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An accident occurred on critical assembly stand FKBN-2M at 10:50 AM on 17 June 1997.

In this paper, we do not presume to discuss the subjective causes of the accident, the nature of
violations made in organizing the work (and such violations did occur) or the actions of those directly
involved in the incident. Our task will be to reproduce events from the technical standpoint, to explain the
nature of the experiment carried out on the facility, and also to clarify certain technical problems that were
solved in the course of cleaning up the aftermath of the accident.

Critical assembly stand FKBN-2M is designed for studying structures that contain fissile materials in a
configuration and quantity sufficient for realization of a nuclear fission chain reaction. Such experiments
are necessary for checking the correctness of calculations of power and research reactors, fast reactors
(including pulsed reactors) and nuclear weapon components. '

In general, an experiment on such a facility is carried out as follows. First, a clearly subcritical section
of the structure to be studied is assembled on the lower movable part of the stand, the lower platform being
moved to the extreme upper position. The subcriticality of this section is assured by careful preliminary
computations (with a considerable safety factor) and by the experience of previous work. Special measures
are also taken to protect against possible errors in assembling this part of the structure. These measures
include the presence of an inspector during assembly, and also continual observation of the neutron flux
from the source put into the center of the assembly. Long before criticality is attained, the assembly begins
to “feel” it coming on; it acquires the property of intensifying the neutron flux from the internal source.
This flux is continually measured and displayed at the work site, and, in addition, it is relayed through a
speaker system as a series of loud clicks (see diagram).

Diagram of stand: /—-stationary part of stand with upper fragment of
assembly; 2—fissile material; 3——reflector; #—movable part of stand

The assembly procedure itself is a sequence of putting hemispherical layers of different materials one
into another, like Russian dolls. To have the capability of simulating a variety of configurations, the
experimenter is provided with a set of hemispheres of different materials (uranium, steel, copper, and so
on) in standardized sizes.



Following assembly of the lower part of the structure, it is put into the extreme lower position, and the
rest of the system that is required for bringing it to the critical state is assembled on the upper stationary
part of the stand. After this, the experimenter leaves the room, and further manipulation with the assembly
(bringing the upper and lower parts together, diagnostic measurements, and so on) is done remotely from a
console that is separated from the room by several meters of concrete shielding.

After the assembly has been put into the critical state, it is essentially a very low-power fast reactor.
Such a system has the property of self-regulation: if reactor power increases, this results in heating of the
material, thermal expansion, and consequently a reduction of criticality, i.e. a drop in power. Thus, if the
criticality of the assembly is sharply increased, there is a burst of neutron radiation, then it drops sharply to
below the initial level, and after that again begins to rise and after a few oscillations settles down to a
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shielding are provided against a worst-case scenario. Such a scenario is the abrupt movement of the
assembly past criticality when rapid heating may result in melting of assembly materials. In such an event,
meltdown of the core automatically interrupts the chain reaction, but the inside of the room is
contaminated. Attainment of the melting point is accompanied by intense neutron radiation, and it is for
shielding from this radiation that the walls of the room are designed in accordance with stringent standards
of radiation protection.

Just what did happen on stand FKBN-2N on 17 June 1997? The experimenter was doing a control
assembly of a previously thoroughly studied system incorporating high-enriched uranium and a copper
reflector. Being an experienced operator who had previously done several hundred critical experiments, he
was quite sure that in this case he was working with a well-known system and was not anticipating any
surprises. After starting the experiment, at a certain stage he apparently began to have doubts, and he
disassembled part of the structure and began assembly once more without putting a control (“seed”) source
of neutrons inside. The shielding system in this case did not lose operability, as the source was near the
assembly; however, sensitivity dropped appreciably. It should also be noted that, among previously studied
systems, there are several similar critical assemblies that are equivalent in their final state, but their
criticality is reached by different means; hypothetically speaking, one assembly contains “a lot of uranium
and not much copper,” while another contains “a little uranium and a lot of copper.” We remind you that
all hemispheres used in the experiments have standardized dimensions, i.e. the descriptions of assemblies
use the same numerical values of the radii of their component parts. In a system with a large amount of
copper, less uranium should accordingly have been put into the assembly; however, the one that was finally
assembled turned out to be a structure in which there was “a lot of uranium and a lot of copper.”

At the instant when the experimenter was putting in the copper hemisphere, the system was already
near critical. If there had been a “seed” source inside the assembly, then undoubtedly, information about
the nearness of the system to the critical state would have shown up in time, but the source was on the
outside. At this instant, the hemisphere slipped out of his rubber-gloved hands and fell onto the uranium
sphere previously assembled on the lower part of the stand in the copper reflector half. At this point, the
lower part of the assembly, overloaded with uranium, went prompt critical. This was accompanied by a
bright flash and a heat wave and triggered operation of the emergency drop of the lower part of the
assembly (this measure is provided for use during the remote operation of the assembly platform from the
console room). When he was aware that a nuclear accident had occurred, the experimenter quickly left the
room and closed the shielded doors, thereby isolating the room from those adjacent to it. He notified his
superiors about the incident and was immediately hospitalized.

Specialists arriving at the scene were faced primarily with the task of determining the final state of the
assembly and the likely side effects of the accident in addition to the initial intense neutron burst that had
been the direct cause of overexposure of the experimenter.

At approximately 1:00 PM, it had been firmly established first of all that there were no aerosolic or
dust contaminants in the room, and secondly that the assembly was in a radiating state, i.e. in the critical
mode. Standard operating procedure involves continual monitoring of the neutron flux in the room by a
multiband system of neutron sensors. After the accident, readings were off the scale on all bands except
the last. By using the channel that remained operable, it was possible, within certain limits, to monitor the
relative change in neutron flux from the assembly. The absence of aerosolic contaminants was an
indication that the core had not been destroyed in the accident, and stability of the neutron flux was
evidence of attainment of an equilibrium (self-regulating) of the chain reaction in the system that had been
formed on the stand.



Visual inspection of the room was possible through a periscope, and in addition some photographs
could be taken through the opening of the door of the room. The system that had been formed was a
uranium sphere in a copper shell 8 mm thick put into a hemispherical copper reflector about 260 mm in
outside diameter. The entire system was in the lower part of the stand, and it was not possible to change its
configuration by the standard means of controlling the assembly.

From the technical standpoint, the problem was to find some way of remotely removing part of the
material of the assembly, or of changing its configuration to one that was less “dense.” The only thing
available to the specialists for doing this was a traveling crane that was remotely controlled from the
console room. Nor was attaching any tools to the hook of this crane a trivial task, as access of personnel to
the room was ruled out due to heavy dose loads. In accordance with the physical particulars of critical
systems, bringing any material near the wrecked assembly immediately increased its reactivity, i.e. it raised
the neutron flux and total release of energy. Thus, proposed methods of emergency disassembly had to
take into account that any mass brought near the system in the process of bringing it out of the critical state
had to be minimized.

The technical committee worked out and discussed several dozens of options for solving the problem.
These options included various methods of remote action on the assembly (mechanical, chemical, the use
of precision explosive technology, gas and plasma cutting, and so on). The most promising of these were
chosen, and they were immediately developed under laboratory conditions and in the adjoining
experimental room which had an analogous configuration. Specially fabricated mockups of the critical
assembly were used in this work. In parallel with this, extensive work was being done in theoretical
departments on calculations simulating the influence of various actions on the criticality of the system.
Neutron and thermal characteristics were also predicted for the various solution scenarios.

The first action taken to resolve the emergency situation was to evacuate from the room the containers
of the remaining nuclear materials that had not been used in the assembly. This operation was done by a
robot developed at N. E. Bauman Higher Technical Academy in Moscow and delivered to VNIIEF by a
subdivision of the RF Ministry of Emergency Situations. After the room had been completely cleared of
these materials, specialists proceeded to the main part of the work: to remotely change the configuration of
the damaged assembly.

Results were achieved by using the first method that was tried and that had been the most thoroughly
worked out by the time the operation began. Using the same robot, a thin-walled tapered vacuum suction
device was hung on a hose from the hook of the traveling crane. By moving the crane, the suction device
was put onto the upper part of the copper hemisphere covering the uranium ball. The concomitant
perturbation of reactivity roughly quadrupled the neutron flux and thermal power of the reaction. After
turning on the vacuum pump and starting to lift, the assembly was split along one of the hemispheric
contact surfaces, immediately stopping the chain reaction. After the neutron flux had dropped to the
background level, the assembly was moved by the crane to a reserve metal support and left in that position
for subsequent final disassembly. Thus, the operation of resolving the emergency situation on the FKBN-
2M stand was completed at about 1:20 AM on 24 June 1997.

Of course, our description has left out many technical details, in particular, the organization of a
system of television surveillance of the room, details of the operation to remove the containers, the
procedure of hanging tools on the crane hook, and so on. From the results of the work, detailed technical
reports have been prepared with a description of all details of the operation; [such reports have] also been
prepared on the alternative approaches to putting an end to the accident, which were experimentally worked
out to a significant extent in the course of getting ready for the main operation.



UHOPOPMAILUAI

ABAPHS HA CTEHIE KPUTHYECKHUX CHOPOK B P¢>HL{ — BHHHO®

17 wonsg 1997 r. 8 10 4 SO mun yTpa na crenpe xpurwueckmx cbopok KB -2M npousowna asapus.

B HACTORUICH CTATBE Mb{ HE fNpeAnoAaricM 06CYKAaTh CYTBEKTHBHLIC NPIMHHbBE ABAPIH, XAPAKTEP AOTTY-
WEHHBIX HAPYWICHHT NPK OPran3auis pador (a TaxMe HAPYWCHHS HMCIH MCCTO), 2 TaKXKC ACHCTBMR AMW,
HENOCPEACTEEHIO NPUUACTIHIX K HnumacHTy. Hateit saaanedt apnsercs socnposiseactine cobuTit ¢ TeXxHHueckost
TOMKM 3peHust, o0LACHEHIe XapaKTePa IKCNEPHMCHTA, NPOBOAMBLIENOCH HA YCTAIIOBKE, A TAKXKE PaZhAcHEie
HEKOTOPHIX TEXHHNUCCKHX NPOGACM, PCWIABILMXCA B XOAC MHKBHIALHI NOCACACTBHA ABAPI,

Crena xpurruecksix cbopox (DKBH-2M npennazuaricn A8 HCCNEAOBRHHS KONCTPYKLNI, COACPXAUMX pe-
NFURHCCH MATEPHANDL, B KOHDHTY PALIH M XOMMUCCTRS, JOCTATOUIOM TS OCYIUCCTRACHHS LCTIHOMA PCAKLIMM ASACHN]
aacp. Taxue dkenepuMeHTs! HEOOXOIHMEL NS MPOBCPKM TIPABIIABLHOCTH PACULTOB JHCPIETHUCCKHX W HCLICA0RA~
TENLECKHX RACPHLIX PCAKTOPOB, GLICTPHIX PCAKTOPOB (R TOM WHCIE MMIYALCHBIX), JICMENTOD ARCPHOIO OPYXKHA.

B ofuieM Bipe 3KCHEPHMENTL HA TAKOR YCTAHOBKE OCYWECTBARIONCH cneaytouy ofpazom. Cuavana wa
HHXKHCH NOABIOKHOM 4aCTH CTeHAa coBHPAETCR 3ABCIAOMO NOAKPHTHUHAR YACTL HCCACAYCMOM KOHCTPYKLIMHM, NP
3TOM HiOKHAR IaThOPMA NEpeMEtiena 8 Kpaituee pepxuce noaoKeHue. [oakpuTHUNOCTs JT0it nactH obecneun-
BAETCS NPCABAPHTEABHLIMH THIATEALHLIMH PACUCTAMH (CO IUAUMTENBHLIM 3AMACOM) H OHBITOM NPEALINY KX pabor.
TTpHMHMMAIOTES TAKXKE CICUHANLILIC MEPBI 3RULKTIH OT BOIMOXKHBIX OwKBoK npit c6OpKE ITOM HACTH KOHCTPYKUMH.
JTH Mepul BRAIOUAIOT NPHCYTCTBHE KOHTPOAE)A 1pH cOOpKe, a TAKXKe NOCTOSHHOE HABJIOACHHE 33 HEHTPOHHBIM
TNOTOKOM 0T HCTOMHMKA, NOMEULEHHOTO B UeHTP COOPKH. 3220AK0 R0 AOCTHIKEHMS KPHTHUECKOrO COCTOMHMA cfopka
HAWHIACT «UYBCTBOBATL® TPHOMHKCHME K HCMY, NPHOGPETAA CBOACTBO YCHACHMS HCITTPOIIIOFO 1I0TOKA OT BHYT-
penHero HCTOMIHKA. JTOT NOTOK NOCTOsNHO H3MEPsieTcs, 0TOOpa)aeTca 1a paboueM McCTe, 1 KPOME TOPO, TPAHC-
JMPYETCS YEPe3 FPOMKOrOBOPHTEND 8 BIAE NOCIEI0BATCALIOCTH TPOMKHX IUCTUKOB {CM. PHCYHOK).

Cama npoucaypa cbopkm npeacrasnser coboft nOCICROBATENLIOE BAOKEHNE ORAHH B APYTOI nonychepHuecxix
CJI0EB PAAMHUNLIX MATEPHAROD, KAK B XyKac-maTpewke. Jng T0ro 4tofnl HMETh BO3MOXKIIOCTD MOACHPOBRHNS
Pa3HOOGPARNILIX KOUCTPYKIUHI, 8 DACIOPHKCHMM IKCNCPHMEHTATOPA €CTh HAGOD nosycdep 13 PasanunHbIX MaTe-
puanos (ypana, CTanu, Meam i ap.) CTAHAAPTHIOBAHULIX Pa3MCPOB.

Tlocae TOr0 KAk HHXKHAS 9ACTL KOHCTPYKLUEH COOpata, oHa OTHOMMTCH B KPAMIICE 1G1XKIICE NOSOKEHNE, M
HA BEPXHEN §ICAOAMMKHON MaCTH CTCHAQ COOMPACTCH OCTABWAACS HACTL CHCTCMDBE, NCODXOMHMAR L1 AOBEACHNY
“CC 0 KpHTHHCCKOrO cocrosivg. [locac aroro okcneprMeHTaTOp NO-
KHAZET 320, M RANbHEAILHE MAIHAYAsLn co cOopkost (cOanxenHe
BCPXHEN M HIOKIEH YacTeH, IMAFHOCTHHECKHE HAMEPCUHS H P.) 0CY-
IUCCTBASIOTCS AMCTAHIHONHO M3 TYALTOB0I, OTALACIHHOH OT 3313 MHO-
roMeTponoit 6ETOHHOMN 3aHTOMN.

Tlocae Toro kak c6opKa nNpUBeRENa B KPHTHHCCKOE COCTOTIBE,
ona npeacrasasier coboit No Cywectny GHCTPLIST PCAKTOP OUCHD MANON
mownoctH. Takas cuctema 06AaAAcT CBOMICTOOM CaAMOPCTYJISLIH —
€CJUL MOLWHOCTD PEAKTOPA NOBLIILACTCS, ITO NPHBOIIT K HATPEBY MA-
TCPHOJIR, €rO TEMNOBOMY DACIIHPCINAIO M KAK CACACTBHE K YMEHbIE-
HHIO KPHTHUHOCTH, T.6. K CHIOKeHHIo Mouttoctit. Takum ofpazom,
“ecan PEIKO NOBLICHTL KPHTHIHOCTH COOPK 1, B HCIt TPOM30IALT BCNICCK
HEHTPOHHOIO MATYUYEHHS, 3ATEM OHO PE3KO CRAACT A0 YPOBHS HHXKE
HCXOJIHOTO, NOTOM CHOBA HAUNHET PACTH M NOCNE HECKONLKUX Koneba-
HHIT YCTAHOBUTCR PEXMM NOCTOSHHOM MOIHOCTH M3gyucHHs. [lpn
APOCKTHPOBARHH 33aHMIT s MPOBEACHHA OR0GHOTO poaa paboT npe-
*AyCMATPHBAIOTCA MEPLI 3AIHTL OT MOKCHMANLHO HCBALrONPHSTHOTO
CueHAPHY aRAPHITHOrO pa3sHTHs columint. TakiM CHCHADIEM ABAS-
€TCs peakoe nepeseaeHne chOPKM UCPe3 KPUTHUICCKOE COCTOSIHHUE, KOf-

§ A0 GLICTPLUT HATPEB MOXKCT MPHBECTH K MIANICIHHIO €8 MATEPHRNOB.

Tlpst atoMm pacrasaeHye aKTHBHOR 30HbI ABTOMATHUCCKH NPEPHLIBALT

LAETTHYVIO PEAKLMIO, HO BIY TPCHHEE NOMCLICHHE 3292 0Xa3bIBAETCS 3a-

Cxema crenaa: | — sHenoasrekuas yacts  IpusieHnbinv. JLocTrokene TCMNepaTy pul NAABICHIN CONPOBOXKIACTCR

ctenda ¢ pepxiiM parMenToM cBOpKH;  MOULHBINM HEHT POHHBIM MITIVUCHHEM, H HMCINID 115 3AIWHTLE OT HETO

2 — ReasHiics MaTepHan; 3 — otpaxa-  CTCHDLI 3210 [IPOCKTHPYIOTCH 110 AKECTKHM HOPMAM PAIAIONHOM 32~
TEAb; ¢ — NOABHXKHAA HACTb CTEHIA LWHTLI.
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Hvo e npowaonno na crenac QKBGI-2M 17 nons 1997 £.7 DxcnepsMeTaTOP NPOBORILY KOHTPOILIYIO
cBopxy PAHCE XOPOIO HIYCHHON CHCTEMNI, COACPAKAULEH B COOCM COCTABE BCOK0000rBLICHItLIN YPAH 1 MCANLIA
OTPaxaTess. Byayus omiTHbIM pafoTHHKOM, NPOREIINKM PAHCE HECKOABKO COT KPHTHUCCKHX IKCHCPHMCHTOR,
Off B ANHHOM Cayuae fuun TuCPAO YBEPCH, 4TO pafuTaeT ¢ XOPOWIO M3BECTHOA CMCTCMON H HC XAQA HHKAKMX
«cropnpyaoss. Hauan c6opxy, OH Ha KAKOM-TO 3TaNE, BHANMO, 8 HCM-TO 31COMIIEBANCR, pasobyan 4acTh KOHCT-
PYKUMH K cHOBA Hanad cBOpKY, HC NOCTABHB BHYTPb KOHTPOALIBIA («3ATPABOUHLIND) HCTOUMMK NCHTPOHOB —
CHCTCMA 30T NPH ITOM HE NOTCPLIA CROKO PaBOTOCNOCOGHOCTL, TAK KAK HCTOUHMK OCTaBANCS 86113u cOopki,
ORMAKO FHAUHTENLHO CHHIHAA WYBCTBHTCALHOCTh. CACAYET TAKKE OTMETHTH, UTO CPCAH PAHCE MIYNCHHIX CHCTEM
€CTh HCCKOALKO NOXOXHX KPHTHUCCKIX CHOPOKX — O IKBHBANEHTHBLL 110 HTOrDHOMY COCTORHMIO, HO KPHTHUHOCTS
8 MHX ROCTHACTCH PR3UBIMM CPCACTBAMM, YCAOBHO rOBOPA, OiNA COOPKA CORCPAHT «MHOID YPAHA H MASO MEAMS,
Apyrad — «MAJ0 ypana u MHOro meaws. Hanomyemd, uto ace naaycdepol, HCNOABIYEMbIE B 3KCACPHMENTAX,
HMCIOT CTAHAAPTHIOBANHKIC PAIMEDDL, T.€. B OfNCIHHAX COOPOK DHTYPHPYIOT OHH M TE XKE HHCIO0BLIC INAUCHHT
PAINYCOD HMX COCTABHBIX HACTEeR. B cHCTeme ¢ 6osibiliyM KONMUCCTBOM MEAM CIEA0BANO COOTBCTCTBCHHD YCTAHOBHTS
B COOPKY MeHBIEE KAAMHMECTBO YPAil@, O/HAKO B HTOre COGPAHHOM OKAANACH KOUCTPYKIMA, B KOTOPOH (ST
«MIOM0 YPaHa H MO0 MCOH>,

B MOMEHT, KOFAZ DKCIICPHMCHTATOP YCTAHABAMBAN MeaHywo noaycdepy, cncrema Sena yxe 6auzka k Kpu-
THUCCKOR. Ecan 6bt «3aTpasostuimits HeTomink Guut Gui By TpH cBOpKH, TO Hecomucio uidopmais o 6ansoctn
CHCTCMLL K KPHTHUCCKOMY COCTOS IO NPOKBHAACH Gbi BOBPCMS, HO HCTO'HIK HAXOAHACR CHApY XH. B 3TOT MOMCeHT
f0ayeepa BHICKOALINYAD M3 PYK B PEIHHOBLIX AEPUATKAX W yNasa Ha pance COOPIIYIO HA IHDKICH YACTH
CTEID ¥PAHOBYIO Chepy B NOAOBHHE MEANOMO OTPAXATENs. TIPK ITOM NEPCrpyXCHHAR YPAHOM HIOKIRS 4HACTD
cOOPKI NEPCLLIA YCPEd KPHTHUCCKOC COCTOAHIE, HTO CONPOBOXKAANCCH CRCTOBOM BCTILILIIKOM, TEILADBOM AOAHOM H
cpabaTLinatyeM apapHitiors cpoca 1kIET 4acTH crenaa (3Ta MEPa APCAYyCMOTPCHR As PaboThi B PCXHME
AHCTAHUHOUIOND nepeMeening naatdopMut cTenna u3 nyabtosodt). TTonss, HTO NPOMAOUINA AACPHAS GRAPHA,
SKCTICPHMEHTATOP BHICTPO NOKHMIY 300 H 3AKPLUA JAMHTHHIC ABCNH 3240, HICAHPOBAD CRO TEM CAMLIM OT CMEXK HBIX
nomeueyiy. O nporctieIieM 01 HIBCCTH PYKOBOACTSEO0 H GbLi CPOMHO NOCAHTAAXINPOBAN.

Tlepen npiGuiBiniiMKl HA MCCTO NPOHCLICCTRHS CHEUHANMCTAMMU NPCHC BCCIO BCTAAA 3AAA ONPCACACHINS
MTOPOBOFD COCTOsATIHS CGOPKIt H BCPOATHRIX NOGOMILIX TOCNCACTBHA ARAPHU, NOMHUMO HRAUAABHON HMHTCHCHBHOR
HEATPOHHOM BCTILILIKH, CTABWCH NENOCPLICTHCINION NPHIINION nepeobayucHing IKCNCPHMEHTATOPA.

Npubansurennno x 13:00 6ui10 TBCPAO YCTAHOBALHO, HTO, BO-NCHBLIX, B 3AAC OTCYTCTBYIOT A3PO30ALHBIE H
TLUIEBLIC 3ArPA3HCHMHA, BO-BTOPLIX, COUPKE HAXOMHTCH B HIIYHAIOILEM COCTORHHMM, T.€. KPHTHUECKOM PCKHME.
IMpu wraTHoM pexime paboTul OCYICCTANSETCH NOCTORMILI KOHTPOAL HEATPOHHOM NOTOKA 8 3A/ie € NOMOULBLIO
MHOTDAHANAZONHON CHCTCMBI HEATPOHHBIX JAATHHKOB. TMocae asapuu HA sCex AHANAIOHAX, KPOME NOCAECAHErO,
NPOM3OULIC 3AMIKANMEANHC NOKAIANHIY, ¢ NOMOUILK) KAHAAZ, COXPAHMBIICTO PaBOTOCNOCOGHOCTS, MOXKNHO Ghino B
OTPaHMUCHHLIX NTPCAEAAX KOUTPOINPOBATL OTHOCHTEbIbIE HIMCHCHNA B HCHTPOHIIOM NOTOKE M3 cbopxu. OrcyT-
CTBHE a3PO30/BIBIX 3ArPAIHCIHA YKAZMIBAO 1A TO, UTO APH ABAPHH HE NPOMIOWAN0 PAIPYLIEHHN AKTHBUOA JOHM,
CTa6MALHOCTD HEAITPOMIOND AOTOKA CBHICTEALCTBORANA O QOCTHOKCHIH PABHOBECHONO (caMopervHpyomeroca)
PeXMMA LENHOR peaxiiit 8 00pA3OBIBUICIICA HA CTEHIE CHCTEME.

BusyanbHbift XOUTPOL 3232 Ouin BOIMOXKEH Uepe3 NepucKorn, KpoMe TOro, YAAJA0Ch MOAYHHTh HECKOALKO
dororpadmit, cpeaainnx 13 npoesma ancpu 3ana. 06pazoRaABLANCH CHCTEMA NPEACTABANAR coboft ypanosy:o cepy
B MENOF 000704KE TOMUIHON § MM, NOMCINCHINIO B 10aYCHEPHUCCK NI MCANMBLATT OTPAKATE b BHELITIMM JHAMCTPOM
0K0A0 260 MM. BCw CHETEMA PACOOIITAACH B HIOKNEH 4acTH CTCHAD, H CTAHAAPTHLIMH CPEACTBAMH YfIPABNEHNS
YCTAHOBKOM M3MEHMTL ¢ KOHPHIVPAUHIO HC NPCACTABARNOCH BOIMOXKHBIM.

C TEXHHUCCKOM TOUK Ipceiii 394.1a4a COCTORAT B TOM, 'ITOGM TCM FUTH HH1M CﬂOCOéOM AMCTAaHUNOHBO y;llUlHTb
4acTL Matepnana cGopkss HIMCHHTL CC KOBHIVPALHIO HA MEHCE «NA0THYIO®. [ PACTIOPAKCHIH CNCUNATHCTOB
JUIS 3TOIO HMEACK TOALKO AMCTAHIMOHIO YIPARIICMBLIT W3 MYALTOBON MOCTOBOM KPAH, NPH ITOM NOABCCKA Ka-
&ux-1m60 nprcnocobentiA Ha KPIOK JTOM0 XPaHa TAKKE SBARNACL HCTPHOHANLHOW 323auedt, TaK Kak AoCTyn
NEPCOHANA B 321 GLLT HCXAIOYE I H3-32 BLICOKHX A03ONLIX HAMPYIOK. B cOOTHCTCTBI ¢ PHIHuCCKUMH 0COOCHNOCTAMH
KPHTHUCCKHX CHCTCM npHGTIOKENHE MOGOTD MATCPHAIA K ABADHINION COOPKE HEMELICHHO NOBLILANG CC PCAK-
THBHOCTb, T.€. YBCAMUHBAIICE SI0TOK HETPoios i obulee ducpromsiacacine. Takusm 06pasus, npeanaracMuie
MCTOIbI ABAPHIHON Pa3GoPK M A0KHLL GLIN YUHTHIBATE TPefOoBRHME MitMmH M0G0F MaceH, npHbaxaeMod
K CHCTCME B [IPOLECCE €€ BhiBOLA M3 KPHTHUCCKOTO COCTOSHMS.

Texiuueckas KOMHCCHA BhipaBoTana # 06Cy 1108 HCCKOALKO RCCHTKOR RAPHANTOR peibenst npolacmn. Ba-
PHAHTLI BKTIOUAIM PATIMMHBIE METOb! AHCTAHUHORHOND B8O3ICHCTEMS 1A cOOPKRY (MCXAHMUCCKHE, XHMIUCCKHC,
HCTIObIOBAHHE NPEUH3HOHHON B3PLIBHOM TCXHOAOTHH, M30BOM M AAAIMCHHON peakst 1 ap. ). M3 wux Guirs palpaist
nanfoiee NEPCHEKTHBHBIC, N0 KOTOPLIM HAMANACH HEMEANCHIAR OTPABLTKA 8 YEI0RISX Aa60PATOPHIL M COCCaNEM
OKCTIEPHMEHTANLHOM 32718 AHAJN0rHuHOro ApoexTa. [Ipu orpadorke HECNOALIOBIMN CHCUMANBHO HITUTOAICHHIIE
MakeTbl aBapuitHoit cOopku. [Tapannessio B TEOPETHUECKUX NOAPAIASACHHIX B MACCOBOM MOPHIKE NPOBOIHAN
pacueThl, MO}ICJIpr}OLLlMC BAMSAHHEC TEX MM HHBIX neﬁcmuﬁ Ha KpHTH‘lHOCTh CHCTCMDBL, ﬂpommupona:m TaAKXC
liCﬂTpOHl{ble H TEMNAOBLIC XAPAKTCPHCTHKY JUIA PA3HLIX CUCHAPHED JHKBHUAQ LML

IlepaniM AKTHBHBIM JECTBHEM 10 NMKBHAALMH HEWTATHOR CHTYAUHH CTANA ONCPALLHR N0 IBAKYALHM HI
30,10 KOHTEMHEPOB € OCTABLIIMICH AICPHBIMM MATEPHAAAMH, 1HE HCII0IL30BAHHBIMY B cbopke. D72 onepauns Grira
naaneda ¢ nomowbie poduta, paapadoraunoro 8 MBTY wm. H.D. Baymasa i 20CTaRIeHHOM BO BHHHID
ispaaacaerueM MUC Poccint. Tleeae Toro kak 301 GbL1 ROMMOCThIO 0CBOGOMKIEH OT JTHX MATCPHAIOS, CHEUNA-
VCTBE IPHMCTYMHCTH K BLIROAKCIUIO OCHUBNOM uacTi pafoTei — AHCTAHUMONHOMY H3MEHCHIUO KOH(HIYpAUHK
ABAPHITHOMO yana.
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PeayanTat Gu1a noAyNeH C NOMOUILIO ICPACTO X e onpobosaHNON MeTOAR, savbonee oTpaboTainiom k vomenr
HAYANA ONCPatiHse. C fIOMOLUBLIO TOMO XKE p0601'n HA KPIOK MOCTOBOMO XPaHa 6!-(}\.'\ AOABCLICHT HA UGN TOHKO
CTCHHAR KOHMUCCKAR BAKYYMHAS NPHCocka. [lepemeinenmes xpaia npucocka 6uina HancTa 1 sepxinomo vacy
seatoRr nonycdepnt, 3axpuiarowest ypaHossiit wap. BoaMyuwieHe pCAKTHBHOCTH fIPH 3TOM APHBCAO npiGanay
TEABLHO K HETLIPCXKPATHOMY BOIPACTAHIIO HEATPOHHOID NOTOKA H TENAOBOMA MOWNOCTH peakitvy. [Tocae sxaoucin
BAKYYMHOMO HACOCA M HAYANA NOFLEMa c0OPKA PAIRCAMNACH NO OAHON M3 NATYCPEPHUCCKHX NOBEPXROCTEN KoK
TAKTA, YTO HEMELIEIHO NPHBENO K OCTAHOBKE LEMHON peakuMu. Tocne TOIro xak HCHATPOIIBIA NOTOK CHM3MAC
10 oHovoro, cfopka 6eLa nepemMeulena ¢ OMOLLLIO XPAHA HI PEIEPBHY IO METALTHUYECKYI0 NOACTIBKY W OCTABAEH
B TAKOM NOAOKEHHU LI HOCACAYIOWER OKOHIATEALHOM pasfopku. Tem cambid okono 1:20 Houw 24 mions 1997 ¢
ONEPALNS MO JAHKBHAALHM HCIITATHOR CHTYawH Ha crenne ©®KEH-2M 6bina aascpuiena,

ECTecTnento, B HALIEM OMHCAHKK ONYILEN bl MIOME TEXHHUECKNE NOAPOGHOCTH, B UACTHOCTH, OPrannaaiu
CHCTEMBE TENEHA0II0ACHNS 3a 3310M, NCTAIH ONCPAUMH NO IBAKYAUHH KOHTCHANEPOND, NPOUCAYPE NOABECKYH NpH
crocobacHHt na xpiok # ap. 1o peayasTatam paboThi NOArOTORAEHBI NOAPODIILIE TEXHHUCCKHE OTHETHI ¢ ONMHCAHHEN
ncex g‘gmﬂngﬁ 9516(311,1,; 4 TAKXMEC-AABTEDHATHEIBX NOAXOA0B K AHKBHIARLIHNI asAPHI, XOTODbLIL Gitmi 8 JHAUMTENLHO!

CTENCHN IKCNCPHMEHTANLHO orpa6omm.| 8 f1pouccce NORrOTOBKH OCHOBIO ONCPAUHH.

NMYHHH B.T., CMHPHOB H.T., 3bIKOB C.2
("dALl — BHUHUIOD

TTPABUJIA O®OPMJIEHUSA CTATEH

Conepxansne cTaTelt JOXHO ObiTh M3J0XEHO € NPEAENLHON SCHOCTLIO H KpaT-
xoctbio, Caeayer uaberaTb nosTOPCHUA AAHHBIX TabaHLL M rpad)MKOB, @ TAKXE npel-
CTABJICHHA YHCIIOBBLIX PC3YAbTATOB B BUAe Tabauu u rpadmkos ogroBpemeHHo. OfbeM
cratbu — 12 ¢. MALIMHONKCHONO TEKCTA (BKTIOUAst PUCYHKH € MOAMUCSIMH, TaOAHLB
u 6ubnuorpacduio). _

ITpH noaroToBKe pyxonucei aBToPhl JOJKHB PYKOBOACTBOBATLCA CAEAYIOWIN-
MM NpaBUAAMH: )

1. TeKCTHl M WLTIOCTPALMM NPEACTABASIOTCS B OKOHUATENbHO 0TpaGoTaHHOM ans
CUATH BUAC B ABYX IK3EMILAAPaX (OAMH M3 HMX — 00513aTE/IBHO NEPBLII IK3EMILASAP) .
Tekcr nonxed OuiTh OTMEUaTaH uepe3 ABA MHTepsasa no 28—29 crpok HA oxHOWM
CTODOHE JIMCTA. !

2. Odopmagiorcs TekcThl (HOpMYAbl, FPEUECKHE K NATHHCKHE, CTPOUHBIC H NPO-
OUCHBIC OyKBbl, COKPAIEHHE CJAOE M T.A.) B COOTBCTCTBHY C OOLIMMH NPABHIAMH,
TOPUHATHMH B HAYUHO-TCXHMUCCKUX XYpHanax. TpynHODas/IHUHMbBIC PYKOMMCHBIE
OyKBbl H 3HUKH J0JXHB ObITh NOSICHEHBl HA MOJAX.

3. Quzuueckme BEAMUMHBL ACTDKHBL ObiTh AaHB B eanHuuax CH,

4, Tabauubl NEYATAIOTCA HA OTAC/ABHBIX JIHCTAX M HYMEPYICTCd 1O Topanty,
Kaxaag tabauua Ro/KHEA HMCTh 33r0NI0BOK; PUCYHKH BBIIIOJHSIIOTCA HA KOMIBLIOTEDE;
tdotorpaduu g0/xHBE OWTh KOHTPACTHHIMM, [loANMACH K PHCYHKAM NPHIAraioTCs Ha
OTHE/NBHOM JicTe. B TekcTe NoMKHB GbiTh CCHIKM HA PHCYHKH,

“ro 5, CHMcoK HCHOAb30BAHHON JTUTEPATY Phl NPUBOANTCS B KOHLE paGoTst. .19 Xyp-
HAJBHBX CTATEA yKa3niBawTcd: (pamMuJHH M MHHUHAAB BCEX aBTOPOB, €C/IH HX HE
Boaee yernipex, eciu 6oace, TO TPEX NEPBLIX, 4 3ATEM «H Ap.», HA3BAHHE CTAThbH,
XYPHaAa, rojl, HOMCP TOMA M BHINYCKA, CTPAHMUB (0T — 00), AAS KHUT — (DaMHIHH
¥ MHMLHKAIN aBTOPOB TaK Xe, KaK A/ XYPHAA0B, NOTHOE HA3BAHHUE, MECTO H3AAHUA,
H3NATEALCTBO, [OA; 414 cTated B cOOpHMKAX — (AMILIMN W HHMIHAAL 3BTOPOB
CTATbM, HA3BAHME CTATbM, Ha3BaHue cOOPHMKA, HOMEP YACTH, BBIMYCKA, MECTO H3-
JAHUA, U35ATETbCTBO, MO, CTPAHUUBI (OT — A0).

6. K cratbe 3071xHa OuiTh nprIoxeHa andotauns (oGbemom 1/3 mamnHonicHo#
CTPAHHLL) € M3JOXCHHEM UEAH U Pe3y.abTaToB paboThl, 4 TAKXKE mnCpeBol HA aHr-

JTMACKHI 236K DaMHUAMA aBTOPOS M HA3BAHMS CTATHH. ‘




