHaeTca B rno6aJibHOii nepeMeHH0ii gDirectory. 
KoMaH.D,a 

root [] gDirectiry->pwd() 

PI0Ka)KeT BaIII TeKyI.U;Hll KaTaJI0r. 
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10.1.4. 06'heKTbl B naMSTII n o6'heKTbl Ha ,ll;IICKe 

Orrn,IIII MeTO,IJ,a TFile: : ls O CJie,rry101111Ie: "-d" - rrepe'IIICJIReT o6'heKTbI Ha ,IJ,IICKe, 

"-m" - rrepe'IIICJIReT o6'beKTbl B rraMRTII. ECJIII HHKaKaR OIIIJ,IIR He 3a,IJ,aHa, MeTO,IJ, rre

pe'IHCJIReT o6a crr1IcKa. CTpoKa, co,IJ,ep)Ka111aa o6'beKT B rraMRTII, Ha'IIIHaeTrn c OBJ, 

CTpoKa, co,IJ,ep)Ka111aa o6'beKT Ha ,IJ,IICKe, Ha'IHHaeTcR c KEY. CIIHTaKCIIC 3TOii: CTpOKH 

CJI e,rry!OIIIIIii: 

KEY: <class> <variable>;<cycle number> <title> 

<class> - HMR KJiacca ROOT, <variable> - Ha3BaH1Ie o6'beKTa, <cycle number> 

- HOMep Il,IIKJia, <title> - CTpOKa, ,IJ,aHHaR B KOHCTPYKTOpe o6'beKTa KaK 3aroJio: 

BOK. qT06bI rrepeHeCTII o6'beKT II3 ,Il,IICKa B rraMRTb, ero HY)KHO "rrOJIY'IIITb" RBHO 

HJIH ncnoJib30BaTb ero KaKHM-TO cnoco6oM. Kor,IJ,a MbI ncnOJih3yeM · o6'beKT, ROOT 

noJiyqaeT ero ,IJ,JIR Hae. JII06aa CCbIJIKa Ha o6'heKT, Hanp1IMep p1IcosaH1Ie, 6y,IJ,eT C'III

TbIBaTb o6'beKT C ,Il,IICKa II C03,IJ,aBaTb ero B rraMRTII. O6'heKTbI B rraMRTII He3aBHCIIMbl 

OT o6'beKTOB Ha ,Il,HCKe. MO)KHO II3MeHRTb o6'heKT B naMRTII, HO 3TO He 6y,IJ,eT pac

rrpocTpaHRTbCR Ha o6'beKT Ha ,Il,IICKe. Hosy!O BepCH!O o6'beKTa HY)KHO cneu,HaJibHO 

crraCTII Ha ,Il,IICK. 

10.2. Crracemrn o6'beKTa Ha ,n;11cK 

B rraMRTH MO)KeT xpaHHTbCR TOJibKO O,IJ,Ha sepcHR o6'beKTa, a Ha ,!l;IICKe MO)KeT co

xpaHRTbCR HeCKOJibKO BepCIIll. ,Il;JIR 3aIIIICH o6'beKTOB Ha ,Il,IICK IICilOJib3yeTCR MeTO,!J; 

Write(). KoMaH,IJ,a 

root [] f->Write() 

3aITIICbIBaeT B cpaii:JI Bech CITHCOK o6'heKTOB, C03,!l;aHHbIX .B TeKyru,eM KaTaJIOre. Ko

Mali,!l;a 

root [] h->WriteO 

3aIIIICbIBaeT . B cpaii:JI TOJibKO . o6'beKT C onpe,IJ,eJieHHb!M HMeHeM, B ,!l;aHHOM CJiyqae C 

HMeHeM h. ECJIII o6'beKT C 3TIIM IIMeHeM y)Ke cy111eCTB0BaJI Ha ,Il,IICKe, TO IIORBHTCR 

e111e O,Il,IIH 06'beKT C TaKIIM )Ke HMeHeM II H0MepOM BepCIIH, yseJIII'leHHbIM Ha e,IJ,HHHIJ,Y. 

KoMaH,IJ,a 

root [] h->Wri te ("NewName") 

3anHCb1BaeT B· cpaii:JI o6'beKT C IIMeHeM h, npHCBalIBaR eMy nplI 3an1ICII HOBOe HMR 

NewName. KoMaH,IJ,a 

root [] h->Write(" ",T0bject: :k□verwrite) 

3an1ICb1BaeT B cpaii:JI o6'beKT C HMeHeM h IlOBepx cyru,ecTBY!OIIIero. 11MR o6'beKTa H 

HOMep BepCIIII coxpaHR!OTCR, a rrpe,IJ,bl)JJ'IIJ,aR BepCIIR rrepecTaeT cy111eCTBOBaTb. Ko

MaH,IJ,a 

root [] f->Close() 
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3aKpbmaeT ROOT cpaii:JI. IIoCJie ee BbIIIOJIHeHIIR TeKyI111Iii: KaTanor CTaHOBIITCR ny

CTbIM, II Terrepb HeB03MO)KH0 CCbIJiaTbCR Ha o6'beKTbI ROOT cpaii:Jia. CJie,rryeT rro

MHIITb, 'ITO MeTO,IJ, TFile: : Close() He Bbl3bIBaeT aBTOMaTII'leCKII TFile: : Write(). 

ECJIII ROOT cpaii:JI co,IJ,ep)KIIT MHoroKpaTHbre sepCIIII o6'beKTa c O,Il,HIIM II TeM 

,Ke Ha3BaHIIeM, TO rrpII 0TKpbITIIII cpaii:Jia II IICIIOJib30BaHIIII o6'beKTa CINT OTbrc

KIIBaeT BepCII!O C caMbIM 60Jib!IIIIM H0MepoM Il,IIKJia. qT06bI C'IIITaTb npe,IJ,bl,LIJ'Iey!O 

sepCII!O, HY)KHO RBHO IlOJIY'IIITb ee II npIIIIIICaTb ee 3Ha'leHIIe HOB0U rrepeMeHHOfi. 

TiyCTb, HaIIplIMep, cpaii:JI hist. root C0,!l;ep)KIIT. ,IJ,Be BepCIIII O,Il,HOU II TOH )Ke 0,Il,HO

MepHOU rlICTorpaMMbI h; 1 II h; 2 II Mb! XOTIIM Hap1IcosaTb h; 1. Tor,IJ,a rropR,IJ,OK ,IJ,eii:

CTBIIii: CJie)JJ'IOIIIIIll: 

root [] TFile *f = new TFile ("hist. root") 

root [] TH1F *his = (TH1F*) f->Get ("h; 1") 

root [] his->Draw() 

10.3. IIo,n;KaTaJIOrH II HaB11rau;m1 

KJiacc TDirectory, OT KOToporo HaCJie,rryeT TFile, rro3BOJIReT opraHII30BbIBaTb csoe 

co,IJ,ep)KaH1Ie B IIO,IJ,KaTaJIOrH. qTo6hr ,IJ,o6aBIITb rro,IJ,KaTaJIOr name K ROOT cpaii:Jiy, IIC

rroJib3yeTca MeTO,IJ, TDirectory: : mkdir (canst char* name, canst char* title). 

Mo)KHO II3MeHIITh TeKyI111Iii: KaTanor, rrepeii:,!l;a B IIO,!l;KaTaJior, MeTO,IJ,OM TFile: : cd 

( const char* path). qTo6hr BepHyTbCR K BepxHeMy KaTaJiory cpaii:JIOB, 1ICIIOJib-

3yeTCR cd() 6e3 JI!06b!X rrapaMeTpOB. qT06bI y,IJ,aJIIITb IIO,IJ,KaTaJIOr, IICIIOJib3yeTCR 

MeTO,IJ, TDirectory: :Delete(const char *namecycle). CTpoKa namecycle IIMeeT 

cpopMaT name; cycle, r,IJ,e name - HMR rrepeMenHoii:, cycle - noMep IJ,IIKJia. 

Kor,IJ,a rHCTOrpaMMa (HJIH ,IJ,pyroii: o6'beKT) C03,IJ,ana, OHa no YMOJI'laHII!O ,IJ,06aB

JrneTCR K CIIHCKY o6'beKTOB B TeKy111eM KaTaJIOre. MO)KHO II3MeHIITb KaTaJIOr rHCT0-

rpaMMbl MeTO,Il,OM TH1: : SetDirectory (TDirectory* dir). 

IIpnBe,IJ,eM He60JibIIIOii: rrplIMep nasnraIJ,HII no IIO,IJ,KaTaJIOraM. 

root [] TFile *f = new TFile ("hist. root", "NEW") 

root [] f->mkdir ("my _dir") 

root [] f->cd ("my _dir") 

root [] TH1F *h = new TH1F("h","title",100,0,10) 

root [] f->cd() 

root [] f->mkdir ("old_dir") 

root [] h->SetDirectory(old_dir) 

B 3TOM IIplIMepe Mb! OTKpbmaeM HOBblll cpaii:JI hist. root, 3aTeM C03,IJ,aeM B HeM 

IIO,IJ,KaTaJIOr my _dir, rrepeMe111aeMca B Hero II co3,11,aeM rncTorpaMMY h. ,Il;anee Mb! 

II0,11,HIIMaeMCR B BepXHIIll KaTaJI0r, C03,IJ,aeM B HeM e111e O,IJ,IIH IIO,IJ,KaTaJI0r old_dir II 

rrepeMe111aeM B Hero rncTorpaMMY h. 

65 



10.4. YpoBeHh c.tKaTHR 

ROOT IICITOJih3yeT arrropIITM C)KaTIIH, ocHoBaHHhifi Ha II3BeCTHOM gzip arrropIITMe. 

OH ITOMep)KIIBaeT ,n;eBHTb ypOBHeii C)KaTIIH. 3naqeHIIe ITO YMOJI'IaHII!O - 1, eCJIII 3Ha

qenIIe paBHO HYJI!O, TO C)KaTIIe He ITpOII3BO,D;IITCH. YpoBeHh C)KaTJrn ycTaHaBJIIIBaeTCH 

JIII6o KOHCTPYKTOpOM TFile, JIII6o MeTo,n;oM TFile: :SetCompressionLevel(Int_t 

level) II MO)KeT 6b!Tb II3MeHen B JII06oe BpeMH, HOBhlii ypoBeHb C)KaTIIH ITPIIMeHHeT

CH TOJibKO K 3aITIICII o6'beKTOB, C03,D;aBaeMbIX ITOCJie ero ycTaHOBKII. CJie,D;OBaTeJibHO, 

ROOT cpaiiJI MO)KeT co.n;ep)KaTh 06'heKTh1 c pa3JIII'IHhIMII ypoBHHMII C)KaTIIH. 1-feM 

BbIIIIe ypoBeHb C)KaTIIH, TeM 60JibIIIe 3KOHOMIIH ,ll;IICKOBOro ITpOCTpaHCTBa, HO TeM 

60JibIIIe BpeMH, 3aTpaqennoe na 'ITeHIIe II 3aITIICb o6'beKTOB. Ilo3TOMY ITPII BbI6ope 

YPOBHH C)KaTIIH CJie,n;yeT o6pall\aTb BHIIManIIe Ha TIIIT ,n;aHHbIX. ECJIII ,n;aHHbie pe,n;KII, 

TO eCTb IIMeeTCH MHOI'O nyJieii, IIJIII eCTb O'IeHh MHOI'O 0,ll;HOTIIITHbIX ,n;aHHbIX, pa3yMHO 

ycTaHOBIITb 6oJiee Bb!COKoe 3HaqenIIe YPOBHH C)KaTIIH. ECJIII )Ke BpeMH, 3aTpaqenHoe 

na BBO,ll;-Bb!BO,D;, 60JibIIIOe ITO cpaBHeHII!O co BpeMeneM o6pa6oTKII ,n;aHHbIX, TO CJIIIIII

KOM BblCOKIIii ypoBeHb C)KaTIIH 6y,n;eT CHII)KaTb 3<p<peKTIIBHOCTb ITpOrpaMMb!. 

11. ,Ll;epeBh51 

11.1. O6'beKTbl KJiaCC0B TNtuple H TTree 

,lI:JIH xpanenIIH 6oJihIIIoro KOJiwrecTBa o6'beKTOB o.n;noro II Toro )Ke KJiacca B ROOT 

pa3pa6oTaHhI cITeIJIIaJibHhre KJiaCChI TTree II TNtuple. IlonHTIIe Ntuple ITOHBIIJIOCh 

ell\e ITPII pa3pa6oTKe ITaKeTOB HBOOK II PAW. B Ntuple 3aITIIChrnaeTCH Ka)K.n;aa ITe

peMennaa Ka)K.n;oro co6brTIIH, a 3aTeM ITPII aHaJIII3e .n;annhrx 3TII ITepeMennhre MO)KHO 

o6pa6aTb!BaTb ITO JI!06b!M arrropIITl\iaM, IICITOJih3YH JII06hre KpIITepIIII OT6opa. O6'h

eKT KJiacca TNtuple MO)KHO C'IIITaTh .n;epeBOM, orpaHII'IeHHb!M 'IIICJiaMII C ITJiaBa!0-

11\eii 3aITHTOii. O6'beKT KJiacca TTree MO:lKeT co.n;ep:lKaTb BCe BII,ll;bl ,n;aHHbIX, o6'beKTbl 

II MaCCIIBbl B ,ll;OITOJII!eHIIe KO BCCM npOCTb!M TIIITaM. 

IlpII IICITOJib30BaHIIII .n;cpeBa Ka:lK,D;hlii o6'hCKT HC 3aIIIIChIBaCTCH OT,ll;CJlbHO B cpaiiJI, 

a co6IIpaCTCH B CBH3KY, II 3Ta CBH3Ka o6'heKTOB 3aITIICb!BaCTCH 0,ll;HOBpCMeHHO. IlpII 

3aITIICII o6'bCKTa TTree B ROOT cpaiiJI, ITOCKOJihKY c,n;IIHIIIJa C)KaTIIH CCTh 6ycpcp, pa3-

Mcp cpaiiJia 6y,n;cT naMnoro MCHhIIIC, 'ICM eCJIII 6hI o6'bCKThI, COCTaBJIH!Oll\IIC .n;epcBo, 

6hIJIII 3aITIICaHhl IIH,ll;IIBII,D;yaJihHO. 

IlpCIIMYII\CCTBO IICITOJib30BaHIIH o6'hCKTOB KJiacca TTree ITPOHBJIHCTCH TaK:lKC ITPII 

opraHII3aIJIIII .n;ocTyna K ,n;aHHbIM, o6'hC,ll;IIHCHHblM B COBOKYIIHOCTII, na3b!BaCMblC BCT

BHMII II JIIICTbHMII. JJ:cpCBO IICITOJ!b3YCT ucpapXII!O BCTBCii, II Ka:lK,n;aH BCTBb MO:lKCT 

'IIITaTbCH HC3aBIICIIMO OT ,n;pyrm1: BCTBII. I103TOMY ITPH o6pa60TKe ,n;aHHbIX HeT HC06-

XO,ll,IIMOCTII C'IIITb!BaTb Ka)K,ll;blll pa3 co6hITHC ITOJIHOCTh!O, 'ITO oco6CHHO cyll\eCTBCH

HO B coBpCMCHHb!X <pll3Il'ICCKIIX 3KCITCpIIMCHTax C 60JibIIIOii CTaTHCTJIKOii II 60JibIIIIIM 

KOJIII'IeCTBOM II3MCpHCMbIX BCJill'IHH B Ka)K,D;OM co6b!Tllll. KoHCTPYKTOp .n;cpcBa: 

TTree(const char* name, const char* title). 
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Mo:lKHO TaK:lKC C03.LI,aTh .n;cpcBO II3 IIepapXHII ITaITOK C BCTBHMII ,ll,JIH Ka)K,ll,Ofi ITO,D;

ITaITKil. HaITpIIMCp, eCJIII "MyFoldcr" - BepxHHH ITaITKa B ucpapxIIII, TO KOMan.n;a 

root [] TTree folder_tree("MyFolderTree","/MyFolder") 

C03,D;aCT .n;epCBO, a KOMaH,n;a 

root [] folder_tree.Fill() 

3arrOJIHIIT cro ,n;aHHblMII, co.n;ep:lKall\HMIICH B IlO,D;ITaITKaX. O6paTJITe BHIIMaHHe Ha H~

KJIOHHY!O qcpTy rrcpe.n; BTOpbIM ITapaMeTpoM B KOHCTpyKTOpc. OHa coo611\aeT ROOT, 

'ITO 3TO eCTb ITaITKa, a ne ITpOCTO 3aroJIOBOK, 

11.2. BeTBH 

,lI:JIH C03,D;aHIIH BCTBII .n;epcBa JICITOJlh3yeTCH MCTO,ll; TTree: : Branch(), KOTOpblii IIMC

CT HCCKOJibKO BII,ll;OB 3aITIICII B 3aBIICHMOCTII OT BII,D;a BCTBII. ECJIII ,D;BC rrcpcMeHHb!C 

HC3aBIICIIMbl II Ha 3Tarrc ITpoeKTilpOBaHHH Y*C Il3BeCTHO, 'ITO ncpCMCHHble He 6y

,D;yT IICITOJib30BaThCH BMeCTC, TO IIMCCT CMbICJI pa3MeCTIITb JIX B OT,D;CJlbHbie BCTBII. 

ECJIII )KC rrepeMeHHbie CBH3aHbI, naITpIIMCp, TPII KOOp,D;IIHaTbI O,ll,HOfi TO'IKII, TO 6once 

3cp<peKTHBHO C03,D;aTh O,D;HY BCTKY C HCCKOJihKIIMII rrcpCMCHHbIMII Ha Heii, opraHII30-

BaHHhIMII B BII,ll;C JIJICTbeB (o6'beKTOB KJiacca TLeaf). BII,n; BeTKII 3aBIICJIT OT Toro, 'ITO 

coxpaHCHO B HCii. BcTKa MO:lKCT CO,ll,Cp)KaTh CITIICOK ITpOCTbIX ITepeMCHHbIX, ITOJIHhiii 

o6'hCKT, ITaITKII c o6'hCKTaMII TLeaf IIJIII MaCCJIB o6'bCKTOB. PacCMOTpIIM HCCKOJihKO 

ITpIIMCpOB. 

11.2.1. .LI;o6aaJieHHe BeTBeii, co.n;ep)IGlID;HX CilHCOK nepeMeHHhIX 

B 3TOM CJiyqac CIIHTaKCilC MeTo,n;a HMeeT CJie,D;ylOII\Illl Bll,ll,: 

TBranch(const char* name, void* address, const char* leaflist) 

3,n;CCh name - IIMH BeTBII, address - a.n;pcc, c KOTOporo ,D;OJI:lKeH C'IlITb!BaThCH rrepBbiii 

JIIICT, leaf list - CITIICOK JllICTheB, COCTaBJIHlOII\IlX BeTKY, C HMeHeM Il TlIIlOM Ka:lK,D;OI'O 

JIIICTa. 

,lI:JIH Toro, 'IT06bI Ha O,ll,HOfi BCTKe 6hIJIO neCKOJibKO JllICTheB, Ka)K,D;blll Il3 KOTOpbIX 

ITpC,ll;CTaBJIHCT co6ofi O,D;HY ITepeMeHHY!O, 3TH ITCpeMCHHbie ,ll,OJI)KHbI 6b!Tb o6'he,ll,HHeHhI 

B cTpyKTYPY· IlycTh, HaITpHMCp, event - CTPYKTypa, co.n;ep)Kall\aH n - ITepeMeHHYIO 

IJCJIOrO TIIITa II X, y, Z - ITepcMeHHble C ITJiaBalOII\efi TO'IKOfi. Tor.n;a ,ll,JIH C03,ll,aHHH 

BeTBil. C HMeHCM N ameBr y .n;epeBa tree IlCil0Jlb3YCTCH CJIC,D;ylOII\aH KOMaH,n;a: 

tree->Branch("NameBr",&event, "n/I:x:y:z/F") 

3.n;cch BTOpofi ITapaMeTp - a.n;pcc, OTKy,n;a Ha'IHHaeTCH C'IlITbIBaHHe, TpeTHfi ITapaMCTp 

- CTpOKa co CITHCKOM JIIlCTbeB. Ha3BaHHe JllICTa He IlCIIOJlh3YeTCH ,ll,JIH Bbl6opa rrepc

MeHHOfi Il3 CTpyKTYPhI, a IlCilOJib3YeTCH TOJihKO KaK IlMH ,ll,JIH JIHCTa. CJie,ll,OBaTeJibHO, 

CIIHCOK rrepeMeHHbIX B TPeTbeM rrapaMeTpe ,ll,OJI)KeH IlMeTb TaKOfi )Ke rrops:,D,OK, B Ka

KOM rrepeMeHHbie OilHCaHhI B CTPYKType. ECJIH crpyKTypa He orrpe,D,eJieHa, TO ,ll,JIH 
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Ka)K,!l;Oil: rrepeMeHHOil: ,!l;OJI)KHa 6bITb C03,!l;aHa CBOH BeTKa. 

JlHCTbH B TpeTbeM rrapaMeTpe OT,!l;eJieHbl ,!l;pyr OT ,!l;pyra ,!l;BOeTo•rneM. Ka)K,!l;blil: 

JIHCT HMeeT Ha3BaHHe lI THII, OT,!l;eJieHHhie ,!l;pyr OT ,!l;pyra HaKJIOHHOil: qepTOil:. 

<Variable>/<type>:<Variable>/<type> 

Tmr MO)KeT 6bITb orryrn.eH, B 3TOM CJiyqae rrepeMeHHOil: JllICTa IIpHCBaHBaeTCH 3Haqe

HHe THIIa TaKoe )Ke, KaK y rrepeMeHHOil: rrpe,I1;bl,!l;YII1,ero JllICTa. ECJIH THII orryrn.eH y 

rrepBOrO JIHCTa, TO ero rreper,1:eHHOfi IIpHCBaHBaeTCH THTI Float_t. CttMBOJihI, HCIIOJih-
3yeMbie ,!l;JIH THIIa B ClIHTaKCHCe MeTO,!l;a Branch(): . 

1. C - CHMBOJihHaH CTpOKa, 3aKOHqeHHaH CHMBOJIOM 0, 

2. B - 8- pa3pH,!l;HOe u;eJioe qlICJIO co 3HaKOM, 

3. b - 8-pa3pH,!l;HOe u;eJioe qlICJIO 6e3 3HaKa, 

4. s - 16-pa3pH,!l;HOe u;eJioe qlICJIO co 3HaKoM, 

5. s - 16-pa3pH,!l;HOe u;eJioe qnCJio 6e3 3HaKa, 

6. I - 32-pa3pH,!l;HOe u;eJioe qlICJIO co 3HaKOM, 

7. i - 32-pa3pH,!l;Hoe u;eJioe qnCJio 6e3 3HaKa, 

8. F - 32-pa3pH,!l;HOe qnCJio C IIJiaBaIOrn.eil: TOqKoil:, 

9. D - 64-pa3pH,!l;HOe qlICJIO c IIJiaBaIOrn.eil: TOqKoil:. 

Tnrr HCIIOJih3yeTcH ROOT, qT06br peIIIHTh, CKOJihKO MecTa BhI,!l;eJIHTh II0,!1; rrepeMeH

HyIO. Mo)KHO TaK)Ke ,!l;06aBJIHTb JIHCTbI, CO,I1;ep)KaII1,He MaCCHBbI rrepeMeHHbIX IIOCTO

HHHOil: lI rrepeMeHHOil: ,!l;JllIHbI, HarrpHMep,B KO,!l;e HH)Ke f - MaCCHB IIOCTOHHHOil: ,!l;JllIHhI, 
a E - MaCCHB rrepeMeHHOil: ,!l;JIHllhl: 

{ 

Float_t f [10]; 

Int_t NP; 

Float_t T[NP]; 

tree->Branch("br1",f,"f[10]/F"); 

tree->Branch("br2",&NP,"NP/I"); 

tree->Branch("br2",E,"E[NP]/F"); 
} 

O6paTHTe Bl!HMaHHe na BTOpoil: rrapaMeTp MeTO,!l;a Branch B CJiyqae JllICTa c MaccH

BOM. IIocKOJihKY B C++ rrepeMennasi MaccHBa CO,!l;ep)KHT a,I1;pec rrepBoro 3JieMettTa, 
orrpe,!l;eJIHTb &f n &E He Tpe6yeTCH. 

11.2.2. ,L1;06aBJiem1e BeTBeii, co,n;ep:>Kam;Hx o6'beKT 

II pH ,I1;06aBJieHHH BeTBH, CO,!l;ep)Karn.eil: 06'beKT, MeTO,!l; 3aIIIICbIBaeTCH CJie,!l;YIOIIl,lIM o6-
pa30M: 

TBranch(const char* name, const char* classname, void* addobj, Int_t 
bufsize = 32000, Int_t splitlevel = 99) 
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B 3TOM CJiyqae ROOT ,!l;OJI)KeH 3HaTb orrpe,!l;eJieHHe KJiacca o6'heKTa, a CJie,I1;0BaTeJih

HO, ,!l;OJI)KHa 6hITb 3arpy)KeHa 6tt6JIHOTeKa, CO,!l;epmarn.a.11 orrpe,!l;eJieHHe HY)KHOro KJiaC

ca. ,ILJI.11 Toro, qTo6br o6'beKT 6hrJI B ,I1;epeBe co CBOHM orrpe,I1;eJieHirnM KJiacca, B 3aro

JIOBOqHhifi n IICIIOJIH.HeMb!il: cpail:Jibl KJiacca He06XO,!l;lIMO BKJIIOqIITb MaKpOKOMaH,!l;bl 

ClassDef lI Classimp. 06 3THX MaKpOKOMaH,I1;aX 6oJiee IIO,!l;p06Ho 6y,!l;eT paccKa3aHO 

B pa3,!l;eJie ",ILo6aBJieHne KJiacca". 

,ILorrycTIIM, Mb! XOTIIM C03,!l;aTh BeTKy, CO,I1;ep)Karn.y10 o6'beKT Event C03,!l;aHHO

ro HaMII KJiacca Event. CHaqana ,!l;OJI)KHa 6bITh C03,!l;aHa II 3arpy)KeHa 6II6JIHOTeKa 

libEvent. so. ,ILanee, KaK II paHbIIIe, OTKpOeM cpail:JI II C03,!l;a,!l;HM ,I1;epeBo: 

root [] TFile *f = new TFile ("AFile. root", "recreate") 

root [] TTree *tree = new TTree ("T", "A Root Tree") 

,ILanee C03,!l;a,!l;IIM yKa3aTeJih Ha o6'heKT Event, KOTOpb!il: 6y,I1;eT IICIIOJib30BaTbC.H KaK 

CCbIJIKa Ha Tree : : Branch () MeTO,!l;. 3aTeM C03,!l;aeM BeTBb: 

root [] Event *event= new Event() 

root [] tree->Branch("EventBranch","Event",&event,32000,99) 

IIepBb!il: rrapaMeTp MeTO,!l;a - HMH BeTKH, BTOpoil: - IIMH KJiacca o6'beKTa, KOTOpblfi 

6y,I1;eT coxpaHeH. TpeTHfi rrapaMeTp - a,I1;pec yKa3aTeJI.H Ha coxpaH.HeMbiit o6'beKT, 

qeTBepTblil: - pa3Mep 6ycpepa, rro yMoJiqaHIIIO 3TO 32000 6aitTOB. Il.HTh!it rrapaMeTp -

ypOBeHb pa36IIeHHH. 

11.2.3. YpoBeHb pa36Hemrn 

IlpH ycTaHOBKe YPOBH.H pa36HeHH.H B HOJib u;eJiblil: 06'beKT 3aIIHChJBaeTCH IIOJIHOCTblO 

Ha 0,!l;HY BeTKy, TO eCTb pa36HeHHe 0TKJIIOqeHO. IlpH ycTaHOBKe yp0BH.H pa36HeHHH 

OT 1 ,!l;0 99 qIICJI0 YKa3hIBaeT Ha rny6IIHY pa36IIeHH.H. Kor,!l;a ypOBeHb pa36IIeHirn 

- 1, qJieHbI-,!l;aHHbie 06'beKTa rrpHIIHCb!BaIOTCH BeTKe. Kor,I1;a ypoBeHb pa36Hemrn -

2, qJieHbI-,!l;aHHble ofrheKTa TaK)Ke 6y,!l;YT pa36IITbJ. Kor,!l;a ypoBeHb pa36IIeHHH - 3, 

06'beKTbl qJieHOB-,!l;aHHb!X o6'beKTa 6y,!l;YT pa36HTb[. 3HaqeHHe rro yMoJiqaHHIO ,!l;JIH 

ypoBH.H pa36HeHH.H - 99, 3T0 03HaqaeT, qTO o6'heKT 6y,I1;eT pa36HT rro MaKCHMYMY, 

Pacrn.errJieHHe BeTKII MO)KeT 6bICTp0 creHepIIpOBaTb Mnoro BeTBeil:. Ka)K,!l;a.H BeT

Ka HMeeT CB0H co6cTBeHHblit 6ycpep B rraM.HTII, II03T0My rrpH HaJIIIqlIH MHOrHX BeTBefi 

(>50) He06XO,!l;IIMO CK0ppeKTHpOBaTb pa3Mep 6ycpepa TaK, qT06bI He rrp0II30IIIJI0 rrpe

BbIIIIeHIIe rraM.HTII. 

Pa36IIeHIIe BeTKII YCK0pHeT qTeHHe, II0T0MY qTQ rrepeMeHHbie 0,!l;H0ro rr T0ro )Ke 

TIIIIa coxpaHeHbl II0CJie,!l;0BaTeJibH0 H TIIII He ,!l;QJI)KeH qIITaTbC.H Ka)K,!l;blll pa3. Ho 

pa36IIeHIIe BeTKII CJierKa 3aMe,!l;JI.HeT 3aIIHCb H3-3a 6oJibIIIOro K0JIIIqeCTBa 6ycpepOB. 

I1cX0,!1;.H II3 3T0r0 6bIJIII Bb1pa60TaHbl rrpaBHJia pacrn.errJieHII.H BeT0K, rrpII K0T0pb!X 

,!l;OCTIIraeTCH HaII60JibIIIa.H 3cpcpeKTIIBHOCTb pa60TbJ. PeK0MeH,I1;YeM BaM rrpII,!l;ep)KII

BaTbC.H 3TIIX rrpaBIIJI. 

1. qJieHbI-,!l;aHHbJe 0CH0BH0ro THIIa He pa36HBaIOTCH, CTaH0B.HCb e,!l;IIH0H BeTK0il:. 

2. qJieHhl-,!l;aHHble - MaCCIIBbl OCHOBHblX TIIII0B He pa36IIBaIOTC.H. 
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3. YKa3aTeJIII Ha qJieHbI-,n;aHHble He pa36IIBaIOTCSI 3a IICKJiioqeHileM yKa3aTeJieii 
Ha ClonesArray. 

4. 1-fJieHbr-,n;aHHbie - ofrbeKTbl pa36JrnaIOTCSI Ha BeTBH corJiaCH0 K0Jill'IeCTBY qJieHOB
,n;aHHb!X ofrheKTa. 

5. ECJIH qJieHbr-,n;aHHbie - yKa3aTeJIII Ha o6'beKT, TO C03,n;aeTCSI crreu:HaJibHaSI BeTKa, 

6. OcHOBHbJe KJiaCCbl pa36IIBaIOTCH, eCJIII o6'beKT pa36I1BaeTCSI. 

O6'beKT, KOTOpb!li He pa36IIBaeTCSI, Tpe6ye'r MHOro BpeMeHII IIPII rrpOCMOTpe. 

11.2.4. M,z:i;eHTHqHbie HMeHa BeTOK 

Kor,n;a o6'beKT BepxHero ypoBHH HMeeT ,n;Ba qJieHa ,n;aHHhrx o,n;Horo H Toro )Ke KJiacca, 

6brnaeT, qTo IIO,IJ:BeTBII 3aKaHqHBaIOTCSI H,IJ:eHTilqHb!MH Ha3BaHIISIMH. 1-fT06bI pa3JIH

qHTb IIO,IJ:BeTBII, CJie,n;yeT ,n;aTb lIM BMeCTO rrpOCTb!X Ha3BaHHii, HarrpHMep sub, CJIO)K

Hble co BKJIIOqeHHeM B Ha3BaHHe HMeHH rJiaBHOii BeTKH, HarrpIIMep master. sub. cho 

,IJ:OCTHraeTCSI rryTeM ,n;o6aBJieHHSI TOqKH B KOHIJ:e ~MeHH rnaBHOii BeTKII B MeTO,IJ:e 
Branch(). 

HarrpHMep, rrycTb ,n;epeBo IIMeeT ,n;Be BeTKII Trigger MuonTrigger, II Ka)K,n;aH Il3 
BeToK IIMeeT JIIICTbH Tl, T2 II T3. Tor,n;a KOMaH,IJ:hI 

tree->Branch ("Trigger.", "Trigger", &bl, 8000, 1) 

tree->Branch("MuonTrigger.","Trigger",&b2,8000,1) 

creHepI1pyIOT o6'beKThI Trigger. Tl, Trigger. T2, Trigger. T3, Muon Trigger. 
Tl, MuonTrigger.T2, MuonTrigger.T3. 

11.2.5. ,II;o6aBJieHHe BeTKH c rrarrKoii 

tree->Branch (''I aFolder") 

3TOT MeTO,IJ: C03,IJ:aeT O,IJ:Hy BeTKY ,IJ:JISI Ka)K,n;Oro 3JieMeHTa B rrarrKe. 

11.3. HeKOTOpbie IIOJie3Hbie MeTO,[l;bl KJiacca TTree 

MeTO,n; Show(Int_t ·entry) rroKa3brnaeT o,n;Ho co6bITI1e ,n;epeBa c HOMepoM entry. 

MeTo,n; Print() IIOKa3bIBaeT CTPYKTypy ,n;epeBa, TO eCTb qIICJIO co6bITilii, KOJrnqe

CTBO II IIMeHa BeTBetl: II JIIICTbeB, pa3Mep ,n;epeBa II ypoBeHb C)KaTIISI ,n;aHHbIX: Me

T0,IJ: Scan(const char* name_select) IIOKa3hrnaeT Bee 3HaqeHIIH crrilcKa Iih16paH

HhIX JIIICTbeB, IIMeHa JIIICTbeB OT,IJ:eJieHbl ,n;pyr OT ,n;pyra ,ll,BOeTOqileM .. 

11.4. Cpe,n;cTBO rrpocMOTpa ,n;epeBa - TreeViewer 

Cyiu:ecTByeT rrpOCTOii II 3<pcpeKTIIBHblll crroco6 IICCJie,ll,OBaTb ,n;epeBO - Bb!3BaTb 

TTreeViewer - cpe,n;cTBo npocMoTpa ,n;epeBa. ,IJ:JIH 3Toro Heo6xo,n;I1Mo OTKpbITh ROOT 

cpaiiJI, co,n;ep)I<aIIJ:Ilii o6'beKT TTree, II 3arrycTHTh rrporpaMMy rrpocMoTpa o6'beKTOB, 

3aTeM H3 KOHTeKCTHOro MeHIO TTree Bbr6paTb MeTO,IJ: StartViewer. MO)KHO TaK)Ke 
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Bbl3BaTb cpe,ll,CTB0 rrpOCMOTpa ,n;epeBa C KOMaH,ll,H0i!. CTp0KII. 

root [] TFile f ("name. root") 

root [) tree->StartViewer() 

Cpe,ll,CTBO rrp0CM0Tpa ,II;JISI ,n;epeBa co CIIIICK0M rrp0CTbIX nepeMeHHb!X I10Ka3aH0 Ha 

pI1c. 9. 

\llPY 
\llpz 

·empty- \ll event 

Scan box. 

E()·empty• 

E<>·empty• 

.
1

Eo-empty

EO-emply· 

E<>-empty-

P11c. 9: Cpe,n;cTBo rrpocM0Tpa ,n;epena 

Jlena.H naHeJib co,n;ep)KIIT CIIIIC0K ,n;epenbeB II IIX BeTBei!.. B ,ll,RHH0M npIIMepe IIMeeT

C.H T0JibK0 O,ll,H0 ,n;epeno. MO)KHO ,n;o6aBIITb ,n;pyrne ,n;epeBbH, Bb16paB B CTp0Ke M8Hl0 

Tree Viewer rryHKT File II 113 Bbma,n;aIOiu:ero MeHIO Bhl6paTb nyHKT Open tree file. 

B 0TKpb!BllleMCSI ,ll,IlaJI0r0B0M 0KHe BbI6paTh IIMSI Heo6xO,ll,IIMOrO cpai!.Jia II 0TKpbITb 

ero. 3aTeM aKTIIBI13llpOBaTb KOHT8KCTHOe MeHIO TreeViewer iu:enqKQM npanoi!. KHOil

K0ii MhillIII no ero npanoii naHeJIH II BbI6paTb MeT0,n; SetTreeName. (Heo6xo,n;HMaSI 

I10,ll,CKa3Ka, KCTaTII, IIO.HBJISleTCSI B KOMRH,ll;HOi!. CTpOKe.) OCTaeTCSI TOJibKO BBeCTII B 

OTKpbIBllleecSI ,ll;llaJI0ronoe 0KH0 llM.H ,n;epena, II T0r,n;a OHO Il0SIBIITC.H Ha JieBoi!. rraHe

JIII. 

TipaBaSI naHeJib TreeViewer co,u,ep)KIIT CTIIIC0K JlllCTbeB IIJIIl nepeMeHHbIX ,u,epena. 

l-ho6bi nonyqnTb rHCT0rpaMMY JillCTa, CJie,u,yeT ,ll;BR)K,ll;bl IIJ,eJIKHYTb nenoi!. KH0TIKOfi 
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Mb!IIIII no 3TOMY JIIICTy. 1.fro6bI Bb!BeCTII ,ll,Byx- IIJIII TpexMepHyIO rIICTOrpaMMy, nepe~ 

Taiu;IITe JII06oii: JIIICT K X: , Y: II Z: KOOp,l],IIHaTaM II Ha:lKMIITe KH_OnKy Draw B Hll:lKHeii: 

CTpOKe TreeViewer, OKpaIIIeHHYIO qrnoJieTOBb!M IJ;BeTOM. . .. - . 

"BJIOK Bb!pe3KII", OTMe'!eHHb!ii: 3Ha'IKOM C HO:lKHIIIJ;aMII, 'CJiy)KIIT ,ll,Jl51 ,ll,06aBJieHil51 

KaKOrO-JIII6o yCJI0BII51 Ha rIICTOrpaMMy. Bb16epIITe nyHKT Edi tExpress ion II3 KOH~ 

TeKCTHOro MeHIO 6JIOKa Bb!pe3KII, B OTKpb!BIIIeecR ,ll,IIaJIOrOB0e OKH0 BBe)],IITe yCJIOBIIe 

Bb!pe3KII II npIICBOii:Te eMy Ha3BaHue IIJ!Il H0Mep. 

MmKHQ (;03,ll,aTb .H0BOe,Bb!pa:lKeHIIe _II3 nepeM.eHH,b!X JIIICTbeB. ,LI:JI51 3TOro rn;eJIKHII

T_e ,ll,B~)Kii,1 JI;Bbii: 'KH~n~Oii: Mhtirm ho .riio6ofi II3 E () paMi:ii<;" B OTKphi°iiuieern ,ll,HaJior6-

BOe OKHO BB,e)],IITe Bb!pa:lKeHIIe II_ npIICB0ii:Te eMy Ha3BaHIIe IIJIII H0Mep. '.:ho ,ll,iiaJioro:. 

Boe OKHO OTKpbmaeTCR TaK:lKe npII ~b16ope nyHKTa EditExpression II3 KOHTeKCTHoro 

MeHIO EO paMKil. Co3)],aBaeMb1e Bb1pa:lKeHIIR ~Q:lKHO noMern;aTb B JII06y10 II~ paM0K 
X:, Y:, Z:, Catum1Scan. . ... , .. 

Mo:lKHO IlpOCMaTpIIBaTb 0,ll,HY IIJIII 60JihIIIee :KOJ!Il'IeciBo nepeMeHHbIX, nepeMe~ 

(:TIIB IlX B 6JIOK Scan II ,ll,Ba:lK,ll,bl rn;eJIKHYB JieBOii: KHOnK0ii: Mb!IIIII no 3TOMY 6JioKj; 

ECJIII B CJie,!I,YIOiu;eii: 3a OCH0BHb!M MeHIO CTp0Ke OTMe'IeH "6JIOK Rec, TO K0MaH)],bl Dr.aw 

II Scan perncTpIIpyIOTC51 B cpaii:Jie xp0HOJI0rllII II OTpa:lKaIOTC51 B KOMaH)],HOii: CTpbKe: 

TeKCTOBOe noJie "Histogram" C0,!1,ep:lKIIT IlM51 nOCTpOeH:Hoii: rIICTOrpaMMbI, no: 

YMOJI'IaHIIIO htemp. 

IIyHKT "Option" ocHOBHOro MeHIO C0,!1,ep:lKIIT cnucoK Draw napaMeTpOB )],JIR rII" 

CTOrpaMM. IIpII Bbl30Be 3Tll napaMeTpbl 0Tpa:lKaIOTC51 B,:TeKCTOBOM noJie "Option;' 

~TpOKII, CJie,!I,YIOiu;eii: 3a CTpOKOii: OCHOBHOro MeHIO. Mo:lKHO TaK:lKe BBO,ll,IITb IIX B: 3T0 

TeKCTOBOe noJie Henocpe,!I,CTBeHHO. 

. TeKCTOBoe noJie "Commands" no3BOJIReT BBO,ll,IITh JII06y10 KOMaH,!I,Y, KOTopy10 MO,~ 

)KHO Bi3ecTII B 'koMaH,!1,HYIO cTpoKy ROOT .. 

.. ,,KHonKa "RESET" c6pacbmaeT co,!1,ep:lKaHIIe X: , Y: , Z: , E () paMoK, 6JioKa "Scan" 
Il

0 

6JioKa Bb!pe3Kll. ' .· . ' ., .. 

11.5. Co3,r:t;aHHe, 3arroJIHeHHe H 3arrHCh ,n;epeaa 

IIpuBe,ll,eM npIIMep noCJie,ll,OBaTeJibHOCTII ,ll,eii:CTBilll npII C03,ll,aHilII ,!I,epeBa C npOCTb!MII 

nepeMeHHb!MII: 
.. ~ 

root [OJ TFile f (".tree. root"; "recreate") 

roqt [1] TTree. t("t", "simple tree") 

root [2] Float_t px,py ,pz 

root [3] Int_t event 

root [4] t .Branch("px" ,&px, "px/F") 

root [5] t.Branch("py",&py,"py/F") 

root [6] t.Branch("pz" ,&pz; "pz/F") 

root [7] t. Branch("event" ,&event, "event/I") 

root [8] { for (Int_t i=0; i<1000; i ++ ){ gRandom..,>Rannor(px,P,y);;_,;, 

pz=px*px+py*py; 
event=i; 
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t.FillO; 
} 

} 

root[9] t.Write() 

KoMMeHTapIIII ,ll,JIH 3-roro npI1Mepa CJie,!I,J10rn;I1e: 

1. Co3,ll,aHile ROOT cpaii:Jia [OJ. 
2. Co3,ll,aHIIe ,!I,epeBa [lJ. 
3. OfrbRBJieHile nepeMeHHb!X BeT0K (JIIICTbeB) [2-3J. 
4. OpraHI13au;uR ,ll,epeBa B BeTBII. ITpIICBoeHIIe BeTKaM IIMeH, yKa3aHile a,!1,peca, no 

KOTOpOMY Ka:lK,ll,aR BeTKa noJiyqaeT CBOII 3Ha'!eHil51, o6'h51BJIIJHile IIMeH II TilnOB 

JIIICTbeB [ 4-7J. 
5. ITpIICBOeHile nepeMeHHb!M BeTOK IIX 3Ha'!eHilii: [8J. 
6. 3anoJIHeHIIe ,ll,epeBa (MeTO,ll, TTree: : Fill O ). IIocKOJihKY ,ll,epeBo y:lKe opraHII-

30BaHo B BeTBII II Ka:lK,ll,aR BeTKa 3HaeT, r)],e nOJIY'IIITb 3Ha'!eHIIe, Bb!30B Fill() 

3anOJIH51~T ~ce BeTBll B ,!I,epeBe [8J. . 
7. 3anIICh ,ll,epeBa B cpaii:JI [9]. 

IIoCJie Bb!IlOJIHeHII51 3TIIX KOMaH,ll, Mb! 6y,ll,eM IIMeTb ROOT cpaii:JI, Ha3bmaeMblll 

tree. root, c ,ll,epeBOM, Ha3hmaeMbIM t. 

11.6. qTeHHe ,n;epeaa 

PaccMOTpIIM nop51,!I,OK ,ll,eii:CTBIIH npII '!TeHIIII ,!1,epeBa, TO eCTb KaK o6paTIITbC51 K Ka:lK

,ll,OMY BXO,!I,Y II Ka:lK,ll,OMY JlllCTY ,ll,epeBa. 

root [OJ TFile *f=new TFile("tree.root") 

root [1] TTree *t=(TTree*)f->Get("t") 

root [2] Float_t px,py,pz 

root [3] Int_t event 
root [4] t->SetBranchAddress("px",&px) 

root [5] t->SetBranchAddress("py",&py) 

root [6] t->SetBranchAddress("pz",&pz) 

root [7] t->SetBranchAddress("event",&event) 
root [8] TH2F *hpxpz=new TH2F("hpxpz","title",30,-3,3,20,0,10) 

root [9] Int_t nentries=(Int_t)t->GetEntries() 

root [10] { 
for (Int_t i=0;i<nentries;i++){ 

t->GetEntry(i); 

hpxpz->Fill(px,pz); 

} 

} 

Mb1 npo,!1,eJiaJIIl CJie,!I,YIOiu;Ile ,ll,eii:CTBIIH: 
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1. OTKpb!THe cpaiiJia n OTbICKaHne n HeM ,n;epeB;, [O-lj. 
2. OfrMIBJieHHe nepeMeHHbIX, qbll 3HaqeHml Heo6xo,n;HMO npoqnTaTb [2-3j. 

3. YKa3aHHe a,n;peca, no KOTOpOMY ,11.0Jl)KHO npOX0,11.HTb 3ailOJIHeHne nepeMeHHblX 

3HaqeHHHMH JIHCTheB npn qTeHHH ,n;epena. ,IJ:JIH 3TOro HCilOJlb3YeTCH MeT0,11. 

TTree: :SetBranchAddress(const char* bname, void* add) [4-7]. IIepBhiii 

napaMeTp - Ha3BaHne BeTKH, BTOpoii napaMeTp - a,n;pec nepeMeHHoii, Ky,n;a ,n;aH-
Hhie BeTKH ,11.0JI)KHbl 6b!Tb IlOMe~eHbl. . 

4. Co3,n;aHHe rHCTOrpaMM, B KOTOpbie 6y,n;yT IlOMe~aTbCH cqHTbIBaeMbie ,n;aHHhie 
[SJ. 

5. CqHThIBaHHe KOJIHqecTBa BX0,11.0B, co,n;ep)K~HXCH B ,n;epene (Heo6H3aTeJibHOe 
,n;eiicTBne) [9J. 

6. CqHThIBaHHe nepeMeHHb!X C onpe,n;eJieHHoro Bxo,n;a H 3ailOJIHeHHe ,n;aHHOrO a,n;

peca MeTo,n;oM TTree: : GetEntry (n), n - HOMep nxo,n;a [10]. 
7. 3anoJIHeHne rncTOrpaMM MeT0,11.0M Fill() [lOJ. 

qTeHne OT,D,eJibHbIX BeTBeii 60Jiee 6bICTpoe, qeM qTeHHe IlOJIHOro BXO,D,a. ECJIH 

Heo6xo,n;HMO cqnTaTb ,n;aHHhie TOJibKO C 0,11.HOii BeTKH, MO)KHO HCIIOJlb30BaTb MeTO,.!J, 

TBranch: : GetEntry (n). B 3TOM CJiyqae CHaqana Haxo,n;nM 3TY neTKY, ycTaHaBJIHBa
eM ee a,n;pec n cqnTbIBaeM ee ,n;aHHJ,Ie. HanpnMep: 

root [] TBranch *x=t->GetBranch("px") 
root [] x->SetAddress(&px) 

root [] x->GetEntry(i) 

IIpnMepbi 3a1rncn, 3anOJIHeHHH H qTeHHH pa3JIHqHbIX ,n;epeBbeB MO)KHO HaiiTH B 

cKpHnTax tree 1. C, tree2. C, tree3. C, tree4. C B KaTaJiore tutorials. 

11. 7. ,IJ;o6aBJieHIIe BeTKll K y)Ke cym;eCTBYIOID;eMy ,n;epeBy 

Mo)KeT IlOHBHTbCH Heo6xo,n;HMOCTb ,n;o6aBHTb BeTKY K cy~eCTBYIO~eMy ,n;epeny. Ha

npnMep, eCJIH 0,11.Ha rrepeMeHHaH 6bIJia BbJqHCJieHa· no O,.!J,HOMY aJirOpHTMY, a Bbl 

XOTHTe rrorrpo6oBaTb ,n;pyroii aJirOpHTM H cpaBHHTb pe3yJihTaTbl. '.:ho MO)KHO c;~e

JiaTb -,n;ByMH crroco6aMH. IIpHMep HH)Ke lIOKEt3bIBaeT, KaK ,n;o6aBHTb HOBYIO B()TKY, 
3alIOJIHHTb ee H 3aHOBO coxpaHHTb ,n;epeno. 

root [OJ TFile f ("tree. root", "update") __ 
root [1] Float_t nb 
root [2] TTree *t=(TTree*)f->Get("t") 
root [3] TBranch *newBr=t->Branch("nb" ,&nb, "nb/F") 
root [4] Int_t nentries=(Int_t)t->GetEntries() 
root [5] { 
for(Int_t i=O;i<nentries;i++){ 
nb=gRandom->Gaus(0,1); 
newBr->Fill (); 
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} 

} 

root [6] t->Write(,TDbject::k□verwrite) 

O6paTnTe BHHMaH~e Ha onunIO -k□verwri te _B MeTo,n;e Write, oHa 3annchrnaeT HOB_oe 

,n;epeno nonepx cy~ecTByIO~ero. ECJin 3Ta onunH He 3a,n;aHa, TO B cpaiiJie coxpaHH

IOTCH )],Be KOilHH ,n;epena. 

,IJ:o6aBJieHHe HOBOfi BeTK~ qacTO HeB03MO)KH0. ,IJ:epeno MO)KeT Hax0,11.HTbCH B cpaii

Jie, OTKpbITOM TOJibKO ,.!J,JIH qTeHHH, H TOr,n;a HeB03M0)KHO coxpaHHTb H3MeHeHHOe ,n;e

peBO c HOBOH BeTKOii. K TOMY )Ke cpaiiJibl c ,n;epeBhHMH HMeIOT o6bJqHO 6oJibllIOii 

pa3Mep, npH ,n;o6aBJieHHe BeTKH OH MO)KeT rrpeBblCHTb ,n;orryCTHMhie 2 rB. 11 Tor,n;a, 

,n;a)Ke eCJin TIOJib3pBaTeJib o6Jia,n;aeT rroJIHhIMH npanaMn ,n;ocTyrra, rrpn Hey,n;aqHoii no

IThITKe COXpaHeHirn M0,11.Hq>HKaUHH MO)KHO TIOTepHT~ rrepBOHaqaJibHOe ,n;epeBO. B JII0-

60~' CJiyqae ,n;o6anJieHne BeTKH K )l.epeBy yneJinqnnaeT ,n;epeno n, CJie,n;onaTeJihHO, 

yBeJinqnaaeTC.H, 06'beM i:IaMHTH, HeOfiX0,11.HMblll ,11.JIH. CqHTb!BaHHH BXO,n;a, H lI03TOMy 

yMe~blll~eTCH 3¢cpeKTH~~OCTb. IIo 3THM npnqnHa~ B ROOT pa3pa6oTaHa KOHI~en

UHH ",n;py3eii" ,11.JIH ,n;epesheB H MeTO,.!J, Ttree_: : AddFriend (). 
. . ,: , ' . ',," 1 ,: 

11.8. ,IJ;py)KeCTBeHHbie ,n;epeBMI 

B KOHTeKcTe ROOT ,n;py)K6a o3Haqaef' HeorpaHnqeHHhiii ,n;ocTyn K ,n;aHHhIM ,n.py3eii. 

Kom~elIUIIH ,n;py)KeCTBeHilriro )I.epeaa lI03B0JIHeT ,n;o6anjrnTb BeTKH K ,n;epeay 6e3 pnc

Ka rroape)K,n;eHHH ero C lIOMO~blO MeTo,n;a 

TTree: :AddFriend(const char* treename, const char* filename). 
M•• \ • ' 

IIepBhiii rrapaMeTp - HMH ,n;epeaa, BTopoii - HMH ROOT cpaiiJia, B KoTopoM coxpaHHT

rn ,n;py)KeCTBeHHOe ,n;epeao. AddFriend() aBTOMaTnqeCKH OTKpbIBaeT ,n;py)KeCTBeH

Hblll cpaiiJI. ECJin HHKaKOe HMH cpaiiJia He· 3a,n;aHo, TO HOBOe ,n;epeao coxpaHHeTCH
0 

i3 

TOM )Ke cpaiiJie, qTO H rrepBOHaqaJibHOe. ECJIH ',n;py)KeCTBeHHOe ,n;epeBO HMeeT 0,11.HO H 

TO )Ke _HMH C rrepBOHaqaJibHbIM, TO MO)KHO ,n;aBaTh eMy nceB,LI;OHHM ( aJIHac) B KOHTeK~ 

CTe ,n;py)KfihI. 

tree. AddFriend ("tree !=tree", "friendfile 1. root'-') 

KaK TOJibKO ,D;epeao' npno6peJIO ,n.py3eii, MO)KHO HClIOJlb30BaTb TTree: : Draw() TaK, 

KaK_ 6y,n;TO n~peMeHHbie ,n.pyra HMeIOTCH B rrepBOHaqaJibHOM ,n;epeae. qT06bI onpe,n;e

JIHTb, KaKoe ,n;epeno ncrroJib30BaTh B Draw() MeTo,n;e, ,11.JIH nepnoro napaMeTpa 3Toro 

MeTo,n;_a rrpHMeHHeTCH. CHHTaKcnc: 

<treeName>.<branchName>.<variableName> 

ECJIH <variableName> ,11.0CTaToqHo, qT06bI YHHKaJibHO n,n;eHTHq>HI~HpOi3aTb nepeMeH

HYIO, MO)KHO He yqnTbIBaTb HMeHa ,n;epeaa n/HJIH aeTKH. 

ql!CJIO BX0,11.0B B ,n;py)KeCTBeHHOM ,n;epeae ,11.0Jl)KHO 6b!Tb paBHO HJIH 60Jibllle qnc

Jia nx;q,n;oB nepBOHaqaJib1IOrO ,n;epeaa. E?JH ,n;py)KeCTBeHHOe ,n;epeao HMeeT MeHblllee 

KOJIHqeCTBO BX0,11.0B, ,n;aeTCH rrpe,n;yrrpe)K,n;eHlle H OTCYTCTBYIO~He BX0,11.bl He BKJIIOqa

lOTCH B rHCTOrpaMMy. 
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Kor,n;a ,n;epeBo 3armcaHO B cpail:JI MeTO,ll;OM TTree: : Write(), CIIIICOK ,n;py3eil: CO

xpam,eTCH C HIIM. l1 KOr,n;a ,n;epeBO BOCCTaHaBJIIIBaeTC.H, ,n;epeBbH 113 CIIIICKa ,n;py3eil: 

TaK)Ke BOCCTaHaBJIIIBaIOTCH, 11 BOCCTaHaBJIIIBaeTCH ,n;py:lK6a. Kor,n;a ,n;epeBo y,n;aJIHeT

CH, 3JieMeHTbI ,n;py:lKeCTBeHHoro CIIIICKa y,n;aJIHIOTCH TaK:lKe. qT06br OTbICKaTb CIIIICOK 

,n;py3eii: ,n;epeBa, ncrroJib3JeTcH MeTO,n; TTree: : GetList0fFriends (). · 

Bo3MO:lKHO TaK ofrhHBHTh ,n;py:lKecTBeHHoe ,n;epeBo, 'IT06br OHO nMeJio Ty )ke caMyro 

BHJTpeHHIOIO CTPYKTYPY, 'ITO II rrepBOHa'IaJibHOe ,n;epeBo, II cpaBHHBaTb 0,ll;Hll H Te 

:lKe 3Ha'IeHHH rrepeMeHHhlX. 

11.9 ... ,ll;epeBMI B atta.1rn:3e 

MeTO,ll;hl TTree ~ :Draw() ' TTree: : MakeClass () ' TTree: :Make Selector() rrpn

MeHHIOTCH ,ll;JIH aHaJIH3a ,n;aHHbIX C HCIIOJih30BaHHeM ,n;epeBbeB. TTree: :Draw() MeT0~ 

HBJI.HeTCH rrp0CThIM crroco6oM IIOCM0TpeTh n BbIBeCTH co,n;ep:lKaHHe ,n;epeBheB: OH ,n;aeT 

B03M0)KH0CTh mi.iiy'IHTb rpacpnK rrepeMeHHOfi (Jiiicw) TOJlbKO oiHoil: JIIIHHeil: Ko,n;a. 

O,n;IIaKO 3TOT MeT0,ll; He II0,ll;XO,ll;IIT ,ll;JIH npOCM()Tpa ~a:lK~Oro Bxo.rr.a H npoeKTHl)OBaHHH 

6oJiee CJIO:lKHhIX KpnTepneB ,ll;JIH aHaJIH3a ,rr.aHHhIX . .Il:JIH 3THX CJiyqaeB HCIIOJih3yeT

CH MeTO,ll; TTree: : MakeClass (). OH co3,n;aeT KJiacc, KOTOpbiil: rrpoKpy'IHBaeT BXO,ll;bl 

,n;epeBbeB o,n;nH 3a ,n;pyrnM. MeTo,n; TTree ~: Make Selector() peKoMeH,n;yeTc5t ,n;.rr.11 
aHaJIH3a 60JibIIIOro Ha6opa ,n;aHHbIX B KOH<pnrypau;nn C napaJIJieJibHOil: o6pa60TKOil:, 

r,n;e aH8JIH3 pacrrp.e,n;~eH ITO HeCKOJibKHM rrpon;eccopaM H nOJih30BaTeJib MO:lKeT OIIpe-
,n;eJJHTh, KaKHe· BXO~~i -~0ChIJiaTb Ka:lK,ll;0MY rrpou;eccopy. ' ' . • ... ' . 

11.9.1. Ilpoc-roii aHaJIH3, ncnoJib3YIOUJ;Hii TTree: :Draw 

Pac_CMOTpHM B03MO:lKHO~TH MeTO,n;a 

TTree::Draw(const char* varexp, const char* selection,- 0ption_t* 

option, Int_t nentries = 1000000000, Int_t firstentry = 0) 

IlyCTh MyTree eCTh yKa3aTeJih Ha ncCJie,n;yeMoe ,n;epeBo. KoMaH,n;a c o,n;iiHM rrapa

MeTpOM, HMeHeM JIHCTa, 

MyTree->Draw(''nameLeaf_1'') 

CTpOHT rncTorpaMMY 3Toro JIHCTa. CTHJih rncTOrpaMMhl Ii:aCJie,n;yeTCH OT aTp116JTOB 

TTree, a TeKyru;nil: CTHJih (gStyle) llrHOpnpyeTC.H. ,n:epeB0 IIOJiyqaeT CBOH aTpn6y

ThI H3 IIOTOKa TStyle B TO BpeMH, Kor,n;a OHO C03,ll;aeTCH. Mo:lKHO Bhl3BaTb MeTO,ll; 

TTree: : UseCurrentStyle (), 'IT06br H3MeHHTh TeKyru;nii CTHJih: .Il:JIH IIOCTpoemrn 

,n;ByMepHOll rHCTOrpaMMhl IICIIOJib3JeTCH KOMaH,n;a 

MyTree->Draw("nameLeaf_1:namElLeaf_2") 

Ee CHHTaKCHC IIMeeT BCe eru;e TOJihKO O,ll;IIH rrapaMeTp, HO OH Terrepb HMeeT ,n;Ba H3-

MepeHHH, OT,ll;eJieHHhIX ,ll;BOeTO'IHeM. Ilpn 3anncn 3TOro napaMeTpa MOrYT ncnOJih30-

BaThCH He TOJibKO npOCTble nepeMeHHhie, HO H Bhlpa:lKeHHH, COCTaBJieHHble H3 nameLeaf, 
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Boo6ru;e, rrepBhiil: napaMeTp MeTo,n;a TTree : : Draw () - cTpoKa, co,n;ep:lKaru;aa ,n;o Tpex 

Bb1pa:lKeH11il:, no O,ll;HOMY ,ll;JIH Ka:lK,n;oro ll3MepeHIIH, OT,ll;eJieHHhIX ,ll;BOeTO'IHeM. 

BTopofi rrapaMeTp MeTo,n;a TTree: : Draw O eCTh rrapaMeTp Bhr6opa, B Ka'IeCTBe 

Hero MO:lKHO IICIIOJib30BaTh Bb1pa:lKeH11e, co,n;ep:lKaru;ee Ha3BaHIIH JIHCTbeB II ,n;pyr11x rre

peMeHHbIX, JII06oii c++ orrepaTop, HeKOTOpbre cpyHKD;Hll, orrpe,n;eJieHHbie B .TFormula, 

a TaK:lKe o6'beKT TCut. Harrp11Mep 

root (] MyTree->Draw ("nameLeaf _1: name Leaf _2", "name Leaf _3>0") 

l1JIH 

root (] TCut c1="nameLeaL3>0") 

root (] MyTree->Draw("nameLeaf _1: nameLeaf_2", cl) 
root (] MyTree->Draw("nameLeaf_1 :nameLeaf_2" ,cl 11 "nameLeaf_4<0") 

MeTo,n; TTree: : Draw() c03,n;aeT rncTorpaMMY, Ha3bIBaeMyro no yMoJiqaHIIIO htemp, 

ll IIOMeru;aeT ee B TeKyru;nil: KaTaJIOr H aKTHBHbiil: TPad, eCJIH OTKphlT rpacp11qecKHll 

pe:lKHM. KoMaH,n;a 

root (] MyTree->Draw("nameLeaf_1>h1") 

C03,n;aeT rllCTOrpaMMY C IIMeHeM hi II 3aIIOJIHHeT ee rrepeMeHHOH nameLeaf_1. Ee

JIil Heo6xO,ll;HM orrpe,n;eJieHHblll ,n;narra30H rncTorpaMMllpOBaHHH II pa3Mep 611Ha, TO 

MO:lKHO 3apaHee C03,n;aTh rncTorpaMMY C HJ:lKHhIMH rrapaMeTpaMH KOHCTPYKTOpOM 

o6'beKTOB TH. Tor,n;a MeTO,ll; Tree: : Draw() TOJibKO 3anoJIHIIT ee HJ:lKHOil: rrepeMeH-

HOil:. 
CJie,n;yroru;nil: rrapaMeTp - onu;na pHCOBaHHH ,ll;JIH rncTorpaMM. B ,n;onOJIHeHne K 

onn;nHM, y:lKe paCCMOTpeHHhIM B pa3,n;eJie 5.7, IIMeIOTCH eru;e Tpn. "prof" n "profs" 

(pa3HIID;a Me:lK,n;y HIIMH B crroco6e npe,n;CTaBJieHHH orrm6oK) BhlBO,ll;HT npoq:>HJibHJIO 

rllCTorpaMMY OT Bbipa:lKeHHH C ,ll;BJMH nepeMeHHhIMH H r11cTorpaMMY KJiacca 

TProfile2D OT Bbipa:lKeHHH c TpeMH rrepeMeHHbIMII. Onn;IIH "goff" no,n;aBJIHeT rrpo-

H3B0,ll;CTBO rpa<pHKII. 
qeTBepTblli rrap_aMeTp TTree: : Draw() - qnCJI0 paCCMaTpllBaeMblX BXO,ll;OB, II IIH-

Tbiil: - H0Mep BXO,n;a, C KOT0poro Haq11HaeTCH BblB0,ll;. 

11.9.2. CnHCOK co6hITHH 

Kor,n;a nepBoMy rrapaMeTpy MeTo,n;a TTree: :Draw() rrpe,n;IIIeCTByeT orrepaTop ">>", 
ROOT 3HaeT, qTo 3Ta KOMaH,n;a rrpe,n;Ha3HaqeHa He ,ll;JIH pncoBaH11H, a ,ll;JIH co3,n;aHnH 

CIIHCKa co6b!Tllll c Ha3BaHHeM, ,n;aHHhlM rrepBhlM rrapaMeTpOM. 9TO TaK Ha3bIBaeMblH 

o6'heKT TEventList, B KOTOp0M coxpaHHIOTCH BXO,ll;hl, y,n;oBJieTBOpHIOID;He YCJIOBHIO 

Bbr6opa, 3a,n;aHHOMY BO BTOpOM rrapaMeTpe MeTO,n;a TTree: : Draw(). TEventList HC

IIOJib3JeTCH, qT06hI orpaHH'IHTh ,n;epeB0 co6bITHHMH B CIIHCKe. IloCJie C03,ll;aHHH OH ,n;o-
6aBJIHeTCH B TeKyru;Hil: KaTaJior. MeTo,n; TTree: : SetEventList (TEventList* list) 

coo6ru;aeT ,n;epeBy, qTO rrpH ,ll;MbHeiiIIIHX BhI30Bax JII06hlx MeTO,ll;OB ,ll;JIH 3TOrO ,n;epeBa 

Heo6xo,n;HMO HCIIOJib30BaTh TOJihK0 BX0,ll;bl, co,n;ep:lKaru;HeCH B CIIHCKe co6bITHil: C yKa-

3aTeJieM list. IlpHBe,n;eM rrpHMep Ko,n;a, co3,n;aroru;Hil: ,ll;JIH ,n;epeBa t CIIIICOK co6bITHil:, 
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OTBeqaJOIIl,Hll YCJIOBH!O, HaJIO)KeHHOMY Ha ITepeMeHHY!O X. 

root [] t->Draw(">myList", "x>100") 

root [] TEventList *list= (TEventList*)gDirectory->Get("myList") 
root [] t->SetEventList(list) 

root [] t-> 

11.10. IJ;enoqkn: 

Kor,11,a ITPHX0,11,HTCH HMeTb ,11,eJIO C oqeHb 60JibIIIHM o6'beMOM HHCpOpMaIIHH, y,11,06HO 

HCITOJih30BaTh o6'beKT KJiacca TChain. KoHCTPYKTOp 

TChain(const char* name, const char* title) 

I..l;eIToqKa - 3TO HeCKOJihKO ROOT cpail:JIOB c 0,11,HHM H TeM )Ke ,11,epeBOM. ROOT cpail:JibI 

o6'be,!],HH.H!OTC.H B IIeITOqKy c ITOMOIIl,b!O MeTO,!],a 

TChain::Add(const char* name, Int_t nentries = -1) 

KJiacc TChain ITOJiyqeH H3 KJiacca TTree, CJie,!],OBaTeJibHO, Bee ero MeT0,11,bl ,11,0CTYITHbl 
,11,JI.H o6'beKTOB TChain. · 

12. ,Il;o6aBJieHIIe KJiacca 

lIHor,11,a B03HHKaeT neo6X0,!1,HMOCTb C03,!],aTb CBOH co6CTBeHHblll KJiacc. 11:JI.H ITpaBHJib

HOll HHTerpau,nn co6cTBennb1x KJiaccoB ITOJih30BaTeJI.H B ROOT n 06ecITeqeHH.H nc

ITOJih30BaHH.H TaKHX y,11,06Hb!X HHCTpyMeHTOB 3TOrO ITaKeTa, KaK H,!],eHTH<pHKaIIH.H TH

ITa BO BpeM.H Bh!IIOJIHeHH.H (RTTI) n ROOT BB0,!1,-Bh!BO,!l, o6'heKTOB, Heo6xo,11,nMo CB.H-

3aTb co6cTBeHHhJe KJiaCChI co CJIOBapeM, crenepnpoBaHHhIM CINT. 9To ,11,eJiaeTC.H c 

ITOMOIIl,h!O MaKpOKOMan,11, ClassDef n Class Imp. B 3aroJioBoqnoM cpail:Jie KJiacca CJie

,11,YeT ,11,06aBHTb CTpOKY 

ClassDef (ClassName,ClassVersionID) //3aroJIOBOK KJiacca 

ClassName-HM.H KJiacca, ClassVersionID-HOMep BepCHH, KOTOpb!ll HCITOJih3yeTC.H CH

CTeMOll BBo,11,a-Bbrno,11,a ROOT. Ka)K,11,biil: pa3, Kor,11,a ITOJib30BaTeJib H3MenaeT qJienh1-

,11,annh1e KJiacca, OH ,11,oJI)KeH yBeJinqnTh ero ClassVersionID Ha e,11,nHnu,y. ECJin neT 

He06X0,!1,HMOCTH B OITepaIIHH BB0,11,a/Bb!BO,!],a ,!l,Jl.H KJiacca, ycTaHOBHTe 

ClassVersionID=0. 

B HCITOJIH.HeMOM cpail:Jie KJiacca CJie,11,YeT ,11,06aBHTb CTpOKY 

Classimp (ClassName) 

ClassDef H Classimp MaKpOKOMaH,11,hI onpe,11,eJieHhI B cpail:Jie Rtypes.h. 8ToT cpail:JI 

yITOM.HHYT BO Bcex ROO_T include cpail:Jiax, H_ ITOJih30BaTe.1b aBTOMaTnqecKH ITOJiy

qae:r 3TH MaKpOKOMan,11,i,1, eCJiq HCITOJih3yeT ROOT include KaTaJior. 

11:JI.H B03MO)KHOCTH HCITOJib30BaHH.H ROOT BBO,!l,a/Bhrno,11,a B co6cTBeHHOM KJiac

ce B HeM He06XO,!l,HMO 06ecITeqnTb 3a,11,aHHblll no YMOJiqaHll!O KOHCTPYKTOP, TO eCTb 
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KOHCTPYKTOp C HyJieBb!MH ITapaMeTpaMH llJill C ITapaMeTpaMn co BCeMH 3HaqeHH.HMll 

ITO yMoJiqaHH!O. 9TOT 3a,11,aHHblll ITO yMoJiqaHH!O KOHCTPYKTOP Bbl3bJBaeTC.H BC.HKHH 

pa3, KOr,!l,a o6'heKT qnTaeTca H3 ROOT 6a3hI ,11,aHHhIX. 

11:aJiee He06X0,!1,llMO C ITOMOIIl,b!O rootcint C03,!],aTb cpail:JI CJIOBap.H: 

root [] .!rootcint NameDict.cxx -c TNameYourClass.h LinkDef.h 

3,!l,eCb NameDict. CXX - HM.H CJIOBapa, KOTOpb!ll 6y,11,eT creHepnpoBaH. 9TO HM.H ,11,0JI)K

HO 6bITh YHHKaJihHhIM.· TNameYourClass. h - HM.H co6cTBeHHoro KJiacca ITOJib30BaTe

JI.H. LinkDef. h - CITeIIHaJlbHblll cpail:JI, cooouiaIOIIl,Hll rootcint, ,!l,JI.H KaKHX KJiaCCOB 
,!],OJI)KeH 6b!Tb C03,!],aH HHTepcpeil:c. 

lfro6b1 IToJiyqnTh cITpaBKY no rootcint, HaneqaTail:Te 

root [] . ! rootcint -? 

CJie,11,YJOIIl,Hil: IIIar - c noMOIIl,h!O KOMnHJI.HTOpa C++ noJiyqnTe o6'beKTHbie cpail:JihI 

BaIIIero KJiacca H ero CJIOBapa. 

.!c++ -c TNameYourClass.cxx NameDict.cxx $(root-config -cflags) 

3aTeM ,11,0JI)KHa 6h!Tb nOCTpOeHa ,11,HHaMHqecKa.H 6n6JIHOTeKa LibName. so , CO,!l,ep)Ka

m,a.H Barn KJiacc n CJIOBaph KJiacca ,!l,JI.H CINT. 

.!c++ -shared -0 TNameYourClass.o NameDict.o -o LibName.so 

11:JI.H KOMITHJI.HIIHH KJiacca MO)KHO HCITOJib30BaTb YTHJIHTY make [5]. B KaTaJiore test 

ITpHBe,!l,eH ITpHMep Makefile, B KOT0p0M KOMITHJIHPY!OTC.H KJiaCChI, OITpe,11,eJieHHbJe B 

3TOM KaTaJIOre. KoMnHJI.HIIH.H B.3TOM CJiyqae ITpOH3BO,!l,HTC.H KOMaH,!l,Oll 

gmake -f Makefile 

HaITpnMep, onpe,11,eJIHM He6oJibIIIOil: KJiacc SClass. IlycTh cpail:JI 3arOJIOBKa 3Toro 

KJiacca SClas s . h HMeeT BH,!l, 

#include <iostream.h> 

#include "TDbject.h" 

class SClass : public T0bject{ 

private: 

Float_t fX; 

Float_t fY; 
Int_t fTemp; 

public: 

SClass() {fX=fY=-1 ;} 

void Print() const; 

void SetX(float x) {fX=x;} 

void SetY(float y) {fY=y;} 

ClassDef (SClass,1) . 

}; 
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l1crroJimieMbIH cpaiiJI KJiacca SClass. cxx CJie,rr,yIOrn;nii: 

#include "SClass.h" 
Classimp (SClass); 
void SClass: :Print() const { 
cout<"fX=<<fX<", "fY=<<fY<endl; 
} 

O6paTHTe BHllMaHlle Ha MaKpOKOMaH,D;bl B. 3THX cpaiiJiaX H Ha KOHCTPYKTOp KJiacca, 

3a,D;aHHb!H !IO yMOJI'IaHHIO, B 3aroJIOBO'IHOM cpafiJie. 

l1 cpaiiJI LinkDef. h B 3TOM CJiyqae 6y,n;eT HMeTb BH,D; 

{' 
#ifdef __ CINT__ 

#pragma link off all globals; 
#pragma link off all classes; 
#pragma link off all functions; 

#pragma link C++ class SClass; 
#endif 
} 

,LJ:anee B KOMaH,D;HOH CTpOKe Ha6epuTe CJie,rr,yIOIII;H.e KOMaH,D;bl: 

root [] . !rootcint SClassDict .cxx -c SClass .h LinkDef .h · 
root [] .!c++ -c SClass.cxx SClassDict.cxx $(root-config -cflags) 
root [] .!c++ -shared -0 SClass.o SClassDict.o -o LibSClass.so 

IToCJie C03,D;aHllH ,D;llHaMH'IeCKOH 6u6JIHOTeKll 3arpy3HT~ ee H, C03,D;aB o6'beKT Barnero 

co6CTBeHHOrO KJiacca, Ha'IHHaiiTe c HllM pa6oTaTb. 

root [] .L libSClass.so 
root [] SClass *SC= new SClass() 
root [] TFile *f = new TFile ("name. root", "update") 
root [] sc->Write() 

13. <l>II3lfCieCKIIe BeKTOphl 

13.1. KJJaCCbl cpH3lPieCKHX BeKTOpOB 

,LJ:m1 rrpOBe,n;eHHH pac'IeTOB B o6JiaCTH <pH3HKH Bb!COKHX 3Heprufi B ROOT cym;e

CTByeT HeCKOJibKO cnen.HaJibHblX KJiaCCOB, npe,n;Ha3Ha'IeHHbiX ,D;JIH onncaHHR <pH3H

qeCKHX BeKTOpOB B Tpex H qeTb!pex H3MepeHHRX ll aJirOpHTMOB HX npeo6pa30Ba

HHfi. 8TH KJiaccbl 6hIJIH nepeHeceHbI B ROOT H3 CLHEP. OHu He 3arpy)KaJOTCH no 

YMOJI'IaHHIO, H 'IT06bl noJiy'IHTb K HHM ,D;OCTyn, Heo6xo,n;HMO 3arpy3l1Tb 6u6JIH0TeKy 

libPh}'.sics. so. Mb! paCCMOTpHM CJie,rr,yIOm;He KJiaCCbI: 
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• TVector3 - o6m;uii KJiacc TpexMepHb!X BeKT0p0B, 

• TLorentzVector - o6m;nii KJiacc qeTbipexMepHbIX BeKTopoB, 

• TRotation - KJiacc, onucbrnaIOm;nii Bpam;eHne o6'beKTa TVector3, 
• TLorentzRotation - KJiacc, onucbrnaIOm;ufi npeo6pa30BaHHH JlopeHn.a, 

• TVector2 - KJiacc BeKT0pOB, onpe,n;eJieHHb!X Ha nJI0CK0CTH. 

13.2. KJJacc TVector3 

13.2.1. ,lt;eKJiapan;n.H n ,n;ocTyn K K0Mil0HeHTaM 

TVector3 - KJiacc, onHCb!BaIOIII;HH pa3JIH'IHbie BeKT0pbl B TpexMepHOM npOCTpaH

CTBe. TpexMepHb!H BeKTOp MO)KeT 6bITb 3a,n;aH B ,n;eKapTOBbIX, ccpepuqecKHX llJill 

IJ.HJIHH,D;pll'IeCKHX KOOp,D;HHaTax. MeTO,D;bl KJiacca Bbl'IHCJIHIOT MO,IT,yJib, CKaJIHpHoe ll 

BeKTOpHOe npOH3Be,n;eHHe BeKTOpOB, YrJibl Me)K,rr,y BeKTOpaMH, Bpam;eHHH H yBeJIH'Ie

HHH, a TaK)Ke cnen.ucpuqecKue BeJIH'IHHbI, ucnOJib3yeMbie B <pH3HKe Bb!COKHX 3Hep

ruil:, TaKHe KaK nceB,D;OCKOpOCTb, nonepe'IHaH K0MnOHeHTa, HHBapuanTHaH Macca H 

,n;p. KoHcTpyKTOp: 

TVector3(Double_t x = 0.0, Double_t y = 0.0, Double_t z = 0.0) 

KoMIIOHeHTbl BeKTOpa MO)KHO noJiy'IHTb 110 HMeHII HJIH no HH,D;eKcy, HarrpuMep, eCJIH 

v - o6'heKT KJiacca TVector3, TO 

x=v.X(); x=v(0); 
y=v.Y(); y=v(1); 
z=v.Z(); z=v(2); 

MeTO,D;bI SetX O , Set Y () , SetZ () u SetXYZ () no3BOJIHIOT ycmHaBJIHBaTb KOMrro

HeHTbI BeKTOpa. 

13.2.2. Ilepexo,n; B He,n;eKapTOBbl KOOp,ll;HHaTbl 

lfro6bI nOJIY'IHTb KOOp,D;HHaTbl BeKT0pa v(x, Y, z) B ,n;pyrux CHCTeMax, ccpepuqeCKOH 

v(p, ¢,, 0) H IJ.HJIHH,n;puqecKOil: v(p, ¢,, z), HCnOJib3YIOTCH MeTO,D;bl 

• Mag() - Bbl'IHCJIHeT p = ✓ X * X + y * y + z * z; 

• Mag2 () - Bbl'IHCJIHeT KBa,n;paT BeJIH'IHHbl p; 
• Theta() - Bbl'IHCJIHeT II0JIHpHblH yroJI; 

• CosThetaO - BbI'IHCJIHeT K0CHHyc 0; 
• Phi() - BbI'IHCJIHeT a3HMYTaJibHbIH yrOJI; 

• Perp() - BbI'IHCJIHeT nonepe'IHYIO K0Mn0HeHTY p = ✓x * X + y * Yi 
• Perp2 () - BbI'IHCJIHeT KBa,n;paT nonepe'IHOfi KOMII0HeHTbI. 

ITorrepe'IHYIO K0MIIOHeHTY BeKT0pa vi OTHOCHTeJibHO BeKTopa v2 u ee KBa,n;

paT MO)KHO nOJiy'IHTb, ucnoJib3YH vi. Perp ( v2) u vi. Perp2 ( v2). MeTO,IJ;bI Eta() 
HJIH PseudoRapidityO BbI'IHCJIHIOT nceB,n;ocKopocTb 7J = - In (tan ¢,/2). MeTO,D;bI 
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SetTheta (), Set Phi O, SetMag O n SetPerp () H3MemnoT o,n.Hy ( cooTBeTCTBy10rny10 

Ha:3BaHHIO) II3 He,n;eKapTOBbIX KOOp,ll;HHaT npn coxpaHeHHII npe:iKHIIMII ,ll;BYX ,n;pyrnx. 

13.2.3. ApIIQ)MeTII11eCKIIe orrepan;IIII II Bparn;eHIIe 

TVector3 KJiacc HMeeT orrepaT0pbI, qT06bi CKJia,ll;bIBaTb, BbJqlITaTb, MaCnITa6npo

BaTb II cpaBHHBaTb BeKTOpb!. ,[Lm1 3TOro IICIIOJ!b3YIOTCR COOTBeTCTBYIOIIJ;He orrepaT0-

pbl C++. TaK:iKe MO:iKHO noJiyqnTh CJie,n:y10m;ne BeJinqnHhI: 

• v2=v1. Unit () - e,n;HHIIqHblll BeKT0p, napaJIJieJibHblll vl; 

• v2=v1. Orthogonal() - e,n;HHIIqHblll BeKTOp, opTOrOHaJibHblll vl; 

• s=v1.Dot(v2) - CKaJIRpHOe II~OII3Be,n;eHne BeKT0pOB Vi II v2; 

• v=vl. Cross (v2) - BeKTOpHOe npOH3Be,n.eHHe BeKTOpOB vl II v2; 

• Double_:t a=v,1. Angle (v2) - yroJI Me:iK,n:y BeKTopaMH vl, II v2. 

MeTO,ll;bI RotateX(angle), RotateY(angle), RotateZ(angle) rioBopaqnBaIOT BeK

Top BOKpyr cooTBeTCTBy10m;efi ocn Ha yroJI angle, angle - BeJinq1rna Tnrra Double_t. 

MeTo,n; Rotate (angle, v) Bpam;aeT BeKTOp BOKpyr ,n;pyroro BeKTopa v. 

13.3. KJrncc TRotation 

13.3.1. ,l];eKJiapan;m1 II ,ll;OCTYII K KOMIIOHeHTaM 

O6'heKT KJiacca TRotation rrpe,n;cTaBJIReT co6ofi MaTpnu,y 3 Ha 3 H3 BeJinqnH Tnrra 

Double_t 
xx xy xz 
yx yy yz 
zx zy zz 

ITo yMoJiqaHHIO o6'beKT TRotation lIHIIU:J:IaJill31IpOBaH ,n;narOHaJibHOfi MaTpnu:efi C 

,n;naroHa.,1bHb!Mll 3JieMeHTaMll, paBHb!Mll e,n;lIHlIU:e, lI OCTaJibHbIMII 3JieMeHTaMH, paB~ 

HbIMll HYJIIO. KJiacc TRotation orrnchrnaeT Bpam;eHne o6'heKTa TVector3 BHYTPH 

CTaTnqecKofi CIICTeMbl KOOp,ll;lIHaT. ECJill Heo6xo,n;lIMO IIQBepHyTb ClICTeMy OTCqeTa n 
Y3HaTb KOOp,ll;HHaTbl o6'beKTOB BO Bpam;aeMofi ClICTeMe, K o6'beKTaM rrpnMeHReTCR 

o6paTHOe Bpam;eHne. qT06bI rrpeo6pa30BaTb KOOp,ll;lIHaTbl ll3 Bpam;aeMofi· CIICTeMbI 

B rrepBOHaqaJibHYIO, rrpnMeHReTCR rrpRMOe rrpeo6pa:30BaHlle. Bpam;eHlle BOKpyr yKa-

3aHHOfi OCH 03HaqaeT Bpam;eHHe rrpOTlIB qacoBOfi CTpeJIKII B0Kpyr IIOJIO)KlITeJibHOro 

HarrpaBJieHHR 0Cll. O6'hRBIIM rrepeMeHHYIO r o6'beKTOM paccMaTplIBae~rnro KJiacca: 

root [] TRotation r. 

ITpRMbIX Me-roioB ycTaHOBKll MaTpnqHbIX 3JieMeHTOB o6'heKTa TRotation He cym;e

CTByeT, HO MO:lKHO IIOJiyqlITb 3Tll 3HaqeHlIR MeTo,n;aMll xx() , XY () , . . . zz (). 
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13.3.2. Bparn;eHIIe BOKpyr oceii II rrpOII3BOJlbHbIX BeKTOpOB 

MaTpHU:bI 
1 0 0 

Rx(angle) = I 1 cos(angle) -sin(angle) 
0 sin(angle) cos(angle) 

cos(angle) 0 sin(angle) 
Ry(angle) = I 0 1 0 

-sin(angle) 0 cos(angle) 

II 
cos(angle) -sin( angle) 0 

Rz(angle) = I cos(angle) -sin( angle) 0 
0 0 1 

OIIIICbIBaIOT Bpam;eHHR rrpOTIIB qaCOBOfi CTpeJIKII BOKpyr KOOp,n;nHaTHbIX ocefi. 9TII 

Bpam;eHHR peaJIH3YIOTCR MeTO,n;aMII: RotateX(angle), RotateY(angle) II RotateZ 

(angle). MeTo,n; Rotate (angle, vector) coBeprnaeT Bpam;eH1Ie BOKpyr rrp01I3BOJib

HOro BeKTopa, HarrpnMep 

root [] r.Rotate(TMath::Pi()/3, TVector3(2,2,2)) 

qT06bI Y3HaTb pe3yJibTaT, B0CIIOJib3yfiTeCb MeTO,n;aMII xx() . XY () ' . . . zz (). 
MeTo,n;RotateAxes(const TVector3& newX, const TVector3& newY, const 

TVector3& newZ) ,n;o6aBJIReT Bpam;eHIIe JIOKaJibHbIX oceii K TeKym;eMy Bpam;eHHIO II 

B03Bpam;aeT pe3yJibTaT. MeTO,ll;bI ThetaXO, ThetaYO, ThetaZ(), PhiXO, 

Phi Y () , PhiZ () B03Bpam;a10T a31IMYTaJibHhifi II rrOJIRpHbifi yrnhI Bpam;aeMbIX oceii. 

13.3.3. O6paTHOe II COCTaBHbie Bparn;eHII.H 

ECJIII rl lI r2 o6'beKTbl KJiacca TRotation, TO rrpOll3BeCTll o6paTHOe Bpam;eHHe MO)K~ 

HO ,ll;BYMR crroco6aMll: 

r2=r1. Inverse() 

B 3TOM CJiyqae MaTpnu:a r2 BbJqllCJIReTCR KaK o6paTHaR K rl, a rl He ll3MeHReTCR, 

r2=r1. Invert() 

B 3TOM CJiyqae MaTpnu;a rl o6pam;aeTCR ll rrpOllCXO,D.llT IIpllCBOeHHe r2=r1: 

OrrepaTop * B KJiacce TRotation 6b!JI peaJill30BaH COrJiaCHO MaTeMaTnqecKllM 

rrpaBHJiaM rrpOll3Be,n;eHllR ,ll;BYX MaTpllu;, OIIllCbIBaIOm;Hx ,n;Ba IIOCJie,n;oBaTeJibHbIX Bpa

m;eHllR. ITo3TOMY rrpn YMHO:lKeHllll ,n;Byx o6'heKTOB KJiacca TRotation CHaqaJia 3arrn

CbJBaeTCR BTopoe Bpam;eHne, a 3aTeM rrepBoe, HarrpnMep r = r2 * rl. 
ECJill r n v o6'beKTbl KJI_acca TRotation n TVector3, TO CllHTaKCllC v = r * v co-
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OTBeTCTByeT MaTeMaTIPieCKOfi 3aIIIICH 

x' 
y' 
z" 

xx xy xz I Ix 
yx yy yz * y 
zx zy zz z 

13.4. KJiacc TLorentzVector 

13.4.1. ,ll,eKJiapau;m1 H .n;ocTyn K K0Mil0HeHTaM 

9TOT KJiacc OIIHCbIBaeT qeTb!pexMepHbie BeKTOpb! H HCITOJih3yeTCH ,!l;JIH onpe,n:eJieHHH 

KaK Il03IUl,HH H BpeMeHH - X, y, Z, t, TaK H HMIIYJihCa H 3HeprHH - px, PY, px, 
E. KoHCTPYKTOp 

TLorentzVector(Double_t x = 0.0, Double_t y = 0.0, Double_t z = 0.0, 
Double_t t = 0.0) 

HJIH 

TLorentzVector(const TVector3& vector3, Double_t t) 

EcTh ,n:Ba na6opa q>yHKll,Hfi ,n:ocTyrra K KOMIIOHeHTaM ofr&eKTa TLorentzVector: 
X () , Y () , Z () , T () H Px O , Py O , Pz O , E O . O6a Ha6opa B03BpaI11,aIOT o,n:HH 

n Te )Ke 3Haqemrn, HO nepBbifi y,n:o6no rrpnMeHHTb ll,JIH qeT&1pexMepnoro BeKTopa, 

OIIHCbIBaIOI11,ero Il03Hll,Hl0 H BpeMH, a BTOpofi - )];JIH BeJ<TOpa 3HepmH-HMIIYJibCa. KoM

IIOHeHTbl TLorentzVector MoryT 6b!Tb TaK)Ke ,!l;OCTYIIHbl qepe3 HH,n:eKCbI, aHaJIOmq

HO CJiyqaro ofr&eKTOB TVector3. MeTo,n: Vect O rroJiyqaeT BeKTOPHYIO KOMIIOHeHTY 

OT TLorentzVector. ,n:JIH ycTaHOBKH KOMIIOHeHTOB HMeIOTCH MeTOll,bl SetX (), ... 
H SetPx () , . . . lfro6&1 ycTaHaBJIHBaTb Bee KOMIIOHeHTbl 0,!J;HHM Bbl30BOM, HCITOJib-

3YlOTCH MeTOll,bl SetXYZT() n SetPxPyPzEO, a ll,JIH ycTaHOBKH TVector3 qacTH -

MeTOll, SetVect O. 

13.4.2. Ilepexo.n; B He,n;eKapT0Bbl K0op.n;1rnaTbl 

MeTO,!l;bl IIOJiyqeHHH n ycTaHOBKH rrapaMeTpOB TVector3 qaCTH B ccpepnqecKHX KO

op,n:HHaTax CJie,n:yIOill,He: 

• Rho() - BblqHCJIHeT BeJinqnHy p = ✓x * X + y * y + z * z; 
• Theta() - BbJqHCJIHeT IIOJIHpHblll yroJI; 

• CosTheta() - BblqHCJIHeT KOCHHYC 0; 
• Phi() - BblqHCJIHeT a3HMYTaJibHblll yroJI; 

• Set Rho (Double_ t rho) - ycmHaBJIHBaeT BeJinqnHy p; 

• SetTheta(Double_t theta) - ycmHaBJIHBaeT IIOJIHpHbIH yroJI; 

• SetPhi(Double_t phi) - ycmHaBJIHBaeT a3HMYTaJihHhlfi yroJI. 

84 

i 

B IIHJIHH,n:pHqecKOit CHCTeMe KOOp,Il,HHaT MO)KHO noJiyqHTb BeJIHqHHY 

p = ✓x * x + y * y H ee KBa,n:paT MeTo,n:aMH Perp2 () H Perp2 (). ECJIH CITHCOK rra

paMeTpOB 3THX MeT0,!1;0B He rrycTofi, a B HeM YKa3aH ,n:pyroit BeKTOp, TO MeTO,!l;bl 

BblqHCJIHIOT rrorrepeqHyIO KOMIIOHeHTY rrepBoro BeKTOpa OTHOCHTeJibHO BTOporo. 

TaK)Ke HMeIOTCH MeTO,Il,bI ll,JIH ycTaHOBKH Cpa3y HeCKOJibKHX rrapaMeTpOB 

SetPtEtaPhiE(Double_t pt, Double_t eta, Double_t phi, Double_t e) n 
SetPtEtaPhiM(Double_t pt, Double_t eta, Double_t phi, Double_t m). 

13.4.3. ApHcpMeTH'leCKHe .n;eiicTBml, HHBapHaHTHaH Macca, f3 n 'Y 

,n:JIH CJIO)KeHHH, BblqHTaHirn H cpaBHeHHH qeTbipexMepHbIX BeKT0pOB HCIIOJib3YIOTCH 

cooTBeTCTBYIOill,He oneparop&r C++. 

CKaJIHpHoe npOH3Bell,eHn:e ll.BYX BeKTOp0B BbI'IHCJIHeTCH cornaCH0 cpopMyJie 

s = vl * v2 = tl * t2 - xl * x2 - yl * y2 - zl * z2. 
CooTBeTCTBYIOill,Hit MeTOll, - s = v1. Dot ( v2). llHBapn:aHTHaH Macca B&rqn:CJIHeTCH 

corJiaCHO cpopMyJie m = Je * e - px * px - py * py - pz * pz. CooTBeTCTBYIOill,Hit 

MeT0ll, - M () HJIH Mag(), a ll,JIH Bbrqn:CJieHHH KBall,paTa OT MaCCbI HCII0Jib3yeTCH M2 () 
HJIH Mag2. MeTo,n: Angle(const TVector3& v) BbI'IHCJIHeT yrOJI Me)K,n:y qeT&rpex

MepHblM H TpexMepHbIM BeKT0paMH H B03BpaI11,aeT BeJin:qn:Hy Tn:na Double_t. 

13.4.4. Bpaw;eHH.H 

CJie,n:yroI11,n:e 'leT&rpe MeTo,n:a Bpalll,aIOT TVector3 K0MII0HeHTY TLorentzVector BeK

Topa BOKpyr X-, Y-, Z- oceit n: npon:3B0JI&Horo BeKTopa: RotateX (Double_ t 
angle), RotateY(Double_t angle), RotateZ(Double_t angle) n: 

Rotate(Double_t a, const TVector3& v). 
MeTOll, RotateUz (TVector3& direct) coBeprnaeT npeo6pa30Bam1e H3 Bpalll,ae

Moit CHCTeMbl 0TC'leTa, npn: 3TOM BeKT0p direct ,Il,OJI)KeH 6bITh e,n:HHH'IHbIM. 

13.5. KJiacc TLorentzRotation 

13.5.1. ,ll,eKJiapan;H.SI H .n;ocTyn K KOMilOHeHTclM 

TLorentzRotation KJiacc OITHCbIBaeT JI0peH11,eBCKHe npeo6pa30BaHHH, BKJIIOqag JIO

peHIIeBCKHe YBeJIHqeHHH H Bpalll,eHHH. O6'beKT KJiacca TLorentzRotation npe,Il,CTaB

JIHeT co6on MaTpn:ey 4 Ha 4. 

xx xy xz xt 
yx yy yz yt 
zx zy zz zt 
tx ty tz tt 

IIo YMOJI'laHHIO 06'heKT LorentzTRotation HHHll,HaJIH3Hp0BaH ll,HaroHaJihHOil MaT

pH11,efi C ll,HaroHaJihHbIMH MeMeHiaMH, paBHbIMH e,n:HHHll,e, H 0c-raJibHbIMH MeMeH-m-
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Mil, paBHh!MII HYJI!O.)l;ocTyrr K MaTp!I'IHh!M K0MII0HeHTaM ocyrn;eCTBJIHeTCH MeTo,n:aMII 

x~o' XYO •... ' TT(). 

13.5.2. Pa3JIIl'IHhie rrpeo6pa30BaHirn o6'heKTa TLorentzRotation 

ECJIII a, b II C
0

HBJIHIOTCH o6'beKTaM!I TLorentzRotation, TO HaHTII rrp01I3B€,Ll,€H!Ie 
,n:Byx TLorentzRotat.ion rrpeb6pa3oBaHIIH MO)!<HO HeCKOJihKIIMII crroco6aMII: 

c=a*b. 

c=a.MatrixMultiplication(b) 

a *=b 
c=a.Transform(b) 

B rrepBhIX ,/.l;Byx CJiy'IaHx MaTp1I11,a He II3M€HH€TCH. 

I 
Bpalll,eHII.H o6'beKTa TLorentzRotation BOKpyr X-, Y-, z:.. oceil: it' rrpoII3BOJih

Horo BeKTopa rrpoII3BO,Ll,IITCH CJie,n:yJOlll,IIMII MeTo;n,aMII: RotateX(Double_t angle), 
RotateY(Double_t angle), RotateZ(Double_t angle) IIRotate(Double_t a, 

const TVector3& v)·. lj Ilp!I o6paTHOM rrpeo6pa30BaHIIH, 'IT06h! ·coxpaH!ITh rretrnotta'IaJihHh!H o6'beKT 
TLorentzRotation HeII3MeHH8MhIM, ncrrOJih3yil:1:e MeTo,n: Inv·erse O. Invert O IIH

BepTnpyeT'IiepBOHa'IaJihHhiii TLorentzRotation:· ·tIT06h1 rrpIIMeHHTh TLorentzRotation 

K o6'beKTY TLorentzVector, M0)KHO ncrroJih30BaTh MeTo,n: VectorMul tiplication (const 

TLorentzVector& p) IIJIII * orrepaTOp. 
IJ pnMep IICIIOJih30BaH!IH KJiaCCOB q}H31I'I~CKHX BeKT0p0B M0)KHO Hail:TH B 

test/Test Vectors. CXX. . 

14. 3aKJnoqenu:e 

ROOT RBJIHeTrn rrocTO.HHHO pa3BIIBaJOlll,IIMCR IIHCTpyMeHTOM o6pa6oTKH ,n:aHHhIX'. B 
Te'J:eH!Ie ro,n:a 06h!'IHO BhIXO,l.l;IIT H€CK0JihKO Bepcnil: 3Toro rrporpaMMHOrO rrpo,n:yKTa. 
I1 Ka)K,l.l;h!H ,n:eHh IIORBJIHeTCR 'ITO-TO HOBO€. IT03TOMY HeB03MQ)KHO. B

O 
0JJ:HOM H3,Ll,a

HHH 0Tpa3HTh Bee, 'ITO BXO,Ll,IIT B 3TOT rraKeT rrporpaMM. TaK, B ,n:aHHYIO KHnry He 
BOillJIII TaKne KOMIIOHeHThI ROOT,· ·KaK reoMeTpH'IeCKHil: rraKeT, ncrroJih3C>BaHIIe ma-

6JioHoB, ROOT GUI KJiacchr II aBTOMaTII'IecKaR reaepau,IIR HTML ,n,9KyMeHTau,nn. 
Ho B rroMOlll,h rrOJih30BaTeJIJO cylll,eCTByeT 0'IeHh MH0ro OTKp£~ThIX rrporp'aMM, Ii Koroa 

ph!X MO~~~ YBH,Ll,eTh H3Rlll,Hhle rrpIIeMhI pa6~Thl C ROOT. Harrpn~ep, B 61I6JI~OTeK~ 
rrporpaMM OI15II1 "JINRLIB" aaxo,n:RTCR rrporpaMMhI, aarrIICaHHhie c IICIIOJih30~a

aneM ROOT GUI KJiaccoB: "IlaKeT rrporpaMM ,/.l;JIR q)HJihTpaU,IIII ,n:aHHhIX c noMo
lll,hlO JIIIq}THHr-cxeMhI WALF" [6J (aBTop A.f.CoJIOBheB) II "IlporpaMMa ,Ll,JIR aHaJIII3a 
yrnoBhIX pacrrpe,n:eJieHIIH BTOpH'IHhlX 'IaCTHU, C IlOMOlll,hlO Beil:BJieT-IIpeo6pa30BaHIIH 
WASP" [71 (aBTOphI A.r.CoJIOBheB, A.B.CTa,Ll,HHK, r.A.OcoCKOB, M.B.AJITallCKHH). 
HaAeJOCh, 'ITO pa6om c ROOT rrpnaeceT BaM IICTHHHOe y,n:oBOJihCTBIIe n rroMO)KeT 

pe!llll'i'h CTORlll,He rrepe,n: BaMH '3a,l.l;a'1H. 
::it 
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