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YIELDS OF THE RARE-EARTH NEUTRON-DEFICIENT ISOTOPES 
IN THE REACTIONS OF Mo ISOTOPES WITH 4°Ca IONS 

].Adami, P.Chalounl, Yu.P.Gangrsky, M.P.Ivanov, B.N.Markov, 
G. V.Mishinsky, Yu.E.Penionzhkevich, V.I.Stegailov, V.M.Tsupko-Sitnikov, 
A.B. Yakushev, V.I.Zhemenik, Xu Shu wee, Li Zhankui2, Ma Ruichang2, 

Zhang Sheng2, Zhang Tianmei2, Du ]inzhou 2, P.Zuzaan3 

The results of the joint Russian-Chinese experimt!nt on the measurements of the 
reaction cross sections of the rare-earth neutron-deficient isotopes production and the 
study of their decay scheme are presented. The studied nuclides were obtained in 
the reactions 92 Mo + 4° Ca and 97 Mo + 4° Ca on the 4-meter cyclotron of the Flerov 
Laboratory of Nuclear Reactions, JINR. The recoil nuclei were stopped in the inert gas 
and transported by the gas flow to the detectors. The single and coincidence spectra of 
1 -, x-rays and delayed protons were measured. The enhanced yield of the reactions with 
the charge particle evaporation was observed. 

The investigation has been performed at the Flerov Laboratory f Nuclear Reactions, 
JINR. 

BLIXOJ(bl HeHrpOHOJ(er!JHUHTHbiX H30TODOB 

peJ(K03eMe.TibHbiX 3JieMeHTOB B peaKUHJIX 

H30Tonoo Mo c uouaMu 4° Ca 

H.Ai>a.M u i>p. 

npellCTaBJleHbl peJynbTaTbl COBMeCTHOIU pDCCHJtcKO-KHTaHCKO IU 3KCnepHMeHTa no 
HJMepeHHIO Ce'leHHH peaKUHH H HCcne)lOBaHHIO CBOHCTB HeHrpOHOJleljJHUHTHbiX HJOT0-
008 pellKOJeMenbHbiX 3neMeHTOB B6nHJH rpaHHUbl HYKnOHHOH CTa6Hn bHOCTH. I13Y'JaeMble 
HYKnHllbl 6bUIH nOnY'JeHbl B peaKUHliX 92 Mo + 4°Ca H 9 7 Mo + 4°Ca a '!eTblpexMeTpOBOM 
UHKnOTpoHe Jla6oparopHH llllepHbiX peaKUHH 0115111. Bbi6HTble HJ MHWeHH npOllYKTbl 
peaKUHH TOpMOJHnHCb s raJe " nepeHOCHnHCb raJOBbiM noTOKOM K )leTeKTopaM pMHO­
aKTHBHoro HJnY'JeHHll. 11JMeplUIHCb cneKrpbl 1- H X-nY'JeH, a TaKJKe Jana3)lbiBaiOlllHX 
npOTOHOB H HX COBOMeHHll. Ha6nJOJlanCll nOBbiWeHHbiH BbiXOll npollYKTOB peaKUHH C 
HCilYCKaHHeM JapliJKeHHblX '!aCTHU. 

Pa6oTa BbmonHeHa B Jla6opaTopHH liJlepHbiX peaKUHH HM.r.H.<l>neposa 0115111. 

1 Permancnl address : Nuclear Physics Institute, Rez, Czech Republic 
2 Institutc of Modern Physics. Lanzhou. China 
3 Statc University. Ulan-Bmor. Mongolia 
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INTRODUCTION 

The heavy ion reactions are the most effective way to produce the nuclei on the boundary 
of the nucleon stability. These reactions are the important source of the information about 
the mechanism of the complicated nuclear system interactions, the peculiarities of the high 
excited nuclei decay and the properties of the obtained nuclides . The fusion reactions with 
the evaporation of some number of neutrons are used in these investigations. The largest 
yields of the studied nuclei are obtained, if the target and bombarding ion are the lightest 
neutron-deficient stable isotopes. 

Such kind of the experiments is performed in the Russian-Chinese cooperation. The 
purpose of this work is the study of the mechanism of the reactions between the compli­
cated nuclei and the properties of the very neutron-deficient nuclides. The objects of the 
investigations are the reactions between the isotopes 92 Mo and 97 Mo and ions 4°Ca in the 
energy region 4 - 5 MeV/nucl. The compound nuclei 132 Sm and 137Sm are formed witl-a!the 
excitation energy of 70- 100 MeV. They are neutron-deficient nuclei: 132Sm has 12 neutron 
less than the lightest stable isotope 144Sm and only 4 neutron more than the last proton stable 
isotope 128 Sm. A lot of neutron-deficient isotopes of the rare-earth element is formed at the 
decay of these compound nuclei . In the paper, the results of the first stage of this work are 
presented: the yields and the cross sections of the nuclides formed in the reaction 97 Mo + 
4°Ca. These values allow one to refer about the competition of different reaction channels 
at the de-excitation of the high excited and very neutron-deficient nuclei . The decay scheme 
for the most produced in the reaction nuclides. are known, therefore the measurements of 
1 -spectra of these nuclides allow one to determine their yields . 

EXPERIMENTAL SET-UP 

The experiments were performed "on the heavy ion 4-meter isochronous cyclotron of the 
Flerov Laboratory of Nuclear Reactions, JINR . The experimental method was based on the 
transportation of the reaction products by the gas flow to the detectors of the radioactive 
radiation. 

The block-scheme of the experimental set-up is shown on Fig. I . The irradiated target 
was placed inside the chamber. This chamber was isolated from cyclotron vacuum by the 
Al-window (the thickeness is 20 J.Lm) . The used Mo-targets were enriched by the isotopes 
92 Mo and 97 Mo up to 95%. Their thickness was ,...__ 2 mg/cm2 and the loss of 4°Ca energy 
was,...__ 15 MeV. This energy loss was compared with the width of the excitation function for 
the production of the studied nuclides . 

The intensive beam of 4°Ca+5 ions was produced in the ECR-ion source, placed outside 
the cyclotron [I] . The 4°Ca ions were accelerated up to the energy of 285 MeV and extracted 
from the cyclotron using a charge change by the thin C-foil. The energy of the 4°Ca ions was 
measured and controlled during the experiment. The thin scattering Au-foil and Si-detector 
placed before the target chamber were used for this purpose. The 4°Ca energy on the target 
was ,...__ 200 MeV, it is the optimum energy for obtaining the studied nuclides . The intensity 
of 4°Ca beam in the target chamber was 10 12 1/s and does not change during the experiment. 

The inert gas He flowed through the target chamber. The nuclei recoils are stopped in 
the gas and adsorbed by the aerosols . These aerosols were NaCI microcrystals producea in 
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Fig. I. Block-scheme of the experimental set-up: I - ion beam, 2 - target, 3 - gas chamber, 
4 - Faraday cup, 5 - aerosol generator, 6 - capillar, 7 - shielding wall , 8 - moving tape, 
9 - pumped chamber, I 0 - pump, II - HpGe-detector for x-rays, 12 - HpGe-detector for ')'-rays, 
13 - Si-dctector for the delayed protons, 14 - electronic blocks, 15 - PC 

the special generator [2]. The pressure of He inside the chamber was "" I atm. It was enough 
to stop the recoils, since their energy was less than 60 MeV and the range in He- less than 
10 em. 

The gas flow through the chamber was produced by the pump f the 30 1/s productivity. 
The aerosols with the adsorbed recoils were drown in the capillm by the flow and carried 
through the thick wall in the measuring room. The length of the captllar was 3 m, its diameter 
- I mm and time of the recoils transportation - 0. 1 s. The nuclei recoils were collected on 
the moving tape inside the chamber. The pumping of the inert gas was realized through this 
chamber. The moving of the tape was stepwise with the stopping in front of the detectors . 
Three detectors were used for measurements of the nuclear radiation spectra: HpGe-detectors 
(I 00 cm:1) for ')' -radiation, thin HpGe-detector (I 0 mm) for x-rays and thin Si-detector for 
the delayed protons. Usually the period of tape stopping near the detectors was 20 s and the 
single and coincidence spectra as a function of time were measure and accumulated in PC. 

EXPERIMENTAL RESULTS 

The single x-ray spectrum of the 9 7 Mo + ·10ca reaction products is shown in Fig.2. The 
energies of the observed lines correspond to K0 - and K13- lines of the elements in the range 
Z = fi(j - 60. It is obvious, that the origin of x-rays is the K-capture of the neutron-deficient 
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Fig. 2. Spectrum of the x-rays of the 97 Mo + 4°Ca reaction products 

1000 

"' c 100 
:J 
0 

(.) 

10 

100 200 300 400 

Energy, keV 

Fig . 3. Spectrum of the 1 -radiation of the 97 Mo + 4°Ca reaction products 

500 

nuclides. Therefore the x-ray spectrum allows one to refer to the total element yield of the 
reaction products . It is seen from Fig.2, that the most intensive lines in the x-ray spectrum 
are the K0 - and K13 -lines of Ce, Pr, and Nd appearing after K-capture of Pr, Nd, and Pm, 
respectively. The weak K0 -lines after K-capture of Ce and La are observed also, but the yield 
of Pm x-ray is masked by the intensive line of Ce. The intensity of the K-capture branch in 
the decay of the produced nuclides is unknown as a rule . Therefore it is possible to get only 
some estimates of total yields for different elements produced in the reaction 97 Mo + 4°Ca. It 
is seen that the most yields have the isotopes of Pr, Nd , and Pm obtained at the evaporation 
from the compound nuclei of 1-3 protons of 137 Sm and some number of neutrons . 
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Table 1. The observed 1-lines, their relative intensity and identification 

E, , keY I,, % T1 ; 2 Nuclide 
56.0 8 5.1 m ~~.La 

68.2 II 3.5 m 129Ce 

87.1 12 27 s 131Nd 

120.0 6 31 s 127Ce 

131.0 9 25m 130Ce 

147.8 7 5.1 m 12sce 

230.3 12 5.0 m 131Ce 

253 .8 100 40 s 130pr 

255 .9 21 60 s t26La 

266.0 25 5.7 s 131 Pr 

279.1 II 11.6 m 129La 

284.0 66 4.9 m t28La 

325.3 57 1.6 m t32pr 

357.4 5 8.7 m t30La 

399.5 20 3.1 s t28pr 

567 .0 4 88 s • 132Nd 

Table 2. Relative yields and cross sections of the products of the reaction 97Mo + 4°Ca 

Nuclei Evaporated particles Yre/ ,% u,mb 
1J"Sm 5n < 2.5 < 0.2 
133 Sm 4n < 2.5 < 0.2 
132 pm p4n < 1.2 < 0.1 
133 pm p3n < 1.2 < 0.1 
132 Nd 2p3n(a n) 28 2.2 
t3 1Nd 2p4n( a 2n) 35 2.8 
t32 pr 3p2n(ap) 39 3.1 
131 Pr 3p3n(apn) 45 3.5 
t 30 pr 3p4n(a p2n) 100 8.0 
131Ce 4p2n(a 2p) 22 1.8 
t3oce 4p3n(a 2pn) 13 1.1 
J2ace 4p4n(2a ) 7.5 0.6 
130La 5p2n(a 3p) 20 1.6 
129 La 5p3n(a 3pn) 47 3.7 
J28 La 5p4n(2ap) 17 1.4 
127La 5p5n(2a pn) 10 0.8 
126 La 5p6n(2a p2n) 6.2 0.5 

The single 1 -ray spectra are very complicated, but the spectra of 1-x-coincidence are 
more simple (one example of these spectra is showen in Fig.3) . The analysis of these spectra 
allows one to identify a lot of 1 -lines and attribute them to the defi nite nuclides . The recent 
table of isotopes [3] was used for this identification. The identified 1 -lines, their intensities 
(relative to the most intensive line 253 .8 keY of 130 Pr) , the obtained nuclides and their 
half-lives are presented in Table I. 

For the majority of the identified nuclides, the decay scheme and the absolute intensity 
of the observed 1 -lines are known. It is possible in these cases to determine the yields and 
the cross sections of the nuclei obtained in the studied reaction 97 Mo + 4°Ca. Some nuclides 
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are formed not only at the proton and neutron evaporation from the compound nuclei, but 
after (3+ -decay of the nuclei with the same mass number. In these cases the corrections on 
the population of these nuclei in the (3+ -chains are induced. The identified nuclides, the 
evaporated in the reactions particles, the yields and the cross sections are presented in Table 
2. The sum of these cross sections coincides with the total cross section calculated using 
ALICE code [4] for the fusion reaction 97Mo + 4°Ca. 

DISCUSSION OF RESULTS 

In Fig.4 is presented the chapter of isotopes with the obtained nuclides . It is seen that the 
obtained nuclides are situated in the range Z = 57 - 60 (La - Nd) and A = 126 - 132. There 
were not observed the reaction products after the evaporation of only neutron (Sm isotopes) 
and only protons ( 132 La, 133Ce). The largest yields have the nuclei formed at the evaporation 
near the same number of protons and neutrons . The lightest nuclides (isotopes Ce and La) 
could be formed only at the emission of the a-particles instead of the single neutrons and 
protons. 

z 137Sm 

62 Sm xn 

61 Pm 

60 Nd 
L: J 

~ ~ lL:: 
59 Pr ~ %~ 1;2 v't: ~ 
58 Ce ~ ~v.: ~ v;V:. L_ 
57 La ~ ~~ ~v; ~ ~ / 

56 Ba t 
55 Cs J3-!. de cay J -

126 128 130 132 . 33 134 135 A 

Fig . 4. Part of nuclide chapter in the region of the produced nuclei 

According to the stati ~tical model [5,6] the probability of the evaporation of any particle 
from the compound nucle is expressed by the relation : 

r E- B, 
fi = h Jo . Wi(::)d=:, (l ) 

where E is the excitation energy of the compound nuclei; Bi and :: i. the binding and kinetic 
energies of the evaporated partie le 

W;(:: ) "'a(E , =: )::p(E - Bi- =: ), (2) 

where a(E, :: ) is the cross section of the back reaction; p(E - B;- =: ) , the level density of the 
nucleus after the evaporatiOn of the particle (proton or neutron). In the relation (2) the most 
important is the value p(E - B; -=: ),since its energy dependence is exponential. Therefore the 
competition between proton and neutron evaporation depends mostly on the value of residual 
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nucleus level density p(E- Bi- c). This value is determined by the excitation energy of the 
residual nucleus and, consequently, the energy, removed by the evaporated particle c + Bi. In 
the case of the neutrons c "' 2T (T is the temperature of the compound nuclei), but in the case 
of protons c "' 2T + Be (Be - coulomb barrier for the protons). Therefore the evaporation 
of the neutron from the compound nucleus is more probable for the nuclei with nearly the 
same values of proton and neutron binding energy (they are the nuc lei close to the ,B-stability 
valley). But in neutron-deficient nuclei Bp < Bn and evaporation protons and neutrons lead 
to nearly the same excitation energy of the residual nucleus. In this case the probability of 
the proton and neutron evaporation became near equal. 

E,MeV 130 131. 138 126 130 131. na A 

15 

10 ~ ······ ···· ·· 
5 Sm Pm 
O~J--~~-~-r_-_·~r-~-----~-~-+--L-~-~-~·~_-_·L~---~----~--~ 

15 

10 

Pr s Nd ------ -----
0 ~~~--L-~-L-i~~i~~~1--~L--J---L-~~~--~ 

15 

----------
~ 

La ---
10 

.... 

~ 
Ce 

5 ---
OL--12~6~--13~0--~~13-t.~--13~t.~--1~2-6~--13~o~--13~t.~~1~3~sA 

Fig. 5. Binding energies of neutrons(-) and protons(--) including their coulomb barrier( ... ) 

In Fig.5 are shown the binding energies of the proton and neutron in the observed isotope 
(La-Sm), including the coulomb barrier for the protons. The e~perimental values of the 
coulomb barrier were used [7]. It is seen that in the most Sm and Pm isotopes the removed 
energy is more for the neutrons. In Ce and La isotopes the opposite picture is observed. 
Therefore in Sm and Pm isotopes the proton evaporation is preferable, and it explains their 
very low yields in the reaction 97 Mo + 4°Ca -7 137Sm. The obtained in the reaction nuclei 
are well deformed. There is the indication on the lowering of the coulomb barrier for such 
nuclei [8]. This phenomenon increases the probability of proton emission . 

The comparision of the experimental and calculated cross sections or yield ratios of the 
isotopes with the same mass number A allows one to obtain the new information about the 
level density of the very neutron-deficient nuclei close to proton drip line. This information 
will help to choose the optimal conditions for the production of new isotopes in this region 
of Z and A. It is expected that the fusion reactions 92 Mo + 4°Ca and 96 Ru + 32 S are the most 
perspective for this purpose. 
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HARJIIO.IJ:EHHE ME)J,JIEHHhiX KOMDOHEHTOB 
COJIHTOHODO.IJ:OEHOH BOJIHOBOH CTPYKTYPhl 
B MACCHBHOM OEPA3QE ME.IJ:H llPH B03EY)I{)XEHHH 
3JIEKTPOHHhiM nyqKQM 

TepMonapHbie 3anHCH KOJie6aHHH TeMnepaTypbl CTeHKH OXJJlUK.!laeMOH Me.UHOH 
TPy6KH TOJllliHHOH 3 MM, Ha KOTOp)'IO no.uaH 3JleKTpOHHbiH n)"'OK C nJIOTHOCTbiO 0,4-
7 Klh/cM2

, o6HapYJKHBaiOT HeCKOJlbKO MeWJeHHbiX KOMnOHeHTOB COJIHTOHOnO.U06HOH 
BOJIHOBOH CTPYKTYPbi. 0HH 3apolK.llaiOTCll Ha BHeuJHei-i H BHyrpeHHeii: CTeHKax o6n)"'ae­
Moro )"'aCTKa TPy6KH H pacnpocTpaHliiOTCll B HeM CO CKOpoCTliMH llOpll.llKa 10- 2 

CWC, 

MHOrDKpaTHO OTplOKal!Cb OT CTeHOK. CKOpoCTH nOCJie.UyJOlliHX KOMnOHeHTOB OTJIHqa­
IOTCll npH6JIH3HreJibHO s.usoe. PaHee aHanornqHbie BOJIHOBbie CTPYKTYPbi Ha6niO.UaJIHCb 
Will pa3JIH'IHbiX MaTepHaJIOB npH 06JI)"'eHHH HX J1K-Jia3epHbiMH HMilYJlbCaMH C nJIOTHO­
CTbiO MOll.IHOCTH nOpll.llKa 10 K}h/cM2

• 

Pa6oTa BbinOJIHeHa s <I>HAH HM . Il.H.Jle6e.uesa " M311(TY) npn qacTnqHoi-i no.u­
.uepJKKe P<I><I>H, npoeKT 97-02-17954-a. 

Observation of Slow Components of Solitonic-Type Wave 
Structure Excited bye-Beam in Massive Copper Sample 

E.M.Kudriavtsev et al. 

There were shown several slow components of solitonic-type wave structure in the 
thermocouple temperature variation records of the cooled copper tube 3 mm thick. The 
tube was irradiated by electron beam with density (0.4- 7.0) kW/cm2

. These components 
arise on the external and internal surfaces of irradiated tube area and spread within it 
with the velocities of the order of 10- 2 em/sec being repeatedly reflected from the 
walls. The subsequent component velocities differ approximately twice. The analogous 
wave structures were observed previously for the different materials at its IR-laser pulse 
irradiation with the density of the order of 10 kW /cm2

• 

The investigation has been performed at the Lebedev Physical Institute of RAS 
(Moscow) and Moscow Power Institute (Technical University) and partially supported 
by RFBR, project 97-02-17954-a. 

I CI>IIJII~eCKIIii IIH CTitTyr liM . n .H .Jie6eueaa PAH . OTne.~eHIIe OIITIIKII. M oCKBa 
2 E-mail address: kudri @sgi.lpi .msk.su or < kudriavt @sci .lpi .msk. su> 
3 MOCKOBCK11ii 311eprent~eCKIIii IIIICTIITYf (TeXIlll~eCKIIii YHHBepCineT) . Ka!jlen pa 06LUe ii cjJII J IIKII II llllepHOro 

CIIIITC3a 
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1. BBE.!I:EHHE 

B eepHH pa6or, noeB~meuubiX HeCJie.UoBamno B03.UeiieTB~ HMnynLeuoro na3epuoro 

HK-H:myqeu~ euaqana ua BTCTI-MarepHanbi [1,2], a 3aTeM H ua o6pa3Uhl qerbipex rnaB­

HhiX THnOB KpHeTannOB H p~a aMOp<}>HbiX Ten (eM. 063op [3]), 6bJnO o6uap)')KeHO ltOBOe 

~RJieHHe, Ha3BaHHOe BOnHOH H3Meueu~ OTpiDKeH~ H npOBO)lHMOeTH (BHQTI) no nepBbiM 

MeTO.llaM perneTpauHH BonuM. Oua npe.ueTa~eT eo6ou TpexMepu)'IO eonHTouono.uo6H)'IO 

BonuoB)'IO eTPYKTYPY· B KOTopou H3 o6naeTH reuepaUHH B OTBeT ua O.UHH B036)')K.llaiOmHH 

HMnynhe )lOeTaToqHOH llnOTHOeTH ( OKOnO 10 KBT/eM2) nO nOBepXHOeTH MaTepHana H eKB03b 

uero paexo.uHTe~ uen~ noCJie.UoBaTenbuoeTb o.uHuoquhiX Bonu - KOMnoueuToB BHOTI. OuH 

HMeiOT O)lHHaKOBbiH H nOCTO~HHbiH 3HaK aMllnHTY.llhl (nonO:JKHTenhHbiH HnH OTpHUaTenbHbiH), 

a BenHqHua aMnnHry.llhi ena6o ena.uaeT e paeeTo~uHeM. Ka:JK.llhiH KOMnoueuT BHOTI HMeer 

nOeTO~HH)'IO eKOpOeTb H OTpiDKaeTe~ OT eTeHOK o6pa31.{a e ManbJMH nOTep~MH ::meprHH. CKO­

pOeTH noCJie.ll)'IOIUHX KOMnoueHTOB ui Ka:JK)lbiH pa3 YMeHbiiiaiOTe~ npHMepHO B)lBOe, uaqHH~ 

OT npO.UOllbHOH eKopoeTH 3BYKa Vi (nop~.llKa KMfe) .llO eKOpOeTeH nop~.llKa MMfe, eornaeuo 

BblpiDKeHHIO 

ui = (2)-ivi, (1) 

r)le HH)leKe i, KaK yeTaHORJieHO B 3KenepHMeHTaX (eM. [3]), MO:JKeT npHHHMaTh 3Haqeu~ OT 0 
.llO 25. TipH 3TOM He BH.llHO orpauHqeHHH Ha ero )lanbHeHIIIee yBenHqeuHe. 

BHOII 6Lma 3apemerpHpoBaua euaqana no o6paTHMOMY H3MeHeHHIO OTpiDKeH~ ~ BH­

.llHMOro eBeTa no MeTO.llHKe ua6niO)leH~ H3MeHeHHH OTpiDKeH~ B reOMeTpHH opiOeTepa, a 

3aTeM no H3MeHeHHIO npOBO.llHMOeTH B o6pa31.{e no.u )leHeTBHeM 3TOH BOnHbl. 3aTeM 6bUJa 

npe.uno:JKeHa H peanH30BaHa MeTO.llHKa pemeTpaUHH H3MeHeHHH )laRJieH~ KaK TpeThero He-

3aBHeHMO H3Mep~eMoro napaMeTpa npH npoxo:JK)leHHH BHOTI. B .uanLueiiiiieM ~ ee pem­

erpaUHH Henonh30Banoeb H3MeueuHe nponyeKaH~ o6pa3UOB B BH.llHMOH HnH HK-o6naeT~x 

eneKrpa H rennoBoe ~3llyqeuHe o6P.a3ua (e noMOIUbiO TepMoBu.ueoKaMepbi) [3]. 113Mepeu~ 

KOJie6aHHH TeMnepaTYPbl e nOMOIUbiO TaKOI'O Ha)le:JKHOI'O epe.ueTBa, KaK TepMonapa, npe.ueTa­

RJieHHbie B uaeTo~meu pa6oTe (eM. TaK:JKe [4]), .uenaiOT pe3ynLTaTbi HeCJie.uoBaHHH BHOTI 

oeo6euuo .uoeroBepHbiMH. 

Bonpoe 0 B03MO:JKHOH pOllH eOJIHTOHOB B nepeuoee TennOBOH 3HepmH B TBep.UbiX Tenax 

o6e)')K.llane~ )')Ke )laBHO, B OeHOBHOM TeOpeTHqeeKH (eM. KpaTKHH 0630p B [3]). M.To.ua [5] 
npHIIIen K 3aKnJOqeHHIO, qro eonHTOHbl HrpaiOT Ba:JKH)'IO ponb B TennonpOBO)lHOeTH HenH­

HeHHbiX KpHeTannHqeeKHX peiiieTOK e HapYIIIeHH~MH. C 3KenepHMeHTanbHOH TOqKH 3peH~ 

Bonpoe o6e)')K.llane~ ·B [6]. 

B TeqeuHe p~.ua neT ua Kacj>e.upe o6meu cj>H3HKH H ~.uepuoro eHHTe3a MoeKoBeKoro 

3HepreTHqeeKOI'O HHeTHryTa (TeXHHqeeKOI'O YHHBepcHTeTa) Heene)lOBanHeb B03MO:lKHOeTH npe­

pbiBaH~ KOpnyeKympHbiX nOTOKOB 6onbiiiOH MOIUHOeTH e nOMOIUbiO 3KpaHOB, oxna:JK)lae­

MbiX BO)lOH, npoTeKaiOll{eH no)l BbieOKHM )laRJieHHeM qepe3 3KpaH. ObJeTpbiH uarpeB eTeHKH 

3Kpaua .uo TeMnepaTYP, .uoeTHraiOmHx 500 - 600° C, npHBO.llHT K pa3JIHqHbiM pe:lKHMaM re­

nnooTBo.ua, qro MO:JKeT Bbipa:JKaTbe~ B ua6niO.uaeMbiX B pa3HbiX yqaeTKax 3Kpaua Kone6au~x 

TeMnepaTYPhi. 

KaK oKa3anoeb, no Kpauueu Mepe qaeTb pemeTpHpyeMbiX Kone6auHH TeMneparyp Bbi3Baua 

.upyrou npHqHuou - e B036)')K.lleHHeM YKa3aHHbiX Bbiiiie Me.uneHHbiX eonHTOHono.uo6HbiX KOM­

noueuToB BHOII, qro H npo.ueMoueTpHpOBaHo B uaeTo~meu eTaTbe. 
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2. 3KCIIEPHMEHTAJibHAJiliACTb 

IloApo6uoe onucauue 3KcnepuMeHTaJibHOH ycTaHOBKH npHBeAeHo B [7,8]. Oua noJBOJUieT 

MOAeJIHpOBaTb npouecCbl TeiUI006MeHa npH BbiHYJK.!leHHOH KOHBeKUHH TeiUIOHOCUTeJUI (BOAbi) 

U OJ{HOCTOpOHHeM KOpnycKymipHOM HarpeBe pa6oqero yqaCTKa 3KpaHa C UOMOIUbiO UyqKa 

MeKTpOHOB oT MeKTpouuou nywKH 3JIA 60/15-T. 

Pa6o'IHM yqacTKOM CJI)')KHJia nouepxuocTb 10 x 10 MM2 MeAH u Tpy6bi uap)')KHOro AHa­

MeTpa 14 MM U BHYTpeHHero AHaMeTpa 8 MM, qepe3 KOTOpyiO npoKa'IHBaJiaCb XOJIOAHCUI BOJ{a 

nOA BbiCOKUM J{aBJieHHeM. Tpy6a 6bma UOMeiUeHa B BaKyyMHyiO KaMepy C 4JopBaKyyMHOH H 

Aucp4JyJuouuou oTKa'IKon (pa6oqee AaBJieuue (2- 3) ·10-3 Ila). CTpO'IHO-KaApOBrui paJBepTKa 

MeKTpouuoro nyqKa o6ecnequsana cKauupouauue nouepxuocTH arpeua c qacToTon KaApa 

10 KfU npH KOJIH'IeCTBe CTpOK B KaApe 64. 3THM o6ecne'IHBaJiaCb OAHOpOAHOCTb pacnpeAene­

HIDI MOIUHOCTH no Ce'leHHIO nyqKa. CaMa MOIUHOCTb pei)'JIHpOBaJiaCb HJMeHeHHeM aHOJ{HOI'O 

TOKa. B onucbiBaeMon cepuu onbiTOB oua cocTaBmiJia BeJIH'IUHbi 0, 4 - 7 KBT/cM2 • 

BbiBeAenue nyqKa ua noJIHyiO MOIUHOCTb npoucxoAHJIO Ja speW~ ,....., 1 c. PerncTpauiDI 

TeMneparypbl (C OlliU6KOH rv 1 %) DpOHJBOJ{HJiaCb XpOMeJ!b-KOUeJieBOH 'I'epMonapou C HHepUH­

OHHOCTbiO nopliAKa MC, BMOHTUpOBaHHOH B pa60'IUH yqaCTOK Tpy6b1 CO CTOpOHbl BH~HHeH 

nouepxuocTu ua my6uuy ,....., 0, 5 MM. 

CucTeMa HJMepeuuu, c6opa H o6pa6oTKH uuq,opMauuu AJill 6onbrnoro 'IHCJia ueo6xoAU­

MbiX napaMeTpOB, onycKaeMblX HaMH JJ{eCb (CM. DOAp06Hee [7]), 6hma UOJIHOCTbiO aBTOMaTH-

3HpOBaHa B cTaH!laPTe npu6opuoro HHTep4Jeuca M3K 625.1. 11JMepeHIDI TeMneparypbi no 

TepMo3JlC yxaJaHHOH TepMonapbi npOHJBOAHJIHCb C UOMOIUbiO YJIUBepcanbHOro UH4Jposoro 

BOJibTMeTpa 87-43, o6ecne'IUBaiOIUero 'laCTOry HJMepeHHH H JaUUCH 7 fu. 

3. PE3YJibTATbl 3KCIIEPHMEHTOB 

)lnll HaCTOliiUeH pa60Tbl 6biDH OT06paHbl 8 3KCnepuMeHTOB, TeMneparypHble JaDHCH KOTO­

pbiX DpeACTaBJieHbl Ha puc. 1. 80 BCeH CepHU TeMneparypa BOJ{bl Ha BXOAe B HJMepHTeJibHyiO 

cucTeMY 6bma 10° C, a cpeAHee AaBJieHHe BOAhi 12,6 aTM. 

8 KaJK)lOM 3KCnepuMeHTe JaAaBaJIUCb CBOU ycJIOBIDI paCXOAa TeiUIOHOCHTeJUI. IloCJie 

BKJIIO'IeHIDI 3JieKTpOHHOro nyqKa Tpe6yeMOH MOIUHOCTH npOHCXOJ{HJI HarpeB o6pa3Ua. 3a Bpe­

MeHa OKOJIO 10 - 20 c TeMnepaTypa T BHYTpeHueu cTeHKH o6nyqaeMon MeAHOH Tpy6KH 

AOCTUraJia JHa'leHUH, 6JIUJKUX K MaKCUMaJibHbiM, U AaJiee MeHliJiaCb )')ICe HeJHa'IHTeJibHO. 

3.1. Pe}KHM narpeaa c KHnenneM. Ha puc. 2a npeACTaBJieHa B AOCTaTO'IHO KpynuoM 

MaClliTa6e CfJiaJKeHHrui no 5 TO'IKaM 'laCTb OAHOH HJ TaKHX JanHCeH (JaDUCb 1 Ha puc. 1; OllbiT 

N~ 1, CM. uu:lKe Ta6nuuy). 

3Ta JanHCb (KaK H OCTaJibHbie HJMepeHIDI) COOTBeTCTByeT BapuaUIDIM TeMneparypbl MeJ{­

HOH Tpy6Ku Ha paCCTOliHHH 0,5 MM OT ee BHYTpeHHeH nOBepXHOCTH H, COOTBeTCTBeHHO, Ha 

paCCTOliHUU 2,5 MM OT 06JiyqaeMOH 3JieKTpOHHbiM nyqKOM noBepXHOCTU. 

Ha JanucH, ua cpoue MeAJienuoro pocTa T, BH!lHbi Kone6aHIDI TeMnepaTypbi !1T, AOCTu­

raiOmue 3 -5° C, HJIH 0, 6 - 1, 0% oT scero uJMeHeHIDI TeMneparypbi TMaKc -To. IlepBbiH 

MaKCUMYM A 3aAep:lKaH OTHOCHTeJibHO BKJIIO'IeHIDI nyqKa (MOMeHT t = 0) Ha ,....., 17 C. 

Ha puc. 26 npeAcTaBJieHa x-t-AHarpaMMa, xapaKTepHJyiOIUCUI uonuosou npouecc, npouc­

XOAliiUUH B paCCMaTpUBaeMOM o6pa3Ue MeAU UOCJie BKJIIO'IeHIDI 3JieKTpOHHOro nyqKa, KOTOpbiH 

npHBOAHT K UJMeHeHIDIM TeMneparypbi, OTMe'leHHblM Ha puc. 2a. 
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PHC. 1. 06utHH BHJl TeMnepaTypHbiX 3anHCeH 3KCnepHMeHTOB, OT06paHHbiX Allll o6pa60TKH 

IlpH 3TOM Mhi HCXOJlHJIH HJ npennoJio)l(eHIDI, <rro npH npoxo)I(JleHHH Bl10Il qepeJ o6nacTh 

pacnoJIO)I(eHIDI TepMonaphl nocJieJliDI.II perncTpifpyeT yBeJIU'leHue TeMnepaTyphi. Boo6me ro­

BOpll, MO)I(HO nOCrpOHTh aHaJIOflf'IHYJO )lHarpaMMY, HCXOJlll H3 npe)lnOJIO)I(eHIDI, 'ITO npHXOJl 

8J1QIJ B KOHKpeTHOM CJiyqae Me)lH Bbl3biBaeT CHU:JKeHUe TeMneparyphl, 'ITO He npOTHBOpe'IHT 

csoiicTBaM 3TOH cOJIHTOno nono6noii sonnosoii CTPYKTYPLI cornacno nawHM HCCJienosaHIDIM 

[3]. TaKall JlHarpaMMa x~e comacyeTC.II c 3KcnepHMeHTaJihHOH TeMnepaTypnoii JanHChiO 

pHC. 2a, HO JlOCTaTO'IHO JIOflf'IHa. 8 CBliJH C TeM, 'ITO a)leKBaTHbiH MeXaHHJM 8J1Qil eme He 

pa3pa6oTaH, Bonpoc 0 3HaKe HJMeHeHHll f:l.T B 3TOH BOJIHe, HJlYIUeH '1epe3 Me)lh, Tpe6yeT JlaJih­

HeHWeH 3KCnepHMeHTaJihHOH H TeOpeTH'IeCKOH npopa60TKH, O)lHaKO rJiaBHOe yTBep)I(JleHHe 0 

perncrpaUHH KOMnOHeHTa 8J1Qil B OnHChiBaeMhiX OOhiTax OCTaeTCll B CHJie. 

Ha pHc. 26 wrpHXOBhi MH oTpe3KaMH npencTaBJieno JlBH)I(eHHe c npH6JIHJHTeJihHO nocTo­

liHHOH CKOpDCThiO O)lHHO'IHOH BOJIHbl, o6pa30BaBWeHCll Ha JIHUeBOH, o6nyqaeMOH nyqKOM 

nosepxHOCTH. Ona JlBH)I(eTCll cnepsa K snyrpenneii nosepxnoCTH MeJlHOH Tpy6hl, KOTopoii 

JlOCTHraeT, npH6JIH3HTeJihHO, '1epe3 17 C (3TO BpeMll COOTBeTCTByeT nepBOMY MaKCHMYMY A 
Ha KpHBOH pHC. 2a. 3aTeM BOJIHa OTpa)l(aeTCll OT 3TOH BHyrpenHeH nosepXHOCTH H JlBH)I(eTCll 

C TOH )l(e (HJIH HeCKOJihKO MeHhWeH) CKOpOCThiO K JIHUeBOH nosepXHOCTH, f)le CHOBa OT­

pa)l(aeTCll, o6yCJiaBJIHBall MaKCHMYM 5 npH nO)lXO)le K TepMOnape (nOJIO)I(eHHIO TepMonaphl 

Ha X-t-)lHarpaMMe pHC. 26 COOTBeTCTByeT ropH30HTaJihHall WTpHxnynKTHpHall npliMall npH 

X = 2, 5 MM) . .IJ.anee npo uecc nOBTOplleTCll MHOf'OKpaTHO. Ka)I(JlhiH pa3, KOf)la BOJIHa npO­

XO)lHT o6nacTb pacnoJIO)I(CHHll TepMonapLI, ona BhJhiBaeT noJll>eM cpenneii TeMnepaTypbl na 

YKaJaHHhie BeJIH'IHHbl nopll)lKa I% (nHKH A, 5, B, n. 
0)lHaKO DHKH A, 5, B, T Ha KpHBOH pHC. 2a liBJiliiOTCll COCTaBJiliiOIUHMH Jly6JieTOB, B KO­

TOphie, KpOMe HHX, BXOJlliT HeCKOJihKO MeHhWHe no HHTeHCHBHOCTH nHKH al, 61, 61, Zl. Hx 

peryli.IIpnocTh noJBOJI.IIeT n pennoJIO)I(HTh, 'ITO onH, KaK H A, 5, B, r, o6ycnoBJieHLI npHxo­

JlOM K TOH )l(e TepMonape JlpyroH OJlHHO'IHOH BOJIHhl, HeCKOJihKO MeHhWeH no HHTeHCHBHOCTH, 
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PHC. 2. CJJyqaii pelKHMa Ha11X!B3 C KHneHHeM. a) BapHaUHH TeMneparyp&I; 6) COOTBeTCTB}'IOIUall HM 
x-t-nHarpaMMa aonHoaoro npouecca 

liBHJKYIUeHCR DpH6nH3HTe.IlbHO C TOR )Ke CKOpOCTbiO, HO JapOliHBllleHCR Ha BHyrpeHHeH DOBepx­

HOCTH MeliHOH Tpy6bl (nyHKTHpHaR nHHHR Ha pHC. 26). Jh paCDOnO)KeHHR DHKOB at, 6t, Bt, zt 
MOJKHO 3aKniO'IHTb, 'ITO DOCTORHHaR CKOpOCTb o6y(;JiaBnHBaiOII.{eH HX BOnHbl HeCKOnbKO YMeHb­

IlJaeTCR nocne Ka)KLIOT'O OTP3)KeHHR, HO 3TO ocna6neHHe MeHee Bbl p3)KeHO, 'leM liJUI BOnHbl, 

o6ycnaBnHBaiOmeif DHKH A, 5, B, r. 
3nec& YMeCTHO OTMeTHTh, 'ITO Ha pHc. 2a TpeTHH ny6neT Bot H, oco6eHHO, 'leTBePT&IH Tzt 

BblfnRLIRT ~e KaK TpHnneT&I, HO 3THM ycnO)KHeHHeM CTPYKTYPbi H s onpocoM, c 'leM CBRJaHbi 

TpeTbH KOMDOHeHTbl TaKHX TpHDneTOB, Mbl DOKa DpeHe6peraeM. 

3HaR paCCTOliHHe, npOXOJlHMOe Ka)KLIOH OliHHO'IHOH BOnHOH, H JaMepHB OOcnenyiOII.{He 

MOMeHTbl DpHXOJla 3THX BOnH K TepMOOape, nerKO paCC'IHTaTb HX CKOpOCTH. IlpH 3TOM, DO 

HalllHM OUeHKaM, 011JH6Ka B HJMepeHHH paCCTORHHR Mana, TaK KaK DpH nepHOJlH'IeCKOM 00-

BTOpeHHH npouecca JlOCTaTO'IHO JHaTb TOnllJHHY o6pa3Ua, 'ITO M lKHO Clle.IlaTb C 6onblllOH 

TO'IHOCTbiO. 0lllH6Ka B HJMepeHHH MOMeHTOB BpeMeHH DpHXOJla BOnHbl K DpHeMHHKY -

TepMODape MOJKeT OUeHHBaTbCR Be.IJH'IHHOH "'-' 10%, 'ITO H ODpeJle.Il.lleT 011JH6Ky B HJMepeHHH 

cKopocTH BI10Il s naHH&Ix 3KcnepHMeHTax. 

PeJyn&TaTbl TaKOT'O paC'IeTa CKOpOCTeH DpHBeJleHbl 8 Ta6nHUe liJUI BCeH CepHH H3 8 3KC­

nepHMeHTOB. On&ITy N~ 1, peJyn&TaT&I KOToporo OTKpbiBaiOT Ta6nHuy, cooTBeTcTByeT JaDHCb 

TeMnepaTYP&I, npencTaaneHHaR Ha pHc.2a, H noMoraiOII.{aR ee pacrnHCpposaT& x-t-nHarpaMMa 

pHC. 26. 

B COOTBeTCTBHH C Bblp3)KeHHeM ( 1 ), o6e HaifneHHbie liJUI Ofl biTa N~ 1 CKOpOCTH COOT­

BeTCTBYIOT 25-My KOMDOHeHTY BI10Il, npeBbllllaR ero Ha "'-' 40% ( B pacqeTe HCDOnhJOBaHO 

Ta6nH'IHOe JHa'leHHe DpOJlOnbHOH CKOpOCTH JBYKa liJUI MeliH, paBHOe 4, 70 · 105 CM/C H3 (9]). 
3-ro paCXO)KlleHHe 'laCTH'IHO MOJKHO OTHeCTH Ja C'leT pacnpOCTpa eHHR B110Il DO MeTanny, 
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Ta6JinQa. YCJIOBHII u pelyJibTaTbl 3KcnepHMeHTOB 

N~N~ BpeMll TeMnc pa- ,[l.nHTC.IIb- CKOpocTb CKOpocTb HoMep 0riUlOHC-

onbl- 110 nep- paTypa HOCTb BHon (oT BHon (oT KOMnO- HCHHC OT 

TOB BOro Harpe- pa:!BCpT- JIHUCBOH BHyrpeHHCH HCHTa paCC'IHTaH-

MaKCH· sa, ° C KH , C nosepxHoc- nosepxHoc- BHOll Hoii no (I) 
M}"Ma, c TH), CM/C TH), CM/C CKOpocTH, % 

I 17 570 135 0,0195 0,0198 U2s +40 
2 18 578 80 0,0208 0,0173 U2s +36 

0,0416 - U24 +49 
3 25 525 90 0,0162 0,0173 U2s + 20 
4 21 497 210 0,0132 0,0139 U2s -3, 2 
5 27 405 120 0,010 0,010 u 26 +43 
6 15 300 110 0,0190 0,0213 U2s + 44 
7 22 212 100 0,011 0,011 U26 + 57 
8 10 137 --~00 0,0182 0,0182 U2s +30 

uarpeTOM)' }:{OBOJJbHO JHa'IHTeJibHO no OTHOilleHHIO K ero T nna 811 . = 1629° C. YserrutieHHe CKO­

poCTH BMOTI ua6JJIO}:{anoc b pauee B aKcnepuMeHTax c }:{HaneKTpHKaMH, Kor}:{a noBbiillanacb 

TeMneparypa o6paJua [3]. 
B nepBbiX 'leTbipex CTpoKax Ta6JJHUbi }:{aHbi pe3yJJbTaTbi aKcnepHMeHTOB, npose}:{eHHbiX 

npH 6JJH3KHX YCJJOBIDIX MaJJOI'O paCXO}:{a OXJJIDI(Jla!Omeif BO}:{bl H BbiCOKHX MOillHOCTeH B nyqKe 

(Harpes Me}:{HOH Tpy6KH }:{OCTHran "' 500 - 580° C). }l.rni scex 3THX onbiTOB 6bmH noCTpoeHbi 

x-t-}:{HarpaMMbi, KOTOpbie }:{OCTaTO'IHO xopolllo nOBTOp5110T rnaBHbie oco6eHHOCTH puc. 26. Bee 

}:{aHHble 3TOH nepBOH tiaCTH Ta6JJHUbl C HeKOTOpblM pa36pOCOM COrJJaCYJOTC51 C paCC'IHTaHHOH 

no (1) CKOpOCTH 25-ro KoMnoHeHTa BMOTI (KOMnoHeHTa c HH}:{eKcoM i = 25). 
Ha TeMneparypHbiX Januc5~x B onbiTax N~ 3 H N~ 4, KOTOpbie Mbi He socnpoHJBO}:{HM J}:{eCb, 

KpOMe TeX JKe nHKOB, OTO)({}:{eCTBJJeHHbiX KaK U25, B npoMeJKyTKaX Me)({}:{y HHMH BH}:{Hbl He-

60JJblllHe MaKCHMYMbi, OOOTBeTCTBYJOUlHe npo5~BJJeHIDIM npe}:{bmymero KOMnOHeHTa BMOTI, TO 

eCTb U24, o6pa30BaBilleHC51 Ha JJHUeBOH CTOpOHe. AHaJJOrH'IHbiH KOMnOHeHT, o6pa30BaBillHHC51 

Ha BHyTpeHHeH CTOpOHe, 3aperncTpHpoBaTb He npe}:{CTaBJJ51eTC51 B03MOJKHbiM. CKOpOCTH 3THX 

KOMnOHeHTOB u24 Ha JanHC51X OnbiTOB N~ 3 H N~ 4 npH6JJH3HTeJlbHO B}:{BOe 60JJbllle BeJIH'IHHbl 

U25 (OUeHHBaTb OlllH6Ky B BeJIH'IHHe OTHOilleHIDI U24/U25 = 2 H3-3a He}:{OCTaTKa }:{aHHbiX 

Heuerrecoo6pa3HO ). 

BoJ6y)({}:{eHHe BMOTI 3JleKTpOHHbiM nyqtcoM noJBOJJHJJO nonyqHTb HOBYJO HHI}lopMaUHIO 

06 yCJJOBIDIX B036y)({}:{eHIDI 3THX BOJJH no cpaBHeHHIO C B036y)({}:{eHHeM JJa3epHbiMH HMnyJJbCaMH 

(3). 3To OTHOCHTC51 K o6p a30BaHHIO BOJIH nepeOHUM l/JpoHmO.M 8036y:JKOQ10UieZO u.MnyJibCa, 
nOCKOJJbKY B OnHCbiBaeMbiX OnbiTax B036y)({}:{eHHe KOMnOHeHTOB npOHCXO}:{HJJO, npaKTH"'eCKH, 

TOJJbKO B Ha'laJJe 3KCnepH\.feHTa, KOr}:{a MOillHOCTb nyqKa MeH51JlaCb, }:{OCTHra51 nOCT051HHOI'O 

ypoBIDI (eCJJH onyCTHTb He SICHbiH noKa BOnpOC 0 B03HHKHOBeHHH TpeTbHX KOMnOHeHTOB }:{y-

6JJeTOB Ha pHC. 2a). 

KpoMe Toro, BaJKHbiM }:{JI5I pa3pa6oTKH MexaHHJMa 5~BJJeHIDI pe3yJJhTaToM uccne}:{OBaHHH 

BMOTI c soJ6y)({}:{eHHeM 3JleKTpOHHbiM nyqKoM 5~BJJ51eTc5~ o6pa3oBaHHe ueKoToporo i-ro KOM­

noHeHTa BOJJHbi Ha npOTHBononoxHoii nosepxHOCTH o6pa3ua, Henp03pa'1Hozo OJUI 11acmuij 

ny'IKa, O}:{HOBpeMeHHO C aHaJJOrH'IHbiM i-M KOMnOHeHTOM BOJIHbl Ha o6nyqaeMOH nosepXHO­

CTH. ,llerro B TOM, 'ITO o6p a30BaHHe HeKOTOpOro KOMnOHeHTa BOJJHbl Ha npOTHBOnOJJOJKHOH 

nOBepXHOCTH o6pa3Ua SIBJJ51eTCSI 06bi'IHbiM B JJa3epHbiX OnbiTaX C }:{H3JJeKTpHKaMH, np03paq-
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HhiMH WUI HK-e3.11}"1euwr, BOIDyJtmaiOmero BHOII [3], uo WUI uenpoJpatiHLIX o6DeKTOB TaKHX 

pe3ynbTaTOB ~0 CUX nop He 6biJIO Ja!flHKCHpoBalio. 

3.2. Pellr.HM uarpeaa 6e1 IUIIieHIIJI. Ku yxe oTMe<JanocL Bo Bse~euee, o~oii: HJ npe~­

nonaraeMLix npH'IHH, Bbl3biBaiOll{HX KOne6aHIDI TeMnepaTYPbi, MOryT cnyJKUTb UJMeHeHIDI B 

pelKHMe Tennonepe~a<Je. llo.IIBneuee Kone6aueii: MOJKeT 6LITb CBSIJauo c uacTJDneHHeM cua­

qana nyJblpbKOBOI'O pelKHMa KHUeHIDI Ha BHJTpeHHeii: (oxn~aeMOH) CTeHKe TPy6KH, KOTOpbiH 

npH ~aJibHeii:weM JBenH'IeHHH TeMnepaTYPbl CTeHKH nepeXO~UT B pelKUM nneHO'IHOI'O KHUe­

HIDI. 3'foT pelKUM xapaKTepuJyeTCSI HCCTa6HnbHOCTbiO CyiUeCTBOBaHIDI napoBOH nneHKH Ha 

BHJTpeHHeii: CTeHKe TPy6KU U ee nepuo~U'IeCKHMU CpbiBaMU. 

B CBliJU co CKaJaHHbiM 6LIJIU uccne~oBaHbi pelKUMhl uarpeBa aneKTPQHHhlM nyqx:oM Me~­

uoii: TPy6bi npu TaKHX 60JibWUX pacxo~ax Oxn~aiOmeii: BO~I U TaKHX MaJibiX MOll{HOCTSIX 

UyqKa, KOr~a KUUeHUe BO~I OTCYTCTByeT. 

B Ta6nuue 3TUM ycnOBIDIM COOTBeTCTByeT OUbiT N~ 8 U 6nUJKO K HUM UO~O~UT OUbiT 

N~ 7. OnLITbi N~N~ 5,6 cooTBeTCTByiOT npoMeJKYTO'IHbiM ycnoBwrM. 

Ha puc. 3a,6 npe~cTaBneHbi JanucL xo~a TeMnepaTYPLI u x-t-~HarpaMMa BonuoBhlX npo-
ueccoB WUI onb!Ta N~ 8. · · 

137 

136 

135 

0 134 
0 

..... 
133 

3 

132 ~2 
><1 

0 

131 
0 

A 

a) 

I 

t ' 
-~-!_'\.,- ·-·-:• ·'--L,-.--;-~- - ..... ~-·-·-:·r'-·:--;·:-- ·-·-;,-L-;-~---:-;-r '_: ·-· 6) 

' . . ,. . " ~· . ·, , '· ' ~. . . ' 

20 40 

.... , " . . · · BpeMH t, ceK 

60 80 100 
BpeMst, t, ceK 

Puc. 3. Cnyqait pelKnMa uarpesa 6e1 KHneHHll. a) Bapnaunn reMnepaTypbl; 6) cooTBeTCTByK>IUall HM 
x-t-.unarpaMMa BOJJHOBOro npouecca 

llOCKOnbKY qyBCTBUTenbHOCTb CXeMbl He MeHSlnaCb, a CUrHaJI TepMOnapbi npu CHUJKeHUU 

TeMnepaTypbl oT 57° C ~o 13° C n~aeT BeCbMa cymecTBeuuo (B 4,2 paJa), TeMnepaTYPHLiii: 

xo~ ua puc. 3a co~epJKHT ropa~o MeHhwe ~eTaneii:, <JeM Ha puc. 2a, u OJK~aeMbie nuKu !:l.T 
paJpeweHbi xyxe (ux Benuqnua ue npeBLiwaeT 1 - 1, 5° C). O~HaKO, ucxo~ uJ Tex JKe 

npe~nonoJKeHUH, 'ITO U paHee, MOJKHO npeMOlKUTb aHaJIOrH'IHYIO x-t-~uarpaMMy npouecCOB, 

pHC. 36). KcTaTU, Ha puc. 36 WUpHHbl UUKOB WU1 ~BYX BOnH liBHO paJnU'IHbl (6onee WUpoKUe 
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nUKU - ,!l.illl BOJIHbl, o6pa30BaHHOH Ha BHyrpeHHeH CTOpOHe). 3To nO,IlTBep)KJ:{aeT cnpaBe.Q­

JIUBOCTh pacwuq,poBKH KaPTUHhi BOJIHOBOro npouecca, npe.ncTaBJieHHOro Ha x-t-.nuarpaMMe, 

xoTSI UJMeHeHHSI UHTeHCUBHOCTU noCJie.uyromux nuKoB A, E, B Ha puc. 3a Tpe6yiOT .nononHu­

TeJihHOro UJ)"'eHHSI. 

1-b npuBe.QeHHOH Ta6JIHUhi CJie;zyeT, qTO .llilll onhiTOB N~ 8 u N~ 7, B KOTOpbiX npouecc ICune­

HHSI MO:lKHO He )"'UThiBaTh, U3MepeHHhie ClCOpOCTU o6eUX O.QUHOqHbiX BOJIH (B03HUKaiOJUUX Ha 

JIUUeBOH U BHyrpeHHeH n oBepXHOCTSIX Me.QHOH Tpy6ICU) TaKUe :lKe, KaK B OCTaJihHbiX OnbiTaX, 

BhinOJIHeHHbiX npu 6onee BhiCOKUX TeMneparypax, Kor.na KuneHueM )':lKe HeJibJSI npeHe6peqh 

(N~N~ 6,5) HJIU Kor.na npouecc KuneHHSI MO:lKHO cquTaTh onpe,neJISIIOIUUM .llliSI TenJionepe_naqu 

(N~N~ 1-4). 

CJie;zyeT OTMeTUTh, qTO .QaHHhle Ta6JIUUbl 6e3 .QOnOJIHUTeJihHbiX 3KCnepuMeHTOB He nOJBO­

JISIIOT noKa o6bSICHUTb, KaKne ycnoBHSI B onhnax c N~ 5 no N~ 8 npuBO.QSIT K TOMY, qTO B HUX 

npOSIBJISleTCSI TO 25-if, TO 26-if KOMnoHeHThi BMOIT. 

4. BhiBO,llhl 

1. PeJyJibTaThi npe.ncTaBJieHHOH cepuu H3 8 onhiTOB noKaJbiBaiOT, qTO npu o6nyqeHnn 

3JieKTpOHHhiM nyqKOM C flJIOTHOCThiO MOIUHOCTU 0 , 4-7 KBT/CM2 MaCCHBHOro o6pa3Ua Me.QU B 

noCJie.nHeM B036~aiOTCSI Me.QJieHHhie KOMnoHeHThi BMOIT, KOTOphie npu6nnJHTeJihHO cooT­

BeTCTByiOT pacqeTHbiM (nO tPOpMyJie (1)) 3HaqeHHSIM 24-ro, 25-ro U 26-ro KOMOOHeHTOB U24, 

U25. U26 3Tou BonHoBou cTPYKTYPhl. 

fiOCKOJibKY OnHCbiBaeMhle TeMneparypHhle · JaDHCU 6hmH CJiyqaHHbiM o6pa30M OT06paHbl 

U3 60JibWOro MaCCHBa MaTepUaJIOB (no HaU60JibWeH HX .llJIUTeJihHOCTU) H BCe OHU, 6e3 HC­

KJIJOqeHHSI, comacyiOTCSI c x-t-.nuarpaMMaMn BOJIHOBbiX npoueccoB, npe.ncTaBJieHHbiMn Ha 

puc. 2a,6; 3a,6, HaW BhiBO.Q MO:lKHO cquTaTb BnOJIHe .QOCTOBepHbiM. 

2 . J13 cpaBHeHHSI pe3yJibTaTOB OnbiTOB, npOBe.QeHHhiX npu CYJUeCTBeHHO pa3JIUqHhiX TeM­

neparypaX (oT 13° C J!.O 58° C), MO.:lKHO BH.QeTb, qTo o6Hap)':lKeHHhie TeMneparypHbie Kone-

6auHSI CBSI3aHbi, no Kpaifueif Mepe, He TOJibKO c H3MeHeuneM pe)I(UMa TenJionepe_naqu Me)I(JlY 

TenJioHocuTeneM u uccne;zyeMhiM o6pa3UOM Me,nu. TeM CaMhiM no.nTsep)KJ:{aeTCSI BbiBOA, qTO 

BMOIT c ee KOMnoHeHTaMu urpaeT onpe.neneHHyiO ponb B npouecce TenJionepeuoca [6]. 

3. C TOqKu 3peHHS1 u cCJie,noBauug BMOIT B036~euue ux 3JieKTpOHHbiM nyqKoM no-

3BOJIHJIO flOJI)"'UTb HOByiO UHtPOpMaUUIO 06 YCJIOBHSIX B036~eHHSI 3TH X BOJIH ( 06pa30BaHHe 

BOJIH nepe.QHUM tPPOHTOM B036~aiOIUero UMnyJihCa; o6pa30BaHHe BOJIHbl Ha npOTHBODOJIO)I(­

HOH noBepXHOCTU o6pa3Ua, Henp03paquoro ,!l.illl qaCTUU nyqKa, O.QHOBpeMeHHO C BOJIHOH Ha 

o6nyqaeMOH nosepxuocTu) . 3Tu ,naHHbie ueo6xo,nuMo )"'HTbiBaTb npu pa3pa6oTKe MexaunJMa 

SIBJieHHSI, KOTOphlH OXBaTbiBaJI 6bl BCIO COBOKynHOCTb ero CBOHCTB. 

ABTOpbi6naro.napub1 P<l><l>l13a noMep:lKKY npoeKTa 97-02-17954-a u XII lliKOJibl-ceMuuapa 

no.n PYKOBO.QCTBOM aKa.QeMUKa PAH A .M. neoHTbeBa, KOTOpaSI fl03BOJIHJia ocymecTBHTb Ha­

CTOliiUyiO pa6ory. ABTOpbl 6naro,napHbl TaK:lKe C.)l.30TOBY 3a nOMOIUb npu o6pa6oTKe pe3yJlb­

TaTOB H no.QroTOBKe CTaTbH. 
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PA3PAiiOTKA H HCCJIE,IJ;OBAHHE MHOrOCJIOHHhiX 
,IJ;PEH«DOBhiX KAMEP (MDC-2) C MAJihiM KOJIWIECTBOM 
BEID;ECTBA )])Ul BHYTPEHHEH qACTH CllEKTPOMETPA HADES 

c.n. lfepneHKO, r.H.AzaKUUlUe6, B.C/J. lfenypH06, O.B.C/Jamee6, 
Jl.H.Flwnmu, A.r.nempo6, B.H.llefl.enoB, Jl.ll.CMblKOB, IO.B.3aneBcKuu, 
r.EoKeMauepl, X.J(ayecl, H.Xun3I, B.Kenuz\ r.mmeJlbllep 1

, 

lf.Fapa6amoc 2, H.KeAmmep2, K.Mronq 2, H.illmpom2, E.BycmeHljJeJJb02, 

n.ayM6pyx2 

HADES - wupoKoanepTypHblH nuMeKTpOHHblH cneKTpOMeTP, co:masaeMblH 8 GSI 

OJ:apMWTanT) Jlllll perHCTPaUHH JJenTOHHbiX nap, o6pa3yiOIUHXCll 8 peJyJibTaTe CTOJIK­

HOBeHHH TliJKeJJbiX J~nep. HADES cnoco6eH pa6oTaTb npu HHTeHCH8HOCTliX n}"{Ka no 

108 'laCTHu/C. JleTeKTOp HMeeT reOMeTPH'leCKHH aKcenTaHC nO'lTH 40% Jlllll e+ e - -nap 

H pa3peWeHHe nO MaCCaM 0,8% ( U) Jlllll p- H W-MeJOH08. lJ:eTblpe CHCTeMbl npeif¢08biX 

KaMep C MaJJOH MaCCOH npenHaJHa'leHbl Jlllll BOCCTaHOBJieHHll TpeK08 JaplllKeHHbiX 'la­

CTHU. 0rHOCHTeJJbHall panHaUHOHHall JlliHHa TpeKOBOH CHCTeMbl He npe8biWaeT 0,5% Ja 

C'leT HCnOJib308aHHll raJOBOH CMeCH Ha OCHOBe reJJHll H aJJIOMHHHeBOH npOBOJIOKH npH 

co:maHHH KaronHbiX H aHonHbiX nnocKoCTeif. PaJpa6oTaH nonHoMacwTa6HbiH npoTOTHn 

npeif¢osoif KaMepbl c MaJJOH MaCCOH Jlllll 8HyTpeHHeH 'laCTH cneKTPOMeTPa HADES. npo­

TOTHn TeCTHpoBaJJ~ll 8 na6opaTOpflbiX YCJJ08HliX C HCTO'lHHKaMH 55Fe H 90Sr 8 0115111 
H GSI, a TaKJKe Ha n}"{Ke CHHxpoTpoHa SIS (GSI). llpoCTPaHCTBeHHoe paJpeweHHe 

rv 70 MKM (u) 6bmo nOJJ}"{eHO Ha raJOBOH CMeCH He- iC4H10 (60:40). 
Pa6oTa 8bmonHeua 8 Jla6opaTopHH 8biCOKHX 3Heprnif 0115111. 

Development and Investigation of Low-Mass Multilayer Drift 
Chambers (MDC-2) for Inner Part of the HADES Spectrometer 

S.P.Cherneriko et al. 

HADES is a High Acceptance Di-Electron Spectrometer for measuring lepton pairs 

produced in heavy-ion induced reactions presently built up at GSI (Darmstadt). HADES 

is able to run at high intensities of up to 108 beam particles per second. The detector 

has a geometrical acceptance of almost 40% for e+e - pairs and a mass resolution of 

0.8% (u) for p and w mesons. Four low-mass drift chamber systems serve for charged 

particle track reconstruction. The relative radiation length of the tracking system is kept 

1GSI , 64291. llapMWTUIIT, r epMaHHll 
2YHHBepcHTeT 11oraHHa B0.1bcjlraura reTe. 60486, Cl>pa.ttKcjlypT, repMaHHll 
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below 0.5% by using helium based gas mixtures and Aluminium wires for the field wires 
and cathode planes. A full size prototype of a low mass drift chamber for the inner part 
of the HADES spectrometer has been developed. The prototype has been tested under 
laboratory conditions with 55 Fe and 90Sr sources at nNR and GSI as well as in the 
beam of the SIS. A spatial resolution about 70 microns CJ was obtained with He-iC4H10 
(60:40) gas mixture. 

The investigation has been performed at the Laboratory of High Energies, llNR. 

1. BBE.!J:EHHE 

23 

KaK noKaJhiBaJOT cospeMeHHhie KXll-pacqeThi, cHrnan:oM o6pa3 saHIDI IUlOTHoii H ro­

pll'leii ll)lepHOH MaTepHH (TaK :JKe, KaK H B03MO:JKHOI'O o6pa30BaHIDI K BapK-rJIIOOHHOH cpa3hl) 

MO:JKeT Cny:JKHTh H3MeHeHHe CBOHCTB aLtpOHOB (MaCChi, KOHCTaHThl p acna)la, cpopMcpaKTOpbl 

H Ltp.) BHYTPH TaKOii cpeJlhl. HaH6onee nonny10 HHcpopMaQHJO o TaKHX HJMeneniDix )laeT 

HCCne)lOBaHHe :meKTpOMarHHTHhiX MOLl pacna)la aLtpOHOB, TIDe KaK nen TOHhl H cpOTOHhl cna6o 

B3aHMO)leHCTByJOT C ll)lepHOH MaTepHeH. 11JyqeHHe TaKHX pacna)lOB n OJBOnlleT nonyqHTb HH­

cpOpMaQHIO 0 CBOHCTBaX pacna)laiOwHXCll aLtpOHOB Ha BCeX CTa)liDIX o6pa30BaHIDI IUlOTHOH 

H ropll'leH ll)lepHOH MaTepHH BIU10Th )lO nepeXO)la B HOpMaJibHOe COCTOliHHe. liccne)lOBaHHe 

H3MeHeHHH CBOHCTB )lH3neKTpOHHhiX MOLl paCna)la nerKHX BeKTOpHbi X Me30HOB (p, W, cp ), 
o6pa30BaBWHXCll npH CTOnKHOBeHHH paJnH'IHbiX . liLtep npH 3HeprHliX 1 - 2 f3B/H~OH, MO­

:JKeT CBH)leTenbCTBOBaTb 06 06pa30BaHHH ropllqeif H IUlOTHOH ll)lepHOH MaTepHH H nOJBOnHT 

H3yqaTb CBOHCTBa TaKOH MaTepHH. IJo paJnH'IHbiM TeOpeTH'IeCKHM OQeHKaM, )lOCTHraeMOe npH 

3THX 3HeprHliX ysenH'IeHHe IUlOTHOCTH ll)lepHOH MaTepHH MO:JKeT npHBO)lHTb K )'MeHbWeHHIO 

MaCC 3THX pe30HaHCOB Ha "' 15 - 3Qo/o H (HnH) ysenH'IeHHIO WHpHHhl pacna)lOB. 

PernCTpaQIDI H Bhl)leneHHe )lH3neKTpOHHhiX MOLl pacna)la aLtpOHOB, )lOnll KOTOpbiX COCTa­

RIIlleT 10-5 -lQ-7 OT aLtpOHHhiX MOLl pacna)la, Ha ypOBHe "-' lQ-3 OT aLtp OHHOf'O cpOHa liBnlleTCll 

cno:JKHOH MeTOLlH'IeCKOH 3a)laqeif. TaKHMH ynHKaJihHhiMH B03MO:JKHOCTliMH 6yLteT o6na)laTh 

ycTaHOBKa HADES (High Acceptance Di-Electron Spectrometer), c OJLtaBaeMall KOJUia6opa­

UHeii yqeHbiX H3 19 HHCTHTYTOB 9 esponeHCKHX CTpaH. 

Po:JK)leHHe )lH3neKTpOHHhiX nap B ll)lpO-ll)lepHbiX CTOnKHOBeHIDIX HCCne)lOBaJIOCh B LlBYX 

3KcnepHMeHTax: na ycTaHOBKe DLS B BNL [1] H na ycTaHOBKe C E RES B UEPHe [2,3]. 
IIonyqeHHhie na 3THX ycTaHOBKax 3KcnepHMeHTaJihHhle )laHHhie o po:lKLleHHH e+ e- -nap no-

3BOnHnH o6napy:JKHTh cymeCTBeHHhie OTnH'IIDI cneKTpOB 3cpcpeKTHBHhiX MaCC )lH3neKTPOHHbiX 

nap OT TeOpeTH'IeCKH paCC'IHTaHhiX. 

YcTaHOBKa HADES 6yLteT HMeTh JHa'IHTenhno nyquiHe ('leM B [1,2]) aKcemanc H pa3-

pewenHe no 3cpcpeKTHBHhiM MaccaM LtHnenTOHHhiX nap. Pa3peweHHe y cTaHOBKH HADES no-

3BOnHT pa3LtenHTh w- H p-MeJOHhi, HMeJOmHe 6nHJKHe MaCChi. CKopoc Th na6opa cTaTHCTHKH 

6yLteT npHMepno B 25 pa3 BhiWe, qeM na DLS. KpoMe Toro, Hcnonh3 sanHe ycKopHTenll SIS 

(GSJ, }lapMWTaLtT) nOJBOnHT HCCne)lOBaTb po:JK)leHHe )lH3neKTpOHHhiX nap B CTOnHOBeHIDIX 

aLtpOHOB OT 7r+p )lO 238 U238U npH KHHeTH'IeCKHX 3HeprHliX nyqKa )lO 2 f3B/H~OH. 

2. CUEKTPOMETP HADES 

CxeMaTH'IHO cneKTpoMeTp HADES npeLtcTasnen na pHc.l [4]. O c HOBHhiMH 3neMeHTaMH 

ycTaHOBKH liBnliiOTCll ra30BbiH 'lepeHKOBCKHH )leTeKTOp, MHOf'OCnOHHhi e LtpeifcpOBhie KaMepbl, 
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PHc. 1. CxeMaTH'lHbiH BIUI cneKTpoMeTpa HADES: RICH - <JepeHKOBCKHH c<JeT'lHK, MDCs - MHOro­
npoooJlO'lH&Ie npeiicpoB&Ie KaMep&I, TOF- opeMsmponeTH&Ie CUHHTHJlJllll.IHOHH&Ie neTeKTOIJbi, Shower­
)leTeKTOp 3JleKTIJOMarHHTHbiX JlHBHeH 

CBepxnpOBO)J.lllll:He MarHHTbl, BpeMlmponeTHbie )leTeKTOpbi H )leTeKTOpbl ::meKTpOMarHHTHbiX 

nHBHeii:. CneKTpoMeTp nepeKpbiBaeT non.s~pHbiH yron OT 18 no 85 rpanycos H nonHbiH a3HMY­

TaJlbHbiH yron H HMeeT reOMeTpHtieCKHH aKCenTaHC OKOflO 40% (5). qepeHKOBCKHH )leTeKTOp 

(RICH) pacnonaraeTC.s! BOKpyr MHWeHH H HCll0flb3yeTC.s! )lJ1.s! H)leHTHcpHKaUHH ::meKTpOHOB. 

0H COCTOHT H3 ra30BOfO pan~aTopa, ccpepHtieCKOfO 3epKana H 6biCTpOro ra30B0f0 cpOTOHHOro 

neTeKTopa c cpoToKaTono M H~ Csl [6]. liHcpopMaUH.ll c t~epeHKOBCKoro neTeKTopa HcnomJy­

eTC.s! )lJ1.s! Bb!pa60TKH TpHrrepa BTOpOro ypOBH.s! )l]].s! OT60pa C06biTHH, B KOTOpbiX pOJ.IHJlHCb 

e+e- -napbi. Ha6op H3 t~eTbipex nnocKOCTeii: MHoronposonot~HbiX npeii:cpoBbiX KaMep (MDCs) 

COBMeCTHO C weCTbiO CBepxnpOBO)J.liiU:HMH MarHHTaMH (Coil) o6pa3yiOT MarHHTHbiH cneKTpO­

MeTp )lJ1.s! H3MepeHH.s! HMllYflbCOB 3ap.s!:lKeHHbiX tiaCTHU. IlpeUH3HOHHbie MHOfOCflOHHble npeii:­

cpOBbie KaMepbl C MaJlbiM KOflHtieCTBOM oem:eCTBa, HMeiOll.IHe npOCTpaHCTBeHHOe pa3peweHHe 

"" 70 MKM, H CBepxnpOBO)J.llll.IHe MarHHTbl ll03B0fl.s!T onpenenHTb HMllYflbCbl tiaCTHU C TOtiHO­

CTbiO "" 1%, 'ITO o6ecnet~HT pa3peweHHe no 3cpcpeKTHBHbiM MaccaM "" 1% B paii:oHe Mace p- 11 

W- Me30HOB. 3a MarHHTH biM ClleKTpOMeTpOM pacnOflO)I(eHbl opeM.s!nponeTHbie CUHHTHJln.s!UHOH­

Hbie neTeKTOpbl (TOF) H Ha6op neTeKTOpOB 3neKTpOMarHHTHbiX flHBHeH (Shower), pacnono­

)l(eHHbiX B llOn.s!pHOM yrn e OT 18 )1;0 45 rpanyCOB. 0HH naiOT HHcpOpMaUHIO 0 MHO)I(eCTBeHHOCTH 

po)l()leHH.s! 3ap.s!:lKeHHbiX tiaCTHU H 3fleKTpOH-ll03HTpOHHbiX nap npH B30HMO)J;eHCTBHH nyqKa C 

MHWeHbiO, KOTOpa.s! HCll0flb3yeTC.s! )lJ1.s! Bblpa60TKH TpHriepoB nepooro H BTOpOro ypOBHeH. 
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BpeMlmponeTH&Ie ~eTeKTOpbi c speMeHHhiM paJpemeuHeM ~ 150 nc n oJBOJUIT ua,uexuo H,Ileu­

TuqmuuposaT& perHCTPHpyeMble tJ:aCTHUbl. llHBHeBbiH ~eTeKTOp (7) COCTOHT H3 TpeX KaMep B 

KaJK.IlOM CeKTOpe, pameneHHbiX CBHHUOBbiMH KOHBePTOPaMH TOJIIUHHOH 1,1 CM. Bee KaMephl 

~eHTH'IHbl H pa60Ta.IOT B CaMOraCHIUeMCH CTPHMepHOM pe:lKHMe Ha CMeCH Ar-iC4H10-

C7H16 (66-33-1). 

3KcnepHMeHTbi 6yeyT nposo~HTbCH ua ycKopurene SIS (J1:apMlllTa.nT) c nyqKaMH paJJIH'I­

HbiX 11~ep (~o 238U BKJIIO'IHTeJI&uo). PactJ:eTHaH cKopocT& ua6opa c TaTHCTHKH Ja o~uu ~en~> 
o6nyqeHHH ycrauosKH (~ Au + Au BJaHMO~encTBHH npH T = 1 faB): 5000 co6biTHH c 

po~euueM p-MeJoua, 1000- w H 100- ¢. CoJ~asaeMaH ycTauosKa no CBOHM napaMeTPaM 

ue HMeeT auanoros s MHpe. 

3. TPEKOBAJI CHCTEMA CllEKTPOMETPA 

,Il.rni BOCCTaHOBJieHHH TpeKOB JapH:JKeHHbiX tJ:aCTHU HCnOJibJyeTCll MarHHTHbiH cnenpoMeTP, 

COCTOlllUHH H3 TOpO~aJibHOI'O MarHHTa H 4 CHCTeM ~peuipOBbiX KaMep. B <}JopMe ycetJ:eHHOH 

nHpaM~bl. MarnHT, CMOHTHpOBaHHblH H3 6 CBepxnpOBO~IUHX KaTymeK TOJIIUHHOH 80 MM 

K~aH. coJ~aeT none 0,7 Tn c nnoTHOCTbiO TOKa 120 N MM2 ua K~ KaTymKy. Tpe6yeMoe 

pa3pellleHHe no HMnyJI&Cy MO:JKeT 6b1Tb nonyqeHO nyTeM OnTHMH3ai{HH KaK C06CTBeHHOI'O 

npOCTpaHCTBeHHOI'O pa3pellleHHH ~peH<}lOBbiX KaMep TpeKOBOH CHCTeMbl, TaK H OrpaHH'IeHHeM 

MHOr<>KpaTHOI'O paCCeliHHH, BJIHHIOIUero Ha TpaeKTOpHIO 3JieKTPOHOB. 

IJOJIHaH 'IYBCTBHTeJibHaH nJIOIU~b BCeX 'leTblpeX CHCTeM MHOronp OBOJIO'IHbiX ~peH<}JOBhiX 

KaMep, npe~HaJHa'leHHaH ~ perHCTPaUHH 3JieKTpOHOB, a TaK:JKe H ~pyrnx Japli:JKeHHbiX 'la­

CTHU, COCTaBJijleT 24 M2 . llse CHCTeMbl paJMeiUeHbl nepe~ MailiHTOM, a ~e ~pyrne - Ja 

HHM. KaJK.UaH CHCTeMa COCTOHT H3 6 MOeyJieH. IJpH 3TOM 60KOBbl CTOpoHbl npH:lKHMHbiX 

paM K~Oro MO~y]ljl pacnoJiarai01cll B o6JiaCTH TeHH OT KaTymeK MarHHTa. Ka~biH MOeyJib 

HMeeT <}lopMy TPaneuuu. ,Il.rnl Toro 'IT06&I peKOHCTPYHPOBaT& u no~o6paTL nap&I ~syx 'laCTeii 

TpeKOB KaJK.UOH 'laCTHUbl C MHHHMaJibHOH HeO~HOJHa'IHOCTbiO, KaJK.IlbiH MOeyJib BKJIIO'IaeT B 

ce6ll 6 CJIOeB C 'IYBCTBHTeJibHblMH H noTeHUHaJibHbiMH npOBOJIOKaMH, OpHeHTHpOBaHHbiMH no~ 

yrJiaMH -40, +20, 0, 0, -20, +40 rpaeyCOB no OTHOllleHHIO K OCHOBaHHIO TPaneUHH (pHC.2). 

Bee KaTO~H&Ie nnocKOCTH HaMOTaHbi no~ yrnoM 90° u pa3~eJI11IOT auo~Hbie nnocKOCTH. PaJMep 

ll'leHKH ysenH'IHBaeTCll OT 5 X 5 MM2 B KaMepax nepBOH CHCTeMbl, 6JIH:JKaiillleH K MHllleHH, 

.IlO 14 X 10 MM2 B KaMepax tJ:eTBepTOH CHCTeMbl. TaKHM o6pa30M o6ec ne'IHBaeTCll XOpoWaH H 

O~HOpO~HaH rpaHy]ljlpHOCTb B~OJib BCero cneKTpoMeTPa. 

lllupuua Kopnyca KaTymeK csepxnposo~mero Marnura cocTaBJijleT scero 80 MM u onpe­

.IleJilleT lllHpHHY 60KOBbiX CTOpOH ~peH<}lOBbiX KaMep. 3To 03Ha'laeT, 'ITO WHpHHa 60KOBbiX 

CTOpOH KaMep )l11ll nepBOH H BTOpOH CHCTeM pasHa 30 H 39 MM, COOTBeTCTBeHHO. PaMbl H3 

CTeKJIOTeKCTOJIHTa, Ha KOTOpble HaMOTaHbl npOBOJIOKH, C TaKHMH pa3MepaMH 6oKOBbiX CTOpOH 

He cnoco61ibl KOMneHCHpOBaTb CHJibl HaTliJKeHHH npOBOJIOK. IJporn6 60KOBbiX CTOpoH npH­

BO.IlHT K YMeH&meHHIO qyscTBHTeJibHoii nnom~u KaMep. 11cnoJib30BaHbi paJJIH'IHbie MeTO~bi 

.IlJill KOMneHCaUHH :noro nporn6a. B MO~Y]IjiX nepBOH CHCTeMbl npHMeHeHbl ~OnOJIHHTeJibHble 

paMKH H3 HeplKaBeiOmeii CTaJIH, KOTOpble HeCyT BCIO HarpyJKY OT HaTliJKeHHH npoBOJIOK. ll.rnJ 
MO.IlyJieH BTOpOH CHCTeMbl 60K0Bble CTOpOHbl paMOK HJI'OTaBJIHBaJIHCb KpHBOJIHHeHHbiMH. Be­

JIH'IHHa HJrn6a Ka~oii cTopoH&I 6&1Jla pacctJ:nTaua u nposepeua aKcn epnMeHTaJibHO. IIocne 

nepeHOCa npOBOJIOK Ha CTeKJIOTeKCTOJIHTOBYJO paMKY BeJIH'IHHa nporn6a 60KOBOH CTOpOHbl 

He npeBbiWaJia 0,5 MM. 
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-20° 

P11c. 2. CxeMaTHqHbiH BH.Il " p ei-icposoi-i KaMepbi, noKa3biBa!Oll!HH 6 qyscTBHTeJJbHbiX cnoes. BepTHKailbHO 

HaMOTaHHbie KaTO"Hbie !UlOCK OCTH, pa~eJJli!Oll!He aHO"Hbie !UlOCKOCTH, He nOKa3aHbl 

)lrul TOfO qT06bi KOp peKTHO BOCCTaHOBHTb HMllYJibC 3JieKTpOHa H ll03HTpOHa, He06XO­

.llHMO npHIDITb BO BHHMaJIHe MHOroltpaTHOe pacce.!IHHe B.llOJlb BCero cneKTpOMeTpa. Mnoro­

KpaTHOe pacCe.!IHHe .llOMHHHpyeT npH HMllYJibCaX HH)I(e 0,4 f3B/c H MO)I(eT 6b!Tb CBe.UeHO K 

MHHHMYMY npH HCnOJib30BaHHH MaTepHanOB c Manoi:f Maccoi:f BHYTPH KaMepbi H nanonHeHHH 

reJIHeM 06JiaCTH MailJHTHOfO llOJI.!I Me)I(Jly BTOpOH H TpeTbeH CHCTeMaMH KaMep. )lrul aHO.llHbiX 

npOBOJIOK HCllOJlb3yeTC.!I 2 0 MKM 30JIOqeHHa.!l npOBOJIOKa, .llJI.!I KaTO.llHbiX H fiOTeHUHaJibHbiX 

- aJIIOMHHHeBM npOBOJIOKa .llHaMeTpOM 80 MKM (qaCTJiqHO .llJI.!I MOJzyJiei:f, HaXO.ll.!III.IHXC.!I 3a 

MarnHTOM, 6y.neT HCnOJih30Bana 100 MKM aJIIOMHHHeBM npoBOJIOKa). He.uocTaTKOM aJIIOMHHH­

eBoi:f npOBOJIOKH .!IBJI.!IeTC.!I ee TeKyqecTb. B TeqenHe nepBbiX HeCKOJibKHX He.UeJib HaT.!I)I(eHHe 

aJIIOMHHHeBOH npOBOJIOKH na.uaeT Ha 15% H 3aTeM CTa6HJIH3HpyeTC.!I. ]lrr.!l BXO.llHOfO OKHa 

npHMeiDieTC.!I aJIIOMHHH3HpOBaHHbiH Mai:fnap TOJIII.IHHOH 12 MKM. B KaqeCTBe pa6oqero ra3a 

HCfiOJib3yeTC.!I CMeCb reJIHfi- H306YTaH. BKJia.u MHOfOKpaTHOrO paCCel!HH.!I OT pa3JIHqHbiX Ma­

TepHaJIOB, npHCYTCTByiOII.IHX B aKTHBHOM 06"heMe .Upei:fcpOBOH KaMepbl, npe.UCTaBJieH Ha pHC.3. 

4. IIOJIHOMAClliTAEHbiH IIPOTOTHII .IJ:PEHcDOBOH KAMEPhl 

C UeJibiO pa3pa60TKH TeXHOJIOrHH H3fOTOBJieHH.!I .npei:fcpOBbiX KaMep C MaJibiM KOJIHqecTBOM 

BemecTBa B nB3 OH5IH 6biJI C03.UaH nOJIHOMaCUITa6HbiH npoTOTHn MHOronpOBOJioqnoi:f .npei:f­

cpOBOH KaMepbl (MDC-2 ) (pHC.4) [8) . flo CBOHM pa3MepaM OH llOJIHOCTbiO COOTBeTCTByeT 
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PHc. 3. BKJJan MHOroKpaTHOro paccel!HHll OT pali!H'IHhiX MaTepHa.nos, npHcyrcTBYJOlliHX s aKTHBHOM 

o6'beMe txpeiicpoBbiX KaMep 

PHc. 4. IlpoTOTHn txpeiicposoii KaMepbi 

pa3MepaM MO.llYJUI BTOpOH CHCTeMbl H HMeeT TpaneueH.llaJihHYIO cpopMy . llleCTh 'IYBCTBHTenh­

HbiX CnOeB, Ha KOTOpbiX aHO.llHbie H IIOTeHUHaJibHhie npOBOflOKH pacn onaraiOTC.ll IIO.ll yrnaMH 

+40, -20, 0, 0, +20, -40° IIO OTHOlllei-UiiO K OCHOBaHHIO TpaiieUHH, pa3,!leneHbl KaTO.llHhiMH 

IInOCKOCT.IIMH, HaMOTaHHhiMH IIO.ll yrnOM 90°. C UenbiO IIOBhillleHH.ll )l(eCTKOCTH aHO.llHbie H 

KaTO,!lHbie IInOCKOCTH CKneeHbl IIOIIapHO H o6pa3yiOT "cyrrepcnoif". )lmr CHrHaJihHbiX IIpOBOflOK 

npHMeH.llnaCh 30nO'IeHHa.ll BOnbcppaMOBa.ll rrpoBonoKa .UHaMeTpoM 30 MKM. IIoTeHUHaJihHhie H 
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PHc. 5. Ilnaro C'leTHOH xapaKTepHCTHKH npH paliiH'IHbiX uanpllllc:enHliX ua noTeHUHaiJbHbiX nposonoKax 

KaTO.lUibie nposonoKH HaMOTaHbi 100 MKM aniOMHHHeBoii nposonoKoif. Pa3Mep npeifcJ!osoii 

.ll'leHKH 5 X 6 MM2 . 

HcnbiTaHH.II npoT<JTHna 6biJIH nposenenbi KaK B na6opaTopHbiX ycnoBH.IIX c HCTO'IHHKaMH 
55Fe H 90Sr, TaK H Ha nyqKe 2,1 f38/c npOTOHOB Ha CHHXpoTpoue T.IIJKeJibiX HOHOB (SIS) 
B GSI. Ha pHc.5 noKaJaHo nnaTo 3cJ!<l>eKTHBHOCTH, H3Mepeuuoe c noMOIUbiO KOJIJIHMHposau­

uoro HCTO'IHHKa 90Sr H CI.UfHTHJI.III.UfOHHbiX C'leT'IHKOB na ra30BOH CMeCH reJIHH - H306y­

TaH. fiOBbiWeHHa.ll KOHUe HTP31Uf.ll H306YTaHa y&eJIH'IHBaeT UJI3TO 3cJlcJleKTHBHOCTH H ynyqwaeT 

BpeMeHHOe p33peWeHHe neTeKTOpa. 3-ro o6yCJIOBJieHO 6onee BbiCOKOH nepBH'IHOH HOHH33-

UHeH, KOTOpa.ll B03pacTaeT C y&eJIH'IeHHeM KOHUeHTpaUHH raCHTeJI.II . KpoMe TOI'O, npH HH3KOH 

KOHUeHTPaUHH racHTeJI.II nnaTo 3cJlcJleKTHBHOCTH cyxaeTc.ll H3-3a 6onbworo KOJIH'IeCTBa ynb­

TPacJ!uoneTOBbiX cJ!oTonoB, o6pa3yiOIUHXCSI B naBHHe npH BbiCOKOM Ko3cJ!ciJHUHenTe ycHJieHH.II. 

faJOBa.ll CMeCb C COOTHOWeHHeM 60% feJIH.II H 40% H306YTaHa 6biJI3 Bbl6paua HaMH KaK 

HaH60Jiee OUTHMaJibHa.ll . 

Pa36poc K03cJ!cJlHUHenTa ycHJieHH.II no sceif nnomanH neTeKTopa H WJSI paJJIH'IHbiX 'ly&­

CTBHTeJibHbiX CJIOeB npH o6nyqeHHH HCTO'IHHKOM 55Fe He npeBbiWaJI 8%. 

C UeJibiO JlaJibHeHWHX HCUbiT3HHH npoTOTHU o6JIY'faJICSI 2,1 f38/c npOTOHHbiM UY'fKOM Ha 

cHnxpoTpoue T.IIJKeJibiX HOHOB B GSI. Jlsa nsyxKoopnHnaTHbiX MHKpocTpHnOBbiX neTeKTopa [9], 
300 MKM TOJIIUHHOH KaJKJlbiH, C 50 MKM waroM CTpHUOB H 'ly&CTBHTeJibHOH UJIOIU3Jlbl0 3, 2 X 

3, 2 cM2 6biJIH HcnoJib30BaHbi B Ka'leCTBe suewuero TpeKepa. llpocTpancTBenuoe pa3pewenHe 

< 80 MKM (a) 6biJIO non yqeuo na 6onee 'leM 80% npeifcJ!oBbiX .ll'leeK (pHc.6). llpaKTH'IeCKH 

JIHHeHHa.ll KOppen.IIUH.II JlOCTHraeTC.II Me:JK.Ily BpeMeHeM npeifcJ!a 3JieKTPOHOB H UOJIOJKeHHeM 
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-rpeKa. CKopoCTb JlpeH:clla coCTaBJIJieT 4,2 cMIMICc .Ililll raJOBOH cMecu He-iC4H 10 (60% - 40%) 
npH HanpaxeHIDIX Ha noTeHIUfaJibHbiX H KaTOJlHbiX npoBoJioiCax BbiWe 1,9 KB. 113MepeHID1 

perympHOCTH Wara aHO)lHbiX npoBOJIOIC .Ililll pa3JIH'IHbiX CHillaJibHbiX CJIOeB fiOICa3aJIH, 'ITO 

CMellleHHe fiOJIOJKeHIDI aHO)lHbiX npOBOJIOIC OT paC'IeTHOH BeJIH'IHHbl He npeBbiWaeT 20 MICM. 

OxH)laeMbiH MaiCCHMaJibHbiH co6upaeMhiH 3apa)l .Ililll JlpeH:cll BbiX KaMep coCTaBHT npH­

MepHo 10 MKJI Ha CaHTHMeTp 'I)'BCTBHTeJibHOH npoBOJIOKH B I'O)l. Ilpe)lllOJiaraeTCa, 'ITO 3KCne­

pHMeHT 6y)leT npO)lOJIJKaTbC$1 B Te'leHHe 10 JieT. ,L{aHHa$1 BeJIH'IHHa 3apa)la XOT$1 H aBJiaeTC$1 )lO­

CTaTO'IHO YMepeHHOH, Tpe6yeT OCTOpo:lKHOCTH B Bbi60pe MaTepHaJIOB niTa ICOHCTpYKIUfH paMOIC 

KaMep H 3fiOKCHJlHOH CMOJibl, 'IT06bi npeJlOTBpaTHTb OTPaBJieHHe p a6o'leH cMecH H YMeHhWHTb 

CTapeHHe KaMep. TeCTbl no CTapeHHIO 6biJIH BblfiOJIHeHbl Ha O)lHOM H3 MaiCeTOB [8). l13Mepe­

HIDI ycHJieHIDI )leJiaJIHCb fiYTeM nepHO)lH'IeCICOH 3afiHCH aMnJIHT)W>I CHillaJia B O)lHOH ll'leHICe, 

ICOTOpaa fiOCT0$1HHO 06JiyqaJiaCb HCTO'IHHICOM 55Fe B Te'leHHe 40 )lHeH. 0'1eHb He3Ha'IHTeJibHOe 

CTapeHHe ICaMepbi npoaBJiaeTC$1 fiOCJie TOI'O, KaiC )l03a, fiOJiyqeHHa$1 )leTeiCTOpOM, 3KBHBaJieHTHa 

Jl03e, Ha6paHHOH B Te'leHHe JlByx neT pa6oTbi ycTaHOBKH HADES. 

5. 3JIEKTPOHHKA cqHTbiBAHIDI 

IlapaJIJieJibHO c C03)laHHeM MDC-2 B nB3 6biJia npoBe)leHa pa3p a60TKa aHaJIOI'OBOH 3JieK­

TpoHHKH C'IHTbiBaHIDI HHcllopMaUHH. OcHOBHbie pe3yJILTaThi nonyqeHhi npH pa3pa6oTKe nepBOH 

8-ICaHaJibHOH BepcHH ycHJIHTeJia-JlHCKpHMHHaropa ( Y.Il) ADS - H2 [10], H3roToBJieHHOH BOil 
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01-Ulli. C UOMOllibiO :non 3JieKTJ>OHHKH npOBe):{eHbl nepBbie HCUbiTaHIDI UOJIHOMaCWTa6HOf'O 

npoTOTHna MDC-2 Ha n yqx:e npoTOHOB B GSI [8]. Ehma noKaJaHa BOJMO)I(HOCTh nonyqeHIDI 

C npHMeHeHHeM :non 3JieKTpOHHKH BbiCOKOf'O ( rv 70 MKM) npOCTJ>aHCTBeHHOf'O pa3peWeHIDI H 

xopowen 3!l>!l>eKTHBHOCTH perHC'TpaUHH npH HCUOJibJOBaHHH faJOBOn CMeCH Ha OCHOBe reJIIDI. 

0KOHqaTenbHbiH 16-KaHaJibHhin BapHaHT 3JieKTJ>OHHKH C 6onee BbiCOKOn CTeneHbiO HHTerpa­

UHH pa3pa6oTaH H HCUbiTaH COBMeCTHO c GSI H OT):{aH B Maccosoe npOHJBO):{CTBO ( rv 30 
TbiC. KaH.). lJaCTb MOnH!l>HUHpOBaHHbiX nnaT C BOJMO)I(HOCTbiO MOHHTOpHHra aHaJIOf'OBhiX 

cHrnanos H UH!l>posoro HJIH HJroTosneHa B 01-Ulli. lJJiaThi Y,I:{ (noqepHHe) paJMewaiOTcg Ha 

MaTepHHCKHX, Ha KOTOpbiX pacnOJIO)I(eHa KO):{HpyiOlliag 3JieKTpOHHKa: 8-KaHaJibHbie MHKpo­

CXeMbl 6btCTponencTByiOlliHX speMgUH!l>poBhiX npeo6paJoBaTenen TDC, a TaK)I(e annaparypa 

cqHThiBaHIDI UH!l>poBbiX naHHhiX, KOHTJ>Om H JanaHIDI Hanpn<:eHIDI noporos nm Y,I:{. 
K xapaKTepHCTHKaM Y,I:{ 6hm npe.zo,gsneH pgn )l(eCTKHX Tpe6osaHHn: Manag noTpe6mi­

eMag MOlliHOCTh (rv 30 MB T/KaH.), Manbie W)'Mhi H xopowee 6htCTponencTBHe nm o6ecne­

qeHIDI BbiCOKOn TOqHOCTH (nyqwe 100 MKM), pa3peWeHHe napbl HMUYJibCOB 50 - lQQ HC. 

IIpo6neMa ocnO)I(IDillaCh Tpe6osaHHeM o6ecneqHTh BhiCOKyiO nnoTHOCTh paJMeweHIDI KaHa­

nos (rv 2, 5 CM2 /KaH.), HeCMOTpg Ha oqeBH):{HOCTb TOf'O, ~0 KaHan ):{OJI)I(eH 6hiTb ):{OCTaToqHO 

cnO)I(HbiM, T.K. Tpe6yeMOe p a3peWeHHe napbl HMUYJibCOB MO)I(eT 6h1Tb nonyqeHO TOJibKO C npH­

MeHeHHeM COOTBeTCTByiOlliHX wennepOB H CXeM OTceqKH "HOHHOf'O XBOCTa". TaK)I(e nougTHO, 

~0 J):{eCb npenno~HTenbHO HCUOJibJOBaHHe 6HnOmpHOn TeXHOJIOrHH, ~06bi o6ecneqHTb 

HHJKHe W)'Mbl npH MaJibiX BpeMeHaX !l>opMHpoBaHIDI (nepe):{HHn !l>pOHT HMUYJibCa Ha BXO):{e 

):{HCKpHMHHaTOpa He ):{OJI)I(eH npeBbiWaTh 10 HC). Ho HCUOJihJOBaHHe 6HUOmipHon TeXHOJIOrHH 

B 6hiCTJ>biX CXeMaX cpaJy CTaBHT BOUpOC 0 UOTpe6mieMOn MOlliHOCTH. 

B KaqecTse 6aJosoro 3JieMeHTa HaMH 6hma npe)l.1lO)I(eHa H HCnOJihJOBaHa cneuHanHJHpo­

BaHuag MHKpocxeMa ASD8 , pa3pa6oTaHHag B IleHCHJihBaHCKOM YHHBepcHTeTe [11] . MHKpo­

cxeMa COCTOHT HJ 8 O):{HHaKOBbiX KaHanOB, K~htn HJ KOTOpbiX conep)I(HT 6biCTpbtn MaJIO­

W~lliHn yCHJIHTenb, CXe Mbl !l>opMHpoBaHIDI KOpOTKHX HMUYJibCOB H ):{HCKpHMHHaTop. 3-fa 

MHKpDCXeMa OTJIHqaeTcg Manon UOTpe6JllleMon MOlliHOCTbiO H ):{H!l>!l>epeHUHaJibHOH CTpyKTy­

pon BCeX 3BeHbeB KaHana. IlOCJie):{Hee" 06CTOgTenhCTBO 3!l>!l>eKTHBHO HCUOJibJOBaHO ):{Jlll )'MeHh­

WeHIDI HaBO):{OK Ha BXO):{ CO CTOpOHbl BbiXO):{a H CO BXO):{HbiX He3KpaHHpoBaHHbiX nnOCKHX 

Kamouosblx Ka6enen. Bhi xonHhle TOKOBhie HMnyJihChi c ASD8 npeo6paJyiOTcg s nH!l>!l>epeH­

UHanhHhin CHrnan GTL c n oMOllihiO conpoTHMeHHH HarpyJKH H onopHoro Hanpg)l(eHug. Bee 

16 KaHanOB HCUOJib3yiOT O):{HO H TO )l(e Hanpg)l(eHHe nopora, UOCTJUaiOwee C MaTepHHCKOn 

nnaTbl. Ha BXO):{e H BbiXO):{e Y):{ HCUOJib3yiOTCji COBpeMeHHhie MHOI"'OKOHTaKTHbie MHHHaTIOpHbie 

pan.eMhl nmi UOBepXHOCTIIOf'O MOHTa)l(a. 

OcnoBHbie napaMeTpbt Y,I:{ cnenyromHe: paJMep MHorocnonHoii nnaThl 90 x 40 MM2 , qHcno 

KaHanOB- 16, UOTpe6mieMag MOIUHOCTb- 30 MBT/KaH., nepenHHn !l>pOHT CHrnana C ycH­

JIHTemi - 8 HC, co6cTBeHHbie W)'Mhi - 1 !l>Kn, pa3peweHHe napbt HMnyJihCOB c neTeKTopa 

- nyqwe 100 uc, Hanpg)l(eHHe nHTaHIDI - +1- 3V, onopHoe Hanpg)l(eHHe- + lB. 

6.IIPOI'PAMMhl AHAJIH3A 3KCIIEPHMEHTAJihHhiX MHHhiX 

IlporpaMMhl auanHJa naHHhiX nmi ycTaHOBKH HADES coJnaiOTcg Ha jJJbtKe nporpaMMH­

posaHug c++ Ha OCHOBe naKeTa ROOT (http://root.cern.ch). 06pa6oTKy naHHbiX npennona­

raeTCjl npoHJBO):{HTh ua 3 BM THna IBM PC B onepaUHOHHOH cHcTeMe LINUX. PaJpa6oTKy 

nporpaMM Be):{YT HeCKOJibK O rpynn !l>HJHKOB. ):{y6HeHCKag rpynna pa3pa6aTbiBaeT npOrpaMMbl 
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llOHCICa TJM!KOB H BOCCT3HOR1IeHIDI napaMe1"pOB '13CTHI.{ H BepWiiH C06LITHH, HCllOJILJYll HH­

cpopMai.{HIO c MDC. B HaCTOllll.{ee BpeWI HanucaHa nporpaMMa n oucKa KaH.nH.UaToB B TJM!KH 

.ll.IDI MDC, pacnonoJKeHHLIX .no MarnuTa (BHYTpeHIDill qacTL cneKTpOMeTpa). 

IlociCOJILKY OCHOBHall UeJIL coJ.naHIDI ycTauOBKH HADES - HJyqeHHe ueHTPaJILHLIX 

CTOJIKHOBeHHH TliJKeJILIX ll.llep, ycTaHOBICa 6y.neT pa60T3TL B ycJIOBIDIX OTHOCHTeJILHO 60JIL­

WHX JarpyJoK qacTHUaMH (20-30 qacTHU Ha o.nHy MDC). 3-ro OJHaqaeT, ~o B KaJK.llOH 

MDC HJ nopll.llKa 106 - 107 KOM6HHauuii cpa6oTaswux nposoJio'leK Ha.llO HaUTH 20-30 uc­

THHHLIX KOM6HHai.{HH, COOTBeTCTBYJOII.{HX peaJILHLIM TJM!KaM. }J.ml penieHIDI :noif .ll0CT3TO'IHO 

CJIOJKHOH 33.ll3'1H HaMH llpe.llJIOJKeH H peanHJOBaH 6LICTpLIH anrop HTM llOHCICa K3H.llH.ll3TOB B 

TpeKH B MDC ueHTPaJILHOH qacTH cneKTpOMeTpa, noJBOJlliiOII.{HH TaJC)Ke onpe.nenuTL, B nepBOM 

npH6JIHJKeHHH, reOMe1"pH'leCKHe napaMe1"pLI TpeKa. IJpu llOHCKe K3H.llH.ll3TOB B TJM!KH BpeWI 

.llpeifcpa He yqHTLIBaeTCll, ~0 llOJBOJllleT C.lleJI3TL npe.nsapHTeJILHO 60JILWHHCTBO paC'leTOB .ll.IDI 

BCeX C06LITHH. AJiropHTM Ollp060BaH Ha MO.IleJIHpOB3HHLIX H npo ymeHHLIX qepe3 nporpaMMY 

GEANT co6LITIDIX u:eHTpaJILHLIX Au+ Au-CTOJIKHOBeHHH. 

AJiropHTM OCHOBaH Ha .llByx CBOHCTBaX ycTaHOBKH. 3-fo MaJILJe paJMepLI MHWeHH ( OKOJIO 

2 CM .ll.IDI MHWeHH HJ JOJIOTa) OTHOCHTeJILHO paccTOirHIDI .no MDC (> 40 eM) u npu6nu-

3HTeJILHO npliMOJIHHeHHLie cpopMLI TpeKOB Ha yqacTKe OT Muw HH .no MarnuTa. OcHOBHall 

H.llell anropHTMa JaiCJIJOqaeTCll B npOeU:HpOBaHHH qyBCTBHTeJILHLIX 6DeMOB BCeX Cpa60TaBWHX 

nposonoqeJC HJ MDCI u MDC2 (12 llJIOCKOCTen qyscTBHTeJILHLIX nposono'leK B KaJK.llOM ceK­

Tope) Ha O.llHY llJIOCKOCTL OTHOCHTeJILHO MHWeHH H llOCJie.llYJOII.{eM llOHCKe Ha 3TOH llJIOCKOCTH 

llHICOB, COOTBeTCTBYJOII.{HX nepeCe'leHHIO Cpa6oTaBWHX npOBOJIO'leK .ll.IDI ICaJK.ilOI"O TpeiCa. 

Ou:eHKa 3Toro anropHTMa Ha Mo.nenuposaHHLIX co6LITIDIX n o KaJana, ~o npu JarpyJKe 

20--30 qacTHU Ha O.llHH MO.IlYJIL MDC nporpaMMa noJBOJllleT HaRTH see TpeKH HJ MHWeHH 

C XOpoWHM ICa'leCTBOM oroopa cpa60T3BWHX npOBOJIO'leiC (6onee 80% OT06paHHLIX npOBO­

JIO'leiC B llHKe npHHa.llJleJKaT O.llHOMY TpeKy). IJpHMeCL JIOJKHLIX TpeKOB COCTaBJllleT He 6onee 

HeCKOJILKHX npou:eHTOB. To'IHOCTL Haxo)K.lleHIDI nonoJKeHIDI TpeKa Ha llJIOCKOCTH npoeKuupo­

saHIDI npHMepHO B llliTL pa3 nyqwe, 'leM paJMep qysCTBHTeJILHOH 6naCTH CHillaJILHOH npOBO­

JIO'IKH Ha llJIOCKOCTH npOeU:HpOBaHIDI (a = 1, 1 MM npH paCCTOliHHH Me)K.lly qyBCTBHTeJILHLIMH 

npOBOJIO'IKaMH 6 MM). 

}J.ml OU:eHKH .llaJILHeHWHX waroB no pa3pa60TKe nporpaMM BOCCTaHORJieHIDI TJM!KOB B 

MDC MLI nonpo6osanu npocpHTHposaTL TpeKH npliMOH JIHHHeii (c yqeToM BpeMeHu .npencpa), 

JaiCJla.llbiBall B cpHT KaK Ha'laJILHOe npH6JIHJKeHHe .naHHLJe, llOJiyqeHHLie BLJWeOllHCaHHLIM Me­

TO.IlOM. B pe3yJILTaTe MLI llOJiyqHJIH TO'IHOCTL BOCCTaHORJieHIDI TpeKOB OKOJIO 100-140 MKM, 

~o cooTBeTCTByeT pac'leTHLIM JHa'leHIDIM paJpeweHIDI MDC cneKTpoMeTpa HADES. 

7. 3AKJIIOqEHHE 

Pa3pa6oTaHa KOHCTpYJCU:IDI H COJ.IlaHa MHOI"OCJIOHHall .npeifcpOBall KaMepa .ll.IDI BHYTpeHHeH 

'laCTH TpeKoson cucTeMLI cneKTpoMeTpa HADES. HcnoJILJOBaHHe raJoson cMecu renuii­

HJ06YTaH H aJIIOMHHHeBOH npoBOJIOKH noJBOJilleT YMeHLWHTL p a.nuau:uoHHYIO MHHY .neTeK­

TOpa, 'ITO OC06eHHO Ba.lKHO .ll.IDI BOCCTaHORJieHHll TpeKOB 'laCTHI.{ C MaJibiM HMllYJILCOM. YBeJIH­

'leHHe KOHU:eHTpaU:HH HJ06YTaHa HeCICOJILKO YBeJIH'IHBaeT MHOroKp aTHOe pacceSIHHe, HO llpH 

3TOM .llOCTHraeTCll JHa'IHTeJILHO 6onee YCTOH'IHBLIH peJKHM pa60TLI .neTeiCTOpa. 

HcnLJTaHHJI .neTeKTopa B na6opaTopHLIX ycnOBIDIX c HCTO'IHHKaMH 55Fe H 90Sr B 0115111 
uzy6Ha) " Ha nyqKax 2,1 f3B/c npoTOHOB " 

238U SIS B GSI ()lapMwTa.nT) noKaJaJIH eTa-
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6HJILHYJO pa6ory ~eTeKTopa. TipocTPaHcTBeuuoe pa3peweuue "' 70 MICM nonyqeuo ua raJOBoii 
CMecu He-iC4H10. 

B HaCTOllll{ee BpeMll H3I'OTOBJieHbl BCe MO.IzyJIH ~peiiciJOBbiX KaMep BHyrpeHHeii 'laCTH CUeK­
TPOMeTpa H 3JleKTPOHHKa C'IHTbiBaHHll HHciJOpMaUHH H Ha'laTbl HX HCllbiTaHHll B COCTaBe cneK­
TPOMeTpa. 

ABTOpbl BLipiDKaiOT 6naro~apuocTL aK~eMHKY A.M.E~uuy Ja BHHManue u HHTepec K 
pa6oTe. Pa6oTa, npe~cTaBJieHHall B :noii cTaTLe, noMep)I(HBanacL INT AS, Brussels (KOH­
TPaKTLI 94-1233, 96-0468), a TaK)I(e MunaTOMOM (PoccHll) u BMBF (fepMaHHll) B paMKax 
nporpaMMLI DLRIWTZ 662-97. 

ABTOpbl 6naro~apliT TaK)I(e IO.f.<I>e.rzyJioBa, H.TI.BonKoBa, A.E.MocKOBCKoro, H.H.Tuxan'leBa 
u B.A.EeJiliKOBa Ja yqacTne B coJ~auuu ~eTeKTOpoB u MeKTpOHHKH. 
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H3MEPEHHE TEMllEPATYPhl YPAHOBOrO Ol>PA3.QA, 
OliJiyqAEMOrO BTOPJiqHhiMH HEHTPOHAMH 

B.H.EamuH, J(.B.EamuH\ B.B.EopucoB, H.M.BJZaou.MupoBa, 
B.r.reopzue«2

, B.M.J(po6uH, B.C.KopoJZeB, M.H.Kpu«onycmo«, 
C.B.Ce.MalUKO, JI.C.CnacoB 2, c.r.Cmef1eHKO 

fipOBe.UeHO H3MepeHHe TeMnepaTypbl ypaHOBO!'O o6pa3Ua, o6nyqaeMO!'O BTOpH'IHbiMH 
'!aCTHUaMH, o6pa3yiOIUHMHCll B CBHHUOBOH MHIUeHH npH B3aHMO.UeHCTBHH C fiY'JKOM npo­
TOHOB C ::meprneH 1,5 r3B H cpe.UHeH HHTeHCHBHOCTbiO 3, 9 · 109 npoT./C B Te'!eHHe 
260 MHH. Ha6niO.UanOCb KOppenHpOBaHHOe C HHTeHCHBHOCTbiO nyqKa H3MeHeHHe no­
Ka3aHHH TepMO.UaT'IHKOB Ha OCHOBe KBapueBOro pe30HaTopa. 0ueHKa cpe.UHeH MOIUHO­
CTH, BbUlenHBWeHCll B o6pa3ue, c.uenaHHall Ha OCHOBe TeiUlO<fJH3H'IeCKOH MO.UenH, COCTa­
BnlleT 3, J MBT H B npe.uenax norpeWHOCTH COBna.uaeT C BenH'IHHOH cpe.UHeH MOIUHOCTH 
(3, 4 ± 0, 5) MBT, nonyqeHHOH Ha OCHOBe .UaHHbiX .UeTeKTOpa OCK nKOB .ueneHHll. 1Jys­
CTBHTenbHOCTb H3MepHTenbHO!'O KaHana - J MK. 

Pa6oTa s&monHeHa B Jla6opaTopHH BbiCOKHX JHeprnii 01151.11. 

Temperature Measurement of the Uranium Sample Irradiated 
with Secondary Neutrons 

V.I.Batin et al. 

The measurement of temperature of the uranium sample irrad ated with secondary 
particles, formed in a lead target, is carried out. The target was irradiated with a proton 
beam with the energy of 1.5 GeV and intensity 3.9 · 109 p./s duri g 260 minutes. The 
thermometers on the basis of quartz resonators have fixed changes of the uranium sample 
temperature, which correlated on time with beam intensity. The estimation of the average 
energy allocated in the sample, by using these data and thermophysical model, is made; 
it is equivalent to 3.1 mW. This value coincides with the value of the average energy of 
(:3.-t ± 0.5) mW, obtained by using the solid state track detector. The sensitivity of the 
measuring channel was I mK. 

The investigation has been performed at the Laboratory of High Energies, llNR. 

1 M ocKOBCKHii mtlKeuepHo-<fnn u'leCKHii ltHCTitTyr 
2Hct>TI 6AH. Co<jlttH 
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1. BBE.IJ:EHHE 

flpH HCCJie.UOBaHHH ¢ H3H'IeCKHX npouecCOB B ypaHOBbiX H TOpHeBhlX MHWeiDIX, 06Jiy­

qaeMhlX BhlCOK03HepreTH'IeCKHMH 'laCTHUaMH H .ll.!lpaMH, O.!lHHM H3 napaMeTpOB, HHTepeCyJO­

IUHX HCCJie.UOBaTeJieH, .IIBJI.IIeTC.II KOJIH'IeCTBO TeOJIOTbl, Bbl.!leJIHBWeeC.II B .!leJI.III.UeMC.II MaTepH­

ane [1,2,10] . .IJ:n.s! Onpe.ueneHIDI 3TOI'O napaMeTpa, KaK npaBHJIO, HC00Jib3YIOTC.II pa3IIH'IHbie 

BapHaHTbl KaiiOpHMeTpH'IeCKHX MeTO.!lOB [3], CYTh KOTOpblX CBO.!lHTC.II K perHCTpaUHH .!lHHaMH­

qecKOI'O HJMeHeHIDI TeMn epaTyphl .!leJI.III.Ueroc.ll MaTepHana. Ha.uo OTMeTHTh, 'ITO npose.ueHHe 

no.uo6Horo po.ua Hccne.uos aHHH conp.s~)l(eHo c .uocTaTO'IHO cepbeJHhiMH TPY.!lHOCT.IIMH, T. K. H3-

Ja orpaHH'IeHHH 00 HHTeHCHBHOCTH nepBH'IHOro nyqKa He06XO.!lHMO perHCTpHpOBaTb O'leHh 

MaJibie ("-' 10-2 K) H3MeHeHIDI TeMnepaTypbl, H U03TOMY TepMO.!laT'IHKH .!lOJI)I(Hbl HMeTb Bbl­

COKYJO 'I)'BCTBHTeJibHOCTb. 

HaH6onee BhiCOKHMH MeTponornqecKHMH xapaKTepHCTHKaMH o6na.uaiOT KBapueshie Tep­

MO.UaT'IHKH [4,5,6]. B 3THX npH6opax HCUOJib3YeTC.II CBOHCTBO HeKOTOpbiX THOOB KBapueBbiX 

pe3oHaTopos HJMeiDITh c o 6cTBeHHYJO qacTory npH HJMeHeHHH TeMnepaTypbi. KpHCTaJIJI pe3o­

HaTopa B 3TOM CJiyqae HrpaeT .!lBO.IIKYIO pOJib. 0H .IIBJI.IIeTC.II 'laCTbiO C O.!lHOH CTOpOHbl 'laCTOT0-

3a.!laiOI.UeH uenH reHepaTopa, a c .upyroii - TepMO'I)'BCTBHTeJihHOro aneMeHTa. KoHCTPYKTHBHO 

.UaT'IHK Dpe.!lCTaBJI.IIeT C06 0H OJiaCTHHKY KBapua, UOMei.UeHHYIO B CTaJibHOH KOpnyc, KOTOpblH, 

.!lJI.II ysenH'IeHH.II TeOJiosoH: npoBO.!lHMOCTH Me)l(.!ly pe3oHaTopoM H KopnycoM .uaT'IHKa, JanonHeH 

a30TOM HJIH reJIHeM. qysCTBHTeJibHbiH 3JieMeHT C OOMOI.Ub!O 3KpaHHpOBaHHOro Ka6eJI.II COe.UH­

IDieTC.II C 3JieKTpOHHOH CXeMOH, o6ecne'IHBaiOI.UeH B036y)l(.!leHHe pe30HaTOpa H CbeM CHrHaJia 

C .UaT'IHKa. 

Uenb .uaHHOH pa60Thi cocTOHT B nposepKe MeTO.!lHKH np.IIMOro H3MepeHIDI MaJihlX TeOJio­

Bhl.!leJieHHH C OOMOI.Ub!O KBapueBhlX TepMO.!laT'IHKOB B YCJIOBH.IIX HHTeHCHBHOro ¢oHa BTOpH'I­

HblX 'laCTHU (/, 'f} H T . .!l.) . 

11cOOJib30BaHHble B .UaHHOH pa6oTe TepMO.!laT'IHKH HMeiOT CJie.!lyJOIUHe napaMeTpbi: 

. . 
PeJOHaHCHall 'laCTOTa 

qyscTBHTenbHOCTb 

Oopor 'IYBCTBHTenbHOCTH 

HenHHeHHOCTb BblXOJIHOH xap-KH 

Macca JiaT'IHKa 

fa6apHTHbie pa3Mepbl 

*B JIHan aJOHe 233-425 K 

- 26,6 Mru (300 K) 
- "-' 1000 ru /K* 
-0,0001 K 
- "-' 0,07 K* 
- (0, 950 ± 0, 01) r 

- (ll X 13, 5 X 3, 5) MM 

2. OUUCAHUE YCTAHOBKU 

.IJ:n.s! nposepKH MeTO.!lHKH KaiiOpHMeTpH'IeCKHX H3MepeHHH C TepMO.!laT'IHKOM Ha OCHOBe 

Ksapuesoro pe3oHaTopa 6 hm pa3pa6oTaH .ueTeKTop (pH c. 1) H npose.ueHo H3MepeHHe TeMnepa­

TYPhi o6nyqaeMoro ypaHosoro o6pa3ua .ueTeKTopa B ceaHce CHHxpo¢a30TpoHa s HIOHe 1998 r . 

AIIIOMHHHeBbiH UHJIHH.!lp C MeTaJIJIH'IeCKHM ypaHOM eCTeCTBeHHOH CMeCH 6hlJI UOMeweH B 

.usyxcnoiiHhiH TepMOCTaT H3 neHoOJiacTa. Ha Topue UHJIHH.!lpa pacnonarancSI TepMo.uaT'IHK 

Tl. Me)l(.!ly BHeWHHM H BHYTpeHHHM KO)I(yxoM TepMocTaTa Haxo.UHIIC.II BTopoii, onopHbiH, 

TepMo.uaT'IHK T2. 
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,lleTeKTOp pacnOJiaraJICg B UeH~ H3,!l CBHHUOBOH MHWeHbiO, UOMeiUeHHOH B neuonna­

CTOBblH TepMOCTaT. Beg c6opKa 6hUia yJIO)I{eHa B .z:tepesgHHblH KOpo6 "'-' 1 X 1 X 1 M (pHC. 2,3), 
06WHTbiH HJHYTPH JIHCTOBbiM Ka.l{MHeM H JanOJIHeHHbiH rpauynHp OBaHHbiM llOJIH3THJieHOM. 

Bo BpeMg ceauca MHWeHb 06JiyqanaCb ll)"'KOM npOTOHOB CHHXpo!lJaJOTPOHa JIB3 C 3Hep­

rneif 1,5 f3B/c H HHTeHCHBHOCTbiO 3, 9 · 109 • 06nyqenHe .llllHJIOCb 4 qaca 20 MHH, UOJIHbiH 

HHTerpan 4, 8 · 1013 npoTonoB. IToKaJan~ .z:taTqHKOB pernCTpHpOBanHCb o.z:tHH pa3 B ceKyn.z:ty. 

l..J:ysCTBHTeJibHOCTb HJMepHTeJibHOfO KaHana COCTaBJigeT 1 . w-3 K. liJMepeu~ uaqanHCb Ja 

1,5 q .z:to uaqana o6nyqeu~ H JaKouqHJIHCb qepe3 25 MHH nocne ero OKonqau~. 

YpaHOBbiH UHJIHH.ll.P (~36MMxl04MM) 
T epMo)l.aTt.IHK 

TepMOCTaT 
PHc. I. 3cKHJ .lleTeKTopa 

noilii13TII1IleH (rpaH.) 

PHc. 2. 3cKHJ ycTaHOBKH 
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Tl 
TepMocTaT 

MlflllEHb 

aHOBbiH 

TineHoqHbiH .n.eTeKTop 
OCKOJIKOB neneHIUI 

TepMocTaT 

IIYqOK 
• 

PHC. 3. PacnOJJOJKeHHe lleTeKTOpa OTHOCHTeJJbHO MHWeHH (BHll c6oKy, lleTaJJH yCTaHOBKH He nOKa:JaHbl) 

3. PE3YJihTAThl 3KCIIEPUMEHTA 

fpacJ>uKu U3MeHeHIDI TeMnepaTypbi, 3aperncTpuposaHHOH JlaT'IUKaMU T I u T2 cosMeCTHO 

C JlaHHbiMU 06 UHTeHCUBHOCTU nyqKa, npuBeJleHbl Ha puc. 4. HopMupoBaHHbiH rpacJ>uK UHTeH­

CUBHOCTU HJJJIJOCTpupyeT x apaKTep llOBe}leHU$1 ll)"'Ka BO BpeM$1 ceaHCa 06JJ)"'eHIDI MUWeHU. 

fpacJ>UKU Tl U T2 nOKa3bJBaJOT U3MeHeHue TeMnepaTypbl OTHOCUTeJJbHO Ha'laJJbHOH TO'IKU. 

Dpu 3TOM rpacJ>uK Tl noKa 3biBaeT U3MeHeHue TeMnepaTypbl nosepxHOCTU ypaHosoro o6pa3ua 

JleTeKTopa, a rpacJ>uK T2 - U3MeHeHue TeMnepaTypbi BHYTPU KO:JKyxa TepMOCTaTa. Pa3HOCTb 

TeMnepaTyp Tl u T2 B MOMeHT Ha'lana U3MepeHUH COCTaBJlj!Jla rv 0, 5° c (520 MK) . .IleTeKTOp 

JlO pa3Mell{eHIDI B ycTaHOBKe B Te'leHue HeCKOJlbKUX JlHeH HaXOJlHJJC$1 B 6oJJee TenJJOM llOMe­

weHUU u 6bm ycTaHoBJJeH npuMepHo 3a Tpu qaca JlO Ha'lana o6nyqeHIDI. llo3ToMy K Ha'lany 

U3MepeHUH JleTeKTOp He HaXOJlHJlC$1 B TenJJOBOM paBHOBeCUU C ycTaHOBKOH, B KOTOpOH TeMne­

paTYPa 6bma HU:JKe. YMeHbWeHue TeMnepaTypbi , 3apernCTpupoBaHHoe JlO Ha'lano o6nyqeHH$1 

o6ouMu JlaT'IUKaMu, Bbi3BaHo npoueccoM Tennoo6MeHa JleTeKTopa u yCTaHOBKU . KpoMe 3Toro, 

U3MepeHID1 npoBOJlHJJUCb n a cJ>oHe o6mero noHu:JKeHU$1 TeMnepaTypbi oKpY:JKaiOweH: cpeJlbi 

(BpeM$1 U3MepeHUH rv ]5 'I - 21 'I 30 MUH). 

fpacJ>uKu TeMnepa'ryp T l u T2 noKa3biBaJOT, 'ITO c Ha'laJJOM o6nyqeHU$1 naaeHue TeMnepa­

Typbi B JleTeKTOpe 3aMeJl]JHJJOCb. llpu 3TOM U3MeHeHUe TeMnepaTypbl llOBepXHOCTH ypaHOBOJ'O 

o6pa3ua KoppenupyeT c U3MeHeHueM UHTeHCUBHOCTU nyqKa (puc. 4) . Ha6JJJOJlaeMoe 3aMeJl]Je­

Hue lla}leHU$1 TeMnepaTypbl MOlKeT 6bJTb CJJeJlCTBUeM: 

- H3MeHeHIDI xapaKTepUCTUK JlaT'IUKa, Bbi3BaHHOe ero 06JJyqeHHeM; 

- TenJJOBbiJleJJeHH$1 B ypaHe BCJJeJlCTBUe ero JleJJeHU$1 . 

06a JlaT'IUKa HaXOJlj!TC$1 B llOTOKe BTOpH'IHbiX 'laCTHU: HeHTpOHOB, 3ap$1lKeHHbiX 'laCTHU 

H / -U3Jl)"'eHIDI, KOTOpbie BJJU$1JOT Ha napaMeTpbi JlaT'IUKOB. 0JlHaKO, nocKOJJbKY JlaT'IHKH T I 
U T2 HaXOJlj!TC$1 B OJlHHaKOBbiX ycJJOBU$1X ( cJ>u3U'IeCKH pacnOJJOlKeHbi B HenocpeJlCTBeHHOH 

6llU30CTU OJlUH OT Jlpyroro ), U3MeHeHue UX napaMeTpOB, Bbi3BaHHOe 06JJyqeHHeM, JlOJilKHO 

6bJTb OJlHOJ'O llOp$1JlKa. 
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PHc. 4. fpaclJHKH H3MeHeHIUI reMnepaTyp Tl H T2 

8JJIDIHHe HeihpOHHhiX DOTOKOB Ha KBapUeBbie pe30HaTOpbl H3y<leHO .llOCTaTOlfHO XOpOWO 

(8), H, B JaBHCHMOCTH OT THDa pe30HaTOpa, 3TO R!IIDIHHe MOJKeT DpHBO.llHTh KaK K )'BenHlfeHHIO, 

TaK H K }'MeHhWeHHIO C06CTBeHHOH pe30HaHCHOH lfaCTOThl npH6op a, Bhl3h!BaTb o6paTHMble H 

Heo6paTHMhie HJMeHeHIDI s cTpy1nype KpHCTanna. Bee nocrynHhie naHHhie, npHBO.llHMhie s nH­

Teparype, rosopliT o TOM, 'ITO cyweCTseHHhie HJMeHeHIDI s CTP)'Krype KBapua npoHCXO.llliT npH 

HenTpOHHhiX noToKax > 10 10 ll(cM2 ·c), as HaweM cnyqae npensapHTenhHaJI oueHKa noKaJhi­

saeT, 'ITO MaKCHMaJJhHhiH DOTOK HeHTpOHOB JlOJJJKeH COCTaBllilTh He 6onee 106 -107 lf(cM2 ·c). 

llO-BHJlHMOM)', BenHlfHHa BOJ)leHCTBIDI HeHTpOHHOI'O DOTOKa Ha )laTlfHKH B )laHHOM cnyqae 

JJeJKHT HHJKe nopora lf)'BCTBHTenbHOCTH H3MepHTenhHOI'O TpaKTa. 

OueHHTh c nocTaTOlfHon TOlfHOCThiO R!IIDIHHe JapliJKeHHhiX lfaCTHU H 1-H3Jl}"'eHIDI Ha 

)laTlfHKH B )laHHhiH MOMeHT He npeJlCTaR!IJieTCll B03MOJKHhiM, H D03TOM)' DOJJHOCThiO HCKJJIO'lHTh 

HaJJHlfHe TaKOI'O R!IHJIHIDI Henb3ll. 0JlHaKO OTC)'TCTBHe liBHOH KOppenJIUHH DOKaJaHHH )laTlfHKa 

T2 C HHTeHCHBHOCThiO D03BOJllleT C)lenaTb DpeJlDOJJOJKeHHe, 'ITO TaKoe R!IIDIHHe MaJJO H He 

Bhl3hiBaeT JaMeTHhiX HJMeHeHHH. 

CpaBHHBaJI MeJKJly co6on noKaJaHHll naTlfHKOB, Mhi BHJlHM, 'IT y naTlfHKa Tl Ha6n10naeTCll 

OTKJJHK Ha CKalfKH HHTeHCHBHOCTH, y )laTlfHKa T2 TaKOI'O OTKJJHKa He Ha6JJIO)laeTCll. ECJJH 

6bl y )laTlfHKOB HJMeHHJJHCh HX xapaKTepHCTHKH, TO TaKOe H3MeHe HHe 6hiJJO 6hi O,llHHaKOBhiM 

.ll.Jlll o6oux naTlfHKOB. TaKHM o6pa3oM, MOJKHO ClfHTaTh, 'ITO p emCTpupyeMhie HJMeHeHIDI 

DOKaJaHHH )laTlfHKOB HMeiOT TeDJJOB)'IO DpHpOJly. 

4. OU:EHKA MOI.UHOCTH, Bhll(EJUIEMOH B YPAHOBOM liJIOKE, 
DO PE3YJih TAT AM H3MEPEHH -

XOTll H3MepeHHll npOBOJlHJJHCh TOJlhKO B OJlHOH TOlfKe DOBepXHOCTH ypaHOBOI'O o6pa3Ua H 

B OJlHOH TOlfKe BH)'TpH TepMOCTaTa, aHaJJH3 DOKa3biBaeT, 'ITO Jl]]ll DOJJy<leHHll OUeHKH CpenHeH 
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MOIUHOCTH TeMnepaT)'py n o BepXHOCTH ypaHOBOro o6pa3Ua MO:lKHO C'IHTaTb O.llHHaKOBOH .IIJijl 

BCeX TO'IeK, H IUIOTHOCTb n OTOKa TeiUia C nOBepXHOCTH TaK:lKe MO:lKHO C'IHTaTb O.llHHaKOBOH 

no BCeH noBepXHOCTH. 

0T BpeMeHH c6opKH CHCTeMbl .llO Ha'laJia HJMepeHIDI npOUlJIO OKOJ10 3,5 '1, Ja 3TO BpeW! 

HecTauHOHapHbiH npouecc TeiUionpOBO.IlHOCTH .llOJl:lKeH 6&m nepeHTH B perymtpHbiH pe:lKHM, 

npH KOTOpOM TeMnepaTypa T(x, y, Z , t) J1I060H TO'IKH BHyTpH Tena HJlH CHCTeMbl TeJl HJMeiDI­

eTCll no JaKOHY 

T (x,y, z, t) = Tc +A · U(x,y , z) · e-mt, 

r.ue Tc - TeMnepaT)'pa Ha rpaHHUe CHCTeM&I. 

TeMnepaTypa D.T = T - T0 , OTC'IHTbtBaeMall OT HeKoTopoii Ha'laJibHOH TeMnepaT)'pbi To, 
TOf,lla 6y.UeT HMeTb CJle.ll)'IOIUHH BH,Il: 

D.T = Tc- To+ A· U(x,y ,z) · e-mt , 

nOCKOJlbKY B Ha'laJibHbiH MOMeHT D.T = 0, CJle,llOBaTeJJbHO, H OKOH'IaTeJJbHO: 

A · U(x, y , z) = Tc- To , 

r.ue m - TeMn perymtpHoro pe:lKHMa. 

J1pHBe,lleHHOe Bbtpa:lKeHHe HaXO.IlHTCll B XOpOilleM COfJlaCHH C 3KCnepHMeHTaJlbHbiMH ,llaH­

HbiMH .IIJijl BpeMeHHOro HHTe pBana, npe.umeCTBYIOIUero o6nyqeHHIO, m 2 = (8, 25±0, 09) ·10- 3, 

Tc - To2 = 141,5 ± 1, 3; m 1 = (5 , 92 ± 0, 02) · 10- 3
, Tc - To1 = 656 ± 2. 

B CTa,llHH perymtpHoro pe:lKHMa pacnpe.uenellHe TeMnepaTypbt B ypaHOBOM o6paJue MO:lKHO 

C'IHTaTb paBHOMepHbiM, H ll03TOMY MO:lKHO nOJlO:lKHTb TeMnepaTypy noBepXHOCTH paBHOH Cpe.ll­

HeH no o6oeMY TeMneparype ypaHa. llanee BeJ.ue C'IHTaeTCll Ts = < T >v= T. YpaBHeHHe 

TeiUIOBoro 6anaHca B 3TOM cnyqae : 

aT 
0 · -+q ·S=P at n ' 

r.ue C - TeiUIOeMKOCTb o 6 pa3Ua; Qn - IUIOTHOCTb nOTOKa Tenna C noBepXHOCTH 6JlOKa; S -
llJlOIUa,llb noBepXHOCTH; p - MOIUHOCTb, Bbl.llemteMall B 6JlOKe. B OTCyTCTBHe HCTO'IHHKOB 

Tenna c aT 
Qn =- S . at' 

Hcnon&Jyll perymtpHbiH pe:lKHM, nonyqaeM .llJlll Qn: 

c 
Qn = - m · S · (D.T - Tc + T0 ) . 

11 .uanee 
aD.T P - - + m · (D.T - T. . + T.o) = -. 

at '- c 
Pemall 3TO ypaBHeHHe, Hax o.uuM .IIJijl D.T: 

D.T = (Tc- To) · (1 - e- mt) + :C · (1 - e-m(t-to) ); 

to - BpeW! Ha'lana Bbl.lleJleHHll MOIUHOCTH. 
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IlpHMeiDiji nOJI)"'eHHYJO JaBHCHMOCTb K 3KCnepHMeHTaJibHbiM ):{aHHbiM, Mbl HaxO):{HM Cpe):{­

HIOIO MOW:HOCTb, Bbl):{eJij!eMyro B ypaHe, ycpe):{HeHHOH no BCeMy HHTepnany BpeMeHH o6nyqeHIDI 

p = 3,1 MBT. 

IloKaJaHHji ):{aT'-IHKa T2, a Ta.IOKe «TOHK~ CTPYKTYPa» B rpacpHKe Tl , Bbi3BaHH~ CKa'!KaMH 

HHTeHCHBHOCTH, Ka'!eCTBeHHO H KOJIH'!eCTBeHHO 06'bjiCIDIIOTCji npHBe):{eHHOH MO):{eJibiO. 

5. PE3YJihTAThl H3MEPEHHH ,[(ETEKTOPA OCKOJIKOB )U'.JIEHIDI 

,Uml npoBepKH peJyJibTaTOB, nonyqeHHbiX C nOMOW:biO TeUJIOcpH3H'!eCKOH MO):{eJIH, npOH3-

Be):{eH pac'!eT 3HeprnH, Bbl):{eJIHBUieHCji B ypaHOBOM o6pa3Ue Ja C'ICT ):{eJieHHji j!):{ep ypaHa. IlpH 

3TOM ):{Jij! Onpe):{eJieHHji KOJIH'IeCTBa C06bJTHH ):{eJieHHj! HCnOJibJOBaJICji ):{eTeKTOp, COCTOjiiUHH 

HJ ypaHOBOH cpOJibrH TOJIW:HHOH 50 MKM TOro .lKe HJOTOnHOfO COCTaBa, 'ITO H ypaH o6pa3Ua, 

H HaXO):{j!W:eHCji C HeH B UJIOTHOM KOHTaKTe JiaBCaHOBOH UJieHKH TOJIIUHHOH 160 MKM (pe­

rHCTpHpyiOTCji C 90% 3cpcpeKTHBHOCTbiO OCKOJIKH ):{eJieHHj! ji):{ep ypaHa, BbiJieTeBUIHe B 27r) . 
Onpe):{eneHHe KOJIH'!eCTBa co6biTHii ):{eJieHHj! j!):{ep ypaua B o6paJue npono):{HJIOCb B npe):{nono­

)l(eHHH, 'ITO nOTOK HeHTpOHOB H ):{pyrnx, Bbl3biBaiOW:HX ):{eJieHHe j!}:{ep, '!aCTHU, O):{HHaKOB no 

3HepreTH'!eCKOMy cneKTpy H B 06JiaCTH ypaHOBOfO o6pa3Ua, H UJieHO'IHOfO ):{eTeKTOpa, a no 

HHTeHCHBHOCTH OTJIH'IaeTCji Ha OTHOUieHHC KBa):{paTOB paCCTOjiHHH OT OCH nyqKa. lfcnOJibJOBa­

HHe TaKOro ):{eTeKTOpa, npH BbiUieYKaJaHHOM ):{OnymeHHH, nOJBOm eT onpe):{eJIHTb KOJIH'IeCTBO 

C06b1THH ):{eJieHHji 6e3 :mepreTH'!eCKOro cneKTpa HeHTpOHOB H HJMepeHHj! Ce'!eHHH ):{eJieHHji 

ypaHa HeHTpOHaMH pa3JIH'!HbiX 3HeprHH, a TaK.lKe 6e3 HJMepeHHji HHTeHCHBHOCTH nepBH'IHOfO 

nyqKa npOTOHOB. 

,Uml onpe):{eJieHHj! 'IHCJia C06biTHH ):{eJieHHj! H paC'!eTa 3HeproBbl):{eJieHHj! HCnOJibJOBaHbl 

cne.uyiOm;He ):{aHHbie : 

Bee o6pa3ua 

BbieoTa 

llHaMeTp 

fl.nOTHOeTb ypaHa p 
Pae'!eTHllll TOJllllHHa aJJIOMHHHesoro noKpbiTHll 

Bee aJJIOMHHHesoro noKpbiTHll 

Bee ypaHa s o6pa3ue 

llnHHa 6noKa MeTaJJJlH'!eeKOI"'O ypaHa L 
llwaMeTp D 
3cpcpeKTHBHO pa60TaiOlllHH CJ!OH ypaHa d 
flnoTHOeTb TpeKOB B JleTeKTope N 1 

3cpcpeKTHBHOeTb perneTpaUHH OeKOJlKOB Q 

PaeeTOliHHe OT ueHTpa nY'IKa JlO JleTeKTopa R1 
PaeeTOliHHe oT ueHTpa nY'IKa JlO ueHTpa o6pa3ua R2 
BenH'!HHa :3HeproBbUieJJeHHll B OJlHOM JleJJeHHH K 
BpeMll o6nY'IeHHll 6.t 

KonuqecTBO co6bJTHH ):{eJieHHj! jl):{ep ypaHa: 

1720r 
104 MM 

36,5 MM 

19,04 r/eM3 

1,65 MM 

58,4 r 
1659 r 
100,7 MM 

33,2 MM 

4, 5 · 10- 3 r/eM2 

1, 13 · 106 Tp./eM2 

.7 
85 MM 

150 MM 

2, 59. 10- 11 n)f( 
1, 41 . 104 e 
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H MOIUHOCTh, Bhl!leJIHBllllUICSI B ypaHOBOM o6pa3l{e: 

P = N nen K 
!:l.t 

BenH'IHHa sHeproBhl!leJieHHSI npH OilHOM co6hiTHH }leJieHHSI ypaHa npHHHManacb pasHoii 

162 MsB- 3Hepn1H OCKOJIK OB }leJieHHSI, BCeMH OCTaJibHhiMH HCTO'IHHKaMH 3HeproBhl!leJieHHSI 

(1], "( H T.}l.) npeHe6peranH HJ-Ja He60JihlliOI'O pa3Mepa ypaHOBOI'O o6pa3Ua H MaJIOI'O Bpe­

MeHH HJMepeHHSI. BeJIH'IHHa cpe}lHeH MOIUHOCTH, llOJI)"leHHlUI Ha OCHOBe }laHHhiX }leTeKTOpa 

OCKOJIKOB }leJieHHSI, COCTaBJISieT (3, 4 ± 0, 5) · 10-J BT. 

6. BhiBOJJ:hl 

Cosna}leHHe peJyJihTaTOB, nonyq:eHHhiX ilBYMSI HeJaBHCHMhiMH MeTOilaMH, noJuomeT c}le­

JiaTh Bh!BO}l 0 TOM, 'ITO npe)JJIO)KeHHhiH CnOC06 npSIMOI'O HJMepeHHSI MaJihiX TenJIOBhl!leJieHHH 

B YCJIOBHSIX HHTeHCHBHOI'O ct>oHa BTOpH'IHbiX 'laCTHU BfiOJIHe pa60TOCfiOC06eH H llOKa3bJBaeT 

xopolliHe pe3yJihTaThi. 

EoJihlliOH Janac no qyuc TBHTeJibHOCTH JleTeKTopa noJBOJISieT cymecTBeHHO (B 20-30 pa3) 

YMCHblliHTb Macey ypaHOBOI'O o6pa3Ua H COOTBCTCTBeHHO YMeHblliHTb ra6apHTHbJe pa3Mepbl 

}leTeKTOpa. 

llpe)JJIO)KeHHlUI MCTO}lHKa ll03BOJISieT npOBO}lHTb On-line H3MepeHHSI TenJIOBbl!leJieHHH npH 

cymecTBeHHOM YMeHbllleHHH BpeMeHH o6nyq:eHHSI, c 3apaHee Ja}laHHOH Tpe6yeMoii TO'IHOCTbJO. 

3'fo yTBep)K}lCHHe HJIJIJOCTpHpyeT rpacl>HK 3aBHCHMOCTH OTHOCHTeJibHOH norpelliHOCTH onpe­

}leJieHHSI Cpe}lHeH MOIUHOCTH OT BpeMeHH H3MepeHHSI (pHC. 5). 

14 

~ 12 

g 10 
....... 
* 8 
0.... -- 6 0.... 
c-0 
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2 
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0 5 10 15 20 

BpeM51 H3MepeHH51, MHH 

PHC. 5. 3aBHCHMOCTb BeJIH'lHHbl OWH6KH OT .llJlHTeJibHOCTH BpCMCHHO!'O HHTCpBaiia 

ABTOpcKHH KOJIJieKTHB npHHOCHT my6oKyJO 6naro}lapHOCTb PYKOBOilCTBY OT}lena Cl>H3HKH 

MHOI'OttaCTH'IHhiX CHCTeM cJ> 11AH ( OT}leJI «ny6Ha») 3a no}l}lep)KKY }laHHOH pa60Tbl, a Tauce 

npoct>eccopy 11.A.Wenaeuy H npoct>eccopy C.A.Xopo3osy Ja otteHb noneJHbie o6cy)K}leHHSI H 

peKOMCHJlal{HH llO o6pa60TKC 3KCnepHMCHTaJibHOI'O MaTepHana. 
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KPAEBLIE 34l<llEKTLI B llPOllOPIJ.HOHAJILHOH KAMEPE. 
BITHRHHE~H3nEKTP~ECKOHPAMKH 

T.ll. Tonypu.R, M.~.matjJpauoB 

llpencTaBJieHbl 3JICKTj)H'IeCKHe XapaKTCpHCTHKH nponOpUHOHaJibHbiX KaMep Ha rpa­
HHUaX C pllMKOH KaMepbi. llpHMeiUIBlllHeCll no CHX nop MeTon&I paC'IeTa aneKTj)H'IeCKHX 
DOJleH H nOTeHUHaJIOB B pa60'!eM 06beMe MHOronpoBOJIO'IHbiX nponopUHOHaJibHbiX KaMep 
He fl03BOJlliJlH OUeHHTb CTeneHb BJIIUIHIUI nHaneKTj)H'IeCKOH pllMKH KaMepbl Ha !J>opMH­
poBaHHe aneK-rpH'IeCKHX noneii s paiioHe KpaHHHX nposono'leK. PellleHHe nocTaBJieHHOH 
Jana'IH CTaJIO B03MOlKHbiM TOJlbKO nocne pa3pa60TKH aBTOpllMH HaCTOliiUeH ny6JIHKaUHH 
MCTOnOB pellleHHll Jana'l 0 nHaneKTj)HKe B aneKTj)H'IeCKOM none. 

Pa6oTa B&monHeHa B Jla6opaTopHH !IJH3HKH 'laCTHU 0115111. 

Edge Effects in Multiwire Proportional Chambers. 
The lnftuence of the Dielectric Frame 

T.P. Topuria, M.D.Shafranov 

The electrical characteristics of proportional chambers on boundaries with a frame 
of the chamber are. presented. The. earlier methods of calculating the field and potentials 
in the working volume of multiwire proportional chambers did not allow one to estimate 
the influence of the dielectric frame of the chamber on the configuration of electrical 
field in the area of the edge wires. This simulation can be carried out now since the 
authors of the present publication have developed the methods of solving the problem 
of dielectric in electrical field . 

The investigation has been performed at the Laboratory of Particle Physics, JINR. 

BBE)lEHRE 

HcCJJenosaHHe KpaesbJX 3clJclJeKT08 8 MHoronpo80J104HbJX nponopuHoHanbHbJX KaMepax 

(MTITIK) CyiUeCTBeHHO WU1 nOHHMaHIDI npouecC08 8 KaMepe KaK KOOpJlHHaTHOM neTeKTOpe 

qacTHU, a TaKJKe WUI 8bJ6o pa ee onTHMaJibHOH KOHCTpyx:UHH. Kpae8&Je 3clJclJeKTbJ 8 MTIOK 

npOliBJUIJOTCll 8 pOCTe 4HCJ1a lllyMOBbiX HMnynbCOB Ha KpaHHHX npOBOJ104KaX KaMepbl H naJKe 

B nOliBJleHHH npo6oe8. 

KpaeBbJe 3clJclJeKTbJ CBll3aHbJ c ysenH'IeHHeM 3J1eKTpH4ecKoro nom B pafloHe KpaHHHX 

npOBOJ104eK KaMep. 3neKTpH4eCKOe none HenocpenCT8eHHO BOKpyr np080J104KH nponop­

UHOHaJibHO nHHeHHOH nno THOCTH ee 3apllna. YsenH'IeHHe nHHeHHOH nnoTHOCTH 3apllna Ha 

KpaHHHX npOBOJ104Kax liBJi lleTCll cnenCTBHeM pOCTa BeJIH'IHHbl J1HHeHHOH eMKOCTH KpaHHHX 
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nposonoqeJC. B cTatma(ITHOii: ICOHCTPYJCUHH MIIIIK nnom;mL ICaTO.UHLIX nnociCocTeii: scerna 

6onLwe nnow;mu, JaHHMaeMoii: nposonoqJCaMH. TaKosa nepsru~ n p HqnHa, KOTOplUI npHBO.llHT 

K pocry nHHeii:Hoii: eMKOCTH nposonoqeK Ha Kpru~x MIIIIK. qaCTL .IlH3neiCTpuqeciCoii: paMKH 

KaMepbl qacTHqHo pacnonmKeHa Me)KJl)' KaTO.IlHbiMH nnOCICOCTliMJi , o6pa3yll BMeCTe C HHMH 

KOH,QeHCaTOp C .IlHMeKTpHKOM Mex.ny 06Kna.nKaMH. 3To BTOplUI pHqHHa, KOTOpOii: 06ll3aHO 

ysenuqeHHe liHHeHHOH eMICOCTH npOBOliOqeK Ha ICplUIX ICaMepbl. 

HacTOliiUlUI pa6oTa nocBliiUeHa Hccne.uosaHHIO ICpaeBLJX 3$f>eKTOB MIIIIK, o6ycnosneH­

HLIX YJCa3aHHbiMH BbiWe npuqHHaMH. J.IJyqeHHe 3THX 3cJ>cJ>eiCTOB HcneHHbiM HTepauHOHHbiM 

MeTO.IlOM 6e3 yqeTa BnHliHHll paMKH noKa3anO, ~0 Ha ICplUIX ICaMepbi npOHCXO.IlHT .uecJ>opMaUHll 

JOHLI qyscTBHTenLHOCTH nposonoqeK. BMeCTO npliMoyronLHoii: cJ>opMLI, csoii:cTBeHHoii: ueH­

TpanLHoii: 06llaCTH, Ha KplUIX KaMepbl 30Ha qyBCTBHTenbHOCTH npH06peTaeT cnO:lKHYfO cJ>opMJ 

[ 1 ]. 
~o.nenHposaHHe BnHliHHll .UHMeKTpuqecKoii: paMICH Ha pacnpe.neneHHll 3lleiCTpuqecKHx 

noneii: u noTeHitHanos cTano B03MO:lKHLIM 6naro.napll npuMeHeHHIO cneuuanLHO pa3pa6oTaH­

Horo qHcneHHOI'O MeTO,lla peweHHll J;maq 0 .IlH3neiCTpHICe B MeiCTpOCTaTHqeCKOM none (2,3]. 

OE 3JIEKTPOCT ATHKE .LJ:H3JIEKTPHKOB 

PeweHHe Kpaesoii: J;maqH YJCa3aHHLIM MeTO.IlOM noJBOlllleT Haifru npu J;maHHOM pacnpe­

.ueneHHH 3apll.llOB HX senHqHHLI, o6ecnequsaiOmue BLmonHeHHe rp HHqHLIX ycnosuii:. B JCaqe­

CTBe rpaHHqHOI'O ycnOBHll Ha nosepXHOCTliX npOBO.IlHHKOB J;maeTCll noTeHUHan. fpaHHqHbie 

ycnOBHll Ha nOBepXHOCTH .llHMeKTpHICa onpe.UellliiOTCll 3aiCOHaMH 3n eiCTpOCT3THICH .llllll .llHMeiC­

TpHKOB. fpaHHqHbte ycnOBHll Ha nosepXHOCTH pa3.uena Me:lK.IlY Cpe.IlaMH B 3neiCTPOCTaTHqeCKHX 

nOllliX .llllll O.UHOpO.IlHblX .UHMeiCTpHKOB Onpe.IlellliiCTCll H3 .IlBYX ypaBHeHHH ( 4]: 

rotE=O H divD=O, (1) 

r.ue seKTop E - MeKTpHqecKoe none KaK BHJTpH, TalC H BHe .UHM eKTPHKa. IIone liBlllleTCll 

cynepnoJHUHeii: nollll CTOpOHHHX Japli.UOB Eo H nollll CBll3aHHbiX Japll.llOB E 0: E = Eo + E 0 . 

Bo BTopoM ypasHeHHH D = coE + P, r.ue - seKTOp nollllpH3allHH, HliH 3neiCTPHqecKHii: .UH­

nonLHbiH MOMeHT e.UHHHI.lbl 06'heMa .IlH3neiCTPHKa; co - .UH3neKTPHqecKlUI nOCTOliHHlUI. Cne.u­

CTBHeM nepsoro ypaBHeHHll H3 ( 1) liBnlleTCll HenpepbiBHOCTb TaHreHUHanbHbiX COCTaBllliiOIUHX 

3neKTpHqeCKOfO nOllll Ha nOBepXHOCTH pa3.Uena .UBYX .UH3neiCTpHICOB: 

(2) 

Clle.UCTBHeM BTOpOro ypaBHeHHll H3 ( 1) liBlllleTCll HenpepbiBHOCTb OpManbHOH COCTaBllliiOIUeii: 

seKTopa D K nosepxHocTH pa3.uena: 

(3) 

3.uecL nl H n2 - BHeWHHe HOpManH K rpaHHI.le pa3.uena cpe.ua - .UH3neKTpHIC. HopManb nl 
HanpasneHa oT .UH3neKTpHKa B cpe.uy, a HOpManL n2 - BHYTPL Hero . 

.llnll O.UHOpO.UHLIX .UH3neiCTpHKOB D = coE + P = cc0E, r.ue c - .IlH3neiCTpnqeciCru~ 

npoHHUaeMOCTL cpe.ULI. B 3TOM cnyqae rpaHHqHLte ycnOBHll (2) H (3) npe.ncTaBllliiOTCll B Btme 
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COOTHOWeHHH WU1 TaHreHI.{HaJibHbiX H HOpMaJihHhiX COCTaBJUIIOlUHX noneH .llByx O,llHOpO,IlHbiX 

):{H3JleKTPHKOB: 

Etl = Et2, c1En1 = t:2En2· (4) 

fpaHH'IHhie ycnOBIDI (4) MO)I(HO npe):{CTaBHTb H B BH):{e rpaHH'IHhiX ycnOBHH ):{nJI llOTeHU:HaJia: 

(/>I= (h, c:1a¢dan = c:2a<P2/an. (5) 

B uaweM cnyqae MO)I(HO n onaraTh, 'ITO .nHaneKTpH'IeCKaJI npoHHn;aeMOCTh cpeAhi, oKp~aiO­

meu ):{H3neKTPH'IeCKyiO p aMKy t:1 = 1. COOTHOWeHIDI (4 H 5) 3allHWYTC51 KaK: 

Etl = Et2, Enl = t:En2 H ¢1 = ¢2, a<jJifan = c:a¢2/an. (6) 

113 cooTHoweHHH (6) cneeye T 3aKOH npenoMneHID! nHHHH nonJ~ E: tg a 1 / tg a2 = c:. 
B peanhHhiX cnyqaJIX B K a'leCTBe rpaHH'IHhiX ycnOBHH MO)I(HO 3a):{aTh TOflbKO llOTeHU:HaJihl 

npOBOAHHKOB. ,llriJI peweHIDI 3a):{a'IH He06XOAHMO 3HaTb BenH'IHHbl TaHreHI.lHaJibHbiX COCTa­

BJUIIOlUHX 3fleKTpH'IeCKOI'O IlOnJI HnH llOTeHU:HaJIOB Ha rpaHHU:aX ):{H3neKTpHKa H HOpMaJihHbiX 

COCTaBJUIIOlUHX aneKTpH'IeCKOI'O llOnJI. 

HopMaJihHaJI COCTaBJUIIOlUaJI 3fleKTpH'IeCKOI'O llOnJI CB513aHa C nnOTHOCTbiO llOn51pH3aU:H­

OHHhiX 3ap51):{0B Ha llOBepXHOCTH ,llH3fleKTpHKa COOTHOWeHHeM 

a= KEoEn, 

me ,llH3JleKTpH'IeCKa51 BOCllp HHM'IHBOCTh K = 1 +c. 

qT06hi OllpeAenHTh BenH'IHHY HOpMaJihHOH COCTaBJUIIOlUeH aneKTpH'IeCKOI'O llOnJI B He­

KOTOpOH TO'IKe llOBepXHOCTH ):{H3fleKTpHKa, He06XO):{HMO 3HaTb llOBepXHOCTHyiO nnOTHOCTh 

CB513aHHhiX llOn51pH3aU:HOHHhiX 3ap51):{0B B 3TOH TO'IKe. IJooepXHOCTHyiO nnOTHOCTb CB513aHHhiX 

llOn51pH3aU:HOHHhiX 3ap51AOB B COOTBeTCTBHH C rpaHH'IHbiMH ycnOBIDIMH (1.6) Henb351 Bhi'IHCflHTb 

6e3 3HaHIDI pacnpe.neneHIDI BenH'IHH HOpMaJibHhiX COCTaBJUIIOlUHX llOnJI Ha llOBepXHOCTH ):{H-

3JleKTPHKa. 

3aAaHID! llOTeHU:HaJIOB Ha llOBepXHOCTJIX npOBO):{HHKOB H BenH'IHH ):{H3neKTpH'IeCKHX npo­

HHU:aeMOCTeH ):{H3JleKTpHKOB He AOCT<rTO'IHO Wlll peweHID! 3a):{a'l C AH3neKTpHKaMH B 3JleK­

TpOCTaTH'IeCKHX nonJ~x. 3 aAa'la JIBJUieTCJI Hepa3pewHMOH. IIpeAnO)I(eHHhiH B [2,3,5] npocToii, 

'IHCTO anre6paH'IeCKHH, MeTOA ll03BOnJieT pewaTh WHpOKHH KnaCC Hepa3peWHMbiX paHee 3a):{a'l 

0 AH3JleKTPHKaX B 3JleKTpOCTaTH'IeCKHX llOnJIX. 

,llriJI peweHID! llOCTaBneHHOH 3a):{a'IH COCTaBnJ~naCh CHCTeMa H3 flHHeHHbiX ypaBHeHHH, f):{e 

'IHcno nHHeHHhiX ypaoHeHHH paoHo CYMMe 'IHcen ocnoMoraTenhHhiX 3apJ~AoB aneKTpOAOB H 

3ap51):{0B ):{H3neKTpHKa. PerneHHe 3TOH CHCTeMbl ll03BOnJieT HaHTH BenH'IHHhl BCeX BCllOMO­

raTenbHhiX 3ap51AOB, o6ecne 'IHBaiOlUHX BblllOflHeHHe rpaHH'IHbiX ycnOBHH Ha llOBepXHOCTJIX 

KaTO):{a KaMepbl, llOBepXHOC fJIX CHrHaJlhHhiX npOBOflO'IeK H na llOBepXHOCTH ):{H3fleKTpH'IeCKOH 

paMKH KaMepbl. 

B nepByiO rpynny CHCTeMhl BXO):{HnH ypaBHeHIDI, 06ecne'IHBaiOlUHe BbinOnHeHHe rpaHH'I­

HhiX ycnOBHH WU1 HOpMaJihHhiX KOMllOHeHTOB aneKTpH'IeCKOI'O llOnJI Ha rpaHHU:e pa3):{ena ABYX 

cpeA Enl = t:En2· 
BTOpa51 rpynna ypaoHeHHH CB513aHa c rpaHH'IHhiMH ycnoBHJIMH Ha nooepxHOCTH AH3neK­

TpHKa Wlll llOTeHU:HaJia: OTCYTCTBHe pa3pb1Ba llOTeHU:HaJia npH nepeXO):{e '1epe3 rpaHHU:Y pa3-

):{ena Me)l():{y CpeAaMH 1 H 2 : </J 1 = </J2· 

TpeThJI rpynna ypaBHeHHH CB513aHa c o6ecne'leHHeM rpaHH'IHhiX ycnoBHH Ha nooepxHOCTJIX 

npOBO):{HHKOB nponOpU:HOHaJibHOH KaMephl: llOTeHU:HaJia KaTO):{HbiX nnOCKOCTeH H llOTeHU:HaJia 

CHrHaJihHhiX npooono'leK. 
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«DH3WIECKMI MO.li:FJih MIIIIK 

CxeMaTH'IecKoe H3o6pCUKeuue KaMepLI noKa3auo ua puc. 1. Ee reoMeTPH'IecKHe xa­

paKTepHCTHKH: paCCTOjJHHe MeJKJzy KaTO~HhiMH WIOCKOCTj~MH COCTaBJUI.JIO 10 MM, ~HaMeTP 

CHillaJihHhiX npOBOJIO'IeK paBeH 20 MKM, 60KOBag paMKa KaMephi HMeJia B Ce'leHHH !l>OpM)' 

npgMOyT'OJlhHHKa pa3MepOM 20,2 X 10 MM2 . llpH pelUeHHH 3~a'IH npHHHMaJIOCh, 'ITO BeJIH­

'IHHa ~H3JieKTPH'IeCKOH npOHHUaeMOCTH paMKH c = 4, CHillaJihHbi e npOBOJIO'IKH HaXO~Tcg 

no.u uanpg:lKeuueM 3 KB, a KaTO.UHLie WIOCKOCTH uaxo~Tcg no.u u yneBLIM uanpg:lKeuueM. 

q 1 ••••••••• q3 ••••••••• 
••••••••• • • • • . . 
E=4 :: q2 • • 

• • • •• Q 

• • • • • • 

PHc. 1. CxeMa paJMe!lleHHll scnOMOraTeJJbHbiX 311pli.IIOB nponopUHOHaJibHOH KaMepbi. Q - Japll.llbl CHr­

HaJibHbiX npoBOnO'IeK, ql - BCllOMOraTeJibHbie BHeWHHe H BHyrpeHHHe 3apll.llbl llH3JleKTPH'IeCKOH paMKH 

KaMepbl BJlOflb KaTOllHOH nnOCKOCTH, q2 - BCllOMOraTeJibHble 311pll.llb1 p aMKH B 06'beMe KaMepbl, q3 -
BCllOMOraTeJibHbie 311pll.llbl KaTOllHOH nnOCKOCTH. KOHTpoflbHbie TO'IKH, B KOTOpbiX nposeplleTCll BblllOfl­

HeHHe rpaHH'IHbiX ycnOBHH, pa3Me!lleHbl Ha llOBepXHOCTliX KaTona H paMKH npoTHB COOTBeTCTBYIOlllHX 

BCnOMOraTeJibHbiX 3apli.IIOB. 

llpH MO.UeJIHpOBaHHH HCfl0Jlh30BaJiaCh CJie.ll)'IOJ.Uag CHCTeMa KOOp.UHHaT: OCh a6CUHCC paC­

flOJiaraJiaCb B WIOCKOCTH CHillaJihHhiX npOBOJIO'IeK, OCh Op.UHHaT - flO HOpMaJIH K WIOCKO­

CTH npOBOJIO'IeK, OCh anWIHKaT - B.UOJih npOBOJIO'IeK. Ha'laJIOM KOOp~HHaT CJlY:lKHJia TO'IKa 

Ha BHelUHeH flOBepXHOCTH paMKH. KaMepa COCTOgJia BCero H3 20 npOBOJIO'IeK, 3TOI'O 'IHCJia 

snonue .uocTaTO'IHO .llJljJ peweuug nocTaMeHHhiX 3~aq [1] . PaccTog uue MeJKJzy curnarrLHhiMH 

npOBOJIO'IKaMH paBugJIOCh 2 MM. 

MA TEMA TWIECKMI MO.li:FJih MIII][K 

Peweuue 3~aqu c .UH3JieKTpH'IeCKOH paMKOii: npOBO.UHJIOCh c ucnoJIL30BauneM BCnOMO­

raTeJihHhiX 3apg.UOB, 06ecne'IHBaiOIUHX BhlflOJIHeHHe rpaHH'IHhiX yCJIOBHH Ha flOBepXHOCTjJX 

KaTo.ua, curnarrLHhiX npOBOJIO'IeK H .UH3JleKTpH'IeCKOH paMKH [2,3]. HcnoJIL30BaJIHCh BcnoMo­

raTeJihHhle JIHHeHHbie 3ap~bl. B COOTBeTCTBHH C pe3yJILTaTaMH [ 1) 'IHCJieHHOe MO.UeJIHpOBaHHe 

npOBO.UHJIOCh Ha WIOCKOCTH Z = 0. B 3TOH WIOCKOCTH flOTeHUHaJI H BeJIH'IHHa 3JieKTpH'Ie­

CKOfO flOJig, C03.UaBaeMOI'O JIHHeHHhiM 3apg.UOM, Onpe.UeJigiOTCjf CJie.ll)'IOIUHMH COOTHOllieHugMH: 

U = ~ ln L + V £2 + r2 

47rco r 

2aL 
E= -:---~==;=c 

47rcorV £2 + r 2 

3.ueCh 2£ - .ll11HHa JIHHeHHOI'O 3apg.aa, a - JIHHeiiuag WIOTHOCTh 3apg.aa, co - ~H3JleKTpH­

qecKag flOCTOjJHHag, 
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CxeMa pa3MemeHIDI scn oMoraTenbHbiX 3aplUIOB noKa3aHa Ha pHc. 1. BHelliHHe H BHy­

TpeHHHe BCnOMOraTeJibHbie 3aplUibl .UH3JieKTpHKa ( Q 1) B IUIOCKOCTSIX, napaiiJieJibHbiX IUIOCKO­

CTH Y = 0, 6bVIH pa3Mell{eHbl C HHTepBaJIOM B 0,1 MM. 11x 'IHCJIO B.!lOJlb O.UHOH H3 CTOpOHbl 

paMKH paBHO 404. 11HTepBaJI Me:lK.Il)' 3aplUiaMH .UH3JleKTpHKa (q2) Ha IUIOCKOCTSIX, napaiiJieJib­

HbiX IUIOCKOCTH X = 0, 6 p aJICSI paBHbiM 0,05 MM. 06mee 'IHCJIO 3THX 3apSI.UOB paBHSIJIOCb 

196. BcnOMOraTeJibHbie 3ap SI.Ubl KaTO.UHOH IUIOCKOCTH (q3) pacnonaraJIHCb Ha paCCTOSIHHH 

.UPYT OT .Up~ B 0,4 MM. Ha WIHHe, paBHOH 60 MM, HCnOJib30BaJICSI 151 JIHHeHHbiH 3aplUI. 

113 pellleHIDI JlHHeHHOH CHCTeMbl 771 He3aBHCHMOro ypaBHeHIDI HaXO.UHJIHCb BeJIH'IHHbl 771 

BCnOMOraTe..'1bHOro 3aplUia, B TOM 'IHCJie 20 3aplUIOB CHillaJibHbiX npOBOJIO'IeK. Ha OCHOBaHHH 

npHHUHna cynepno3HUHH n o TeHUHaJibi H 3JieKTpH'IeCKHe nOJISI Bbi'IHCJISIJIHCb KaK CYMMa noneii 

H noTeHUHaJIOB, C03.UaBaeMbi X 1522 BCnOMOraTeJibHbiMH 3aplUiaMH. JlHHHH nOJISI H 3KBHnOTeH­

UHaJIH Ha noCJie.uyromHx pHCyHKax CTPOHJIHCb c noMOIUbJO 3aMeHbi oTpe3Ka KpHBOH oTpe3KOM 

KaCaTeJibHOH [4) . 

PE3YJih T A Thl MO)lEJIHPOBAHIDI 

Pacnpe.ueneHHe scnoMOraTeJibHbiX 3apS1.UOB HJlJIJOCTpHpyeT pHc . 2. Pacnpe.uenenHe se­

JIH'IHH 3aplUIOB no npOBOJIO'IKaM npHBe.UeHO Ha pHC . 2a. fpacpHK 1 COOTBeTCTByeT paBeHCTBY 

BCeX .UHaMeTpOB npOBOJIO'Ie K. IlepBOHa'laJibHO BCe 20 npOBOJIO'IeK HMeJIH paBHble .UHaMeTpbl 

no 20 MKM. YsenH'IeHHe .UHaMeTpOB .usyx nepBbiX nposono'leK .uo 35 H 30 MKM npHseno K 

Q rei 

I 
I 

I 
j . 

! 

H\---+----------t-1 X mm 

30 40 50 60 
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PHc. 2. a) PacnpelleneHHll 3aplll!OB CHrHaJlbHbiX nposono'!eK. Cn)"laiO paseHCTBa llHaMerpos scex nposo­

no'!eK COOTBeTCTByeT pacnpeneneHHe I. PacnpelleJleHHe 2 OTHOCHTCll K cn)"laiO ysenH'IeHHll llHaMeTpoB 

nepBOH H BTOpoH nposono'!eK llO 35 H 30 MKM. YBeJlH'IeHHe llHaMeTpOB npHBOllHT K pocry eMKOCTH npo­

BOnO"'eK H ysenH'IeHHIO Hx 3apllllOB. 6) PacnpelleneHHll scnoMoraTen&H&Ix 3aplll!OB Bl!On& nosepxHOCTH 

llH3JleKrpHKa. KpHBall I npellCTaBJilleT pacnpelleneHHe Mll nposono'!eK pasH&Ix llHaMeTpos. KpHBall 2 
OTHOCHTCll K cn)"laiO ysenH'IeHHll llHaMeTpOB nepBOH H BTOpoH npoBOnO"'eK. nepBall npoBOnO'IKa B 060HX 

cn)"laliX pacnonoJKeHa Ha paCCTOliHHH 2 MM OT paMKH. KpHBall 3 - pacnpelleJleHHe BCriOMOI<ITeJlbHbiX 

Japlll!OB, Mll cn)"lall cMemeHHll scex nposono'!eK K paMKe Ha I MM. 
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PHc. 3. a) PacnpelleJieHHe 3Ha'!eHHH TaHreHcos yrnos MelK.lly JIHHIDIMH noJillll u HOpManliMH K nosepx­

HOCTH paMKH KaMepbl. BepXIDill KpHBall OTHOCHTCll K yrJiaM naneHIDI, HHJKIDill - K yrJiaM fiPeJIOMJieHIDI 

cHJIOBbiX JIHHHH noJill Ha rpaHHUe c llH3JieKTpHKOM. 6) PacnpelleneHue xapu repuJyeT creneHb Bbmon­

HeHHll 3aKOHa fiPeJIOMJieHIDI CHJIOBblX JIHHHH tg -,-Qjtg - i = £. IlpH pem eHHH 33ll3'1H 6bmO 33ll3HO 

3Ha'!eHHe c: = 4. 

)'BeJIH'IeHHIO HX JIHHeHHOH eMKOCTH . CJieJ).CTBHeM :noro CTaJIO )'BeJIH'IeHHe 3apR,lla npHMepHO 

Ha 10% (rpa!}>HK 2) . 

Ha puc. 26 DOKa3aHO pacnpeneJieHHe BeJIH'IHH BCDOMOraTeJibHbi X 3ap.siJJ.OB JJ.HMeKTPHKa 

B 06beMe KaMepb!. KpHBall 1 OTHOCHTC.sl K CJiy<~aiO paBeHCTBa JJ.HaMeTpOB BCeX DpOBOJIO'IeK. 

Kpusall 2 cooTBeTCTsyeT cnyqa10 )'BeJIH'IeHHbiX nuaMeTpoB nsyx nepBbiX nposono'leK. Cnsury 

BCeX DpOBOJIO'IeK K paMKe Ha 1 MM, T.e. Ha DOJIOBHHY paCCTO.IIHH.sl MeJKJzy npOBOJIO'IKaMH, 

COOTBeTCTByeT KpHBall 3 . 

CHJIOBbie JIHHHH Ha nosepxHOCTH nu:meKTpHKa HCDbiTbiBaiOT H3JIOM. I13JIOM xapaKTepu­

JyeTCll 3aKOHOM DPeJIOMIIeHH.sl JIHHHH DOJI.sl, DO KOTOPOMY OTHOIIIeHHe TaHreHCOB yrJIOB MeJKJzy 

KaCaTeJibHOH K JIHHHH DOJI.sl H HOpMaJibiO C BHeiiiHeH H BHJTpeHHeH CTOpOHbl J).H3JieKTpHKa 

nonJKHO 6biTb paBHO JJ.H3JieKTpnqecKoH npoHnuaeMOCTH. IIonyqeHHbie naHHLie BeJIH'IHH scno­

MoraTeJibHbiX 3apliJJ.OB D03BOJI.IIIOT Bbi'IHCJIHTb OTHOIIIeHHe TaHreHCOB yrJIOB DaJ).eHH.si H npe­

JIOMJieHH.si. 3'fo OTHOllleHHe xapaKTepn3yeT CTeDeHb Jl.OCTOBepHOCTH OJiy<laeMbiX pe3yJibTaTOB 

H TO'IHOCTH BCeX paC'IeTHbiX BeJIH'IHH DOJieH H DOTeHUHaJIOB. 

PacnpeneJieHH.II BeJIH'IHH TaHreHCOB yrnoB DaJ).eHH.II H DPeJIOMIIeHH.si BJ).OJ!b DOBepXHOCTH 

J).U3JieKTpuKa DOKa3aHbl Ha puc. 3a. 11X OTHOIIIeHH.sl npHBeJ).eHbl Ha p u c . 36. KpHBbie Ha 3TOM 

puCYHKe He BKJIIO'IaiOT. TOJibKO DOCJieJ).HIOIO KOHTpOIIbHyiO TO'IKy, B KOTOpOH OTHOIIIeHHe paBHO 

4,05. IJpu'IUHOH TaKOrO OTKJIOHeHH.II liBJI.sleTCll 3!}J!}JeKT Dp.IIMOfO yrJia MeJKJzy DOBepXHOCTbiO 

KaTOJ).HOH nJIOCICOCTU U DOBepXHOCTbiO J).H3JieKTPHKa. 8 3TOH TO'IKe yron DaJ).eHH.si COCTaBJI.sleT 

OKOJIO 88°, T.e. yron MeJKJJ.y JIHHHeH DOJI.sl H DOBepXHOCTbiO Jl.H3JieKTp uKa 6JIH30K K 2° . 3Ha­

'leHue TaHreHca yrna oT 88 no 90° pe3KO H3MeH.sieTC.si B npeneJiax 30 - oo. 

30Hbl 'IYBCTBHTe.JlbHOCTH nepBbiX 'leTblpeX npOBOJIO'IeK U 3KBHDOTeHUUaJIH DOKa3aHbl Ha 

puc. 4. lluaMeTpbl npOBOJIO'IeK paBHbl MeJKJzy C060H. fpaHHUaMH 30H .IIBJI.IIIOTC.sl CHJIOBbie JIH­

HUU, Ha'IUHaiOLUUeCll Ha npOBOJIO'IKaX, JJ.Jill KOTOpbiX yron Me:lK.Ily DJIOCKOCTbiO DpOBOJIO'IeK U 

nuHH.siMH nom 6JIH30K K Hynesoii: BeJIH'IHHe. Hau6oJILIIIall ne!}lopMaUH.si 30H qyBCTBHTeJibHOCTU 

npuXOJ).UTCll Ha 30Hbl nepBOH H BTOpOH npOBOJIO'IeK. IJepBall DpOBOJIO'IKa paCDOJiaraeTCll Ha 
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PHc. 4. 30Hbi 'I}'BCT8HTeJ ibHOCTH 1pex nep8biX nposono'leK KaMepbi. BMeCTo npllMOyronbHoii cpopMbi, 

csoiiCTBeHHOii nposono'IKaM ueHT}>aTibHOH o6naCTH KaMepbi, 30Hbi necpopMHposaHbi. HaH6onbwall ne­

cpopMal.IHll npHXOl!HTCll Ha l!Be nep8ble npoBOJlO'IKH. IJoKaJaHHbie Ha pHCYifKe 3K8HnOTeHUHaTIH nOClpO· 

eHbi Mll uynesoro uanplllKeHHll ua Karone H uanplllKeHHJI ua nposono'!Kax, pa8uoro 3 KB. 
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PHc. 5. PacnpeneneuHJI JaPM08 ua nposono'!Kax KaMepbi Mll nllTH HHTep8ano8 pacCTOllHHll MeJKny 

nepBOH npoBOnO'IKOH H paMKOH KaMepbi. 3TH HHTep8aTibl YKaJaHbl Ha pHCYifKe 8 MM. Ha'IHHall C 

HHTep8aTia 8 5 MM 3apllllbl COTBeTCT8)'10ILIHX npoBOJlO'IeK HJMeHlliOTCll MariO; BnHllHHe llH3neK1'pH'IeCKOH 

paMKH CTaH08HTCll MHHHMaTibHblM. 

paCCT051HHH 2 MM OT n osepXHOCTH paMKH. C )'BeJIH'IeHHeM paCCT051HH51 MelK.lly nepBOH npo­

BOJIO'IKOH H paMKOH BJIH51HHe .UH3JieKTpHKa YMeHbwaeTc51. ,Urrg uaxolK.lleHHS~ onTHMaJibHoro 

paCCT051HH51 MelK,lly n ep BOH npOBOJIO'IKOH H paMKOH 6bUIH 8binOJIHeHbl pac'leTbl npH C,ll8Hre 

scex nposoJio'leK OT p aMKH. Ha pHc . 5 npeJlCTaBJieHbi pacnpe,ueneHH51 Japg,uos ua nposono'I­

Kax ,llJl5l HeCKOJibKHX HHTepBaJIOB MelK.lly nepBOH npOBOJlO'IKOH H ,llH3JleKTpH'IeCKOH paMKOH. 
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PHc. 6. 30Hbi 'I)'BCTBHTeJJbHOCTH npooono'leK KaMepbi npH HtrrepBalle MelK.IlY. nepooii npooono'IKOH 

H KaTO):IOM, paBHOM 5 MM. 3TH 30Hbl 110 CpaBHeHHIO C 30HaMH npH HHTepBalle nepBlUI llpDBOJIO'IKa -

KaTO):I, paBHOM 2 MM (pHC. 4), ):le<l>opMHpOBaHbl B MeHbWeH creneHH. 3oHa ~TbeH llpDBOJIO'IKH liBillleTCll 

npaKTH'IeCKH npliMOyrDJibHOH. 3Ta llpDBOJIO'IKa MOJKeT BbiUOJIHliTb <lJYHKI.lHIO n epBOH pa6oqej:i ,lJJlll C'beMa 

HH<I>opMal.lHH. 
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PHC. 7. a) flHHHH 31leKTPH'IeCK0['() llOJill JlByx nepBbiX llpDBOJIO'IeK KaMepbl np HHTepBalle MeJI():Iy nepBOH 

n poBOJJO'IKOH H KaTO):IOM, paBHOM 5 MM. flHHHH COOTBeTCTBYIQT yrJJaM MeJI():Iy llJIOCKOCTbiO llpDBOJIO'IeK 

H BeKTOpOM llOJi ll , paBHbiM 45° , 90° H 135°. 6) flHHHH llOJill B OKpeCTHOCTH nepBOH llpDBOJIO'IKH B 

yBeJl H'IeHHOM MaCWTa6e. 

npH BeJlH'iHHe HHTepBarra OT S = 5 MM 3apl1Jlbl npOBOJIO'IeK npaKTH'IeCKH He MeiUIIOTCSI. 

HanpSIJKeHHOCTH :meKTpH'IecKoro nonSI Ha noBepxHOCTH nepBoii H BTo poii npoBOJIO'IeK c yqe­

TOM Hx JlHaMeTpoB cooTBeTCTBeHHO paBHbi 0, 85E0 H 0, 8Eo. BenH'IHHe Eo cooTBeTcTByeT 
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PHC. 8. a) JlHHHH 3JieKTIJH'IeCKOl'O nOJJll l!Byx nepBbiX npoBOJJO'IeK KaMepbl npH HHTepeane MelKlly 

nepBOH npoBOJJO'IKOH H KaTOllOM, paBHOM 2 MM. JlHHHH COOTBeTCTB)'IOT yrJJaM, paBHbiM 0°, 45°, 90° 
H 135°, MelKlly BeKTOpDM nOJJll H llJIOCKOCTblO npOBOJJO'IeK. HH Ol!Ha HJ 3THX JJHHHH, KpoMe nepBOH, 

He JaKaH'IHBaeTCll Ha KaTOlle HJ- Ja JHa'IHTeJJbHOl'O BJJHliHHll llH3JieKTIJH'IeCKOH paMKH. 6) 06JJaCTb B 

OKpeCTHOCTH nepBOH n poBOJJO'IKH B yeeJJH'IeHHOM MaCWTa6e. 

Hanpj!JKeHHOCTb nom Ha nosepxHOCTH npOBOJJO'IeK ueHTpaiibHOH 30Hbl KaMepbl. MaKCHMaiib­

H~ Be.TIH'IHHa BCnOMOraTe.TibHbiX 3apR!lOB JlH3neKTpHKa Ha ero nOBepXHOCTH npH 3Ha'leHHH 

S = 5 MM MeHbllle, 'leM Jlml cnyq~ S = 2 MM. flpH paCCTOjjHHH nepBOH npOBOnO'IKH OT paMKH 

B 2 MM B pacnpe,lle.Tie HHH npH Y = 0 MaKCHMaiibH~ Be.TIH'IHHa OTpHUaTe.TibHbiX 3apS!JlOB B 

npoH3BOnbHbiX e)lHHHUax pasHa 1,5 (pHc .26). ,llrui s = 5 3Ta Be.TIH'IHHa B TPH pa3a MeHbrne. 

<l>OpMa Sl'leeK nep BblX 'leTblpeX npOBOnO'IeK H rpaHHl{bl HX 30H 'IYBCTBHTe.TibHOCTH npH 

paccTOSIHHH nepsoH: n p osono'IKH OT nosepxHOCTH paMKH s = 5 MM noKa3aHbi Ha pHc . 6. Ha 

pHC. 7a Jlml HHTepBana S = 5 MM noKa3aH XOJl nHHHH nom, Ha'IHHaiOliiHXCSI Ha nosepXHO­

CTH nposonot~eK noJl yrnoM K nosepxHOCTH nposonot~eK B 45, 90 " 135°. B 3TOM cnyqae 

TOnbKO nHHHjj nom, BblXOJlSIIU~ nO)l ymOM B 135°, 3aKaH'IHBaeTCSI Ha nosepXHOCTH paMKH. 

,llrui cpaBHeHHjj Ha pHC. 8a noKa3aH XOJl nHHHH nOn.ll npH paCCTOSIHHH OT nepBOH npOBOnO'IKH 

JlO paMKH B 2 MM. Jl;:Ijj 3TOfO cnyq~ TOnbKO nHHHjj nom, BblXOJlSIIU~ nOJl HyneBblM ymOM, 

He 3aKaH'IHBaeTCSI Ha n osepxHOCTH paMKH. CpasHeHHe o6nacTeH B oKpeCTHOCTH CHiliaiibHbiX 

npOBOnO'IeK, KOTOpble H306paJKeHbl Ha pHC . 76 H 86, fOBOpHT 0 cymeCTBOBaHHH He3Ha'IH-
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TeJihHOH pa3HHI.(hl Me)I(Jly HHMH. 3-fo 06oRCIDieTCR ,llOMHHHpyiOlllHM BJIIDIHHeM 3apR.IlOB CaMHX 

npOBOnO'IeK B HX OKpeCTHOCTH. 

BbiBO.llbl H 3AKJIIOqEHHE 

11ccne,llOBaHHe, peJynhTaThl KOTOpOro npe,llCTaBJieHhl B HaCTORllleH pa6oTe, RBJIReTCR nep­

BhiM npaKTH'IeCKHM npHMeHeHHeM MeTO,IlOB peweHIDI 3a,lla'l 0 ,llH3neKTPHKe B 3neKTpH'IeCKOM 

none (2,3]. 11MeHHO 6naro.uapR pa3pa60TaHHhiM MeTO,IlaM peweHIDI 3a,lla'l C ,llH3neKTpHKaMH 

CTanO B03M0)1(HhiM BhlllOnHeHHe HCCne,llOBaHHH 0 BJIIDIHHH ,llH3neKTpH'IeCKOH paMKH Ha 3neK­

TpOCTaTH'IeCKHe xapaKTepncTHKH MIIIIK. 3To uccne.uosaHne nOJBomeT He TOnhKO Ka'le­

CTBeHHO 06oRCHHTh, HO 6onee TO'IHO COCTaBHTh npe,llCTaBJieHHe 0 CnOC06ax YMeHhWeHIDI 

KpaeBhiX 3!lJ!lJeKTOB B MIIIIK. 

IJepBhle ,llBe npOBOnO'IKH yseJIH'IeHHOro ,llHaMeTpa BhlllOJIIDIIOT oxpaHHyiO pOJih. .llml 
TOro 'IT06hi HanpR)I(eHHOCTh 3JieKTpH'IeCKOro nom Ha HX nOBepXHOCTH He npeBhiWana Ha­

npR)I(eHHOCTh nom pa60'IHX npOBOJIO'IeK KaMephl, nepBaR •npOBOJIO'IKa ,ll0Jl)I(Ha pa3MelllaThCR 

Ha paCCTORHHH He MeHhiiJeM, 'leM paCCTORHHe Me)l(,lly nJIOCKOCThiO npOBOJIO'IeK H KaTO,IlOM. 

IIpu MeHhrneM paccTORHHH Heo6xo.unMo ucnoJihJOBaTh oxpaHHhie npo OJIO'IKH 6oJihwero .uua­

MeTpa. Ysenn'leHne paccTORHHR Me:lK.Ily paMKOH H nepsoH. npoBOJIO'IKOH TOJihKO YMeHhrnaeT 

pa6o'lyiO nJIOIUa,llh MIIIIK. 

B [ 1] noKaJaHo, 'ITO yseJIH'IeHne eMKOCTH nposoJio'leK se.ueT K YMeHhiiJeHHIO .uecpopMaUHH 

!lJopMhl pa6oqux R'leeK nepBhiX npoBOJIO'IeK. ITo 3TOH )ICe npH'IHHe .UH3JieKTpHK paMKH KaMephi 

cnoco6cTsyeT YMeHhiiJeHniO .ue!lJopMauuu !lJopMhi KpaH.Hnx R'leeK. 

ABTOphl 6Jiaro.uapRT B .)l. IlernexoHoBa Ja no.ll.llep)I(KY npose.ueHHoro uccJie.uosaHIDI, 

M .r . Wa!lJpaHosy - Ja o6c)'JK!leHne peJyJlhTaTOB u pR.Il JaMe'laHHH. 
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AN OBJECT-ORIENTED FRAMEWORK FOR THE HADRONIC 
MONTE-CARLO EVENT GENERA TORS 

N.Amelin 1, M.Komogorov2 

We advocate the development of an object-oriented framework for the hadronic 
Monte-Carlo (MC) event generators. The hadronic MC user and developer requirements 
are discussed as well as the hadronic model commonalities. It is argued that the de­
velopment of a framework is in favour of taking into account of model commonalities 
since common means stable and can be developed only at once. Such framework can 
provide different possibilities to have user session more convenient and productive, e.g., 
an easy access and edition of any model parameter, substitution of model components by 
the alternative model components without changing the code, customized output, which 
offers either full information about history of generated event or specific information 
about reaction final state, etc. Such framework can indeed increase the productivity of 
a hadronic model developer, particularly, due to the formalization of hadronic model 
component structure and model component collaborations. The framework based on the 
component approach opens a way to organize a library of the hadronic model compo­
nents, which can be considered as the pool of hadronic model building blocks. Basic 
features, code structure and working examples of the first framework version for the 
hadronic MC models, which has been built as the starting point, are shortly explained. 

The investigation has bean performed at the Laboratory of High Energies, nNR. 

06'beKTHO-Op HeiiTHpoBaHHbiH «}JpeHMBOpK 

,WIJI C03)laHHJI H HCllOJIL30BaHHJI reHepaTOpOB C06LITHH 

B33HMO)leHCTBHJI -I3CTIIU H Jl)lep 

H.AMellun, M.KoMozopo6 

06C)'JKllaeTCll pa3pa6oTKa nlUCeTa nporpaMM (06beKTHO-OpHeHTHpoBaHHblH cppeifM­
BOpK) Will C03JlaHHll H HCnOflb30BaHHll reHepaTOpOB C06bJTHH B3aHMO):IeHCTBHH 'laCTJ.IU H 
l!llep. B '!aCTHOCTH, paccMaTPHBaJOTCll ~6osaHHll, BOJHHKaJOIUHe npH pa3pa6oTKe H HC­
nonbJOBaHHH MO):IeJJeH TaKOro THna, 061UHe CBOHCTBa npHCYJ.JlHe MO):IeJiliM ):laHHOro THna, 
a TaK~e HX peanHJaUHll nocpeliCTBOM COBpeMeHHOH KOMnOHeHTHOH TeXHOflOnHH npo­
rpaMMHpOBaHHll. TaKoH no11X01111aeT nonbJOBaTenJO, pa6oTaJOmeMy nocpeliCTBOM eliHHO­
o6pa3Horo HHTepcpei!ca, pllll y11o6CTB, HanpHMep: pellaKTHposaHHe nJ06blx napaMeTpos 

1 Nikolai.Ame line@cern .ch 
2 max @sunhe .jinr.ru 



Amelin N. , Komogorov M. An Object-Oriented Framework for the Hadronic 

MOJleJIH, JaMeUleHHe OJlHHX KOMnOHeHT JlpyrHMH, KOH!l>HI)'PHpDBllHHe BbiXOJlHbiX JlaH­

HbiX, KOTOpbie COJlepJKaT nH60 nOnH)'IO HH!l>opMaUHIO 06 HCTOpHH reHepaUHH. C06biTIUI, 

nu6o TOnbKO cneuuq,uqeCK)'IO HH!l>opMauHIO 0 KOHeqHQM COCTOJIHHH B3aHMO,lleHCTBIUI. 

KoMnoHeHTHbiH no.uxo.u cyruecrseHHO yse.nuqusaeT npoH3BO.!lHTeJibHOCTb pa3pa6orquKa 

MO,lleJieH, TaK KaK BCe COCTaBnliiOUlHe naKeTa peanH30BllHbl B BH,lle Ha6 opa !l>opManH30-

BaHHbiX q,peHMOB, onHCbiBaiOlllHX paJnuqHbie THnbl KOMnoHeHT. OH n o 3BOnlleT opraHH-

30BaTb xopowo CTPYKTYPHpDBaHH)'IO 6u6nuoTeKy TaKHx KOMnoHeHT c y.uo6HOH CHCTeMOH 

HaBHraUHH no HHM, qTQ o6ecneqHBaeT YJiHBepcanbHbiH H rn6KHH MeXa HH3M nocrpoeHIUI 

cnOJKHbiX MHOrDKOMnOHeHTHbiX MO,lleJieH. B ,llaHHOH ny6nHKaUHH TaKJKe ni>e.ucrasneHbl 

OCHOBHbie COCTaBnliiOUlHe nepBOH sepcHH naKeTa, npHBe.!leHbl npHMepbl ero HCnOnb30Ba­

HHll. 3'fa BepcHll MOJKeT 6biTb paCCMOTpeHa KaK OTnpaBHall TOqKa ,!lnll n OCTpoeHHll 6onee 

cnOJKHOH H MOUlHOH CHCTeMbl . 

Pa6oTa BbmOnHeHa s Jla6oparopHH BbiCOKHX 3HeprnH OH51H. 

1. INTRODUCTION 
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The object-oriented approach based on the C++ can be adopted to write the hadronic MC 
event generators codes. Such approach has many advantages as compared with traditional 
procedural coding (see [1]). Even more we advocate to build an object- riented framework [2], 
since we have observed many commonalities for the hadronic MC models as well as for their 
usage and for their development. Framework approach is more justified, when the list of 
models chosen for development is very large and potentially can be increased. 

A framework [2] can be considered as well-documented thematic collection of software 
to build related applications. It outlines the main architecture for the application to be 
developed. The successful framework should not only support needed features and provide 
default implementation and built-in functionality as much as possi le, but it should also 
allow an easy modification and extension of the built-in functionality The main goal of any 
framework is a reusibility. The software developer should be able to reuse written code (e.g., 
classes from the framework libraries) and the design of a framework. A framework design 
is closely connected with design patterns used to document certain elements of it. A design 
pattern is a concise definition of a technique that demonstrates some successful solution for 
particular coding problem. Particularly, the factories and the proxies design patterns (see 
book [3]) have been applied in our framework version. 

We assume that our object-oriented framework for the hadronic MC generators will 
be useful for two categories: the model users and the model developers (the advanced 
users). We consider a hadronic model user as a person who interacts with the framework 
by means of a user interface without writing and modifying of the model codes. A hadronic 
model developer is assumed to work with the framework on the level of internal framework 
interfaces. A developer needs the knowledge of the framework structure and libraries as well 
as the knowledge of C++ language. 

The main idea of our framework is to adopt the component approach. We have in mind 
that such framework can be the base to build an extending library of the model components 
and the model algorithms. It can allow us to extract model components from the model 
components library pool and to compose them into the powerful physical models. 

Below we would like to outline the hadronic model commonalities as well as the require­
ments for hadronic model package from the hadronic model user and developer. Then we 
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want to explain our framework basic ideas and shortly describe the possible user and devel­
oper sessions. To understand the framework performance there are several important parts of 
its architecture that need to be explained as well as interaction of these parts. Thus we would 
like to provide short explanation of the model components and their structures, the framework 
control subsystem (the dispatcher) and its work, the set of classes for the parameter and input 
maps, the data transfer class library, the output subsystem with the data exchange format and 
the data file structure, etc. Finally, we offer several examples to illustrate the framework 
work. 

2. COMMONALITIES OF THE MC HADRONIC MODELS 

The MC hadronic models can be used as the hadronic event generators with the main goal 
to study hadronic collision phenomena as well as the source of information about hadronic 
collision final states with the aim to utilize this information. 

Even taking a fast look at the MC hadronic models one can see that they have much 
in common. First of all they are phenomenological models having large amount of model 
parameters. We can specify these parameters as the physical parameters (hadronic model 
tuning constants) and hadronic model configurators. The first type of parameters gives a 
possibility of changing hadronic model results. They operate similarly as the physical input. 
This type of parameters fulfils very important job to store physical information about hadronic 
processes. The second type of parameters also offers a possibility of changing hadronic model 
results, but by changing the application logiC of a physical algorithm. 

Additionally to the parameters much more information should be provided for any 
hadronic model. For example, the information about physical properties of particles: quark 
contents, electric charges, masses, decay branchings, etc., is required. The information about 
the physical properties of stable and excited nuclei: binding energies, spins, level density 
parameters, fission barrier heights, etc., is also required. Usually such information is needed 
in the read-only mode. 

The MC hadronic models act in a similar way. They either convert an input into an 
output or they use an input to give an answer to the user request. The input can be the 
characteristics of particles: hadrons, partons, gammas, etc., or characteristics of nuclei: stable 
nuclei, excited fragments, etc. The output can be again a set of particles: hadrons, partons, 
gammas, etc., or a set of nuclei: stable nuclei, excited fragments, etc. Acting so any MC 
hadronic model has to deal with four vectors (energy-momentum and time-position) and their 
transformations. Any hadronic model somehow handles the n-body kinematics. 

The most of hadronic models are the multicomponent models. A multicomponent model 
includes other models as additional or alternative model components and has complicated 
execution flow. Especially for application purposes a user needs the set of hadronic models 
to obtain proper description of the hadronic reaction final states [4]. 

Practically all hadronic models are complicated numerical models. For them it is not 
always trivial to separate «physics» from «algorithm», i.e., to separate the physical input, 
physical parameters, etc., influence on the simulation results from the chosen numerical 
algorithm influences. It is also often, when the same numerical algorithm can be reused 
within models describing different physical phenomena, e.g., the decay of resonances and 
the excited nuclei according to the relativistic phase space, the elastic scattering of partons, 
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hadrons and nuclei, the search collision and decay algorithm for the adron transport model 
and the parton transport model, etc. 

The different kinds of errors can be occurred during hadronic model initialization or 
model runtime. The source of errors can be due to the inconsistent user input as well as due 
to the complexity of numerical algorithms. The last situation is an often unexpected situation. 

Any hadronic model is required to produce different physical outputs, which should be 
analyzed. The output can be only specific information about hadronic reaction final states or 
complete information about the history of a generated event. 

The above list of commonalities can be more extended. For example, besides kinematics 
all hadronic MC models deal with random sampling of variables according to the different 
probability distributions, i.e., large set of the random number generators are required. To 
perform numerical operations, different mathematical utilities: equation solvers, integrators, 
interpolators, etc., are needed to be employed. However, it is already clear that a hadronic 
model developer should take into account these commonalities by either common code struc­
ture or common used methods or common implementations, etc. 

3. TYPICAL REQUIREMENTS FROM HADRONIC MODEL 
USER AND DEVELOPER 

Any user of the hadronic models needs model descriptions, i.e., the reaction mechanisms, 
model inputs, model parameters, used numerical algorithms, etc., should be described. Such 
descriptions should be accompanied by needed examples to demonstrate model usage. 

The different usage strategies provide different user requirements for hadronic model 
package. A user performing theoretical or experimental study of h dronic collision needs 
a possibility to «play» with chosen model, e.g., the possi: i "ty to visualize and change 
model parameters, to configure model or model component, o choose an alternative model 
component, to customize hadronic model output. Thus, the mechanism to check consistency 
of the user alterations should be provided. For this type of user, run control requires to have 
hadronic model runtime information and exception handling mechani m. 

Another type of user or applied user are mostly interested in the generated event itself. 
The configured for a given type of hadronic reaction model with default values of parameters 
should be offered for the applied user. The output information should be reduced until 
required minimum and presented in the required form. 

Of course, both types of users need to have much more, e.g., simple and self-explanatory 
mechanism for hadronic reaction input preventing from errors due to the inconsistent input, 
the mechanism to throw out event due to the possible severe errors at runtime, the analysis 
and visualisation tools are also required to analyze the generated output, etc. Thus, for any 
kind of users a user session should be convenient and productive. 

The model developers may want to rebuild an existing hadronic model with aims to 
extend the range of its applicability, to increase its predictive power, etc. They may want 
to incorporate an existing («foreign») hadronic model for a cooperative work with other 
existing models. Also they may want to build a new hadronic model running standalone or in 
collaboration with other models . The enumerated situations are the primer tasks of a hadronic 
model developer. But in reality to satisfy the user requirements he or she should realize the 
user interfaces and even do much more. The interfaces between created hadronic model code 
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and the outside world e.g., an operational system, are also needed to be realized as well 
as different adapters, if he or she wants to use an external packages, e.g., to visualize and 
analyze the data. A developer should have in mind its hadronic model package portability. 
The package portability means not only the portability in the sense to work on different 
computer platforms, but also, it is the possibility for hadronic package to work within another 
package. A hadronic model developer should facilitate the future developers tasks as well. 

In the conventional approach for the developing of the hadronic MC models a developer 
or several developers are working independently on a particular model. Such approach, even 
if an object-oriented language is used, has several drawbacks. First of all the hadronic model 
commonalities as well as designing and programming experiences are badly exploited. For 
example, each new developer has usually started to develop a particular hadronic model 
from scratch. As a result of it, each new model developer starts from the analysis and 
design stages. The design duplications are manpower consuming. The different designs 
have different qualities and they provide different degrees of satisfaction for the user as 
well as the future model developers requirements. The design duplications lead also to the 
code duplications. The particular hadronic model code quality depends strongly on the coding 
experience of model developer or developers. It also becomes more difficult to learn, maintain 
and extend a set of hadronic models created by different developers as well as to connect 
them for collaborative work. As a rule, the hadronic model developers are not the software 
experts, they are physicists and experts in their subject domains. For them it can be difficult 
to find a proper solution of the specific software tasks. 

Thus, we advocate the development of an object-oriented framework to take into account 
hadronic model commonalities, to facilitate user work and to increase productivity of the 
developer work. Within it a hadronic model developer can be more deeply concentrated on 
the particular model problems. He or she needs to write much less code since an essential 
part of the program already exists. He or she does not need to be a software expert to write 
robust code. A new model code inherited from the framework could also be much easily 
tested since it is already integrated with the rest of framework. 

4. FRAMEWORK BASIC IDEAS 

As was already discussed, the hadronic models as well as their usage and their develop­
ment have a lot of commonalities. We tried to separate commonality from variability in the 
hadronic model interfaces and application logics during the framework development. 

Here we begin to describe the first version of the hadronic MC model framework, which is 
suggested as the starting point. Let us explain the framework basic ideas and its collaboration 
with users and model developers. 

We made an attempt to formalize hadronic model components as unit blocks to construct 
a composite hadronic model. All such blocks can be stored as an exendible collection of the 
model components. The definition and design of the unit component blocks offer a universal, 
flexible and powerful mechanism for a hadronic model construction. The question is how to 
define such components? Any model component can be structured into an interface part and 
the part presenting its application logic. The interface part of the model component allows 
component collaborations. With the help of this part a user can also handle model component 
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parameters, its input-output, its execution process, etc. Such formalization becomes visible, 
when we provide the component interface standards. 

Particularly, from model components we can separate the components with the «runnable>> 
interfaces, i.e.. they include methods to execute them and support user input. We call a model 
component as the main component if it uses other model components a d supports the runnable 
interface. 

On the other hand, the interface standards, if they are required, dictate a hadronic model 
developer to follow definite rules during a component implementation. These rules can be 
taken into account by means of the component frames, which are created for the command 
line user interface, or by means of the component wizards in the case of the graphical user 
interface. The component wizard helps us to create a particular case of a component. We 
call it the empty or skeleton component. A developer can also create a skeleton using 
the component frames and performing the required editions. Thus, the interface standards 
facilitate the developing of the model component interface part. 

A hadronic model developer should mostly work on the implementation of a particular 
application logic. The part, which presents an application· logic can also be universal. It is 
known that the same application logic can be used in several physical models. Below we will 
touch more details of the application logic universality. 

In the case of developing a composite hadronic model there are very important questions 
about the component control, their collaboration and their collaboration with a user. Par­
ticularly, a component collaboration should allow substitution of variable implementation of 
different application logics (e.g., the alternative components) via a common interface. Again 
the interface standards help us to suggest mechanism for model component control and their 
collaboration. This mechanism is provided by the framework control ubsystem. The control 
subsystem is implemented by means of two central concepts of the framework: the resource 
and the dispatcher. The resource contains static information about model components. The 
dispatcher is the heart of our framework. It loads components, obtains information about 
components, creates needed files, and so on. The dispatcher is the chief of all components. It 
controls all inner model pro sses at runtime. But any model component is controlled by the 
dispatcher in the same way y means of the set of standard messages. The dispatcher helps 
us to organize multithread work of our framework. The dispatcher concept allows an easy 
way to integrate our framework into the «more glo l» package, e.g., the GEANT4 [1] or the 
ROOT [5]. 

Our framework is a tool to perform simulation of hadronic interactions. Therefore, we 
have suggested a uniform and powerful output subsystem with main goal to facilitate simulated 
data visualisation and analysis. This output subsystem is based on the extendible data transfer 
class library. 

The data transfer class library as well as the application logics of the model components 
are closely connected with the problem domain. The objects of the data transfer classes are 
used for an information exchange between hadronic model algorithms. These classes help us 
to store the history of an event generation and to implement the universal model algorithms. 
Again the data transfer class library helps a hadronic model developer to be concentrated on 
the application logics development. 

At the end of this chapter we want to say a few words about the object identifiers. Any 
object of our framework has its unique identitier ( ID ). At the mome t any ID can have the 
unsigned value, thus we have a possibility to assign more than 4 billi n different values. The 
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unsigned values are very convenient for searching and navigation. The knowledge of object's 
ID helps us to obtain full information about this object. The object identifiers are heavily used 
in our framework subsystems. Particularly, we are developing the framework help subsystem 
based on the HTML. It is possible due to that the unique object identifiers can be binded with 
the HTML files describing objects. 

5. POSSIBLE USER AND DEVELOPER SESSIONS 

For communications with user we have developed the user interfaces. Here we explain 
the user-framework interaction mainly by means of the command lines. However, a user 
using the Windows platform can run the graphical user interface. 

First of all a user is able to visualise the hadronic model component list and choose or 
register needed component. The HTML based help subsystem under development will offer a 
user needed model documentation. After model component registration a user can visualise 
and edit the default model parameters and the framework will provide parameter consistency 
check. The visualised set of the hadronic model parameters can have a tree structure with 
the leaves are groups of parameters. The hadronic model parameter set can have three states: 
default state, current state and the state, which includes one or several previous states stored 
in a file. Thus a user can either keep a default value of a parameter variable or change this 
value. Also a possibility for user to store current value of parameter variable on a file is 
offered. It carl be done in order to give the «undo» possibility, i.e., a user will always be able 
to get back the old parameter values. 

A hadronic model can be configured by its parameter edition. Even more advanced 
p~sibility for a user to configure a composite model is offered. He or she is able to 

stitute a model component by an alternative model component ;ithout changing the code 
(se~ the component substitution chapter). • 

Then a user can customize output. Similarly as a parameter set, the output set can be 
a tree, where leaves are channels and branches are groups of channels. Each channel or 
group of channels can be in the enabling or disabling states. By default they are forced to 
be in the disabling states. Using this scheme we offer a possibility for a user to control the 
output information. For example, preparing an output of a particle object we can obtain either 
full information about a particle, i.e., its momentum, its position, its encodings, its spin, its 
electric and baryon charges, etc., or only its momentum and its position. Also in the case of 
a multicomponent model to obtain the history of the generated event a user can activate any 
hadronic model component or all hadronic model components to write information about its 
work. 

The input set is organized similarly as the parameter set since both the input data and the 
parameters require that their values should be checked. For each particular model the input 
maps (see an example of input maps in chapter 17) are offered and a user will be able to edit 
them and again the framework will check the input consistency. 

For particular hadronic model a user is able to overload default aggregated component 
set, default parameter set, default output configuration. It is useful, e.g., in the case, when a 
hadronic model was tuned for the best description of experimental data and a user is interested 
only in generated final states. Such situation is typical if a model is used for the applied 
purposes to predict missing information about hadronic reactions. 
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The hadronic model run control is offered by the model runtime information: information 
messages, warning messages and error messages. 

Since the framework has uniform output subsystem it helps us to create the generated 
data analysis and visualisation subsystem. Now simple data filters and some plot facilities 
are provided for the user, who uses the graphical user interface. We should note that within 
the graphical user interface the user-framework collaboration is imilar as in the case of 
the command line user interface. It is going through the parameter, input, output, runtime 
information, etc., graphical windows. In this case a user deals with several threads, e.g., the 
run process or active model component thread and the data analysi thread. In the command 
line user interface, a user operates with the corresponding ASCII fi les. 

Another possibility of performing more detailed analysis of simulated events is the use 
of an external analysis tools. The output subsystem is able to prepare the output data to be 
suitable as the input (macros) for the ROOT [5] analysis and visuahse tool. 

For efficient work a developer can learn the set of framework classes (see also chapters 
below): NMAlgorithm class as the starting point to imP.lement differ~nt model components, 
several classes, such as the NMDoubleParam, the NMintParam, etc., to handle model para­
meters and inputs as well as NMHistory, NMBaseParticle and NMPrimerParticle classes to 
extend the data transfer class library if it is needed. For other framework classes a developer 
can learn only their headers. It is also better if a developer makes the acquaintance with the 
hadronic application logic library to avoid a universal algorithm duplication. The implemen­
tations of some classes are closely connected with the interface sy tern, e.g., command line 
or graphical user interface. Their implementation should be hidden from a model developer 
since we may want to change them without affecting the developer' s codes. 

To help a model developer we provide several model components frames as well com­
ponent documentation frames. An example of such frame can be found in the appendix 
chapter. If a developer wants to implement a new model or a new model component, e.g., 
as an alternative model component, he or she can choose suitable model component frame, 
edit it according to the frame comments and impleme t required methods. The component 
documentation frames help a developer to create the help documentation about a component. 

The simplest case of a developer's work is that a developer wants to implement foreign 
working code as an alternative model component. Particularly, to implement foreign runnable 
component code a developer has to use the runnable algorithm frame, where only two methods: 
OnRegisterlnputMap() and OnRun() (see the appendix chapter) should be implemented. A 
developer has also to define the input map and map contained variables and register them by 
OnRegisterlnputMap( ). 

6. MODEL COMPONENTS AND THEIR STRUCTURES 

We distinguish different kinds of model components: the algorithm component, data 
analysis component, table component, etc. Each type of component can have its specific 
properties and methods. Such approach has some advantages for a model developer, since we 
can provide the standard frames for all components to facilitate component implementations. 
It is also rather flexible to allow the implementation of complicated model [6]. From the 
hadronic model developer point of view the most important model component is the algorithm 
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component. Let us explain the details of its structure. Below we will call it shortly the model 
component or the component. 

For this component we separate the component factory and the component static infor­
mation parts. We need the component factory part, because the creation of objects is very 
important question since we want to have a possibility for dynamic binding, i.e., substitution 
of a component by the alternative component without changing the code as well as object 
creation only, when it is needed. Another aspect of this question is connected with model 
component object collaboration (see below). There are two ways, when one object uses 
another object. In the first case we can declare it as a member and we cannot substitute it 
during run time. In the second case we declare a pointer to another object and we will get a 
runtime substitution. Thus we can substitute this object by its child or derived object. But we 
have to assign this pointer. As a rule it can be done by a set method or using a constructor. 
It is not always good because we may want to use a complex object and we need to know in 
aggregating object all information about aggregated object. To avoid such problem we can 
create the proxy object [3] of an object, which is planned to be used. It can be a pointer to 
the component identifier (!D) . During construction time all proxy objects are gathering into a 
list. As a result, each object knows, which aggregated objects can be used. But how can we 
create these aggregated objects? It can be done by means of a factory method [3] . 

The component static information part or component resource part contains the informa­
tion, which is needed to create this component. It also contains the pointers (references) to 
documentation. Besides the component factory and its static information parts, a component 
can include methods and data for model parameters, model input maps and model output 
configurations as well as the execution or run methods. 

To provide more flexibility for a developer, we also classify the algorithm components 
according to their interfaces: the so-called «runnable» components, which include the execu­
tion and input methods. Such components can be used as the separate models or as the main 
model components, which include aggregated components. We distinguish also the «general» 
components, which can be used only as the aggregated components. We should note that 
any runnable component can be used as a general component. We classify the «virtual» 
components, i.e., the «virtual runnable» or «virtual general» components, which are similar to 
the «runnable» and «general» components. The difference between them is in the component 
factories . It is not possible to create the virtual component objects. 

At the end of this chapter we would note that the NMAlgorithm class is the base 
class to derive the algorithm component classes (see the appendix chapter), which should be 
implemented. Particularly, it supports three methods: OnOverloadDefaultProxy() to overload 
the default compo~ent, the OnOverloadDefaultParam() to overload default parameters and 
OnOverloadDefaultOutputConfig() to overload default output configuration. 

7. FRAMEWORK CONTROL SUBSYSTEM 

Let us imagine that all needed model components are implemented. How is the user's 
interaction with the framework libraries provided? How will components collaborate? As we 
have already mentioned, all interactions between the framework libraries and user interface 
system as well as model component collaborations are provided by the framework control 
subsystem. It is hidden from a user. We denote such control subsystem as the dispatcher. 
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Thus, the dispatcher is a shell between the user interface and the framework libraries. For 
the command line interface, the framework control subsystem is currently .implemented as 
the NMDispatcher class, which keeps the pointer to the model component base class as well 
as the vector of the model component factories. It includes many methods (see chapter 17) 
to support several phases of the user-framework interaction: creati n phase, edition phase, 
execution phase and destruction phase. Particularly, it allows one to obtain full list of the 
model components included into the framework. The dispatcher object can load, run and delete 
a model component. The dispatcher object checks a possibility of substituting a component 
by an alternative component. The dispatcher object also manages parameter and input writing 
and reading. It manages writing and reading of the output config rations, etc. There are 
two groups of methods in the dispatcher. The first group consists fr m the methods needed 
to receive the information about framework library contents and to control this information, 
e.g., the method to obtain the component tree from the global list. The second group are 
the methods, which control currently loaded components. The dispatcher methods are named 
according to the rule: Action + ComponentType( ), e.g., LoadAgorithm( ), LoadAnalyzer( ), 
LoadTable(), DeleteAlgorithm(), etc., since we have different model components. 

8. PARAMETERS AND INPUT SUBSYSTEMS 

Our framework has the set of classes to support model parameter and model input 
handlings. A developer to implement the parameters of his model component has to define 
parameter type, assign its default value and a comment for it. Provided model component 
frames facilitate this task for a developer. After model component development a model user 
will get a possibility to edit parameters under the framework control. A developer can also 
bound parameter values by means of some parameter method overlo ding. 

To solve the task of the input data set we suggest the input maps based on the lists of 
simple data types. By means of the input maps we organize not only the uniform input for 
a model user, but we also save developer time since our framework performs needed input 
map data converting. 

The NMParam class initiates the parameter/input class branch. This class keeps common 
properties of parameters, e.g., parameter names, methods to write parameters into data file, to 
read parameters for their visualization, to check parameter consistency, to reset parameters, 
etc. The NMParam class gives rise to the NMParam group of cia ses: HM***Param and 
NMParamGroup. The NMParam realizes common features of a simple parameter. The 
necessity of such a class is connected with difference between writing into file for a simple 
parameter and for a group of parameters independent from parameter type. The NM***Param 
presents parameters of different types . The stars in the parameter class name indicate that 
any name can be used according to the rule: Bool + NM***Param = NMBoolParam. The 
NMParamGroup class allows us to join parameters into named gro p. 

As we already mentioned the parameters are structured like tree and have different states. 
A model component can contain only one group of parameters. Th s, the parameters tree is 
the component tree, where leaves are groups of parameters. The parameter tree is created 
by the proxy component tree. There are default state and current state. Also several former 
states can be stored in a configuration file . If the configuration file is not empty, the last state 
of a parameter tree will be loaded from this file. 
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Similar structure is als~ suitable for model input. To support input maps we use the 
NMinputMap class, which is a redefinition of the NMParameterGroup class. 

9. MODEL COMPONENT SUBSTITUTION 

Our framework approach allows substitution of model components by the alternative 
components without changing code. It gives a user the possibility to change hadronic model 
structures. Two types of the substitution are possible. The first one we call the static 
substitution. Let us image the next situation. There are several model components that have 
been developed. We denote them as A, B, C and CJ. The component A uses the component 
B and the component B uses the component C. When a developer creates these components, 
he or she knows nothing about the component CJ, which is an alternative for the component 
C. A user applying the method OnOverloadDefaultProxy() in the component A can force the 
component B to use the component CJ . The implementation of the OnOverloadDefaultProxy() 
method can look as follows: 

ClassA: :OnOverloadDefaultProxy() 
{ 
OverloadProxy( ID_Cl, ID_B, 0) 
} 

The dynamic substitution can be performed at run stage. For example, a user would like 
to use the component C instead of the component CJ. He or she is able to solve this task by 
means of our framework. Within the command line interface version it can be done by edition 
of the parameter file, which has the .nmp extension (see also chapter 17). The parameter file 
edition includes the replacement of the lines related to the component C 1 by the lines related 
to the component C. From the C++ programmer point of view such substitution is provided by 
the subclassing mechanism, i.e., alternative components need to have a common base class. 
The developed component frames of our framework supports such subclassing. 

10. DATA TRANSFER CLASS LIBRARY 

The data transfer classes organize the data transfer between model components. This is 
the first goal to develop such library. It helps us to store the history of an event generation. 
Any object of the data transfer class supports serialisation, i.e., it has methods to read and 
write its state. The data transfer classes use the exchange data format described below. Thus, 
the data transfer class library helps us to create uniform and powerful output subsystem to 
obtain the result of simulation. For this purpose any data transfer class is derived from the 
NMHistory class with the aim to obtain an output of the generated event history. It has two 
methods Con.fig() and Out() that are implemented to write their objects states. (See examples 
of the method implementations in the framework output subsystem chapter). This is the 
second motivation to create such hierarchial library. 

We would stress that the presence of these classes allows a developer to pay more 
attention to the algorithmic logic part of a hadronic model development, because a developer 
need not think about details of the input-output operations. 
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A navigation system can be offered (we are working on it) and a developer can navigate 
through the data transfer classes. He or she can visualise any such class and apply the data 
transfer class wizard with the aim to extend the data transfer class library. 

The data transfer classes are tightly connected with the hadronic models domain. The 
data transfer class hierarchy represents physical objects from this application area. They 
describe three groups of such objects. The first one can be called the simplest objects or 
the objects without inner structure. Then we can separate collections of the simplest objects. 
Describing the simplest object we do not need the information about its inner structure. We 
have developed the NMBaseParticle class. It has two members: the 4-momentum and the 
4-position, and represents the relativistic phase space point object or relativistically moving 
point object. This class can be considered as an example of the data transfer class, which 
represents the simplest object. Other examples of such classes, which are derived from 
the NMBaseParticle class, are the NMParticle class, representing the elementary particles, 
the NMParton class, representing the quarks and gluons, and the NMSimpleNucleus class, 
representing a nucleus without its nucleon structure. Th~ simplest objects can be combined 
into the different object collections. The members of a collection do not have structural 
dependences. For example, object collections can be created using the NMBaseParticleVect, 
the NMParticleVect, the NMPartonVect and the NMSimpleNucleusVect classes. They keep 
arrays of the pointers to the simplest objects. The composite objects need the information 
about their internal structure. The classes, representing such objects, have the collection 
classes as the members or they are derived from the collection cl sses. As the examples 
of this group of classes we can consider the NMNucleus class, which has as a member the 
NMParticleVect class, and the NMExitedString class, which has the NMPartonVect class 
as a member. 

For many applications of any class hierarchy it is very convenient to have a base class, 
which joins all classes. As a rule, it is pure virtual class. It facto rizes the common prop­
erties of all objects of this hierarchy. The relativistic phase space point object is commonly 
used in the high energy hadronic MC models . In our data transfer class hierarchy we use 
for that the NMPrimeParticle class, which represents the most operations needed to work 
with the relativistic phase space point. This class gives the rise to all other classes of the 
hierarchy. 

Our data transfer classes represent not only the dynamical properties of the physical 
objects (momenta, positions, etc.), but also their static properties (charges, encodings, etc.). 
For example, the NMParticle object describes the dynamic properties of the elementary 
particle and has a pointer to the static object, which keeps the information about mass, decay 
branchings spin, etc. The static information is stored as tables. We have other tables, e.g., 
the interaction cross section table. We are working on the service tools (framework database 
service tools) to support tables within our framework. 

At the end of this chapter we want to mention another important motivation to create 
the hierarchial library of the data transfer classes. It is connected with the algorithm logic 
universality. The degree of universality of an algorithm is determined by the amount of 
needed input-output information. Our data transfer classes have an hierarchial structure, the 
most universal algorithms are those, which use as input and output the objects of the node 
data transfer class. 
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11. FRAMEWORK OUTPUT SUBSYSTEM 

The output phase is the most complicated phase of interaction between the framework 
and a user. Let us make several things to be explained before description of the output phase. 

There are different approaches to write and read data. One of them is that an object writes 
and reads data by itself. In this case we need this object to be created before reading. The 
configuration to be read is provided by this object class and we need not store the configuration 
on a file. But in such a case the data stored on a file cannot be read from outside of a package, 
which includes the object class. We have decided to use another approach. We write the 
configuration to be read at the beginning of a file. This configuration is based on the list of 
basic types. These types can be read within any other package. 

We have developed the framework input-output file system to avoid dependence on the 
different platforms. Particularly, it allows us to open and close a file, to read data from a file 
and to write data on a fi le. 

Let us consider the output data structure, which can be written on an output file. It includes 
the output file header, an extra information, the channel definition, the event configuration 
and the data part. 

The output file header is needed to identify the output file. It contains the identifier field, 
the file version and some offsets to the other parts of file as the channel definition, the event 
configuration and the data. An extra information, which can be used by a developer for some 
reasons, will be placed JUSt after the header. 

We need a universal data exchange mechanism, which is independent of particular lan­
guage or package. For this purpose we suggest a format for data reading and writing. A 
variable is stored in a channel with its own identifier. With each channel identifier we bind 
the channel type and some extra information to organize convenient user interface. Several 
channels can be grouped into a group of channels with unique group identifier. Each identifier 
of channel or group of channels can have prefix REP. It signals that given channel or given 
group of channels is ·repeatedly stored. To describe a channel we use four fields: Channel/D, 
FullName, ShortName, and UnitName. The Channel/D field keeps information about the 
channel type and it can also be used in the help subsystem. The channel full name FullName 
field is used by the user interface. The ShortName field can simply keep the short name of a 
channel. For example, the X component of the Lorentz vector momentum can be presented 
as follows: 1003, «X-component of Lorentz vector», «px», «GeV». The ShortName field was 
also introduced to be a variable name of this channel. Using this field we can customize the 
output data structure with the aim to produce output, which can be accepted as an input for 
the foreign package. For example, it helps us to create the ROOT [5] macros. The last field 
UnitName informs a user about the physical units of channel variable values. To support 
channels we have developed the NMChanneiDef class and its vector NMChanneiDefVect 
class. 

We have introduced program event objects. We define a program event object as an unit 
of information to be written. To support it we have developed the NMProgramEvent class. 
Each program event object has its own Event/D and can have its name to be used in the 
user interface. In order to read the binary data from the output file we have to know their 
configuration. The configuration can be found by means of the Event/D in the configuration 
part of the file. From this point of view the Event/D can be considered as an identifier of the 
event object type. 
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The configuration is array of Channel/D, which are included in this event. Each model 
algorithm component supports the method OnRegisterOutputCon.figuration(). We use this 
method to register configurations of program events, which can be written by this compo­
nent. The registration procedure is very easy. It adds the channel identifiers or group of 
channel identifiers to the array. An example of the method OnRegisterOutputCon.figuration() 
implementation can be found in chapter 17. 

We said already that the data exchange between the model components is supported by 
the data transfer classes. These classes play an important role in the output subsystem. In 
order to solve the task of writing event configuration to the output fi le all these classes have to 
realize the method Config() . We present below two examples of this method implementations. 

void NMBaseParticle : :Config(NMProgramEvent& ProgramEvent, bool bHistory) 
{ 

ProgramEvent.AddGroup(bHistory, 10, true, "Moving point", 
"MovePoint"); 

ProgramEvent.AddDouble(lOl, true, "X-position", 
"fermi"); 

ProgramEvent.AddDouble(102, true, "Y-position", 
"fermi"); 

ProgramEvent.AddDouble(103, true, "Z-position", 
"fermi"); 

ProgramEvent.AddDouble(104, true, "T- position", 
"fermi"); 

ProgramEvent.AddDouble(105, true, "X - component 
Lorentz momentum", "PX", "GeV"); 

"X", 

"Y", 

"Z", 

"T", 

of 

ProgramEvent.AddDouble(106, true, "Y - component of 
Lorentz momentum", "PY", "GeV"); 

ProgramEvent.AddDouble(107, true, "Z - component of 
Lorentz momentum", "PZ", "GeV"); 

ProgramEvent . AddDouble(108, true, "Energy", "E", "GeV"); 
ProgramEvent . AddEndGroup(); 
} 

void NMParticle : :Config(NMProgramEvent& ProgramEvent, bool bHistory) 
{ 

ProgramEvent . AddGroup(bHistory , 30, true, "Particl e") ; 
NMBaseParticle: :Config(ProgramEvent); 
ProgramEvent.AddDWord(301, true, "Encoding", "Enc", 

"Encoding"); 
ProgramEvent.AddDouble(302, true, "Mas s", "M", "GeV") ; 
ProgramEvent. AddDouble(303 , true, "Charge", "M"); 

ProgramEvent . AddEndGroup() ; 
} 
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The data transfer class objects do not exist, when we create the output configuration, as a 
result, these methods have to be the static methods. 

We define event configurations before run session. It gives us a possibility to control 
the output. Particularly, we are able to protect any channel or group of channels from their 
output. By default all channels are open and all program events are closed for their output 
except the program events from the main model component. 

The framework supports also two predefined event objects, which allow us to write to 
output the values of input map and parameter of model components, which are executed in 
the current run session. For them the registration of channels is performed automatically. 
However, a user is able to mask these events or some their channels with the aim to forbid 
their output. 

There are different Out() methods, which are responsible to write the data part of the 
output file. We should note that before to write data on the output file each such method 
checks that there are channels, which open for the output. As we already mentioned each data 
transfer class has such method. For example, for the NMBaseParticle and the NMParticle it 
has been implemented as follows: 

void NMBaseParticle : :Out(NMOutputConfig& Config, NMFile& File) 
{ 

BEGIN_OUT_GROUP 
{ 

OUT(X()); 
OUT(Y()); 
OUT(Z()); 
OUT(T()); 
OUT(PX()); 
OUT(PY() )~ 
OUT(PZ()); 
OUT(E()); 
} 

END_OUT_GROUP ; 
} 

void NMParticle: ' :Out (NMOutputConfig& Config, NMFile& File) 
{ 

BEGIN_OUT_GROUP 
{ 

NMBaseParti cle: :Out(Config, File); 
OUT (Encoding()); 

OUT(Mass()) 
OUT (Charge () ) ; 
} 

END_OUT_GROUP; 
} 
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In the above Out() method example the OUT(Variable) is the macro to write a Variable. 
Let us say a few words about the output of the generated physical event history organi­

zation using as an example the NMProgramEvent class. It has also the Out() method. The 
Out() method of NMProgramEvent class writes on output file the header (Event/D, Event­
Counter, and HistoryCounter) and then binary data. Each call of the Out() method can be 
considered as the event object creation and it can be identified using the EventCounter. There 
will be no event objects written on the output file with the same value of the EventCounter. 
The HistoryCounter field is used to make connection between event objects and model com­
ponent objects, which are responsible for the event object creation. The HistoryCounter 
variable is the only a member of the NMHistory class. With the aim to obtain the output of 
the generated physical event history, we have also derived all data transfer classes from the 
NMHistory class. But in some cases an event object can contain not only objects of the data 
transfer classes. There will also be event objects, which do not contain any object of the data 
transfer classes. If so, we can also write within events the values f the HistoryCounter as a 
member. 

At the end of this chapter we want to discuss th~ generated data analysis procedure, 
which can be performed within the graphical user interface of our framework. We consider 
this procedure as the three-steps procedure. At the first step one can perform the structure 
filtering since the data are organized as a tree, where nodes are enumerated by their /D. It 
gives us a possibility to select data by using only the data structure information, which is 
stored at the beginning of data file. The next step is to perform the data sensitive filtering, 
i.e., one can select data using themselves. The last step is that selected data can be stored and 
presented as the one-dimensional histogram and two-dimensional plots. 

12. RUNTIME INFORMATION 

Our framework supports the runtime information output. By means of it the model com­
ponents inform about their execution processes during run session. The runtime information 
is simple text based information. There are three types of the runtime messages: information 
messages, warning messages, and error messages. The information messages are used to 
tell about normal execution process. The warning messages inform a user about potential 
errors or other situations, which are able to destroy normal executi n process. The execution 
proccess will be continued after the appearance of the warning messages. The error messages 
appear, when the execution process will be aborted. The error messages inform also a user 
about place and type of the error. The framework detects itself the information about place 
of an error and a developer need not make special efforts to solve this task. 

A user has a possibility to control the runtime information output. Particularly, he or she 
can either totaly suppress the information messages or suppress the information messages from 
some model component objects. The warning messages are divided into some groups. A user 
can suppress any group to be appeared in the output or overload any group to produce error 
messages. Each warning or error message has also its own uniq e Warning/D or Error/D 
identifier. It allows us to help a user or a developer to obtain the full information about the 
reason of warning or error. 

Let us provide more details about the possibility of obtaining the runtime information. We 
have developed the NMOwner component base class, which includes the methods: Message(), 
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Warning(), and Error() to support runtime messages. The error method calls also exception 
to close the execution process. All objects of the model component classes have pointers to 
their context objects. The work to organize the runtime output is performed by the context 
object of a model component. The dispatcher creates the context objects and informs them, 
where the runtime information has to be placed. 

13. FRAMEWORK HELP AND DOCUMENTATION 

The help subsystem based on the HTML is under development as well as printed version 
of the framework manual [6]. Such subsystem is needed to help a user and a potential 
hadronic model developer. They can obtain parameter description, input description, physics 
description, numerical algorithm description, etc. The help subsystem from a hadronic model 
developer point of view can be considered as a platform to explain how to develop a model 
code. 

As we already said, any object of our framework such as component, parameter, error 
message, etc., has the unique /D. It allows us to bind these /D with the object describing 
HTML files. For version with the graphical user interface we will provide some tools to 
work with the help information, e.g., there is a possibility of obtaining the context of help 
information. This help subsystem will be developed with the aim to provide either convenient 
access for help information or uniform way to add new help information by means of typical 
documentation frames . The user of help subsystem need not know the details of its work in 
order to find or add help information. The component documentation frames allow one to 
present information for the standard appearance. These documentation frames are different 
for different types of model components. They are developed in the complement of model 
component frames. A model component developer must follow the instructions, which can 
be found in the documentation frames. There are also classes such as the NMDeveloper and 
the NMDeveloperLis~, which orgaqize the personal information about model developers, and 
the NMWEBDocument and the NMWEBDocumentList classes, which assist to manage the 
model documentation on the Web. See also the example of runnable component frame in 
chapter 17. 

14. COMPONENT LIBRARY 

Discussing different aspects of the hadronic model framework, we have paid attention 
mostly to its interfaces. But the real hadronic model component to be used for the reaction 
simulation should have its application logic. The hadronic model algorithm transforms an 
input into an output. The objects of the data transfer classes are served as the input and 
output objects for the model component objects. In the runnable model component frame the 
OnRun() method name was chosen as the standard name for the transformation method. Thus, 
we assume that the implementation of this method will be the main job of a hadronic model 
developer. It usually requires hard developer's work and needs not only the software testing, 
but also the physical testing. The large number of the hadronic model runnable components, 
e.g., such as the NMEiasticScatterer and the NMPomeronPartonStringModel (see for model 
physics description [4]) as well as hadronic model virtual and general components have been 



Amelin N., Komogorov M. An Object-Oriented Framework for the Hadronic 69 

already implemented and included into the component library. The component library will be 
described elsewhere [6]. 

15. UTILITY CLASS LIBRARY 

The utility classes contain useful data and methods: random number. generators, different 
integrators, equation solvers, physical units and constants, etc., which are often used. These 
classes accumulate the working experiences of the hadronic model code programmers. Some 
of such utility classes can also be found in the CLHEP library [7]. Very convenient strategy 
to use physical units and constants was adopted from the GEANT4 [1]. 

16. CONCLUSIONS 

We have shortly discussed the first version of the object-oriented framework for the 
hadronic MC event generators. We made an attempt to explain that our framework has 
different features to facilitate the hadronic model user and developer works. As the framework 
name we suggest to use the NiMax word. 

In conclusions, we would only stress the main point of our approach to develop the 
hadronic MC event generators. It is the component approach, when a complex hadronic 
model is composed of small and simple pieces, that are self-contained entities (see, e.g., the 
book [8]). The component approach has many advantages and we can enumerate several of 
them. It allows us to formalize the particular type of components by separating interface 
part and application logic. We have offered different component frames for hadronic model 
developers . Thus, a model developer should work on the component application logics 
and each component application logic can be developed independently of other component 
application logics. Model components can be composed in a variety of ways and the new 
components with their peculiarities can be added, that offer a flexibil ity for the construction of 
a powerful hadronic model. The different implementations of a component application logic 
can be interchanged at runtime enabling a hadronic model user to obtain the needed model 
properties without redesigning a model and writing the model code. 

Working on the framework we have obtained good software experience and we understand 
that first framework version should be more tested, improved and extended to be the successful 
tool for its user and consider it as the starting point. We hope also that our experience to 
develop the hadronic model framework as well as the framework ideas can be applied not 
only in the hadronic model application domain, but can be suitable to develop other similar 
applications. 

Finally, we would like to thank the members of the GEANT4 hadronic group for the 
discussions with respect to the hadronic MC generator design. One of us (N. Amelin) is 
grateful for S. Giani, who invited him to work on the hadronic models for the GEANT4 
toolkit. Our MC generator framework idea was born during this work. M. Komogorov would 
like to express special thanks to W. Trzaska for collaboration during his work at Physics 
Department of the Jyviiskylii University. 
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17. FRAMEWORK WORKING EXAMPLES 

With the aim to illustrate possible framework user and developer sessions we show several 
examples: The first is an example of the framework main function, which can be applied in 
the case of the command line user interface. This example explains the dispatcher importance. 
Then comes the example of the runnable algorithm component frame illustrating a user and a 
developer works with the parameters, the input maps and the output configurations. We show 
also the example, when a user is able to substitute a model component by the alternative 
model component. Finally, we would demonstrate an example of the heavy ion collision 
simulation performed within the Pomeron based Parton String Model (see the model physics 
description [4]). 

17.1. Dispatcher at Work. Let us look at the first example. As a result of this main 
function execution a user can obtain the list of the model components (see file «Content.hm») 
as well as the information about registered (the model ID has been assigned) model parameters 
( «.nmp» file), model input maps ( «.nmi>> file) and model output configuration ( «.nmo» file). 
The corresponding files can be edited. Model user can execute registered model and obtain 
the configured output, i.e., the result of the hadronic reaction simulation, which will be written 
on an output file ( «.nmd» ). In this example of the main function one can see the key role of 
the dispatcher. It is doing all control job, which is hidden from a user. 

#include <iostream. h> 
#include "NM.h" 
#define MAX_BUFF 256 

void main(int cArg, char* aArg[]) 
{ 

Dispatcher .Regi s terFactory(); 
if (cArg < 2) 
{ 

cout << "To get help, please, use:\n" 
"<NiMax -I> - list of components\n" 
"<NiMax -I ID [-iMapFName] [-pParamFName] [-oOutFName]>\n" 
" Subkey:\n" 

-i - Input maps\n" 
" -p - Parameter l i st\n" 
" -o - Output c·onf i guration tree\n" 
"To run a component , please, use:\n" 
"<NiMax -R ID [-iMapFName] [-pParamFName] [-oOutFName] [DataFileName]>\n" 
" -i - Input map f i le\n" 
" -p - Parameter s et file\n" 
" -o - Output conf i guration tree file\n" 
" DataFileName - Output file name\n"; 

return; 
} 

if (strcmp(aArg[l], "-I") == 0) 
{ 



Amelin N., Komogorov M. An Object-Oriented Framework for the Hadronic 

if (cArg < 3) 
{ 

Dispatcher . OutComponentsList ("Content. nm") ; 
return; 
} 

int ID = atoi(aArg[2]); 
if (!Dispatcher . LoadModel(ID)) 

{ 

} 

cout<<"There is no component with ID 
return; 

if (cArg < 4) 
{ 

char Buff[MAX_BUFF]; 
itoa(ID, Buff, 10) ; 
strcat (Buff, " . nmi") ; 

"<< ID << endl; 

Dispatcher . InputToTextStream(Buff); 

itoa(ID, Buff, 10); 
strcat(Buff, ".nmp") ; 

Dispatcher .ParamToTextStream(Buff); 

itoa(ID, Buff, 10); 
strcat (Buff, " . nmo"); 

Dispatcher.DutputConfigToTextStream(Buff); 
return; 
} 

for(int c1 = 3 ; c1 < cArg && c1 < 6; c1++) 
{ 

if (strnicmp(aArg[c1], "-i", 2) == 0) 
Dispatcher.InputToTextStream(aArg[c1] + 2); 

if (strnicmp(aArg[c1], "-p", 2) == 0) 
Dispatcher .ParamToTextStream(aArg[c1] + 2); 

if (strnicmp(aArg[c1], "-o", 2) == 0) 
Dispatcher . OutputConfigToTextStream(aArg[c1] + 2); 

} 

} 

if (strcmp(aArg[1], "-R") 0) 
{ 

if (cArg < 3) 
{ 

Dispatcher .OutComponentsList("Content . hm") ; 
cout<<"\nPlease! Set the ID\n" ; 

return ; 
} 

int ID = atoi(aArg[2]); 

71 
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if (!Dispatcher.LoadModel(ID)) 
{ 

cout<<"There is no component with ID 
return; 
} 

"<< ID << endl; 

for(int cl = 3; c l < cArg && cl < 6; cl++) 
{ 

if (strnicmp (aArg[cl], "-i", 2) == 0) 
Dispatcher . InputFromTextStream(aArg[cl] + 2); 

if (strnicmp (aArg[cl], "-p", 2) == 0) 
Dispatcher .ParamFromTextStream(aArg[cl] + 2); 

if (strnicmp (aArg[cl], "-o", 2) == 0) 
Dispatcher.Output ConfigFromTextStream(aArg[cl] + 2); 

} 

} 

Dispatcher. Run("kyky.nmd"); 
} 

17.2. Runnable Model Component Frame. As we already said, a model developer to 
create a model component can start the component implementation by editing the suitable 
model component frame. For example, the runnable algorithm component can be used. Its 
header and implementation are shown below. We shall assume that all members are public 
to simplify the discussion; the extension to protected and private is not straightforward. We 
plan to explain it in the extended description [6] of our framework. Let us at first explain 
the parameter, input and output parts of the runnable model component. Below we consider 
implemented parts of runnable component for the hadronic string decay model. This model 
performs string decay simulation; i.e., it models the process, when a string with the parton 
ends and its mass decays into stable and resonance hadrons (see the model physics description 
in [4]). 

17.2.1. How to Define, Edit and Check the Model Component Parameters? In order to 
define parameter one has to declare the member of component class. There are corresponding 
commented lines in the runnable component frame (see below). Let us consider a part of the 
NMStringDecayer model component header. Within it we declare two double parameters: 
DiquarkSuppression and ClusterMass. 

class NMStringDecayer : public NMAlgorithm 
{ 

public: 
DEFAULT_LOCAL_DEFINITION(NMStringDecayer, NMAlgorithm); 

public : 
II Messages 

public: 
II Proxy 
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public: 
II Parameters 
NMDoubleParam ClusterMass; 
NMDoubleParam DiquarkSuppression; 

public: 
II Input 

public: 
II ProgramEvent 

public: 
II Methods 

}; 

73 

The framework is able to control these parameters, if they are registered by the OnRegister­
Param() method. Below we show an example of the method implementation. 

void NMStringDecayer: :OnRegisterParam() 
{ 

Add(ClusterMass.Init(200908, "Cluster mass", 0.15 , GeV, "GeV")); 
Add(StrangeSuppress.Init(200910, "Strangeness suppression", 0.44)); 

} 

Within the command line user interface the component parameters can be written on the 
file with the extension .nmp and read from it. Below we show the content of .nmp file for the 
registered parameters from the above examples. 

"NMStringDecayer", 2009 
{ 

"Cluster mass", "GeV", 200908, 
"Strangeness suppression", "" 200910, 
} 

We can edit this file, e.g. 

"NMStringDecayer", 2009 
{ 

"Cluster mass", "GeV", 200908, 
"Strangeness suppression", 200910, 

} 

0.15; 
0.44; 

0.18; 
0.40; 

This file can be used as the parameter of the framework execution fi le. Let us call it as the 
NiMax.exe. Also framework gives a possibility to check edited parameter consistency. For 
this purpose a developer can overload the OnCheck() method, e.g., 
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bool NMDoubleMinMaxParam:: DnCheck() 
{ 

if (Value < Min I I Value > Max) 
{ 

Warning(123,ERR_GROUP,"Parameter value is out of range. Default value 
will be used"); 

return false; 
} 

return true; 
} 

17.2.2. How to Defi ne, Edit and Check the Model Component Input Maps? The definition 
of an input map is similar to the parameter definition, besides that, one has at first to declare 
input map. One can find the corresponding comment about it in the example of the runnable 
component frame (see below). Let us consider an example of the input map lnputMapl 
declaration for the string decay component. This map has three fields: LeftQuarkEncoding, 
RightQuarkEncoding, and StringMass. 

class NMStringDecayer : public NMAlgorithm 
{ 

public: 
DEFAULT_LOCAL_DEFINITION(NMStringDecayer, NMAlgorithm); 

public: 
II Messages 

public: 
II Proxy 

public: 
II Parameters 
NMDoubleParam ClusterMass; 
NMDoubleParam DiquarkSuppression; 

public: 
II Input 
NMinputMap InputMapl; 

NMintParam LeftQuarkEnc; 
NMintParam RightQuarkEnc; 
NMDoubleParam StringMass; 

public: 
II Methods 

} ; 
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Similar to the parameters, an input map and its content have to be registered. There is 
the method OnRegisteredlnputMap() for that. Below we show an example of this method. 

NMStringDecayer:: OnRegisterinputMaps() 
{ 

NMAlgorithm:: OnRegisterinputMaps(); 
AddMap(InputMap1.Init(2009100, "Input map 1 for string decayer ")); 
InputMap1.Add(LeftQuarkEnc.Init(2009101,"Left quark encoding", 2, 

"Encoding")); 
InputMap1 . Add (RightQuarkEnc. Ini t (2009102, "Right quark encoding", 2201, 

"Encoding")); 
InputMap1.Add(StringMass.Init(2009103,"String mass", 200, GeV, "GeV")); 

} 

In command line user interface version this map can be written on the file with the 
extension .nmi and read from it. Let us look at the content of the .nmi file as a result of the 
input map registration, which was considered above. 

"Input map 1 for string decayer ", 2009100 
{ 
II Left quark encoding", "Encoding", 2009101, 2 • , 
II Left quark encoding", "Encoding", 2009102, 2212 ; 
" String mass ", "GeV", 2009103, 200; 
} 

It is possible to offer different input maps for one component. For example, we can add 
the string momentum for string decay. To do that we have to add the declaration of new map 
and new input map values. 

When somebody uses the input maps, then a map from the set of maps should be 
registered as the default map by the OnRegisterlnputMap() method. If it is not done, then the 
framework will consider the first registered input map as the default one. 

There can be some dependences between input or parameter values. For example, on 
string ends should be quarks with the opposite colours. To solve this problem, each runnable 
component supports methods OnCheckParam() and OnChecklnput( ). An example of the 
OnChecklnput() implementation is shown below. 

NMStringDecayer:: OnCheckinput(NM_ID ID) 
{ 

if (IsColor(LeftQuarkEnc) && IsAntiColor(Right Quar kEnc) I I 
IsAntiColor(LeftQuarkEnc) && IsColor(Right Quar kEnc)) 

return NMAlgorithm:: OnCheckinput(ID); 
WarningC127, ERR_GROUP, "String end quarks have the same colours"); 
return false; 
} 

17.2.3. How to Define and Edit the Output Configurations? We have already discussed 
that the output is performed by means of program events. Each event has to be declared. 
There is appropriate comment in the runnable component frame. 
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In the example, which is shown below, we add two program events for the NMStringDe­
cayer component named InitialState and FinalState. 

class NMStringDecayer : public NMAlgorithm 
{ 

public: 
DEFAULT_LOCAL_DEFINITION(NMStringDecayer, NMAlgorithm); 

public: 
II Messages 

public: 
II Proxy 

public: 
II Parameters 
NMDoubleParam ClusterMass; 
NMDoubleParam DiquarkSuppression; 

public: 
II Output 

II ProgramEvent 

NMProgramEvent InitialState; 
NMProgramEvent FinalState; 

public: 
II Input 
NMinputMap .InputMap1; 

NMintParam 
NMintParam 

eftQuarkEnc; 
ightQuarkEnc; 

NMDoubleParam StringMass; 

public: 
II Methods 

} ; 

After declaration of the program events, they have to be registered. Within the command 
line version of the user interface the registered output configuration will appear in the .nmo 
files. Below we show the part of this file for the NMStringDecayer example. 

"NMStringDecayer " , 2009 
{ 
"Initial state ", 20090001, Off 

{ 
"Particle", 20, On 



Amelin N., Komogorov M. An Object-Oriented Framework for the Hadronic 77 

{ 

"Moving particle", "MovingParticle", 10, On 
{ 

"X-position", nxn, "fermi", 101, On; 
"Y-position", "Y", "fermi", 102, On; 
"Z-position", "Z", "fermi", 103, On; 
"T-position", "T", "fermi", 104, On; 
"X - component of Lorentz momentum", "PX", "GeV", 105, On; 
"Y - component of Lorentz momentum", "PY", "GeV", 106, On; 
"Z - component of Lorentz momentum", "PZ", "GeV", 107, On; 
"Energy", "E", "GeV", 108, On; 
} 

"Encoding", "Enc", "Encoding", 301, On; 
} 

"Particle", 20, On 
{ 

"Moving particle", "MovingParticle", 10, 0 
{ 

"X-position", "X", "fermi", 101, On; 
"Y-position", "Y"' "fermi", 102, On; 
"Z-position", "Z", "fermi", 103, On; 
"T-position", "T", "fermi", 104, On; 
"X - component of Lorentz momentum", "PX", "GeV", 105, On; 
"Y - component of Lorentz momentum", "PY", "GeV", 106, On; 
"Z - component of Lorentz momentum", "PZ", "GeV", 107, On; 
"Energy", "E", "GeV", 108, On; 
} 

"Encoding", "Enc", "Encoding", 301' On; 
} 

"String Mass", "Ecms", "GeV", 2009555, On; 
} 

"Final state", 20090002, On 
{ 

"Particle", 20, On 
{ 

"Moving particle", "MovingParticle", 10, 0 
{ 

"X-position", "X", "fermi", 101, On; 
"Y-position", "Y", "fermi", 102, On; 
"Z-position", "Z", "fermi", 103, On; 
"T-position", "T", "fermi", 104, On; 
"X - component of Lorentz momentum", "PX", "GeV", 105, On; 
"Y - component of Lorentz momentum", "PY", "GeV", 106, On; 
"Z - component of Lorentz momentum", "PZ", "GeV", 107, On; 
"Energy", "E"' "GeV", 108, On; 
} 
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"Encodi ng", "Enc", "Encoding", 301, On; 
} 

} 

} 

Using the On/Off words one can open or close a channel to write it on the output file. 
Finally, at the end of this subchapter we show an example of the runnable model com­

ponent. 

#ifndef _ClassName 
#define ClassName 1 

#include <NM.h> 
//#include "ClassParentName.h" //Edit this line, if you use subclassing . 

II Here, include t he header files for each used child component. 
//#include "ChildComponentName.h" 

DEFAULT_GLOBAL_DEFINITION(ClassName, ClassParentName) 

class ClassName : public ClassParentName 
{ 

public: 
DEFAULT_LOCAL_DEFINITION(ClassName, ClassParentName); 

public : 
II Messages 
virtual void OnOverloadDefaultPr,oxy(); 
virtual void DnCreate(~; 
virtual void OnDestroy(); 
virtual void OnRegisterParam(); 
virtual void OnDverloadDefaultParam() ; 
virtual void OnRegisterOutputConfig(); 
virtual void OnOverloadDefaultOutputConfig(); 

virtual void DnRegisterlnputMaps(); 
virtual bool DnRun(unsigned, NM_ID); 

public: 
II Proxy 

//NMAlgorithmProxy < ChildComponentClass > ChildComponentVariable; 
II Repeat the previous line for each used child component. 

public : 
II Parameters 
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II Here, define the parameters. 
NMDoubleParam Pl; 

public: 
//Output 

II ProgramEvent 

//Here, define the program events. 
NMProgramEvent Event!; 

public: 
II Input 

//Here, define the input maps. 
NMinputMap Mapl; 

NMintParam IPll; 
NMintParam IP12; 
NMDoubleParam IP13; 

NMinputMap Map2; 

NMintParam 
NMintParam 

public: 
II Methods 

IP21; 
IP22; 

II Your methods and data members . 
}; 

#end if 

#include "ClassName.h" 
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II Here, define name of your component and its own ID. 
BEGIN_RUNNABLE_IMPLEMENTATION(ClassName, ClassParentName, ID , "ClassName") 

{ 

II If you want to provide the full information about yourself, 
II please, use this structure. 

DEVELOPER("Physics design",//Explain your participat ion in the compo-
nent development . 

"FirstName SecondName Surname", II Your full name 
"Nickmame", II Your nickname 
"kykyl~cern . ch", II Your e-mail 
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"www. cern. ch" , 
"7-096-216-53- 18", 
"7-096-216-53- 18"); 

II Your WEB home page 
II Your phone number 
II Your FAX number 

II If you do not want to provide the full information about yourself, 
II please, use this structure. 

Developer.Comment( "Software design"); 
Developer.Name("Fir stName SecondName Surname"); 
Developer.NickName ( "NickName"); 
Developer . e_mail("kyky1<Dcern.ch"); 
Developer.HomePage ( "www.cern.ch"); 
Developer.Phone("?- 096-216-53-18"); 
Developer.FAX("?-096-216-53-18"); 
Add(Developer); 

II Repeat previ ous lines for each developer. 

II Here, define the HTML pages, where your component is described. 
WEBPAGE("\\MyComponent\\Documentation\\File1.html", 

//Path for the HTML file. 
"Physics reference"); II Explain the HTML file content. 

WEBPAGE("\\MyComponent\\Documentation\\File2.html", 
"Software refer ence"); 
II Repeat previ ous lines for each reference. 
} 

END_RUNNABLE_IMPLEMENTATION(ClassName, ClassParentName) 

II Proxy 

void ClassName: :OnOverloadDefaultProxy() 
{ 
ClassParentName ::OnOverloadDefaultProxy(); 
II Here, you can overload the child components 
II OverloadProxy(<NewComponentiD>, <Path>, 0); 
II Path is the list of IDs 
} 

//Create and destroy 

void ClassName: :OnCreate() 
{ 
ClassParentName: :OnCreate(); 
//Here, load t he needed data 
} 

void ClassName: :OnDestroy() 
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{ 

II Release the data, which were allocated by the pr evious method. 
ClassParentName : :OnDestroy() ; 
} 

void ClassName: :OnRegisterParam() 
{ 

ClassParentName: : OnRegisterParam(); 

II Here, register your component parameters . 
Add(P1.Init(201301, "Name of parameter", 0.45 , GeV, "GeV")); 

II Repeat previous line for each parameter. 

} 

void ClassName : :OnOverloadDefaultParam() 
{ 

ClassParentName: :OnOverloadDefaultParam(); 

//Here, you can overload default parameter values 
II for child components. 
II OverloadDoubleParam(<NewValue>, <ParameteriD>, <Path>, 0) ; 
II Path is the list of IDs . 
} 

II Output 

void ClassName : :OnRegisterOutputConfig() 
{ 

ClassParentName: :OnRegisterOutputConfig(); 

AddEvent(Event1, 2013001, "Name of event"); 
II NMParticle : :Config(Event1); 
II NMParticlePtrVect: :Config(Event1); 
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I I Event 1 . AddDouble ( 1300, "Centre mass system ener gy", "Ecms", "GeV") ; 

} 

void ClassName : :OnOverloadDefaultOutputConfig() 
{ 

ClassParentName: : OnOverloadDefaultOutputConfig() ; 
} 

II Input 
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void ClassName: :OnRegisterlnputMaps() 
{ 
ClassParentName::OnRegisterlnputMaps(); 

//Here, register input maps and their contents 
AddMap(Map1.Init(2013100, "Map1 name")); 

Mapl. Add(IP11. Ini t (2013101, "P11 Name", 2212, "Encoding")); 
Mapl. Add (IP12. Ini t (2013102, "P12 Name", 2212, "Encoding")) ; 
Map1.Add(IP13. Init(2013103, "P13 Name", 200, GeV, "GeV")); 

AddMap(Map2.Ini t(2013200, "Map2 name")); 
Map1.Add(IP21. Init(2013201, "P21 Name", 2212, "Encoding")); 
Map1.Add(IP22 . Init(2013202, "P22 Name", 2212, "Encoding")); 
Map1.Add(IP13) ; //This variable has already been initialized 

alnputMap . Default = 2013100; II default input map 
} 

bool ClassName: :OnRun(unsigned ParentCounter, NM_ID MapiD) 
{ 

if (MapiD == Map1.ID) 
{ 

II Your code 
return true ; 
} 

if (MapiD == Map2.ID) 
{ 

II Your code 
return true ; 
} 

return ClassParentName: :OnRun(ParentEventCounter, MapiD); 
} 

II Your code 

17.3. How to Substitute a Model Component? Let us assume, that we have created the 
NiMaX.exe execution fi le ( see also the main function example). Let us assume, that we have 
main component with its identifier value 2013 and two child alternative model components, 
which are registered with the values of their identifiers: 2009 and 2015, respectively. Let us 
replace the 2009 component by the 2015 component. At first one should run the command: 
NiMax -1 2013 to obtain the file 2013.nmp, where the 2013 component tree with parameters 
can be found. Then one should run the command: NiMax -12015 and obtain the file 2015.nmp 
with the component parameter tree for the 2015 component. Then within an editor one has 
to replace the parameter branch 2009 in the 2013 component parameter tree by the 2015 
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tree. After that one should run command: NiMax.exe -R 2013 -i2013.nmi -p2013.nmp to get 
generated physical events. 

o~~~~~~~~~~~~~~~~~ 

-25 -20 -15 -10 -5 0 5 10 15 20 25 
z, fm 

Figure. Space-time distribution of the produced hadrons 

17.4. Central Uranium-Uranium Collision Simulation. For e last example we have 
performed the simulation of central uranium on uranium collisions at the centre of mass 
energy 6500 GeV per nucleon within the Pomeron based Parton String Model (see physics 
description in [4]). This model is a complicated model and it was composed of 12 different 
components. 

We have simulated 10 events and created 2-dimensional distribution of the produced 
particles in space-time (the Z-direction is the beam-direction), which is shown in the Figure. 
The particle coordinates are calculated at particle freeze-out times. We did not separate the 
negligible impact of possible spectator nucleons. 
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Y,ll,K 621.039.5, 621 .384.6 

YPAH-238 KAK IICTOqHHK IIQJiyqEHIDI 3HEPrllll 
3JIEKTPOH)lEPHhiM METO)lOM 

B.ll.J(.Mumpue6cKuii\ H.B.Cepzee6a 2 

PaCCMOTpeHa BOJMOJKHOCTb HCnOJJbJOBaHHJI HJOTOna U238 LlJIJI nOJJ)"ieHHJI 3Hepnm B 
npouecce l!eJJeHHJI ero Ha 6biCTpblX HeiiTpOHaX npH HCnOJJbJOBaHHH BHeuJHefO HCTO'IHHKa 
HeiiTpOHOB B nonKpHTH'IeCKOH c6opKe. <l>HJH'IeCKHH CMbiCJI pa3pa6onm TaKOH TeXHO­
JIOfHH onpel!eJJJieTCJI l!B)'Mll OCHOBHbiMH npo6JJeMaMH lll!epHOH 3HepreTHKH - Jll!epHal! 
6eJonaCHOCTb H nepepa60TKa pMHOaKTHBHbiX OTXOl!OB. OepBal! npo6JJeMa nOJJHOCTbiO 
pewaeTCJI npH HaJJH'IHH nonKpHTH'IHOCTH, BTOpal! - 'laCTH'IHO Ja C'leT YBeJJH'IeHHJI B 
necJITKH paJ (no cpasHeHHIO c peaKTopaMH) cpoKa 3KCnJJyaTaUHH c6opKH. HaJJH'IHe no­
pora neJJeHHJI U238 ("' I M3B) onpeneJJJieT He06XOllHMOCTb pa60Tbl Ha 3HepreTH'IeCKOM 
cneKTpe HeiiTpOHOB, KOTOpblH COOTBeTCTByeT npoueccy l!eJJeHHJI (OTCYTCTBHe JaMeLlJIH­
TeJJll) . BHeWHHH HCTO'IHHK HeihpOHOB COJnaeTCJI Ha 6aJe CHJibHOTO'IHOfO ycKOpHTeJJJI . 
Oepe'IHCJJeHbl cpHJH'IeCKHe HCCJiel!OBaHHJI, He06XOl1HMble LlJIJI pa3pa60TKH TaKOH CXeMbl 
nOJJ YtJeHHJI 3HeprHH. 

Pa6oTa BbinOJJHeHa B Jla6opaTopHH llnepHbiX npo6JJeM 0115H1. 

Uranium-238 as a Source for Electronuclear Power Production 

V.P.Dmitrievsky, N. V.Sergeeva 

A possibility of using the U238 isotope to produce power through fission induced by 
fast neutrons from an external neutron source in the subcritical assembly is considered. 
Physically, development of this technology is dictated by two basic problems of nuclear 
power production , namely, nuclear safety and transmutation of radioactive waste. The 
former problem is fully solved by using subcriticity, the latter is partly solved by 
increasing the service life of the assembly by tens-fold (as compared with reactors). 
The U238 fission threshold (some I MeV) makes it necessary to work with the neutron 
energies corresponding to fission (without a moderator). The external neutron source 
will be based on a high-current accelerator. The necessary physical investigations for 
development of this power production scheme are listed . 

The in vestigation has been performed at the Laboratory of Nuclear Problems, JINR. 

1 ~ -mail : vpd @nusun.jinr.ru 
2e-mail : nata@nusun.jinr.ru 
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BBE)lEHHE 
CoBpeMeHHble ~.uepH ble peaKTOpbl, B KOTOpblX HcnonhJyeTc~ uenH~ peaKUH~ JaMe.uneH­

IIbiX HeihpOHOB, pa6oTaiOT Ha H30TOnax ypaHa-235 H -233, r.ue OTCyTCTByeT :mepreTH'Ie­

CKHH nopor peaKUHH )leneHH~ H Ce'!eHHe .ueneHH~ B03paCTaeT B COTHH pa3 )ln~ Me)lneHHbiX 

HeHTpOHOB, 'ITO npHBO.llHT K He06XO.llHMOCTH HCnOnb30BaHH~ 3aMe)lnHTenei1 HeHTpOHOB H3 

nerKoro BeweCTBa (yrnepo.u, .uei1TepHi1). YcnewHoe pa3BHTHe ~.uepHoi1 :mepreTHKH no :noi1 

cxeMe noJBOnHno o6ecne'IHTb 10-30% nony'leHH~ Heo6xo.UHMOH 3neKTpo::mepmH B HaH6onee 

3KOHOMH'IeCKH pa3BHTbiX CTpaHaX. 3TOT npouecc npO.UOn)l(aeT pa3BHBaTbC~, OXBaTbiB~ BCe 

6omwe CTpaH. 

PacwHpeHHe npouecca cTaBHT nepe.u pa3pa6oT'IHKaMH ~.uepHbiX peaKTopos HOBble Ja)la'IH, 

rnaBH~ H3 KOTOpblX CBO.llHTC~ K CHH)I(eHHIO BepO~THOCTH B03HHKHOBeHH~ HeKOHTpOnHpyeMOH 

uenHOH peaKUHH H JaXOpOHeHHIO (HnH nepepa6oTKe) pa.llHOaKTHBHblX ~.llepHbiX OTXO.llOB. J.1c­

cne)lOBaHH~ B 3TH X HanpasneHH~X Be.llyTC~ BO MHOrHX cpH3H'IeCKHX na6opaTOpH~X ( 1-12). 

O.uHaKo HanH'!He 6on bworo Janaca ecTeCTBeHHOro ypaHa, a TaK)I(e pa3BHTHe ycKopHTenb­

HOH TeXHHKH, r)le cpe.UHIIe MOWHOCTH nYlJKOB YCKOpeHHbiX '!aCTHU .llOCTHraiOT MeraBaTTHbiX 

MOWHOCTeH, YKa3b!BaiOT Ha uenecoo6pa3HOCTb pa3pa60TKH CHCTeM, .llOCTaTO'IHO y.uaneHHbiX OT 

KpHTH'IHOCTH, M~ KOTOpblX HaKonneHHble npO.llYKTbl )leneHH~ B Te'!eHHe )lnHTenbHOro nepH­

O)la He oKa3b!BaiOT cywecTBeHHOro BnH~HH~ Ha npouecc Bbl.UeneHH~ TennoBOH 3HepmH npH 

pa60Te Ha 3HepreTH'IeCKOM cneKTpe HeHTpOHOB .ueneHH~. 

BoJMO)I(HOCTb pa3pa6oTKH TaKoi1 TexHonomH no npe.uno)l(eHHIO A.M.Ean.UHHa paccMa­

TpHBaeTc~ B HaCTO~WeM C006WeHHH. 

1. UPOQECC )lEJIEHH.H YPAHA 

EcTeCTBeHHbiH ypaH, nOnYlJaeMbiH npOMb!WneHHbiM CfiOC060M, COCTOHT 113 CMeCH .llBYX 

H30TOnOB U238 H U235, npH'IeM KOnH'IeCTBO nocne)lHero COCTaBn~eT "-'0,7% . TaK KaK M~ CO­

BpeMeHHOH aTOMHOH 3HepreTHKH HHTepec npe.UCTaBn~eT TOnbKO H30TOn-235, npOHCXO.llHT Ha­

KOnneHHe ypaHa-238 I! 6onbWHX KO~H'IeCTBax, Bonpoc xpaHeHH~ KOToporo He Bbl3b!BaeT oco-

6b!X 3aTpy.UHeHHH H3-3a ero HeBbiCOKOH pa.llHOaKTHBHOCTH (nepHO.ll nonypacna.ua 4,5 · 1 09 neT) l. 

J.13oTon .uenHTC~ TOJibKO Ha 6biCTpb1X Hei1TpoHax . Ce'leHH~ .ueJieHH~ npe.uCTaBJJeHbl Ha 

pH C. J, H3 KOTOpOro cne.uyeT, 4TO nopor )leneHH~ ne)I(HT B o6naCTH 31-teprHH HeHTpOHOB 

"'I M3B (u1 ::; 10 M6) B TO BpeM~ KaK npH 3HepmH 6omwe I M38 Uf = (0 , 6-;-1 , 0) 6, 
'lTO cooTBeTcTByeT MHHe CBo6o.uHoro npo6era B ypaHe no npoueccy .ueneHH~ 

Ct = 1/(Nut) = (36,6- 22) eM , (I) 

r.ue N - 'lHcno ~.uep B cM3. 

Heynpyme ce'leHH~ , KOHKYPHPYIOWHe c .ueneHHeM npoueccos JaxsaTa Hei-iTpoHa, ocuos­

Hble H3 KOTOpblX u(n , -y ), COH3MepHMO HnH npeBblWaeT Ce'leHHe )leneHH~, 'lTO npHBO.llHT K 

nornoweHHIO fiOTOKa MOH03HepreTH'leCKHX HeHTpOHOB B nponopUH~X 

Uf 

6.if? t = - <I>o u
3 

+ut 
CJ ;j 

b.<l>3 = - <I>o u 3 + u f 

r.ue u 3 - ce'leHHe JaxBaTa Hei-iTpoHa 6e3 .ueneHH~ . 

1 ATOMIIJ!laT, Cnpaso~H II K , c.913, 1976 r. 

(2) 
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Yi3 (2) Henocpe)lCTBeHHO cne)lyeT, I.JTO OTHOUJeHHe nornome IDI MOH03HepreTHI.JeCKHX 

HeihpoHOB npoueccaMH 3axsaTa H )lenemui onpe)lenlleTcll senH'lHHOH 

Ha pHc . 2 ,3 npHBe)leHbi 3Hai.JeHHSI O"-y H a B 3aBHCHMOCTH OT 3Hepm 

TaK KaK cneKTp HeiiTpOHOB )leneHHSI onHCbiBaeTCSI pacnpeJleneHHeM 

MO)((HO Bbll.JHCflHTb H3 Bbipa)((eHHSI 

CXl 

a g = J J(E) dE . 

0 

(3) 

(5) 

)lnll ypaHa-238 npH BbiCOKOM 3HepreTHYeCKOM nopore )leneHHSI p a16poc TeMnepaTyp npH 

JleneHHH HeBefl HK. 3TO n03BOnlleT B nepBOM npH6flH)((j;!HHH paCCMaTpHBaTb pacnpe)leneHHe 

(4) npH nOCTOSIHHOH Te~.omepaType, l.JTO COOTBeTCTByeT nOCTOSIHHOMY c neKTpy HaKarinHBaeMbiX 

Hei-iTpOHOB, TaK KaK noTepH 3HeprHH npH ynpyrOM pacceSIHHH Ha )ln HHe CB060)lHOro npo6era 

npeHe6pe)((HMO Manbi. npH TaKOM paCCMOTpeHHH BeflHl.JHHa Cl'g npe)lenlleT BepOSITHOCTb 

3axsaTa HeiiTpoHa cneKTpa JleneHHSI B npouecc )leneHHll, a senH'lHHa 11 j (1 + a 9 ) (rAe 11 -
l.JHCflO MrHOBeHHbiX HeHTpOHOB Ha aKT )leneHHSI) onpe)lenSieT K03cpcpHUHeHT pa3MHO)((eHHSI 

Hei-iTpOHOB 11a OJlHH aKT )len eHHSI . 

k = 11 j( l + a 9 ) . (6) 

Ha pHC . 4 npHBe)leHbl H3BeCnibie 3KCnepHMeHTanbHble )laHHbie no Befl HI.JHHe II )lnll U238 . TaK 

KaK TeMnepaTypa SIJlpa U238 npH 3aXBaTe HeHTpOHa C 3HeprHeH cneKTpa )leneHHSI KOne6neTCSI 
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He3Ha411TeJJbHO (pwc. 5), 8bi411CJJeHo 3Ha'!eHwe o.9 npw T = 1, 3 M38, KOTopoe J.IJill noro 

cneKTpa pa8HO 90,804, 'ITO npw MaKCHMaJJbHOM JHa'!eHww v = 4 (pwc . 4) naeT Ko3cpcjmuw­
eHT pa3MHO:>KeHI1ll HeHTpOH08 8 c60pKe k < 0, 0435, 11 liaKOrliieHHe HeHTp01108 8 c6opKe He 
npe8biwaeT 8eJJI1411Hbi 
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8.!5 

8. 

2~~u v p 

.... 83 PEl Ma • 61 ANL Bu 
Ill 80 BRC Pr * 61 POA Co , 79 PEl Ba A. 60 CCP Va 
~ 7~ PEl Nu + 60 SAC Le 1!.!1 

0 73 BRC Pr T ~6 CCP PI 
J. 66 ALD Pi lC 58 PEl Bo 
+ 6~ ALD Ma ENDP/B-V T 64 POA As 

3. 

2.!5 

2. 
l. !5. 10. 30. 

En (MeV) 

PHc. 4. KoiJH'!eCTBO MfHOBeHHbiX Hei-iTpOHOB Ha aKT neiJeHHll Ha U
238 

B JaBHCHMOCTH OT 3HeprHH 

Hei-iTpoHa, Bhi3Baawero neiJeHHe 

2 3 1 
1+k+k +k + ... :::; 1 - k (7) 

Op11 TaKOM He3Ha'!HTeJJbHOM K03cpcpHUHeHTe HaKonneHHll nepcne <THBa HcnoJJb30BaHHll 'IH­

CToro ypaHa ilJlll 3HepreTH'!ecKoro ycHJJHTeJJll oTcyrcTsyeT. O ;lHa Ko OHa noliBJJlleTcll np11 

yseJJHlJeHHH npHMeCH U235 C 0,7% )lO HeCKOJlbKHX npoueHTOB, n p H KOTOpOH BeJJHlJHHa k B 

OCHOBHOM onpe)leJJSieTCll 3TOH npHMeCbiO. 

Uenecoo6pa3HOCTb HCCJJeAOBaHHll (TeopeTHlJecKoro H 3KcnepHMeHTaJJbHoro) TaKOH B03-

MOJKHOCTH JlHKTyeTcll JlOCTaTolJHO 3JJeMeHTapHbJMH coo6paJKeHHliM II o6wero nnaHa. TaK KaK 

TenJJOBall 3HeprHll, KOTOpall BbJ)leJJlleTCll npH O)lHOM aKTe )leJJeHHll , COOTBeTCTByeT "-' 190 M3B, 

HJlH 3, 04·10- Jl ,LlJK, ilJlll noJJylJeHHll TenJJOBOH MOLUHOCTH I ffiT He06XO)lHMO «ClKHfaTb» 

OKOJJO 415 Kf U238 eJKerO)lHO . ECJJH pa3Mepb1 MHLUeHH H3 ypaH a npH6JJH3HTeJlbHO COOT­

BeTCTBYIOT pa3MepaM peaKTOpa (R = 1, 5 M, f. = 2 M), TO BeCOBOe KOJlHlJeCTBO ypaHa 6yJleT 

COCTaBJJSITb "-' 260 T, lJTO npH ClKHfaHHH 0,415 TffO)l 6y)leT COOTBeTCTBOBaTb BblfOpaHHIO 4,8% 

3a 30 neT. 

OpHBJJeKaTeflbHOCTb raKoii cxeMbl O'leBHJlHa, TaK KaK s Heii pewaJOTCll cpa3y ABe 3a­

)la'lH - nO)lKpHTHlJHOCTb H cyLUeCTBeHHOe yMeHbWeHHe KOJlHlJeCTBa paAHOaKTHBHbiX OTXO)lOB. 

0)lHaKO ilJlll pa3pa60TKH CXeMbl noTpe6yeTCll 06WHpHbiH KOMnJJeKC cpH3HlJeCKHX HCCJle)lOBa­

HHH KaK TeopeTHlJeCKHX, TaK H 3KCnepHMeHTaJJbHblX, KOTOpble CBO)lliTCll K CJle)lyJOLUeMy. 

I) PacYeT tteiiTpOHHbiX noTOKOB s o6oeMe c6opKH np11 H3BeCTJ IOM cneKTpe HCnapHTeJ1b­

HbiX HeHTpOHOB BlleWHero HCTOlJHHKa. 

2) Onpe)leJJeHHe nOAKPHTHlJHOCTH c6opKH npH pa3JlHlJHOM COJlepJKaHHH U238
' paBHO-

MepHO pacnpeAeJJeHHoro no o6oeMy c6opKH. 
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P11c. 5. TeMnepaTypa llllpa U238 np11 lleJJeHHI1 HeihpoHaMH pa3JIH'HibiX :m eprHH 

3) Pac'!eT 11 3Kcnep11\1eHTaJJbHoe onpeneneHI1e pacnpeneneHI1ll Pu239 no o6beMy c6opK11, 

KOTOpbiM o6pa3yeTCll B peaKU1111 n , f. 
4) PacnpeneneHI1e npOJlYKTOB neneHI1ll no o6beMy c6opK11 11 11x BJJ11liHI1e ua MeJlJieHHOe 

H3MeHeHI1e nOJlKpHTI1'!HOCTI1 . 

5) Pa3pa60TKa CHCTeMbl TenJJOCbeMa, KOTopyiO MO)((HO 3KCnJJyaT11pOBaTb B Te'!eHI1e 30 neT. 

3AKJIIOqEHUE 

8 pa6oTe paCCMOTpeHa B03MO)((H0CTb pa3pa60TKH HOBbiX TeXHOJIOrH'!eCKI1X CI1CTeM JUill 

liJlepHOM 3HepreTHKH, He HCnOJJb3YIOlUHX uenHbie peaKU1111 pa3MHO)((eHI1ll HeHTpOHOB np11 

HaJIH'!HH BHelUHefO HCTO'!HHKa. 0epepa60TKa panHOaKTHBHbiX OTXOJlOB np011CXOJli1T BHyTp11 

c60pKH, KOTOpall }l0JI)((Ha yseJIH'!HTb Ha nopliJlOK 3KCriJiyaTaUHOHHOe speMll )((1131111 c6opK11. 

8 Ka'!eCTBe HCXOJlHOfO npOJlYKTa JlJill «C)((HfaHI1ll>> paCCMaTp11saeTCll HJOTOri ypaHa-238 , 

3anaCbl KOTOpOrO B COTH I1 pa3 npeBbiWaiOT 3ariaCbl liJlepHOfO ropiOYefO, np11MeHliiOlUefOCll B 

liJlepHOM 3HepreTHKe. 

Pa6oTa BbinOJIHeHa no norosopy N~7/99 c OT}leJIOM <<.Ily6Ha>> <llHAH HM. n .H .Jle6enesa. 
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