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Pe3yabTarbl 00y4eHHsI MATUCTPOB

HanpasJjenns 16.04.01 «Texunueckas pusuka
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peanu3anyy paAnalioHHBIX U INIA3MEHHBIX TEXHOJIOTHH. MEXIYHApOAHBIX CTaHIapTOB

EUR-ACE u FEANI
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peanu3alnyy paiualioOHHbIX U IJIA3MEHHBIX TEXHOJOTHI AUNOP, cornacoBaHHbId C

TpeOOBaHUSIMU
MEXIYHapOAHBIX CTaHIapTOB
EUR-ACE u FEANI

P3 3aHMMAaTbhCcd ~ HAyYHO-HCCIIEZOBATEILCKOW  JeATeNbHOCThI0 B | TpeGoBaHuUs Dr'ocC
pasIMYHBIX ~ OTpacisX TexXHWYeckoi  ¢ms3uku, ces3anHbix ¢ | (OIIK-5, TIK-5, TIIK- 8).
COBPEMEHHBIMH  PaJMallMOHHBIMU M IYYKOBO-IUIa3MEHHBIMU | Kpurepuid 5 AHNOP,
TEXHOJIOTHSIMH, KPUTHYECKH  AHAJIM3MPOBaTh  COBPEMEHHBIC | COTJIACOBAHHBIN c
npoOyieMbl, CTaBUTh 3aJadd W pas3pabaTelBaTh HpOrpamMMy | TpeOOBaHUSIMHU
UCCIIEIOBAaHNWH, BHIOMpATh aJEeKBAaTHbIE METOIBI pPELICHHUS 3ajad, | MEeKIYHApOAHBIX CTaHIapTOB
HHTEPIPETHPOBATh, TIPEACTABIATh M npuMeHATh moxydeHHble | EUR-ACE u FEANI
PE3YIIBTATHI

P4 CaMOCTOATENIEHO ~ BHINIONHATH  (PU3HKO-TeXHUYecKkne  HayuHble | TpeboBammss DI'OC  (TIK-
HCCIIEIOBAHMS UTSl TIPOTHO3MPOBAHMS PE3ylbTaroB BozzeictBus | 6, 7). Kpurepuit 5 ANOP,
Pa3IMYHBIX PaJMallMOHHBIX U IUIA3MEHHBIX ITOTOKOB HA BELIECTBO, a | COTIIACOBAHHBIN c
TaKXKe ONTHUMH3AIMU TapaMeTpPOB pPAJUAMOHHBIX M IIy4KOBO- | TpeOOBaHUSIMHU
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PE®EPAT

Brinmycknas kBanmudukarmonHas padora 119 crpanun, 34 pucynka, 40 Tabnmii,
60 ucrounukos, 1 mpunoxenue. KimroueBbie coBa: MUKIOTPOH, OBICTPHIE HEUTPOHBI
HEUTpPOHHAs  paauoTeparus, KOUIMMaTop, TMOTJOmIEHHAs  J103a,  YIJI0BOE
pacripesieseHue.

OOBEKTOM UCCIICIOBAHUS SIBJISICTCS HCTOYHUK OBICTPBHIX HEHTPOHOB, HA OCHOBE
peakIuu Beg(d, N) U JAEHTPOHOB, YCKOPEHHBIX B IMKJIOTPOHE, MPEIHA3HAYCHHBIN
JUIsl HEUTPOHHOM TEPATTUU.

I{ens paboOTHI — HCCeOBAaHUE OCHOBHBIX XapaKTEPUCTUK MCTOYHHUKA HEHTPOHOB,

HEO0OXOMMBIX JJI1 HEUTPOHHOU paJiioTeparuu.

B yactHOocTM — WHWCciaegoBaHHME — YITIOBOI'O  PACHPENEIICHUS  HEUTPOHOB,
HHEPreTUYECKOIrO CIIEKTPa M MOTOKA HEWTPOHOB OT MCTOYHMKA. A TAaKXKE YHCICHHas
OLICHKA MOMIOMEHHON B TKAHW MOILHOCTH J103bl HEUTPOHOB JI OEpUITMEBON MULLIEHU

C CYHICCTBYIOIIUM U IICPCIICKTUBHBIM BApUAHTOM KOJIJIHM&HHOHHOﬁ CHCTCMBEI.

Bbuti  BBIMOJTHEHBI JKCIEPUMEHTHI M pacuérbl MmerogoM MonTte-Kapno ¢
ucnoyibzoBanueM W koga MOCNP4C  yrioBbIX — pacrnpefesieHuii  HEeWTPOHOB,
AHEPreTUYECKUX CIIEKTPOB U MOMIOMEHHONW MOIIHOCTHU JI03bI JJIsl UCTOYHUKA HEUTPOHOB

Ha 6a3ze nukiotpona TITY.

[Tonyuyensl HOBbIE JaHHBIE 00 YIJIOBOM paclpeeieHUur, DHEPreTUuecKOM
CIIEKTPE M MOIIHOCTH JO03bl IS Pa3HBIX CUCTEM KOJUIMMAIMU. Pe3ynbTaThl pacdy€éToB
[IOKA3ajy, 4YTO 3a CYET M3MEHEHHsd KOJUIMMaropa MOXHO Ha 67% yBEJINYHTH
MHTEHCUBHOCTh HabOpa 703kl OT HEUTPOHOB.

Jns panpHEWIend ONTUMHU3ALMU UCTOYHUKA B LEIBIO YBEIMYEHUS MOLIHOCTH
OOTJIOIIEHHON  JI03BI HEOOXOJIMMO  MPOJOJDKUTH  JKCIEPUMEHTAJIbHBIE U

CUMYJISIIIOHHBIE PAOOTHI.
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Bsenenne
AKTYaJIbHOCTH Pa0dOTHI.

3a mocienHue roJbl B KIMHUYECKOW OHKOJIOTHMHM CTAJI0 aKTyaJbHbIM
MIPUMEHEHUE KOPITYCKYJISIPHBIX M3JIyYEHHI I JIEUEHUS 3JI0KAaYeCTBEHHBIX
onyxosnel. lllnpokum GpoHTOM UCHOIB3YIOTCS KIMHUYECKUE MCCIEI0BAHUS
3¢ (HEeKTUBHOCTH MMPUMEHEHHS TPOTOHOB, OBICTPHIX HEUTPOHOB, MHU-ME30HOB
U IPYTUX YACTHII.

JUis  JUCTaHUMOHHOMW  Tepalmuu  HEOOXOAMMBI  JIOBOJIBHO
3HAYUTEIIbHBIE TOTOKH OBICTPBIX HEUTPOHOB, CIIOCOOHBIE CO3/1aBATh B TKAHU
ypoBHH 103 He MeHee 0,1 ['p/MuH nipu pacCTOSIHUM UCTOYHHK — 0OTydaemast
noBepxHocTh 1 M. IlogoOHast MOUIHOCTH 03Bl MOXET OBITh IMOJIY4Y€Ha C
MTOMOILBIO [IUKJIOTPOHOB U HEUTPOHHBIX T€HEPATOPOB.

CymiecTByeT OOJBIIOE YHUCIO SAJEPHBIX PEaKIMi, B KOTOpPBHIX Ha
LUKIJIOTPOHE MOTYT ObITh  TOJyYEHBI ObICTpBIE ~ HEUTPOHHI.
[IpenMyIIeCTBEHHO Ul THX Meieil memois3yor peakmuio  Be(d,n)°B,
JAIOLIYI0 HAaMOONBIIUKA BBIXOJ HEUTPOHOB. CpefHsis 3HEPrusl MOJyYEHHBIX
HEHUTPOHOB COCTAaBISET TpH OTOM OKojo 42% »dHepruu magaroniux

JIEUTPOHOB.

eab padoThl.

C nomomplo cUMyISIUAMH ¢ noMoinpto nporpammbl LISE ++ u kona
Monte-Kapio MCNP, noMuMO 3KCIIEpUMEHTAIBHBIX PA0OT MBI TOJKHBIL:

1 - onpenenuTh YriaoBbIX paclpeesieHnii HEUTPOHOB U MOTOKU HEUTPOHOB
BO BceM jamamnazoHe 3Hepruii [0 - 13.6] MsB. 2 - ompeneiauTh 1036
00JIydeHUsT HEUTPOHOB M (POTOHOB Ha BBIXOJE M3 OKHA KOJJIUMATOpa
(HeiiTpoHHOE TIOJI€). 3- BBINOJIHUTH CHUMYJSIITUOHHOE HCCIIEIOBAHUE
yIyYIIEHBIX  BApUAaHTOB  KOJUIUMATOpa JUIsl  TOJY4YeHUs  OOJblIei
MOTJIOIAFOIIEH MOIITHOCTH JT03bI OT OBICTPHIX HEUTPOHOB.

4- VccnenoBaTh U MOJICITMPOBTD 3aIIUTHBIE CBOMCTB KOJUIMMATOPA.



1. Literature Review:
1.1. General view of using fast neutron sources for therapy.
Objectives.

The essential reason supporting the utilization of neutrons for cancer
treatment is their relative biologic effectivness (RBE). For fast neutron
supplied by using the cyclotron, 1/3 fewer absorbed doses are required to
accomplish an indistinguishable clinical impact is required in compare with
customary photons. Be that as it may, this isn't the total story as there is most
likely no clinical favorable position to utilizing such a pillar if the ultimate
result were precisely the same as with photons. Certain tumors are named
being radioresistant. They react ineffectively to ordinary photon treatment.
In these cases, neutrons are more compelling, past simply the factor of three
in RBE (see Table 1.1) [1]. An incomplete clarification is that traditional
radiation treatment depends on the production of oxygen free radicals to give
the deadly impact. Radioresistant tumors have a tendency to be hypoxic
which restrains the production of radicals. Neutron impact, then again, don't
depend on radicals and in this manner are less reliant on the oxygenation of
the tumor. Yet, even this does not totally clarify a neutron's RBE. Different
systems are at works that are not totally comprehended.

Notwithstanding fast neutron treatment, another open door is showing
up, neutron capture treatment (NCT). This is a two-fold treatment in which
the neutron-absorbing agent is included in the composition of the drug that is
specifically introduced into the tumor cells. At the point where the agent
capture neutron and it additionally affects on cells by emitting particle or
radiation. The vivacious results of the neutron induced radiation give a
confined increase in dose to the tumor region notwithstanding the
measurement from the neutron radiation itself. The two agents directly being
researched are boron-10 (BNCT) and two isotopes of gadolinium, 155 and
157, (GANCT).



Table 1.1. Review of the loco-regional rates for malignant salivary gland tumors treated
with radiation therapy [1].

Low-LET Radiotherapy Photon and/or Electron
Fast Neutrons beams

Authors Number of Loco-regional control and/or Radioactive Implants

Patients (%) Authors Number of Loco-regional
Saroja et al. (1987) 113 71 (63%) Patients control (%)
Catterall and Errington 65 50 (77%) Fitzpatrick and Theriault 50 6 (12%)
(1987) (1986)
Battermann and Mijnheer 32 21 (66%) Vikramet er al. (1984) 49 < (4%)
(1986) Borthne et al. (1986) 35 s (23%)
Griffin et al. (1988) 32 26 (81%) Rafla (1977) 25 9 (36%)
Duncan ¢z al. (1987) 22 12 (55%) Fu etal. (1977) 19 6 32%)
Tsunemoto ez al. (1939) 21 13 (62%) Stewart eral. (1968) 15 9 (47%)
Maor er al. (1981) 9 6 (67%) Dobrowsky etal. (1986) 17 7 (41%)
b et (o) 8 3 G8&%) Shidnia et al. (1980) 16 6 (38%)
Eichhorn (1981 2 (60%) Elkon er al. (1978) 13 2 (15%)
Skolyszewski (1582) 3 2 (67%) Rossman (1975) 11 6 (54%)
foverai 310 207 (67%) Overall 254 61 (24%)]

Sources for neutron radiotherapy must fulfill requiements at least
both neutron energy and source quality [2]. The energy prerequisite depends
on the requirement for the neutrons to enter to the profundity at which the
tumor is situated without an excessive amount of absorbed in the healthy
tissue through which they pass. On the off chance that the neutron energy is
too low, the radiation dose to the healthy tissue is high to the point that the
healthy tissue may not recuperate. Radiotherapists, who have much
involvement with the y beams from ®°Co sources and discover their entrance
agreeable, might want a neutron source that gives tantamount or better
penetration in tissue. The attenuation of the neutron flux is resolved to a
great extent by the hydrogen scrambling cross-section, which diminishes
with neutron energy and turns out to be adequately little around 10-MeV
neutron energy.

The attenuation of neutron flux as the neutrons penetrated into tissue
depends on the nuclear interactions as well as on the distance from the
source as the backward square law. Keeping in mind the end goal to give
satisfactory profundity dose and with a specific end goal to have space for
protection, the source-to-skin distance ought to be no less than 100 cm,



ideally 125 cm. This requierment joined with the confinement of a
commonsense treatment time to around five minutes leads to he required
source intensity for an isotropic neutron source as around 10" sec™. In the
case of anisotropic source, the total source quality might be lower; just the
quantity of neutrons discharged per solid angle is vital, and this ought to be
no less than 10 sr* sec™. In the use of radiotherapy, there is likewise a
constraint on adequate source distance. With a specific end goal to restrict
the treatment volume, a collimator must be utilized. In the event that the
source is too substantial, the outline of the collimator is troublesome and an
unwanted penumbra is presented. The collimator would increase the flux
density at a given distance from the source over the flux without the
collimator because e the collimator materials scatters neutrons into the
collimated beam. How much increment happens relies upon the material and
outline of the collimator. On the off chance that the neutron source has a vast
distance across, the collimator could lessen the transition thickness as
opposed to build it. For most viable sources and collimators the collimator

increases the flux density by 10-20 %.

1.2. Review of characteristics of the fast neutrons emitted by °Be(d,n)
reaction

Neutron sources for Fast Neutron Therapy (FNT) have been generally
equipped in cyclotrons, yet additionally D-T-neutron sources, a big linear
accelerator (FERMI-Lab), and thermal nuclear reactors with a thermal-to-
fast neutron converter FRM | and FRM 1II. Before, also a fast reactor (BR-10
at Obninsk, Russia) and **>Cf sources have been used. The mean neutron
energies used these days range from 2 MeV (fission neutrons) to
approximately 25 MeV for cyclotrons bombarding Be with 66-MeV-protons
(composed as p(66) in Table 1.2). Neutron energy, related penetration depth,

beam direction, gantry, and collimator type (see Table 1.2) physically



confine the tumor positions which may be irradiated. The high-energy
cyclotrons with isocentric beams have the potential for treating tumors
deeper and at complex locations, and permit even for Intensity-Modulated
Radiation Therapy (IMRT), providing a suitable MLC and programming. In
case of a fixed beam, the precise positioning of the patient needs a flexible
couch or chair. The last column of Table 1.2 shows that the facilities use
treatment planning programs which were often matched from existing
photon programs. As far as only near-surface tumors are to be irradiated,
irradiation tables derived from phantom dosimetry are adequate for

planning.

In the beginning of FNT, there are altogether 40 different sites. The
explanation behind the solid diminishing to now 8 active or activatable
centers are, on the one hand, due to technical and economical conditions
caused, e.g., by the maintenance of the facilities. On the other hand, big side
effects and insufficient proof of treating results in the early years, and
additionally expanding competition with new clinical methods, have
decreased the number of medical indications so that yearly patient numbers
per facility these days are very little. Indeed, strict observation of indications
and consequent treatment of side effects have led to remarkable results in the
meantime. With intention, FNT is recommended predominantly to adeno-
cystic carcinoma (ACC) of salivary glands [3]. Because of this type of tumor
is rare, there should be a good publicity at the diagnosing tumor facilities

with a specific end goal to achieve a successful treatment of these patients.



Table 1.2. FNT facilities in 2011 (order by patient numbers). (*) MLC: Multi leaf
collimator, (**) DKFZ: Deutsches Krebsforschungszentrum Heidelberg, Germany. (Data
obtained from Refs in brackets).

Approx.

Country, 50-%- . . . Treatment
S Source mean Beam . ) First Patient Main .
Location . 3 depth L Collimator 3 ] Status o planning
) Reaction | n-Energy Direction Treatment | number indications
References > [cm] system
[MeV]
us LINAC Inhouse,
Batavia/IL y 25 16 | horizontal Inserts 1976 3300+ active H&N e :
AINU
Fermilab [4] p(66)+Be modified MINUIT]
Us
SeattleWA Cyclotron Isocentric MLC* . Salivary gland Prism, now
A 7 el + - 5 g s
Univ. of Washington d(50.5)+Be 20 14 horizontal Inserts 1584 2800 active SarComas modified Pinnacle
CNTS [8]
us active WVRSplan
Detroit/MI Cyclotron Isocentric ) Lung cancer, £
) . F— 20 13 : MLC 1990 2140  |(refurbishme =" : (modified
ISU +
Ha[|51]pe1 Hospital' WSU| d(48.3)+Be IMRT nt) late prostate GRATIS)
salivary gland,
HE&N, soft tissue,
Varlable jaws sarcoma, .
ZA Cyclotron - . . - - y VIRTUOS
¥ 9 . N . .
Somerset West [7] p(66)+Be 25 16 Isocentric | + m._ulnbla_de 1988 1685 active osleosalcnma: (fram DKFZ**)
trimmer breast,
malignant
melanoma
RU Cyclotron H&N, salivary
Tomsk Polytechnic - 6.3 6 Horizontal|  Inserts 1984 1500+ active R MCNP
L d(13.5)+Be gland, breast
University [8] i
RU D-T- - . MNose, throat, SERA
Snezhinsk Generator 105 8 Horizontal Inserts 1999 990+ Standby ) th':'roi d ’ PRIZM
VNIITF [9] ! i
DE Recurrent
Garching/Munich Fission of - . | e - . breast cancer, _
FRM-UFRM-II [10] wranium 19 50 |Horizontal| Inserts/MLC | 1985/2007 820 active malignant SERA, MCNPX
melanoma

Intensive fast neutrons fluxes may be produced by bombarding
suitable targets with deuterons from small accelerators. Studies [11, 12] of
neutrons from beryllium (Be) targets have demonstrated that more neutrons
are created from 16 MeV deuteron bombardment of thick Be targets than
from proton, *He or “He bombardment at the identical energy; besides,
deuterons generally produce neutrons with higher average energy than do
other projectiles with the same incident energy [11-13]. Allen et al. (See Ref.
14) have proved that neutron production by deuteron bombardment
generally declines as the atomic number of the target material increases;
therefore °H, °H, Be, Li, and C must be preferred target materials. The
greatest numbers of neutrons are produced from a target which is thick
enough to stop the deuterons, but the average neutron energy is higher in the
case of thinner target.



The T(d,n)*He reaction has a 400 mb/sr at 0° cross section at 150 keV
deuteron energy and a reaction energy (Q-value) of 17.6 MeV and can be
used to produce fairly large intensities of 14 MeV neutrons with a low
energy accelerators. There are many studies carried out to correct the target-
design problems to enhance neutron vyields [15]. Bombardment of the
alternative materials with deuterons of energy greater than 8 MeV produces
large numbers of fast neutrons; these reactions warrant a closer look. In spite
of knowledge of the spectrum, yield, and average energy of the neutrons
from a source used for radiotherapy or damage studies is desirable, extensive
measurements of these data have not been performed. Radiologists have
measured dose rates and depth doses for most of the reactions mentioned
above at a few deuteron energies [11, 12, and 16] but such data are not very
useful for non-medical applications.

Energy spectra of neutrons from deuteron bombardment of thick Be
targets have been published for deuteron energies from 7.5 MeV to 54 MeV
[13, 17-21] Most published spectra are relative measurements made with
threshold detectors or emulsions, and these are summarized by Parnell [22]
(see Fig 1.1). Average neutron energies are about 0.4 times the deuteron
energy. Allen et al. [14] used activation detectors to measure the 0° yield
produced by 15 MeV deuterons and reported ~ 10" neutrons pC* sr.
Tochilin and Kohler [13], also used activation detectors and reported 0°
yields of 5 x 10" neutrons pC™ sr* and 9 x 10" neutrons pC™* sr* for
deuteron energies of 20 MeV and 24 MeV. Schweimer [19] measured
absolute cross sections at deuteron energies of 40 MeV and 54 MeV
integrations of his extrapolated spectra give 0° yields of 2.3 x 10™ neutrons

nC*tsrtand 4.5 x 10™ neutrons nC™ sr* at the two energies.
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Figure 1.1. Relative spectra of neutrons emitted at 0° from thick Be targets
bombarded by deuterons (from Ref. 22).

1.2.1. Neutron energy spectra, yields, and angular distribution

Neutrons from a thin Be target have higher average energy than those
from a thick Be target, but the thin-target yield is, of course, smaller. A Be
target of intermediate thickness might produce neutrons whose average
energy is significantly higher than that of neutrons from a thick target, but
whose numbers are only slightly fewer. Yields of neutrons from thick targets

may be calculated from thin-target data by the following equation:

de

(0% ) de @

Y, (6,2 = N, (aM,) [ o(0, )

Where Y, (8,¢,) is the yield neutrons nC™ sr' produced at lab angle 0
by &,-MeV deuteron bombardment of a target T whose atomic mass is Mj
N, = 6.024 x 10% (gram-mole)™* , q = 1.602 x 10™ uC, & is the energy of
deuterons leaving T(ex = 0 if T is a stopping target, o(6,¢)is the cross

section for neutron production at angle 6 by &-MeV deuteron bombardment
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de

of a target de-MeV thick, and -(
d(px)

) is the mass stopping power (MeV g™

cm?) by deuterons in T. If T is composed of layers that have different
compositions, M, is a function of ¢.

Eq. 2 defines the average energy of neutrons from T:

Er(0,2,) = (% (0,2,)) | Y; (6., &,)EE @)

Substituting Eqg. 1 into Eq. 2, we see that

de
d(px)

Where E7 is the average energy of neutrons from T, Y, (6,E, &,) is the yield

Er (0,2,) = (Y (0.6,)) "N, (M) [ 0(0,2) E(e)(= ) d (3)

per MeV per puC per sr of E-MeV neutrons produced at lab angle 0 by &4 -

MeV deuteron bombardment of T, and the other parameters are as in Eq. 1.

Deuteron ranges and stopping powers were obtained from Refs [23, 24].

Using Egs. 1 and 3, the calculated yield and average energy of
neutrons emitted at 3.5° from a thick Be target bombarded with 18 MeV
deuterons to be 5.4 x 10™ neutrons sr* uC™ (7% higher than the measured
value) and 6.45 MeV (0.3MeV lower than the measured value). In addiation,
the calculated yield and average energy of neutrons emitted at 3.5° from 18
MeV deuteron bombardment of a Be target in which the deuterons lose 9
MeV to be 4.4 x 10" neutrons uC™ sr* and 7.15 MeV. The uncertainty in
the calculations is about 10% and is due to cross-section uncertainties,
uncertainties in deuteron stopping powers, and removal of an uncertain
number of deuterons from the beam by nuclear reactions in the thick target.
(The (d,n) reactions alone remove about 2% of 18 MeV deuterons incident
on a thick target; this process was taken into account in the

calculations.)[25].

12



From Figs 1.2 and 1.3 we see that 5 MeV deuteron bombardment of a
thick Li target produces neutrons with about 1.5 MeV higher average energy
than the neutrons from 5 MeV deuteron bombardment of thick Be targets
have. To see if a thick composite target would produce neutrons with higher
average energy than those from single-element targets, the calculated yield
and average energy of neutrons from a target in which 18 MeV deuterons
lost 13 MeV in Be and stopped in Li. The results, 5.3 x 10" neutrons pC™* sr’
' and 6.5 MeV, differ only slightly from thick- Be results.

10 ] | T ] J : — 1 T
%Be(d,n)
B 61ah = 3.59 -
% 6 -
=
|
|;x:|= 4 f— o
2| / ]
-
D 1 | i ! 1 i | L |
0 2 4 6 8 10 12 14 16 18 20
E., — MeV

d
Figure 1.2. Average energy of neutrons emitted at 3.5° from deuteron bombardment of
thin (circles) Be and thick (crosses) Be targets plotted as a function of deuteron energy.
Lines were drawn through the points to guide the eye [25].
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Figure 1.3. Average energy of neutrons emitted at 3.5° from thick Li (circles) and
thick C (crosses) targets shown as a function of deuteron energy [25].

Fig 1.4 demonstrates average energy of neutrons from thick and thin
Be targets in case of three deuteron energies as a function of lab angle. The
slow decline, and in some cases, small increments, in average neutron
energy with increasing angle is explained by the angular distribution of the
group-0 and group-I neutrons discussed in Ref. 25. For 18 MeV and 14 MeV
deuteron bombardment of thick Be, average-energy uncertainties are +8%
for angles larger than 16.7°. For 9-MeV incident energy, average energy
uncertainties are about 10% for all angles. For 18 MeV, 14 MeV, and 9 MeV
deuterons bombarding thin Be, average energy uncertainties are +8% for
angles larger than 16.7° [25].

Figures 1.5 and 1.6 illustrate the cross sections and yields calculated by
integrating 3.5° °Be(d,n)'°B spectra are shown as functions of deuteron

energy [25].
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Figure 1.4. (a) Average energy of neutrons from a thick Be target plotted as a function
of lab angle. (b) Average energy of neutrons from thin Be targets plotted as a function
of lab angles [25].
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Figure 1.5. Cross sections and yields calculated by integrating 3.5° °Be(d,n)'’B
spectra are shown as functions of deuteron energy. The abscissae of the cross section
points are the deuteron energies at the centers of the targets. Smooth curves were
drawn to guide the eye [25].
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Figure 1.6. (a) Neutron yields from thick Be targets as a function of lab angle. (b)
Cross sections for neutron production by deuteron bombardment of thin Be targets as
a function of lab angle. Curves were drawn through the points to guide the eye [25].

1.3. Experimental and Computational Methods
1.3.1. Review of Neutron and Gamma-Ray detection methods

Neutron activation method

In the case of choosing the material for an activation detector, a
number of physical and nuclear properties need to be considered [26].
1-  SHAPE OF THE CROSS SECTION

The material will clearly react specially to those neutron energies for
which its cross section is high. Radiation capture or (n, y) reactions typically
have largest cross sections at or close to thermal energies, and in this way
materials in which these reactions predominate are preferentially chosen for
slow neutron detectors. Other reactions such as (n, p), (n, a), and (n, 2n)
often need a minimum or threshold energy. Materials in which these
reactions predominate can be selected as fast neutron detectors, which will

be inherently insensitive to slow neutrons.
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2-  MAGNITUDE OF THE CROSS SECTION

The saturated activity is linearly proportional to the average cross
section for the activation reaction. Greatest sensitivity is therefore achieved
by selecting materials with highest activation cross section, although some
of this advantage may be offset by the need to keep the neutron absorption
probability small enough to avoid perturbing the flux under measurement.
3- DECAY CONSTANT OF THE INDUCED ACTIVITY

The half-life of the induced activity should not be too short or too
long, and for many applications, a value of a few hours is near the optimum.
Long half-lives require the use of long irradiation times in order to approach
saturation, and the specific activity becomes smaller with increasing half-
life. Very short half-lives can lead to difficulties in transferring the foil to the
counter without excessive delay time. The corresponding high activities may
also create problems due to dead time effects within the counter.
4- PURITY AND INTERFERING ACTIVITIES

The materials should be very high purity to avoid interference from
other neutron induced reactions. If the half-life of the contaminant activity is
sufficiently different from that of the primary, however, it may not pose a
practical problem. Interfering activities with short half-lives can be
eliminated simply by waiting some time before beginning the counting
period, whereas those with long half-lives may not build up to a significant
level if the irradiation period is short by comparison.
5- NATURE OF THE INDUCED ACTIVITY

The decay of the product nuclei produced in the activation reactions
normally involves the emission of either beta particles or gamma rays.
Gamma counting is often preferred because the penetrating nature of the
radiation minimizes the effects of self-absorption within the sample.

Furthermore, it is far easier to perform energy spectroscopy with gamma
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rays than beta particles, so that interfering activities and background can be
discriminated more easily. In some cases, however, only beta activity is
produced so that there is then no recourse but to carry out some type of beta
counting. Continuous flow proportional counters are then often used in
either 2x or 4w geometry.
6- PHYSICAL PROPERTIES

The properties of the activation materials play an obvious part in
determining the physical environment in which they may be exposed.
Materials in gaseous or liquid form are very difficult to apply except through
elaborate encapsulation techniques that may interfere with the subsequent
counting of the activity. Therefore, almost all activation detectors consist of

metallic foils or wires that can be cut to the desired dimensions.

Table 1.3. Materials Useful as Slow Neutron Activation Detectors _ -
Thermal
Activation
Isotope Microscopic
{Abundance in Cross Section Induced Half-
Element Percent) (in 10-2% mz}_ - Activity Life -
Manganese SMn (100) 132 =401 Mn 258h
Cobalt Mo 100) 169 + 1.5 slmCg 10.4 min
20219 M Co 528y
Copper SICu(69.1) 441 =0.20 B4y (287 h
53 Cu(30.9) 1.8 £ 014 66Cu 5.14 min
Silver W7 e(51.35) 45 + 4 1 Ap 2.3 min
WH A g(48.65) 32+04 110m A g 253d
Indium 13In(4.23) 56 + 12 Ldm I 49d
20 =406 H41n 725
HS[n(95.77) 160 = 2 1ém [y 54.12 min
42+1 18] 14.1s
Dysprosium 1M Dy(28.18) 2000 = 200 L63myy 1.3 min
EOD + 100 LSy 140 min
Gold 19 A (100) 98.5 + 04 A0 2695d

Table 1.3 (from Ref.27) lists a number of materials that are useful as

activation detectors of slow neutrons. In each case, the activity is induced by

an (n, y) reaction that leads to the indicated radioactive product. In the
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thermal region, these materials have activation cross sections that vary
approximately as I/v, where v is the neutron velocity. Also, many of them
demonstrate significant resonances in the cross section at certain neutron
energies between about 1 and 1000 eV. The measured activity then
corresponds to a mixture of activation caused by thermal neutrons, plus an
additional component for neutrons with energy in the resonance region. The
contributions of the thermal and resonance neutrons can be separated
through a technique known as the cadmium difference method. Cadmium is
a metal whose radiative capture cross section behaves in a very convenient
manner. The cross section is very large for neutron energies below about 0.4
eV, where it decreases rapidly and remains low for higher neutron energies.
Thicknesses of the order of 0.5 mm of cadmium, because of this, act as a
selective filter, absorbing neutrons with energy below 0.4 eV but passing
higher-energy neutrons with little attenuation. If one of the materials in
Table 1.4 is made into two identical foils, one of which is covered with
cadmium, the uncovered foil will respond both to the thermal and resonance

neutrons, whereas the covered foil will count only the resonance component.
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Table 1.4. Materials Useful as Threshold Activation Detectors
Isotopic

Reactions of Abundance v Energy v Abundance Threshold
_}'Iarcn'a] Interest (.at %) Ezﬂl ife _ [Me‘v’]_ _ {9} {MeV) N
F 1F(n, 2n)'¥F 1000 109.7 min 0511t 1947 116
Mg MMg(n, p)**Na 787 150h 1.368 100 6.0
Al TAl(n, a)*Na 104.0 15.0h 1.368 100 4.9
Al AL, pP' Mg 100.0 9.46 min 0.84-1.01 100 38
Fe Fe(n, p)l*"™Mn 917 256 h 0.84 99 49
Co BCo(n, «)**Mn 100.0 256 h 0.84 93 3.2
Ni HNi(n, 2n)*"Ni 67.9 360h 1.37 86 13.0
Ni ENi(n, p)**Co 67.9 71.64d 0.51 09 1.9
Cu 83Cu(n, 2n)%Cu 69.1 9.8 min 0511+ 195° 11.9
Cu S3Cu(n, 2n)™Cu 30.9 127 h 0.511% 37.8° 11.9
Zn 8Zn(n, p)*Cu 48.8 12.7h 0511+ 37.8° 20
In US[n{pn, n*)!1¥mIn 95.7 450 h 0.335 48 0.5
I L27(n, 2n)'39] 100.0 13.0d (.667 33 9.3
Au T Au(n, 2n)#*An 100.0 018 d 0.33-0.35 25-04 8.6
Li "Li(n, an' N 92.58 123y 0-0.019* 100 35
" Annihilation radiation.
“Yield of annihilation photons assuming all positrons are stopped.
*B particle energy and percent abundance.

By taking the difference between the two activations, the thermal
contribution can be calculated. The method does require some corrections
for the non-ideality of the cadmium filter, in that cadmium thicknesses that
are large enough to fully stop all neutrons below 0.4 eV can also have a
measurable effect on neutrons with higher energies. However, for most
activation materials, corrections for the attenuation of the resonance
neutrons are less than a few percent. By dividing the activity of the
uncovered foil by that of the cadmium-covered one, the cadmium ratio is
derived, which is often taken as an indication of the degree to which a given
neutron field has been thermalized. The activation method can be expanded
to the measurement of higher energy neutrons through the use of materials
such as those listed in Table 1.4 (see Ref. 28). The useful reactions in this

group are threshold reactions, which require neutrons above a minimum
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energy in order to take place at all. Each material with a different threshold

will respond to a somewhat different range of neutron energy.

Gamma-Ray detection (HPGe detector)

The modem semiconductor gamma-ray detectors are made from high
purity germanium (HPGe) crystals [26, 29]. The HPGe detector crystals are
produced in many different sizes and shapes. The smaller sizes are used for
detection of low-energy gamma rays, whereas larger sizes are preferable for
the detection of high-energy gamma rays. The superior energy resolution of
HPGe detectors is related to the low energy required to create one electron-
hole pair, which for germanium is 3 eV. The germanium crystal has to be
cooled to liquid nitrogen temperature (77 K) when operated in order to
minimize the leakage current that could destroy the detector [29]. Also, at
this temperature; the thermal noise is sufficiently low to assure good
resolution. The electron-hole pairs produced in the depleted zone of the
semiconductor by the impinging radiation produce a current at the electrical

contacts of the crystal. This current is further processed by special

electronics.
p* contact : = =
e ]
] 1
| ctalatanlen: - - —
Semi-coaxial - ]
n* contact ' 1
e —
Planar True coaxial
—— p* contact: B implanted Well-type
n* contact: Li diffused | '
— — Passive Surface n-type ' p-type !
I 1

Single-ended coaxial Single-ended coaxial

Figure 1.7. Schematic shapes of different types of HPGe detectors used in PGAA.
Thick lines show electrode connections on the surfaces of the Ge crystals.
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There are two types of HPGe crystals; they differ in the donor or
acceptor concentration. If the donor impurity remains high then the crystal is
called n-type, if the acceptor is dominating then it is p-type. The germanium
detectors can also be classified by the geometrical arrangement of their
electrodes. There are planar, true coaxial, closed-ended coaxial and well
types [26, 29] (see Figure 1.7). The last type is not used in PGAA due to its

special geometry.

1.3.2. The collimation and shielding system used in neutron therapy

The significance of a decent collimation has dependably been
perceived in radiotherapy. Attenuation of neutron beams is more difficult
than for photon beams, leading to relatively long collimator systems. For
neutrons of energy higher than 10 MeV, the collimator material is a high-Z
material like iron or tungsten. Iron is mostly chosen as a compromise
between cost and efficiency. Once slowed down, the absorber of neutrons of
energy lower than 10 MeV is mostly a hydrogenous material. The adding of
B to this material will improve the cross section of the reaction with the
slowed down neutrons. Before, the collimators for neutron therapy were
made of a mixture (see Ref. 30) of iron, a hydrogenous material, and °B. A

high-density wood was used also sometimes (see Figure 1.8).
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Figure 1.8. Neutron therapy facility target and collimation at fermi national
accelerator laboratory, Batavia, 1l, USA.

There is no perfect neutron shielding material. Ideally, a shield should
absorb all neutrons of all energies in a short distance (high absorption cross
section), without generating penetrating radiation or producing residual
radioactivity (Table 1.5). The most important absorbers are °Li, *°B, and
3Cd, whereas the most frequently utilized nuclear reactions are the (n, a)
and (n, y) reactions. Because of expense, *He and Gd are only used in special
cases; Gd also produces high-energy gamma rays. Only ®He and °Li absorb
neutrons efficiently without producing gamma rays. Although metallic Cd is
easily shaped and an excellent absorber, neutron irradiation produces
substantial residual radioactivity in addition to the strong prompt (559-keV)
capture gamma rays of stable "*Cd, so B and Li are preferred for high-
fluence tasks such as shutters and beam stops. Boron has a high cross section
and most of the 2.8 MeV reaction energy from neutron capture is carried by
an alpha particle and "Li recoil nucleus. However, 94% of absorbed neutrons
produce a gamma ray of 478 keV. This energy is readily shielded, requiring
only 4 mm of lead to reduce the radiation by half. With lithium, there is no

gamma ray at all, but the high-energy tritons produce energetic secondary
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neutrons from light elements such as O, F, or Li itself by (T, n) reactions
[31]. The yield is of order 10™ fast neutrons per slow neutron. If the fluence
Is high, the hazards associated with tritium production may also be an issue.
Energetic alpha particles from '°B also produce secondary neutrons, but
because of the higher Coulomb barrier for (a, n) reactions the neutron yields
are two orders of magnitude lower than from Li [31] Shielding the
spectrometer from these fast neutrons can be troublesome because they must
be slowed before being absorbed. This requires thick moderators, usually
hydrogenous materials, which induce 2.2-MeV capture gamma rays from

hydrogen.

Table 1.5. Characteristics of neutron absorbing nuclides.

Nuclide Isotopic abun- Cross Reaction Product half-life  Chemical forms
dance section, b and decay
*He 0.00014% 5330 (n,pl’H 12y, B 2as
°Li 7.5% 941 (n,0)°H 12y, B LiF, Li,COs,
metal, glass
'°g 19.9% 3838 (n,o09)’Li Stable B.C, H;BOs,
NazB..Ov
1%cd 0.89% 1.10 (n,y)'™Cd 460d, ey metal
ed 12.5% 0.10  (n,p'"'"Cd 49m,y
2cd 24.13% 2.2 (n,y)'"*"Cd 14y, By
13cd 12.22% 20600 (n, y)'*Cd Stable
Med 28.73% 0.23 (n, ¥)'"*Cd 53h, By
Med 28.73% 0.036  (n,y)'""Cd 45d, By
ecd 7.49% 0.05 (n,y)'’Cd 2.5h, By
e 7.49% 0.027  (n,y)''"™Cd 34h By
%5Gd 14.8% 60900 (n,)"*¢Gd stable metal
$1Gd 15.6% 255000 (n,Y)"**Gd stable
*Gd 24.7% 3.1 (n,y)'"’Gd 19h, B
1Gd 21.7% 151 (n,y)'*'Gd 3.7m, By

Isotopically enriched °Li and '°B are sometimes used; 100%
enrichment enhances the stopping power over natural Li and B by a factor of
13 or 5, respectively. For both neutron absorbers, the level of isotopic
enrichment is important in view of the dominance of absorption over

scattering. Therefore, highly enriched materials are preferred for use in the
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direct beam and close to the gamma-ray detector. The availability of
enriched absorbers implies that materials depleted in these isotopes may also
be on the market. In particular, when lithium is purchased it is desirable to
specify and verify the isotopic composition, but boron is mined and
consumed in such large quantities that any particular lot is unlikely to be
artificially altered [32].

The collimating aperture close to the neutron source is regularly
manufactured from Boral, a mixture of boron carbide and aluminum powder
rolled into sheets and clad with aluminum. It is structurally stiff and highly
resistant to radiation. The usual 7-mm thickness of this material transmits
only 10™ % of thermal neutrons. A new material on the market is an alloy of
aluminum and a mass fraction up to 4.5% of enriched °B. Where secondary
radiation is of no concern (for instance shielding a detector from the last few
neutrons), sheets of cadmium or boron-loaded polymer are often used. For
large apparatus, massive concrete in either poured or block form is cost
effective for both gamma-ray and neutron shielding. A 5-cm thickness of
ordinary concrete reduces the flux of 1-MeV gamma rays by half [33, 34],
and the hydrogen in concrete is effective at slowing fast neutrons to thermal
energies. Heavy concrete, with metal or barite aggregate, is still more
effective as a gamma shield. Steel or lead shot, alone or with paraffin wax,
can be poured into containers and reused when experimental configurations
change; when space is at a premium, the trouble and expense of cast lead
may be unavoidable. Machined tungsten is used in extreme cases. Boron (as

carbide or borax) or lithium (as carbonate) can be mixed with the paraffin.

Consideration must be given to the flow of wax at high room temperature,
and possible flammability hazards. Cadmium is toxic, so appropriate

precautions are necessary in its use. Lead is less poisonous, but it may also
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be regulated as a hazardous material. It is important to avoid gamma-ray
producing materials such as hydrogenous polymers, around the detector
without lead shielding on the detector side. Another rule is to use the
smallest possible amount of any shielding material to minimize parasitic
secondary radiation generated by the shielding itself. The order in which

shielding materials are arranged is important.

1.3.3. Neutron Dosimetry calculations and methods

Clinical neutron beams should exhibit practical comparable
dosimetric properties to those obtained for photon beams with linear
accelerators. The penetration of the neutron beam should at least be
comparable with the penetration of a 4-MV photon beam or higher. Because
of scattering, neutron beams will present a higher scatter component as a
function of depth (even higher than the scatter component of a cobalt-60
beam), leading to a higher scatter under shielded areas and a larger
penumbra. In order to be competitive with conventional photon beam
therapy, the characteristics of the neutron beam should not deviate too much
from the photon beam characteristics. Moreover, the dose rate should
[corrected with the clinical relative biological effectiveness (RBE)] also be
comparable with the typical dose rate of 2 Gy/min obtained with Linac
photon beams.

In the DT machines, use a short SSD (source-sample distance) in
order to obtain a reasonable dose rate. In fact, the dose rate is a limiting
factor for these machines due to the heat production in the tritium target.
Typically a dose rate of 0.15-0.20 Gy/min can be obtained at a distance of
1.25 m. Dose rates obtained for cyclotron-produced neutron beams were
reviewed in ICRU 45 (ICRU report 45, 1989) [35]. The dose rate per unit of
charge produced at a distance of 1.25 m can be presented as an exponential
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function as a function of the energy, yielding the following formulas: (a) for

the deuterium on beryllium reaction:
D,/Q (Gy/C)=249x10° E/** (MeV) 4)

Whereas (b) for the proton on beryllium reaction a comparable relation is

obtained:
D,/Q(Gy/C)=244x 107 Epz'49 (MeV) (5)

For the deuterium on beryllium reaction, a much higher dose rate will be
obtained since more charge will be produced. Typically for the same current
on target, the ratio of the dose rate of a d(50)+Be to a p(65)+Be neutron
beam will be approximately 3.5. The resulting variations are also illustrated
in Fig 1.9.

10000

/l

1000 4 \__

p+Be reaclion

dose rate per beam current (Gy/C)

i0 10 50 100

Ep or Ed (MeV)

Figure 1.9. Dose rate as a function of the energy for the deuterium and proton on
beryllium reaction.

Penetration

As for the dose rate, the penetration expressed by the percentage
depth dose curves should be comparable with the penetration obtained by
X-rays from modern linear accelerators. In addition, the penetration from

existing neutron generators was reviewed by the ICRU (ICRU report 45,
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1989) and expressed by the Zs,, the depth of the 50% isodose. This depth

Zs corrected to an SSD of 125 cm could also be obtained by a simple

expression:
Z.,(cm) = 2.9 E,** (MeV) (6)
For deuteron on beryllium generated neutron beams and:
Z(cm) = 2.07 E ™ (MeV) (7)
Or
Z(cm) = 163 E *%° (MeV) (8)

For proton on beryllium generated neutron beams with or without a

polyethylene hardening filter, respectively.

Fig 1.10 shows the measurements and the results of earlier

investigations. Parnell, Oliver, Almond, and Smathers (1972) [36] have
suggested that the dependence of the dose rate D on deuteron energy E may

be expressed as D = aE”. If E is measured in MeV and D is measured in rad
(A min)', a=4.21 x 10” and b = 2.7 at a distance of 1.0 m from the source.
This relationship is shown by the solid line in Fig 1.10. August et al. (1973)
[37] found that, if higher deuteron energies are included, values of a = 1.94 x

10* and b = 2.99 provide a better fit. This dependence is shown by the

dashed line in Fig 1.10.
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Figure 1.10. Be(d, n) dose rate at 1 m from the beryllium target. The crosses are values
from [38]. The triangles represent data from Weaver et al. (1973) [39]. The solid dots are
data from Parnell et al. (1971) [21]. The lines represent fits to data taken at higher

deuteron energy: the solid line is based on the relation D= 0.000421 EZ7 (Parnell et al.

(1972) [36], the dashed line on D= 0.000194 E2%* (August et al. 1973) [37].

1.3.4. Monte Carlo method and MCNP code

MCNP is a general-purpose Monte Carlo N-Particle code that can be
used for neutron, photon, electron or coupled neutron/photon/electron
transport. Specific areas of application include, but are not limited to,
radiation shielding, radiation protection and dosimetry, radiography, medical
physics, nuclear criticality safety, detector design and analysis, nuclear oil
well logging, Accelerator target design, fission and fusion reactor design,
decommissioning and decontamination. The code treats an arbitrary three-
dimensional configuration of materials in geometric cells bounded by first

and second-degree surfaces and fourth-degree elliptical tori.

Pointwise cross-section data typically are used, although group-wise
data also are available. For neutrons, all reactions given in a particular cross-

section evaluation (such as ENDF/B-VI) are accounted for. Thermal
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neutrons are described by both the free gas and S(alpha, beta) models. For
photons, the code accounts for incoherent and coherent scattering, the
possibility of fluorescent emission after photoelectric absorption, absorption
in pair production with local emission of annihilation radiation, and
bremsstrahlung. A continuous-slowing-down model is used for electron
transport that includes positrons, k x-rays, and bremsstrahlung but does not

include external or self-induced fields.

Important standard features that make MCNP very versatile and easy
to use include a powerful general source, criticality source, and surface
source; both geometry and output tally plotters; a rich collection of variance
reduction techniques; a flexible tally structure; and an extensive collection of
cross-section data. MCNP contains numerous flexible tallies: point or ring
detectors, surface current & flux, volume flux (track length), particle
heating, fission heating, pulse height tally for energy or charge deposition,
mesh tallies, and radiography tallies [40]. In our work, the MCNP4C and

MCNP5 versions were used.

1.3.5. The program Lise++ and Code PACE4

The program LISE++ has been developed to calculate the
transmission and yields of fragments produced and collected in a
spectrometer. This code allows simulating an experiment, beginning from
the parameters of the reaction mechanism and finishing with the registration
of products selected by a spectrometer. The program allows to quickly
optimizing the parameters of the spectrometer before or during the
experiment. It also makes it possible to estimate and work in conditions of
maximum output of studied reaction products and their unambiguous

identification. Wedge and Wien filter selections are also included in the
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program. The LISE++ package operating on MS Windows environment is a

freeware software product with the LISE++ user license.

LISE++ is the new generation of the LISE code, which allows the
creation of a spectrometer through the use of different "blocks". The number
of blocks used to create a spectrometer in LISE++ is limited by operating

memory of your PC and your imagination.

Built-in Energy loss, Time-of-Flight, Position, Angular, Charge,
Cross-Section distribution plots and dE-E, dE-TOF, Z-A/Q and dE-X two-
dimensional plots allow visualizing the results of the program calculations.
An application of transport integral lies in the basis of fast calculations of the
program for the estimation of temporary evolution of distributions of phase

space .

The LISE++ code may be applied at medium-energy and high-energy
facilities (fragment- and recoil-separators with electrostatic and/or magnetic
selections). A number of these facilities, like A1900 and S800 at NSCL,
LISE3, SISSI/LISE3 and SPEG at GANIL, FRS and SuperFRS at GSI,
RIPS and BigRIPS at RIKEN, based on the separation of projectile-like and
fission fragments, fusion residues are included or might be easily added to

the existing optical configuration files .

The Projectile Fragmentation, Fusion-Evaporation, Fusion-Fission, Coulomb
Fission, and Abrasion-Fission assumed in this program as the production
reaction mechanism allows to simulate experiments at beam energies above
the Coulomb barrier [41].
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2. Pe3yabTarthl U o0cyKaeHue IKCMEPUMEHTAIbHBIX U
CUMYJISIIUOHHBIX padoT

2.1. Ikcnepumenmansvuvie u MCNP-pesyromamor moodenuposanusn
HelmpoHHbIX Y2l108bIX pacnpeoesienuil u HnOmMOK08 oOm
ucmounuka Be

B TIIY unwmkmorpon U-120 (cm. Tabmumy 2.1) ucnosis3yercs B
KaueCTBE WCTOYHHMKA YCKOPEHHBIX JACUTPOHOB [JII HWHHUIIMHPOBAHUS

peaKkuu.
2 9 10 1
;d+,Be= "B+ ,n

B pesynbraTte 6omMOapaupoBku MuilieHu Be geiitponamu ¢ sHeprueit
13,6 M»sB momydaercss TepaneBTUYECKHI My4OK OBICTPHIX HEHUTPOHOB CO
cpenHelt sHeprueil okoso 6,3 M»dB. Jlng MeauIMHCKOro IpUMEHCHHS
WCTIONB3YETCSl KOMIUIEKCHBIA KOJUIUMATOp. AMNEpTypy moJisl 0OJydeHus
MOXXHO  PEryJMpoBaTb C TOMOLIBK0 CBEMHOIO  MOJIMITUIEHOBOIO

kKojutuMmaropa ot 4,5 x 4,5 1o 8,5x 8,5 oM’

Tabnuua 2.1. [Tapametps! ruknorpona U-120.

OcHoOBHBIC IapaMeTPhI
Jlnametp noxroca 120 cm
Panuyc n3Bieyenus j1yya 53¢
NHayKnys MarHuTHOTO MOJIs 15T
Jnana3oH yacTot 9-17,2 MT"
Jn-HanpsoxeHue 60 kB
KonmnuecTBO xaHaoB 5
YcKOpeHHbIE YaCTHLbI
Oueprust (MaB) Tok (MKA)
P 45-11 50
nd 9-14 50
+oHe® 14-30 20
+oHe? 18-28 50
+3C™ 8-21 10
N 7-18 10
+50"° 8-28 10
wAr? 42 0.2
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2.1.1. Dxcnepumenmanvhvie Memoowvl u pe3ynbmamaol

B pesynsrare peakiun “Be(d, n)'°B, Boimemnsiercst sueprust Q (+4.36
M>5B). DHepreTHdecKuii CeKTp HEHTPOHOB SIBIISIETCS HEMTPEPBIBHBIM. . JTO
CBSI3aHO C TEM, YTO CYIIECTBYET YETHIPE XOPOIIO H3BECTHBIX COCTOSIHHS
BO30YKICHUS B [42] u JNEUTPOH C BBICOKOM JHEPTHUEU MOXKET y4aCTBOBATh
B HECKOJIBKHX MHOTOYACTHYHBIX Peakiusix, Takux kak Be(d, 2n)°B (Q = -
4,1 MsB), °Be(d, np)°Be (Q = - 2,2 MaB), °Be(d , 2np)®Be (Q = - 3,8 M3B)
U T. 1. DTH peakiyy MPUBOJST K YBEJIMYCHHUIO BBIXOJa HEHTPOHOB H

(bOpMHpOBaHI/IIO IMUPOKOI'0 SHEPIrCTUYCCKOIO CIICKTPa HGﬁTpOHOB.

Q'3HaquHC p€akunnu OIpCACACTCA CIACAYIOIHMM COOTHOIICHUCM

[43]:

M
=E (1+—"
Q=E.( M

) Byl ) (EE,M,M,)*Cos0 ©),

B B B

riae E u M o6o3HavaroT sHEpPruo U Maccy sl HAICTIONIEH YacTHUIIhI
u sanep. Kpome toro, ungekcel B, n, d 0603Ha4aroT COOTBETCTBEHHO 5Blo, onl
U 1H2, yToJ 6 - yroJ UCIyCKaHus HEUTPOHOB. DTO COOTHOIIEHUE YKa3bIBACT
Ha TO, YTO DHEPTHUs BBIXOAAIIETO HEUTPOHA U3MEHSIETCS C YIJIOM M3TyUCHHS,

KaK Moka3aHo Ha puc 2.1,
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Puc 2.1. CriekTp yriioBoro pacrpeieieHus HCIyCKaeMbIX HEHTPOHOB B COOTBETCTBUH C
ypasuenneM (9) mist Hameit peakiun “Be(d, n)'°B ¢ Eq = 13,6 M5B u sHauenmem Q
(+4,36 M»aB).

Korga ny4ox HEWTPOHOB C HayalbHBIM MOTOKOM |, mpoxomuT uepes

. 3 .
Matpuiry ¢ N 9ucioMm simep-MullieHeld Ha ¢M~ ¥ TOJIIIMHOM X, TO TOTOK Ha

rinyouHe X , gaercs dpopmysioi [44]:

| = 1N (10)

0

Ecnu umeetcs 6osiee 0JHOTO HYKITK/IA, ’TO MOKET OBITh PACHIUPEHO KaK

| = IOe-(Nlo'1X1+N20'2X2+N30'3X3 .......... ) (11)’

rjie ¢ - cedeHue B3aumojaeucTBus dvactull, N saep-MUIlIeHEH Ha CMZ,
0OJTyYEHHBIX ITyYKOM HEHTPOHOB.

MOTOK HEHUTPOHOB ¢ Ha PacCTOSHUM R 1Mo ocu OoT OEpHIIMEBOM MUILICEHHU C
paanycoM I, Ipu paBHOMEPHOM OOJyUYeHUU JEHTPOHAMH, TO OMPEACISICTCS

CJIEIYIOIIUM COOTHOIIeHeM [45]:

N R? +r?
= In 12
¢ 4rr? R? (12)
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Ilpogedenue sxkcnepumenma

st cpaBHeHUs ¢ (AKTHUYCCKUMHU 3HAYCHHUSIMH ITOTOKA HEUTPOHOB
HKCIIEPUMEHT MPOBOAWICA C MCIOJIB30BAaHUEM ATIOMUHHEBOU U KEJIE3HOM
¢doJibru A1 MEeTO1a HEUTPOHHOM aKTHUBALINH.

B kxauecTBe MHIIIEHH B 3TOM 3KCIEPUMEHTE UCIOJIB30BAIM JHUCK Be
auamerpoM S5 cMm U tonmuHoM 0,2 cM. MullieHb MOMECTUIM B LEHTP
CUCTEMBIICTEKTUPOBAHMSI, TMEPIEHIUKYISIPHO K  BXOJAIIEMY  MY4YKY
IeHUTpOoHOB. MBI wucHoNmb3IBaIM 33 JAETEKTOpa, B KA4YeCTBE KOTOPBIX
UCIIOJIb30BAJIM AJIIOMUHHUEBYIO MIaCTUHYC pazmepamu 3,7 cm X 0,75 cm x 0,2
CM, Maccoil 2 T Kaxaplid. JleTeKTopsl ObUIM 3aKperuieHbl HAa BHYTPEHHEH
KPOMKE IIACTHKOBOTO jepskarens quamerpoM 20 cM ¢ yrioseiM marom 10°
u mepexpeiBamn 360  (cm. Puc 2.2). Ui mpoxoma mydka ASHTPOHOB Ha
MUIIEHb OBLIO CIIEJaHO OTBepcTHe auamerpom 3,7 cM u Ha pacctostaun 10
cM oT mumieHd. OIUH JUCK U3 AIFOMUHUEBON (DOJBIH JUAMETPOM S CM U
TonmuHOM 1 MM, Maccoil 6 T ObUI YCTAaHOBJIEH HEMOCPEICTBEHHO 3a
OepuyuiMeBOM  MMIIEHbIO — Maccoil.  UeTwlpe  kene3Hble  (DONBIH,
PACIIOJIOKEHHBIE B 3aJHEl Moj0oBuHE dToro kpyra npu 115°, 155° 205° u
245° rpagycax Mexay Iy4KOM AEHTPOHOB M HCIYCKa€MbIMH HEHTPOHAMH,

onucaHHbIMH B Tabuie 2.2 (cM. Takke puc 2.2).

Tabmur 2.2. OOGpa3isl kene3a, KOTOPhIE MbI WCIOJB30BAIM B KAYeCTBE HEHTPOHHBIX
MTOPOTOBBIX JETEKTOPOB.

Yron
O6pa3zen Pazmepnl Tonmuna
Macca (r) MOJIOKEHUS
xKeresa (MM X MM) (Mm)
(6°)
Fel 20x 20 1 3.15 115
Fe 2 20x 20 1 3.15 155
Fe3 20x 20 1 3.15 205
Fe4 20x 20 1 3.15 245
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Puc 2.2. ycranosnenue skcnepumenta: a; 1- Al-dosnbra, 2-6epuireBas muineHs, 3 Al-
JUCK TONIUHOW 1 MM Ha MPOTHUBOMOJIOXKHON O0OTy4YeHHOW CTOpOHE OepHIINEeBOM
MUIICHH, 4- TUTACTUKOBBIN JIepiKaTeNb, 5- OTBepCTHE ISl BXOSIIETO MydKa JEHTPOHOB,
6-4yeThIpe JKeNe3HbIX (OJIBIH, 3aKPETNIEHHBIX HA BHEIIHSSI 3aIHsIsI CTOPOHA TIACTUKOBOTO
nepxkarens, b wu C; yeprexxu wu3 koma MCNP5 mms reomerpur W DIEMEHTOB
SKCIIEPUMEHTa, / - KaHal Jy4ya, C, MPO3payHbIi BUJ KOMIIOHEHTOB PSAOM C MPHIIEIIOM,
JepkaTels u3 8 xenesa.

Pezucmpauusn neiumponos

Mumiens Oepwius 00Mydanu MOHAMHU JEHTPOHOB C »Heprueit 13,6
M>5B u Tokom ~ 2 MKA B TeueHue 30 MUHYT.U pa3MepoM MSITHA Ha MUIICHH
~ 15-20 mm. Ilog meiicTBMEM HEHTPOHOB B KaKIOM 00pasie BO3HUKAIA
aykmagsl Na™ (Typ = 14,96 9) u Mn®™ (Ty, = 312,3 1), mo peaxumsim Al*
(n, @) Na** u Fe>* (n, p) Mn>* AKTHBHEOCTb YKa3aHHBIX HYKIIHIOB H3MEPSUIH
oTaenbHO. [ kaxkmoro oOpasma Oblia u3MepeHa IUIomaab moja (porto
nmukoM (oToHOB ¢ dHeprueit 1369 xoB (100%) mis Na** u 834,85 9B
(99,976%) nmns Mn>*, u mocse BBHIMONHEHHST BCEX CTaHJAPTHBIX IMOMPABOK
ObLI paccudTaH TMOTOK HEHTPOHOB I KaXKIOrO YIJIOBOIO IOJIOKEHHS.

[TomHBIA TOTOK HEWTPOHOB, W3MEPECHHBIN AIOMHUHUEBOM IUIACTUHOM,

36



YCTAHOBJICHHOW 34

OepUITMEBOM  MUIIICHBIO,

HeliTpoHOB, paBHyio (9.36 + 0.04) x 10" n / cm? cex.

JAJIBCIIMYHMHY  ITIOTOKa

JUist aHanu3a MOTOKOB OBICTPBIX HEUTPOHOB C HCIOJIb30BAHHEM

npeAcTaBieHHbIe B TabuIe 2.3.

Tabnuua 2.3. MuieHu st MeTo/1a TOPOTrOBBIX JIETEKTOPOB.

MCTO/J@a IIOPOroBOro JACTCKTOpa MMHPOKO HCIIOJIB3YIOTCIA MATCpHaAJIbI,

[ToporoBas
ceueHue [Tepuon
Tun SHEPTUSA SHEprusaramMmma-rydyen
DneMeHT B3aUMOJICVCTBHUS rojxypacrana
peakuuu peakiuu Egft (xaB)
o (0) POIyKTa
(M»sB)

Fe>* (n, p) 2 600 312T 835 (100%)
Al7’ (n, p) 2 100 9,46 MuH 1014 (30%)

844 (70%)
Al7’ (n, o) 6 130 154 1370(100%)
2754 (100%)
Mg** (n, p) 5 200 154 2754 (100%)
1368 (100%)
Nb> (n, 2n) 9 1400 10,2T 934,5 (99%)

Co™ (n, 2n) 10,6 1000 70,8T 811 (99%)
cu® (n, 2n) 11 700 9,76 muH 511 (100 %)
Mn>> (n, 2n) 11,6 850 303 835 (100%)
Ni°® (n, 2n) 12,6 80 364 1377 (86%)

511 (92%)

cr (n,2n) 13,5 120 41,9 MuH 511 (190%)

Cross Section (barns)

EHDF Request 1257, 2Z818-Feb-25,21:58:84

5

10

15

| Al27 (n,a) Na-24

.10 -

.05 -

10
Incident Energu (Mel}
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EHDF Regquest 218, 2818-Feb-25,21:46:18

[} o 10 15 20
T T T T T T T T T T T T T T T T T T T T T

0.5 Fe54 (np)Mn-54 qe-s

Cross Section (barns)

el 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
1} 5 10 15 20
Incident Energuy (Mel)

Puc 2.3. Ceuenus B3aUMOAEHUCTBHUS OBICTPBIX HEHUTPOHOB B peakmmsax Al-27 (n, a)
u Fe-54 (n, p) ( B3atsl u3 6a3b1 ganHbix ENDF).

U3 kpuBbIX Ha puc 2.3 BUIHO CeueHHe B3amMozeiicTus st Fe*
UMeeT Mopor okojio 2 MaB u nMeer MakcuManbHOE 3HaU€HUE, OJIM3KOE K
0,5 Gapuam Bbiure 6-7 MbdB sHeprum HeiitporoB. B to Bpems mms AlY
CedeHre MpeHeOpeKMMO Majio /il SHEPTUU HEUTPOHOB MeHee 6-7 M»1B u
uMeeT MakcuMmaibHoe 3HadeHue okosio 0,12 Gapu nnst suepruii Beime 10
M»sB. Takum o0pazoM, Kak W OXHJAIOCh, MUIIEHH u3 Fe Oyayr
PETUCTPUPOBATh HU3KOIHEPTETUUYECKYIO YacTh CIEKTpa HEUTPOHOB,, B TO
BpeMs: Kak oOpasisl u3 Al perucTpupoBarh HEHTPOHBI 00JI€ BBICOKHX
sHepruil Beime 6 - 7 MaB. Ho ¢ npyro#t cTOpoHbBI, MHTEHCUBHOCTh TaMMa
mmanu 834,85 k3B Mn>* oyeHp HU3KKas ¥ cabbIii W, BO3MOYKHO, OKaXETCS
OMM30K K (POHOBOMY YpPOBHIO M OYEHb OJIM30K K JSHEPreTUYECKOMY IMHUKY
ramma 846,77 kB (100%), KoTpslii Bo3HHKaeT mpy B3ammoxeicTeus Fe
(n, p) Mn*® (Ty, = 2,579 u). Takum 06pa3oM, I H3MEPEHHI TOTpeGyeTCs
MHOTO BPEMEHH, JCTEKTOP C BBICOKUM JHEPTreTUYECKUM pa3pericHueM H
U3pEepeHUs] HEOOXOJIMMO MPOBOJUTH TOCHE BbIACpKKH He MmeHee 10 u,

yT0OBI O4YeHBb Onm3kuii MUk 846,77 k3B mucues.. DHeprerndeckuii muk 1369

24
k3B Na™ yHukaneH u o4eHb SICHO BUJICH C CaMOTO Havaja.
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AKTHBHOCTh ramma-tydeii m3 Na** u Mn> kaxzoro o6aydeHHOro
JCTEKTOpa 13 aJIOMHUHHS U kejie3a uamepsin perekropom HPGe (GC1020)
U3 BBICOKOMCTOTOM KoakcuaiabHOro repmanus ¢pupmsl KanGeppa B TeueHue
250 cexynn mius oopasioB Al u 4000 cexynx st 00pasmoB kene3a. boiu
CIeNaHbl CTaHAApTHBIC MOMPAaBKH, W ObUI OIICHEH IMOTOK HEHTPOHOB B
Ka)KZOM yTJIOBOM TOJIOKEHUH.

IToTok HeﬁTpOHOB pacCUnuThIBAIA C HCIIOJB30BAHUCM YPAaBHCHU.

A
<o>N(l-e )™

¢ (nflem®.s) = (13)

I'me A, 4, <>, N, tj; u t; obo3HavaroT akTBHOCTH (B(), KOHCTAHTY

1 2 .

pacraga (S7), adpdexkruBHOC ceyeHne (CM), KOIMYECTBO SACp-MHIICHEH,
BpeMsi O0JTyUCHHUS U BPEMs OXJIAXKICHHUSI COOTBETCTBEHHO.

AKTUBHOCTb A pPAaCCUMTBIBAIM C UCIIOJIH30BAHUEM YPABHEHHUS:

A= _c (14)
Eeft € . T

['me C — myomanp moj MAKOM raMMa-u3JIy4eHHs ¢ dHepruei E, &g -

3 PEKTUBHOCTh PETUCTPALIMM JIETEKTOPOM TaMMa KBaHTa ¢ 3Heprueu E u
MOJKET OBITh MOTy4YeHA MyTeM KAITUOPOBKH MO KATHOPOBOUYHOMY UCTOUHUKY

raMma H3IydeHust “EU ¢ M3BECTHOH aKTHHOCTBIOM3 KATanora JETEKTopa
HPGe (GC1020). &; sBnsercs reomeTpuueckuM (akTopom obOpasna u

JIETEKTOpa, &g  sBIAsSETCSs KOI(PEGUIMEHT CaMOMOTJONIIEHUsS TamMMa-

U3JIydeHus: oopasua, | - “HTeHCUBHOCTh TaMMa-u3nyueHus (%), a T - Bpems

CUucTa B CCKYHaXx.

&g = Q where Q=27(1-cosf)=2xz(1- d

4 x/d2+r2)

rae Q TenecHslid yroi (Sr), I - paauyc moBepxHocTHaeTekTopa , d -

(15)

paccTostHuE MEXIy oOpaslioM W MOBEpXHOCThIoMeTekTopa. Koaddumment
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3aTyXaHUsI TaMMa-u3J1y4CHHSA &g MOXKHO IIOJYYUTh M3  CICAYIOLICTO

YpPaBHEHMUS:
£,=C/C,=e" (16)

I'me C, - cder moj >HEpPreTUYECKUM MHUKOM 0€3 mpolecca 3aTyXaHus, [ -
JTUHEHHBIN KOA((UIIMEHT 3aTyXaHus MaTepralia Jjisl JHEPreTUYECKOTo MUuKa

E, t - Tommuuna ob6pasia.

2.1.2. PacueT HeliTPOHHBIX JHEPreTHUYECKHUE CIIEKTPOB MO MporpaMmme
Lise ++

OHEpPreTUYeCcKUil CIIEKTP HEMTPOHOB, MTOJIYYEHHBIN C TOMOIIBIO KOJa
PACE 4 (LISE ++) [41], npenctaBnen B Tabauie 2.4 u puc 2.4 a 3areMm
npussT 11t MoaenupoBanns MCNPS.

Pe3ynbrarhl pacuéToB IOKa3ajid, YTO MAaKCUMyM CIEKTpa paBeH
SHEPTrUM HEUTpOHOB - 2,5 M»1B, a cpenuss sHeprus HEUTPOHOB - OKOJIO
5,16 M»B. HelTpoHbl C TakuM DHEPreTHUYECKUM CIEKTPOM  yI0OHO
pernctpupoBars cromombio AlY n Fe** B kauecTBe 1eTEKTOPOB, KaK 3TO
BUJHO U3 KPHUBBIX MOMEPEYHOTO CEYCHMS B3aMMOJCHCTBHS, MPUBEACHHOTO

Ha puc 2.3.

Tabmuua 2.4. Pe3ynapTaThl MOJICTUPOBAHUS SHEPTETHYECKOTO CIIEKTPa HEUTPOHOB
peakiuu Beg(d, n)B10 nis1 Eq = 13,6 MoB u 0° usnyuenns ¢ nomompto kona PACE 4

Oueprus Helitponos (MaB) OTtHOcUTEIbHAS MHTEHCUBHOCTD (%0)
0.5 0.0313
1.5 0.11
2.5 0.153
3.5 0.149
4.5 0.133
5.5 0.113
6.5 0.092
7.5 0.075
8.5 0.051
9.5 0.034
10.5 0.022
11.5 0.015
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12.5 0.016
13.5 0.005
145 7E-4
0.16
4 l\.
0.14 . N
n i | |
[
8 0.12 4 \
@ 1 = "
=
% 0.10 5 \.
5 1
T 0.08- AN
= n
5 oon- N\
T 0.06 -
é E |
S 0.04- | \. .
= 4 u
3 AN
2 0.024 S
S - N
0.00 4 =
-0.02 1 ! I i | ! I 4 I ! I ' I ! I N
0 2 4 6 8 10 12 14 16
HelTpoHHas JHeprus, MaB

Puc 2.4. pesynerarel MmogenupoBanus koga PACE 4 sHepreTrHueckoro cekTpa
HEHTPOHOB peaKINH Beg(d, n)B10 nnst Eq= 13,6 MoB u yrna seutera 0°.

2.1.3. Pesynomamul mooenuposanus ¢ kooom MCNP

Ilpeononoscenun mooenuposanus MCNP:

1- B kadecTBe HMCXOTHOTO JHEPTETHUYECKOTO CIEKTpa HEHTPOHOB IS
kojga MCNP #cnonb3oBany CrekTp, co3ganHbii mporpamMmmoit LISE ++,

2- @yukuus pacnpenenenus sueprud MCNP f=— 21 3akon MoutHoCTH:
pacrpenenenue P(X) HUCMONB3yeTCS IS

p(X)=C|x|* CTENEeHHOM 3aKOH:

OMHCAHUS  YIJIOBOTO  pacmlpenereHuss  HUCTOYHUKOB.  Tpaexropuu
PaacYMTHIBAIA UCXOJIS U3 MPEIOJIOKCHHUS, YTO MOHBI JECHTPOHA MO ar0T
B MUIIEHh M HE OCTAHABJIMBAIOTCS HA BHENIHEH TMOBEPXHOCTH, HO
octanaBnuBatorcs Ha 0,1 cM rimy0ke, Kak 3TO cCleayeT U3 paccyera C

nomoinbio mporpammbel ION_windows.
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3- B mepBom ciiydae ¢ OJHMM HCTOYHUKOM OBUIM BBIMIOJHEHBI COTHH
pacyeToB IJisi  MHOTMX BapHAaHTOB, B YAaCTHOCTU C pPa3HOM YTIJIOBOM
JIUCIIEpCHUEN BXOIAIIMX HEMTPOHOB. M BO BCex cilydasix BCe OHM HE MOIJIA
OOBSICHUTH SKCTIEPUMEHTAIILHBIC TaHHBIE.

4- Bo BTOpOM cilydae C JBYMSI MCTOYHHUKAMHOBLIO MPOBEIEHO MHOTO
CUMYJSIIMH W BCEro JHIIb OJHO 3HAUYEHUE Yyria paccesHus IydKa
HEUTPOHOB,  pPE3yJbTaTbl  KOTOPOTO  OKAa3aIMCh CPaBHUMBIMUb  C
AKCIIEpUMEHTAIbHBIMU JaHHBIMU: O = 11,5 rpagycoB asnst ucrounnka Ne 1 Ha
KOHEIl IMUKJIOTPOHHOTO KaHanma u 88,9 rpamyca mis uctounuka Ne 2, rie
IUCK OepWwUIMEBOW MHILEHHM. OTO O3HA4yaeT, 4YTO HOHBI JIEUTpOHa
CTaJIKMUBAJIUCh C HEKOTOPBHIMH MaTephajlaMi BHYTpH (MM Ha KOHIIE)

LIMKJIOTPOHHOTO KaHajla 1 00pa30BbIBAIIN BEICOKOIUCTIEPCHBIE HEUTPOHBI.

. EP SN
% M

Puc 2.5. Ha 3TOM pHCYHKE MOKa3aHbl TPH OKHA MOJAEIMPOBAHHS HAIICH T€OMETPUH TI0
kony MCNP5. (a) mnokassiBaeT reomerputo Hamux jgerektopoB (domsra Al),
pacripesielIeHHbIX PAaBHOMEPHO BHYTPU KpPYIJIOTO KOHTEWHepa, oxBarbiBaromiero 360
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rpanycoB (moapoOHOCTH TMoOKa3aHbl Ha puc. 2.2). (0) pe3yabTaThl MOICIUPOBAHUS
YIJIOBBIX paclpeieieHUuil HEHTPOHOB, CO3MAHHBIX OJHUM HCTOYHUKOM (OepusuiueBas
MHUIIIEHb B IIEHTPE) BJICBO U (C) ABYMS HCTOYHHMKAMHU, OJHA W3 KOTOPBIX SBJISCTCS
OepUUTHEBOI MHUIICHBIO B IICHTpE, Jpyras - cJIeBa B KOHIIC MOHHOI'O KaHajla C MPaBoif
croponbl. (Touku B (0) u (C) OTHOCATCS K YacTUIIAaM HEHTPOHOB).

Peszynvmamul u 0ocysrcoenue

Pesynpratel  skcniepumenTanbHOrTO W MCNP-MonenupoBaHus
HEHTPOHHOTO YTJIOBOTO paclpesiesieHus] Mpe/CTaBlICHbBl B Tabmuie 2.5 u

noKa3aHbl Ha puc 2.6, 2.7 u 2.8.

Tabnuma 2.5. Pesynbratel skciepumenTanibHoro 1 MCNP monenupoBanus.

Exp. [Totoxk
VYron pe3ynbTaThl P?\jlyﬂbTaTH Exp. HEUTPOHOB s xxenesa,
CTEKTOpA c AoGcomtoTHast CNPc Pesynbratsi AGcomtoTHas 3a 00Hapy)eHHOTo | AOCOIIOTHAS
0 MUILIEHBIO omrnoOka MHmeI?’IO Ges MHngHH omnoOKa BBIYETOM 0e3 MHUILIEHH omuoKa
"pasychbl) x10’ x10 2 x10 2 doma x10” | x107 (1 / cm?)
(n/ cm?s) (n/cm-.s) (n/cm-.s) (1 / o)
0 6.79 0.086 6.79 3.5 0.1 3.29

10 6.25 0.08 5.1 3.2 0.09 3.05

20 5.2 0.08 4.69 2.6 0.082 2.6

30 3.63 0.06 2.78 1.98 0.07 1.65

40 2.67 0.06 2.38 1.49 0.06 1.18

50 2.14 0.05 1.7 1.2 0.053 0.94

60 1.85 0.05 15 1.09 0.05 0.76

70 1.57 0.04 1.22 0.94 0.05 0.63

80 1.41 0.04 1.19 0.91 0.05 0.5

90 1.28 0.04 1.1 0.82 0.04 0.46 -- --
100 1.35 0.04 1.26 0.76 0.04 0.59 -- --
110 1.43 0.04 1.22 0.77 0.04 0.66 -- --
115 1.6 0.05 -- 0.85 0.04 0.75 4.67 0.9
120 1.77 0.05 1.83 0.96 0.05 0.81 5.5 1.1
130 2.23 0.05 2.38 1.28 0.055 0.95 6.5 1.4
140 3.18 0.06 3.1 1.77 0.07 1.41 8 1.7
150 5.02 0.08 4 2.67 0.08 2.35 9.5 2
155 7 0.1 5 3.5 0.09 3.5 11.2 2.18
160 7.56 0.1 6 4.5 0.1 3.06 12 2.3
200 7.45 0.1 6.65 4.5 0.11 2.95 12 2.3
205 6.5 0.09 5 4 0.09 2.5 10.58 2.24
210 4.68 0.08 4.3 2.76 0.09 1.92 9.5 2
220 3.1 0.06 3.1 1.78 0.07 1.32 7.5 1.9
230 2.21 0.05 2.24 1.18 0.06 1.03 6.5 1.8
240 1.74 0.05 1.36 0.86 0.05 0.88 5 1.7
245 1.62 0.04 1.36 0.8 0.05 0.82 3.47 1.67
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250 1.48 0.04 1.36 0.71 0.05 0.77 - -
260 1.42 0.04 1.36 0.65 0.04 0.77 -- --
270 1.46 0.05 1.29 0.64 0.04 0.82 -- --
280 1.54 0.04 1.29 0.72 0.04 0.82
290 1.74 0.05 1.22 0.8 0.05 0.94
300 2.02 0.05 1.5 0.87 0.05 1.15
310 2.49 0.06 1.7 1 0.06 1.49
320 3.29 0.07 2.24 1.23 0.06 2.06
330 4.69 0.08 2.72 1.47 0.07 3.22
340 5.85 0.09 5 1.87 0.07 3.98
350 6.39 0.09 5.43 2.5 0.08 3.89
0 MHTeHcuBHOCTb HeviTpoHoB (MCNP)
12 340 350 10 20 MHTEHCUMBHOCTb HEWTPOHOB (3KCn.)
o 30
1.0 320 40
S 08
é. 06| 300
() 4
; 0.4 _ 290 70
S 02 280 80
g ]
g 00+ 270 90
o _
£ 02 260 100
- _
<
2 %47 250 110
(]
% 0.6—_ 240
£ 08-
=
o 4
1.0+
1.2-
200 190 180 170 168

Puc 2.6. Yriosoe pacnepcaCIICHUC HHTCHCUBHOCTU HCﬁTpOHOB (CpaBHCHI/Ie

IKCIEPUMEHTAIBHBIX TaHHBIX U MojenupoBanus MCNP).
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0 = OKCNEPUMEHT C MULLEHBIO
== MCNP ¢ MULIEHBIO
16 ~—— 6€3 MULIEHU
YUCTbIN NOTOK (C MULLEHAMK - 6e3 MULIeH
[Ans netekTopoB xenesa (6e3 MULEHH)

1 300

(H/cM®/c)x 10’

240

WTPOHHbLIN NOTOK

He

180

Puc 2.7. YrnoBeie pacnpeneneHus HEHTPOHOB B MOJIIPHBIX KOOPAWHATAX,
mulLeHb Be pacnonoxkena B neHTpe. Pacnipenenenue, uamepenHoe Fe nerexkropamu noj
yriom 115°, 155° 205° u 245° ¢ skcrpanonsiueii. Pesynsrarel MCNP npescrapiensl
3/1€Cb KPACHOM KPUBOM.

—=— DOKCMNEPUMEHT C MULLEHBIO
—e— MCNP ¢ muweHbio
g’ —4— 6e3 MULeHn
4 —¥— YUCTbIW NOTOK (C MULLEHSIMU - 6E3 MULLIEHN )
—o— [1ns AeTeKTopoB xenesa (6e3 MuLwexn)
<
- -
o J
N
~ ~
o 3
i
o~
= o
3] -—
~S H
=
N
N
©
F. ~
o
= ol
= ©
) J
=
= 2
g ¥
= J
=
O
T o
o T T ¥ T T T T T v T T T v T T T T 1
-50 0 50 100 150 200 250 300 350 400
VYron B rpagycax

Puc 2.8. YrioBoe pacnpe/ieneHre HEHTPOHOB, MTPEICTaBICHHOE Ha puc 2.7.

45



WN3mepenuss  pacupeneneHuss  HEUTPOHHBIX  MOTOKOB — BOKPYT
OepUIUTMEBOM MUIIIEHHU, MTPOBOJMIN JUJISl IBYX CIIy4aeB: OJIMH C HAIMYUEM
OepWyUTMEBOM MUIIICHH, a JApyrod 0e3 OepWUITMEBOW MUIICHHU, IS
n3MepeHusi POHOBBIX HEUTPOHOB. BO3HUKAIOIINX U3 IPYTUX UCTOUYHUKOB.

[ToTokM HEUTPOHOB, U3MEPEHHBIE TJICHKaMU F€, okazanuch OOJblIIe,
4eM TMOTOKH, u3MepeHHble Al-¢ombramu, wu3-3a pa3imumii MOPOTOB |
MOTIEPEYHOT0 CEYCHUS peaKIuii, MPUBEIEHHBIX HAa pUcyHKax 2.3 u 2.4.

Ha puc 2.6, npuBeneHo  yrjioBo€ paclpeiesieHue HEUTPOHOB,

UCIIyCKaeMbIX OEpUJUIMEBOM MMUIIEHbIO, TEOPETUYECKH OXUIAEMOE M
AKCIIEPUMEHTAJIBHOE.
Ha pucynkax 2.7 u 2.8 mpeacTaBieHO aHU3OTPOIHOE paclpeiesieHue
HEUTPOHOB, HCIyCKaeMbIX MHUIIEHbIO Be, HeWTpoHOB QoHa u mocHe
BBIUUTAHUS (DOHOBBIX HEHUTPOHOB. OTH PE3YNbTAThl COMVIACYIOTCS C
pe3ysibTaTaMu, TPUBEACHHBIME B padortax [46, 47]. ®oHOBBIC HEHTPOHHBI,
KakK 0OCY>XJaJIOCh paHee, perucTpUpOBaIM, U3MEPSsl aKTUBHOCTh 00pa3loB
Al u Fe 6e3mumenu Be. M pe3ynbTarbl ()OHOBBIX HEHTPOHOB OKA3aIUCh
TaK)K€ aHW30TPOMHBIMUA U HE MPEHEOPEKUMO MaJIbIMU. 3HAUEHUS (POHOBBIX
HEWTPOHHBIX MOTOKOB M3 3KCIIEPUMEHTOB IMOYTH TaKUE XK€, KaK YUCThHIE
MOTOKHU TOCJIE BHIYUTAHUS U3 (POHOBBIX HEUTPOHOB M PaBHBI MPUMEPHO 4 X
10" 1/ cM®.

[Ty4ok neiTpOHOB HE B3aMMOJICUCTOBIBI C KaKOM JTUOO MUIIIEHBIO HA
CBOEM IYTH W MMeJ monepeunbiid paspe3 (15-20 mm) MeHble TuamMeTpoB
JBYX OTBEPCTHUM B 3aJHEU U MEPEAHEW YaCTH IJIACTUKOBOTO AEp KaTels,
YTOOBl TO3BOJIMTH MY4YKY JIEUTPOHOB NPOXOJIUTH Yepe3 Jepkareiib 0e3
KaKUX-JINOO B3aUMOJICHCTBUM.

MoOXHO TpPEeANOJIOKUTh, YTO HCTOYHHUKOM BO3HUKHOBEHHSI HTUX
HEUTPOHOB sBIsieTCA OOpa30BaHME HX B pPEaKUUAX MEXAYy MYyYKOM
neitponoB u Bo3ayxoM (Oz, Ny ... u T. 1.), Y3 3TUX pe3yabTaToB CleayerT,

4qTO pacCinpcaciIiCHUC HCﬁTpOHOB BIICPpCO U Ha3a/J IMO4YTU MACHTUYIHO U UMCCT
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XOpOIIIYI0 CHMMETPHIO. OJTOT pe3yibTaT MOXXHO OOBSICHUTH TEOPHEH
paspbiBa siep aenTpoHoB [48, 49].

Ha puc 2.5 ¢ mombmsto koga MCNPS paacuuTsiBasin pacnpesieieHme
HEUTPOHOB ISl JIBYX MCTOYHUKOB HEUTPOHOB: OJIMH UCTOYHUK - MUIICHb
Be u npyroii - B Ha BRIXOJIe M3 KaHAJIa ITy4Ka JCHTPOHOB. JIBa MCTOYHHUKA B
cumynsiiua MCNP  otnuuaroTcst Apyr OT Jpyra YoM pacXOAUMOCTH
UCITyCKaeMbIX HEUTPOHOB. 3HAYECHHsS JUCIEPCUU YIJIa PACXOIUMOCTH
HCITyCKaeMbIX HEUTPOHOB OT MuIllecHH Be Obuium BBIOpaHbI HEOOIBITUMU
(11.5°), a mna oOparHoro mcrounuka Gompmon (88,9°), 4To6GBI MOMYYUTH
cambple OJIM3KHE 3HAYCHUS T[IOTOKOB HEWTPOHOB MO CPAaBHEHHUIO C

HU3MCPCHHBIMU.

2.2. W3MepeHme ¥ pacyeT HEHTPOHHBLIX CHEKTPOB, MNOTOKOB M
MOTJIOIEHHBIX /103 VIS PA3HBIX KOJLUIMMATOPOB

YeTblpe pa3auvHBIX MOJISI OOJYyYEHUS KOJUTMMATOpa MCIOJIb30BAIHCH
CO ChEMHBIMH TTOJIMATUIICHOBBIMH KOJUTAMATOPAMH, KOTOPBIC UMEIOT pa3HbIC
nostst ooyuenus; 8.5 X 8.5, 105 x 6, 7 x 4.5 u 45 x 4.5 cm?. I'eomerpus

MAaTCPHUAJIOB KOJUIMMATOPA U SKPAHUPOBAHUC ITOKAa3aHbl HAa PUCYHKC 2.9.

-]

Puc 2.9. Kommmmarop HEHTPOHHOTO ITydKa. 1 - MydoK ACHTPOHOB; 2 - HOHHO-JTy4EBOM
KaHal, 3 - ObITh LIETIEBBIM; 4 - Kele3Hast TpyOa; S5 - MOTMAITUIICHOBBIN KoJTuMarTop; 6 -
JKEJIe3HBIC JIUCKH; 7 - OSTOHHAS CTeHa; 8 - paJiMallHOHHAas 3aIIUTa MOJMATHIICHA,; 9 -
ChEMHBIN TIOJUATHIICHOBBIN KoymumaTop; 10 - konyec.
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2.2.1. DxcnepumenmanvHvie Memoowvl u pe3yabmamaol

3KcnepuM6HmaJlea}l ycmanoeKka

I[JDI OKCIICPUMCHTAJILHOT'O OIIPCACICHNUA HGfITpOHHOFO IIOTOKA U A03bI

MBI UCIIOJIL30BaIM MeTaymnaeckue oopasiel u3 Al, Fe, Cu u Cd B kauecTBe

ACTCKTOPOB HGﬁTpOHOB. Al u Fe asisrorcs IIOPOTOBBIMHU ACTCKTOPAMM, JIA

AKTHUBAllUKM PpPCaKOUN Ha KOTOPLIX

SHEprueH, KaKk ymoMuHajaoch paHee B Tabdmuiie 2.3.

A JeTeKTOphl U3

HY>KHbl HEUTPOHBI C OIPEIAECICHHON

Cu u Cd paboraroT METOIOM aKTHBAallMA TaMMa-

M3JIyYEHHS] C TIOMOIIBI0 OECOPOrOBOM pEaKIUU pagualMOHHOIO 3aXBaTa

HerTpoHoB (N, ¥).

Tabmuua 2.6. Crabunbabie e n3otonbl Cd 1 ero ceueHuid TEIUIOBBIX HEHTPOHOB.

CrabunbHbie u3otorsl Cd Cd-106 | Cd-108 | Cd-110 | Cd-111 | Cd-112 | Cd-114 | Cd-116
ConeprxaHue B €CTECTBEHHOM
1.25 | 0.89 12.49 12.8 24.13 28.73 7.49
cMmecu u30toroB(%)
ITonepeunoe ceuenue Ha
TETUIOBBIX HEHTPOHAX 1 0.72 11 6.9 2.2 0.33 0.075
(6)

DKCIEpUMEHTBI MPOBOJIUIN JJISI YETHIPEX pa3MepoB KOJUTUMAIIMH, H
JUIS. K@XJI0r0 M3 HUX Mbl MO3WLMOHUPOBANIA TMEpPE] MOJIeM KOJUIMMAIuu
YeTelpe  00paslia, IICHTPUPOBAHHBIX C  H3OICHTPHYECKOH  OCBIO
KOJTUMATOpHOU crucTeMbl: 00pasisl Fe, Al u Cd u 1Ba oOpasiia Mmeau; oauH
U3 KOTOPBIX ObLI MOKPHIT KaamueM, ToamuHod 0,1 MM 11t morjomeHus
TEIJIOBBIX HEUTpoHOB. TakuM 00pa3omM, ATOT MEIHBIN oOpas3ell BHYTPH
KaaMueBor (osibru, OyaeT B3auMOJEHCTBOBATh TOJBKO C MUTEPMaIbLHOMN
COCTABJIAIONIEH CIEKTPAa HEUTPOHOB, OCKOJIBKY OH TAKXKE€ HE pearupyer Ha
OBICTpBIE HEHTPOHBI. B Ka)aoM 3KCIepuMEHTe 00pa3slbl, PacIOIOKEHHBIC

COOTBETCTBEHHO K JIy4y HEHTPOHOB, CIEAYIOT CIEIYIOIIUM 00pa3oM:
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Cu, Cu (Cd), Al mepen co6oii + Cd (oqun) + Fe (oxun)

OT1H 00pa3ilbl UMENH CIEYIONIUE MapaMeTphl:

Tabmuma 2.7. XapakTepUCTUKH METAJUTMYECKOW (OJIbIH, HMCIOJIb3yeMOH B KauyecTBE

HeﬁTPOHHBIX JACTCKTOPOB.

FasMep [ToBepxHOCTH Tonmuna
KOJIJTUMaTopa O6paserny Macca (r) (o X o) ()
(cMm X cm)

Cu 0.866 2x2 0.25

Cu(Cd) 0.891 2.1x2.1 0.25

8.5x 8.5 Cd 0.192 2.1x2.1 0.05
Al 2.035 3.7x0.8 2.8

Fe 24.838 7 (0.99)° 10.28

Cu 0.912 2.2x2.1 0.25

Cu(Cd) 0.855 2.0x2.1 0.25

10.5x 6 Cd 0.197 2.2x2.2 0.05
Al 2.044 3.7x0.8 2.8

Fe 24.882 1 (0.997)° 10.24

Cu 0.862 2.1x2 0.25

Cu(Cd) 0.889 2.1x2.1 0.25

7x45 Cd 0.157 2.1x2.1 0.05
Al 2.051 3.7x0.8 2.8

Fe 24.887 m (1.05)° 10.28

Cu 0.441 1.1x1.1 0.5

Cu(Cd) 0.439 1.1x11 0.5

45x45 Cd 0.073 1.1x11 0.06
Al 2.022 3.7x0.8 2.8

Fe 24.923 m (1.05)° 10.22
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Puc 2.10. Kostumarop u cxema paciofioxenust 00pasios (crpaBa) U ChbeMHbIE
MOJIMATUIICHOBBIE KOJUTMMATOPHI pa3HbIX pa3MepoB (ciieBa).

Pecucmpayua neumponoe

Mumens Oepwuis oOiydanach WoHamMu naeitpoHa 13,6 M»B B
teyeHre 30 MUHYT Iy4KOM JEUTPOHOB C TOKOM ~ 45 MKA u pa3MepoM
matHa ~ 15-20 mMM. DHepreTuyeckuil CHEKTp HEUTPOHOB, MOITYUCHHBIN
kogom PACE 4 (LISE ++), npuBeneH Ha puc 2.4. DTOT CHEKTP HUMEET
MaKCUMaJIbHYI0 HWHTCHCHUBHOCTh HEHTpOHOB Tipu s3Heprum 2,5 MbdB, a
CPEIHSIsI SHEPTHUS HEHTPOHOB COCTABIIIET OKOJIO 5,16 MaB, uTo ymobHo ms

27 54
" u Fe> B kauectBe ACTCKTOPOB AJIA OTOI'0 AHAIla30Ha

UCIIONIb30BaHusa A
SHEPrUM HEHTPOHOB, KaK BHUIHO HAa Ha KPUBBIX IOMEPEYHOrO CEUCHUS
B3aUMOJICHCTBUS Ha pucC 2.3.

[Ton neiicTBreM HEWTPOHOB B KaxaoMm oOpasiie u3 Al Bo3HHKaT
Na*(T,= 14,96 1) 10 peaxtuu Al*’ (n, o) (0,12 6) u B 063a3ue u3 Fe Mn**
(Ty,=312,3 1), mo Fe>* (n, p) (0,6 Gapn).

DHeprus ucmyckaeMbix ¢otoHoB coctaBisiia 1369 kB (100%) mns
Na” u 834,85 k3B (99,976%) amst Mn>*. [[jis1 pericTparnuy SmuTepMaitbHbIX
ueiitporoB (ot 0,4 3B nmo 1 MbdB) wucnons3oBaiii MeaHyo0 (OJBIY, B
KOTOpOH mpotekana peakuus Cu®*(n, y)Cu® (o = 4,5 Gaps, Typ= 12,7 1), u

+ o
PETUCTPUPOBAIA TaMMa-U3IydyeHUsl, H3JlydaeMble [}° -aHHUTWISALIUEH C
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sHeprueit 511 k3B (34,8%). KammueBas ¢osbra HCIoNb30BaIach IS
pErHCTpaLii TEIUIOBBIX HelTpoHoBmo peaxmuu Cd™(n, y)Cd™ (o = 11
OapH, T1,= 48,5 M), B pe3ynbrare KoTopas HOJy4aroT ramMma-iydu 2454
k3B (94%) u 150,8 k3B (29,1%) (cm. Puc 2.11).

[Tnomanp mox GOTONMMKAMH OTPEACIATH b IS KaXJA0ro odpasia u
MIOCJIC BBITOJIHCHUS BCEX CTaHAAPTHBIX TOIMPABOK PACCUUTHIBAIA CHEKTPHI
HEHTPOHOB M TMOTOKH JJIsi KKAOTO KOJUIMMAaTopa. Mbl M3MepuiH ramma-
m3nydenne 511 koB, momydenHoe mo peakmun ,0Cu(n, P)sNi® Bmecto
1345,8 k3B, ucmyckaemoro HemocpeacteenHo 3 Cu®(n, y)Cu®, uz-3a toro,
YTO MHTEHCHUBHOCTH 3TOW JuHMU oueHb HHM3KaA(0,473%), 4To MpaKTHYCCKH
TPyAHO OOHapyxuTh. Kpome TOro, s HaIIMX W3MEPCHHA MBI
ncrons3oBann m3oton Cd™', moCKoMBEKY OH MMeeT HamGOIbIIee CeUCHHE
TemioBbIx HeiitporoB (11 6), HecmoTps Ha To, uro msoronm Cd'™® mmeer
ceuerne okoso 20600 6, HO OH WMeEeT OYeHb HU3KYIO aKTHBHOCTH M3-3a
OrpoOMHOTO repuoza momypacrnazaa (7,7 x 10" roxa).

Taxum 00pa3oM MbI HCTIONIB30BAIIN CIIETYIOIINE PEAKIIUN

27 1 24 4
13A| + o N6 - 1amev) = 11Na+ 9 He
ngl:e-F Oln(1714MeV) — ZSgMn + 1lp

26§CU+ Oln(OAeV—lMeV):> SSCU = ggNl + +fﬂ

1ngd + oln(Oev ~04ev) = llirng = 14181Cd +y

HelTpoHHBI TOTOK, HCIYCKAEMbId OEpUIUTMEBON MUILEHbIO, ObLI

m3mepeH wrenkamu Al u Fe, qan snauenue, pasnoe 5,3 x 10° v/em® cex (iu
1 A A1 .

2,3 x 10" u.c uC™) mns Toka mydka ACHTpoHA, paBHOTO 45 HA, KOTOpBIC

COTrJIaCyIOTCS C JaHHBIMU Ha pUCyHKe 1.5.
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EHDF Reguest 1389, 2818-Mar-18,11:29:55
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Incident Energy {(Mel}
EHDF Request 1312, 2816-Mar-16,11:36:39

ip-10 105
T

Cd-110 (n, g) Cd-111

1ig-1o0 10-5
Incident Energuy (MelU)

10%

102

102

Pric 2.11. Cedennst B3anmozeiicTeus meiitporos Cu®(n, y) m Cd™°(n, y). U3 6azsr

AKTHUBHOCTH pPaaArOHKINI0B HU3MCEPIN

nanaeix ENDF na Be6-caiite MAT'ATD.

ACTCKTOPOM nus3

BbICOKOCHCTOrO KoakcuanbHoro repmanus HPGe (GC1020) B Teuenue 250

cexkynn s oopasios Al, Cu u Cd u 4000 cexynn mist oopasuos Fe. Boiau

CHEJIaHbl CTaHJAPTHBIC TMOMPABKHM W ObUI OIICHEH TMOTOK HEWTPOHOB Ha

KaXXa0M KOJIIITMMAaTOpC. Pacuernbie 3HAa4YCHMUAI,

UCIob30BaHueM ypaBHenuut 13, 14, 15 u 16.

INOJIYYCHHEIC C
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Peszynvmamul u 06cysyicoenus

Pe3ynbTaThl, MOMy4YEeHHBIE H3 OSKCHEPUMEHTOB U CUMYIISIIUU
MCNP nnst mOTOKOB HEHTPOHOB B Pa3HBIX SHEPreTUUECKHUX JHAa30Hax
HEHUTPOHOB M TOTJIOIIEHHBIX HEHTPOHAMH /103aX, ObLTN MPEICTaBICHHI B
tabmumax 2.8 u 2.10. DT pe3ynapTaThl OBUIM COMOCTABJICHBI C

pesynbTatamu, moaydeHHbiMu kogom PACE 4, Ha pucynkax 2.12 n 2.13.

Tabmuma 2.8. DOxcnepumentanbHbie W MCNP-pe3ynbTaThl HEHTPOHHBIX ITOTOKOB,
M3MEPEHHBIX METOJOM HEHTpoHHOW akTHBanuu obpasuoB Fe, Al, Cu u Cd s
pa3IMYHbIX MOJICH 00IyUYCHUs KOJUTMMATOpa JUIsl TOKA MydYKa JeUTPOHOB ~ 45 MKA.

OKcnepuMeHTaIbHbId  HeHTpOHHBII NOTOK 1O

OO0pas3en geTekTopa KOJUTUMATOP HEHUTPOHHBIN TTOTOK koxy MCNP
HEHTPOHOB (cM x cm) (Ommmbxka %) (Ommmbka <5%)
(1 /cm? ¢) x 107 (1 / em’c) x 10

st 00pas3ioB xkenesa, KOTOpbIe perHCTPUPYIOT HEHTPOHBI ¢ dHepruei ot 1 MaB no 14 M»B
(ObICTpBIC HEUTPOHBI)

Fel 8.5x8.5 12.54 (13 %) 11.55
Fe 2 10.5x6 12.09 (16 %) 11.40
Fe3 7x4.5 12.27 (19 %) 10.35
Fe 4 45x45 11.72 (20 %) 9.53

s 06pa31oB aqroMuHs, KOTOpPBIE perucTpupyoT Helrponsr ¢ sHeprueit or 6 MaB no 14 M»sB
(ObICTpBIC HEUTPOHBI)

Al 1 8.5x 8.5 3.08 (3.5%) 4.35
Al 2 105X 6 3.20 (3.8%) 4.35
Al 3 7x45 3.23 (3.9 %) 4.05
Al 4 45X 4.5 3.25 (4.1 %) 4.13

st 06pa3iioB Meu, KOTOPBIE PETUCTPUPYIOT HEUTpOHBI ¢ 3Hepruei ot 0,4 3B 1o 1 MaB
(smHTEIIIOBBIC HEHTPOHBI)

Cul 8.5%8.5 126 (2.2%) 2.63
Cu?2 105x6 110 (2 %) 2.18
Cu3 7x45 0.64 (2.7 %) 1.35
Cu4 45x4.5 0.34 (5.6 %) 0.83

Jl1st 06pasioB Meu (MOKphIThIX KagmueM 0,1 MM), KOTOpBIE PErHCTPUPYIOT HEUTPOHBI C SHEPrUeit
ot 0,4 3B o 1 M»B (snuTeruioBbie HEUTPOHBI)

Cul 8.5x85 0.60 (3.2 %) -
Cu?2 105x6 0.58 (2.9 %) -
Cu3 7x4.5 0.20 (4.7 %) -
Cu4 45x4.5 0.22 (7 %) -
Jliis 0OpasIoB KaaMHusl PETHCTPUPYIOT HEUTPOHE! ¢ sHeprueit ot 0 5B 1o 0,4 5B (TerutoBbie
HEWUTPOHBI)
Cd1l 8.5x85 1.32 (1.4 %) 0.86
Cd 2 10.5x6 1.38 (1.4 %) 0.75
Cd3 7x4.5 1.28 (1.9 %) 0.36
Cd 4 45x4.5 1.54 (2.6 %) 0.18

53



N3 Tabmuiet 2.8 u pucynka 2.12 BugHo , yTo FE meTexTop moaXOoAuT s
OBICTPBIX HEUTPOHOB ¢ 3Heprueir oT 1 MsB o 14 M»sB (mpu Eq = 13,6
M>5B), Al nmerextop - MOIXOAUT IS OBICTPBIX HEHUTPOHOB B 00JIacTH 6
M5B no 14 MaB. A Cu B Cd ¢omere wu Cd mpuromHsl B KadecTBe
JETEKTOPOB Il 00JlacTell HAATEIUIOBBIX U TEIJIOBBIX HEHUTPOHOB
COOTBETCTBEHHO.

B pesynabraTte MBI MOXEM 3aMETUTh, YTO IOTOK HEHTPOHOB B
AHEPreTUYECKon 00sacTu or 1 no 6 M»B sBnserca Haubonee
WHTEHCUBHOW COCTAaBJISIFOIIEN MOJIHOTO IMOTOKAa HEUTPOHOB M JA€T B
npuMepHo B 3 pasza OoJIbIIMK MOTOK HEUTPOHOB YeM B B 00JIacTH OT 6
10 14 M»>B. DOtu pe3ynbTaThl COMIACYlOTCS C € MPEACKa3aHHBIMU U
paccunTadHbiMH ¢ moMoribio kKogoB PACE4 u MCNP, raoe cpemmsis
SHEPTUs HEUTPOHOB cocTaBisieT 5,2 MdB M MakcuMyMm TpU 3HEPTrUU

oxoJio 2,5 M»B, kak nmoka3ano Ha puc 2.4, 2.12 u 2.13.

8.5 cm x 8.5 cm (Exp)
10.5 cm x 8 cm (Exp)

~ 12 - 7emx4.5cm (E

o cm x 4.5 cm (Exp)
‘; 4.5 cm x 4.5 cm (Exp)
—_ I - — = 85cmx85cm (MCNP)
[&]

- 10 + = = = 10.5cm x 6 cm (MCNP)
N§ | = = = 7cmx4.5cm (MCNP)
__‘:" : = = = 45cmx4.5cm (MCNP)
xz 8 | 8.5 cm x 8,5 cm (PACE 4)
8 e ___XT___Li__ 10.5 cm x 6 cm (PACE 4)
g - 7 cm x 4.5 cm (PACE 4)
E— 3 I I E S SR 45 em x 4.5 cm (PACE 4)
=

[} -~~~ 5-" "~ =777~

I |

« |

E 4 : b= =s=======s=========4=,

o |

| E =

= 1 | -

2 ~]

m 2‘_ |

E E_ |

& 1=--1

=3 —

E- 0 . . . : y : v I : | ' i ' {

e 0 2 4 6 8 10 12 14

SOHeprua HelTpoHoB (MaB)

Puc 2.12. KymynaTuBHBIE TOTOKM HEUTPOHOB B PAa3HBIX 3HEPreTHUYECKHX 00JIACTSIX
HEHUTPOHOB JIJISl pa3IMYHbIX MOJIEH MOJI KOJUTMMAIUU 7Sl ITy4YKa AEUTPOHOB C TOKOM
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~ 45 MxA. Ha 3TOM pUCYHKE NpeACTaBIEHbl JaHHbIE, I0TYYCHHbIE
9KCIEPUMEHTAIBHO (C OIIMOKaMHU) U pacCUUTaHHbBIE ¢ TTOMOIILI0 K008 MCNPS 1
PACE 4.

—-0-—-04eV (Exp)
-0 -—0.4eV (MCNP)
—d 0.4 eV — 1 MeV (Exp)
0.4 eV — 1 MeV (MCNP)
o 127 ey B ey (e
e -1 M:V::s M:\IEPACE 21)
—-6MeV — 14 MeV (Exp)
> S —7k— 6 MeV — 14 MeV (MCNP)
—_ @ 6 MeV — 14 MeV (PACE 4
L 104
o~
=
o
=
I 84
o
o]
I
8
F 64
=
0]
I
4
e 44
o
=
=
2
m 24
=
'_
[+
.
E« 0 T T T T T T T
< 85x85 10.5x 6 7x4.5 45x%x4.5
KonnumaTtopHoe HERTPOHHOE none (CM X M)

Puc 2.13. KymyasTuBHbIE TOTOKA HEUTPOHOB IS Pa3IUUHBIX MOJIEH
KOJUTMMAIIMOHHOTO OOJTy4YeHHs U 00JIaCTel YHEPTUU HEUTPOHOB C
skcnepuMeHTanbHbIMU pe3yibratamu MCNP u PACE 4.

Pacuem rxeusanenmuoii 003vl 013 uen08e4ecKo2o meina

Jlnst OBICTPBIX HEHTPOHOB B CiIydae IIEPBOIO CTOJIKHOBEHHUS CPEIHSIS
MOTJIOIIEHHAs] MOITHOCTh 703kl B I'p / ¢, OT HEHTPOHOB, CPEIHHE SHEPTUU
KOTOpBIX E,, MOXxeT ObITh paccunTtana 1o [50]:

¢E, z Nio; f;

©ys) ~ ]
1— /Gy
Kg

D 17)

. . 2
I'ne, E, (JIxoyns) - cpemusisi sHeprus HEHWTpOHA, ¢ (HEHTPOHBI HA CM” B
CEKYHIY) - IIOTOK HEUTPOHOB sHepruu E,. N; - uncio aToMOB Ha KHIIOrpaMM
I-r0 2JIEMEHTa, 0j - CEUCHHE PaACCEeSHHS 1-TO 3JCMEHTA I HEUTPOHOB C

. 2
sHeprueit E B cm®, a fj - cpemuss moms sHepruw, nepemaBaeMasi OT
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HEHTPOHOB Ha PACCESHHBIN aTOM I-TO 3JEMEHTa BO BPEMs CTOJIKHOBEHHUS.
Cpennsis monss  sHepruw, fi, mepeHocumas oT HEWTpOHa K paccesHHOMY
DIIEMEHTY aToMa | IPH yIIPYroM CTOJIKHOBEHUH, JaeTcs Kak B [51, 52]

— 4Mimn
T Mamy 9
( i + mn)
I'me, Mj m m, - mMaccel sapa i-ro dJeMEHTa U HEWTPOHA, COOTBETCTBEHHO.
Yucno atomoB I-ro 3aemeHTa Nj Ha KHJIOrpaMM OMPEACIIIeTCs CIIeIyHOIINM

obpazom:

N, = percentage oflrggss of element i N, (19)

( Hao eImé MOoACTUTh Ha CPEIHIOI AaTOMHYIO Maccy - A)
I'me N, - uncno ABoraapo, paBHoe 6.022 x 10%® Kumomous ', Paccuntannas
CpemHsis moriomeHHas j1o3a mo gopmyse (17) OyaeT MCHoab30BaThCA IS
OIICHKM JKBHUBAJICHTHOW N03bl. DKBUBAJICHTHas 103a, Hr g, B TkaHu wiu

oprane T u3-3a uznydeHus R, maeTcst BeIpakeHUEM

H; = ZWR Dr 1 (20)
R

I'ne Dy g - cpennss noruyomieHHas ao03a ot unydenus R B Tkanu T, a Wy -
K03 pHIIMEHT B3BCIIMBAHMS W3AYYCHUs IS u3nydeHus R (mamarormii Ha
TEJO B ciaydyae BHemHero Bo3zeicTBus). ITockonbky Wg 0Oe3pa3mepHa,
CyMMa BBITIOJHACTCS 110 BCEM THIIAM HCIOJB3YEMbBIX HM3MydeHHi [53] ms
o0JTydeHus1 HEUTPOHOB, a ypaBHeHue (20);

H; = W;Dyq (21)
I'me Wr - BecoBoil KOI(DPUIMEHT H3IydeHUS [JIsi HEUTPOHOB, KOTOPBIMA

npuseacH B myosukamnun ICRP Ne 103 [54].

_(In(2E,))?

W,=50+17.0e ¢ for1MeV < E < 50 MeV (22)

n

Korna cpennsis sueprusi Hedtpona E, paBna 5,2 M»sB, Torma BecoBoi

koo urment wm3nmyuenuss Wr paBen 12. Jlns mroGoro Tuma wm3mTydeHHUs
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s dekTuBHas 1032 E MoxeTr ObITh paccunTaHa, kak B [53], ciexyromum

ypaBHEHUEM:

E= ZWT ZWR Drr (23)
T R

Tam, rne Wr siBnsiercst koappuimeHToM 3PpHEeKTUBHOCTH BO3IEHCTBUS
m3nydyeHuss R s Tkanu, T. CyMMma BBINIOJIHSIETCS 1O BCEM OpraHaM H
TKaHsIM 4eoBedeckoro Tena [53]. Ecnu TkaHu yenoBe4eckoro Telia HMEIOT
OJIMHAKOBBIE DJIEMEHTAPHbIE KOMIIO3UIUH, CIEN0BATENBHO, IS BCETO TENA,

D> W, =1, tak uto ypaBHeHus (21) u (23) paBHBI 1711 BCEX THIIOB O0TydeHHs
-~

KO BCEM TKaHAM M opraHaMm. CremgoBarenbHO, A(@eKkThBHAs /1032 paBHA

SKBHUBAJIEHTHOU 03€.

Tabmuma 2.9. CedeHue ymnpyroro paccesHUs, aTOMHBIE MAacChl, TPOIECHT
AIIEMEHTAPHOI0 COCTaBa B OPraHM3ME YeIOBEKAa M CPEeIHsSA dHeprus (Qpakiiuu Uis
JNIEMEHTApHOTO COCTaBa 4YenoBeueckoro tena (tkamm) [55, 56, 57, 58].

Chemical element  Percentage from the total  Atomic mass(M;)  Meanfraction  N(atom/kg) oaspey
(symbaol) body mass energy, f;

Oxygen (0) 65 15.9994 0.1116 245E+425 1.30E—24
Carbon (C) 18.5 12.0112 0.1429 9.28E+24 1.67E-24
Hydrogen (H) 95 1.0080 0.5000 5.68E+25 1.74E—-24
Nitrogen (N) 3.2 14.0067 01253 1.38E+24 1.26E-24
Calcium (Ca) 1.5 40.0800 0.0479 2.25E+423 216E-24
Phosphorus (P) 1 30.9738 0.0611 1.94E+23 1.90E-24
Potassium (K) 0.4 39.1020 0.0490 6.16E+22 2.69E-24
Sulfur (S) 03 32.0640 0.0591 5.63E+4+22 1.97E-24
Sodium (Na) 0.2 229898 0.0805 5.24E+22 8.19E-25
Chlorine (CI) 02 35.4530 0.0538 3.40E+22 210E-24
Magnesium (Mg) 0.1 243120 0.0765 248E+22 7.80E-25
Iron (Fe) 0.005 55.8470 0.0349 5.39E+20 2.35E-24
Trace elements* 0.095

* The trace elements are present in small amount which contain 14 elements (aluminum (Al), boron (B), chromium (Cr),
cobalt (Co), copper (Cu), fluorine (F), iodine (1),manganese (Mn), molybdenum (Mo}, selenium (Se), silicon (5i), tin (Sn),
vanadium (V), and zinc (Zn)).



Tabnuua 2.10. DkcriepuMeHTaIbHBIE PE3YAbTATHI [0 MOITHOCTH MOTJIOMIEHHON 03Bl
HEUTPOHOB, paccuuTaHHOW 1o ¢opmyne 17 u pesynbrarel MCNP mormomeHHbIX
HEHUTpOHAMU 103 HAa PACCTOSHUM 1 M OT UCTOYHMKA JJISl PA3TIMUHBIX TTOJIEH O0TydeHHS

KOJUTMMaTOpa IS Iy4YKa JeHTPOHA TOKa ~ 45 MKA. D = 0.000124 E2®

HeﬁTpOHHLIC IIOTJIOIICHHBIC JO3bI B Fp [ MyuH Ha pacCTOAHNN 1mor
HNCTOYHHKA

8.5 x 8.5 cm? 10.5 X 6 em? 7 X 4.5 cm? 4.5x 4.5 cm?
Exp.
PESYARTATBI M 555+ 0.029  0.216 + 0.035 0.21 +0.04 0.20 + 0.04
ypaBuenue 17
Pe3ynbTaTel
MCNP 0.225 0.217 0.191 0.17

MOIIHOCTh TOMJIOIIEHHONW 103kl 3aBUCHT OT Tmojisi  (pa3mepa)
KOJUTMMAIIMOHHOTO ~ oOnmydenms. Kak mokazano B Tabmume  2.10,
SKCTIepUMeHTanbHble 3HaueHuss u 3HadeHus MCNP moutu paBHBI Uis
OOJIBITIOTO pa3Mepa KOJTUMATOpa W HAYMHAIOT Pa3INYaThCS ISl MEHBIITHX.
[TormomenHass MOIIHOCTH 03I  yMmeHbImaeTcs Ha 10%  mexmy
xoiumMaropamu 8,5 x 8,5 cM® i 4,5 x 4,5 cM® B pesyIIbTaTe IKCICPUMEHTOB
u yMmeHbmaeTcss Ha 25%, kak paccuuteiBaetcs mo koxy MCNP. Otor
pPE3yNbTAT MOXKHO OOBSICHUTH TEM YTO IMOTOK HEUTPOHOB, PACCUNTAHHBIH 11O
MCNP, skcnepuMeHTaIbHO U3MEpPEH B 001acTH sHeprui mexay 1 MaB u 6
M5B (c yueToM OONbIIMX OMUOOK ISl HEKOTOPHIX JKCIEPUMEHTATBHBIX
pesynbraTtoB okosio 20%). kak mokazaHo Ha puc 2.12 u 2.13, MomuHocTh
MOTJIOLICHHON [03bI HEHTPOHOB, MCIycKaeMbIXx peakmueii Be(d, n) ma

pacctosstHuM 1,25 M OT UCTOYHHMKA, MOXKET OBITh paccuWTaHa C

WCIIOJIb30BaHNEM YPABHCHHS: D= 0.000124 E>® [59, 60], rne E4 - aHeprus

nertpoHa B MsB m D HaxomuTcs B pafl. MA™Y. mue™ Jns sHEpruun
nentpona Eq = 13,6 MaB u Toka 45 MKA 3TO ypaBHEHUE JacT 3HAUYCHHE
0.215 I'p/MuH Ha paccTosiHMM 1 M OT HCTOYHHMKA, KOTOPBIA TIOYTH COBIAIACT

C HalllUMU PEC3yJibTaTaMH.
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2.2.2. Pezynomamot mooenuposanus MCNP cnexmpoe neiimponosé u
2amma-ayueil u no210WeHHbIX 003 04 PAZHBIX KOIUMAMOPOE

Ha pucynkax 2.14 u 2.15 moka3aHbl pe3yJbTaThl MOJEIHPOBAHUS,
nonyueHHsie kogoM MCNP mi1s ciekTpa HEWTpPOHOB W TamMma-iydeil ams
pa3IMyYHBbIX pa3MEpPOB KOJUIMMALIMU JJIsl TOKAa JEUTpoHa 45 MKA Ha KOHIIE
koyummaropa (Ha pacctosHuu 1 M OT UCTOYHUKA). M M3 HUX MOKHO CIIeNaTh
BBIBOJI, YTO OOJBIIMHCTBO CHEKTPOB HEHUTPOHOB HAXOAWUTCA B JUANa30HE
sHepruiik 2 M»dB 10 8 MbB, kak 9310 OBUIO  MOATBEPKICHO
AKCIIEPUMEHTAJIbHO paHee Ha pucyHkax 2.12 m 2.13. U3 cnekTpa ramma-
U3IyYCHHUST MOKHO HAalTH MHOTO ITUKOB sHepruu (okomo 0,4; 1;2,2; 1,4; 7,8
M>5B), cBs3aHHBI ¢ BBIOpocamMu (POTOHOB M3-3a TOTJIOIICHHUS HEUTPOHOB
MaTepuagaMi KoJUTMMaTopa. Sapa BOAOpOJa B TMOJHITHUIICHE HCITYyCKAIOT
raMma-usilyueHue c¢ sHepruel 2,2 M»sB mnocne mnoriomeHusi TEerioBbIX
HelTpoHOB. JKene3o mcmyckaeT raMma-iydd BBICOKOW »Hepruu 7,6 M»oB
[P TOTJIONIEHUH TEIUIOBBIX HEHTPOHOB M HCIYCKaeT (POTOHBI C 3HEpruei

1,2 M»B npu norsnomeHu# ObICTPBIX HEUTPOHOB.

1.40E+07

——85x85
P, —a—105x 6

1.20E+07 -

VA Tns
1.00E+07 3\/ ——45x45
8.00E+06 ”
6.00E+06 W \
4.00E+06 \

2.00E+06 ,..——\'\
\
\

0.00E+00 =
0.00 2.00 4.00 6.00 8.00 10.00 12.00 1400 16.00

(H/cm2/c)

WUTPOHHBIN MOTOK

He

3Heprusa HentpoHoB (M3B)

Puc 2.14. DHepreTuyeckuil CeKTp HEUTPOHOB JIJIsl YETHIPEX PA3THUHBIX Pa3MEPOB
KoJuTMMaTopa cbeMHoro noiuatuieHa: 8.5 X 8.5, 10.5x 6, 7x4.5u4.5x4.5 cm?.
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1.40E+07
—+—85x85

T 1.20E+07 =—105x8
NE 7x45
— 1.00E+07 ——45x45
3
I
e
o 8.00E+06
£
4
2 6.00E+06 -
E
=
3 4.00E+06
I
o
o
& 2.00E+06 ,

0.00E+00 i — - \—

0.00 2.00 4.00 6.00 8.00 10.00
OHeprus potoHoB (M3B)

Puc 2.15. DHepreTudeckuii crieKTp (HOTOHOB /IS YETHIPEX PA3IMUHBIX Pa3MEPOB
KOoJUTMMaTopa cheMHOoTro noymmatuiaeHa: 8.5 X 8.5,10.5x 6, 7x4.5u4.5x4.5 cm?.

[TonHbIE MOTOKM HEUTPOHOB M TaMMa-lyueil CyMMUpPOBaHbI B Ta0uie 2.11.
MBI MOXEM 3aMETWUTh, YTO IOTOK TaMMa-Iydyed sl KaxJoro
KOJUTMMaTOpa MPUMEPHO PABEH OKOJIO MOJIOBUHBI HEUTPOHHOTO MOTOKA JIsI
OJTHOTO W TOTO e KojutmMmaTopa. [I[ppuHuMast BO BHUMaHUE, YTO W3 TaOIHIIBI
2.12 MOXXHO OOHAPYXHUTh, YTO MOIIHOCTH TOTJIOMIEHHOW 03B OT raMMa-
nyuderr mpumepHo B 10 pa3 meHblle, 4eMm J03bI MOTJIOMIAIOIINX HEUTPOHOB
UL OMHOTO W TOro e KojuimMmaTtopa. JIimsi pacdera MOITHOCTH
noryomaromne  go3sl ¢ nmomompbio  koga MCNP - ucnonb3oBanuch
K03 dULIMEHTH KOHBEpCUU (PIIYKTyaluu B J03ax JJisl TaOJUIl HEUTPOHOB U

¢otonoB B ICRP 74.

Tabmuua 2.11. IonHble TOTOKM HEUTPOHOB U (HOTOHOB, MomyyeHHbIe KojoM MCNP s
ToKa jeiTpoHa 45 MKA Ha KOHIIe KoJunmaropa (Ha pacCTosiHuU 1 M OT HCTOYHHKA).

Pa3mep kommrmaTopa (cM X cm)

8.5x85 10.5x 6 7X4.5 45x4.5

HEUTPOH MOJTHBII
MOTOK 1.55+£0.016 1.45+0.01 1.21 £0.01 1.07 £0.01
(x 10° 1 / cM?.C)

(hOTOHOB MOTHBIN
OTOK 0.68 +0.01 0.66 +0.01 0.60 = 0.01 0.56 £ 0.01
(x 10° p / cm?.c)

60



Tabmuua 2.12. MoOUTHOCTh MOTJIOUIIIEHHONH J103bI OT HEHUTPOHOB M OT TraMMa-Jiyua,
nonydennbie kogoM MCNP s Ttoka nmeiitpona 45 MKA Ha KOHIE KoiuimMartopa (Ha
pacctossHUU 1 M OT HCTOYHHKA).

Pasmep kosumumaropa (cM X cm)
85x85 105 x 6 7x45 45X 45
Hefitponnas 103a | o) oo\ )5 21.87+02 1895+ 0.2 16.95+0.2
(cGy / mun)
Hosaramma-nyda |, 5o, (02 2.21+0.02 2.02 +0.02 1.91 + 0.02
(cGy / mun)

2.3. Pezynomamovt MCNP moodenuposanus nomokoe u mownHocmu

0030l om Heﬁmpomtozo U camma-u3jiyuenus 60Kpye Kojiiumamopa

KonnumarimonHass cucreMa SBJISE€TCS 3alUTHOM CHCTEMOH B TO K€
BpeMsl, KOTJla €¢ MaTepuajibl MOTYT 3alllMINATh W TMOTJIOMATh HEHTPOHBI U
WHIYIIMPOBAaHHBIE TaMMa-Ty4dd. KauecTBO SKpaHUPOBAaHUS 3aBHCHUT OT THIA
HCITOJIB3YEMBIX MAaTEPUAJIOB M €T0 TOJIIIMHBI, & TAKKE PACITONIOKEHUE ITHUX
MarepuaioB. B M3ydeHHOM KoJUIMMaTOpe IEpBBIM Marepuall Ha BXOJC B
KOJUIMMATOp - 3TO METaJUl Xkeje3a, 4ToObl 00eCeynuTh 3aTyXaHhe ObICTPhIX
HEUTPOHOB TIyTEeM HEYNPYroro paccesHUs HEHUTPOHOB BXOJIAIINX B
KoJutmMaTop. JKene3o SBISETCS MOIXOIANIIM MaTEPHUATIOM JIJIS 3aMe ICHHSI
OBICTPBIX HEUTPOHOB M DKOHOMHYECKH JIyUIlle APYyrux MarepuanoB. Kpome
TOTO, B KOJUIUMATOPE UCIOIL3YETCS MOJUATUIICH ISl OBICTPOTO 3aTyXaHUs
HEHUTPOHOB W3-3a HAIWYHUSA sIEpP BOJAOPOJA, KOTOPHIE MOTYT 3aMEIJIATh
OBICTpBIE HEUTPOHBI B pe3yJIbTaTe YNPYTUX CTOJIKHOBEHUH, a 3aTeM
MOTJIONATh WX, JaBas ramma-nyud 2,2 MpdB, koTopble MOIKHBI OBITH
SKpaHUPOBAHBI MaTepHUalaMU C BBICOKMM Z, TAKUMH KaK METaJIJI CBUHIIA U

0eTOH BBICOKO# moTHOCTH (cM. Puc 2.16).
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beToH

Monnatunen (M3)

Keneso

Bosayx

KoHyc
KONMMaTop

Puc 2.16. 3amuTHble MaTepualibl U TEOMETPUS KOJIIMMALIMOHHOMN CUCTEMBI.

E0cm
17 cm

8.5 cin

Puc 2.17. 'eomeTpust u pa3Mepbl MaTEPUAIOB KOJUTUMATOPA M TOYKH, B KOTOPBIX
MOITHOCTb MOTJIONIAIONIEH 10361 Obli1a cMoenupoBana kogom MCNP.
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MomHoCTh /10361 B TSATH TOYKAX BOKPYr KOJUIMMAaropa Obuia
cmonenupoana 1o koaxy MCNP u pesynbraram, mIpeACTaBICHHBIM B
tabnuue 2.13. Mbl MOXEM 3aMETUTh, UYTO 3aIIUTHBIE MaT€pPHAIbl CHIDKAIOT
MOIIHOCTh 70361 ¢ 22,65 cI'p / mun no mpumepno 0,04 cI'p / muu B
nporenypHoii komuare ( mpumepHo B 500 pa3). B To Bpems kak ramma-
U3ITy4YeHUE B HEKOTOPBIX MECTax MajaeT MpUMEpPHO B 2 pa3a U MPUMEPHO
TaKOE € 3HaYeHHE MOIIHOCTH JO3bI B IIEHTPE MOJISA OOJyYCHUS B IPYTHX
MECTax, YTO yKa3bIBaeT HA TO, YTO MHIYIIUPOBAHHBIE (DOTOHBI C BHICOKOU
SHEPrueil MOTYT HE3HAYUTENIbHO 3aTyXaTh B 3allUTHBIX Marepuanax. Ho
TEM HE MEHee, /103a OT raMMa-jlyya JaloTOUYeHb HEOOJbIION BKJIAJ B J03Y,

JNOCTABIIIEMOW MAIUEHTY.

Tabnuma 2.13. CxopocTu HEHTPOHHOW M ramma-nio3bl, paccuutanusle o koxy MCNP
JUTSL TIITH MECTOTIOJIOKEHU N BOKPYT KOJUTUMATOPA.

MOIIHOCTH H036I MoIHOCTh 036 raMMa-
HEUTPOHOB U3JIy4YEHHUS
(cT'p / mun) (cI'p / mun)
Toyka 1
22.65 2.25
(100,0,0)
TOYKA 2
0.035 1.02
(87,50,0)
TOYKa 3
0.047 2.08
(50,51,0)
TOYKa 4
10.54 1.28
(-87,50,0)
TOYKa 5
10.05 1.04
(-100,0,0)
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2.4. Pezynomamot MOOeUposanus MCNP VIAyUueHus
KOJIMUMAYUOHHOUI KOHCMPYKUUU O Y8EIUYEHUA 00CHABIAEMBIX 003
nO2N0UW|eHUA HElMPOHO8

Ucxonupie mannaple ausa  moaemmpoBanus MCNP  mms  storo

HCCJICIOBAHUS.

1- Mumiens u3 O6epwuins (AuaMeTp 5 ¢cM) Ha pacCTOSHUU 6 CM OT BXOza B
KOJUTUMATOPHBIN KOHYC.

2- Tok nmeritponoB 30 MKA , sHeprus - 13,6 MaB (1 x 108/ cm? = 0,15Tp
[ Mun).

3- Bce Marepuansl 1 reoMeTpHs KOJTUMATOpa HE M3MEHIIIUCH, H3MEHSIICS
TOJIbKO YTrOoJd BHYTPEHHEr0 KOHyca KOJUIMMAaToOpa, C TOMOIIBIO
napamerpa MCNP tg°0, rme 0 mpencraBmaser yron Komyca (Kak
MOKa3aHO Ha pUCyHKax 2.18 Hike).

4- Touka perucTpanuy MOTOKa HaxoaWTcsa Ha pacctosauu 105 cm ot
OCPHILTUEBOM MUIIIEHHU.

5- [MonmmaTHIIeHOBOE OKHO (HEMTPOHHOE T10JIe) KoaumaTtopa Bceraa 8,5 x 8,5
cM’

6 - Ommubka pesynmbratoB MCNP cocraBnser menee 1% nnms Bcex

BBIYUCJICHUM.

Pesyneratel MmogenupoBanuss MCNP npencraBnensr B Tabmuie 2.14.
MoxHO caenaTh BBIBOJ, YTO MOIIHOCTh M TIOTOK JI03bI HEUTPOHOB
BO3PACTAIOT MPUMEPHO Ha 67% B cilydae mapamerpa yria KoHyca tg°0 =
0,0018 u thO = 0,004, xoTopmlii M3TOTOBJEH M3 CBHHIIOBOTO MeTaja.
Kpome TOro, Mbl MOXE€M NOJYYUTh XOPOLIMKW, HO MEHBIIAW MPOLIEHT
VIIydIIeHNs, YBEIMYMB YIOJN OTKPBHITHS BHYTPEHHErO KOHyca 10 tg°0 =

0,004, xoropslii caellaH W3 METAUIMYECKOTO Kejie3a. MOITHOCTh J03bI
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yBemmuntest ¢ 0,15 10 0,215 I'p / mun, a motok ysemmuntes ¢ 1 x 10° 1/ em®

1015x 108 1/ cMm?.

Tabmuua 2.14. Pesynsratet MCNP B OTHOIIEHHH MOIIHOCTH HEHTPOHOB B 3aBUCHUMOCTH
OT F€OMETPHH BHYTPEHHETO KOHyca KojutumaTopa i Toka aerdtpora 30 mxA (0,15 I'p /
MuH) ¢ oHeprueir 13,6 MsB u and CheMHOro MOJMMATHICHOBOTO KOJUIUMATOPa
(neiitponnoe mose) 8,5 x 8,5 cv’.

Toammua HeifTpombiii Ckopoctb
Mapamerp Panuyc CBHH I;(Pb) B TOTOX Ha He#T pOHHOﬁ
MCNP Hayaja u Hazane " paccTosiHUM 0351 npn 105 em
3 tgzﬂ KOHLIA KOHYCa 105 em ot o P
O Hatl KOHIIe KOHYyCa OT HCTOYHHKA
y (em) HCTOYHHKA
cnyyan (em) n/ szs) % 108 (I'p / mun)
centac An \ HayaTh | KOHEIl | Ha4aTh | KOHEII
0.0018 3 4.8 0 0 1 0.15
0.003 3.9 6.2 6.1 3.8 1.57 0.225
3TOT cnyyan 0.0035 4.3 6.7 5.7 3.3 1.67 0.237
bes ceuHUa | 0.0038 4.5 7 55 3 1.66 0.239
(Pb) N\ 0.004 4.5 7 55 3 1.67 0.238
0.004 4.5 7.2 0 0 1.50 0.215
0.005 5 8 5 2 1.44 0.2
0.006 55 8.7 4.5 1.3 0.997 0.125
0.24 .,_JI-.
I/
= 0.22-
s
o 0.20
=
©
§ 0.18
S
= 016
g .
5 0.14 4
-
n
0.12 4
0.001 0.002 0.003 0.004 0.005 0.008

MNapameTtp MCNP (1g"2)

Puc 2.18. 3aBUCHMOCTP MOIIHOCTH JO3bI OT BHYTPEHHEW T'€OMETPHUH M MaTepHaIOB
KOJUTMMaTopa (YroJl pacXxoJAMMOCTH KOHYCa BO BHYTPEHHEM CJIO€ KOJUTUMATOopa).
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Pe3ynbrarhl pacyeTa mokasblBalOT, YTO MOIIHOCTH /103l HEUTPOHOB MOKET
ObITh yBenMueHa Ha 6/% wmm Oosee MyTeM M3MEHEHUS T€OMETpUU
BHYTPEHHETO CJIOSI KOJUIMMATOpa, a TaKKe€ Mbl MOXKEM YIyUIIUTh €ro emé
Oospie3a cder Jgo0aBieHHS cjos  cBUHIOBoro Meramia (Pb) ¢
ONpeeIeHHOW TOJIIMHON , DTO aeT HaM BO3MOXXHOCTb YMEHBIIIUTh BpeMs
oOJydeHusl TpH 33aJaHHOM TOKE IMy4Ka JCWTPOHA Ha TOT K€ MPOIEHT (B
cllydae, €CJIM Mbl XOTUM CTaOMIM3UPOBaTh MOIIHOCTH 70361 0,15 I'p / MuH B
TOYKE HarueHTa). MM Mbl MOXXEM YMEHBIIUTD SHEPTHIO YCKOPCHHBIX HOHOB
JNEUTpOHA W COKOHOMHTH BHepruto. C  JApyroil CTOpPOHBI MBI MOMKEM

/MEHBIITUTH BpEeMsI O’KHUJIaHHS TalieHTa 10 67%.

beToH

MonnatuneH (MN3)

HKeneso
(Fe)

KoHyc
KON/IMMaTop

CsuHel,
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Puc 2.19. Cxema kosutumaropa u3 skenesa (BepXHHI U JICBBIA) U CBUHIIOBOTO
BHYTPEHHET0 KOHYCa KOJUIMMATOpa C Pa3IMUYHbIMU yIJIaMU KOHYCa W TOJIINHBI
CBHHLIOBOI'0 METAJLIA.

2.50E+07 ——1g8%2 = 0.0018
—=—1gg*2 = 0.003
2 00E+07 ——1g0"*2 = 0.0035
Q ——tgB2 = 0.0038
5 ——1g8r2 = 0.004
I
M 1:505+07 ——1g9*2 = 0.004
2 (without Pb)
2 tger2 = 0.005
s ¢
2 1.00E+07 ¥ tge*2 = 0.006
2 r
o
=
b 1
[+]
I
5.00E+06 1! 1. _
0.00E+00 - | | i [

6.00 8.00 10.00 12.00 14.00 16.00
SHeprua HeuTpoHoB (M3B)

0.

o
N
o
S
IS
o
o

Puc 2.20. HeliTpoHHBIN CHEKTp ISl JPYTOTO yrila KOHUYECKOTO0 KOHyca KOJUTMMAaTopa

s Toka aertpona 30 MKA c¢ sHeprueit 13,6 MdB u nnsi chbeMHOT0 MOTUITHICHOBOTO
2

KOJIJTMMaTopa ¢ nojieM obaydenus 8.5 X 8.5 cm”.

N3 tabnutet 2.14 u pucynkoB 2.18 u 2.20 MOXHO clieniaTh BHIBOJ, YTO
BO3MOXXHO  HCIIOJIb30BAHHE APYTUX KOHCTPYKIMH  KOJJIMMAaTOPOB,
o0ecreunBalIMX K JYYIINM TOTOKaM OBICTPBIX HEUTpoHOB. Kak BHImM,
MaKCUMAJIbHBI MOTOK HEUTPOHOB MPH DSHEPrUM OKoJo o M»dB s
BHYTPEHHEr0 KOHyca W3 jkeesa coctapisier okono 8 x 10° u / em® B 1o
BpeMs Kak JJisi CBUHIIOBO-BHYTPEHHEIO0 KOHYCa MOTOK HEUTPOHOB TMPH TOM
ke SHepruM cocTaBisieT okoio 2 X 10” u / cM®, uto B 2,5 pasa Goxsiue. Ho
TTOJIHBIH TMOTOK HEHTpoHOB 1t tg°0 = 0,004 mpumepHo B 1,67 pasa Goublire,
yeMm ykaszaHo B Tabmuie 2.14. Kpome TOro, MOKHO OTMETUTh, YTO KPHUBBIC

CIIEKTpa HEHTPOHOB C WKCIIOJIb30BaHHEM CBHUHIIOBOro Mmetamia (Pb) Bo
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BHYTPEHHEM KOHYCE KOJUIMMATOpPa MMEIOT 3aMETHBIM IUK DYHEPTUU OKOJIO
4,6 M»B, KOTOPBIX HET B CIIEKTPE HEUTPOHOB C KEJIE3HBIM KOJUTUMATOPOM..
B cnaydae mnpuMeHEHHMs TOJIBKO METAUIMYECKOTO JKElle3a B KOHYyCE
KOJUIMMaTopa TMOTOK HEUTPOHOB B AHana3oHe 3Hepruil ot 2 MsB 10 okono
7 MbhB npuMepHO MOCTOSIHHBIA U TPOBAJIOM IOTOKA C dHEpruei okoso 5,8

M>5B.

[ToTOK TEmIOBBIX HEUTPOHOB BO3PACTAIOT 110 MEPE YBEIMUYEHUS YIJia
KOHYyCa KOJUIMMAaTOopa, Kak MOKa3aHo Ha 3TOM PUCYHKE, M YBEJIMUUBACTCA B 3
pasa mis ciydas tg°0 = 0,006 o CpaBHEHHIO ¢ MCXOIHBIM CiydaeM tg°0 =
0,0018. Ho Bce e 10711 TEIUIOBBIX HEUTPOHOB M HEHTPOHOB C DHEPTHSIMH
Boimie 10 M»B HaMHOTO MEHbIIE YeM HEHTPOHOB B JMAaIa30HE SHEPTruil 2

M5B o 8 M»aB.
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_ 3AAHME JUISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHHE»
CTyneHry:
I'pynna DPUO
0mm61 Hluxana A6nymiax Moxamman
IIxoaa NATII Otaenenne lkoas (HOLL) HOII B.I1. Beiin6epra
16.04.01
Texumueckas
Yposeus, Marucrparypa HanpagieHne/cnequaibHOCTh busuxa /
o0pa3oBaHus patyp P 1 Hy‘lKOBI)Ie u
IIJIA3BMCHHBIC
TCXHOJIOI'nn

pecypcocoepekeHnex:

Hcxoanbie 1aHHbIe K pasaeny «PHHAHCOBBLIH MEHEIKMEHT, pecypcod(p(PpeKTHBHOCTD U

1. Cmoumocms pecypcos HayuHO20 UCCIe08aHUS
(HH): mamepuanbHo-mexHu4ecKux,
9Hep2emu4ecKux, (PUHAHCOBbIX, UHPOPMAYUOHHBIX U
YeN08eUECKUX

Hopmbi u nopmamugel pacxodosanus pecypcos

Hcnonvzyemas cucmema nano2o00610x4cenus,
CMABKU HAL0206, OMUUCTEHUN, OUCKOHMUPOBAHUS U
KpeOumosanus

Pabora c
POCCUHCKHX

nHpopManueH,
u MHOCTPAaHHBIX
nyOJIMKaIusIX, AQHATTUTHYECKUX
CTaTUCTUYECKUX  OIOJUIETEHSAX
HOPMAaTHBHO-TIPABOBBIX IOKYMEHTAX

MPEJCTABICHHON B
Hay4HbIX
Marepuanax,

n HU3JaHUAgX,

IlepeyeHnb BONPOCOB, MO/JIEKANMX UCCTEIOBAHNIO, TPOEKTHPOBAHMUIO M Pa3padoTkKe:

1. Oyenxa xommepueckoeo nomenyuana,
nepcnekmueHocmu U anomepramue nposedenuss HA
¢ nozuyuu pecypcospghexmuenocmu u
pecypcocbepedicerust

BriBoan Ha KOHKYPEHTHOM MCETOJA0M

010021cemHuotl IhexmusHoCmuU HAYUYHO20
uccnedosaHusl

2. IInanuposanue u popmuposanue 06100xcema Hepapxudeckas CTpyKTypa paboT
HAYYHbIX UCCIe008AHUU SWOT-ananm3
Muannpanus npoexta
Kanenmapuslii miuan-rpaduk peanu3aniy NpoexKTa
3. Oyenka pecypcnoi, punancooll, CoyuanbHol, Omnpenenenne pecypcodpPeKTHBHOCTH MTPOEKTa

Hepeqeﬂb r pac[)nquKoro MaATEPHUAJIA (c mounvim yrasanuem obszamenvhvix yepmedicetl)

Bv1600b1 na konkypenmuom memooom
SWOT-arnanus

Huuyuayus npoexma
Hepapxuueckas cmpykmypa pabom
Kanenoapuwui nnan npoexma
Brooocem npoexma

NoabkowhE

Onpedenenue pecypcosghghexmusnocmu npoekma

‘ JlaTa BbIIa4M 3aaHUA 1JIS pa3/iesia no JUHeHHOMY rpapuky ’

33}13HI/IQ BbIJ1AJ KOHCYJbTAHT:

JI012KHOCTD ®UO yqeﬂsa:alcl;?em” Hoanucey JlaTa
Houent OCI'T Mensmmkosa E. B. K.3KOH.H.
3anaHue NPUHSAJ K MCIIOJHEHHIO CTY/IEHT:
I'pynna DdPUO Hoamucr Jara
0mm61 [Muxana A6mymnax Moxamma
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3.®uHAHCOBBIIIMEHeKMEHT,pecypcod(pGpeKTHBHOCTHH pecypcocleperkenne

Llenpr0 JmaHHOrO pasnena SBISETCA IMPOEKTUPOBAHUE W CO3JaHUE
KOHKYPEHTOCTIOCOOHBIX Pa3pab0TOK M TEXHOJIOTUH, OTBEYAIOUIUX MPEIbIBIIEMbIM
TpeOOBaHMIM B 0071aCTH pecypcod(PPEeKTUBHOCTH U pecypcocOepeKeHUSI.

JlocTkeHure e 00ecneynBaeTcsl pelieHueM 3a1au:

—  pa3paboTka o0OIIel SKOHOMHUYECKOW HJEH MpoeKkTa, (OpMUPOBAHUE
KOHLIETILIUN MTPOEKTA;

—  opraHu3zauys padoT [0 HAyYHO-HCCIIEJ0OBATEIbCKOMY IPOEKTY;

—  OINpENENCHHE  BO3MOXKHBIX  AJIBTEPHATHUB  IIPOBENCHMS  HAYYHBIX
HCCJICIOBAHUN;

—  IUTAHMPOBAHUE HAYYHO-UCCIEA0BATEIbCKUX PadoT;

—  OLICHKM KOMMEpYECKOIo MOTEHIMala U MEPCIEKTUBHOCTH MPOBEACHUS
HAYYHBIX UCCIIEJOBAHUN C O3ULIMU PECYPCIPPEKTUBHOCTH U PECYPCOCOEPEKEHMS,;

— ompeaeneHue  pecypcHol  (pecypcocOeperaromieii), (HUHAHCOBOH,
OIOPKETHOM, COLIMAJIbHON U SKOHOMHUYECKOU 3(h(PEKTUBHOCTU UCCIIEIOBAHUS.

Juccepranms COOEPKUAT PE3YJIbTATHI SKCIEPUMEHTAIBHBIX U CUMYJISIITUOHHBIX
VICCIEIOBAHM MCTOYHHMKA HEHTPOHOB, MOJNydaeMBIX 1o peakimun Be(d, n) Ha
LHUKIOTPOHE,  KOTOPBIA  MCHOJIb3yeTCs Uil Tepalmud  3JI0KaYeCTBEHHBIX
HOBOOOPa30BaHUN OBICTPHIMU HEUTPOHAMHU.

Llenn 3TOM AUCCEpPTALIUN:

1 - ompeneneHue yrioBbIX pacHpelelIeHUid HEHTPOHOB BOKPYT HCTOYHHUKA
6epummst “Be (d, n);

2 - ompenesieHHe TOTOKa M TMOTJIOMIEHHOW MOIIHOCTH J03bl HEHTPOHOB IS
pa3HBIX KOJTMMATOPOB C Pa3HbIM pa3MepoM OOTydeHHUS;

3 - pacy€r 3alIUTHl OT HEHUTPOHOB U ramMa-iaydyedl BOKPYT KOJTUMAIlMOHHOM
CUCTEMBI.

4 — pa3paboTka TMPEAJIOKEHUH IO YIYUIIEHHUIO CHUCTEMBbl KOJUIMMAIUU

HeﬁTpOHOB AJI1 YBCIIMYCHUS TMOTOKA WM IOIJIOIICHUA AO3bI C MCIIOJIBb30BAHUCM KOJd

MCNP.
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3.1 IloreHuaNbHBIE NOTPEOUTEIN PE3YyJIbTATOB UCCIEJOBAHUSA

Pe3ynbTathl 3TOTO MCCIe0BaHUS MOTYT OBITh MCIOJIh30BaHbl B YCTAHOBKAX,
KOTOpbIE HCIOJIB3YIOT OBICTpblE HEHUTPOHBI B JIY4EBOM Teparuu, 4YTOObl TOYHO
ONPEIEIUTh U PACCUUTATh MOTJIOIICHHBIE 03bl, TOTOKH M CIEKTPbl HEUTPOHOB,
CO3JaBacMbIX MCTOYHHKOM HEHTpPOHOB B peakimu Be’(d, n) Ha ocHOBe HUKIOTPOHA.
KpomMe TOro, sto wuccieoBaHHE MOXKET MOMOYb B YIYYHIEHUH NPOCKTUPOBAHUS
3aIIUTHOM CHUCTEMBbI BOKPYT MCTOYHUKA U BOKPYT CHUCTEMBbI KoJmuManuu. Kpome
TOr0 pPe3yJibTaThl MOJAEAUPOBaHUA ¢ nomoipio koga MCNP yka3piBarOT, 4TO MbI
MOXEM YIYUIIUTh U YBEJIMUUTh HHTEHCUBHOCTD MOTJIOMIEHHON J103bI JJIS TTAIlIUEHTOB,
IPOCTO peryaupysa pasMep oOnydeHuss kommmaropa. [lo HammMm JaHHBIM
YBEIMYECHHE MOXKET JOCTUrath 67% JUisi pacCMOTPEHHOTO Ciiydasi, HO MOXXET ObITh
OoJbpLIE 711 APYTHX CIYYaes.

Mbl nmonaraeM, 4TO MOPEAJIOKEHHBIM TMOAXOA W Pe3yJbTaThl YBEIUYECHUS
WHTEHCUBHOCTU TIOTOKA HEUTPOHOB TaKX€ MOTYT OBITb TPUMEHUMBI IS
WCIIOJIb30BAaHUSI B KaHAJIax OOJIy4eHHS B MPOMBIIUIEHHBIX M HCCIEI0BATEIbCKUX
SJIEPHBIX PEaKTOpaxX, KOTOPhIE MCIOIL3YIOT 00MydaTeabHbIN KaHal JJig 00TydeHHUs
MaTepHaOB WM MOJIYYEHUs Pa3IUYHbIX M30TOIMOB JJI JEKAPCTBEHHBIX CPEACTB U

JpYTUX BaXHbIX MPUMEHEHUM. Pe3ynpTarbl CErMEHTUPOBAaHMS IIPEICTABJICHBI B

pucynke 3.1.
MOJIENTb KOJUTIMATOPOB
YIIy4YLIEHHBIN
HaIl KOJUTMMAaTOP KOJUTUMATOP TI0
(ceitgac) pe3ynbTaTam Kojaa

MCNP

Y nosnetBop
U-TEJIbHBIA

YpoBeHb
BBITTOTHEHHUS
IKCIUTyaTaIlOH
HEKIX

Bricokuii

Pucynok 3.1 — KapTa cerMeHTHpOBaHUS pbIHKA YCIYT OTHOCUTEIBHO YPOBHS
BBITIOJIHEHUS SKCIUTyaTallMOHHBIX TPEOOBaHUN KOJUTMMATOPOB.
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3.1.1 BbIBOABI HA KOHKYPEHTHOM METOA0M

HeiTpoHHble  MCTOYHHUKH, OCHOBAHHBIE HA  pPEAKIUAX JCHUTPOHOB,
OoMOapaupyroIMX JETKUE DJIEMEHTHI, UTPAIOT BAXHYIO POJIb B HEUTPOHHOU (U3HKE
U TEXHOJOTMM TMPUMEHEHUS HEUTPOHOB, TAKUX KaK HEUTPOHHAs pPaJHOTEparusi.
Tunmussle peaxinn srmouaror “H(d,n)*He, *H(d,n)*He u °Be(d, n).

XapaKTepUCTHKH HCTOYHHKOB HeiitporoB “H(d,n)*He u *H(d,n)*He, Taxux
KAaK DHEPreTUYECKUN CHEKTP HEMTPOHOB, YITIOBOE PACIPENECICHUE U UHTErPAIbHBIN
BBIXOJl, OBUIM IIMPOKO UCCJIENIOBAHBI U3-3a UX BAXHOCTU B IIPOU3BOJICTBE
MOHO3HEPIreTHYECKUX HEUTPOHOB MPHU 00JI€€ HU3KOW SHEPTHUs JEUTPOHA.

Peaxuust “Be(d, n) Ha ToncToi OepHITMEeBOM MUIIIEHU B KAYECTBE MCTOYHUKA
HEHTPOHOB HAa OCHOBE YCKOPWTEJS BbI3BaJla HMHTEPEC M3-32 BO3MOXHOCTH €€
UCIIOJB30BaHUS B  HEKOTOPHIX TMOTCHIHAIBHBIX TMPUIOKEHHUSAX, TaKUX Kak
paauotepanus ObICTPHIMU HEUTpOoHaMH, O0p HeHTpoH 3axBaTHoU Teparuu (BNCT),
paguoOUONIOTH W HCCIIEIOBaHUWE MaTepuanoB. B oTinuume OT HCTOYHHKOB
neitrporos “H(d, n)®He u *H(d, n)*He, koTopsle HCIOMB3YIOT THTAHOBYIO MHIICHD C
aJICOpOMPOBAHHBIM JIEUTEPUEM WM TPUTHUEM, HMCTOYHUK HEHUTPOHOB HAa OCHOBE
peakrn *Be(d, n) sBISETCS XOPOIINM BEIOOPOM: METaINIECKast MHALICHD OCPHILIAS,
XUMUYECKU CTaOWJIbHAs, MOKET OBITh MOJABEPTHYTa MEXaHUYECKOW oO0paboTke, ei
MOXHO MPpUJIaTh YA00HYIO Gopmy. MuiieHp U3 OepuiiIns CriocoOHa BBIJICPKUBATH
BBICOKME TOKH ITy4Ka M paboTaTh B TEUEHHE ITTUTEIBHOTO CPOKa CIy>KObI 13-3a Ooee

BBICOKO# Temmnepatypsl miaBiaeHus (1280 © C) u xoporieil TemionpoBOHOCTH.

3.1.2. SWOT - anaau3

SWOT - Strengths (cunbHble cTOpoHBI), Weaknesses (ciabble CTOPOHBI),
Opportunities (Bo3moxxHOocTH) U Threats (yrpo3sl) — TPEACTaBISIET COOOM
KOMIUIEKCHBIM ~ aHAJIM3 HAay4yHO-UCCleAoBaTelbckoro mpoekra. SWOT-ananus

MPUMEHAIOT JIJI1 UCCIIEAOBAHUS BHEITHEW M BHYTPEHHEN Cpeibl TPOEKTA.
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Ta6nuna 3.2 — Marpunia SWOT — ananuza

CuiibHbBIE CTOPOHBI HAYYHO-
HCCJIEIOBATEIBLCKOI0
NpoeKTa:

Cl.3asgBinenHas
SKOHOMMUYHOCTE U
9HEProdPHEeKTHBHOCTD
TEXHOJIOTHH.
C2.KoMIIaKkTHOCTb.
C3. becuryMHOCTb.
C4. HanexxHocTh
C5  VYHwukambHOE
paauobuoIoruyec
KO€ BO3JICHCTBHE
HEUTPOHOB Ha
KJIETKH OITYXOJI!

Ciabble CTOPOHBI HAYYHO-
HCCJIe0BATEIHLCKOI0
NMpoeKTa:

Cnl. bonee Beicokas
ce0EeCTONMOCTD.
Cn2. [IpoayKT HEe poaaBajcs.

Bo3mo:xHOCTH:
B1. bricTpoe npoasuxkeHue
Ha PBIHOK.
B2. IlosiBnenue
JIOTIOJTHUTEILHOTO CIIpOca Ha
HOBBII NPOIYKT
B3. YcoBepuiencrBoBanue

B1C1C2C3C4 — OpicTpoe
MIPOJIBMKCHUE HAa PHIHOK B
CBSI3H C TIPCUMYIIIECTBAMU
JTAHHOTO YCTPOWCTBA.
B2C1C2C3C4-
JIOTIOTHUTEIbHBINA CIIPOC
MOJKET MOSBUTHCS 3a CUET

B1Cn2 — moxer He ObITh
OBICTPOTO MPOJABMIKEHHUS Ha
PBIHOK TaK KaK paHee MPOIyKT
HE TIPOoJIaBaJICs, U
[OTPEOUTENTN HE 3HAIOT O HEM.
B2Cn1Cn2 — nosiBnenue
JIOTIOJIHUTEIILHOTO CIIpoca

HOBBIE TEXHOJIOTUN
MIPOU3BOJICTBA.

¥2. Kpusuc

V3. Benenue
JOTIOTHUTETBHBIX
rOCyJJapCTBEHHBIX
TpeOoBaHul K cepTuduKanuu
MPOAYKIIUH CO CTOPOHBI

KOHKYPHUPOBATH B CBA3U C
XOpPOIIHNMH IMOKA3aTCIAMHA
OCHOBHBIX XapPaKTCPUCTHUK.

. YHHUBEPCATbHOCTU MO3KET OBITh MaJlo U3-3a
yCcTpoiicTBa o .
yCTpOICTBa. HECOBEPIIEHCTBA YCTPONCTBA.
Yrpo3sri: Y2C1C2C3C4 - V1Cnl — u3-3a 6onee
VY1. OrcyrcTBHE cripoca Ha BO3MOXHOCTb BBICOKOH C€0€CTOMMOCTH

MOTYT BO3HUKHYTb
MPOOJIEMBI C ITPOJaXKen
JAHHOTO YCTPOUCTBA.

Tabnuua 3.3 — MHTepakTUBHASI MaTpuUlla TPOEKTa

CuiibHBIE CTOPOHBI IPOEKTA

Cl C2 C3 C4
Bo3moxnoctu | B1 + + + +
IIPOEKTA B2 + + + +
B3 0 0 0 0
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Tabnuua 3.4 — UuTepakTuBHAs MaTpUIla MPOEKTa

Cnabbie CTOPOHBI MPOEKTA

C C
Bo3moxnoc = Bl - +
TH IPOEKTA B2 + +
B3 0 0
Tabnuna 3.5 — MaTepakTrBHAs MaTpHIla MPOEKTa
CuiibHBIE CTOPOHBI
C C C C
Vrpossi Vi 0 0 0 0
V2 + + + +
Vv3 0 0 0 0

Tabnuna 3.6 — UHTepakTuBHAs MaTpHIla MPOEKTa

CnaOble CTOpOHBI MPOEKTA

C C C

Yrpo3sl vl * 0 0
y2 0 0 0

v3 0 0 0

3.1.3. UHunuanus npoexkra

['pynma mporeccoB WHUIMAIIMA  COCTOMT M3  IPOIECCOB, KOTOPHIS
BBITIOTHSFOTCS JIJISL OIIPEICIICHUST HOBOT'O MPOEKTA UM HOBOM (pa3bl CYIIECTBYIOIIETO.
B pamkax mporieccoB MHUITHAIIMN OMPEISISIIOTCS N3HAYATBHBIC IIEJTH U COJEPIKaHNe
1 pUKCHPYIOTCS M3HAYaNbHBIE (DUHAHCOBBIE pecypchl. ONpeaensitoTCs BHYTPEHHNE |
BHEIITHNE 3aMHTEPECOBAHHbBIE CTOPOHBI MPOEKTA, KOTOPHIE OYIyT B3aUMOJICHCTBOBATh
W BIUATH Ha OOMMA pe3yapTaT HaydHOro mpoekrta. JlanHas wuHpopMaIus
3aKperIsieTcs B Y cTaBe MpoeKTa.

YcraB mpoekTa JOKyMEHTHUPYET OM3HEC-OTPEeOHOCTH, TEKYyIee MOHUMAaHUE
MOTPeOHOCTEH 3aKa3urKa MPOEKTa, a TAKKE HOBBIM MPOIYKT, YCIYTY WIH PE3YJIbTaT,
KOTOPBIN TUTAHUPYETCS CO3/1aTh.

YcTaB HayqHOTO TIPOEKTa MaruCTepCKoi paboThI TOHKCH UMETh CIICIYIONTYIO

CTPYKTYpY:
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lenn u pe3yabTar mpoekTa. B gaHHOM pasnene HEOOXOIUMO TMPUBECTH
uH(GOPMAIIMIO O 3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTA, UEPAPXHH LIeJeH MPOoeKTa U
KPUTEPUAX TOCTHXKCHHUS LICIIEH.

[lox 3aMHTEpECOBAaHHBIMM CTOPOHAMHM NPOEKTa MOHUMAIOTCA  JIMLA WJIU
OpraHu3alliy, KOTOPBIE AKTUBHO YYACTBYIOT B IIPOEKTE WJIM HMHTEPECHl KOTOPBIX
MOTYT OBITh 3aTPOHYTHl KaK IIOJIOXKHUTEIbHO, TaK W OTPULATENBHO B XOJ€
VCITOJIHEHHSI WM B PE3YJIbTATE 3aBEPILICHUS MPOEKTA. DTO MOTYT OBITh 3aKa3UMKH,
CIIOHCOpPBI, OOLIECTBEHHOCTh U T.I. HpopManuio 1o 3aMHTEpECOBaHHBIM CTOPOHAM

MPOEKTa MPEJCTaBUThL B Ta0. 3.7.

Tabnuua 3.7 — 3auHTEepEeCOBAHHBIE CTOPOHBI ITPOEKTA

3auHTEepecoOBaHHbIC CTOPOHBI OxuaHus 3aMHTEPECOBAHHBIX
NMpoeKTa CTOPOH
[TarueHTsl, CTpajiaroIue ot | [loBeimenns 3 (HEKTUBHOCTH JICUCHUS
OHKOJIOTHYECKHX 3a00JICBaHMIA
OHKOJOTHYECKUE KINHUKA YMEHBIICHUS! CTOUMOCTH JICUEHUS
MaIMEHTOB
Komnannun [IPOU3BOIUTEIN Pocra 3aka30B Ha HUKIOTPOHBI
[UKJIOTPOHOB
Kommanun MIPOU3BOIUTEIIN Pocra 3aka3oB Ha 000opy0BaHKE
000pyAOBaHUS ISl PATUOJIOTUN
CucreMa 31paBOOXpaHEHHUS YMeHbIIeHUS 3aTpaT rocy1apcTBa Ha
JIEYEHHE OHKOJIOTHUYECKHUX
3a00JIeBaHMIA

B Tabn. 3.8 HeoOxomumo mpencTaBUTh MHGOPMAIMIO O HEpapXuu Ieein
MIPOEKTa U KPUTEPHUAX JOCTIKCHHUS Tiener. [lenmn mpoekTa MomKHBI BKIFOYATh 1IEH B

obnacTu pecypcodhPEeKTUBHOCTH U PECYPCOCOEPEKEHHUS.
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Ta6nuna 3.8 — Llenu u pe3ynbTar npoekTa

eau npoexkra:

[ToBpiieHne 3(PPEKTUBHOCTH HEHUTPOHHOH pPaJUOIOTHHU TPU
JIEYEHUs] OHKOJIOTUYECKUX 3a00JI€BaHUM

OxxugaeMbie
pe3yJbTaThl MPOEKTA:

Or[pe)leneHHe XapaKTCPUCTUK HeﬁTPOHHOFO HCTOYHHKA Ha
OCHOBC NUKIIOTPOHHOT'O UCTOYHHKA HeﬁTPOHOB

HpeIU'IO)KeHI/IH MO0 YBCIMYCHUIO MHTCHCHUBHOCTH HCﬁTpOHHOFO
IIOTOKAa HCTOYHHKA HefITpOHOB JJI TCpaIru.

Kpurepuu

NMPpUEMKH

pe3yJbTaTa MpPoeKTAa:

CoOTBETCTBHUE PE3YIbTATOB IKCIEPUMEHTOB U CUMYJISIIUN
Hamnune npemiokeHud M0 YBEIUYECHUI0 HWHTEHCHBHOCTH
VCTOYHMKA HEUTPOHOB

TpeboBanusi K
pe3yJibTaTy mpoeKTa:

TpedoBanue:

DKclepuMEHTalbHbIE JaHHbIE MO YIIOBOMY PpacIpeaeseHUI0
MOTOKA HEUTPOHOB BOKPYT MUIICHH

JlanHble pacu€TOB C WCHOJB30BaHHEM Nporpamm Lisa++ u
MCNP

HpeI[J'IO)KCHI/IH II0 YBCIMYCHHUIO MHTCHCHBHOCTH IIOTOHKA
HeﬁTPOHOB ,3a CUET ONTUMUBALNU KOJIJIMMATOopa

2. OpranuzaiiMoHHasi CTpyKTypa mnpoekTa. Ha pmaHnHoMm »3Tame paboThl

HEO0OXOJMMO PEIIUTh CIEAYIONIME BOMPOCHI: KTO Oy/IeT BXOAUTh B pab0OUyI0 TpyIny

AaHHOTI'O IIPOCKTA, OIIPCACIUTDL POJIb KAXKIO0I'0 YUIAaCTHHKA B IAHHOM IIPOCKTC, a TAKIKC

ponurcaTb (I)YHKL[I/II/I, BBIITOJIHACMBIC KAKABIM M3 YUYACTHHUKOB M UX TPyHAO3aTpaThl B

npoekTe. ATy HHPOPMAIIHIO MPEICTABUTh B Ta0auuHOU dopme (Tadi. 3.9).

Tabnuna 3.9 — Pabouast rpymnma npoexra

Ne dUO, Poub B mpoekre DOyHKIUH Tpyno-
/Il | OCHOBHOE MeCTO 3aTparsl,
paodoThl, qac.
JAOJIZKHOCTh
1 ['onoskos B.M. PykoBonurens ®opmynupoBKa 1enen 102
3aB. ma6. HJI PBT 1 3a1a4
WAATII
2 besmara A.B. VCIIOJIHUTEIb Ob6ecneuenue paboOThI 30
HavanpHuk L{UKJIOTPOHA IIPH
cmensl HJI PBT IIPOBEACHUU
MATHI DKCIIEPUMEHTOB
3 Mnxana HUCIIOJTHUTENb [IpoBeaenue 720
AOGnynnax, AKCIIEPUMEHTOB U
Maructpadt TITY pacuy€ToB
NTOI'O:
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B xoxe peanuzanuy HaydHOTO MTPOEKTA, TOMUMO MarucTpaHTa, 3aJeiCTBOBAH
PSI CTICTIHATICTOB:

PykoBoauTenb mpoekTa — OTBEUAeT 3a pealM3alMio IMPOCKTa B IMpejeaax
3aJIaHHBIX OTPAHWYCHHUA IO pecypcaM, KOOPAHMHHUPYET ACATEIHHOCTh YYaCTHUKOB
npoekTa. B OOJNBIIMHCTBE CiIy4aeB »dTy PpOJb BBIINOJIHICT PYKOBOJIUTENb
MarucTEPCKOM UCcepTaIiy.

3aKa3uMK MPOEKTa — YYAaCTHUK MPOEKTa, (HOPMHUPYIOMUNA IETU TPOEKTa,
OTpaHUYCHMsI TPOEKTa MO cpokaM U 3arparam (OromkeTy). OH OCYIIECTBISET
YKPYITHCHHBIA aHAJM3 TPOEKTOB IO IOKa3aTels M CPOKOB, OCBOCHHIO 3aTpaT M
dbuHaHCHpOBaHUIO. B MarmcTepckux HaydHBIX MPOEKTaX IMPHUCYTCTBYET 3aKa3duK
MIPOCKTa B Cjydyae, €ciau padoTa BBIMOJHICTCA B paMKaxX X03. JIOTOBOpA, MO 3aKa3y
MPEANPHUATHS, TIO TPAHTY.

DKCIIepT MpoeKTa —  CHCHUAJIUCT, O0JaJaromuid  KOMIICTCHITUSIMHU
(cnenuagbHBIMUA 3HAHUSMU U OIBITOM ), KOTOPBIX HET Y YYACTHUKOB PabOUeH TPYyIIIIbI
MIPOCKTa U PYKOBOJIUTENS MPOEKTa. B marncrepckoit paboTe 3Ty POJb BBIMOIHSIOT
KOHCYJIbTAHTHI.

VcriomHUTEI 10 TPOEKTY — CICIIHAIACT, BBITTOIHSIONINN OT/ICTbHBIC pa0OTHI
0 TIPOeKTy. B citydae, eciam Marucrepckas padoTra sIBJISCTCS 3aKOHYCHHBIM HAyIHBIM
HCCIICIOBAHUEM — HCIIOJHUTENIEM TPOCKTa SIBISEeTCS MarucrpanT. B cimydae, eciam
MarucTepckas padora SBISETCS YaCThIO HAYYHOTO MPOEKTA, UCIIOJHHUTENICH MOXKET
OBITh HECKOIBKO.

CyOnopsaunuKyu — OpraHU3alliud, TPHUBJICKAEMbIe Ha JOTOBOPHBIX Hadasiax

JJIS1 BBIITOJIHEHUA OTACIIBHBIX pa60T IMPOCKTA.

3.0rpaHuy4eHus ¥ TOMYIEHUS MPOEKTa.

OrpanuueHuss NpoeKTa — 3TO Bce (PaKTOpPbl, KOTOPbIE MOTYT IMOCITYXHUTb
OTPaHUYEHUEM CTENEHU CBOOOJBI YYACTHUKOB KOMAHIbI IPOEKTa, a TaK Ke
«TpaHUIbl TPOEKTa» - MapaMeTphl MPOEKTa WM €ro MpOoAyKTa, KOTOpble HE OyayT

PCAJIM30BAHHBIX B paMKaX JAHHOI'O IIPOCKTA.
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Ta6nuna 3.10 — OrpanuyeHus npoekTa

daxTop

OrpannyeHus / 1oMyunieHust

3.1. brojker nmpoekra

208452,1 py6

3.1.1. VcTounuk (hruHaHCHpPOBaHUS HU TITY

3.2. Cpoku IpoeKTa: 1.09.2016 - 19.06.2018
3.2.1. Jlata yrBepxnenus rurana ynpasienus | 1.09.2016

IPOEKTOM

3.2.2. JlaTa 3aBepuIeHHS TPOCKTa 19.06.2018

3.3. [Ipoune orpaHMYEHHUsI U JOMYIICHUS * HET

Ilpumeuanus: K mpoynM OrpaHUYEHUSAM MOTYT OTHOCUTCSI OIPaHUYECHHs Ha KOJIUYECTBO PECYpCOB
(HampuMep, OTpaHUYCHHS 110 BPEMEHHU MCIOJIb30BaHUS HAYYHOT'O 000pYI0BaHHS, BpEMEHH pabOThI
YYaCTHUKOB TPOCKTa), OrPAHMUYCHUS, CBS3aHHBIC C 3aKOHOJATEIBLCTBOM, OKPYXKAIOIICeH cpenoil u

T.II..

3.2 [lnanupoBaHue yNnpaBJeHUs HAYYHO-TEXHMYECKUM MPOEKTOM

3.2.1 Uepapxuyeckasi CTPYKTypa padoT mpoeKkTa

Wepapxuueckast crpykrypa pador (MCP)- neranuzanus yKpyNmHEHHOU

CTPYKTYpbl paboT, mpeacTaBieHa Ha puc. 3.2. B mnpomecce cozmanus HCP

CTPYKTYpPUPYETCS U OIIPENEIAETCS COAECPKAHNE BCETO MTPOEKTA.

BeimyckHas
KBanHHKAUHOHHASA
pabora
|
| | | | ]
PaspaGoTka BriGop Teopertiseckue OGoGmene __| Odopmnenne
TeXHHYECKOro — HAMPABNCHHA | | JKCHepHMeHTaNTbHBle | [| M OLCHKa oryéra no HHP
3a1aHns HCCeNIOBAHMS HCCNeNOBAHHA Pe3yNbTaToOB
Cocrasnenne
Cocrasiesue i [TonGop 1 OzHakoMITeHNe ¢ OnpenenexHue || noscuuTensHoit
yIBepAKIeHHEe | m3yuenme | _|ocobennocTann |_|uenecooGpasHocTy SATTHCKH
TeXHHYECKOro MaTepHaIoB paboter PY NpOBeNeHNs
3a/laHHA Mo TemMe Ha 104% HCCNeAOBAHKA
[Tposepka
- : : Onenxa NPaBIIBHOCTH
KanennapHoe Hsyuerme
I mamrposl:mue I el | |addexrnenoctn — BeImonHeHns FOCTa
0/ 3
paGor nepexona Ha 104% NOJTy"1eHHBIX noacmlre.rl‘buoﬁ
Pe3yAbTATOB e
TIposeaenue ToAroToBxa
IKCMEePHMEHTOB K 3ammTe
BoInonHexHne
PacyéToB M

HBIX JIaHHBIX

aHATH3 NONYyYeH-

Pucynox 3.2.— Hepapxudeckas cTpykTypa padboT
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3.2.2 KoHTpOJIbHBIE COOBITHS MPOEKTA

KitoueBbie cOOBITHSI MCCIIEIOBATENIBCKOTO MPOEKTA, UX JIaThl U PE3YJIbTAThI

npuBeIeHBI B Tabmuie 3.11.

Ta6muna 3.11 — KoHTposabHbIe COOBITHS MPOESKTAa.

PesynbTar
Ne KounTpoasHoe cobbiTue Hata (moaTBEpKAAOIIU I
JOKYMEHT)
1 | PazpaboTtka Texaudeckoro 3aganus na HUP 1.02.2018 | IIpuka3z mo MATII
C 3amanue Ha
o | CocTaBenue u yTBEpK/IEHIE TEXHUIECKOTO 3.02.2018 | BEMIoMHeHME
3a1aHus
UCCJIeIOBAHUS
3 | Be1Oop HampaBieHHsI MCCIIeTI0BAHUI 5.02.2018 | Otuet
4 | [logbop u n3ydeHue MaTepuasioB Mo TEMe 10.02.2018 | Otuér
5 | KamennapHoe mianupoBaHue padoT 12.02.2018 | I1nan pabot
610 13.02.2018- Orui
3HAKOMJICHHE C BUJaMHU KOJJTUMATOPOB 23.02.2018 TYET
O3HakoMJIEHHE C METOJJaMHU OpPTaHU3AIIH 1
. . 23.02.2018- .
7 | pacueTa CBOMCTB HEHTPOHHOTO H3ITYUEHUS C OTtuér
9 28.02.2018
ucrounnkoM Be’(d, n)
28.02.2018- ,
8 | U3yuenue nporpammsl MCNP 6.03.2018 Ortuér
Brinonnenue pacuéroB U aHanu3 | 6.03.2018- .
9 Ortuér
MOJIYYEHHBIX JJAHHBIX 24.03.2018
10 | O60011eHNE U OIICHKA PE3YIbTATOB 16.04.2018 | Otuér
11 | CocTaBneHue MOSICHUTEILHOMN 3aMUCKU 14.02.2018- | Ioscnuremsras
1 1 25.04.2018 | 3anmcka
19 [TpoBepka NPaBAILHOCTH BBINOHEHUA 26.04.2018
I'OCTa nosiCHUTEIbHOW 3aMUCKU
1311 a K 3a 27.04.2018-
OJITOTOB 3aIuTe 25 05.2018
3.2.3 Ilnan nmpoekra
B pamkax IUIaHUpPOBaHMSI MCCIEAOBATEIBLCKOTO IMPOEKTa  IMOCTPOEH

KaJICHJapHbIA TUTaH-rTpaduK ¢ MOMOIIBI0 auarpammbl ['anta. B nanHOM ciydae
paboThl MO TeMe MPEACTABISIOTCA NPOTSHKEHHBIMH BO BPEMEHU OTpE3KaMu,
XapaKTEepU3yIOIMIUMHUCS JaTaMH Hayaia U OKOHYaHUsI BBIITOJIHEHUS padoT.

Jlunetinblii rpaduk npeacTaBieH B Tadauie 3.12.
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Ta6nuna 3.12 — KanenaapHslii m1aH npoekTa

Kon
paboThI

Hassanue

JUUITMTENIBHOCTB,
JTHA

Jara
Hayajia
pabot

Jara
OKOHYaHUS
pabot

Cocrasn
YYaCTHUKOB

Pa3zpaboTka
TEXHHUYECKOTO
3aJaHHsI

1.02.2018

3.02.2018

PykxoBoaurens

CocTaBiieHue u
yTBEPKACHUE
TEXHUYECKOT'O
3aIaHus

3.02.2018

5.02.2018

PykoBoaurenp

Br16op
HaIpaBJICHUS
HCCJICIOBaHUMN

5.02.2018

10.02.2018

PykoBonurens,
CTYZICHT

[Ton6op u
U3YYCHHC
MaTEPHUAJIOB TIO
TEME

10.02.

2018

12.02. 2018

Crynent

Kanennapnoe
TJIaHUPOBaHUE
paboT

12.02.

2018

13.02. 2018

PykoBonurens,
CTYZICHT

O3HaKOMIICHHE
C BUIAMU
KOJUTUMATOPBI

10

13.02.

2018

23.02. 2018

Crynent

O3HaKOMIIEHUE
C METOJIaMH
OopraHu3aIu u

pacueTa CBOMCTB

HEUTPOHHOTO
U3JIy4EHUS C
HUCTOYHUKOM

Be(d, n)

23.02.

2018

28.02. 2018

CryneHt
+ HavajipHuK
CMEHBI

N3yuenne
IIPOrpaMMBbI

MCNP

25

28.02.

2018

24.03. 2018

CryneHt

Brinonnenune
pacy€roB U
aHaju3
MOJTYYEHHBIX
JTAHHBIX

17

24.03.

2018

10.04. 2018

Crynenr

10

O000menne u

OIICHKA
pe3yabTaToOB

10.04.

2018

16.04. 2018

PykoBonurens,
CTYJICHT

11

CocraBieHue
NOSICHUTEILHOU
3aUCKA

19

14.02.

2018

25.04. 2018

CryneHt

12

IIpoBepka

26.04.

2018

27.04. 2018

PykoBonurens,
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BBITIOJIHEHUS
I'OCTa

3aIllMCKH

IMpaBUJIbHOCTH

HOSICHUTEIbHOU

CTYACHT

13

ITonroroBka
3aIuTe

K

29

27.04. 2018

25.05. 2018

Crynenr

B tabmuume 3.13 mpencraBieH KaJeHIApHBIA IUIaH-TPaQUK MPOBEICHUS

HayY49HOI'O UCCICAOBAHHA.

Tabmuma 3.13 — Kanengapuslii miad-rpaduk MpoBEACHUS HAYYHOTO UCCIICT0OBAHUS

No
pabot

Bun pa6or

Ucnonaurenu

TK!
KaJI.aAH.

HpOI[OJI)KI/ITCJII)HOCTI) BBITIOJIHCHUA pa6 oT

deBpaiib

Mapt

Amnpenb

Maii Uronn

1

2|3

1

2

3

1

2

3

1

23|12

Pa3pabotka
TEXHUYECKOTO
3aJaHus

PyxoBogurens

CocraBiieHue H
YTBEPKACHHE
TEXHUYECKOTO
3aaHus

PykoBoautens

Br16op
HaIpaBJIeHUS
HUCCIIENOBaHUN

PyxoBogureins,
CTYIEHT

%

[TonGop "
U3yUYCHHE
MaTepuasioB II0
TeMe

CryneHt

Kanenmapnoe
IUIAHUPOBAaHUE
paboT

PyxoBogutens,
CTYIEHT

N3yuenune
BO3MOKHOCTEH
pacyéTHoM
MOJICITH

CryneHt

OcBoenue
METOAUKHU
pacuéra

MIPaKTHUKE

Ha

CryneHt

IIpoBenenue
pacuéToB

CryneHt

45

Ananmms
HOHy‘ICHHBIX
JTAHHBIX

CryneHt

10

O000mmenne u
OLIEHKA
pe3yJIbTaTOB

PyxoBoautens,
CTyZIEHT

11

CocraBiieHue
MOSICHUTETbHOM

CryneHt

19
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3aIIMCKH1

IIpoBepka

IMPaBHUJIbHOCTH 1

BBIIIOJIHEHUS PykoBoaurens, -
12 1

I'OCTa CTYJICHT

MHOSICHUTEIbHOH
3aIIUCKA

IToaroroBka k
13 A CryneHt 29 _
3aIUTe

myKOBOHI/ITeHL .:Ty,[[eHT

3.3 BroxkeT HAYYHOTI' 0 UCCJIeI0BAHMS

[Ipy nnaHupoBaHuM OIOJKETAa HUCCIEIOBAHMS JOKHO OBITh OOECIEeueHO
MOJIHOE W JOCTOBEPHOE OTPAKEHHE BCEX BHJOB pPACXOJ0B, CBS3aHHBIX C €ro
BbINIOJIHEHHEM. B mporecce (opmupoBaHus Or0pKeTa UCHOJIB3YETCS Cleayrolas
IpyNIMPOBKA 3aTPAT MO CTAThSIM:

—  MaTepualIbHbIE 3aTPaThl;

— 3arpaThl Ha  CHEUUMAJbHOE  OOOpYyIOBaHME [  HAYYHBIX
(9KCTIepUMEHTANBHBIX ) padoT;

—  OCHOBHas 3apa0oOTHAas IUIaTa UCTIOJTHUTENEH TEMBbI;

—  JIONOJIHUTEJIbHAS 3apa00THAs IIaTa UCTIOJTHUTENECH TEMBI;

—  OTYHUCJIEHUS BO BHEOIOKETHBIE (DOHBI (CTPAXOBbIE OTUUCIICHHUS);

—  3aTpaThl HAyYHbIE U IPOU3BOJCTBEHHbIE KOMaHAUPOBKHY;

—  KOHTpareHTHbIE PACXO/Ibl;

—  HaKJIaJHbIE PACXOJIbI.
3.3.1 Pacuét maTepuajbHBIX 3aTpaT

Pacuer maTepuallbHBIX 3aTPAT OCYIIECTBIIACTCA MO CIenyIomei dhopmyre:

m
3u :(1+kT)'ZHi 'Npacxi ]
i=1
rae M — KOJMYECTBO BHIOB MATCPHATBHBIX PECYpPCOB, MOTPEOISIEMBIX MPH

BBIINIOJIHCHHWH HAYYHOT'O UCCJICAOBAHUS
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Npacxi — KOJIMYECTBO MaTEpUAIBbHBIX PECYPCOB I-ro BHJA, IUIAHUPYEMBIX K
FICITOJIb30BAHHIO [IPHU BBHITOTHEHNN HAYYHOTO UCCIEHOBAHMS (IIT., KT, M, M” 1 T.1.);

L]i— 1ieHa IpHOOPETCHUS SAMHMUIIBI I-T0 BHJIA TOTPEOJIIEMbIX MaTepHAIbHBIX
pecypcos (py6./wT., py6./Kr, py6./Mm, py6./M° 1 T.1.);

K7— KO3 PHUIHMEHT, YIYUTHIBAIOIIMI TPAHCIIOPTHO-3arOTOBUTEIBHBIC PACXO/IHI,
NPUHUMAIOTCA B mipeaenax 15-25 % ot cTouMoCcTH MaTepuaios.

OCHOBHBIMHM 3aTpaTamMd B JAaHHOW HCCJIEN0BATEIBLCKOW padoTe SBISAIOTCS
3aTpaThl Ha JIEKTPOIHEPTUIO U MPHOOPETEHUE KAHIEISIPCKUX TOBAapOB. Pe3ymbTaTshl
pacy€ToB 10 3aTpaTaM Ha MaTepuasbl MpuBeAeHBI B Tabnuie 3.14.
3arpaTsl Ha SIEKTPOIHEPTUIO PACCUUTHIBAIOTCA 10 POpMyIIE:

C=I[,; P-F,s=5,8-200-8=29280
rae  [I[,, — Tapud Ha MPOMBINIJICHHYIO dJIeKTpodHepruto (5,8 py0. 3a 1 kBT 9);

P — momHOCTE 060pynoBanus, kBT (P muxiorpona paBaa 200 kB1/ g

Fos — BpeMsi UCIIOJIb30BaHUsL 000PY/I0BaHUS, Y.

3arpatsl Ha 3JeKTpodHepruto coctaBuian 9280 pyoms.

3arpaThl Ha aMOPTU3AIMIO IUKIOTPOHA. BO BpEMs MPOEKTa ITUKIOTPOH
MCIIOJIb30BAJICS B TeUeHHE 8 4acoB = | 1eHb

CroumocTts 1ukiaorpoHa 100 mMuwimuoHoB pyOsiel / mepuoJ UCIOJIb30BaHUS
20 net unm 7300 gHei.

Amoptu3anuonHsie 3aTpatbl paBHbl 100000000/7300 = 13690 py6./neHb.

Tabnuua 3.14 — MarepuanbHble 3aTpaThl

HaumeHnoBanue Mapxa, KomnuecTBo Lena 3a | Cymma,
pasmep enuHuIy, pyo. | pyo.
DNEKTPOIHEPT U — 1600 kBtg 5,8 9280
AMOPTH3AIHORHBIC —  M3ICPRKH |y oron | 1 e 13690 13690
[{MKJIOTPOHHOIO YCTpOMCTBA
bymara SvetoCopy 110 0,90 99
IleuaTs Ha nucte A4 — 110 15 165
Pilot BPS-
Pyuxka GP 1 50 50
JlocTyn B UHTEpHET - 4 mecana 350 1400
[lepcoHasbHBINM KOMIIBIOTEP 43000
Bcero 3a marepuaibl 24684
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TpaHCHOpTHO-SaFOTOBI/ITCJ'II)HBIC pacxoabl 0

Hroro no cratee C,, 67684

3.3.2 OcHoBHasi 3apadoTHAasI IUIATa UCIIOJIHUTEel TeMbl

CraTtbsi  BKJIIOYA€T  OCHOBHYIO  3apa0OTHyI0  IiaTy  paOOTHHUKOB,
HEIOCPEICTBEHHO 3aHSITHIX BBITIOJHEHWEM IMPOCKTA, (BKIItOUAs MPEMUU, JOTUIATHI) U
JOTIOJTHUTENBHYIO 3apabO0THYIO TUIATY.

C3r[ = 300H + 3/:[01'11
rae 3. — OCHOBHAs 3apabOTHAas IJ1aTa;
300 — JOTIOJTHUTENIbHAS 3apab0THAs IJ1aTa.
OcHoBHast 3apaboTHass 1ata (3ocs) PYKOBOIAUTENS PACCUUTHIBAETCA I10
cienyroieit hopmyie:
300H = 3,:[1{ ) Tpa6;
rae 3, — OCHOBHAs 3apabO0THAas IJj1aTa OHOTO PaOOTHUKA;
Toas — TPONOJDKUTENBHOCTH  pabOT,  BBIIOIHAEMBIX  HAayYHO-TEXHHYECKUM
paboTHUKOM, pab.H.
3. — CpeaHeIHEeBHAs 3apa0oTHas IJ1aTa paboTHUKA, PYyO.
CpennenneBHas 3apabOTHas MJIaTa pacCUUTHIBAETCA 10 hopMyIie
3w = Bu M) Fy
raie 3y — MEeCSAYHbIN JOJDKHOCTHOM OKJIaJ paboTHUKA, PYO.;
M — Konm4ecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYCHUE TO1a:

—  mpu oTiycke B 24 pa6. nust M =11,2 mecsna, S-1HeBHas HEIeus;

—  1pu oTirycke B 48 pab. nueit M=10,4 mecsia, 6-1HeBHAs HEICIS;

F. — nelicrButenbHbIl ro0BOM (PoHI paboyero BpeMEHU HAYYHO-TEXHUYECKOTO

nepcoHaina, pab. aH. (tradbnuna 3.15).
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Tabnuna 3.15 — bananc paboyero BpeMeHu

IToka3zaTtenu paboyero BpeMeHu PykoBogutens | CTyIeHT
KanenmapHoe uncio nHei 365 365
KonnyecTBo Hepaboumnx aHEH:

— BBIXOJHBIE JHHU; 52 104

— pa3IHUYHbIC THU 14 14
[Torepu pabouyero BpeMeHH:

— OTIYCK; 48 24

— HEBBIXOBI M0 O0JIE3HU - -
JleiicTBUTENBHBIN T0JJ0BOM (OH]T pabouero BpeMeHH 251 223

Nuxenep nomydaet 9893 py6/mecsit:

3. =1(9893-1,3- 11,2) / 223 = 645,93 py0/neHb.

OcHoBHOI1 3apaboTok HMHkeHepa 3a BpeMs MPOBEACHHUS HAYYHOTO
VICCJIEIOBAHMSI COCTABIISCT:

3o = 645,93 - 120 = 77511,7 py®6.

OcHoBHas 3apaboTHasi MJIaTa HAYYHOTO PYKOBOJHUTENS PACCUUTHIBACTCS Ha
OCHOBAaHUHU OTpacieBOM oraTel Tpyaa. OtpacneBas cucrema omiarsl Tpyaa B TITY
MpenoiaraeT Cleayonui CoCTaB 3apab0THOM MIIATHI:

—  oxJax — onpenensercs npeanpustueM. B TIIY oknanel pacnpeneneHsl B
COOTBETCTBUM C 3aHUMAEMbIMH JOJDKHOCTSIMH, HampuMep, AaCCHCTEHT, CT.
npenojaBarelb, JOIEHT, Tpodeccop.

—  CTUMYJIUPYIOIIME BBIIJIATBI — YCTAHABIMBAKOTCS PYKOBOIUTEIEM
noApazneiaeHuid  3a  3(OQPEKTUBHBIA  TPyH, BBINOJHEHUE  JOMOJHUTEIbHBIX
00s13aHHOCTEH U T.J.

—  WHBIC BBIIUIATHI: pAOHHBIN KOYPDUITUEHT.

PykoBoguTenem AaHHOW Hay4YyHO-HCCIIEOBATEIbCKONM pabOThl SBIAETCS
COTPYIHHK C JOJKHOCTHIO 3aB. jabopatopueii. Takxke pailoHHbINH KOADPUITMEHT TI0

Tomcky pageH 1,3.
3.3.3 JlonoiHuTeIbHAS 3apa0oTHAS MJIATA UCIIOJHUTEIel TeMbl

MecsuHbIi TOJKHOCTHOM OKJIa]] paOOTHHKA!
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3, =3, - (K, +k,) -k, (15)

rae 3 — 0a30BBIM OKTad, pyo.;

Knp — mpemMuanbHblii ko3 duient , (onpenensercs I[lonoxkenuem o6 omnate
Tpyaa);

k, — ko3d¢unument mormnar u HagoaBok (B HUM um Ha NpOMBIIUICHHBIX
NPEANPUATASIX — 3a pacimupenne chep oOcmykuBaHUS, 3a TPodhEeCcCHOHATHLHOE
MacTepCTBO, 3a BpeIHbIe ycloBus: onpeaensercs [lonoxenneM 06 orare Tpyna);

K, — paiionnslit ko3 dunuent, pasuslit 1,3 (uist Tomcka).

OcHoBHas 3apabotHast miata pykoBoautens (ot TIIY) paccuuThiBaeTcs Ha
OCHOBaHUHU OTpacieBOM oIuiaTel Tpyaa. OtpacneBas cucrema omiarsl Tpyaa B TITY
MpenoiaraeT Cleayonui CocTaB 3apad0THOM MIIATHI:

1) oxnaxg — onpenensiercss npennpusitueM. B TITY oxnaasl pacnpenenceHsl B
COOTBETCTBHMM C 3aHMMA€MbIMU JOJDKHOCTSMH, HAlPUMEpP, ACCUCTEHT, CT.
npenojaBarelb, JO1eHT, mpodeccop. bazoBeiil okian 30 onpenensercss UCXOs U3
pa3MepoB OKJIAJO0B, OMPEEICHHBIX IITATHBIM paclHUCaHheM Opeanpustuu. Pazmep
okmanoB IIIIC m HC TIIY mnpencraBneH Ha koprnopatuBHOM mnoprtaine TITY:
http://portal.tpu.ru/departments/otdel/peo/documents.

2) CTUMYJUpPYIOLIME BBILJIATBI — YCTAHABIMBAIOTCS  PYKOBOJUTEIEM
noApazfaeiaeHuid  3a  3OQPEKTUBHBIA  TPyJ, BBIMNOJHEHUE  JIOMOJTHUTEIBHBIX
00s13aHHOCTEH U T.J.

3) uHBIC BBIIIATHI; pAOHHBIN KO3 (HUIIUECHT.

Pacuét ocHOBHOI1 3apabOTHOM TUIaThI IPUBEAEH B Tabx 3.16.

Tabmuna 3.16 — Pacuém ocnosHoti 3apabommuotl niamol

Ucnionaurenu 35, Kip | Kx Kp 34 30 T, Boct,
pyoO. pyo py0. |pab.| pyoO.
ITH.
PykoBoautens 30083 |- - 1,3 [39107,90|1620,41(17 |27546,92
HayanbHUK cMEHBI 11973,72|- - 1,3 |15565,84|644,96 |5 3224,80
Wxenep 9893 - - 1,3 [12860,90(645,93 (120 |77511,43
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3.3.4 OT4ucaeHns BO BHEOIOMKeTHbIE (DOH/IBI

Pasmep oTunciennii Bo BHeOwKeTHBIE (OHBI cocTaBisieT 30% OT CyMMBbI
3aTpaT Ha OIUIaTy TpyJa pPaOOTHUKOB, HEMOCPEICTBEHHO 3aHSTHIX BBIITOJHEHHEM
UCCIIEIOBATENbCKOM pabOTHI.

Benuuuna otuncieHuit BO BHEOIOKETHBIE (DOHIBI ONpEACNIeTCS UCXOs U3
cienyrouieit hopmyIbl:

Chues = kBHeG " Bocus
rje Kenes — KOI(D(PHUIIMEHT OTYHCIICHUI Ha YIUIAaTy BO BHEOIOUKETHBIC (POHIBI
(nencuoHHbIN HoH, HoH 00s13aTEIHLHOT0 MEAUIIMHCKOTO CTPaXOBaHUs U TIp.).

Benuunna oturcieHuit Bo BHEOOIKETHBIE (DOH]IBI COCTABIISCT:

Canes= 0,3 - 108283,15= 32484,95 py6.

3.3.5 ®opmupoBaHue OI0I:KETA 3aTPAT UCCJIEI0BATEIHCKOI0 MPOEKTA

PaccuntanHas BenMuuMHA 3aTpaT  HAYyYHO-MCCIENOBATENbCKOW  pabOTHI
ABJIIETCSI OCHOBOM uisi (hOpMHpOBaHHUs OOJKETa 3aTpaT MPOEKTa, KOTOPbIA HpH
(GopMHUpPOBAaHMUN JIOTOBOpPA C 3aKA3UMKOM 3alIMIIAETCs HAay4yHOM opraHusaiue B
KaueCTBE HIYKHETO Mpeelia 3aTpat Ha pa3paboTKy HAyYHO-TEXHUYECKOW MPOTYKIIHH.

Omnpenenenue OroKeTa 3aTpaT Ha HAay4YHO-HCCIIEAOBATEIbCKUN MPOEKT IO

KaKJIOMY BapUaHTy UCIIOJIHEHUS MPpUBEJIeH B Tabymie 3.17.

Tabnuma 3.17 — Pacuér 6ro/pkeTa 3aTpat UCCIeA0BaTEIbCKOTO MPOEKTa

HanmenoBanme cratbu CymmMma, pyo
1. MatepuanbHbIe 3aTpaThl UCCIICIOBAHUS 67684
2. 3aTpathl MO OCHOBHOM 3apab0THOM MJIaTe UCTIOJIHUTEIICH TEMBI 108283,15
3. OtunciieHus: BO BHEOIOHKETHBIE (hOH/IBI 32484,95
brojxeT 3arpar ucciaeoBaHus 2084521

3.4 Opranu3auMoHHAs CTPYKTYpPa NPOEKTa

OpranuzanmoHHasi CTPYKTypa IPOEKTa MPEACTABISIET CO00Ml BpEMEHHOE

CTPYKTypHOE 00pa3oBaHme, CO37aBaeMOe ISl JTOCTUKEHUS MOCTABIICHHBIX IEJeH U
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3a/lad MPOEKTa M BKIIOYAIOIIEe B CeOsl BCEX YYACTHHKOB TPOIECCA BBITIOJIHCHUS
paboT Ha KaXJ0M JTarle.

JlaHHOW WCCcTenoBaTeNbcKo  paboTe COOTBETCTBYET (YHKITMOHATBHAS
CTpyKTypa opraHu3zanuud. To ecThb opraHusanus pabodero mpolecca BBICTPOCHA
UEPApXUUECKU: Yy KaXKIOrO0 y4YaCTHHKA TMPOCKTa ©CTh HEMOCPEICTBEHHBIN
PYKOBOJUTENb, COTPYAHHKH pa3[EiCHBl MO O0JacTAM CHCIHATU3alnd, KaKIOu
TPYIIION PYKOBOAUT KOMIETEHTHBIN CIIEUATUCT ((PyHKITMOHATBHBIA PYKOBOIUTEH ).

OpraHu3aiMoHHas CTPYKTypa HayqHOT0 MPOEKTa MPeICcTaBlIeHa Ha pUCYHKe 3.3.

Hay4HbIit
PYKOBOIHTENb
Koopaonaupyroman
TpYyIIIa
|
KoHcyneTaHT pasnena
«PHHAHCOBLIH MeHELKMEHT, Koncynetant pasnena KoHCynsTaHT 1o
pecypco3(PeKTHBHOCTE U «ColHanbHad OTEeTCTECHHOCTRY A3BIKOBOMY pazleny
pecypcocOepekeHHe»
HICIIOMHHUTENE:
CTYIEeHT

Pucynox 3.3 — OpranusanroHHas CTPYKTypa HAYIHOTO MTPOCKTA
3.5 MaTpuiia 0TBETCTBEHHOCTH

CreneHb OTBETCTBEHHOCTHM KaXIOIO YJj€HAa KOMaHAbl 3a IPHUHSITHIC
MIOJTHOMOYHSI  PETJIAMEHTUPYETCSI ~ MATpULIEM  OTBETCTBEHHOCTH.  Marpuna

OTBETCTBEHHOCTH JIAaHHOTO MPOEKTa Mpe/cTaBieHa B Tabymie 3.18.
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Ta6nuna 3.18 — Marpuiia OTBETCTBEHHOCTH

DTanbl IPOEKTa

Hayunpbrii
PYKOBOJUTEID

Koncynprant paznena

«DUHAHCOBBIN
MEHEIHKMEHT

Koncynprant paznena
«COII0TBETCTBEHHOCTH»

KoncynpTant no

SI3LIKOBOMY

paszeiny

Crynent

Pa3pa60TKa TCXHHUYCCKOTI'O 3aJaHUA

CocraBieHue u YTBCPIKACHUC
TCXHUYCCKOTI'O 3aJaHUA

Bb16op HampaBieHus
HCCJIETOBAHUN

| © |O

[TonOop u n3yyeHue MaTepraioB
0 TeMe

KanennapHoe miaHupoBaHue
pabor

OsnakomiieHue ¢ sugamu PAO

O3HakOMJIEHHE €O crioco0amMu
oOpaienust ¢ PAO

Nzyuenne mporpammbl MERCU-
RAD

BrInonHeHne pacuy€ToB U aHAIINA3
ITOJTYYEHHBIX JaHHBIX

=S SRR RS

BrimonHeHrE O1IEHKH
pecypcoddpHEeKTUBHOCTH U
pecypcocOepekeHus

~

Brinonnenue paszaena mno
COLIMAJILHON OTBETCTBEHHOCTH

BrinonHenue nepeBoia yacTu
paboThl HA AHTJIMUCKUN SI3bIK

O0600111eHNE U OLICHKA PE3YJIbTATOB

CocTaBiieHHE TOACHUTEIHLHOM
3aIUCKHA

= RSN

[IpoBepka npaBUIBHOCTH
BeinmostaeHus ' OCTa
MOSCHUTEIHHOU 3aITUCKU

~

IloaroroBka Kk 3ammre
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CreneHp y4acTusl B IPOEKTE XapaKTEPU3YETCs CIEAYIOIUM 00pa3oM:

—  otBercTBeHHbIN (O)— JIHII0, OTBEYAIOIIEE 3a peali3allMIO0 dTana MpPoeKTa
¥ KOHTPOJIUPYIOIIEE €T0 XO/I;

— ucnojguutenb (M) — numo (Jimima), BBIMOJHSIONIME paOOThl B paMKax
JTama MpoeKTa. YTBepkaatomiee auio (Y) — JHI0, OCYIIECTBISIONIEe YTBEPKICHUE
PE3yJbTaTOB 3Tama MPOEKTa (€CM ATAll MPEyCMaTPUBACT YTBEPKICHHUE);

—  cornacymoiee Juio (C) — JauIo, OCylecTBISIONIEe aHAIU3 Pe3yJIbTaTOB
MIPOCKTAa M YYACTBYIOIIEE B MPUHATHU PEIICHUS O COOTBETCTBUH PE3YJIhTAaTOB 3Tara

TpeOOBaHUSIM.
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3AJIAHUE JIJISI PA3JIEJIA
«COLUMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
'pynna DPUO
Omxm61 [uxana A6mymiax Moxamma
ko2 AT Ortpesenne lxoasr (HOIL) HOII B.I1. Beiinoepra
16.04.01 Texuuueckas ¢pusuka /
Yposens obpazosanusi| Maructpatypa |Hampasiaenmne/cnenuanbnocts  [IydkoBbIE U IJTa3MEHHbBIE
TEXHOJIOTUU

Mcxoanble JaHHbIE K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb .

1. Onucanue pabouezo mecma (paboueil 301bt) HA
npeomem B03HUKHOBEHUS.!

Bpenmbie nposiBiicHus: (aKTOPOB B
IPOU3BOICTBEHHOM cpejie (HeI0CTaTOuHOEe
OCBeIlIeHUE paboUeii 30HbI, OTKIIOHCHUE
HOKa3aTesei MUKPOKIIUMATa, HOHU3UPYIOIIHAE
U3JIy4CHUs, M, BUOpanus,
AJIEKTPOMArHUTHOE U3JTyYCHHE.

oracHbie (GaKTopbl (BOMPOCH
AIIEKTPOOE30MACHOCTH M TIOXKAPHOM
0€30IaCHOCTH);

2.  3Hakomcmeo u omoop 3aKOHOOAMENbHbIX U
HOPMAMU6HbIX OOKYMEHNO08 NO meme

37eKTPoOE30MacHOCTb;
MO’KapOB3PBHIBOOE30TIACHOCTE;
paauanmoHHasi 6€30MacHOCTb,

TpeOOBaHMUS OXpaHbl TpyAa TMpU paboTe Ha
I15BM

Hepeqeﬂb BOIIPOCOB, NOJIC/KALUX HCCIACTO0BAHUI0, IPOCKTHPOBAHUIO H pa3paﬁoTKe:

1. Ananu3z evlaeneHHbIX 8peOHbIX (PaKmopos
NPOEKMUpYemoil npou3e00CMEeHHOU cpedbl 8
credyioujell nocied08amebHOCu.

nelicTBue (pakTopa Ha OpraHU3M YelOBEKa;
IIPUBEJEHUE JOIYCTUMBIX HOPM C
HEOOXOUMOI Pa3MEPHOCTHIO (CO CCHUIKOM Ha
COOTBETCTBYIOIINI HOPMAaTUBHO-
TEXHUUYECKNN JOKYMEHT);

MpEeJIaraeMble CPEICTBA 3aAIIHUTHI
(KOJIJIEKTUBHBIE U UHAMBUIyaJIbHBIE).

2. Ananu3s 6visiGNeHHbIX ONACHBIX YAKMOPOs
NpOEeKmMupyemou npou3800CmEeHHOU Cpedbl 6
credyroueli noCcie008amenbHOCmu

DneKTpoOe30MacHOCTh (B T.4. CTATHUECKOE
JIEKTPUUYECTBO, MOJIHUE3AIINTA — HICTOUYHUKH,
CPEICTBA 3aIIUTHI);
[ToxxapoB3pbIBOOE30MACHOCTD (TPUYUHBIL,
NpopUIAKTUIECKUE MEPOTIPHUSTHS,
MIEPBUYHBIE CPEICTBA MOXKAPOTYIIECHNUS)

/laTa BbLIauM 3a1aHus IS pa3/ieia 10 JHHEHOMY rpaduKy |

33H3HH8 BbIAAJI KOHCYJIBTAHT:

JoskHOCTH dUO YueHasi cTeneHb, MMoanuck Jara
3BaHMue
Accucrent OATL] I'oronesa T.C. K. @.-M. H.
3agaHne NPUHSJI K HCTIOJTHEHHIO CTY/IEHT:
I'pynna DPUO Hoanuce Jara
Omm61 [Muxana A6mynnax Moxamman
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4. COOUAIBHASA OTBETCTBEHHOCTD

B coBpeMEHHBIX yCIOBUAX OJJHUM U3 OCHOBHBIX HANpaBIICHUH KOPEHHOTO
yIIy4IlIeHHs] BCcel MpoduIakTUYecKor padoThl MO CHUKEHUIO MPOU3BOJICTBEHHOTO
TpaBMaTu3Ma U TPOodEeCCHOHATHLHOW 3a00JI€BAEMOCTH SBIISCTCS TOBCEMECTHOE
BHEJIPEHUE KOMIUIEKCHON CHCTEMbl YIPABJICHHUS OXPAaHOW TpyJa, TO €CTh IyTEeM
o0BeTMHEHNS pa3pO3HEHHBIX MEPOTIPUATHN B EANHYIO CUCTEMY
I[eJICHANPABIICHHBIX JIEUCTBUM Ha BCEX YPOBHSX M CTAJIUAX MPOU3BOJCTBEHHOTO
mpoiecca.

Oxpana Tpyna — 93TO CHCTEMa 3aKOHOJATENIbHBIX, COIMAIBHO-
SKOHOMHUYECCKUX, OpPTraHW3aIlMOHHBIX, TEXHOJOTHUYECKNX, THUTUCHUYECKUX W
e4eOHO-NPOPUITAKTUYECKUX ~ MEPONPUSITHA U CPEACTB, 0O0ECMEeUHBAIOIIUX
0€30I1aCHOCTh, COXPAHEHHE 3/I0POBbS U PAOOTOCIIOCOOHOCTH YEJIOBEKA B MPOIECCE
TpyJa.

[IpaBuna mo oxpaHe TpyJa W TEXHHUKH OC30TAaCHOCTH BBOMIATCS B IEIISX
MIPEAYIPEKICHNASI HECUACTHBIX CITy4aeB, 00eCIeueHusT 0€30MacHbIX YCIOBHHA TpyIa
pabOTaOIIMX U SBISIOTCS 0053aTEIILHBIMU TSI UCTIOJTHEHUST pPabovYrMH,
PYKOBOJSIIIUMH, WHKEHEPHO-TEXHUICCKUMHU PAOOTHUKAMHU.

OnacHbIM  TIPOM3BOJCTBEHHBIM  (paKTOPOM,  Ha3bIBaeTCs  TaKOH
MIPOU3BOACTBEHHBIN (PaKTOP, BO3ACHCTBHE KOTOPOTO B OMpPEACICHHBIX YCIOBHIX
IIPUBOJAT K TPaBME WM APYTOMY BHE3AITHOMY, PE3KOMY YXYAIICHHUIO 3J0POBBS.

BpenueiM  mpou3BOACTBEHHBIM  ()aKTOPOM  HA3bIBAeTCA  TaKOH
MPOU3BOJACTBEHHBIM (haKTOp, BO3JIEHCTBHE KOTOPOTO Ha paboTaromiero B
OTIPENICTICHHBIX  YCIOBUSAX TMPUBOJUT K  3a00JICBAaHUIO WM  CHIDKCHHIO

TPYAOCIIOCOOHOCTH.
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4.1,

AHaJIN3 BPeIHbIX H ONACHBIX (aKTOPOB

B rtabnuue 4.1 npuBeneHsl MPOU3BOACTBEHHBIE YCIOBUS Ha pabodyem

mecte. Ouu

XApPaAKTCPU3YIOTCA HAJIWYHUCM OIIACHBIX W BPCIAHBIX (I)&KTOpOB,

KOTOpBIE€ KIACCU(PHUIMPYIOTCS MO TPyIIaM 3JIEMEHTOB: (pU3HUecKue, XUMUIECKHE,

6I/IOJIOFHIIGCKI/I€, HCI/IXO(l)I/IBI/IOJIOFI/I‘IGCKI/IC.

Tabnuna 4.1. OcrosHble 21emeHmbl NPOU3B00CMBEHHO20 NPOYeccd,
Gdopmupyrowue onacHvle U 8peonsle Paxkmopbvl

OAKTOPBI
HanMeHoBaHMe I'OCT 12.0.003-74 CCBT
Bunos pabor wu
[1apaMeTpoB
[IPOU3BOJCTBEHHOTO HopmatusHbIe
npouecca Bpenusie OmnacHble JIOKYMEHTBI
CanlluH 2.2.4.3359-16
PaGoTa Ha [IOBBIIICHHBIN "CanurapHo-
YPOBEHb AIUAECMHUOJIOTUUECKUE
[1EPCOHAIILHOM
DIIEKTPOMAarHuTH TpeOOBaHUS K
KOMIIBIOTEPE

bIX U3JTyYEHHU;

¢buszndeckuM (akTopam Ha
pabounx mecTtax"

PaboTa Ha HEUTPOHHOM
KaHaJe [MUKJIOTPOHA

[ToBbIIEHHBIN
YPOBEHb
MOHU3UPYIOIIUX
V3JIyYCHUH B
paboueii 30He

CanlluH 2.6.1.2523-09
Hopwmsl pagnanmoHHom
6ezonacnoctu HPb-
99/2009

Ha wumxenepa, paboTra KOTOpPOro CBsi3aHa ¢ pa3pabOTKOW MoOjenu Ha

KOMITBIOTEPE, BO3JICUCTBYIOT CIEAYIOIINE (PaKTOPBHI:

e  (usnueckue:

- TeMIlepaTypa U BIaXHOCTh BO3/1yXa;

- IIyM;
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- CTaTUYECKOE DJICKTPUUYECTBO;
- JJICKTPOMAarHUTHOE IOJI€ HU3KOW YUCTOTHI;
- OCBCIIEHHOCTD;
- HaJW4ue U3Ty4YCHUS;
®  TCUXO(U3HOJIOTHUECKHE
[lcuxodusnonorndeckue OmMacHble MW BPEAHBIC IMPOM3BOJICTBCHHBIE
dakTophl, MenATCsA Ha: GU3HUECKUE TEPEeTPy3KH (CTaTHUECKUe, NUHAMUYECKUE) 1
HEPBHO-TICUXWYECKHUE TIeperpy3Ku (YMCTBEHHOE TNepeHaIPsHKEHUE, MOHOTOHHOCTD

TPY/ia, SMOLIMOHAJIbHBIC MTEPETPY3KH ).

4.2. OOocHOBaHHe W pa3padOTKa MepONPHUATHH MO CHUKEHHI) YPOBHeH
ONACHOT0 M BPEIHOr0 BO3AEeHCTBUS M YCTPAHEHUIO UX BJMSHUS NPHU PadoOThI

Ha II9BM.

4.2.1. Opranu3anuoHHbIe MEePONPUSITUS

Becr mepcoHan o00si3aH 3HaTh U CTPOTO COOJIIONATH MPaBHIIA TEXHUKH
0€30IacCHOCTH. OGyuenue nepcoHaia TEXHUKE 0€30MacHOCTH u
NPOU3BOJCTBEHHOM CAHUTApPUM COCTOMT W3 BBOJHOTO HHCTPYKTa)xa U
WHCTPYKTaka Ha paboyeM MeCTe OTBETCTBEHHBIM JIUIIOM.

[IpoBepka 3HaHWMN TIpaBUI TEXHUKH OE30MACHOCTH  MPOBOAUTCS
KBaTU(UKAIIMOHHOW KOMHCCHEH mociie oOydeHus Ha paboueMm Mecre.
[TpoBepsieMmoMy, MPUCBAMBAETCSI COOTBETCTBYIOIIAS €TI0 3HAHUSAM U OIBITY paOOTHI
KBaIM(PUKAIIMOHHAS TPYyIIa M0 TEXHUKE 0E30MTaCHOCTH M BBIIACTCS CIICIIHAIBHON
yIOCTOBEPEHHUE.

JIuma, oOcmyKMBaroMe JIEKTPOYCTAHOBKH HE JOJDKHBI UMETh YBEUUH U
OoJie3Hel, MeIIAIIUX MPOU3BOJACTBEHHONW pabote. CocTosiHUE 370pOBBSA

YCTaHaBJIIMBACTCA MCANIIMHCKHUM OCBUACTCIILCTBOBAHUEM.

4.2.2. Opranu3anusi pa6ouero [I9BM
PanonanbHas IUTaHMPOBKAa paboduero Mecra MPeayCMaTpUBacT YeTKHUit

MOPSJIOK U ITOCTOSIHCTBO Pa3MELIEHUs IPEIMETOB, CPEJICTB TPY/Ia U JOKYMEHTALUN.
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To, uro TpedyeTcs A BHIMOIHEHUS paboT yalle JOJKHO PacloaraTbCsi B 30HE

JICTKOU JOCATaCMOCTH pa60qero IMPOCTPAHCTBA KAK IIOKA3aHO Ha pHUC. 4.1.

800 EO00 <00 0 200 5~ BO0
800 - =l -_.| . _
600 L0 | i S e e O B L1
00| |} | A ),
200] A=
N 2
!
0

450

700

Puc. 4.1 3oHbI OCSITaEMOCTH PYK B TOPU3OHTATHHOM INTIOCKOCTH

I'ne, a - 30Ha MaKCUMAJIBHOM JTOCATAeMOCTH PYK; O - 30Ha
JOCSITA€MOCTH MAaJIbIIEB MIPU BBHITIHYTOM pyKe; B - 30HA
JIETKOM JOCSITaeMOCTH JIQJOHH;

T - ONITUMAJILHOE TIPOCTPAHCTBO JIJIsi TPy0Oii pydHOH paboTHI;
1 - ONTUMAJIbHOE MPOCTPAHCTBO ISl TOHKOW PYYHOU paOOTBHI.

OnTumanbHOE pa3MENIEHHUE MPEIMETOB TpyAa U JOKYMEHTAllMM B 30HAX
JOCSTaeMOCTH pyK: AUCIUIEH pa3MeliaeTcss B 30HE a (B LEHTpE); KJIaBUATypa - B
30HE T/1; CUCTeMHBIN OJIOK pazMeraercsi B 30He O (ciieBa); MPUHTEP HAXOAMUTCS B
30HE a (CrpaBa); JOKYMEHTAIIMS : B 30HE JISTKOM JOCATaeMOCTH JIaJJOHU — B (ClieBa)
— JUTepaTypa U JOKyMEHTallusl, HeoOXxoaumast mpu padoTe; B BBIIBUKHBIX SIITHUKAX
CTOJIa — JUTEpaTypa, HE UCIIOJIb3yeMasi TOCTOSTHHO.

[Ipy mnpoeKkTHpOBaHWUM TMHCHMEHHOTO CTOJA JOJDKHBI OBITH YyUYTEHBI
cleAyroIme TpeOoOBaHuUs:

BricoTa pabodeil mOBEpXHOCTH CTOJIa peKOMEHIyeTcsl B mpenenax 680—
800 wmM. Beicota pabouell TOBEPXHOCTH, Ha KOTOPYK yCTaHABIMBAETCS
KJIaBHaTypa, A0kHA ObITh 650 MM. PaGouuii cToN MOMKEH OBITh IIMPUHON HE

Menee 700 mm 1 pymmHON He MeHee 1400 mM. [I0JKHO MMEThCs MPOCTPAHCTBO AJIS

95



HOT BbicoTOM He MeHee 600 mMm, mupuHoi — He menee 500 mm, riyOUHON Ha
YpOBHE KOJIeH — He MeHee 450 MM ¥ Ha ypOBHE BBITSHYTBIX HOT — He MeHee 650
MM.

PabGouee kpecino JOMKHO ObITh MOABEMHO — TOBOPOTHBIM U
pEeryJIupyeMbIM MO BBICOT€ W yIjaM HAaKJIOHAa CUJICHBS U CIHHKU, a TaK e
PACCTOSIHMIO CIHMHKK JO TIEpPEeIHEro Kpasi cujeHbi. PeKoMeHIyeTcsi BbICOTa
cujieHbsl HaJl ypoBHeM moja 420-550 mm. KoHcTpykiusa pabouero kpecia g0JKHA
oOecreunBaTh: MIUPUHY U TIyOWHY TOBEPXHOCTH CHACHbS He MmeHee 400 mwM;
HOBEPXHOCTb CUJIEHBS C 3ary1yOJEHHBIM MIEPETHUM KpaeM.

Mounutop nomkeH ObIThb pacHojioKEH Ha YPOBHE IJ1a3 olepaTopa Ha
paccrossauu 500-600 MmM. CoryiacHO HOpMaMm yroJi HaOJIIOJeHUS B TOPU30HTAIHLHOM
IJIOCKOCTH JIOJKEH ObITh He Oosiee 45 rpaaycoB K HOpMalid 3KpaHa. Jlydine eciu
yron o63opa Oyner cocrtaBisate 30 rtpagycoB. Kpome Toro momkHa OBITH
BO3MO>KHOCTh BBIOMPATh YpPOBEHb KOHTPACTHOCTH U SPKOCTH H300pa)KeHHsI Ha
JKpaHe.

JloymkHa pelycMaTpUBATHCS BOBMOKHOCTh PETYJIMPOBAHUS HKpaHa:

—I10 BBICOTE 13 CM;

—110 HaKJIOHY OT 10 10 20 rpagycoB OTHOCUTEIBHO BEPTUKAIIH;

—B JICBOM U TIPAaBOM HAIpPaBJICHUSX.

KnaBuarypy cieayer pacrnojararb Ha MOBEPXHOCTH CTOJIa HA pACCTOSTHUU
100-300 MM ot kpas. HopManbHBIM ITOJOKEHMEM KJIABHATYPhI SABISETCA €€
pa3MellleHre Ha YpOBHE JIOKTSA OmepaTopa ¢ yrjioM HakJIOHAa K TOPU30HTaIbHOU
miockoctu 15 rpamycoB. bonee ymo6HO paboTaTh ¢ KiIaBUIIAMH, WMEIOIIUMHU
BOTHYTYIO MOBEPXHOCTb, YETHIPEXYTONbHYIO (OPMY C 3aKpYIJIEHHBIMU YTIIAMHU.
KoHcTpykiys KiaaBUIIM JOKHA OOECIeYMBaTh ONEPATOpy OIIYIICHHE IIeTYKa.
[{BeT KJIaBUII JOJKEH KOHTPACTUPOBATH C IBETOM IAHENH.

[Ipu oaHOOOpa3HO yMCTBEHHOH pabore, TpeOyromieil 3HaYUTEIbHOTO
HEPBHOI'O HANpsOHKEHHUS U OOJIBLIOTO COCPENOTOUYEHHS, PEKOMEHIyeTCsl BbIOUPATh
HEApKHE, MAJOKOHTPACTHBIE IIBETOYHBIE OTTEHKH, KOTOPBIE HE PaCCEUBAIOT
BHUMaHuE (MaJOHACHIIIEHHBIE OTTEHKH XOJOJHOTO 3€J€HOr0 WM TOIXyOoro

nBetoB). [Ipu pabote, TpeOyromeii MHTEHCUBHONW YMCTBEHHON WM (PU3HUECKOU
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HaIIPsAKCHHOCTHU, PCKOMCHAYIOTCA OTTCHKH TEMIBIX TOHOB, KOTOPBIC B036Y)KI[21IOT

aKTHUBHOCThH YEJIOBEKA.
4.2.3 YcaoBusi 6e3onacHoil padoThl

OcHOBHBIE MapaMeTphbl, XapakTEPU3YIOIIUE YCIOBUS Tpylda 3TO:
MUKPOKJIMMAT, IIIyM, BHOpamus, 5SJIEKTPOMarHUTHOE TI0JIe, W3IIyYCHHE,
OCBEIIIEHHOCTD.

Bo3ayx paboueil 30HBI (MUKPOKJIMMAT) MPOU3BOJACTBEHHBIX IMOMEIICHUM
OIPENICIISAIOT CIECAYIOIINE MapaMeTPhl: TEMIIEPATypa, OTHOCUTENbHAS BIAXHOCTb,
CKOPOCTh JBWKECHUA BO31yxa. ONTUMAIbHBIE W JONYCTUMBIE 3HAYCHUSA
XapaKTEPUCTUK MHUKPOKINMATAa YCTAHABIMBAKOTCA B COOTBETCTBHM CO U

IpUBEJICHBI B Ta0OuIIe 4.2.

Tabnuue 4.2. Onmumanvusle U OOnycmumbvle napamempvl MUKPOKIUMAMA.

Ilepuox roga Temneparypa, |OTHOCuTEnpHass | CKOPOCTH IBUKEHUS
oC BJIAXKHOCTB, %  |BO31yXa, M/C

X010 JHBIN u 23-25 40-60 0,1

MIePEXO0THBIN

Tennpii 23-25 40 0,1

K wmeponpustTusiM 1O  O3IOPOBJIEHUIO  BO3AYLIHOM  Cpeabl B
MMPOU3BOJICTBEHHOM  TOMEIIEHWU OTHOCSTCSA: TMpaBWIbHAs  OpraHU3alus
BEHTWISIIIUK U KOHAUIMOHUPOBAHUS BO3/lyXa, OTOIUICHUE TMOMEIIECHUM.
BenTumnsaius MoxKeT OCyIIeCTBISATHCS €CTECTBEHHBIM U MEXaHUYeCKUM ImyTéM. B
MOMEIICHUE JOJKHBI TMOJABAThCS CIEMyIoNue 00bEMBI HAPYKHOTO BO3IyXa:
nmpu 00béme momenieHus gm0 20 M3 Ha denoBeka He meHee 30 M3 B Wac Ha
YeJioBeKa; mpu o0béMe momernieHus Oosiee 40 M3 Ha 4YemoBEKa M OTCYTCTBHUH
BBIJICJICHUS] BPEJIHBIX BEUIECTB JIOMYCKAETCSl €CTECTBEHHAs BEHTUJISLINSL.

Cucrema OTOIUICHHS JOJDKHA 00ECTeunBaTh JOCTATOYHOE, MOCTOSHHOE U
pPaBHOMEPHOE HarpeBaHWe BO3AyXa. B TNOMENIEHUSIX C TOBBIILICHHBIMU
TpeOOBAaHUSAMU K UYHCTOTE BO3[yXa JOJKHO MCIIOJb30BAThCS  BOJSIHOE
ororieHue. [lapameTpsl MHKpOKJIMMAaTa B HCIOIB3yeMOW JabopaTopuu

PEryJINpyIOTCST CHUCTEMOM LIEHTPAIbHOTO OTOIUICHHS, W HMEIOT CIEAYIOIINE
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3HaueHus: BIaXHOCTH — 40%, ckopocts aBmwkeHus Bo3ayxa — 0,1 w/c,
temneparypa Jjerom —20-25 ° C, 3umoit —-13-15 ° C. B mnaboparopuu
OCYILIECTBIISIETCA €CTECTBEHHas BEHTWISIUA. Bo3ayx mocrymaer U ygansiercs
yepes I1eid, OKHa, 1Bepu. OCHOBHOM HEIOCTATOK TaKOW BEHTWISIIIUU B TOM, YTO
MPUTOYHBIN BO3yX MOCTYIAeT B MOMEIIEHUE 0€3 peIBapUTEeILHON OYUCTKHA U
HarpeBaHusl.

Iym wu BuOpauus yXyAllalOT YCIOBUS TPYyAa, OKa3bIBAIOT BpPEIHOE
BO3/ICHCTBUE Ha OpPraHU3M 4YEJIOBEKa, a UMEHHO, HA OpraHbl CiIyXa U Ha BECh
OpraHu3M 4Yepe3 LEHTPAIbHYI0 HEPBHYI CcHCTeMy. B pesynpTare 3TOro
ocla0isieTcsi ~ BHMMaHHE,  YXYJIIAeTCs  MaMsITh, CHW)KACTCS  peakuus,
yBEJIMUMUBACTCS 4HUCIO omubok mnpu padore. Illym MoxkeT co3gaBaThCs
paboTammM 000pYy/IOBaHUEM, YCTAHOBKAMU KOHJIUIIMOHUPOBAHUS BO3/1yXa,
OCBETUTEJIbHBIMU TPUOOpPAMU JTHEBHOT'O CBETAa, a TaKXe MPOHUKaTh u3BHE. [lpu
BbITIOJIHEHUU paboThl Ha [IOBM ypoBens mryma Ha paboueM MecTe HE JOJIKEH
npessbimath S0 ab.

DOKpaH U CUCTEMHbIC OJIOKM MPOU3BOMAIT AJICKTPOMArHUTHOE H3ITyUYCHHE.
OcHOBHas €ro 4acTh MPOUCXOJUT OT CUCTEMHOTO 0JIoKa U Buaeokadens. CoriacHo
HaMpsHKEHHOCTh AJIEKTPOMArHUTHOTO MOl Ha paccTosiHud 50 CM BOKPYT dKpaHa
0 JIEKTPUYECKOM COCTaBIISIONICH TOJDKHA OBITH HE OoJiee:

— B auamna3one yactoT SI'u-2kI'm — 25B/m;

— B nquamna3one yactoT 2K 11-400xI' — 2,5B/m.

[110THOCTH MarHUTHOTO TIOTOKA JIOJKHA OBITH HE OoJiee:

— B guana3one yactot SI'-2kl'n — 250uT;

— B nuana3oHe yactoT 2Kkl 11-400k] 11 — 25uTn.

CymIecTBYIOT ClIeIyIOIIre Croco0bl 3anuThl 0T IMIT:

— YBEJIMYEHHE PACCTOSHUS OT HUCTOYHMKA (PKpaH JMAOJDKEH HaxXOJUTCS Ha
pacctossHuM He MeHee 50 CM OT MOoJab30BaTeNs );

— MPUMEHEHHE MPHU SKPAHHBIX (QUIBTPOB, CHNELMAIBHBIX SKPAHOB M JPYTUX
CPElICTB UHIUBUAYaTIbHOM 3aIIUTHI.

[Ipu pabotre ¢ KOMIBIOTEPOM MCTOYHUKOM HWOHHU3UPYIOIIETO H3IYYSHUS

SABJISIECTCA zmcnneﬁ. Ilox BausiHUEM HOHU3HUPYIOUICTO U3JIYUCHUA B OPraHU3ME MOKCET
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MPOUCXOANTh HAPYIICHHE HOPMAIBHON CBEPTHIBAEMOCTH KpPOBH, YBEIHUCHUE
XPYNKOCTH KPOBEHOCHBIX COCYOB, CHIKCHHE MMMYyHHTETa W np. Jlo3a oOiydeHus
npu paccrosuud no0 aucmies 20 cm coctaBiasier 50 mMxO3p/yac. I[lo HOpMam
KOHCTpykiusi OBM pomkHa oOecriednBaTh MOIIHOCTh HKCIIO3UIIMOHHOM 103bI
PEHTTCHOBCKOTO W3JIy4eHHUsl B JIt000H Touke Ha paccrosHuu 0,05 M OT 3KpaHa He
6onee 100 mxP/qac.

YTomisieMoCcTh OpraHOB 3pEHUsI MOKET OBbITh CBsSI3aHA KaK C HEAOCTAaTOYHOU
OCBEILEHHOCTBIO, TaK U C UYPE3MEPHOI OCBEIIEHHOCTHIO, a TAKXKE C HEMPABUIbHBIM
HaIpaBJICHUEM CBETa.

4.3. PainannonHas 60€30MacHOCTH
4.3.1. Uctounuxk UU

PaGora BbITIONHSIACK B IUKIOTPOHHOW JlabopaTopuu, T/€ MOTYy4YaroT
YCKOPEHHBIE HOHBI JIETKUX 3JIEMEHTOB JO BBICOKOW 3HEPrUH, KOTOPBIE IIPH
CTOJIKHOBEHHM C MHUIIEHBIO 00pa3yrOT MOBBIIMICHHBIM YPOBEHh HMOHU3UPYIOIIETO
U3IIyYEHUS — HEUTPOHBI, TaMMa-JIy4u C BBICOKOW SHEPTUEH. TAKKE PAAUOAKTUBHBIC
Matepualbl. [IOBBIIEHHBI YPOBEHb H3JIYYEHUS MOXKET OCTaBaTbCi B TEUCHHE
HEKOTOPOTO BPEMEHHU MOCJI€ BHIKJIIOUCHUS IUKIOTPOHA MPU MPOBEACHUU HAIIUX
HKCIIEPUMEHTOB, KOTJIa MbI YCKOPSUIM MOHBI JeiTpoHa a0 ’Hepruu 13,6 MaB u
cOpacbIBany UX Ha OCPUIUTHEBYI0 MUIIEHB JJISl TIOJyYEeHHs] OBICTPBIX HEHTPOHOB
o peakuun Be’(d, n).

4.3.2. Bo3neiicteue UM Ha opranusm

OHeprus, wu3aydaemass paJuOaKTHUBHBIMU BEIIECTBAMH, MOTJIOIIAECTCS
oKkpyxkaromen cpegou. IlormomeHHass JHepruss OT  Pa3IMYHBIX  BHUIOB
MOHU3UPYIOMINX U3TYyYECHHI BBI3bIBAET MOHU3ALUIO0 ATOMOB U MOJIEKYJ BELIECTBA,
B pe3yJbTaTe€ YEro MOJIEKYJbl M KIETKM TKaHW paspymatorcs. HMoHuzamms
SIBJISIETCS OJTHAM U3 OCHOBHBIX 3BE€HBHEB B OMOJIOTUUECKOM JICUCTBUU U3TYyUCHUM.

H3BecTHO, uTO 2/3 00IIEr0 coCcTaBa TKAHHU YEIOBEKA COCTABIISIET BOAA U
yriepoa. Bona moa nmeiicTBueM uM3NydeHUs pacuieruisiercss Ha Bogopon «H» wu
ruipokcuiibHyto rpynmny «OH», koTopble 1100 HENOCPEenCTBEHHO, MO0 uepes
LEMb BTOPUYHBIX IMpPEBpAIICHHI, 00pa3yr0T MPOIYKTHI C BBICOKOH XWMHUYECKOU
aKTUBHOCTHIO: TuapatHblid okucen «HO,» u nepekuck Bojgopona «H,O.». Otr

COCOHMHCHUA BBaHMOﬂeﬁCTBYIOT C MOJICKYJIaMH OPraHU4YCcCKOIr0 BCIICCTBA TKaHWU,

99



OKHUCJSS M paspyluas UX (TKaHH).

B pesynbTaTe Bo3AeHCTBUA pagrallii HAPYIIAETCs] HOPMAIbHOE T€UEHUE
OMOXMMHUYECKUX MPOIECCOB U OOMEH BEIeCTB B OopraHu3me. B 3aBucuMocTu oT
BEJIMYMHBI TOTJIOMIEHHON 103l H3JIyY€HHA a TakXKe OT WHAMBHIYaIbHBIX
0COOEHHOCTEN OpraHus3Ma, BbI3BaHHBIE U3MEHEHHUS MOTYT ObITh OOpaTUMBIMH WITU
HeoOpaTtuMbiMu. [Ipu HeOONBIIMX d03aX MOpaxEHHAs TKaHb BOCCTaHABIMBAET
CBOIO (DYHKIMOHAIBHYIO JAESITENbHOCTh, HO OOJbIIHE M03bl MPHU UIUTEIHHOM
BO3JICUCTBUM MOTYT BBI3BaTh HEOOpATHMbIE MOPAKEHUS OTIEIBHBIX OPraHOB WIIU
BCET0 OpPraHHU3Ma.

JIroOo¥ BHUJI HMOHM3UPYIOUIUX HM3TyYCHUN BBI3BIBACT OHMOJIOTUUYECKUE
M3MEHEHUSl B OpraHu3Me Kak NpU BHEIIHEM OOJXy4eHHH ( UCTOYHHK HAXOJUTCS
BHE OpraHu3Ma ), TaK U NPH BHYTPEHHEM OOJy4eHHH ( UCTOYHUK — BHYTpPH
opraHusma ).

buonornueckuii  3¢¢deKT U3NydeHHs  3aBUCUT OT  BEJIUYUHBI
CyMMapHOW J03bI W BpPEMEHHM BO3JEHUCTBHS, OT BHUJAA pagualldd, pa3MepoB
00JyyaeMoi MOBEPXHOCTH M HWHAUBUAYAIBHBIX OCOOEHHOCTEH OpraHu3Ma.

[Ipy onHOKpaTHOM OOJIyYEeHHH BCEro Teja YeJIOBEKa BO3MOKHBI
cienyromuye OUOJIOrMYECKUE HapylIeHWs B 3aBUCMMOCTH OT CyMMapHOU
ITOTJIOLIEHHOM O3Bl U3ITy4YECHUS :

0 — 25 pan(0,25Tp) — BUAUMBIX HAPYIICHUH HET,

25 — 50 pan(0,25-0,5Tp) —BO3MOXHBI U3MEHEHHUSI B KpPOBH,

50 — 100 pag ( 0,5 — 1 I'p) — u3MeHeHUs B KpOBHU, HapylICHUE
TPYJAOCTIOCOOHOCTH,

100 —200 pan (1 —2 I'p) — HapylieHUEe HOPMAJIBLHOTO COCTOSIHU BO3MOKHA
noTepst TPYJAOCIIOCOOHOCTH,

200 — 400 pax ( 2 — 4 TIp) — moTeps TPYIOCIOCOOHOCTH U BO3MOMKEH
CMEPTENBbHBIN UCXOL,

400 — 500 pan (4 — 5 I'p) — cMepTenbHBIC clly4an cocTaBisoT 50%,

600 pan (6 I'p) u Gonee — cmeprenbHbIe ciydan cocTaBisitoT 100%.

[TormomenHass n03a U3Iy4YeHUS, BbI3bIBAIONIAS MOPAXKEHHUE OTIEIbHBIX
yacTeil Tena, a 3aT€M CMEPTh MPEBBIIIAET CMEPTEIbHYIO0 MOTJIOIIEHHYIO J03Y
00JTy4eHHs BCETO Tea.
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CMepTeHBHI)Ie IOTJIOMCHHBIC O03bl AJIA OTACIIBbHBIX yacTeyd Tena :

roJI0Ba — 2000 pax (20Tp),
HUXKHSIS YacCTh )KUBOTA — 3000 pax (30TIp),
BEPXHSISI 4aCTh KUBOTA — 5000 pam (50Ip),
IpyIHas KIETKa — 10000 pan (100 I'p),
KOHEUYHOCTH — 20000 pax (2001Ip)

BaxxupiM (hakTOpOoM MpHU BO3JIEHCTBUU W3IyUYEHHUST HA OPraHU3M SIBISIETCS
BpeMsi oOsydeHus. C yBENTMYEHHUEM MOIIHOCTH J03bl TMOpaxkaroliee IeHCTBUE
M3Iy4YeHus Bo3pacrtaer. Yem Oojiee IpoOHO M3IIydYEHHUE M0 BPEMEHH, TEM MEHBIIIE
€ro nopakarouiee JeUCTBUE.

buonoruueckas 3QQPeKTUBHOCTh KaXKIOT0 BUJA U3IYYCHHUS HAXOAUTCS B
3aBUCHUMOCTH OT yAelbHON moHu3anuu. HapyxkHoe oOnyueHue anbda, a Takke
0eTa — yacTHIIAMH MEHEE OIMAaCHO, TaK KaK OHU HMEIOT HEOOJBIIYI0 BETUYHHY
npoOera B TKaHU U HE JJOCTUTAaIOT KPOBETBOPHBIX U JPYTUX BHYTPEHHHUX OPTaHOB.
[Ipn BHemHEM OOJy4YeHHMH HEOOXOAWMO YYHUTHIBATH TamMMmMa M HEHTPOHHOE
o0JydeHue, KOTOphIe MPOHUKAIOT B TKaHb Ha OOJIBIIYIO TTIyOMHY U pa3pylIaioT ee.

CreneHb mNOpakeHHs OpraHu3Ma 3aBUCUT OT pa3MepoB OOJIyYEHHOM
MOBEPXHOCTH — C YMEHBIICHHEM O0JIydaeMOil TMOBEPXHOCTH YMEHbBINACTCS U
ounonornyeckuit 3¢dext. Tak mpu 00JydeHHH TramMMma — KBaHTAMM MOTJIOIIEHHOU
no3on 450 pax (4,5 I'p ) yuacTka Tena Imioniaasio 6 KB.CM. 3aMETHOT'O ITOPaKEHUS
opraHu3Ma He HabJtoaeTcs, a npyu 00JyUYEHUH TaKOM K€ 0301 BCEro Tena ObLIo

oTMeueHO 50% CMepTeNIbHBIX CITy4YaeB.

4.3.3. Hopmbl pagnanuonHoii 6e3onacaoctu HPB — 99/2009

HPB-99/2009, npumeHsitoTcs s obecrneueHust 6€30MacHOCTH YeIOBEKa BO
BCEX  YCIOBHMSIX  BO3JCHCTBHS  HAa HEr0  HMOHU3UPYIOIIECTO W3IYYCHHUS
HCKYCCTBEHHOT'O WJIM MPUPOIAHOTO IPOUCXOXKIeHHs. HOpPMBI pacrpocTpaHsIoTCs
Ha CIIEAYIONIUE BUIABI BO3ACHCTBHSI HOHU3UPYIOIIETO U3TYUCHHS Ha YEIOBEKa :

— B YCJIOBUSIX HOPMAalbHOW OKCIUTyaTallid TEXHOTEHHBIX HWCTOYHHUKOB
U3ITy4YCHUS;

— B pe3yJbTare paAnalioOHHON aBapuw,

— OT MPUPOJTHBIX HCTOYHUKOB M3JTYUYCHUS;
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— NpU METULIMHCKOM OOJIyYEeHHH.

TpeboBanuss Hopm wu IlpaBunm He pacnmpoCTpaHSAIOTCS HAa HCTOYHUKH
U3ITyYEHHUsI, CO3/IAIOIINE MPH JIFOOBIX YCIOBUSAX OOpAIlEHUS C HUMU:

— WHAUBUAYAJIHHYIO TOOBYIO 3G (heKTUBHYIO 103y He Oomee 10 MKk3B;

— MHAUBUIYaJIbHYIO TOJIOBYIO SKBUBAJICHTHYIO /103y B KOXKE He OoJee

50 M3B u B XpycTtaynmke He 6oiee 15 M3B;

— KOJUIEKTUBHYIO 3(Q(dEKTHUBHYIO TOJIOBYIO 103y He Oonee 1 yen.3B, 110
KOI/la MpU  KOJUIEKTUBHOM 03¢ Ooznee 1| 4en.3B MO NpUHLMIY ONTHMHU3ALUN
MOKa3bIBaeT HELEIECO00Pa3HOCTh CHUKEHHSI KOJUIEKTUBHOMN J03bI.

TpeboBanus Hopm u  IlpaBunm He pacmpoCTpaHSIOTCS TakXkKe Ha
KOCMHYECKOE H3JIy4eHHE Ha IMOBEPXHOCTH 3€MJIM U BHYTPEHHEEe O0JIyueHue
YeJI0BEKa, CO3/1aBaEMO€ NPHUPOAHBIM KallMe€M, Ha  KOTOpbIE NPaKTUYECKU
HEBO3MOYHO BIIATD.

[lepeyenr W MOPSAOOK OCBOOOXKIEHHS HMCTOYHHUKOB HOHU3UPYIOLIETO
U3JIy4EHHUs] OT PAJMALHAOHHOTO KOHTPOJII YCTAHABJIMBAETCS CAHUTAPHBIMU
MpaBUIaMHu.

Jig  xateropuil  oOJiydaeMbIX JIMIl yCTaHaBJIMBAIOTCS JBa KJacca
HOPMAaTHBOB:

— ocHoBubie  mpenmensl  go3  (IIJ[),  npuBemennbie B Ta01.4.3;
—  JIONyCTHMbIE YPOBHM MOHO(AKTOPHOTO BO3ACHCTBUSA (11 OJHOTO
pPaIMOHYKIIWJA, MYyTH TOCTYIUIEHUS WM OJHOTO BHUIA BHEUIHET0 0OJydeHus),
ABJISIFOIIUECS] MPOU3BOJAHBIMU OT OCHOBHBIX MPENETOB J03: Mpeleibl T0J0BOTO
noctyminenus (III'TI), momycTtumple cpemaHeromoBble OOBEMHBIE aAKTHUBHOCTU

(IOA), cpenneronoBblie ynenbHble akTuBHOCTH (Y A) u apyrue;
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Ta6nuna 4.3 — OcHOBHBIE TIPEJIEIbI 103

Hopmupyemsie IIpenensr 103
BEJIMYUHBI ™ nepcoHan (rpymma A)** HACEJICHHUE

OddexTuBHas n03a 20 m3B B TOX B cpenHeM 3a | | M3B B roa B cpeiHEM
J00BIE MOCIEA0BATENbHBIE | 32 JIO0bIE
5 net, HO He Oonee 50 M3B | moclieqoOBaTENbHBIC 5
B roJi JIeT, HO He Oojee 5 M3B

B IroJi

DOKBHMBAJICHTHA /1032

3a rof B

XpycTanuke riaza*** | 150 m3B 15 mM3B

KOJKe™*** 500 m3B 50 m3B

KHCTSIX U CTOTaxX 500 m3B 50 m3B

[Ipumeuanus:

* Jlomyckaercst OJHOBPEMEHHOE 00JIyUeHHE 10 YKa3aHHBIX MPEAEIIOB MO
BCEM HOPMHUPYEMbBIM BEJIUYHNHAM.

** OcHOBHBIE TIpEJIENbI 103, KaK U BCE OCTAIbHBIC IOMYCTUMBIE YPOBHU
BO3JCHCTBUS MepcoHana rpynmnsl b, paBHbI 1/4 3HaueHM 115 IepcoHana
rpynnsl A. Jlanee B TEKCTE BCE HOpPMATUBHBIE 3HAUEHUS 111 KATETOPUU
"mepcoHan" MpUBOJSTCS TOJBKO JJIsl TPYNIIBI A.

*#% OTHOCHUTCS K 103€ Ha rimyoune 300 mr/cm
kA OTHOCUTCS K CpeHEMY 10 TUIONaau B 1 cM  3HayeHuro B 0a3aibHOM
CJI0€ KOKH TOJIIMHON 5 MI/CM  1OJT TOKPOBHBIM CJIO€M TOJIIIUHON 5 MI/CM

Ha nagonsx TonmmHa noKpoBHOTO cios - 40 Mr/cMm . YKa3aHHBIM NpeesioM
J0TIyCKaeTcsl 00TydeHUe BCcel KOXKH YesIoBeKa IPHU yCIIOBUHU, YTO B Mpeesiax

yCpPeIHEHHOTO 00IyUeHHs J000ro 1 cM  TIIOIa Iy KOKH 3TOT IIpeaei He
Oynet npesbliieH. [Ipeaen no3el mpu 00JIydeHUH KOXKHU Jikila 00eCTieYnBaeT
HEIPEBBIIIIEHUE TIPeiea 103bl Ha XPYCTAIUK OT OeTa-4acTHIl.

4.3.4. Buabl ucroununxkos U

HNCTOYHMK HOHU3UPYIOLIETO W3JIYYCHHUS — PAJUOAKTUBHOE BEILECTBO WU
YCTPOWCTBO, HCIYCKAIOIIEe WM CIOCOOHOE HCIYyCKaTh HOHHU3UPYIOIIEE
W3JIy4€HUE, HAa KOTOPBIE pacHpOCTpaHsieTca AeucTBUe Hactosmux Hopm u
[IpaBui.

HcTounuk m3nydeHus: IPUPOAHBIN — HCTOYHUK MOHU3UPYIOIIETO U3ITYUYECHUS
NPUPOJHOTO MPOUCXOXKICHUSA, HA KOTOPBIM PpACOPOCTPAHAECTCA JCUCTBHE
Hactosammx Hopwm u [IpaBun

HUcTouHMK W3MydeHUs TEXHOTCHHBbIM — MCTOYHHUK HWOHU3UPYIOLIETO

H3JTy4YCHHUS CIICOHUAIbHO COBZ[aHHBIﬁ AJ1 €ro  IOJIC3HOI'0 IMIPHUMCHCHUA WU
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ABJISIOILUINCS TOOOUHBIM MPOILYKTOM 3TOU NEATEIBHOCTH.

HMcTOYHMK  pagvOHYKIMIHBIA ~ 3aKPBITBIA — HCTOYHUK  M3JIy4ECHUS,
YCTPOMCTBO KOTOPOI'O MCKJIIOYAeT IIOCTYIUIEHHE COJEPXKAIUXCA B HEM
PAIMOHYKINIOB B OKPYKAIOIIYIO CpPEly B YCIOBHAX NPUMEHEHHsS W U3HOCA, HA
KOTOPBIE OH PAaCCUMTAH.

HMcTOYyHMK  paJMOHYKIWIHBIA OTKPBITBIA — MCTOYHMK W3JIy4YEHMs, IpHU
UCIIOJIb30BAaHUM KOTOPOTO BO3MOXHO IIOCTYIUICHHE COZIEPKAIIUXCS B HEM
PAIUMOHYKIMIOB B  OKpyxarmomyro  cpeny. K orkpsiteiM ncronnkam MU

OTHOCHUTCA M HTHKJIOTPOH.

4.3.5. TpeOoBanusi paIuaniMOHHOMH 0€30MaCHOCTH P PadoTe HA UKJIOTPOHE
Jomyck k pabdoTe:

— K paboTe Ha HUKIOTPOHE AOMYCKAIOTCS JIULIA:
a) He MoJioxke 18 Jer,
0) mporeAIme METUIMHCKANA OCMOTD,
B) CIABIIIKE 9K3aMEH I0 paaualliOHHON 0€3011acHOCTH.,
I') MOJIYYUBILINE UHCTPYKTAXK Ha paboyeM MEeCTe C pOCIUCHIO B CHIEI[UATIBLHOM
KypHae,
1) TIOJTyYHBIIINE TO3UMETPBHI.
— K pabore Ha myykax IMKIOTPOHA JOIMYCKAIOTCA TOJNBKO TE
HKCIIEPUMEHTATOPbI, KOTOpPble HMMEIOT JIOMycK ciyk0bl PB, noszumerpsl,
cnenofexay. Jomyck k paboTe OCylIeCTBISET HAYaJbHUK CMEHBI
LIUKJIOTPOHA.
— Bcee corpyanuku, mocTtostHHO pabortaroniue B jabopatopuu [IPB,
€XKET0THO MPOXOIAT MEAUIIMHCKHA OCMOTP.
— Cpaya sk3aMeHa 1o npaBujiaM pabOThl C p/a BEIIECTBAMU U JPYTUMHU
UCTOYHUKAMU HOHM3UPYIONINX HW3ITy4YeHUH MPOBOAMTCA HE PEXE OITHOTO
pasa B roji, MHCTPYKTaXX Ha paboueM MecTe — OJIMH pa3 B KBapTall.

Benenue s3kciepuMeHTOB Ha UKIOTPOHE.

[lepen HauaaOM SKCHIEPUMEHTA 3aKa34UK 00sA3aH:

MOJIYYUTh JIOMYCK K padote B ciyx0e Pb u nepenars ero HauaapHUKY
CMEHBI JJISI pa3MENIEHUS] B CMEHHOM KYPHAJIE;

UMETh UHIUBUYAIbHBIN JO3UMETP U MPEABSIBUTH €r0 MO TPEOOBAHUIO
HaYaJIbHUKA CMEHBI; MUCbMEHHO WJIM YCTHO OTOBOPUTH 0COOBIE PEXKUMBI PAOOTHI

YCKOPUTENSI, HE IPUBOISIINE K IEPETPY3KE YCKOPUTENS U OOJIBIINM MOTEPSIM
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ITy4Ka.

VY cTaHOBKa 3KCIIEpUMEHTATOPaMU JOTOIHUTEILHOTO 000PYA0OBAHUS Ha
y3J1bl YCKOPHUTENS AOKHA COTIaCOBBIBATHCS C PyKOBOJUTENIEM J1a0OpaTOPUH.

HoBble KOHCTPYKLIMH, MUILIEHU, KOJUIMMATOPBI MOTYT OBITh YCTAHOBJIEHBI Ha
LIUKJIOTPOHE C pa3pellieHNs] HaYaJIbHUKA CITYKObI [IECHTPAJIBHOTO YIIPaBJIECHUS
UKJIOTPOHA.

Bce mumeHn, yCTaHOBJIEHHBIE 3aKa34YMKOM, JOJKHBI MMETh TATUYHUKH ITy4Ka
JUIsI HACTPOMKH U 3aMepa MOJIHOTO TOKA. YepTeK MIIM NOJIHBIN HaTJIAIHBIN 3CKU3
MUIIEHU C TATYUKAMHU ITy4YKa JOJIKEH ObITh MPEICTABIICH 3aKa3UUKOM, COTJIACOBAaH
¢ pykoBoauTenem jlaboparopun PB u XpaHUTBCA B CMEHHOM KypHaJje
LUKJIOTPOHA.

@dopma nydka Ha MULIEHH, MAKCUMAJIbHAS IJIOTHOCTH U TUIOIIA/b
pachOKyCHPOBKH ITy4Ka JOJHKHBI OBITh 3apaHEE COINIACOBAHBI C PYKOBOJCTBOM
nabopaTtopuu, YTBEPKIECHbI U 3alIMCaHbl B CMEHHOM KypHase LHUKIOTPOHA.

BxiroueHne UKIIOTPOHA HA U3JTyYEHUE TPOU3BOIUTCS TOJIBKO 10
KOMaHJaM, I0JaBa€MbIM Ha ITYJIbT SKCIEPUMEHTATOPAMU WJIU 110
IIPEABAPUTEIBHOMY COTJIACOBAHUIO C HAYAJIBHUKOM CMEHBI.

Jlns 6e3omacHOCTH pabOT Ha4. CMEHBI TIEpe]l BKIFOYEHUEM I[IUKIOTPOHA
JOJIKEH yOeIUThCS, YTO BCE JII0IM NOKMHYIU nomenienue 123 u 132 3anos, a
JIBEPH 3aKPBIThI, OJIOKUPOBKH B pabouem nojoxenuu. [Ipu Brimouennn BY.
reHepaTopa JI0JIKHO 3aropeThesi cBeToBoe Tabo «LlukiaoTpon padoTaeT» u
BKJIFOYMTBHCS 3BYKOBOM CUTHAI.

[Tpu paboTe HMKIOTPOHA SKCIIEPUMEHTATOPHI U TIEPCOHAT 00CITYKUBAHUS
JOJIKHBI HAXOJUTHCS B MYJIBTOBOM LIUKJIOTPOHA U B (PU3MUYECKUX ITYJIbTOBBIX.

[Ipu BXoae B 3aJ1 SKCIIEPUMEHTATOP JOJDKEH NMPEAyNPEAUTh HaYalbHUKA
CMEHBI O XapaKTepe MPOBOJIMMBIX PadOT Ha yCTaHOBKE.

[lepen Bxogom B 123 u 132 3ambl SKCIEPUMEHTATOPBI JOJIKHBI YOSTUTHCS B
HAJIMYUU paOdO0Thl MPUTOYHO—BBITSKHOW BEHTHIISILIMY (Ta0s0 «BenTunsuus
BKJIIOUEHA» FOpUT). B ciydyae oTCyTCTBUS B 3ajaX BEHTUISIIIMK pabOTHI B 3a1axX
IIPOBOJUTEH 3aIPELIACTCS.

BeiHoc mpuOopoB, akTUBHBIX JeTaneil u 001y4€HHBIX 00pa3uoB u3 123 u
132 3a510B momyckaeTcs TOJBKO ¢ pa3perienus ciayxosl Pb.
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[Tocne okoHYaHMSI SKCTIEPUMEHTA 3aKa3UUK 00s3aH:
pacrnucaTcs B )KypHaJe peruCTpalii U BbIJJa4l 00TyYEHHBIX 00pas3IioB;

COOONINTH HAYaJILHUKY CMEHBI TIOJYYEHHYIO J103Y JJIsl 3alUCH B CMEHHOM
KypHase.

Bce pabotsl o pokycupoBke, MPOBOJIKE IMy4YKa TPOBOJIUTH TOJIBKO €
POTOHHBIM ITYYKOM M, €CJIM BO3MOXHO, C HAUMEHbIIIEH HHTEHCUBHOCTHIO.

B kauecTBe MaTepuana moagoxkeK st 00pasioB npu 00IyYEeHUH CIEAyeT
OTJIaBaTh MPEANOUYTCHUE ATTIOMUHHUIO.

4.3.6 3ammTa OT MOHM3MPYIOLIEro M3Jy4YeHHs NPHU padoTe ¢ 3aKPHITHIMHU
HCTOYHUKAMU

3amuTa OT BHEIIHEro OOJiydeHus mnpu padoTe ¢ p/a  BellecTBaMH
JOCTUTAETCAd IMYyTEM YCTAHOBJIEHHS HEOOXOIMMOTO PACCTOSIHUS OT HCTOYHUKA
u3iydeHus ( 3aluMTa pacCTOSTHUEM ), COKpAIIeHWs BpPEMEHHU padoThl ( 3aliuTa
BPEMEHEM ) WJIM IPUMEHEHUSI 3aIUTHBIX CPEJCTB — SKPAHOB.

CnemyeT OTMETHTH, 4YTO «3alllUTa BpPEeMEHEM» TpeOyeT COKpaIleHHs
BpEMEHU OOJIy4EeHHs 3a CUET YETKOTO BBITIOJIHEHHS BCEX orepanuid paboThl ¢ p/a
BEIIECTBAMH, & «3allUTa PACCTOSIHUEM» CBsi3aHa C HEOOXOIUMOCTHIO TPUMEHEHUS
OPUCTIOCOONIEHUI  JI1  JUCTAaHIIMOHHOTO  3axBaTa W MEXaHUYECKHX
MaHUTTYJSTOPOB.

B Tex caywasx, Korga «3amura BpEMEHEM» U «3allluTa PacCTOSITHUEM» He
MOTYyT oOecrneyuTh Oe30MacHbIX YCIOBUN pPabOThl, HEOOXOAMMO MPUMEHSTH
3aIUTHBIEC SKPaHBbI.

TonmuHa 3amMTHOTO DSKpaHa OMPEICNACTCS BEIUYHMHONW aKTUBHOCTH
MCTOYHUKA, YHEPIHel YacTUIl U KBAHTOB M3JIyUYCHHsI, PACCTOSHUEM OT MCTOYHHUKA
U3Ty4YeHHs, BpEMEHEM palOThl ¢ M3IYYarONIMM BEIIECTBOM W TOTJIOMIAFOIINMU
CBOMCTBaMH NMPUMEHIEMOT0 MaTepHara.

VYka3aHHbIE CBOMCTBa 3alIUTHl JOJHKHBI 00ECIeYrBaTh CO3/IaHHE TaKUX
yCIIOBUHM palOTHI, MPU KOTOPBIX MUCKIOYAIOCh Obl BO3/ICHCTBUE HA OPTaHU3M /103

O6Hy‘{€HI/IH, IMPEBLIIIAIOIINX OCHOBHEIC ITPEACIIbI 103.

4.4 951ekTP0o6€30NaCHOCTh

QHCKTpI/I‘IeCKI/IC YCTAaHOBKH IPCACTABIAIOT OJId YCJIOBCKA 6OJ'II>HIYIO
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MOTEHITUATBHYIO OMACHOCTh, KOTOpasi YCyryOJsIeTCSl T€M, YTO OpraHbl UyBCTB
YeJlloBeKa HE MOTYyT Ha pPACCTOSIHUM OOHApPYXXHUTh HAJIMYHUE DIIEKTPUUYECKOTO
HaIpsHKEHUST Ha 000py10BaHUMU.
B 3aBucuUMOCTH OT YCJIOBHIl B MOMEIIEHNUN OMACHOCTh MOPAKEHUS YeIOBEKa
AIEKTPUYECKUM TOKOM YBEITMUYMBAETCS WM yMeHblaerca. He cnenyer paborats ¢
OBM B yclioBUSX MOBBIINIEHHON BIAXHOCTU (OTHOCUTENbHAS BJIAXXHOCTh BO3/yXa
JUIMTENIbHO TpeBbIaer 75%), Bricokoi Temmepatypbl (6osee 35° C), Hanuuuu
TOKONPOBOJSIIEH  MBUIM,  TOKOMNPOBOJAIIMX  MOJOB M BO3MOXKHOCTHU
OJTHOBPEMEHHOTO TPUKOCHOBEHHS K HUMEIOLIUM COEAUHEHHE C  3eMIEH
METANIMYECKUM DJIEMEHTaM U METAJUTMUYECKUM KOPITYCOM 3JIEKTPOOOOPYI0BAHUS.
Oneparop OBM paboTtaeT ¢ 3JIEKTpONpPUOOPAMHU: KOMIBIOTEPOM (IUCILICH,
CUCTEMHBI OJIOK WU T.0.) W mnepudepuidHbiIMU ycTporcTBamu. CyllecTByeT
OMACHOCTb AEKTPONOPAKEHHS B CIICIYIOUIUX CITydasx:
— TIpU HEMOCPEJCTBEHHOM MPUKOCHOBEHHH K TOKOBEIYIIUM YacTsIM BO BpeMs
peMmoHTa OBM,;
— TpU TPUKOCHOBEHUH K HETOKOBEAYIIMM YacTsIM, OKa3aBIIUMCS O]
HanpspkeHueM (B cilyvae HapyIIeHHs U30JIAIUN TOKOBeAyIIuX yacteii IBM);
— TpY IPUKOCHOBEHUH C MOJIOM, CTCHAMH, OKa3aBITUMUCS O] HAMPSHKEHUEM;
— MPU KOPOTKOM 3aMBIKAHMHM B BBICOKOBOJITHBIX OJIOKAax: OJIOKE MUTAHUS U
0JI0Ke TUCTIICHHON pa3BEPTKH.

Meponpusitus 1o 06ecrneyeHuo 3eKTPoOe30NaCHOCTH 3JIEKTPOYCTAHOBOK:

— OTKJIIOYCHHUE HAMPSDKCHHUSI ¢ TOKOBEAYIIMX YacTe, Ha KOTOPHIX WA
BOJIM3U KOTOPBIX Oy/IeT MPOBOAUTHCS pad0Ta, U MPUHATHE MEp MO 00ECIEYEHUIO
HEBO3MOKHOCTH TOJIaYM HATPSDKEHUS K MECTY PaOOTHI;

— BBIBEIIMBAHUE TUTAKATOB, YKA3bIBAIOIIUX MECTO PaOOTHI;

— 3a3eMJIEHHE KOPITYCOB BCEX YCTAaHOBOK Yepe3 HyJIEeBOIl MPOBO/I;

— TIOKPBITHE METAUTMYCCKUX TOBEPXHOCTEH WHCTPYMEHTOB HAJICKHON
HU30JISIIMEH;

— HEJOCTYIHOCTh TOKOBEIYIIMX YacTel anmapatrypbl (3aKiIlOYeHUE B
KOpIIyca 3JIEKTPONOPAXKAIOIIUX 3JIEMEHTOB, 3aKIIOYEHUE B KOPITYC TOKOBEIYIIMX

qyacrei).
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4.5. Ilo:xkapHasi M B3pbIBHasA 0€30IIaCHOCTH

OueHka moXapHOM O0€30MacHOCTHM TOMEIIEHHUs. B 3aBUCMMOCTH  OT
XapaKTEPUCTUKU UCIIOIb3YEMBIX B IPOU3BOJCTBE BEMIECTB M MX KOJMYECTBA, IO
MO>KapHOU M B3PBIBHOM OMACHOCTH MOMEIIECHUS MOAPA3AECIAIOTCS Ha KATETOpUH A,
b, B, I', [I. Tak xakx noMeIIEHUE MO CTEIEHU MOKAPOB3PBIBOOIIACHOCTH OTHOCUTCS
K Kareropuu B, T.e. K NOMEHIEHUAM C TBEPIABIMU CTOPAIOIIMMH BEIIECTBAMH,

HEO0OXO0UMO MPEAYCMOTPETh Psi MPOPHIAKTUUECKUX MEPOTIPUSTHH.

Bo3MoxHBIE TPUYMHBI 3aTOpaHUSA

—  HEHCHPAaBHOCTb TOKOBEAYIIUX YaCTEHU YCTAHOBOK;

— paboTa C OTKPBITOM 3JIEKTpOAaIapaTypou;

—  KOPOTKHE 3aMbIKaHUs B OJIOKE MUTAHUS;

—  HecoOJII0IeHHEe MPaBUJII TIO’KapHOM 0€30MMaCHOCTH;

—  HAIMYME TOPIOYMX KOMIIOHEHTOB. JIOKYMEHTBI, JIBEPH, CTOJbI, HW3OJALUS
Ka0enei u T.1I.

Mepomnpusatus 100  MOXapHOW  MPOPUIAKTUKE  pa3ACNAOTCS  Ha!
OpTraHU3alMOHHbIEC, TEXHUYECKHUE, IKCILTYaTAlIMOHHBIE U PEKUMHBIE.

OpraHu3aliMoHHbIE ~ MEPONPUATHS  NPEAYyCMAaTPUBAIOT  MPABWIbHYIO
AKCIUTyaTaluilo 000pyAOBaHUSI, MPABUILHOE COJCPKAHUE 3JaHUM U TEPPUTOPHUIA,
MPOTUBOMOKAPHBIM ~ MHCTPYKTa)XX  pabouMx U CIyXauux, O0OydyeHue
IPOU3BOJICTBEHHOTO TE€pPCOHANA TMpaBWiaM MPOTUBOIMOXKAPHOM 0€30MacHOCTH,
W3JaHUE UHCTPYKIIUH, TIJIAKATOB, HAJTMYHUE TIJIaHA YBAKYallUH.

K TEXHUYECKUM MEPOIPHUITUAM OTHOCSTCS: coOIoIeHne
MIPOTHUBOMOXKAPHBIX MPABUJI, HOPM MPH MPOCKTUPOBAHUHU 3IaHUMN, NIPU YCTPONCTBE
AJIEKTPONPOBOIOB U OOOpPYJAOBaHHUS, OTOIUICHUS, BEHTUJISALIMM, OCBEIICHMUS,
MIPaBUJILHOE Pa3MEIICHHE 000PYyI0BaHMUS.

K  pexumHBIM  MEpONpHUATHUSAM  OTHOCATCS, YCTAHOBJIEHUE MPABUII
opraHuzainuu  pabor, W  COOJIOJEHHWE  NPOTUBOMOXKApPHBIX  Mep. s
MPEIYNPEKICHUS BOSHUKHOBEHUS MOXKapa OT KOPOTKUX 3aMBIKaHUM, MEPETPYy30K

U T. 1. H200X0IMMO COOJTI0/IEHNE CISAYIONINX TPABIII MOKAPHON O€30MaCHOCTH
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—  HCKIII0OYEHUE 00pa3oBaHUs TOprovuel cpeasl (repMeTH3aIus 000pyI0BaHuMS,
KOHTPOJIb BO3YIITHOM Cpeibl, pabouasi 1 aBapHitHast BEHTHIISLIHS);

— TIpUMEHEHWE TPHU CTPOUTEITHCTBE M OTACNIKE 37aHUN HECTOPACMBIX HITU
TPYTHO CTOPAEMBIX MaTEPHUAJIOB,;

— TMpaBWIbHAs OKCIUTyaTalus o0opyaoBaHus (MpaBWIbHOE BKIIOYCHHE
o0oOpyZmoBaHUST B  CETh JJICKTPUYECKOTO TMHTAaHWS, KOHTPOJb Harpesa
o0opymoBaHus);

— TpaBWIBHOE COJCp)KaHUE 37aHUN U TeppuTopuil (MCKItoYeHHE 00pa30BaHuUs
MCTOYHWKA BOCIUTAMCHEHHUS — TIPEIyNpPEKICHUE CaMOBO3TOPAHUS BEIIECTB,
OrpaHUYEHHUE OTHEBBIX padoT);

— o0yueHure MPOU3BOACTBEHHOTO TIEPCOHAA MPaBHJIaM ITPOTHBOIIOXKAPHOU
0€30I1aCHOCTH;

—  W3J1aHWE UHCTPYKIUH, IJIAKaTOB, HATMYHE TIJIaHa dBaKyalluH,

— COOJIIO/IEHNE TMPOTHUBOMOKAPHBIX TPABHWI, HOPM MPU TPOSKTHPOBAHUU
3IaHUi, TIPU YCTPOMCTBE DIEKTPONPOBOJOB K OOOPYHOBaHMS, OTOIUICHHUS,
BEHTUJISAIIAN, OCBEIICHMUS,

— TpaBUILHOE pa3MENICHHE 000PYT0BaHHS,

— CBOCBPEMEHHBIM MPOPUIAKTUYECKUN OCMOTpP, PEMOHT U UCIHBITaHHE
000py10BaHUSI.

[Tpu BOZHUKHOBEHUM aBapHUITHON CUTYyaI[My HEOOXOAUMO:

4, CooOmmTh PYKOBOAUTEIIO;

5. Ilo3BOHMTH B aBapHilHYIO CIIyKOY;

6. IIpuHATH MEpBI B COOTBETCTBUU C MHCTPYKITUEH.
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3aK/JII0YeHne
Pe3ynbTaThl MOTYT OBITH CHOPMUPOBAHBI CIEAYIOIIMM 00pa3oM:

1-  Pe3ynbTarhl SKCIEPUMACHTOB M pPAacueTOB IMOKa3ald, YTO
MaKCHUMaJIbHBIN MOTOK HEUTPOHOB B BE Muilienn HaOIt0aeTCs MO yriaMu
0° 1 180° OTHOCUTENBFHO HANPABJIECHUS MyYKa ACHTPOHOB, a MUHUMYM B 90°
u 270% DTOT pe3ynbTaTcoriacyercs Kak ¢ TEOPETHYECKH OXKUIAEMBIMHU U
HEKOTOPBIMHU HKCIIEPUMEHTATILHBIMHU M CMOJICTUPOBAHHBIMU PE3YJIbTATAMH.

HeoxunanHoe HaOMIOJE€HUE TOTOKOB HEUTPOHOB, OOHAPYKEHHBIX
donpramu Al m Fe B mepeiaHeM M 3aJHEM HAIPaBICHHUSIX OTHOCHUTEIHHO
MUIIEHU 0€3 CYLIECTBOBAHMS KaKOM-TMOO eI Ha CBOEM ITyTH, MOYKHO
OOBSICHATH CTOJKHOBEHUSIMU MEKIY MYyYKOM JIeHTpoHOB U Bo3ayxom (O ,
N, .. uw 1. /1), Kpome TOro, 3t pe3ynbTaThl MOXHO OOBSICHUTH
B3aMMOJICIICTBHEM siIep JACUTPOHOB C  HEKOTOPBIMHUX MaTepHalaMu
PacroJIOXKEHHBIX IJIe-TO B KaHAJIEe MyYKa.

2-  DKCHepUMEHTalIbHbIE paboThl ObUIM TPOBEACHBI HApALY C
cumymsmusima - ¢ komamu  MCNP w PACE4 11 OlIEHKH  CIIEKTPOB
HEUTPOHOB, NTOTOKOB M CKOPOCTEN JO3bl Uil PA3JIMYHBIX PAa3MEpPOB MOJIEN
oOxydyenus. Benmnunna HEHTPOHHOTO MOTOKA M3 UCTOYHWKA Be m MomHOCH
7103BI XOPOIIO COTIACYIOTCS C JAHHBIMH OITyOJIMKOBAaHHBIMHU B JIUTEpPATYpE.

[ToTOKM HEUTPOHOB U MOUIHOCTH ITOIJIOLIEHHOM J03bl Pa3INYyatOTCs B
3aBHCHMOCTH OT TOJS OOJy4eHHsS KOJUIMMAaTopa. DKCIIEPUMEHTaIbHbIC U
3HaueHust MCNP ouenp Onu3ku Apyr K Apyry Ais OOJbIIEH amnepTypbl
KOJUIMMaTopa W HEMHOIO OTJIMYAIOTCA JJs MEHbIIUX. 3HAa4eHHE J03bl
NOTJIONIEHHON 103bl yMeHblnaeTcss Ha 10% mexny kommmmaropamu 8,5 X
8,5 cM” 1 4,5 x 4,5 cM® I10 JAHHBIM SKCIICPUMEHTOB B Ha 25%, 10 TaHHBIM
pacueroB 1o konxy MCNP. Tlorok HeliTpoHOB, paccuntanHbii o MCNP,
MEHBIIIE M3MEPEHHBIX 3HAUYE€HUW B 00JacTH sHeprui Mexay 1 MoB u 6

MsB.  DOTO MOXET NpPHUBECTHM K YIYYIICHUIO KOJUIMMALMM  TOJIA



OOJTydeHUSW YBEIWYCHUS O Ty4Ka HEUTPOHOB, JOCTABISIEMOTO
TAIUCHTY.

3- Kax mokazaHo B pe3ynbTaTax pacueToB, Mbl MOYKEM YBEIHUUTH
MOIIIHOCTh 1036l HEUTPOHOB, W3MEHHB T€OMETPHUIO BHYTPEHHETO CJIOSI
KOJUIUMATOpPa, a TaKK€ Mbl MOXKEM YJYYIIHUTh €T0 emé JOMOJHUTEIHHO 3a
cuyeT J00aBJIICHWS B KoJutuMaTop ciios cBuHIOBoro Metamia (Pb) c
OTIPEICICHHOW TOJIIMHOW. DTO NPHBOJUT K K YBCIMUYCKHHIO ITOTOKA
HEUTPOHOB MPUMEPHO Ha Ha 67%. 3a cuer 3TOro MbI MOXEM YMEHBIIHUTH
TOK YCKOPCHHBIX HOHOB JICUTPOHOB WM MOXKEM YMEHBIIUTH BPEMS
SKCIO3UIIMHU narnyenTa Ha 67%.

Mgl cyhTaeM, YTO MBI MOJKEM HMCIIOJIB30BaTh J3TOT MAXOM M JUIS
JIPYTUX HWCTOYHUKOB HEUTPOHOB, TaKWX KaK SJIEPHBIC PEAKTOPHI, TC
UMEETCS MHOI'O KaHaJloB OOJy4eHHUs, MCIOJIb3YeMbIX IS OOJIyYeHHS
MAaTEPHUaJOB, JJISI WCCICAOBAaHMN WM MPOMBINUIEHHBIX ILener. Eciu 31o

PUMEHUMO, 3TO OyAEeT OYEHB TOJIE3HO.
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