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CaoBo Ha Opuraaen revepaj UBan MajjamMoB — HAYAJIHUK HA
HBY ,,Bacui JleBcku* npu 0TKpUBaHe HA HAYYHATA
KoH(pepeHuus ,,Pagnanuonna 0e301mMacHOCT B CbBpeMEeHHUSI CBAT*

VYBaxxaeMu JamMyM W TOCINOJAa — YYacTHHLIM K TOCTH Ha ceamMara
MEXIYHapoJHAa HayyHa KoH(pepeHIus ,PanuanvoHHa 0e€30MacHOCT B
CbBPEMEHHMS CBAT, mocBeTeHa Ha 170 roaumHWHATA OT TOAUIIHWUHATA OT
poxaeHuero Ha AHpu bekepern.

Openckusat ¢puznk AuToan AHpu bekepen e poneH Ha 15 nekemBpu 1852
r. B [Tapmwxk. 10 My AHTOoaH u Oama My AJIEKCAaHIbP ca U3BECTHH YYEHH,
npodecopu no pusuka B Hanmonanuus My3seli o ectectBeHa uctopus B [lapux
u wieHoBe Ha DpeHckara akagemus Ha Haykure. [10-kbCcHO 1 HeroBusT cuH JKaH
cTaBa (pU3MK, KOETO MpaBu 00110 4 MOKOJeHUs ydyeHU. Tol e oTKpuBaren Ha
€cCTeCTBEHaTa paJuoakTUBHOCT U Hocuten Ha HobOenoBa Harpana 3a gusuka 3a
1903 roguna.

Ot 1876 npenonasa B [10JIMTEXHUYECKOTO YUMIIMIIE, A IPE3 CIEABAIIATA
roJivHa € Ha3HavyeH B HainoHanHOTO yIipaBieHUue Ha MOCTOBETE U IbTHINATA. OT
1878 bekepen e acucteHT Ha Oama cu B Hanmonannua Myseil 1o ecrtecTBeHa
ucropusi. Ilpe3 1882 3aBppmiBa u3CHEABAHUATA CU BbpPXY JIMHEWHATA
noJiipU3alUsl Ha CBETJIMHATa M MpoJbJDKaBa paborara Ha Oalla CH BBPXY
dbochopecuennusara. Ilpes 1888 rommna 3amuraBa mgoktopaT B Ilapmkkus
YHUBEPCUTET BbpPXY abcopOiusaTa Ha cBeTiIMHaTa B kpuctanu. [Ipe3 1892, eqna
roJMHa ciel cCMbpTTa Ha Oama My, bekepen 3aemMa HEroBoTo MnpogecopcKo
MSCTO, KaTo orjaBsiBa Karenpatra mno ¢usuka B Harumonannus Myselr 1o
ectecTBeHa ucropus B [lapmx, Kato Taka craBa TpPEeTH MOpEA OT €IHO U ChUIO
CEMENCTBO Ha MOCTA.

Cpabara Ha BCEKU €IMH OT HAC € pa3jinyHa U BCUYKU CMeE TIOJIIOKEHH J1a
IPEXUBEEM MHOTO Hema. OCBEH MNPUCHIIUTE HA BCSIKO YOBEIIKO CBHLIECTBO
CBHOUTHS B JIMYHUS JKUBOT U NMPOo(ecroHaNHa JeHHOCT, BCHUKH HUE CE HaMHUpame
BbB BOJOBBpPTEKA HA MOpEAUIa OT MCTOPUUYECKU CHOUTHS, HAKOM OT KOHUTO
ernoxajgHu. B Ha4anoTo Ha TPETOTO AECETUIIETHE OT TEXHOJOTHUYHUA 21-BU BEK,
JTHEC HHME TPEKUBSIBAME MOPEIHOTO ChOUTHE, HOCEHIO Oesera Ha KaTaKIU3bM.
Cnen manaemusiTa, CBbp3aHa C pasnpocTpaHeHueTo Ha Bupyca KOBUJI- 19,
KOSITO Beye 3 roJuHu € o0XBaHalla CBETa M YOBEUYECTBOTO BCE OIlE HE MOXKeE Ja
HaMepH aJIeKBaTHU MEPKU 32 OTPAaHMYABAHETO U JICYCHUETO M, OT (heBpyapu Ta3u
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rojauHa B 01au3ocT A0 bbirapus ce BOAST KPbBONPOIMBHU BOSHHU JEHCTBUS C
JIECETKU U MO>K€ O CTOTHUIIN XWJISAN YOUTH U paHeHH. Te3u BOGHHU JIEUCTBUS ce
BOJST U B HEMOCPEACTBEHA OJIU30CT JO SIAPEHU OOEKTH, KOETO MpEIU3BHUKBA
TPEBOTra B YOBEYECTBOTO 3a JIa HE C€ MPEIU3BUKA W H3IOJI3BAHE HA SIAPEHU
apCceHalin, KoeTo 1e Ob/ie maryoHo 3a Xxopara.

Camo 9 rogunu cieq kpast Ha Bropara cBeToBHa BoitHa — Ha 27 1oHu 1954
roji., B rpag OOHMHCK Ha ToraBa chllecTByBaiara appxkaBa CCCP, ce oTkpuBa
nbpBaTa B CBeTa ATOMHA €NEeKTpUyecka ILieHTpaida. MHoro Obp30 siapeHara
WHyCTPHUSI HAMEPU CBOETO MACTO B Pa3BUTHETO HA CBETOBHATa MKOHOMHMKA. Ho
€HOBPEMEHHO C TOJIOKUTEIHOTO BB3JACHCTBUE HA M3MOJI3BAHETO HA SAPEHATA
SHEPrus )KUTEJINTE Ha HalllaTa MJIaHeTa ce COTbCKaxa U ¢ 2 ToJIEeMH PaJualliOHHU
aBapuu —YepnoOun 1986 roguna m @ykymuma 2011 roauHa U JOMyCHATHUTE
MPOIMYCKM M TOCJHEACTBUATA OT TAX Hakapaxa Xopara Ja C€ 3aMHUCIT 3a
0e30macHOTO M3IOI3BaHE Ha AnpeHaTa eHeprus. Cnes nmepuoj Ha OTpUYAHE Ha
AJIpEHaTa €HEepPrus U JCHCTBAIllaTa B MOMEHTAa CBETOBHA €HEpPrUiiHA, [ICHOBA U
MKOHOMMYECKA KpH3a 3all0YHA MPEOCMUCISIHE HA OTHOUIEHUETO KbM sIpeHaTa
eHeprus. Cropen NOCHENHUTE HWHAUKAIMKM Ha EBpOINMENWCKUTE W CBETOBHU
OpraHU3alliy CE 3aroBOPH 3a MPHUOOIIABaHE HA sAJ[pEHATa CHEPTUS KbM 3€JICHUTE
€HEpIuM, KOeTo Oellie MOTBbP/ICHO U OT PEILICHUITAa Ha MHOTO CTPAaHU J]a pa3BUBAT
AIpeHaTa EHEPreTHKA.

VYBaxkaeMH KOJIETH,

ITo3Bonere mm, nma mosmpaBs ¢ ,,JloOpe momum! BCHYkM Bac —
YYaCTHHUIIMTE B HacTosus popym ,,PamunanimonHa 6€30macHOCT B ChBPEMEHHHUS
CBAT’, KaKTO W OPraHU3aTOPUTE Ha TOBa CHOMTHE, KOETO € 4YacT OT HaIlus
rOJIMIIEH KajieHaap! Belpeku TpyJHOCTUTE Mpe3 MOCIECIHATE 2 TOAUHU HUE HE
MpeKbCHaAXMe MPOBEKAAHETO MY U JIOPH C BCSIKA TOAMHA pa3llupsBaMe Kpbra Ha
YYaCTHULIUTE B HETO M U3MOJ3BAXME BBH3MOKHOCTHUTE 32 HEMPUCHCTBEHOTO MY
npoBexane. Kato pekTop Ha YHUBEPCUTET CbM PaJIOCTEH, Y€ MOTPEOHOCTTA Ja
Ce CMOJENAT U 000raTsIBaT 3HAHKUE U OMUT 00enuHsIBa chbmunuieHuiu! Temara Ha
dbopymMa € MHOTO aKTyaJlHa M KOPECMOHAMpa C TNPEIU3BUKATENICTBATa Ha
€KEJHEBUETO HU, a HAJICIOBHT HU MpPaBU ChIPUYACTHU KbM YCUJIUSATA Ha TO-
Ch3MJIaT€JIHATA YacT OT 4YOBEUECTBOTO U HayyHaTta OONIHOCT Yy Hac.
Bb3MoxkHOCTTa 32 M3siBa 1 0OMEH Ha akTyaiHa uHGOpMaIys U Ujaeu UMEHHO TYK,
B Hamumonanuuss BoeHeH yHuBepcureT ,,Bacun JleBcku®, mpuemame Kato
npuBwierus. Tyk paboTsAT xopa, 3a KOWUTO MPOOJEMUTE Ha pagualioOHHATa
CUTYPHOCT TPEACTABISIBAT IPO(ecroHaneH U TBOPUYECKA UHTEPEC.
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VYBepsiBaM BH, U€ HACTOAIIUAT (GOPYyM HsMa Ja OCTaHE MOCIEIHHUAT 1O
pona cu, 3a Hamms YHuBepcuteT! Toll Beue ce € yTBbPIAWI, Karo €JHO OT
cpOuTHATa C TMOAOOHA TEMaTHMKa B HAlMOHAJICH Mam@ad W Ie pa3lmpuM
MPU3HABAHETO My U B MEXKIyHapoJieH Maiiad. Bede Biv3aMe u B MIIaHOBETE HA
YHUBEPCUTETH, HAYYHU OpPraHU3alMd U HAYKOMETPUYHU HHANKATOPU U IIE CE
CTPEMHUM J1a OTTOBOPUM Ha M3UCKBaHUsITa Ha BpemeTo. [IpuchcTBUEeTO Ha Bac,
yBa)Ka€MU I'OCTH U YYaCTHUIM U TIPU3HAHUE 32 paboTaTa Ha HAIIUSl YHUBEPCUTET.

UyBcTBaiiTe ce TYK, KaTo y joMa cu. Bunaru cre qo0pe J01uid 1 3HaiTe,
4e IIPY HAC BUHATHU 1€ HAMUPATE CbMUIUICHUIU U €KCIIEPTH!

[ToxenaBam ycrex B U3IBUTE U MOJI30TBOpHA padboTa!

OtkpuBaM Hay4dHUST PopyM ,,PaguaninonHa 6€30nacHOCT B ChbBPEMEHHUS
cBAT , mocBeTeHa Ha 170 rogumHnHaTa OT poxkaeHueTo Ha Aupu bekepern.

Ha no6sp uac!

Dear colleagues,

| would like to welcome all of you, the participants in today's forum
Radiation Safety in the Modern World, as well as the organizers of this event
which is part of our annual calendar of scientific events. As the rector of the
university, | am glad that the need to share and enrich knowledge and experience
unites like-minded people! The topic of the forum is a hot topic corresponding to
the challenges of our daily lives, and the title we have chosen shows we are
committed to the efforts of the more creative part of humanity and the scientific
community in our country. We accept as a privilege the opportunity to present and
exchange up-to-date information and ideas here, at Vasil Levski National Military
University. For some of the people who work here the problems of radiation safety
present a professional and research interest.

| assure you that this forum will not be the last of this kind for our
University! It has already established itself as one of the national scale events on
a topic of such importance.

Feel at home here! You are always welcome and can be sure that you will
always find like-minded people and experts with us!

| wish you success and fruitful work on the forum!

| open the scientific forum Radiation Safety in the Modern World,
dedicated to the 170th anniversary of the birth of Anry Bekerel.

Good luck
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Univerzita obrany

Ustav ochrany proti zbranim hromadného niceni
Vita Nejedlého, 682 01 Vyskov

GREETING ADDRESS

On behalf of Nuclear, Biological and Chemical Defence Institute of the University of Defence,
Czech Republic, 1 welcome all participants of the scientific forum ,,Radiation Safety
in the Modem World*

The security situation in the world is surprisingly not stable in the 21st century and the humanity
is exposed to unexpected challenges that affect each of us. Chemical and radioactive substances
are wonderful helpers and a great result of human progress. Although they are supportive,
on the other hand, they can be very dangerous, in the event of accidents or deliberate misuse.
Therefore, it is very important to organize conferences of this type, where we, scientists, can
participate in promoting world security and safety.

This year | had the opportunity to visit Vasil Levski National Military University and the
beautiful city of Veliko Tamovo as part of the Erasmus+ Staff Teaching Mobility program.
I am very glad that | had the possibility to exchange experience and knowledge in the field
of chemical protection with my Bulgarian colleagues. Unfortunately, | cannot attend
the conference in person. | congratulate all contributors on their work, | wish everyone present
a fruitful discussion, gain new perspectives and contacts, as well as great time in the venue city.

Sistant Profe
rotection Sistant
ProfessorChemical and Radiatioprotection
Section Nuclear, Biological and Chemical
Defence Institute

University of Defence

Czech Republic
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GREETING ADDRESS

On behalf of the National Research University "Moscow Power
Engineering Institute" and the Department of Environmental Engineering and
Occupational Safety, | welcome the participants of the scientific conference
"Radiation Safety in the modern world".

Despite the current situation in the world, radiation safety issues
remain very important. More and more researchers around the world are
engaged in research in the field of radiation protection and assessment of
potential risks of various diseases.

Of particular relevance is the direction related to the elimination of
nuclear heritage and the management of nuclear waste. It should be noted
that the radiation protection and safety system is being improved every year,
both at the international and national levels.

| am sure that at this conference each of the participants will be able to
highlight new moments and aspects that were not known to them, before.

Associate Professor : L
Dept. of Environmental Engineering \ L

and Occupational Safety
National Research University “MPEI” ;Z

Oleg A. Loktionov
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INTERNATIONAL MARIINSKAYA ACADEMY named after M.D. SHAPOVALENKO
(Establishment of the International Telecommunication Educational Project
“Mariinskaya Gallery named after Maria Shapovalenko”, NGO “Information for all”)

Russia, 121096, Moscow, POB 44. fb.me/IMA888 https:/twitter.com/papa8883 www.ifap.ru
+7 (918) 443-00-43, +7 (988) 955-61-32, +7 (928) 434-20-84. papa888@list.ru, latyshev-1970@inbox.ru

—

Aliis inserviendo consumor!
Dr. Tulpius.

A"
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CREETING ADDRESS

Dear organizers and participants of the international scientific conference RADIATION
SAFETY IN THE MODERN WORLD 2022 — Veliko Tarnovo! Let me, on behalf of the staff of the
International Mariinskaya Academy named after M. D. Shapovalenko, express to you a feeling of
sincere gratitude for the invitation to participate in your venerable scientific event!

We sincerely wish you a successful holding of such an important forum, a peaceful sky, good
health and a truly safe environment!

A

T~

T~

AN LN

A

President of IMA&PH-IMA, Professor and member of expert council of
RANH, ScD h.c. of IANH, PhD in Philology, Academician of IAST,
UANH, IANH, IAYTLH, Corresponding Member of IAPS, Emeritus
member of ISAC at the ISA, Honored Worker of Science, Technics and
Education

Vice-President and Academician-secretary (head) of the department
of Kingdom of Saudi Arabia of IMA, Associate Professor of Department

A

—

O.Yu. Latyshev

—
VeV e V.

‘ of Biology of Imam Abdul Rahman bin Faisal University (Dammam, ’
l Saudi Arabia) , {
‘ Chief Scientific Secretary and Academician-secretary (head) of the dé ; uA) . Ged lpraliim }
l Department of Psychology of IMA, Prof., Dr.,, Professor of G) "r/l'/ 1A l
‘ Psychological Counseling, Department of Psychology, Faculty of >
l Education, King Khalid University, and Psychology Department, Faculty

‘ of Arts, Zagazig University ;BOS\\YCL ‘%ﬂ0¢/ iAo ’l
l HR-manager of IMA&PH-IMA, Academician-secretary of the mEL l
‘ department of «ANTHROPOLOGY» (54), Ph.D. in History and

l Philosophy of Science, Centro de Filosofia da Ciéncia, Faculdade de ’ T Dl
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CbhIO3 HA ®U3UIIUTE B BhJ/ITAPUA
YIIPABUTEJIEH CBBET
1164 Codusi, 0y.r. ,,[Ixeiimc bayuep® 5

JI0: BPUTAJEH FEHEPAJ UBAH MAJIAMOB
HAYAJIHUK HA HAIIMOHAJIEH BOEHEH YHUBEPCHUTET
., BACHJI JIEBCKH*

I1o moBOA: HAYYEH ®OPYM HA TEMA:

»Paduayuonnama 6ezonacnocm

8 Cb8peMeHHUA ceam
Haumnonajien Boenen ynusepcurer (HBY) ,,Bacun JleBckun®
Beaunko TwpHuoBo, 16, 17 u 18 noemBpu 2022 r.
noceemena Ha 170-eo0uwnunama om posxcoenuemo na Aupu bexepen

YBAKAEMHU BPUT'AJIEH 'EHEPAJI UBAH MAJIAMOB,

YBAKAEMHU OPTAHU3ATOPH, YHACTHHULIU U T'OCTH,

OcobeHo My e pusiTHO OT uMeTo Ha Cphro3a Ha ¢usunute B benrapus (COB) u
JIMYHO OT CBOE M€ Ja Bu mpuBeTcTBaM 10 citydail mpoBexaaHeTo Ha ceamust Hayuen
¢hopym ¢ me:xxknyHapogHo yuactue Ha Tema: ,, Paouayuonnama 6ezonacrnocm é
cveépemennusn ceam'’.

OcHoBHaTa mHeJl Ha KoH(epeHUHsITA € Ja CE INPEIOCTaBAT BBH3MOXHOCTH Ha
KaJpUTE OT U3CIICIOBATEICKH 3BCHA U MHCTUTYTH U aKaJAEMUYHUS CbCTAB HA LUBWIHH U
BOCHHHM BHCIIM YYeOHHM 3aBEJeHHS OT CTpaHaTa M 4YyKOWMHA 3a ampodaius Ha
W3BBPIICHA HAYYHU HM3CIICABAHUS, HOBOCTH, PAlMOHAIHM3AIUN H OTKPUTUSI M OOMEH Ha
UICH B HAayYHHUTE OOJIACTH, CBBP3aHU CHC CUTYPHOCTTA, OTOpaHATa, MH)XXCHEPHUTE U
WHPOPMALIMOHHUTE TEXHOJOTHH B 00OJacTTa Ha sApeHuTe TexHoiormd. ChImo Taka
GbopyMBT JHaBa BB3MOXKHOCT 3a 3aIbJI00OYaBaHE HA CHTPYAHHYECTBOTO MEXKIY
pa3IMYHUTE OpPTaHU3allMK Ype3 Ch3[AaBaHE HA CHBMECTHU MEKAYHAPOIHH CKHUIU U
pa3paboTBaHe Ha €AWHHH MPOTPaMU 3a 00yUCHHE Ha Pa3IMIHUTE KATETOPUH 00ydIaeMHu.
Te3u uenu ca u cpex ocHoBHute 1enu Ha CDB. Exna ot rapaHuuure 3a TAXHOTO
MOCTUTaHe € OOMsHaTa Ha 3HAHUS W WJCH, NOBUIIABAaHE HA KBaTU(pUKAIMATA Ha
KaJpUTE ¥ aKTHBEH IUAJIOT ¢ OBJITapCKOTO 00MIECTBO, KOETO HHE OCHIIECTBSIBAME UpE3
BEYEC YCTAHOBEHOTO TOJ30TBOPHO CBHTPYIHUYECTBO C Bamms yHHBEpCHUTET.

TemaTnuHH HampaBjieHuss Ha ¢GopyMa ca CBBP3aHH C BCHYKH aKTyalHH
npoOjeMyu Ha HayuyHHUTE HM3CJIeBaHUS U OOyueHHETO B 00JacTTa Ha MHOTOCTPAaHHHTE
HAYMHU 33 HU3MOJ3BAaHE HA SAPCHUTE TEXHOJOTMU B MMOJ3a HA YOBEIIKHS IKHBOT.
SlapeHuTe TEXHOJOIMU H3IOJI3BAT PA3IMYHUTE peakMU Ha aTOMHHUTE sapa (o, B U v-
pasmaz, SOpeHO JeJieHe W clMBaHe). Te HaMupaT IIHPOKH TPHIOXKEHHS B
pa3paboTBaHETO HA TEXHOJOTHH, KOHTO CBIIECTBEHO BIMSAAT HAa PAa3BUTHETO Ha
UKOHOMHKAaTa M KadeCTBOTO Ha J>XMBOT B CBBpPEMEHHOTO oOmiectBo. Ch3HaBalWKH
OTTOBOPHOCTTA CH B TOBa OTHOIIEHHE, YICHHUTE OT CaMOTO HAyajo Ce 3aHUMaBaT M C
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npobiieMuTe Ha pajualMoHHaTa O€30MacHOCT, WU ChC 3allMTaTa Ha  3[paBeTo Ha
HACEJIEHUETO.

B T03u acnekT e 0co0eHO BaXXHO U nocsewasanemo Ha Kougepenyusma ua 170-
2o00uwHuHama om pooicoenuemo Ha Aupu bexepen (1852 - 1908), cBEeTOBHO HU3BECTEH
¢u3nK, KOUTO OTKpHBA CIIOHTAHHATa paJMOaKTUBHOCT Tpe3 1896 r. ToBa My noHacs
mpe3 1903 r. ynocrosiBanero ¢ HoGenoBa Harpana 3a ¢usuka, cnozaeneHa c Iluep u
Mapus Kiopu 3a TEXHUTE OTKPUTHS, CBBP3aHU C HETOBUTE PAJUALIMOHHHU U3CIICABAHUS.

IleanTe M TeMaTHKaTa HAa KOH(pEPEHIUATA ca U3LSAJIO0 B paMKUTE Ha oOsiBeHaTa
or OOH MexaynapoaHa roaguHa Ha (yHIaMeHTAIIHUTE HAYKH 3a YCTOWYHBO
pasButne (MI'®HYP) 3a mepuoma or 01.07.2022 r. nmo 30.06.2023 .
(https://www.iybssd2022.org/en/home/), kato TS € 4acT OT CHOMTHATA, BKIIIOYCHH B

Hanuonanuuss mnan 3a otbensizBane Ha MIOHVYP.
r Jokmaaure BBB BCHUYKM TEMAaTHYHH HAIPABICHUS
aKIEHTUPAT M BBPXY 3HAYCHHUETO HA IIPEJCTABEHHUTE

\-/ W3CIeIBaHMS 32 YCTOWYMBOTO Pa3BUTHE HA YOBEIIKOTO

0011eCTBO.

l \/ B S s D2022 Enun oT mpobiiemuTe 3a pa3BUTHUETO HA SAPEHHUTE

International Year TEXHOJIOTMM M H3CIEABAaHUSA  Cera € CTPaxbT Cpex
of Basic Sciences

for Sustainable Development 00IIecCTBOTO OT BB3HMKBAHETO HA SAPCHH WHIMICHTH,
KOWTO MOXE J]a C€ MPEOA0JIee caMO C HEMPEKbCHATO MOBHILIABAHE U OCHBPEMEHSIBAHE
Ha TEXHOJIOTHUTE Ha SAApeHaTa Oe30MacHOCT, 33 KOETO Cca HY)KHU KaKTO (hyHIaMEHTATHU
Hay9YHU W3CJIEIBAaHMS, Taka W HOBM TEXHOJOTHMYHHM pemieHus. Ta3u mpoOieMu CTOST
IpeJ LsijlaTa CBETOBHA OOIIHOCT U PEIIEHUETO UM MOXE Jla C€ HaMEpH CaMoO C aKTHBHO
CBTPYAHUYECTBO C MEXYHAPOJAHUTE U HAIIMOHAIHU UHCTUTYLUU. Y HAC UMa TPaJuLUU
U TIEPCIEKTHBH U B TOBA OTHOIICHHE, OT KOETO cienBaT M OoraTuTe BH3MOXKHOCTH 3a
YCIICIIHN Kapuepu B Ta3W oOiacT. Bamara koH(epeHIHs € mpuMep 3a CThIKa KbM
pelIaBaHETO Ha TE3H MPOOJIEMH, KOETO JOKa3BaT U BUCOKUTE LIEJIH, KOUTO CU MOCTABSITE
U OTTOBOPHOCTTA, KOSTO 3a IOPEAEH ITBT II0eMaTe Mpes MiIaJ0To ITOKOJIEHUE.

OTHOBO MOAHACSAM HAIIETO NMPUBETCTBHE HA OPraHU3aTOPUTE M YYACTHHUIIUTE B
103U opyM u Bu mokenaBaMm ycmeiiHa u MoJI30TBOPHA paboTa, 3a Ia OCUTYPUM 3a Hac,
HaIIUTE CHBPEMEHHHUIM, a U 3a ObJeUIUTe MOKOJEHHs, KOHKYPEHTHa HWKOHOMMKA,
OCHOBaHAa Ha 3HAHUETO, HAyKaTa ¥ MOJCPHUTE U OE30MACHN TEXHOJIOTHH.

[ToxenaBame Ha BCHYKM 37paBe, CWIM M EHTYCHa3bM, 3a Ja HIPOIABIIKUM
CHBMECTHO YCIIELIHATa CU U MOJI30TBOPHA padora.

C YBAXKEHHME,

Yr.-kop. ATEKCAH/UBP JIPAMIITY Tpod. 1.¢3.n. AHA TEOPTUEBA

MNPEJACEJATEJ C®Bb = OrroBopen cekperap Ha COBb

16.11.2022 r.
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Abstract: The paper presents mathematical and computer models of the formation
of a radioactive smoke cloud and its migration in the atmospheric air. during a forest
fire. The study of the propagation processes of radioactive aerosols and gas components
was carried out taking into account convection, turbulent exchange, humidity, strength
and direction of wind over the combustion zone. The data obtained by modeling and
experimental measurements of '3’Cs concentrations in the air during a forest fire are

compared.
Keywords: radioactively contaminated areas, forest fires, environmental safety,
radioactive substances, the spread of radioactive substances.

Relevance of the problem

When evaluating the relevance of this study, first of all, attention should be
paid to the scale of radioactively contaminated territories. More than 43 thousand
km? of land (this is 7% of the territory of Ukraine) are considered to be
radioactively contaminated due to the Chernobyl disaster. At the same time, 1.1
million hectares of forests are located in these zones (this is 12% of the forests of
Ukraine). Administratively, these are 73 districts in 12 regions, with 2293
settlements in which 3.4 million people live [1]. More than a thousand forest fires
are recorded annually in these territories, of which only 10% occur due to natural
causes. At the same time, on average, the total area of fires per year is more than
2 thousand hectares and up to 50 thousand cubic meters of wood are damaged.

According to experts [2, 3], one of the dangerous factors of secondary
exposure of people living in these areas is forest fires contaminated with
technogenic radionuclides.

This type of emergency is characterized by fiery combustion, smoldering
and high smoke content of the air with gases with the formation of soot particles
- products of incomplete combustion. The spread of smoke and soot in the surface
layers of the atmosphere contributes to the direct entry of radioactive combustion
products through the respiratory tract into the human body. The formation of a
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radioactive smoke cloud during a forest fire and the impact of radiation on the
environment can be represented as four sequential transition zones, which are
presented in Fig. 1. At the same time, we understand that in the process of burning
forest vegetation contaminated with radionuclides, radioactive combustion
products are emitted into the environment in the form of smoke, which, mixing in
the atmosphere with clean air masses, affect and cause serious harm to public
health.

The nature of such processes is stochastic [4]. The occurrence, development
and spread of forest fires and variation in the degree of the burning of vegetation
in forests with a low density of radioactive contamination depend on the fire load,
the season of the year, and other fire engineering and meteorological factors. This
significantly complicates assessing the radiation situation and forecast [5].

r-r—-——— """~~~ "~~~ "~~~ —@V'"~~—&@V"—V"—/V—/V—/V—/V—/ /Y 1

| ZONE 4 — : |

| Radioactive impact on the population |

| RADIOACTIVE

: INFLUENCE AT Migration of RP into the environment |
|

I |

ENVIRONMENT {T

ZONE 3 :
Heated Toxic gases
SMOKE gases ASh, SIOOt,
(radioactive A
: ZONE 2 :
Convection Radioactive
: THERMAL Radiation
IMPACTS produce

Chemical and
. energy
Heat of combustion transformations

Figure 1. Formation of a radioactive smoke cloud during a forest fire and the impact of
radiation on the environment

Therefore, forecasting is based on modeling the secondary transfer of one
of the main dose-forming radionuclides **’Cs, predicting changes in the
radioecological state during a forest fire, as well as calculating the individual and
collective radiation dose and, consequently, the radiation risk for the population
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in the area affected by the plume of radioactive combustion products is a relevant
task.

Results and Discussion

1. Formation of initial data

To understand the process of formation of doses of radioactive exposure of
people living in the zone of action of radioactive products of combustion and to
assess the radioecological consequences, it is necessary to develop [6]:

- mathematical model of a forest fire;

- model of radioactive smoke cloud formation;

- model of releases of radioactive combustion products from the forest fire
zone into the environment;

— methods for calculating dose loads and radiation risks for the population.

In this case, to assess the radiation state during a forest fire, it is necessary
to know as initial data [7]:

- place and conditions of a forest fire;

- type of forest plantations and their radioactive contamination;

- fire hazard class;

- forest fire load;

- type of forest fire;

- the process of the fire;

- the presence of radioactive aerosols in combustion products and the
degree of their radiation hazard to people;

- the process of migration of radioactive products of combustion into the
environment;

- the zone of radioactive spread, taking into account wind directions along
the points according to weather stations;

- total time of radioactive exposure of people;

- ways of getting radioactive products of combustion into the human body;

- Vulnerability of the population depending on age (age category);

- the probable nature of the occurrence of malignant diseases and deaths
from exposure to the body of radioactive factors;

- probability of occurrence of radioecological consequences.

2. Modeling the release of radioactive combustion products from the
forest fire zone

Modeling the release of radioactive combustion products during a forest
fire can be represented as several independent tasks due to the phased phases of
their occurrence and distribution. In the first phase, they pass into the environment
through a smoke cloud. In the second phase, the plume of smoke moves mainly
along the surface of the earth. With the distance from the fire source, less and less
smoke particles remain in the smoke plume due to their "dry" deposition and
dispersion. Various dynamic models can be used to describe the migration process
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of radioactive combustion products. However, to calculate the fast processes of
their release from several ignition sources, it is necessary to use calculation
methods that are more advanced in physical terms and simple in mathematical
terms.

Mathematical justification

The main points of the method for calculating the concentration of
radioactive combustion products in the air, taking into account the variable power
of fire sources and the time of their action [8], have several equations.

The equations of turbulent diffusion of radioactive combustion products
entering the atmosphere from fires with coordinates (x, y, z) located in unlimited
space, in the approximation of constant wind speed and turbulent diffusion
coefficients, can be written as follows [9]:

2 2 2 3
ot OX oy 0z = OX

—<XY,z2<o0; t>0; C(0,0, Ah., 0) = Q/AW,

where C(x, y, z, t) — is the concentration of radioactive combustion products
in the air depending on spatial coordinates and time;

kv, ky, kK, — are the coefficients of turbulent diffusion of radioactive
combustion products in the surface layer of the atmosphere;

Vy, Vy — are projections of wind speed on the x and b axes, respectively;

V,—is the sum of the rates of gravitational settling of radioactive
combustion products and the movement of the smoke cloud in the vertical
direction;

Q —1is the total activity of a-, B-, y-radionuclides released into the
atmosphere during the fire;

AW — is the volume of radioactive products of combustion released into the
environment during a fire;

Ah.g —is the effective height of the smoke cloud relative to the earth's
surface.

1)

The expression for calculating the concentration of radioactive combustion
products in the air, formed by the action of such a fire cell, in accordance with the
properties of the Green's function is written:

C(x,y,2,t) :]‘P(r)-G(x, y,z,t)0r;

t,ift>t )
T=1. :
tif t<t

The power of the source of release of radioactive combustion products from
the fire seat can be determined by dividing their total amount released into the
atmosphere by the duration of the source:
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R =Q/t,. 3)
The transfer of radioactive combustion products from a continuously acting
release P(t)=const can be calculated using formula (2) under the condition tn—oo
and t—o0,, in this case the integral will be taken analytically. The concentration
C, atany point in space is X, (Xj,yj,zj),"created" by the action of n point fires and

the power of the emission source - P; each having coordinates z(,lj,u',sj),will
be:

N

Cn(xijj):;C(Pﬁxj’Lj)' (4)
This formula can be used to calculate the migration of radioactive
combustion products from several fires with complex shapes. It is also possible to
calculate the concentration fields of radioactive combustion products in the air,
which are formed from fires in an area, linear or volumetric. The formula

calculates the height of the smoke cloud:
Ahef :E;i M1/3 X2/3 U_l, (5)

where & — IS the transition coefficient for the i-th stability of the
atmosphere;

M — is the power of the heat source;

X — is the vertical width of the smoke plume;

U — is the wind speed at the height of the smoke cloud mixing.

The distance from the point of emission of the smoke cloud to the place of
the fallout of radioactive combustion products was calculated by the formula

L=g M* U™, (6)

€1 — IS the transition coefficient for the i-th stability of the atmosphere.

Computer modelling

To describe the formation and propagation of a smoke plume and the fallout
of particles of radioactive combustion products from it, a three-dimensional model
was developed using the momentum levels, mass and energy of the airflow, and
the number of particles in the smoke plume [10]. A system of ordinary differential
equations was numerically solved for the velocity of the airflow along the axis of
the jet, its overheating with respect to the surrounding air, the radius of the smoke
jet, and the concentration of radioactive combustion products in the smoke jet.
Each layer was considered as a separate independent source of radioactive
combustion products, for which their concentration in the atmosphere was
calculated at different distances from the release site. Real wind and temperature
fields obtained from radio-sounding data were used as input to the simulation. It
was assumed that the forest fire occupied a circular area in the Chernobyl zone
with a radius of 100 meters with a duration of the convective stage of the fire of
1 hour. The minimum jet rise height varied from 2000 to 2500 m depending on
the stratification of the boundary layer and the wind velocity profile in it.
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The concentrations of *'Cs were calculated at a forest pollution density of
up to 37 kBg/m? and a relative amount of activity rising into the atmospheric air
equal to 7%. In fig. 2 shows the dynamics of the formation and movement of a
smoke cloud during a forest fire.

In computer simulation, a heated smoke cloud of radioactive combustion
products was considered, which, due to the Archimedean force, rose into the
atmosphere at a speed of no more than 10 m/s. Volatile particles of radioactive
combustion products had a complex morphological and chemical composition
with a density of (3—10) mg/cm?3, and their spectrum varied in a wide size range
(0.1-100) um with an aerodynamic diameter of 30 to 50 um.

g
|
| sw

m
| aw

initial phase development phase
Figure 2. Dynamics of formation and movement of a smoke cloud in space

The final picture of radioactive contamination of the area was formed in a
time that depended on the distance to the point of the forest fire and
meteorological parameters.

A numerical experiment was carried out in the field of modeling - migration
of volatile particles of radioactive combustion products - a paralepiped with a size
of (10x10x5) km3, the lower boundary - a function z =3 (x, y) - describing the
terrain, the value of which is equal to the absolute marks of the height of the river
of the zone alienation, in the nodes of a uniform grid, specified with a step
Ax = Ay =100 m. The dimensions of the grid area are 45x40x30 nodes. An
uneven step was used vertically. The time step was At = 30 s. The temperature of
the underlying surface was calculated taking into account the terrain point's
relative height and the background atmosphere's stratification. The calculation of
the dynamics of formation, movement and fallout of volatile particles of
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radioactive combustion products during a forest fire of the middle category took
about 2.5 hours on a personal electronic computer system.

On fig. 3 shows the dynamics of changes in the density of fallout of volatile
particles of radioactive combustion products along the trail of a smoke plume.

Figure 3. Dynamics of change in the density of fallout of volatile particles of
radioactive combustion products on the trace of a smoke plume:
a—t1=30 min.; b — =120 min.; ¢ — t3=210 min.

Discussion

As an illustration, fig. 4 shows the results of a comparison of data obtained
by modeling and experimental measurements of $3’Cs concentrations in the air of
the density of precipitation on the soil surface P during a forest fire in the summer
of 1992 in the Exclusion Zone.

The adaptation of the developed algorithm and program, as well as the
verification of the reliability of the calculated data, were carried out by
comparison with experimental data obtained in the field. A comparative analysis
of the results of modeling and numerical calculations, as well as experimental data
obtained in the field, showed (see Fig. 3) that the error in the spatial and temporal
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distribution of ¥’Cs concentrations in the atmospheric air and the density of its
deposition on the earth's surface does not exceed 30%. Such a discrepancy in the
data obtained can be explained by the fact that smoke particles had a complex
morphological and physicochemical composition of density from 3 to 10 mg/cm?,
and their spectrum varied in a wide range from 0.1 to 100 um with different
aerodynamic diameters from 50 pum.

Ccs, Bk/™m ky6. Pcs, BK/M KB.
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Figure 4. Comparison results of numerical simulation data and experimentally measured
concentrations of 13’Cs radioisotope fallout

Conclusion

Models of the formation of a radioactive smoke cloud and its migration in
the atmospheric air are presented.

Using the presented approach, a study was made of the propagation
processes of radioactive aerosols and gas components, taking into account
convection, turbulent exchange, humidity, strength, and wind direction over the
combustion zone.

A computer simulation of the formation and propagation of a smoke plume
and the fallout of particles of radioactive combustion products from it was
performed; a three-dimensional model was developed using impulse levels

The conditions for the entry of radioactive combustion products into the
atmosphere depend on personal factors: the height of the rise of the smoke cloud
may differ by two times, the duration of formation by 1.5 times, the nuclide
composition of the release by 10%, and also from the constant change in
meteorological over timedata (wind speed and direction, temperature and
humidity, etc.)
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Abstract: In the presented work, the development of an effective environmentally
friendly technology for influencing animal micro-objects (sperms, embryos) is
substantiated. The basis for this is low-intensity acoustic technology. In fact, these
developments can be attributed to information impact technologies. A safe impact on the
environment, humans and biological organisms is achieved through the use of low-energy
and low-intensity impact. The impact on micro-objects occurs with oscillation
frequencies close to the natural frequencies of biological objects.
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Relevance of the problem

The relevance of this study is based on the need to develop modern
technologies in medicine and their impact on humans and the environment. One
of the promising areas is cryopreservation. To date, the use of low-intensity
acoustic vibrations in animal husbandry to influence micro-objects before their
cryopreservation is being considered. Such technologies are justified with their
maximum impact on the information processes of the life of biological objects,
depending on the parameters of acoustic vibrations (frequency, power, exposure).

In this regard, it should be understood that the issue of a safe impact on the
environment, humans and biological organisms is a priority. That is, it is
necessary to use environmentally friendly technologies. The basis for this is low-
intensity acoustic directional action, in fact, these are technologies at the level of
information impact. In this case, safety is achieved through the use of low-energy
and low-intensity exposure. In this case, the action on micro-objects occurs with
oscillation frequencies close to the natural frequencies of biological objects.

Determining the parameters of acoustic vibrations for influencing
biological micro-objects is associated with the study of the processes of
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interaction of low-intensity acoustic vibrations, taking into account their
morphological structure and acoustic properties of biological forms.

The analysis of the work of domestic and foreign researchers shows that
they lack the development of methodological principles and models for studying
the effect of low-intensity acoustic vibrations on the vital activity of biological
objects, there is no methodology for determining the numerical values of acoustic
vibrations that can cause the optimal response of biological objects, taking into
account the stimulating effect [1-5].

An analysis of existing methods and devices for assessing the effect of low-
intensity acoustic vibrations on the vital activity of biological micro-objects
shows that they are based on various physical principles and have certain areas of
application. They are characterized by the complexity of hardware
implementation, low information content, and the impossibility of monitoring the
state of biological objects of animal husbandry under the influence of external
physical factors [6-8, 10].

One of the ways to solve this urgent problem is to develop models and
conduct theoretical studies to determine the necessary parameters of low-intensity
acoustic oscillations, and optimize these parameters using a dielometric system in
the millimeter wavelength range [9].

As the main direction at this stage, it was proposed to conduct research in
the field of cryopreservation of animal sperm. The main problem in the
technology of cryopreservation of animal sperm remains the reduction of
biologically valuable sperm in the process of cryoprocessing. Conformational
changes in lipoprotein complexes of biomembranes occur already at the stage of
cooling, which further increase during crystallization and deconservation and are
manifested by the appearance of transmembrane defects. This causes a violation
of membrane permeability, a whole complex of biochemical changes that lead to
a decrease in the biological usefulness of sperm and even their death.

When studying the ultrastructure of thawed sperm using electron
microscopy, it was found that: only 7.3% of the cells do not have signs of
cytoplasmic membrane (CPM) disturbances; 33.7% have minor damage,
manifested by swelling and a slight detachment from the acrosome, without
changing their integrity; 37% of spermatozoa have moderate violations of the
CPM with an increase in its thickness and signs of granular decay, and 22% are
characterized by a rupture of the integrity of the CPM and acrosome with the
release of acrosomal contents and complete cell destruction. When defrosted
sperm is stored in cells with a damaged acrosome, acrosomal content is lost, in
particular, enzymes involved in the fertilization process. If 27.2% of
hyaluronidase was in the released state in thawed sperm (22.7% before freezing),
then after 4 hours of incubation at 38°C, its yield with across was already 56.9%
[9, 10].

A brief analysis shows that an increase in the fertility of animals and the
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resistance of their micro-objects to low temperatures during cryopreservation can
be carried out using an environmentally friendly technology of low-intensity
acoustic oscillations. This will ensure the maximum impact on the information
processes of the life of biological objects, depending on the parameters of acoustic
vibrations (frequency, power, exposure).

Results and Discussion

In the course of many years of research, based on theoretical and
experimental studies, an environmentally friendly low-intensity acoustic
technology has been created. An electronic system has also been developed to
determine the optimal parameters of acoustic vibrations for influencing micro-
objects of animals (sperm, embryos) before cryopreservation, namely, cattle
(cattle). The main objective of this technology is to increase the yield of viable
sperm. ability and decrease in the number of sperm in sperm doses for artificial
insemination.

To increase the yield of viable spermatozoa after cryopreservation and
reduce the number of sperm in sperm doses for fertilizing animals, it was proposed
to irradiate sperm doses with low-intensity acoustic vibrations before
cryopreservation [11].

An analysis of domestic and foreign publications shows that the creation of
a highly sensitive dielcometry system in the technological process of
cryopreservation of animal micro-objects is possible on the basis of frequency
autotuning of the generator frequency to the frequency of a high-Q measuring
resonator with animal micro-objects. To stabilize the oscillator frequency, it is
advisable to use a dielectric resonator with whispering gallery oscillations.

On the basis of theoretical studies, it has been established that for the
formation of boundary layers on the plasma membrane of animal microobjects
(1.8 um for embryos and 0.4 um for sperm), it is necessary to create acoustic
systems in a cryopreserving medium with a microflow velocity of 35.7 m/s. for
embryos and 33.4 m/s for sperm.

Processing with acoustic dependences of a cryopreserving medium with
animal microobjects (frequency 0.98 kHz, power 1.07 uW, processing time 307
s) leads to the calculation of the observed protective layer on the plasma
membrane of microobjects by a factor of 10 exactly with the treated untreated
mass.

Determination of the optimal parameters of acoustic vibrations

Determination of the optimal parameters of acoustic vibrations for
influencing animal micro-objects before their cryopreservation should be carried
out by changing the cryopreservation medium by the resonator method using the
developed installation based on open resonators formed by spherical and flat
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mirrors, with the following parameters: mirrors 60 mm; radius of curvature of a
spherical mirror 110 mm; ratio L/R=0.579; the distance from the axis of the
mirrors to the connection slots is 9.4 mm; resonant frequency 74.278 GHz; the
quality factor of the resonators Q=4120 is loaded.

In the installation for determining the parameters of acoustic vibrations, it
IS necessary to use a generator with the following parameters:

- generator output frequency 74.2780+0.004 GHz;

- generator output power 50...60 mW;

- generator frequency tuning range 2%;

- attenuation of side harmonics of the output signal is not less than 40 dB,;

- long-term instability of the generator frequency for 1 s;

Sperm doses before cryopreservation should be irradiated with low-
intensity acoustic vibrations with the following parameters: frequency 1 kHz;
power 1 uW; exposure 300...320 s.

To obtain offspring of cattle calves weighing 30...31 kg, with a survival rate
of 100% and using the number of viable spermatozoa in a sperm dose of 5...6
million pcs. sperm doses should be irradiated before cryopreservation with low-
intensity acoustic vibrations with the established parameters.

Irradiation of embryos before cryopreservation with acoustic vibrations
with the following parameters: frequency 1 kHz; power 1 uW; an exposure of 300
s leads to an increase in the fertility of cattle by 25% compared to the control. The
survival rate of offspring in the experiment is 100%, and in the control 50%.

Production tests with micro-objects of cattle

To confirm the proposed parameters of an environmentally friendly
technology, it was decided to conduct a series of production tests. For the
adequacy and reliability of the results, these studies were carried out under the
guidance of employees of the Department of Veterinary Medicine. In two farms
of the Kharkiv region (farm "Kolos" of the Volchansky district and the farm
"Twentieth" of the Sakhnovshchinsky district), irradiation of cattle micro-objects
with low-frequency acoustic vibrations was performed. Production tests with
bovine embryos irradiated with acoustic vibrations with the following parameters:
frequency 1 kHz; power 1 pW; exposition 320 s. Of particular interest were the
biological ecological indicators of newborn calves from sperm, the main ones are
presented in Tables 1 and 2.

Table 1. Ecological indicators of the 1st production study "Kolos"

Vitality indicators newborn calves Experimental Control group,
group, 20 cows
20 cows
Live calves born, pcs 26 11
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Live weight of one newborn calf, 30...31 24...26
kg

Stand up time, min 24...26 40...42
Time interval between getting up 0,6...0,8 1,2...1,8
and sucking mother, hour

Calf weight loss per newborn in 1,5 5,8
the first 5 days, %

Morbidity of calves, % 10,2 44
Survival rate of newborn calves 100 36,8

after 20 days, %

Table 2. Environmental indicators of the 2nd production study "Twentieth"

Vitality indicators newborn calves Experimental Control group,
group, 12 cows 12 cows

Live calves born, pcs 15 9

lIzéve weight of one newborn calf, 3130 26. 98

Stand up time, min 22...24 40...41

Time interval between getting up

and sucking mother, hour 06...09 L.4...18
Calf weight loss per newborn in 13 59
the first 5 days, % ’ ’
Morbidity of calves, % 11,2 48
Survival rate of newborn calves 100 50

after 20 days, %

Discussion

From the analysis of the data obtained, it follows that 57.7% more calves
were born in the experiment than in the control, and the weight of newborn calves
in the experiment exceeded the control ones by 5...6 kg. It was also found that the
time of standing up in the experimental group was 24...26 minutes, and in the
control group 40...42 minutes.

An important indicator of the viability of newborn calves is weight loss in
the first 3-6 days after birth. During the experiment, it was found that the loss of
body weight per calf in the first 5 days of life was 1.5% for the experimental group
and 5.8% for the control group. Specialists of veterinary medicine have registered
cases of calves with gastrointestinal and pulmonary diseases. The incidence of

28



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

calves in the experimental group was 10.2%, and in the control 44%. The
mortality rate of calves after 20 days of life was 36.8% in the control group, and
all calves survived in the experimental group.

Production experience with animal embryos also showed that the effect of
acoustic vibrations on embryos increases their resistance to low temperatures and
increases the viability of the resulting offspring of cattle.

Conclusion

On the basis of theoretical and experimental studies, a low-intensity
acoustic technology and an electronic system have been created to determine the
optimal parameters of acoustic vibrations for affecting micro-objects of cattle
animals (sperm, embryos) before their cryopreservation in order to increase the
yield of viable sperm after cryopreservation, increase their fertilizing ability and
reduce the number of sperm in sperm doses for artificial insemination.

As a result of production tests, it was found that irradiating a sperm dose
with acoustic radiation before their cryopreservation increases the yield of viable
sperm after cryopreservation up to 70...80%.

The energy efficiency of the proposed environmentally friendly low-
frequency acoustic technology for influencing micro-objects requires further
research.
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ADAMSITE: DERIVATIZATION BY ALIPHATIC THIOLS
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Summary

The report describes the development of a method for identification of the irritant
chemical warfare agent Adamsite. Due to its low volatility, it cannot be analyzed directly by
gas chromatography. Published procedures for the conversion of organoarsenic compounds to
volatile derivatives have not been tested for Adamsite or cannot be used under field conditions.
The research was focused on aliphatic thiols, which react with Adamsite by nucleophilic
substitution on the arsenic atom. 5 substances were tested (ethanethiol, 1-propanethiol, 2-
propanethiol, 1-butanethiol and 1-hexanethiol). The influence of the reaction medium and the
time dependence of the reaction were monitored. The objects of interest were the retention
characteristics and mass spectra of the newly formed derivatives, the purity of the
chromatograms and the characteristics of the peaks. As the most suitable reagents, 1-
hexanethiol and 1-butanethiol were identified.

Keywords: Deployable laboratory; chemical warfare; mass spectrometry.

Introduction

After the end of World War Il, the states disposed large quantities of
chemical weapons arsenals by dumping them into seas, oceans and rivers. From
the late 1940's to early 1960's, hundreds of thousands of tons of munitions
containing sulfur mustard, nerve agents and other important chemical warfare
agents were dumped in various places on earth. A lot of exact locations are not
known to this day and represent a significant ecological problem [1]. However,
munitions with arsenic chemical warfare agents (CWAs), lewisite, Adamsite,
Clark I and Clark Il and arsenic oil (a mixture of 50% phenylarsinedichloride,
35% diphenylarsine chloride, 5% of triphenylarsine and 5% arsenic(l11)chloride)
were also dumped [2] . Arsenic substances escape from ammunition and gradually
break down into various degradation products, often very toxic [3]. Complete
spontaneous decomposition of arsenic CWASs in water is not expected to take
more than 100 years, but for Adamsite it may take even longer [4].
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Adamsite (5-chloro-5,10-dihydrophenarsazine) is an irritating and
vomiting CWA, its aerosols irritate the upper respiratory system causing breathing
difficulties, pain in the lungs and strong salivation. Despite its practical
insolubility in water (0,064 g/L), its concentration in some dump sites is equal to
the acute toxicity values of some aquatic organisms [5]. Death has been reported
with excessive exposure [6]. The literature reports poor solubility even in organic
solvents. The boiling point is unusually high (410 °C). Its low volatility
predetermines it for use in aerosol form. Due to the very stable structure (Figure
1), the compound is relatively inert. It is able to last in water for many years
without significant degradation. It is one of the most effective and at the same
time the cheapest CWAs [7].

ZT

As

Cl
Figure 1. 5-chloro-5,10-dihydrofenarsazine (Adamsite)

There are a number of methods for the analysis of Adamsite and other
arsenic CWAs using adsorption on green phosphorene nanotubes [8], liquid
chromatography (LC) [9, 10], handheld Raman spectrometry [11] or vapor-
sampling direct gas chromatography/mass spectrometry (GC/MS) [12]. However,
these methods are either unsuitable for use in mobile laboratory tasks or do not
reach the parameters for the required level of identification. Military mobile
laboratories for analysis follow NATO documentation, namely STANAG 4632
[13] and AEP-66 [14]. According to these documents, the mobile laboratory
should be able to identify chemical substances at the so-called confirmed level.
Preferably, chromatography with mass spectrometry is required to meet this
criterion. Due to the time-consuming nature of the procedure (6 hours for the
process of acceptance of the crude sample to the presentation of the analysis
protocol and issuance of recommendations), the supporting technique is GC/MS.
Field devices are often used, which are rugged for transport, but do not reach the
parameters of benchtop devices.

Lewisite as arsenic CWA has been analyzed in the past by GC without
derivatization. However, this is not possible with Adamsite due to its very low
volatility, in addition, the authors mention the low linearity of the method at low
concentrations due to adsorption in the injection port [15]. Schoene et al. [16]
proposed GC/MS analysis of Adamsite after pyrolytic ethylation or bromination.
The substitution of chlorine atoms bound to arsenic in CWA by alkanethiols is
reported by Haas [17]. The thiolation of arsenic CWAs is used in antidote therapy
[18]. Hanaoka et al. [19] analyzed diphenylarsenic compounds in water and soil.
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Derivatization was carried out using n-propanethiol at ambient temperature or 60
°C and 20 min. Muir et al. [20] used 1-butanethiol and 3,4-disulfanyltoluene, but
analyzed air samples after thermal desorption, which cannot be applied to
Adamsite. Using the Clark | substance as an example, ethanethiol and 1-
propanethiol were compared. The latter was a more suitable agent [21]. Tornes et
al. [22] tested water samples containing Adamsite. They derivatized with 1-
propanethiol, 1,3-propanedithiol and 3,4-disulfanyltoluene in dichloromethane.
The best results were obtained with 1-propanethiol. Other authors also lean
towards the same agent [23].

The aim of the research was the development and optimization of a simple
procedure for the identification of Adamsite by GC/MS, which will be applicable
in the conditions of a mobile laboratory.

Chemicals

5-chloro-5,10-dihydrofenarsazine (Adamsite) 95 % was produced by
Military Repair Facility Zemianske Kostolany (Slovakia). Tributyl phosphate
99% (Sigma Aldrich, Germany) was used as the internal standard. As solvents,
acetonitrile gradient grade (Sigma Aldrich, Germany), dichloromethane, hexane
(both reagent grade ACS, Scharlau, Germany), ethyl acetate for HPLC and
acetone rectapur (both VWR Chemicals, USA) were used. As thiol reagents,
ethanethiol 97%, 1-propanethiol 99%, 2-propanethiol 97%, 1-butanethiol 99%
and 1-hexanethiol 99% (all Sigma Aldrich, Germany) were used. The column was
calibrated by the alkanes solution C7-C30 1000 pg/mL in hexane (all Sigma
Aldrich, Germany).

Equipment

GC/MS was conducted using mobile GC/MS system EM 640 (electron
ionization, quadrupole mass filter, m/z 50-550, splitless injection, HP-5MS
column). For the acquisition and evaluation of the data, software packages m.a.c.s.
LabStar and Bruker DataAnalysis (all Bruker, Germany) were used. GC program
was: start at 40 °C (1 min hold) — 10 °C/min gradient until 280 °C (10 min hold).
Total time was 35 min.

Manual injections were performed in the volume of 2 pL. Microlitre
syringes (Hamilton, USA) were used for injection. Ultrasonic bath Sonorex
Digitec (Bandelin, Germany) was used to homogenize solutions. For temperature
control during reactions, HD-4 thermostat (Julabo, Germany) was used.

Procedures
Adamsite solubility

The reaction of arsenic compounds with thiols takes place best in organic
solvents. The literature does not offer many solvents that dissolve the tested
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analyte well. Before individual thiols could be tested, it was necessary to find
solvents that would create a solution of Adamsite in reasonable concentrations.
For this purpose, mixtures of Adamsite in water (dielectric constant 80),
acetonitrile (37.5), acetone (20.3), dichloromethane (8.9), ethyl acetate (6.0) and
hexane (1.9) were created by concentration of 2 mg/mL with a volume of 5 mL
in sealed vials. Solvents were chosen so that the entire polarity scale was affected.
The mixtures were subsequently placed in an ultrasonic bath for 20 min to
increase solubility. The solubility was then evaluated.

Derivatization by thiols

Table 1 lists some parameters of the tested thiols, especially with regard to
possible reaction temperatures and storage conditions. It is evident that, especially
in the case of ethanethiol, it is necessary to follow certain requirements.

Table 1 Characteristics of thiol compounds used for derivatization of Adamsite

Thiol CAS | bp (°C) Storage conditions Odor
ethanethiol 75-08-1 35 2to08°C skunk
1-propanethiol | 107-03-9 67-68 cool, ventilated place cabbage
2-propanethiol | 75-33-2 52 ventilated place skunk
1-butanethiol | 109-79-5 97-99 cool, ventilated place skunk
1-pentanethiol | 110-66-7 125-126 | ventilated place garlic
1-hexanethiol | 111-31-9 151 ventilated place unpleasant, asphalt

1-butanethiol (BuSH) was chosen as the first thiol, which is used in the
mobile laboratory for the identification of lewisites. Several aspects that influence
the derivatization of Adamsite by BuSH have been investigated. Different
solvents, the effect of temperature on the course of the reaction and the time
dependence of the reaction were tested. A solution of Adamsite in the appropriate
solvent (acetonitrile, dichloromethane, ethyl acetate, acetone) with a
concentration of 2 mg/mL was prepared. This solution was spiked with an internal
standard (tributyl phosphate, 200 nL/mL). This substance was present in the
solution due to mobile GC/MS work and hand spraying. 50 uLL of BuSH was
added to this 1 mL solution. Subsequently, sonification took place (2 min).
Furthermore, the reaction was monitored at different temperatures — 25 and 60 °C
(acetonitrile), 25 and 35 °C (dichloromethane), 25 and 50 °C (ethyl acetate), 25
°C (acetone). The kinetics of the reaction was monitored in the range of 15 — 180
minutes. Chromatograms were always compared to a blank created under
identical conditions without the presence of analyte.

In the case of 1-propanethiol (1-ProSH) and 1-hexanethiol (HeSH), the
same procedure was followed as for BuSH and the same solvents were measured.
In the case of 2-propanethiol (2-ProSH), the reaction in acetonitrile at 60 °C was
not observed. In the case of ethanethiol (EtSH), due to its high volatility, the
reactions were only monitored under mild conditions (25 °C).
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Results and discussion

The reaction of 5-chloro-5,10-dihydrophenarsazine (and other arsenic
compounds with an As-Cl bond) with thiols is a nucleophilic substitution that
proceeds according to the scheme shown in Figure 2. The chlorine atom is
replaced by an R-S- group and the chlorine atom is cleaved off and forms
hydrochloric acid. It is advisable (in some cases necessary) to store thiols in the
cold to reduce volatility - these are very malodorous substances. Storage in a
refrigerated desiccator can be recommended.

H H
N N
ATS PTS
Cl S

- HCI
—R
Figure 2 Thiolation of Adamsite

Adamsite solubility

The tested concentration of 2 mg/mL corresponds to a slightly soluble
substance according to the scale of the indicated degrees of solubility.
Nevertheless, it was not possible to create a solution in water and hexane from the
tested solvents at the given concentration (these are very poorly soluble or
practically insoluble systems). Solubility at the tested concentration was
successful in acetonitrile, acetone, dichloromethane and ethyl acetate. Since both
the most and the least polar solvents were equally unable to dissolve the
substance, a direct dependence of solubility on the polarity of the solvent is not
apparent. At the same time, all successful solvents are polar aprotic, water is polar
protic, hexane nonpolar. Subsequent experiments were performed with successful
solvents.

Derivatization by 1-butanethiol

During the reaction in acetonitrile at a temperature of 60 °C, 4 peaks were
recorded in the chromatogram - 14.12 min (retention time (RI) 1320)
corresponded to dibutyl disulfide, which was formed by the oxidation of BuSH.
Peak intensity increased with increasing temperature, as well as with reaction
time. The peak at retention time (RT) 18.27 min (Rl 1659) corresponded to
tributyl phosphate (internal standard), the peak at 23.48 min (Rl 2179) was
identified as tributyl arsenotrithiolite, which is a BuSH derivative of arsenic
trichloride, probably a decomposition product of Adamsite. A BuSH derivative of
Adamsite was recorded at 28.81 min (RI 2706).

Tributyl arsenotrithiolite was not found upon changing the solvent, nor
upon derivatization in acetonitrile at 25 °C. In the case of the latter conditions,
further in dichloromethane at 25 and 35 °C, only 3 peaks corresponding to the
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analyte, internal standard and disulfide were recorded. In ethyl acetate (at 25 and
50 °C) the mixture of recorded substances was extended by 2 BuSH related
products (RT 10.80 min, R1 1094 and RT 16.05 min, Rl 1475). Figure 3 illustrates
the mass spectra of the BuSH derivative of Adamsite alongside all other newly
identified derivatization products using additional thiols.

Derivatization by 1-propanethiol

In dichloromethane, in addition to the internal standard, peaks were found
at 11.15 min (RI 1117), which corresponded to dipropyl disulfide, and at 27.50
min (RI 2613), which corresponded to 1-ProSH derivative of Adamsite. After 60
minutes of reaction, the chromatographic background before the Adamsite
derivative started to rise, so that the identification was complicated. In the case of
1-ProSH, however, acetonitrile was an unsuitable solvent. Before the adamsite
derivative peak, the background began to increase significantly, a large broad
peak was formed, which made quantification difficult. In addition to the
previously mentioned substances, a peak of 1,3-bis(propylthio)propane (RT
30.86; RI 1915) was noted in the chromatograms. In the case of reactions in ethyl
acetate, the chromatogram was not good-looking, in the RT interval 22 — 27 min
a significant increase in the background was recorded, and at 13.51 min (Rl 1278)
there was a 1-ProSH related product. Apparently, it is not possible to use the thiol
reagent preferred by a number of authors [19, 21-23] for the derivatization of
organoarsenic toxic substances for the field GC/MS identification of Adamsite.
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Figure 3 Mass spectra of thiol derivatives of Adamsite: EtSH (A), 1-ProSH (B),
2-ProSH (C), BuSH (D), HeSH (E).

Derivatization by 2-propanethiol

2-ProSH is the more volatile isomer of 1-ProSH. A peak identifying the
oxidized reagent, bis(1-methylethyl)disulfide (RT 9.74 min, Rl 1033) was noted
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in acetonitrile. Furthermore, there were other artifacts in the chromatogram that
would make identification in field conditions difficult. Derivatized Adamsite was
noted at RT 26.84 min (RI 2563). However, it was associated with a peak at RT
25.83 min (RI 2462) that was again related to Adamsite. Moreover, from RT 23
min an increase in noise was evident and the results were unsuitable for
identification. This phenomenon was then enormous in the environment of ethyl
acetate. Dichloromethane could be identified as the best solvent, no artifacts
characteristic of previous solvents were found in the extract. Again, derivatized
Adamsite was noted in the double peak, but this is probably a shortcoming of 2-
ProSH itself. As the temperature increased from 25 to 35 °C, the chromatographic
background was increased. The disulfide of the original thiol was not found in
dichloromethane.

Derivatization by ethanethiol

Ethanethiol is a relatively unsuitable reagent due to its very high volatility
and strong resistant odor, which can be detected even in trace concentrations. The
following substances were recorded in dichloromethane: At RT 7.94 min (R1 929)
diethyldisulfide and also a double peak of derivatized Adamsite (RT 25.78 min,
RI 2457 and RT 26.65 min, RI 2545). In addition, the identified Adamsite was
characterized by a low signal-to-noise (S/N) ratio. In acetone, the peak of diethyl
disulfide was very intense, in addition, 2 more EtSH related products were
recorded at RT 5.37 min (Rl 787) and RT 11.44 min (RI 1139). Increasing the
reaction time increased the intensity of these artifacts in the chromatogram.
Inappropriate results were also noted in ethyl acetate.

Derivatization by 1-hexanethiol

Due to its highest mass, HeSH had high retention and was recorded in the
chromatograms (in acetonitrile RT 8.32 min, Rl 949). Due to its high
concentration in the solution, the acquisition of mass spectra in subsequent
measurements was started 10 min after injection. Dihexyl disulfide, a HeSH
oxidation product, was also found in acetonitrile at 18.96 min (Rl 1730). The
HeSH derivative of Adamsite was found at RT 32.19 (Rl 2985), which is a
relatively high value for field analysis. Significant peak broadening was
associated with this high retention of substance in the column. In addition, an
increased chromatographic background was noted in the region of RT 26 — 28
min. When the temperature increased from 25 to 50 °C, additional artifacts arose
(a significant peak at RT 23.41 min, RI 2194, which came from HeSH related
product) and the noise was significant from the 15th minute. The broad HeSH
peak of the Adamsite derivative was encountered in all tested solvents. The best
results in terms of number of artifacts and noise level were recorded using
dichloromethane (25 and 35 °C) and acetonitrile at 25 °C. Several other
interfering peaks were found in acetone, at 12.73 min (RI 1225), 14.83 min (RI
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1379), 21.02 min (RI 1933), 22.09 min (Rl 2045), and 22.99 min (RI 2146). In all
cases, these were HeSH related products.

Figure 4 illustrates the comparison of the best methods for each thiol in the
Kinetic ramp curves. S/N ratios and peak area ratios of derivatized Adamsite and
internal standard were taken into account during the selection. In terms of signal
intensity, the hexanethio- derivatives of the investigated substance dominate
significantly. It should also be mentioned that when short thiols are used, the
reaction must be prolonged to maximize profit, while for longer thiols (BuSH,
HeSH) 60 min of reaction is sufficient.
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Figure 4 Kinetics of reactions of Adamsite with derivatizing agents in different media

Conclusions

It has been shown that Adamsite, which in its neat form has very unsuitable
analytical properties, can be analyzed by gas chromatography. All investigated
aliphatic thiols are able to convert the irritating substance into a more volatile
derivative by nucleophilic substitution. Due to the large weight of the Adamsite
molecule, the derivative has a relatively significant retention in the standard
HP-5 phase of the column, and with the growing alkane chain of the reagent, it is
necessary to adjust (especially extend) the chromatographic method. Aromatic
thiols would thus be completely inappropriate reagents for field analysis.

The best results in terms of signal intensity and associated characteristics
(detection limit, S/N ratio) were achieved using HeSH. However, the substance
was significantly retained by the column (RI 2985) and the peak was broad.
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A high RI is associated with the length of the method, which must be at least
35 minutes. However, the derivative was recorded with a significantly higher
resulting signal even after 15 minutes of derivatization. For other reagents (BuSH
comes into consideration), it is recommended to extend the derivatization time to
60 minutes. From the point of view of the minimum amount of chromatographic
artifacts, BuSH was optimal.

In the next phase of the experiments, the calibration dependences of the
detector response on the analyte concentration will be monitored with selected
methods (with BuSH and HeSH in optimal conditions) and the developed
procedures will be verified on environmental matrices contaminated with
Adamsite.
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CJIEABAHE HA 3EMSITA 3A OHEHKA HA PUCKOBETE 3A
OKOJIHATA CPEJA ITPU BOEHHU JEUCTBUSA
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USE OF EARTH REMOTE SENSING DATA FOR ASSESSING
ENVIRONMENTAL RISKS UNDER MILITARY ACTIONS

Tetiana Mahlovana

Abstract: The paper presents an analysis of the statistical data of forest fires in
Ukraine for 2022. A sharp increase in the number of fires in natural ecosystems with the
outbreak of hostilities in Ukraine is shown. Fires in natural ecosystems, both an indirect
consequence of hostilities and deliberate tactics, have tragic consequences for
biodiversity and human populations. Fires in radioactively contaminated areas are
especially dangerous, since along with the main negative factors of a fire, there is also a
radiation factor. Due to the high pollution of the soils of the Chornobyl Exclusion Zone, forest
fires and hostilities in this territory can lead to tragic consequences.

Key words: forest fires, radioactively contaminated territories, forest ecosystems,
radioactive contamination, migration of radionuclides.

The urgency of the problem.

The war divided the life of the entire Ukrainian people into before and after.
As a result of hostilities, industrial facilities, transport infrastructure, residential
buildings, water supply and sanitation facilities were destroyed, numerous
incidents related to atmospheric air pollution and potentially serious pollution of
ground and surface waters were recorded.

In addition, pollution from the widespread use of weapons, including in
populated areas, large volumes of military waste and destroyed equipment pose a
serious environmental problem.

As a result of the armed invasion of the Russian Federation on the territory
of Ukraine, the number of forest and other landscape fires increased, resulting in
the death and injury of civilians, forestry workers and rescuers. Military action
causes wide-ranging damage, with immediate and long-term effects on human
health and ecosystems [1].

Results and discussion.

The analysis of fires on the territory of Ukraine was performed on the basis
of data from the information service FIRMS (Fire Information for Resource
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Management System) of NASA and the European Forest Fire Information System
(EFFIS) [2, 3].

The satellite remote sensing data of two types of sensors were used: VIIRS
(Visible Infrared Imaging Radiometer Suite) and MODIS (Moderate Resolution
Imaging Spectroradiometer) [2].

VIIRS is installed on two satellites: the US NOAA-20 non-geosynchronous
environmental satellite, which is part of the Joint Polar Satellite System for
weather forecasting and climate monitoring, and the Suomi NPP satellite, which
belongs to the US National Oceanic and Atmospheric Administration. VIIRS fire
layer shows active detection and thermal anomalies to study the spatial and
temporal spread of fire, and search for hot spots to identify the source of smoke
pollution.

VIIRS data makes it possible to detect fires in real time. The VIIRS Fire and
Thermal Anomalies product is available on the NASA/NOAA shared Suomi-
National Polar-orbiting Partners (S-NPP) and NOAA-20 (JPSS-1) satellite.
Remote monitoring tools of the MODIS type are installed on the Terra and Aqua
(EOS AM-1) satellites, transnational research satellites in a sun-synchronous orbit
around the Earth, which are controlled by NASA [2]. MODIS data show active
fire detection centres and thermal anomalies to identify the source of air pollution
from smoke, which can adversely affect human health.
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Fig. 1. — Areas covered by fire in the territories of Ukraine according to EFFIS

The MODIS Fire and Thermal Anomalies product is available from the Terra
(MOD14) and Aqua (MY D14) satellites, as well as the combined Terra and Aqua
(MYD14) product. The Terra orbit (MYD14) passes the equator from north to
south in the morning, and Aqua (MY D14) orbit passes the equator from south to
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north in the afternoon, which increases the scan density and the reliability of fire
parameters estimation. Thermal anomaly data from the Aqua and Terra satellites
(MODIS spectroradiometer) are downloaded using free NASA reference
materials at regular intervals [2].

According to preliminary data from the EFFIS, from January to October 2022,
more than 450,000 hectares of vegetation were damaged or destroyed on the territory
of Ukraine as a result of fires, which is almost 30 times more than the average for the
last 15 years (Fig. 1) [3].

In early March, a few days after the Russian invasion, there is a sharp increase
in the number of areas covered by fire (Fig. 1), while there is also a sharp increase in
the number of weekly fires with the highest rates in March 2022 (Fig. 2) [3].

800
700
600
500

400

Number of Fires

300

200

100

0

o & X S s S
P O S SiP
< V- ~ Lid g v >

Min-max (2006-2021) —— Average (2006-2021) Current Year 2022

Fig. 2. — Weekly number of fires in Ukraine according to EFFIS

Fires in radioactively contaminated areas are especially dangerous, since
along with the main negative factors of a fire, there is also a radiation factor [4,5].

Due to the high soil pollution of the Chernobyl Exclusion Zone, wildfires are
a constant safety issue [4].

As a result of such fires, the migration capacity of pre-forming radionuclides
increases. This can cause an increase in uncontrolled dose load on the
environment and people under conditions of increased mobility of radionuclides,
which leads to contamination of food chains [5].

Forest fires in the cold season are an atypical phenomenon for the Chornobyl
Exclusion Zone.
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But, due to the seizure of the territory of the Chornobyl Exclusion Zone, the
risks of deterioration of the radiation state have significantly increased, both in
the exclusion zone itself and outside it

Fire areas in the period from March 11 to 18, 2022 were observed mainly in
the western and central parts of the Chornobyl Exclusion Zone. On March 11,
2022, the main fire areas were recorded near settlements of Poliske, Stechanka,
Bober, and Pukhove. From March 12 to 15, no major fires were recorded. On
March 16, forest fires resumed in the Poliske — Kotovske district, and broke out
near the village of Korolivka (Fig. 3) [2].
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Fig. 3. — Active fire points from March 11 to March 29, 2022

On March 17, a fire in the Poliske region spread northeast to the village of
Rudnya-Grezlyanska and continued the next day. In addition, new cells have
emerged in the area of village Tarasy and in the radioactively contaminated area
outside the Chernobyl exclusion zone near the village of Novomoskovsk [2].

From March 17-18, the distribution continued west. According to the FIRMS
homepage on March 19, 2022, fires continued within the Chornobyl Exclusion
Zone (near Rudnya-Grezlyanska and Tarasy, Vlodimirovka, October), as well as
in the radioactively contaminated area outside the Chornobyl Exclusion Zone
near the village Khristinivka, Zhytomyr region (Fig. 3) [2].

During March 26, 2022, only a small fire near Poliskex was recorded and
fires resumed near the Shelter Object on March 27. The cessation of rain showers
in the late afternoon and evening of March 27 led to more intense fires in this area
the next day [2].
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The fires in the near exclusion zone, where insoluble highly active particles
of radioactive elements are preserved in the soil, pose the greatest danger [6—7].
Because of fires, vegetation dies, its root system no longer absorbs radionuclides
in the root layer of the soil, and mobile forms of radionuclides, while interacting
with the components of the soil complex, are redistributed along the soil profile
due to vertical migration processes. This leads to a change in the migration
mobility of 137Cs and 90Sr in the upper soil layer [4]. Moreover, radioactive
particles are formed because of wood ashing products and forest leaf litter that
have aerodynamic properties and that are carried by wind currents over significant
distances (over 100 km).

On March 28, 2022, probably as a result of a terrorist act, a large-scale fire
broke out in the occupied territory of the Red Forest, 2 km from the emergency
4th power unit of the Chernobyl nuclear power plant, which covered an area of
about 200 hectares within 4-5 hours (Fig. 4) [2].

Lat: 51.418°, Lon: 30.029° Fires: Mar 28 2022

Fig. 4. — Points of active combustion in the near zone of the Chernobyl nuclear power plant
as of March 28, 2022

The fire broke out in a zone of extremely high contamination with
radionuclides of cesium-137, strontium-90, americium241, plutonium isotopes.
This is about 10 km of the territory of trees adjacent to the Chernobyl nuclear
power plant, which took on the largest amount of radioactive dust emissions
during the reactor explosion in 1986. A high dose of absorbed radiation led to the
death of trees (mainly pines) and their coloration in a brownish-red color. During
the decontamination works, the forest was demolished by bulldozers and buried
in a radioactive waste storage facility [8].
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On March 28, 2022, three hotbeds of active burning were recorded
(1.03 km?, 0.73 km? and 0.12 km?) with a total area of 1,88 km? (Fig. 4) [2, 9].

The resumption of heavy rainfall in the evening of March 29 led to an almost
complete cessation of fires March 30 — 31, 2022 [2, 10].

Using the Copernicus remote monitoring tools, satellite images of the fires
in the Red Forest were obtained (Fig. 5).

Thus, from 11 to 31 March 2022 fires covered more than 1000 km? of
radioactive contaminated lands of Ukrainian Polissya, including the most
contaminated forests and meadows of the Western Heritage in Narodychi and
Polisske districts (Fig. 2).

Fig. 5. — Space image of the fire in the "Red Forest™ as of March 28, 2022 obtained using
Copernicus remote monitoring tools

Combustion products were transferred in the southeast direction on March
27, and March 28 — 29 to the east [2, 10].

Modelling results suggest that Ukrainian regulatory limit for 137Cs air
pollutions of not been exceeded, but significantly more heavy consequences can
be in the case of fires affecting waste dumps and/or waste storages [10].

But the worst case, forest fires could directly impact the nuclear facilities at
Chernobyl Exclusion Zone which could result in practically unpredictable
consequences.
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Conclusions.

As a result of hostilities, more than 30% of all protected areas of Ukraine
were affected. The forests have been destroyed by fire as a result of shelling and
misuse, many of them are littered with military equipment.

As a result of the use of weapons, serious negative consequences are
inevitable, which can lead to acute and long-term consequences for health and the
environment.

Direct public health risks are associated both with exposure to hazardous
substances contained in munitions residues, which release toxic substances into
the soil and affect the quality of surface and groundwater, and with interference
in the operation of nuclear facilities.

The military occupation of the Chornobyl Exclusion Zone [11], the
breakdown of power lines and the de-energization of the facilities of the
Chernobyl exclusion zone, the destruction of radiation monitoring networks, the
obstruction of access for firefighters - all these are clear violations of the
international regulatory framework for nuclear safety [12-13].

Whereas nuclear power plants and other nuclear installations, in accordance
with Article 56 of the Additional Protocol to the Geneva Conventions of 12
August 1949 for the Protection of Victims of International Armed Conflicts
(Protocol I) of 8 June 1977, not intended for the conduct of hostilities and are not
subject to attack [12].

References

1. Ministry of the Environmental Protection and Natural resources (2022),
“Damage to natural reserves and protected
ecosystems, https://mepr.gov.ua/en/news/39144.html

2. https://firms.modaps.eosdis.nasa.gov/

3. https://effis.jrc.ec.europa.eu/

4. Final Report Assessment of the Distribution of Radionuclides and Impact
of Industrial Facilities in the Chornobyl Exclusion Zones under the GEF project
“Conserving, Enhancing and Managing Carbon Stocks and Biodiversity in the
Chornobyl Exclusion Zone” Reporting period 01 November 2017 — 31 March
2018.

5. Maglyovana T., Dolin V., Wambol S., Yakovlev E. The use of aerospace
technologies to assess the radioecological consequences of forest fires in
radioactively contaminated areas // Proceedings of the VI International
Conference "Radiation Safety in the Modern World", Veliko Tarnovo, Bulgaria.
November 18-19, 2021 - Pp. 70-81.

6. Kashparov V.A., Lundin S.M, Kadygrib A.M. et al. Forest fires in the
territory contaminated as a result of the Chernobyl accident: radioactive aerosol
resuspen-sion and exposure of fire-fighters // J. of Environmental Radioiactivity.
- 2000. - Vol. 51. - P. 281 - 298.

48


https://mepr.gov.ua/en/news/39144.html
https://firms.modaps.eosdis.nasa.gov/
https://effis.jrc.ec.europa.eu/

PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

7. Yoschenko V.1., Kashparov V.A., Levchuk S.E. et al. Resuspension and
redistribution of radionuclides during grassland and forest fires in the Chernobyl
exclu-sion zone: part Il. Modeling the transport process // J. of Environmental
Radioactivity. - 2006. - Vol. 87, Iss. 3. - P. 260 - 278.

8. Dolin V. Nuclear Threats from Russian Attack are more Dangerous
than Nuclear Missels https://www.researchgate.net/publication/359158474

9. http://nkrzu.gov.ua/20-kat-informatsiia/1630-informatsiia-shchodo-
pozhezh-na-radioaktyvno-zabrudnenykh-terytoriiakh-stanom-na-29032022

10. Nosovskyi A. V., Shestopalov V. M., Shybetskyi I., Krone J. Nuclear
Threat Resulting from Russian Military Occupation of Chornobyl Exclusion Zone
Environment and Safety - 2022. - Vol. 67. - P. 36 - 46.

11. https://www.science.org/doi/epdf/10.1126/science.abq2800

12. Protocol Additional to the Geneva Conventions of 12 August 1949, and
relating to the Protection of Victims of International Armed Conflicts (Protocol
1)

13. INFCIRC/274/Rev.1/Mod. 1 (Corrected) Date:18 October 2021

Adpec 3a Kopecnonoenyua:
Tetiana Mahlovana, Dr.Sc., Assoc. Prof. (State Ecological Academy of Postgraduate
Education and Management, Kyiv, Ukraine)

49


https://www.researchgate.net/profile/Viktor-Dolin
http://nkrzu.gov.ua/20-kat-informatsiia/1630-informatsiia-shchodo-pozhezh-na-radioaktyvno-zabrudnenykh-terytoriiakh-stanom-na-29032022
http://nkrzu.gov.ua/20-kat-informatsiia/1630-informatsiia-shchodo-pozhezh-na-radioaktyvno-zabrudnenykh-terytoriiakh-stanom-na-29032022
https://www.science.org/doi/epdf/10.1126/science.abq2800

PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

DOI: 10.34660/INF.2023.67.29.005

CbJBATA HA HEPBHOIIAPAJIUTUYHUS ATEHT VX
B F'PAJICKM MATPUILIM: IPETJIE]

Omunapen Kapec, Tomac Pozunan

FATE OF NERVE AGENT VX
IN URBAN MATRICES: A REVIEW

Ondrej Kares, Tomas Rozsypal

Abstract. This review summarizes and compares reported behavior of VX, the most
prominent  V-series chemical warfare agent, in various urban matrices - concrete, asphalt,
bitumen, glass, steel and marble. The fate of VX includes unit processes such as evaporation,
chemical reaction (degradation), migration (surface spilling and pore penetration), adsorption,
desorption, absorption and/or dissolution.

Keywords: Chemical warfare agent (CWA); Nerve agent; VX; Fate; Urban matrix;
Concrete; Asphalt; Degradation; Evaporation.

1. Introduction

Although the Chemical Weapons Convention prohibited use, development,
production, stockpiling and transfer of chemical warfare agents (CWASs) in 1997,
those substances have been reported to take part in several infamous occasions in
the last decades. The Tokyo subway sarin terrorist attack in 1995 [1], the VX
assassination of Kim Jong-un in Malaysia, 2017 [2] or the alleged novichok
assassination attempts of the Skripals in UK, 2018 and Alexei Navalny in Russia,
2020 [3] belong amongst the most notable examples of recent civilian CWA
misuse. Because of such incidents, a thorough research in the field of CWAs does
provide ground for the improvement of both military and civilian risk and safety
management.

In this review, we focused on the nerve agent VX and its behavior after an
interaction with various urban matrices which might be the case following a
potential military chemical attack in an urbanized area.
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2. Nerve agent VX

S-[2-(diisopropylamino)ethyl] O-ethyl methylphosphonothioate
(commonly abbreviated as VX) is the most prominent representative of the V-
series nerve agents and is used as a model for the V-series nerve agents which are
very similar in terms of chemical composition and properties.

VX (Figure 1) is an extremely toxic substance with estimated lethal dose
LDsonuman (percutaneous, liquid) ~ 140-850 pg kgt and lethal concentration
L Ctso numan (inhalation, vapor) ~ 15-40 mg min m [4]. Moreover, the persistence
in the environment plus its low volatility [5] qualifies VX as one of the most
hazardous CWAs. VX is highly adsorptive on surfaces owing to its molecular size
and reactive functional groups [6]. Solubility in water is approximately 30 g per
100 g at 25 °C [7] and the substance is very well miscible with organic solvents.
VX easily penetrates porous materials. Spontaneous decomposition is very slow.
It is the most stable nerve agent.

Figure 5 S-[2-(diisopropylamino)ethyl] O-ethyl methylphosphonothioate structure
Research on behavior of VX in real matrices

Since the 1970s, numerous articles have been published focusing on the
fate of VX within nonliving environmental matrices (water, soil, sand, rock) [8,
9]. On the other hand, the study of VX behavior in urban matrices (concrete,
asphalt, bitumen, steel, glass, marble) had not become the subject of extensive
research until the 2000s. However, recent chemical attacks in urban areas during
the Syrian civil war [10] clearly demonstrated that these are current types of
samples which need to be well researched. Despite the complex nature and
heterogeneity of real samples of urban matrices result in extremely variable data
[8], those matrices are omnipresent and proper research is vital in order to
minimize hazard from their dreaded misuse.

VX within urban matrices has been studied primarily in terms of its
evaporation, degradation (both environmental and by intentional
decontamination) [11, 12], migration [13] and persistence. The experimental
setup comprised contamination of a defined urban matrix by neat or diluted VX
and measurement of its vapor concentration plus detection of VX and its
degradation products via spectrometric or spectroscopic methods after a chosen
preparation of the sample.
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Behavior of VX within concrete

Groenewold et al. [14] reported that VX degraded on concrete surface to
form ethylmethylphosphonic acid (EMPA), diisopropyl taurine (DIPT) and
diisopropylaminoethanethiol (DESH) by cleavage of the P-S bond and
diisopropylvinylamine (DIVA) (or its isomer) by cleavage of the S-C bond.
Additionally, DESH secondarily degraded to form bis(2-
diisopropylaminoethyl)disulfide [(DES),] [14] via dimerization [11]. They also
found out that the degradation products derived from thiolamine (DIPT, DESH,
(DES),) can be extracted by isopropyl alcohol, whereas DIVA was proven to
strongly adsorb to the concrete surface and could not be easily removed.
Therefore, IT-SIMS (ion trap secondary ion mass spectrometry) which they used
for detection was established to be a more convenient method of identification of
VX and its degradation products on concrete surfaces than the conventional
analytical protocols using extraction and latter gas chromatography with mass
spectrometry (GC/MS). Overall, the research group observed VX to degrade on
the surface of crushed concrete and irregular concrete chips within one day at
room temperature and compared it to its behavior on soil particles where VX
remained unaltered for several months (although at 4 °C) [14].

In 2001, Wagner et al. [15] published their first work on the fate of VX in
concrete. They measured the rate of sorption and the rate of degradation of VX in
crushed aged concrete using phosphorus-31 nuclear magnetic resonance (3'P
NMR) technique. The half-life of sorption was determined to be about 2 minutes
and VX was postulated to form VX-H,CO; species within the concrete matrix
which could contribute to its persistence. The kinetics of degradation was
observed to consist of two distinct phases — initial fast reaction followed by slower
steady-state reaction. It was calculated that the concrete surface exhibits reactive
capacity of about 1 monolayer which is attributed to the initial fast reaction with
half-life of 2.2 hours and rate constant k = 0.0053 min‘* at room temperature. Any
excess VX applied to the concrete sample will persist much longer, with the half-
life of 28-90 days. The degradation products EMPA, DESH and (DES), were
reported to evaporate much faster than the remaining VX during the
decomposition reaction. There was no evidence of toxic S-[(2-
diisopropylamino)ethyl] methylphosphonothioic acid (EA-2192) degradation
product [15]. Unfortunately, 3P NMR detected neither DIPT nor DIVA
degradation products which had previously been detected by IT-SIMS by
Groenewold et al. [14] which puts the reported absence of EA-2192 into question.

Later, Groenewold et al. [16] expanded their research by determination of
VX hydrolysis kinetics on fresh concrete surface using IT-SIMS again. The
degradation reaction was reported to be first-order or pseudo-first order with the
half-life of about 3 hours and the rate constant k = 0.005 min* at 25 °C. No
observation of toxic EA-2192 was made by this research group neither, but the
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authors admit that this could have been caused by “anion exchange and
incorporation of the phosphonate into the ionic mineral matrix of the concrete”.
Unlike Wagner et al. [15], Groenewold’s research group did not observe a
bimodal VX concentration decay plot, probably attributed to the homogeneous
dilute solution used compared to Wagner’s heterogeneously applied neat VX.
The degradation reaction was observed in the temperature range of 24-50 °C and
the activation energy was determined to be 52 kJ mol* which is in reasonable
agreement with previously studied hydrolysis of VX in alkaline solutions by Yang
et al. [17] reporting the overall activation energy as 60-63 kJ-mol? [16].
Therefore, the paper suggests that surface (submonolayer) decomposition of VX
takes place via alkaline hydrolysis within the probable water film on concrete
surface and with its pores [16].

Wagner et al. [18] focused on the effect of VX drop size on the degradation
in concrete. The research demonstrated that smaller drops of VX react
considerably faster on the concrete surface than larger drops. The authors explain
this by a limited number of basic sites within the monolayer of a concrete surface
which the spread VX comes into contact with. In addition to that, higher pH
(freshness) of concrete and higher mobility of adsorbed VX were also identified
to speed up the degradation process.

Williams et al. [19] further focused on determination of degradation
kinetics of VX on concrete using IT-SIMS. The rate of degradation reaction
increased with surface pH and temperature. It is claimed that degradation of larger
quantities of VX would have proceeded at a slower rate which agrees with data
published by Wagner et al. [18]. This work also reported the presence of
diisopropylaziridinium (DIAZ) degradation product proving the existence of
secondary degradation of DESH via cleavage of the S-C bond. This also furthered
the claims made previously by Groenewold et al. [14] who identified DIAZ
species as DIVA (“diisopropylvinylamine or its isomer”). Finally, Williams et al.
[19] claimed that minute amount (<0.5 mg m?2) of VX contamination on a
concrete surface would degrade completely in five days at room temperature and
therefore would not create a hidden source of poison release. On the other hand,
large amounts of VX contamination of concrete would pose a serious long-term
hazard [19-21] which matches the findings made by Wagner et al. [18].

Waysbort et al. [22] designed a special climatic chamber with adjustable
temperature, humidity and air speed for the evaluation of long-term evaporation
of VX from solid matrices using solid state magic angle spinning nuclear
magnetic resonance (SS 3P MAS NMR) spectroscopy for the analyses. Columbus
et al. [23] — the same research group as Waysbort et al. [22] — thoroughly studied
evaporation and degradation of VX on common matrices including fresh concrete
in the aforementioned climatic chamber. The initial concentration of VX above
concrete was about 3-7 times smaller than above asphalt and the concentration
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rapidly decreased within 4 days while only 9 % of VX was collected in vapor.
The authors listed two explanations for this phenomenon: 1) strong adsorption of
VX on the concrete causing slow evaporation and challenging extraction; 2)
degradation of VX on basic sites of the concrete. Finally, VX volatilization from
a commercial sidewalk brick with added red pigment (iron oxide) was measured
for comparison. The course of VX concentration decay was observed to be smaller
than within ‘regular’ concrete and 33 % of VX vapor was recaptured which the
authors attributed to the low cement content in sidewalk bricks (~10-20 %)
compared to ~90 % in ‘regular’ concrete.

Jung and Choi [8] further investigated evaporation and degradation of VX
in fresh concrete in a wind tunnel. They used silver fluoride pad on the vapor
sampling inlet in order to convert VX vapor to ethyl methylphosphonofluoridate
(EMPF) with higher volatility. EMPF was later desorbed from thermal desorption
tubes and analyzed using gas chromatography (GC) with flame photometric
detector (FPD) in the phosphorus mode. VX and its degradation products
remaining within the concrete samples were extracted by ethyl acetate. Their
results stated that the evaporation rate of VX from concrete is approximately 5
times slower than from glass. Moreover, evaporation also increased with
increasing temperature and with decreasing water-cement (w/c) ratio of the
concrete mix formula. In terms of the degradation reaction, the half-life of VX on
concrete was reported as 3 days (w/c = 0.50) at room temperature. Degradation
products detected were EMPA, DESH and (DES); as in the other reports, but in
addition to those included ethyl methylphosphonothioic acid (EMPT) and
methylphosphonic acid (MPA). According to Wagner and Fry [24], degradation
products EMPA and MPA can strongly bind to concrete and are very difficult to
extract from it.

Flytzani-Stephanopoulos and Schmidt [25] postulated that evaporation rate
from a smooth surface is higher than from a rough one. Applied to our subject of
interest, with increasing surface roughness VX evaporation from concrete
decreases. Additionally, increased roughness of concrete generally means
increased surface area per mass unit of concrete, and therefore increased number
of exposed basic sites on the concrete surface enabling the fast degradation
process of VX.

Behavior of VX within asphalt

Waysbort et al. [22] were the first to tackle the evaporation of VX from
asphalt road samples in their novel climatic chamber. An elaborate extraction
procedure using methanol, CHCI; and CDClI; solvents was followed by analysis
via 3P NMR spectroscopy. The reported VX vapor reacquisition was 30 % of the
applied mass with the triexponential association Kkinetics and rate constants
varying from 2.2 h'* to 0.03 h1. Desorption comprised two distinct phases — the
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fast phase (half-life 1-2 hours) accounted for 96 % of the adsorbed VX and the
slow terminal decay (half-life 10 hours) which may be caused by time-dependent
binding process of VX to asphalt. The experiments were conducted in both dry
and humid air and the authors admit that water vapor molecules can compete with
VX for the adsorption sites on the inner walls of the chamber and thus accelerating
its desorption. Furthermore, 1-6 % of applied VX was detected within the asphalt
and 30 % was hydrolyzed after 11 days. The remaining ~35 % of VX mass was
not found and probably remained bound and non-extractable within the matrix.
The products of hydrolysis were EMPT, EMPA and importantly and unlike in
concrete — the toxic S-(2-N,N-diisopropylaminoethyl)methylphosphonothioic
acid (EA-2192).

Mizrahi and Columbus [26] studied VX degradation in milled asphalt via
3P MAS NMR. There was a 10-day delay between the application of VX on
asphalt and the start of degradation reaction which corresponds to absorption of
VX taking place. Such absorption is vital for the degradation to occur and could
imply an autocatalytic reaction mechanism. It is rather postulated that sand, rock
and whitewash components of asphalt are the active sites for VX degradation. The
bitumen component of asphalt serves as solvent for VX and hides it from the
active sites and causing delay in VX degradation. Finally, it was discovered that
newly ground asphalt degrades VX at a slower rate than old asphalt.

Gura et al. [5] approached the investigation of VX fate inside asphalt by
introducing a novel method for extraction of absorbed VX. The recovery of VX
from the bitumen component of asphalt was explored by use of various solvents
— carbon disulfide, cyclohexane, THF, trichloroethylene and toluene. All the
solvents behaved similarly; carbon disulfide had the lowest recovery (5.2 %) and
toluene and cyclohexane had the highest VX recovery (7.3 %). The optimized
procedure included toluene dissolution of bulk asphalt and precipitation of
bitumen by basic methanol treatment. Surface VX was extracted by methanol
only. The samples were analyzed by gas chromatography with nitrogen-
phosphorus detector (GC-NPD). VX on asphalt surface was observed to decay in
a single-exponential manner. VX inside asphalt, however, increased during the
first day after contamination and then steeply decreased within two weeks down
to 5 % of the original amount. This fast decay was followed by a slow bi-
exponential decline of the remaining VX which lasted 425 days with the half-life
of 14 days. The formation of (DES), degradation product was reported in this
study.

Columbus et al. [23] conducted volatilization experiments with VX on
asphalt at 20 °C and 40 °C. The results displayed the courses of VX concentration
decay in air as bi-exponential curves. Using methanol extraction, only 45 % (at
20 °C) and 60 % (at 40 °C) of the remaining VX was accounted for. Despite
further toluene treatment of the bituminous component of asphalt, mass balance
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of VX was not satisfactorily achieved because of absorption/dissolution of VX in
the bitumen phase plus VX degradation.

Behavior of VX within bitumen sheets

Besides concrete and asphalt, Mizrahi and Columbus [26] also
contaminated and observed VX on polymer-modified bitumen sheets (used as
roof tiles). Similarly to asphalt, bitumen was also attributed to absorb VX and
exhibited an initial degradation delay. Even 42 days after contamination, VX was
detected in bitumen. The resemblance of asphalt and bitumen behavior indicated
that the bitumen component within asphalt is responsible for the degradation of
VX.

Columbus et al. [23] used two types of polymer-modified bitumen sheets —
1) for roofs (aggregate upper layer) and 2) for insulation (sand upper layer) and
performed volatilization experiments at 20 °C and 40 °C. Compared to asphalt,
evaporation from bitumen sheets lasted much longer (order of months) and the
effect of temperature was very small. Nonetheless, the research group blamed the
upper layer of bitumen sheets (aggregate and sand) to behave as a barrier for
secondary evaporation. In conclusion, VX in bitumen is believed to dissolve, thus
acting as a source of VX slow release for a very long duration.

Behavior of VX within glass

Mizrahi and Columbus [26] reported that only 60 % of applied VX was
recovered in the form of vapor from a glass surface.

Williams et al. [19] used glass as a reference substrate to verify the effect
of basic concrete matrix. Degradation of VX on glass either did not occur or
occurred at a rate which was many orders of magnitude slower which was
deducted from the absence of the degradation product DESH. Glass practically
behaved as an inert matrix in this experimental setup.

In contrast, however, Brevett et al. [27] claimed that VX in fact does
undergo significant degradation on glass, albeit much slower than degradation on
concrete. The amount of VX was reported to diminish in 4 days to only 14 % of
its original value, 75 % to transform into EMPA and the remaining 11 % was
attributed to evaporation, non-extractable adsorption to matrix and potential
conversion to other undetected products [13].

In the BlueBook [28], which recommends procedures for the identification
of chemical warfare agents (including degradation products) in various matrices,
it is recommended not to concentrate organic extracts with potential VX content
to dryness, since this substance is firmly adsorbed to a glass surface.

56



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

Behavior of VX within stainless steel

Waysbort et al. [22] used inert polished stainless steel as a material for their
climatic chamber recovering more than 95 % of applied VX at 40 °C. This
preliminary experiment proved the climatic chamber suitable for volatilization
experiments as steel matrix does not significantly adsorb VX which would disturb
VX mass balance.

Behavior of VX within porcelain and marble smooth surface tiles

Columbus et al. [23] also studied volatilization profiles of VX at 40 °C
within smooth surface tiles made of three materials — matt granite porcelain, shiny
granite porcelain and chevron marble. VX evaporation lasted for 3-4 days, and
the vast majority of the original VX was recovered in the vapor form (87-93 %
for chevron marble). Initial evaporation from both porcelain types was faster than
from marble which can be explained by their lower porosity compared to marble.

3. Conclusion

VX has been identified to degrade rather fast within concrete, owing to its
basic sites and high porosity. Degradation of VX within asphalt and bitumen
sheets is slower and the matrices were even reported to absorb/dissolve VX,
shading it from degradation sites. Surprisingly, glass was also observed to
contribute to VX degradation. On the other hand, marble and stainless steel
practically acted as inert matrices. It is also important to distinguish between
degradation on the surface and degradation in the bulk of a matrix which are often
described by completely different kinetic models.

Degradation products within concrete include non-toxic EMPA, MPA,
DIPT, DIVA/DIAZ, DESH and (DES),. VX was also attributed to form a stable
VX-H,COj3 species. However, degradation products in asphalt comprise non-toxic
EMPT, EMPA, (DES),, but also toxic EA-2192. On glass, EMPA was the only
reported degradation product.

Concentration of VX was reported to be much smaller above concrete than
above asphalt, glass, steel or marble, which is explained by strong adsorption of
VX to concrete plus its degradation on basic sites of concrete. Strong adsorption
of VX to glass has been observed as well. In addition to that, asphalt and bitumen
were proven to absorb/dissolve VX and release it over a long period of time.

All things considered, field analysis of real samples of urban matrices with
suspected contamination by VX presents a complex challenge, beginning by a
coherent method of sample acquisition by a sampling team, followed by a tailored
and elaborate preparation of sample and a successful analysis within the chemical
field laboratory. Optimization of such procedures will require further work and
will be tackled by the authors.
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Annotation. Practice shows that the building structures of buildings and structures are
often exposed to an aggressive environment, as a result of which their partial or complete
failure, in some cases, the end of the service life of the design occurs much earlier. One of the
main reasons for which is the destruction of the material of building structures as a result of
corrosion under the influence of an external aggressive environment.

The article deals with the problems of salinity of soils on the example of the city of
Gulistan of the Republic of Uzbekistan, as well as measures to protect building structures from
the effects of aggressive environments.

AHHomauu}z. Kax noxasvieaem npakmuxka, cmpoumeijlbHble KOHCmpPYKyuu 30anull u
COOPYHCEHULL HACO NOOBEP2AIOMCS B030€UCMBUIO A2PECCUBHBIX CPeOD, CIe0CMBUEM KOMOPO2O
SAGAAEMC YACMUYHBIL UIU NOJIHBbIL OMKA3 UX 6 p;zae crydaes npoucxodum 30007120 00
OKOHUYAHUA NPOEKMHO20 CPOKa Cle.?fC5bl. Oona uz ocHo6HbIX npudUH KOmopbslx A6JAenics
paspyuieHue Mamepuaia CmpoumenbHblX KOHCMPYKYUll 6 pe3yivmame KOpposuu noo
6030elicmeuem 8HeuHell acpecCusHol cpeobl.

B cmamve paccmompenvi npobremmvl 3aconéHHocmu 2pyHmo8 Ha npumepe 2.
T'yvaucman Pecnybnuxku Y36exucman, a makaice mepol 3auyumovl CMPOUMENbHbIX KOHCMPYKYULL
om 8030€elCM8UsL A2PecCUBHbIX CPeO.
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Knrouesnvie cnosa. Azpeccusnas cpeoa, 6000pacmeopumvle COU, 2PYHMOBAS Cpeod,
KUCTIOMbl, We04lU, KOppo3usl, 3auuma

ArpeccuBHBIE CBOKMCTBA BOJBI ONPEEISAET CTEIEHb €€ MUHEpAIU3aluu, a
TaKXe KUCIOTHOCTH WJIH LIEJTOYHOCTH. | pyHTOBBIE U OJI3EMHBIE BOJIBI COJIEPHKAT
MHUHEPAJIBHBIE COJIU U APYTUE TPUMECH.

3aconeHHbIe TPYHTHI IMMHAPOKO PACIPOCTPAHEHBI B PaBHUHHBIX OOJACTIX
Cpenneit A3uM ¥ BOCTOYHOrO 3akaBKaszbs, IleHTpalbHbli Kazaxcran,
[Ipukacnuiickass HU3MEHHOCTb, IOKHOW YKpaWHbl, CPEAHET W HUKHEIO
[ToBomxwe, CeBepHoro Kapkaza m Cubupu. CoctaB M KOJWYECTBO COJEH B
TPYHTaX OMNPEACISAIOTCS XUMUYECKUM aHalM30M BBITSDKEK, MOJy4aeMbIX MpPH
Pa3TUYHBIX CIIOC00ax 00pabOTKM TPyHTA BOJION M pacTBOPAMU KHUCIIOT.

N3yuenune 3acONEHHOCTU CIEeIyeT MPOBOAUTH N0 OIpeiaesieHus (Pu3uko-
MEXaHUYECKUX CBOMCTB TPYHTOB, TaK Kak B psjie ciaydaeB (Hampumep,
OTpEJICICHUE YJEIbHOTO Beca) JJIA 3aCOJIEHHBIX TPYHTOB MPUMEHSETCS
CIEeUHAJIbHAs METOAWKA. 3HAHWE 3aCOJICHHOCTH TPYHTOB, TOJIIUHBI CIIOS U
YCJIOBUM WX 3aJieraHusi HEOOXOAMMO ISl TPOrHO3a BIMSHHUS BOJIBI Ha
BOJTHOPAaCTBOPUMYIO YaCTh 3TUX IPYHTOB, OLICHKH arp€CCUBHOCTU 3aCOJIEHHBIX
IPYHTOB 10 OTHOIICHHIO K OETOHY W METAJUTy, BBISBICHUS JIOPOXKHO-
CTPOUTENIBHBIX CBOMCTB T'PYHTOB, YCTAaHOBJIEHUS MPUTOJHOCTH IIOYB JIJIst
CEIBCKOXO3SIMCTBEHHBIX U APYTUX LENEH.

['pyHTBI, KaK ¥ BCAKHAE TOPHBIE TOPOABI B TOM WIJIM MHOW CTETIEHBI 3aCOJICHBI
U COJEpXKaT OMNPEICIEHHOE KOJUYECTBO BOJOPACTBOPUMBIX coied. OHu
OMPENIEIIAIOT KOPPO3UHHOCTH TPYHTOBOM Cpe/Ibl IO OTHOIIEHUIO K OETOHY, CTallU
U JPYTUM CTPOUTEIHLHBIM MaTepraliaM.

ABTop paboTel [1], mouBeHHOH (ITOYBEHHO-TPYHTOBOM) KOPPO3HEH
Ha3bIBA€T  pa3pylI€HUE  IOBEPXHOCTH  METAJUIMYECKOTO  COOPYKEHUS,
ITOJABEPraBILIECTOCS BO3JICUCTBUIO OKPYXKAIOWIEH ITOYBEHHOM WJIM TPYHTOBOU
cpeabl. B 30He aspanuu Ha 3IEMEHThl KOHCTPYKLHI BOAOPACTBOPUMBIE COJIU
IPYHTOB JIEUCTBYIOT, IPEABAPUTEIBLHO PACTBOPUBIIUCH B TPYHTOBBIX BOJAX, UIIN
B MPOCAYMBAIOIIUXCS aTMOC(EPHBIX, OPOCUTEIBHBIX, OBITOBBIX WM CTOYHBIX
BO/JIAX.

PaccMoTpuM rpamoCTpoOUTENbHYIO OLIEHKY 3aCOJIEHHOCTH TPYHTOB U
MUHEpAJIM3AlMI0 TPYHTOBBIX BOJ Ha mpuMmepe T. ['ymucran PecmyOnuku
V36ekuctan. Tepputopus 1. 'yIucTan pacnosokeHHa B CTapoOpOoIIaeMoil 30He
TOJIOAHOM CTENU M CJO0XKEHa [ OJIOMHOCTENCKUM KOMIUIEKCOM YETBEPTUYHOU
cuctembl [2]. JIMTONOTMYECKHI COCTaB TOPHBIX IIOPOJ B AKTHBHOM
IpaIOCTPOUTEILHOM MHTEpBaJie TpeAcTaBiieH cymnecsamu (60%) U cyriMHKaMu
(40%) TeppuTOpHU TOpoda U pacHpOCTpaHEHbl Ha CEBEPHOM IOJIOBHHE, IOTO-
3aI1aIHOM U FOT0- BOCTOYHOM YaCTH TOpO/Ia.

VYcranoBneno [2], uTo Tepputopus Tr. ['yaucTaH OTHOCUTCA K
MOATOIUIEHHBIM TEPPUTOPUSIM ['0JI0THOM CTENU, 1€ PeKUM YPOBHS TPYHTOBBIX
BOJl B TOJIOJIHOM CTENU UPPUTALIMOHHBIA U 3aBHUCUT OT PEKUMAOPOLICHUS, B
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MEPBYI0 oOuepellb OT peXHMMa pacxoda KaHala. B mepuoa HaMBBICHIETO
MOJIOKEHHUSI ypPOBEHb T'PYHTOBBIX BOJ 3ajeraet Ha riayowne 0,5-1,0 M B
LHEHTpaJIbHOM 4YacTu TeppuTopusi ropoxa 1,0-1,5 M. HauHU3IIEE MOJIOKECHUE
YPOBHSI TPYHTOBBIX BOJI HaOJIOJAaeTCS B KOHIIE OIEHOBOYHBIX MOJHMBOB. [Ipu
MUHUMYME YPOBHSI TPYHTOBBIE BOJBI 3aJIeTaloT Ha rayoune ot 3,0-3,5 M B 30He
BIIMsIHUS KaHana uM. Kuposa 10 2,0-3,0 M B 30HE BIHSHUS OPOLICHHUS.

Munepannsanys rpyHTOBBIX BOJ B I'. | 'yaucran
noHoB cynbdara 970-7040 mg/l, B cpeanem no Teppuropun ropoaa 1820 mg/l
HOHOB XJiopa coaepxurcs 105-1810 mg/l, B cpenteM o TEPPUTOPHH TOpoa
288 mg/l
HMOHOB ruipokapOoHara coaepxurcs 259-802 mg/l, B cpennem no Tepputopun
ropoxaa 457 mg/l
HMOHOB Kayiblius coaepxkutes 270-600 mg/l, B cpetHeM 1o TEppUTOPHH ropojia
319 mg/l
noHoB Marams 71-76,5 mg/l, B cperaemM o teppuropuu ropoga 219 mg/l
MOHOB HATpHsI M Kalus B cymme cozaepxurcsa 126-1681 mg/l, B cpennem mo
TeppuTopuu ropoja 543 mg/l
Peakius cpenpl menovnasi, pH pasua 7,1-8,5, B cpeanem 7,4.
Tun MuHepanu3anuu rpyHToBbIX | 107-89/l-cynbbhaTHO-ruapokapOOHATHBIHM
BOJI ITPH IJIOTHOM OCTaTKe BOAbI | 10 7-8 g/l — cynpdaTHO-XII0pUAHBIH

Kak npaBuiio, rpyHTOBBIE BOABI BAAIXW OT UICTOYHUKOB MUTAHUA, & TAKKE
MIPU HAWHU3IINX MOJIOKEHUSAX YPOBHS 00Jie€ MUHEPATU3UPOBAHHBIE U HA0OOPOT.
B6iu3u MCTOYHMKOB (DUIBTPALIMM U B JIETHUM BETETAIMOHHBIN MEPUOJ-MEHEE
MHUHEPAITU30BAHHBIC.

['pynThl 1. ['ynucran B unTepBaie rayounsl ot 0,2 1o 2-3 M copepxkar
BogopacTBopumbIX | oT 0,2-4,4% B cpenHem no teppuropuu ropoaa 0,78 ot
coJIen CYyXOHW HaBECKU
Nonos cynsdara | Ot 0,057 no 2,100%, B cpeiHeM Mo TEPPUTOPUHU Topoja

0,467%

Hononr 0,012-0,062%, B cpemHeM MO TEPPUTOPHH TOpPOJIA

ruapokap6onara | 0,038%

NonoB xanbius 0,017-0,372%, B cpemHeM MO TEPPUTOPHH TOPOJA
0,143%

Nonor maraus 0,004-0,056%, B cpemHeM MO TEPPUTOPUH TOPOJIA
0,023%

HNonos natpust u | 0,020-0,359%, B cpeaHeM Mo TEpPUTOPUU Topoja
KaJIUsl B CyMMe 0,074%

Tun MuHepanM3allud BOJHOTO pacTBopa cojied — cyib(haTHO-
KaJILIIMEBBIN
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I'pyHTOBBIE BOABI U TPYHTHI TEPPUTOPHUH I. ['yIUCTaH MO KOMIOHEHTaM
coJiel SBIAIOTCS CyJib(PaTHO-arpeCCUBHBIMM K IUIOTHBIM O€TOHaM Ha
MOPTIAHILIEMEHTE, IJAKONOPTIAaHALEMEHTE, & MECTAMU — arPECCUBHBIMU U K
o6eTonam Ha cyibdaroctoitkoM niemente mo 'OCT 22266-13.

B pesynbTate o0cienoBanus Tepputopuu r. ['yirctan ObUIo yCTaHOBJICHO,
YTO pa3pylalonieMy BO3JACHCTBUIO aTMOC(EpPHBIX U IMPOU3BOJCTBEHHBIX
arpeccuBHbIX cpen mnoaBepraercss ot 20 nmo 55% cCTpouTENnbHBIX 3JaHUNA U
coopyxeHu. Koppo3smoHHOMY  paspylIeHUIO TOABEPrarOTCS HE  TOJBKO
anmnapatbl U1 O00OpyJIOBaHHE, HO W HECYIIUE CTPOUTENIbHBIE KOHCTPYKIUU —
KOJIOHHBI, purenu, (epMbl, TUIUTHl NEPEeKpbITUA, (yHIAMEHTHbIC OalllMakud U
JIpyTUe YaCTU MPOMBILLICHHBIX 3JaHUM.

B coorBerctBun ¢ Hopmamu KMK 2.03.11-96 «3amura cTpouTEIbHBIX
KOHCTPYKIMA OT KOPPO3HUM» OCHOBAHMUS, CIIOKEHHBIE 3aCOJICHHBIMU I'PYHTaMH,
JIOJDKHBI TPOEKTUPOBATHCS C YUETOM HMX OCOOEHHOCTEH, 00YCIOBIMBAIOIINX:
oOpa3oBaHUE TIPHU UIUTEIbHONW (UIBTPAIMK BOJLI W BBIIMIEIAYMBAHUU COJICH
cythdosnonnoii ocamku SSf; M3MeHeHMe B mpoliecce BBINICTAYUBAHMS COJICH
(U3UKO-MEXaHUYECKUX CBOMCTB TIPYHTa, CONPOBOXAAOLIEECS, KakK IPaBHIIO,
CHIPKEHHEM €ro MPOYHOCTHBIX XapaKTepUCTUK; HaOyXaHUE WU TMPOCATKY
TPYHTOB NPU 3aMaYMBAHUU; IOBBIINICHHYIO arpeCCHUBHOCTH IMOJ3EMHBIX BOJ K
MarepuajiaM IOA3EMHBIX KOHCTPYKIIMM 3a CYET pPAacTBOPEHUS COJIEW,
COAEpKAIIUXCA B TPYHTE.

IIpu pacuetHbIX AepopManugaX OCHOBAaHUM CJIOKEHHOTO 3aCOJIEHHBIMU
rpyHTaMu, OOJIbIlI€ TPENETbHBIX WJIM HEJOCTaTOYHOW HECyIeld CIoCOOHOCTH
OCHOBAHUS JIOJKHBI IIPEYCMATPUBATHCA CIIEAYIOLIAE MEPOTIPUSATHS:

- KOHCTPYKTHUBHBIC MEPONPUATHS; YacCTHU4YHAs WJIM TIOJIHAs Cpe3Ka
3aCOJIEHHBIX TPYHTOB C YCTPOMCTBOM TNOAYIIKA W3 MbLUIEBATO-TIIMHUCTBIX
IPYHTOB;

- MPOPEe3Ka TOJIIIU 3aCOJCHHBIX TPYHTOB ITyOOKUMH (PYHIAMEHTaAMU;

- 3aKPEIUICHUE WIH YIUIOTHEHHE TPYHTOB;

- IPEIBAPUTEIBHOE PACCEIIEHUE TPYHTOB;

- KOMIUJIEKC MEPONPUSATHM, BKIFOUAIOIINI BOIO3AIUTHBIE U KOHCTPYKTUBHBIE
MEPONPUATHS, & TAKKE YCTPOUCTBO TPYHTOBOM MOTYLIKH.

N3 Bple NPUBEAEHHBIX MEPONPHUATHH, PACCMOTPUM MEpbI 3aALUTHI
arpecCMBHOIO  BO3JICMCTBUS BO3AYIIHOM CpeIbl HA HAA3E€MHBIE YacTH
KOHCTPYKLIMH 31aHUN.

N3BecTHO, 4TO BO3AEUCTBUE BOABI HA CTPOUTEIIbHBIE MATEPHUAIIBI B PAIE
CIIy4aeB SBJISIETCS TMPUYMHOM BBIMIETAUYMBAHUSA OTHEIBHBIX COCTABJISIOLINX
MAaTEPHUAJIOB, a IPU YCIOBUU OJHOBPEMEHHOTO 3aMOPAKUBAHUS - U IPUUMHOU UX
paspyuieHusa. Hamuuwme coned B BOJe, KakK IPABWIO, YBEIMYUBAET €€
arpecCUBHOCTb. ATPECCHUBHOCTh KHUCIOT ONpPEACNSIETCSl HUX MPUPOAOH,
KOHIIeHTpared pH BOJIHBIX pacTBOpOB (BOAOPOAHBIN moka3zarenb pH mpuHsr
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JUIS. HEUTPaJbHOM CpeJibl paBHBIM 7, KUCJION - MEHee 7, MIeIOYHOoM - Ooiee 7),
OKHUCJIMTEIIbHOM CIIOCOOHOCTBIO M Temmeparypoil cpenasl. Ha MHorue
CTPOUTEINIbHBIE KOHCTPYKIIMU Pa3pyIIAONICe TEUCTBUE OKA3bIBAIOT OKUCIUTEIID.
OkucneHue MpPOUCXOJUT HE TOJBKO B PE3yJbTaTe BO3ACUCTBUS KHUCIOPOJa
BO3/lyXa, HO M B KHCJIOM, a TaK)KE HEUTpaJbHOM WM IIEIOYHOU CpELE,
coAepKalied u JIpyrue OKUCIUTENIU (XJop, mapbl OpoMa u Moma u 1p.). Ha
HAJ[36MHbIE YaCTHW KOHCTPYKIMUU 3JaHUM MOTYT arpecCUBHO BO3/ICMCTBOBATH
BO3/yIIIHAs Cpeda C OTHOCHUTENIbHON BIaXHOCTHIO 60...75% u Ooiee, OpbI3TH
KUCJIOT U TIETIOYEH, JeHCTBYIONINE Ha HIDKHUE YaCTH KOHCTPYKIUH [2].

Kak wu3BecTHO, MHOTME CTPOMUTEIbHBIE MaTEpUaIbl MPOHU3AHBI
Pa3BETBICHHON CEThIO KANWJUISIPOB M MOpP, MO3BOJSIOMIMX BOJIE MPOHUKATH
CKBO3b Marepuas. IloaTomMy, Il TIOBBIINIEHUS BOJOHEIPOHUIIAEMOCTHU
JIOCTATOYHO MPOCTO MEPEKPHITh ITU MOPHI KAKUM-JIHO0 00pa3oM, U4TO U SIBISETCS
TPAAULMOHHBIM  TMOJXOJOM, KOTOPBIM M  Ha3bIBAETCA THUAPOU3OJIALMEN
KOHCTpYKIuu. {71 aToro cnemayer OO0 co3/1aTh BOJOHEIIPOHUIIAEMBIN CJION Ha
MOBEPXHOCTH KOHCTPYKIIMH, JUO0, Hampumep, YIUIOTHUTH CaMd TIOphI U
Kanmuuisipbl. BO3MOXXHOCTh THAPOU3OJISILIUU TEPEKPHITUEM MOpP HE BBI3bIBACT
comMHeHU. HoO BO3MOXHOCTh HE O3HA4aeT HEOOXOAMMOCTb: CYIIECTBYET Psij
3a/1a4, TJIe€ A3TOT METOJ SKOHOMHMYECKH HEeleIecoo0pa3eH, IMOCKOJbKY €CTh
pemieHus mpouie U JemeBine. Kpome TOro, CymecTByHOT W CaHUTApPHO-
TUTUEHUYECKUE OTPAHUYCHHUS Ha MPUMEHEHHUE 3TOr0 METOAa THAPOU3OJISIINH.
TakuM orpaHuyeHUeM SBJISIETCS TpeOOBaHUE COXPAHEHUS BO3IYyXO- U
MapOMPOHUIIAEMOCTH OTPAKAAIONIUX KOHCTPYKUIMUM KUJIBIX 3JIaHHM: TOHSITHO,
YTO MEPEKPBITHE MOP CYIIECTBEHHO yXYILIAET WM BOBCE CBOJMUT HA HET 3TH
XapaKTEPUCTUKU CTPOUTEIBHBIX MAaTEPHAIOB.

B HagzeMHBIX 4YacTSX 3JaHUM W COOPYXKEHHM B IIOJABJISIOIEM
OOJBIIMHCTBE CJIy4aeB CYIIECTBEHHOTO JABJICHHUS BOJbI HET, a MPUYMHOU
MIPOHUKHOBEHUS SIBJISIETCS «BCETO JIMIIIBY) CMAaYUBaHUE TOBEPXHOCTH KaUJUISIPOB
CTPOUTEIIBHOTO MaTepHalia BOAOW: JOCTATOYHO KaIljle BOJABl KOCHYThCS
MOBEPXHOCTH, KaK OHA CTPEMHTENIbHO, 0€3 BHEIIHETrO JIaBJICHUS, BTSITHBACTCS
BHYTpPb €ro KammuiapoB. Eciiu moBepXHOCTh KOHCTPYKIIUU OYyI€T BHIMIOJIHEHA U3
BOJIOOTTAJIKMBAIOIIETO MaTepuaia WIM MOKpPhITa TaKUM MaTepuajoMm, TO BOJa
BHYTPb KaluijIsipa HE BTSHETCS B MOJIHOM COOTBETCTBHUM C 3aKOHAMH (DU3UKH.
NMeHHO 3TO W TPOUCXOAUT TMpPU TNPUMEHEHUU KPEMHUHOPTraHUYECKUX
ruapodoOu3aTopos, KOTOpBIC MPEACTABIISIOT coboi PacTBOPBI
KPEMHUHOPTraHUYECKUX COCAMHEHUM B BOJEC WJIM OPraHUYECKOM PAcCTBOPUTEIE,
KOTOPBIE MTOCJIE HAHECEHHUSI Ha TOBEPXHOCTh MOPUCTON KOHCTPYKIIMU MPOHUKAIOT
BHYTPb KanuJuisipa. [Ipu HCTIAPEHUH BO/JIbI (pacTBOpHUTENSN)
KPEMHUHOPraHMYEeCKUE COCIUHEHUSI OCENal0T Ha MOBEPXHOCTU KalWILIIsApa C
oOpa3oBaHHEM TaM TOHYAHIIECH (TONIIUHOMN, MOPSAIKA NECATKH MUKPOMETPOB)
MOJIMMEPHOM TIJICHKU C BHICOKUMU TUAPOHOOHBIMU cBOMcTBaMu. OOpaboTanHas
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TaKHUM O6p8.30M IMOBCPXHOCTD IIPHU KOHTAKTC C BOI[OI\(’I YKC HC BTATUBACT €C B 06651,
II09TOMY BOJIa HE IIPOHUKAET BHYTPh KOHCTPYKIH (puc. 1) [4].
a 6

BOJAHOMN AP —m— [ &
g g
-

BOJIABIIOPAX

Puc. 1. a- neobpabomanuwiii bemon; 6- oopabomannwlil bemon;, - OH — ¢hynkyus; +-
CUNOKCAH.

[IpenmyiecTBa KpEMHUUOPraHUYECKUX TUAPO(HOOU3aTOPOB OT APYrUX
BAapUAHTOB 3aIUTHl CTPOUTENIbHBIX KOHCTPYKLIHMA:

- UMEIT JOJITME CPOKU CIykObl. BomooTTrankuBaromas IUIEHKa B
KanWuIsipax O4YeHb MaJoro JAMAaMeTpa HaXOAUTCS Ha JOCTATOYHO OOJbIION
rryousne (10 15-20 MM OT MOBEpXHOCTH 00PabOTKH);

- KOHCTPYKIUS MOJHOCTBIO COXPAHSIET CBOIO IPOHUIIAEMOCTb JIJIsl BO3yXa
U mapa;

IJIEHKAa KpOME MaJjioi TOJIILMHEI €I1I€ U ITPO3PAYHa, Ha €€ IOBEPXHOCTH HE
YAEPKUBAIOTCS aTMOC(EpPHBIE 3arpsi3HEHUs, B pPE3yJbTaTe YEro OHa OYEHb
JI0JITO€ BPEMsI OCTAeTCs YUCTOM U COXpaHseT 3PPEKT HOBU3HBL

- PEKOMEHAYETCA JJIA 3alUThl OT IPOHUKHOBEHUS BOJIBI HIKHUX YacTel
KOHCTPYKIUH (METOJT UHHEKTUPOBAHUS );

- HM3Kas CTOMMOCTb 00pabOTKM (Macca IUIEHKM Ha 1M? IOBEPXHOCTH
cocrasisietT menee 20 rp.) [5].

Takum oOpa3om, ans BbIOOpa MaTepUaioB MOJA3EMHBIX KOHCTPYKIUUN
HEOOXOIMMO OOpaTuTh o0co00€ BHHMAaHME HAa XUMHUYECKUH COCTaB U
MUHEpaIU3aLH1I0 TOI3EMHBIX TPYHTOBBIX BOJI, & TAK)KE HA CTETIEHb 3aCOIEHHOCTH
rpyHTOB. Tak Kak oOlIMe MOTEepU B PE3YJIbTaT€ KOPPO3UU CTPOUTEIBHBIX
KOHCTPYKIIMH MOABEPTaIOIIMXCA JIEUCTBUIO arpECCUBHON CpElibl OLICHUBAETCS B
mipA. py6./roa. Ilorepu oT KOppo3uu HE OTpaHUYMUBAIOTCS JIULIL CTOUMOCTBIO
3aTpaT Ha PEMOHTHO-BOCCTAHOBHUTENIbHbIE pA0OOThl, K HUM TaK)K€ OTHOCATHCS U
NOTEPH, CBSI3aHHBIE C MPOCTOEM OOOPYJIOBaHUS M CHUXKEHHMEM BBIIIyCKa
IPOIYKLHU.

W3 BblIE CKa3aHHOTO CIEAyeT: >KeJIe300€TOHHBIE KOHCTPYKLIHMU C
Pa3JIMYHBIMHU 3aIUTHBIMU MOKPBITUSIMU B arpECCUBHBIX CPeJax MPU U3YUYEHUU U
OLICHKE WX KOPPO3MOHHOM CTOMKOCTH, CIIEIYET pacCMAaTpUBaTh KakK EIHUHYIO
CUCTEMY, COCTOSIIYIO U3 «OETOHA-TIOKPBITUSI-OKPYXKAIOIIEH CPEbDY, COCTOSIIIYIO
«C y4€TOM OCOOEHHOCTEW B3aMMHOI'O BIUSHUS KOMIIOHEHTOB CHUCTEMBI JPYT Ha
JIpyra ¥ Ha KOPPO3UOHHYIO CTOMKOCTh KOHCTPYKIIMH B LIETOM»; 3PHEKTUBHOCTD
U TpeOOBaHMS K 3aIMTHBIM MOKPBITUSAM KOHCTPYKIIMI OMpPeNeNstoTcs ¢ YYETOM
OCOOEHHOCTE  3allMIIAEMBIX KOHCTPYKUMW, YCIOBHMM HUX MOHTaXa H
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OKCILTyaTaluu, IIPUMCHCHHUC HOKpLITI/IfI HE HCKIIOYAaeT 00513aTeIbHOTO
CO6J'IIOI[CHI/IH Tpe6OBaHHﬁ IIJIOTHOCTHU )41 MOHOJIMTHOCTH 6CTOHa,
MNPpCAHA3HAYCHHOI'O JJIA pa6OTBI B anCCCHBHOfI cpeac.
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IICUXOJOI'MYHHU KPU3NCHU UHTEPBEHIIUU CJIE/]
HABOJIHEHHUATA B KAPJIOBCKO - CIIOAEJIEHA
ITPAKTHUKA

AHera MuieBa, Ja.1c.

PSYCHOLOGICAL CRISIS INTERVENTIONS AFTER THE
FLOODS IN KARLOVO REGION - SHARED PRACTICE

Aneta Misheva, Ph.D.

Abstract: This article presents the shared professional expertise from psychological
crisis interventions conducted among people who suffered from the floods in Karlovo
municipality on 02.09.22. The specific features of crises caused by natural disasters are
examined, as well as the possible individual emotional, physical, behavioral, and cognitive
changes. The toolkit for conducting a psychological crisis intervention is described,
characterizing the stages of intervention - working with emotions, behavioral restructuring,
and intellectual problem-solving.

Keywords: natural disaster, floods, crisis, psychological crisis intervention.

Ha 2 centemBpu 2022 r. kmMeTbT Ha o0muHa KapinoBo 00sBM 4aCTUYHO
OC/JCTBEHO MOJIO)KEHUE BHbB BCHUUKM CEJMINA, HAMHUPAILU CE 3amagHO OT Tpajl
Kapnoo. IlpuumHarta € nOpOaBIHKUTEICH HWHTEH3WBEH B, MMaJHAI Ha
TEpUTOpUSITA Ha OOIIMHATA, B CJEJACTBHE HAa KOWTO Ca HABOJHEHU €TAXU Ha
JKUJMIIHA M TBPrOBCKH Crpaju, MPOMUIUICHU MPEANPUATHUS, HapyIIeHa €
I'bTHATA HACTUJIKA, HABJICYEHHU ca MHEPTHU MaTepuaiu B ¢. bornan, c. CtosieToso,
c. KapasenoBo, c. Mockoger, rp. Knucypa, c. Po3uno, ¢. Ciatuna u c. Xpucro
JanoBo. B vact ot c. boraan enexrpo3axpaHBaHETO € MPEKbCHATO, aJHAIIN ca
CTBJIOOBE 3a YJIMYHO OCBETJICHUE, 3aITyIIICHN Ca MOCTOBE U IIaXTH.

[IpoBexkaaT ce HEOTVIOKHU CHACUTEITHM U aBAPUMHO-BH3CTAHOBUTEIHU
pabotu. Kpusucen mabd pbKOBOIM, OpraHU3UpPA U KOOPAWHUPA JIEHCTBUATA TIO
CHACUTEJIHUTE AeHHOCTU. B cnacurenHara onepanus € BKIOYEH XEJIHUKONTEp OT
BBC, koliTo eBakyupa xopa oT HEAOCThIIHU MecTa B cenarta Kapasenoso, borman,
CroneroBo m CnaruHa. OcurypeHu ca XpaHa M MecCTa 3a HOIIyBaHE Ha
Hyxaaemure ce xopa [1].

67



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

[TonsiTueTo ,,Kkpu3a’ 3a MbPBU BT € U3MOI3BAHO KAaTO ClielU(PUUEH TEPMUH
B ncuxuarpusta ot Jkepann Kamnman, koifTo naBa cieaHara JeQUHUIUS:
,2Hapyuienue Ha CTaOMJIHOTO CBHCTOSHUE HAa WMHJMBHJIA, HACTBIIBAIIO, KOTaTo
WHJUBUABT YCTAHOBU, Y€ MOCTUTAaHETO HA BAXKHM 3a HErO JKUTEHCKH LEIU €
OJIOKMpAaHO OT CEPUO3HM MPEnSATCTBUS. Te3u MNPEensSTCTBUS HU3IVICKAAT
HEIPEOJ0JIUMH, IOHE 3a U3BECTHO BpEME, C MTOMOIITA HA OOMYaHUTE METOIH 32
perraBaHe Ha nmpobaemute” [2].

[Tpupogaute OeACTBUS, B T.4. U HABOJHCHUSTA, KAKTO ¥ TEXHOJOTUIHUTE
OencTBus, B T. 4. MPOOJIEeMHU C SAPEHU peakTopum kKaro B YepHoOw [3] umar
XapaKTEepPUCTUKUTE HAa T.H. MakpoTpaBMu. ToBa ca cTpecupalid XU3HEHO-
3HAYMMU CHOUTHS, KOUTO CE CIIy4YBaT B CPABHUTEIHO KPaThK MEPHUO OT BpPEME,
IIPY KOUTO Ca 3aIUIallleHd YOBEIIKHUS KMBOT U HOPMAITHOTO (DYHKIIMOHUPAHE Ha
uHaUBUIUTE. TakuBa CHOMTHS HACTBHIIBAT BHE3AMHO (YECTO C MajKo Wiu 0e3
HUKAKBO TMPEIyNpPEKICHUE), UMAT MAacOB XapakTep U ca CBbP3aHU C MHOTO
IIPOMEHU, U 3aryou. OrpaHuYeHUTE MEXaHU3MHU 32 KOHTPOJI BbPXY MPUPOIHOTO
OencTBUE TpeJIoyiaraT pa3BUTHE HA CTpecoBa peakuus Ha opranusma [4]. Ot
3HAYEHUE 32 BEJIMYMHATA HA CTPECA € U MHAMBUIYaJIHATA [ICUXO0JIOTMYHA OLIEHKA
Ha CHUTyalMsTa Karo 3amiaxa, Bpena, 3ary0a, MNpeAu3BUKATENICTBO WM
T0OpoXKenarencTso [5].

[Ipuponuute OencTBUS, B T.4. U HABOJHEHHUSTA, CE€ MPUUUCIABAT KbM
cuTyaunoHHuTe kpusu. Kpuszara HacTbeliBa TOraBa, KOraro CTPECHPAIIOTO
KU3HEHO-3HAYMMO ChOUTHE HAIXBBPJIIS CIIOCOOHOCTTA HA MHAMBHU/IA J1a CE CIIPaBS
edextuBHO. [Ipy Kpu3a HACTBIBAT CIEAHUTE MPOMEHU: EMOLMOHAIIHM — KaTo
THSB, CTpax, BUHA...JO0 OJOKMpaHE Ha eMOIuATa; TeJIeCHH — C MposiBa Ha
BEreTaTBHA HEBPOJIOTMYHA CHMIITOMATHKAa KaTo ChpIicOMeHe, MOBUIIaBaHE HA
KPBBHOTO HaJIsITaHe, 3auyepBsiBaHE, MOOJIETHSABAHE, U3IOTSIBAHE, BUCHE HA CBSIT,
U3TPBIIBAHE HA PBLETE U MOAKOCSBAHE HA KpaKaTa, yYeCTEHO AMIIAHE U Ap.;
[loBeneHYECKH — C TOBEACHHUE, PA3IMYHO OT OOMYANHOTO Karo arpecHuBHH
n30yXBaHUs, COLMANIHA M30JIalMs, 3I0yTOoTpeda ¢ MEIMKaMeHTH, aJIKOXO0J U JIp.,
KOrHUTUBHM — TIPU KOWTO JIMIICBA BH3MOXKHOCT 3a SICHA OIIEHKA Ha CUTYyalusTa,
3a MOAPEKJaHE Ha MPUOPUTETHUTE, 32 ChCTABSIHE HA SICEH IUIAH 3a MPEOJI0JIIBaHE
Ha KpHu3ara.

Kpu3zucna unmepeenyua HapuyaMe BCSKa WHTEPBEHLHUS, KOATO Ce
npeanpueMa CBOEBPEMEHHO, 32 Jla Ce yIpaBlisgBa PUCKA, CBbP3aH C Kpu3ara.
[lenTa e na ce HamMaNAT BpEAUTE U HETaTUBHUTE MOCIEAUIIM IO Bb3MOKHO Hail-
HUCKOTO HMBO M B Hall-100pusl Cllydail ja ce MOCTUTHE MOJIOKUTENTHA MPOMSHA.
KpusucHara MHTEpBEHIIMSI MUMa CBOW BPEMEBH OTPSI3bK — OT MOMEHTAa Ha
HACTBIIBAHE HA CTPECHUPAIIOTO CHOUTHE N0 TpU Mecema.  KpusucHoOTo
WHTEPBEHUPAHE KAaTo MOAXO0]] HsIMa cOOCTBeHa Teopus. To € eMIUPUYCH MPOIYKT,
MOJIyYEeH 4Ype3 HaTpyIlBaHE Ha HAONIOJACHUS OT ONMUTA U EKCIIEPUMEHTHUPAHE C
XUIOTE3H, Y€ OINPENEICHO BMEIIATENICTBO B 1aJICH KPU3HCEH MOMEHT ILIE TOBEAE
710 TIOJIOKUTENHU pe3ynTaTH [6].
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e

IIpoBeneHnTe NCUXOJIOrMYHU KPU3WCHM MHTEPBEHLIMM MMaxa 3a el Ja
WHTEPBEHUPAT €MOLMMUTE, 1A MOAIOMOTHAT 3aCErHATUTE Ja PasrbpHAT IICHXO-
CoIlMajHa MpeXKa U aJ€KBaTHO ITOBEJICHUE 3a CIPABSHE C KPU3ara, MOPOJAEHA OT
HaBogHeHHATa Ha 2 centeMBpu 2022 1. Ha ¢dokyc Osixa Bb3CTaHOBSIBAHETO Ha
CaMOCTOATEITHOTO (DYHKIIMOHWpaHE, KaKTO W MNPUAOOMBAHETO HA HOB
IICUXOJIOTUYEH OIMT 3a CIIPaBsiHE C MOJOOHU KPHU3H.

MeToauka

HNHTepBeH1mATa Ce MPOBEAE HA TEPEH B IIPSAK KOHTAKT OT 23-25.09.2022 r.
(21-23 guu cnen HaBogHeHusTa) cpen 17 kutenu Ha cenara KapaBenoBo u
borpan. KbM Hali-HyX/1aenre HI HacCOYMXa OT KPU3UCHUS LIEHTHP Ha OOLIMHA
KapioBo, kMeToBeTE Ha cesara u JIMYHUA JEKap.

HNuBenTap:

H3nom3Baxme HHBCHTAapa 3a IMCHUXOJIOTUYCCKU KPU3HUCHHU MHTCPBCHIIMN Ha
IIKOJIaTa IIO IIO3MTHBHA M TPAHCKYITYpaJIHa IICHUXOTCpAIln:A IIPHU CIIa3BAHC HaA
OCHOBHHUTC IIPUHIOMIIN 3ad IIPOBCIKAAHC HAa KPU3HMCHHU HMHTCPBCHIINH. Eranute ca
CJIICAHUTC:

I. PabGora ¢ emonuure;

II. IToBemeHUECKO TPECTPYKTYPUPAHE;

[I1. UnTenexTyamHo pa3periaBaHe Ha nmpobiemMa — ¢ BKIIFOUYBAaHE Ha pa3yMa.
Pe3yararu

I. PaGora ¢ emormute — Kakto 1o BpeMe, Taka U HEMOCPEACTBEHO CIIE]
HABOJIHEHMsITA B Ta3u TbpBa ¢aza BoOJEH] € MIIOKBT OT CIydusoro ce. B
EMOIIMOHAJIEH TUTaH ce MaHudectupa ¢ OypHOTO MM H3pa3sBaHE Karo IUIad,
BHKaHE, XBbpJsSHE MO 3eMsTa. Hamara moMony € B TOBa Ja IMO3BOJIMM Ha
cTpajamiusi CBOOOJHO Ji1a W3pa3d CBOUTE €MOIMHM KaTo OCHUTYpPUM HEropara
3al[uTa U IO Mpeana3um Ja He ce HapaHu. [IpoTuBHO Ha oyaBaHUATa HA MHOTO
X0pa, 4e MCUXO0JIOrbT TPSIOBA J1a YCIIOKOW M YKPOTH CTpaJaIius, TO TyK Hail-BaKHO
€ MIPUEMAaHETO U MOAKpenara 3a EMOIUOHAIHO U3pa3siBaHe.

[Topaau mo-KbCHOTO HU MOCEIICHUE B 3acerHarute cena (21-23 aau cnen
HABOJHEHHUsTA) HalaTa paboTa 3amoyHa OT Bropara (paza Ha MbpPBUS eTam —
MOAKpena Ha eMOLMATA. AKTyaTHUTE €MOIMU, KOUTO C€ M3BEI0Xa MO BPEME HA
WHTEPBEHIIMUTE OsIXa THAB C pa3iMvHa CTETICH Ha MHTEH3UBHOCT (pa3apa3HeHue,
1 ¥l THAB) U CTpax. Miasia ’keHa BepOanu3upa cTpaxa cH Karo Crojaenu: ,,MHOTo
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ce ymiamuxme. Korato Hu 3ams, 04X cama B KbBIIM ¢ JACTETO”, a Jpyra Io-
Bb3pacTHa BCE OIIe To MpexuBsBa: ,,Cera mopu oOnak Ja IMPEMUHE U CE
CTpaxyBaM, Y€ HE 3HAM KakKBO MaK 1€ ce u3Baiu . Hsakowm OT mocTpajganurte
criojiefiixa onaceHusTa cu: ,,Jlobpe, ue He ce Caydu Ipe3 HOIITa, 3al[0TO IIeIe
Jla ©UMa MHOTO XepTBU . ' HEBBT C€ J0J1aBsl B YECTO MOBTAPSHUTE PEILIIUKH: ,,3a110
touHo cera?” u ,,Ilak au Ha Hac?”.

B ta3u ¢aza nmoctpamanure 6sgxa CTUMYIHPAHH J]a pa3KaxaT KaKBO MM CE€ €
CIyYIJIO ¥ KaKBO O3Ha4YaBa To 3a TAX. Bcuuku moapoOHO ommcBaxa AeTaiyid ot
CHOUTHETO, KAKTO M COOCTBCHUTE CH TPCIKWBSIBAHUS W OMHUTH Ja CE CIACHT.
Benukn xasBaxa: ,,He cu cromHsMe HsAKOTa Ja € BaJsIO TOJKOBA MHOIO. 3a
KparTko BpEME C€ M3CUIla MHOTO IbXA. beme mnopoit”. Pa3ka3zBaxa Kak
HABOJHEHHUETO TH € 3aJI5J10 B UeTUPHY BBJIHHU U BCSAKA ClIe/IBallla € Oujia mo-rosija
Y MO-UHTEH3WBHA. B jeTailin crozesixa KakBO ca MPaBWIM HEMOCPEACTBEHO
mpeau Ja TH 3ajee pekara — Kak ca 4yBalud OydeHeTo M (csAkamr TH €
peaynpex/aBalia Jia ceé MaxHar), HO Te ca OWJIM 3aeTH C OOMYalHH JCITHUYHU
Hema (MEeKJIM ca YyIIKHA, TOTBEIN Ca, TPHUKHUIIN ca CE 3a )KUBOTHUTE, MMPUTOTBSUIH
ca ce Jia TphI'BaT Ha MOYMBKaA U Ap.). HangBanu ca ce 1uxabT 1a npemuHe. EnBa,
KOTaTO peKara € 3ajisijia IBOPOBETE U € BIIs3JIa B JOMOBETE UM, Ca CE€ YCETIIIH Ja
ce cnacsaBar. [loka3Baxa cieauTe MO0 CTEHUTE U IyBapUTE JOKBJETO € CTUTHAJIA
pekara. Hakou ot TsX crozesnsixa, 4e HsIMaT CIIOMEH KaKBO ca MPaBWIM U Y€ UM
ce ry0oaT MOMEHTH; U€ CIIyYUJIOTO CE€ HE UM € PEajiHO U KaTo 4e Jii ca BbB QUM
Ha BENIUIM, KOETO € IMOKa3aTeJIHO 3a KOTHUTUBHU HapyuieHus. Korato ca ce
o0e30macuiu Ha BHUCOKO Ha TOPHUTE €TaXW Ha KbIIUTE WA CTOMAHCKUTE
MOCTPOMKH, TOTaBa ca C€ YCETUJIM MOKPH M peMpb3HaIu. Yakasu ca ¢ yacoBe Aa
ce OTTeNIM peKaTta W Jia ObJaT crmaceHru. BecHuku akineHTupaxa BbpXy YCUIIUATA,
KOUTO ca TOJIOKIIIM, 3a Ja H3TpajgiaT U oO3aBedar JoMoBeTe cH. Hskou ca
BJIOXKMJIM CIIECTSIBAHUSI OT TYPOET, IPYTH ca Ce JIMIIaBajIu 3a TOBa, KOETO peKara €
OTHECJIa 32 MHOTO KpaTKo Bpeme - ,,Brkal kak pekara BiIu3a B JoMa TH, 3aBbpTa
ce U3 MOMEIICHMsITa, OTBaps MmKadoBe W BaIyd OT TaM BCHYKO — APEXH, MOCy/a.
W3Tpbrea mepayiHy, MEUKH, CHAJHS W TH U3TBBPJS HABBH; a CIOJEIEHOTO:
,be3CHiIeH cu. HaAma kakBO a HampaBull — HM34aBa JIMIICA HA KOHTPOJ BBPXY
cutaynusaTa. [Ipy MHOTO OT MOCTpaiaiuTe PErUCTPUPAXME TEJIECHU BEre€TaTUBHU
peakIuu, Thid KaTo T CIOAEINXAa, Y€ Ca TPEBOXKHU, CTPAJaT OT Oe3ChHUE WU
ChHYBAT KOILIMApH, MTOBUIIIWIIN Ca KPHBHOTO HAJIATAHE, UMAT CBETOBBPTEXK.

Tperara ¢aza Ha BPBUS €Tal € padoTa 3a pa3rphlllaHe Ha ICUX0-COLMATHA
Mpexa. Ilenta HM Tyk Oe Ja HAcOYMM IMOCTPAJAIUTE KBbM CHOJEISHE Ha
CHOMTHETO ¢ HA-ONMM3KUTE M JOBepeHM Jnia. [loaxoasmuy BeIIPOCH 3a TOBa ca
KaK CIYYWJIOTO C€ MpUEMa OT CEMEHUCTBOTO, MPUSITEIUTE, KOJIETHTE M KaKBO
npexxkuBsiBar Te. OT paska3uTe Ha MOCTPAJAIUTE CE€ OKasza, ye Te ca IIUPOKO
MOJKPENIEHH OT OJIM3KH, IO3HATH M HEIMO3HATH JOOPOBOJIIM M JIbpPKaBHH
dbopmupoBanusa. Crogenuxa, 4e ca MHOTO OjarogapHM Ha Xopara, KOUTO UM
ChUYBCTBAT U Ca UM ce 00aauiIn, 3a Ja UM MPpeIoKar (PMHAHCOBA U MaTepHaIHA
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nofikperna. Ye B kMeTcTBaTa ChIIO UMa MPOIYKTH OT II'bpBa HEOOXOAUMOCT KaTo
XpaHa, Boja u ipexu. Ho ru e 511, ue JoMoBe UM ca pa3pylieHH, a UMYIIECTBOTO
OTHECEHO WJIM CUYIIEHO. ,,MOsT oM € MosiTa KpernocT”’, ,,Hail-nobpe ce uyBcTBam
C MOUTE JIPEXH, C MOUTE 3aBUBKHU U C MOUTE MOCcyaa’ .

II. IToBeneHuyecko NpecTpyKTypupane — ToBa € eTanbT, B KOMTO LIEJIUM Ja
MOATUKHEM TMOCTPAJATUETO KbM MOBEACHUE 32 aKTUBHO CIIPABSIHE W KbM JINYHA
aKTUBHOCT 3a Ch3JaBaHE Ha COIMAJIHA MPEXKA 3a MOAKPENa. 3a CTUMYJIHPAHE HA
JMYHA aKTUBHOCT 3aj[aBaXMe BBIIPOCH KaTo ,,Ha Koro Tu ce rcka aa ce 006aaui u
Jla CIIOJICJIUIIL KaKBO ce € ciyunsio?” u ,,J1o3HaBall i1 HIKOU, KOMTO € MPEeKUBSLI
noo6Ho Henlo? bu nu ce cpelHan ¢ Hero/Hes, 3a 1a TM pa3Kake Kak TON/Ts ce e
cnpaBmwi/a B mojmoOHa cutTyanusi?”. Te3n BBIPOCH C€ OKazaxa MOJIE3HU U 3a
HACOYBAaHE W TIOJI3BaHE Ha JOOpUS OMUT Ha JPYTd, MPEXKUBEIN TPHUPOJCH
Karakau3bM. OTroBopuTe, KOWUTO TMOdyuyuxme, Osgxa mnoj Qopmara Ha
€MOIIMOHATTHO-CTPYKTYPHUPAHU pa3Ka3u Kak ca ce 00aquin Ha POJHUHU U MHOTO
OJIM3KU MPUATEIIU, U KaK ca MOAKPEICHH OT TIX C MOCEIICHHS U MPSIKa TTOMOIIL.
Huxoli o0aue He mo3HaBaimie (M HE C€ Celaiie) 3a MOoCTpajaiu OT JPYyro
HaBoJHEHHE. B cemeliHUTE HMCTOpPUM M MHUHAJI ONWUT JIMIICBaxa YMEHHUS 3a
CIpaBsHE C TakaBa Kpuza. J[pyru cmojenuxa, ye HsIMaT BpeMe Jia Ce€ 3aMUCIIAT,
3aI110TO OT HAYaJIOTO Ha OEJCTBUETO ca aHTakupaHu: ,,I [pubupam ce B KbIIM camMo
Jla CIi, 3all0TO OTKAKTO CE€ HABOJAHMUXME CbhbM B KMETCTBOTO. 3alucBaM M
pasnpeensiM 100poBoJIIKUTE U oMoIuTe”, ,,[o MHOTO BpeMe 3a MPUKa3Ky HAMA.
B kbl U cpes NpUsITENH HENIO e CU KAKEM, Ha paKuiiKa U cajarka’.

ITI. MaTenekTyajHO pa3peliaBaHe Ha MpoldiieMa — BKIIIOYBAHE HA pa3yMa.
ToBa e eramna, B KOMTO Hal-CHJIHUTE U OJOKHUpAIX €MOIIMU Ca UHTEPBEHUPAHH,
MICUXO-COIMAJIHATA MPEKA € pa3rbpHATA, CTPAJALIUAT € HACOYEH KbM Bb3MOXKHHU
AKTUBHOCTH 3a CIIPaBsiHE B Ta3U CUTYyallus Ha 0a3aTa Ha MUHAJ OMUT U pa3yM. Ha
TO3M €Tall YOBEK Ha PAIMOHAIHO HUBO OCMUCIISI ¥ PUOPUTU3HNPA AKTYATHUTE CU
MOTPEOHOCTH W € B TOTOBHOCT 3a JehcTBHE. Tyk ce BKJIIOYBAT JOKA3AIH
MOJIC3HOTO CH JEHCTBUE CTApU CTaTeTMHM WM C€ HM3MpOoOBaT HOBU. 3a TOBa
MOATUKHAXME O€JICTBAIIMTE JIa IOMHUCIIST OT KaKBO MMaT HY>K/1a, 3a Ja CE CITPaBsT
M KaK MOTar Jia MpobJpKaT Harpe. KaTto HemocpencTBeHa He0OXOAUMOCT TTOUTH
BCHYKH TOCOYHXa CIIOKOMCTBHETO M pa3OMpaHETO, KOETO TOJKPEINS TO3H
panoHalieH eran. Makcumara ,,Pa3pemaBanero Ha mpooOiiemMa € TaM, KbACTO €
poOJaeMBbT’ MHOTO SICHO odepTa OBICHIUTE KUTCHCKU IUIAHOBE, a UMEHHO —
YCWIHSTa Ha TNOCTPAJAIMTE Ca M 1€ Ca HACOYEHUW 3a H3UYHMCTBAHE,
Bb3CTAaHOBSBaHE, 00OpYyIBaHE U 003aBekAaHE HA JOMOBETA; KAaKTO U 3aBpPbIIIaHE
KbM €KEIHEBHUTE JETHUYHU Hemla (Tpuku 3a goma u Onuskute). B erama Ha
pasyma B II'bJHAa CuUJa BaXu IMOroBopkara ,,CroBopHa Apy>KHWHA ILJIAaHWMHA
MOBAUTra’”, KOATO WIKOCTPHUPA BEUEe pa3rbpHaTa COllMaIHa MpeXka 32 B3aUMOIIOLL.

B kpas Ha npoBeneHUTE KPU3UCHU HMHTEPBEHUIHMH HWHTEPBEHUPAHUTE
CIIOJIENINXa, Y€ Ca C€ MOYYBCTBAIM MHOTO J0OpE OT pasroBopute - ,,OJeKHa MU
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Karo moroBopuxme’”’, ,,Cskail KaMmbK MM MajJHa OT ChpUETO’, ,,Beue mo-ieko
UM,

Oo0cbxIane

[Toutn Bcekw OT HAc CBbp3Ba Kpu3ara ¢ HsKakBa TpydaHocT. Kpuzama
CHope] ThJIKOBHUSI PEUHUK €: ,,Pa3cTpoiicTBO, PA3BK MPEIoM, TEKKO, H30CTPEHO,
OIIacHO ITOJ0XKEHHE B X0/1a Ha Hemo™ [7].

[Ipupoauute OencTBUS ce KIacUPUIMPAT KATO MAKPOTPABMHU ChC CBOU
cnenupuyHUTe Xapakrepuctuku. OT eHa cTpaHa € HeOJIaronpusiTHOTO BHHIITHO
cbOUTHE HAaBOAHEHHE (T.H. CTPECOP), @ OT JIpyra — peakuusTa Ha OpraHusma, B
OTIrOBOp Ha cTpecopa (€eMOLMOHATHA, TEJIECHA, KOTHUTHUBHA, MOBEICHYECKA).
KpaiiHata 1en € Bb3CTaHOBABAaHE Ha XOMEOCTaszara (pPaBHOBECHETO) WIH
CbCTOSSHUETO HAa OTHOCUTENHO OJlaronoiy4yve, MNpead  HaBOJHEHHUETO.
Hepb3MOKHOCTTA HA MHAMBUIA Ja CE CIIPaBU C KpU3ara Ch3/1aBa PUCKOBE 3a IO-
HUCKO HHMBO Ha (PYHKIIMOHHWpAHE HAa WHIWBHUIWTE IO OTTETISHE OT COIHMATHHS
YKUBOT, U3Ba W/WIM XpoHUUIIMpaHE Ha 3a00s1BaHuUs (B T.4. ICHXOCOMATUYHN),
MOBEJICHUYECKHU U KOTHUTUBHU HApYIIIEHUA. YCIICITHOTO CIIPaBsiHE ¢ Kpu3aTra obaye
BOJIU /IO Ch3/aBaHE HA HOB IMICUXOJIOTUYEH OIUT 3a CIPaBsHE C MOJIOOHU CHOUTHS.

B kpu3zara 4oBek He MOXKeE /1a C€ CTPaBH caM, OPa TOBa, Y€ EMOLIUATA T'O
€ 3aBJajsuIa U € OJIOKKpasa MOBEEHUETO MY.

He 6u moriio na ce npoBexaar KpU3UCHU UHTEPBEHIIMU 0€3 yCTaHOBSIBAaHE
Ha KOHTAKT M U3rpaxjaaHe Ha joepue. ONMUTHT HU TMOKa3a, Y€ B TE3U CIIydau
BOJICILIA € aKTUBHOCTTA Ha TepareBTa. ToBa U3KMCKBA MOCEIICHHS Ha MSCTO IIPH
NOCTpajajiuTe, HEHaTPATYMBU YMEHHUS 3a Ch3/1aBaHE HA TEPANEBTUYEH KOHTAKT U
eMIIaTus.

B npenBun Ha TOBa, Y€ KpPU3UTE Ca €MOLIMOHAIHO PUCKOBH CUTYallUH,
U3JIaraiy CTpajaliuTe Ha HeaJanTUBHO CIPABIHE, TO KPU3UCHUTE UHTEPBEHIINU
MMaT XapakTepa Ha CHEIIHOCT M HEOTIOXKHOCT. [IpoBexnar ce oT MOMEHTa Ha
BBH3HUKBAHE HA MPUPOJHOTO OEICTBUE MAKCUMYM JIO TPETHUSI MECEI] OT HAYaI0TO
Mmy. Ilpenu na ce mpeMuHe KbM HUHTEIEKTYaIHOTO CIIPABSHE ChC CUTYaIUATa €
HAJIOKUTETHO Jla CE€ WHTEPBEHMpPAT YyBCTBAaTa Ha CTpajaliuTe. 3aToBa
MPOBE/ICHUTE KPU3UCHU HMHTEPBEHIIMM MMaxa 3a IIeJl Ha IBbPBO MSICTO Jia
WHTEPBEHUPAT OJIOKUPAHWUTE WJIM CBPHXU3SIBEHU HETATHBHU CTEHUYHH €MOIIHH.
Ha To3u eram Hue moamomMaraxMe NpPU3HABAHETO, TPEKUBIBAHETO U
u3pa3siBaHETO Ha uyyBcTBata. HacouBaxme mocTpamaiuTe U KbM YMEJIOTO UM
U3M0JI3BaHe. BomemuyTe eMonuu Mpy MOYTH BCHYKH WHTEPBEHUPAHU 0sXa THEBBT
B pa3fiMyHa CTeNeH Ha MHTEH3UBHOCT, KAKTO U CTPaxbT. I3BECTHO €, e THEBBT €
CTEHHYHa €MOIMS W HMMa EHEeprus, KOSATO MOXKe Ja ObJe KOHCTPYKTHBHO
U3MO0JIBaHA, & UMEHHO - 32 Bb3CTAHOBSBAHE HAa MOTyOEHOTO MMYLIECTBO U 3a
HOPMaJTHOTO OMTOBO (PyHKIIMOHMpaHe. A 100para PyHKIMS Ha cTpaxa €, 4ye TOu
CILy’KM J]a ajnapMupa 3a onacHoctute. C momolnra Ha moropopkara ,,CTpax Jjio3e
na3u’”’ OCh3HaXa TOBa My HOBO IOJIE3HO 3HAYEHUE.
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BaxxeH eneMeHT B KpU3MCHATa MHTEPBEHIIUS CE€ OKa3a MOAIOMAaraHeTo Ha
nmocTpajganuTe Ja pazdepaT KakBO TOYHO C€ € CIy4WwiIo IO BpeMe Ha
HaBOJHEHHETO. Pa3ka3BaHeTO 3a CBOUTHETO TH CTUMYJUpAIle Te Ja CH
MPUTIOMHSAT (haKTUTE, a Upe3 TAXHOTO CTPYKTYpHUPAHE U Jia Bb3BbpPHAT KOHTPOJIA
CH HaJl CUTyaIusTA.

PasrppianeTo Ha mcuxo-colpagHara Mpeka € BaXXeH CTaOWIM3UpAIll
dbakTop, upe3 KOWTO TOCTpamaluTe T0-JICCHO MOXKeXa J1a Bb3CTAHOBST
MIPEIKPU3UCHOTO CH HUBO Ha (PyHKIHOHUpaHE. JloBepsSBaHETO HA HSIKOTO MOXKE
Jla Urpae MO-IIEHTpajiHa POJs B cIpaBsiHeTO ¢ mpobiema. M B Ta3u Bph3Ka B
MIPOYYBaHMSI HA TPABMHUPAIIN CHOUTHS C€ TOKJIABa, Y€ TOBEPSIBAHETO HA IPYTHUTE
ce CBbp3Ba C mnoBedye monoxkutenaHu pesynratu[8][9][10]. Hamuuuero Ha
MOJKPEISIIO CEMEMCTBO C€ pa3Iiekaa KaTo peliaBano 3a aIanTHBHOTO CITPaBSHE
[11][12], mokaro y4acTHETO B yCHJIHATAa Ha OOIIHOCTTA € MHOTO IO-Ba)KHO 3a
CIpaBsiHE C TOCJEACTBUATA TpH mpupoaHu OenctBus[13]. B Tazu Bpb3ka
cTpajaluTe 0sXa HACOUCHH KbM Hal-OJIM3KOTO OOKPBHKEHUE U CTUMYJIMPAHU J1a
ce 00a14T ¥ MOMCKAT MOJIKperia, KaKTo U J]a C€ BKIIIOYAT B OOIIM Bb3CTAHOBUTEIIHU
JIEUHOCTH.

AKIUEHTBT MpHU KPUBUCHUTE UHTEPBEHLIMH € Bb3CTAHOBSIBAHE Ha
HE3aBUCUMOTO (YHKIIMOHUpPAHE M MPEOAOoJABaHE Ha TOCIECAUIUTE OT
TPaBMaTUYHOTO chOUTHE. [IporiechT Ha cripaBsiHe ¢ TpaBMara MOXE Jla C€ OKaxke
MO-BaXXEH 3a IICUXWYECKOTO 3paB€ Ha IMOCTPAJAINTE, OTKOJKOTO CaMOTO
W3JIaraHe Ha TPaBMaTUYHOTO chOuTHE. Hamulie ca peauiia noka3aresacTBa 3a TOBa,
KakTo perpocnektuBHH [ 14][15], Taka u npocniektuBHu [16][17]. @yHKuHsITa HA
CIIPaBSHETO € HE caMo Jla PETYIHpa CUTyalusATa U EMOLMUTE, HO CHIIO Taka Jia
MOAJIbPKA LIEJIOCTTa Ha €rOTO U YOBEIIKOTO JTOCTOMHCTBO MPHU HEMPEOAOIUMHU
ycinoBus. Ha erama Ha WHTENEKTYallHOTO paspelllaBaHe Ha mpoliema
MOMIOMOTHAXME HMHTEPBCHUPAHUTE J1a OLCHAT W aHAJIM3UpaT IMPOOJIeMHUTE B
MOMEHTa, Ja pa3BHAT TPAKTUYSCKH aJalTUBHH MPOOJIEM-OPHCHTUPAHH
CTpaTeruu 3a CIHOpaBsSHE C TAX, Ja TMOBApPBAT B COOCTBEHUTE CHU CWIH U
Bb3MOXKHOCTU. BakHO c€ OKa3a WHBEHTAPU3UPAHETO HA CUJHUTE CTpPaHU Ha
JUYHOCTTA (IBPBUYHUTE WM BTOPUYHUTE CIOCOOHOCTH) MpEayd HABOJAHEHUSATA,
KaKTO W YCIICIIeH MUHAJI OMUT B MPEOJIOJISIBAHETO Ha 1MoAoOHU Kpusu. benesute
Ha HE3aBUCUMOCT U pa3yuTaHe Ha ceOe CU BUASXME B CTpEMeEXa Te 1a MPOobhKat
(YHKIIMOHUPAHETO CU TaKa, KaKTO MPeayu HAaBOAHEHUETO, a UMEHHO — IOJIaraHe
Ha TPUXKU 3a BHHIIHUS BU/JI, YUCTEHE, TOTBEHE, MOAPEIKIaHE HA JJOMa, Ch3/JaBaHE
Ha yn00CTBa U TPUKU 3a CEMEMCTBATa CH.

H3Boan

[Ipupoauu OeACTBUS KaTO HABOJHEHHS HE Ca YECTH 3a TEPUTOPHUATA Ha
Pbbarapus. [lo Ta3u npuumHa OBIATApCKOTO HACEJIEHHME HE € TMOATOTBEHO 32
cupaBsiHe ¢ TsX. OCBeH Bb3CTAHOBSBAHE HA MMYLIECTBEHUTE 3aryou 0COOEHO
BAJKHO C€ OKa3Ba MPEANPUEMAHETO HA MEPKHU 3a Olla3BaHE IICUXUYECKOTO 3[paBe
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Y Bb3CTAHOBSIBaHE Ha Onarononyuneto. CBETOBHUAT OIUT J1aBa TO3U HHCTPYMEHT
U TOH € B MPOBEXKIAHETO HAa KPU3UCHU HHTEepBeHUUH. Cb3aBaHETO WU
IPUJIAraHETO Ha JIMYEH NpOoQECHOHAIEH ONUT 3a peallu3UpaHe Ha KPU3UCHU
UHTEPBEHLIUU Cpell MOCTPAJAINTEe MUHIMBUIU U OOIIHOCTH € C IOJIOKUTEIIHO
3HAYEHUE — KIMHUYHO, COLHUATHO U MKOHOMHYECKO. KpU3UCHUTE MHTEPBEHIINH
TpsiOBa Ja ce MPOBEXJaT MAKCHMAIHO paHO (OT HAaCThIIBAHE HA CHOUTHETO IO
TPETUsT MEcCel) M Jla ca JOCTarbYHHU, 3a Ja NOCTUIHAT BH3CTAHOBSBAaHE Ha
HE3aBHUCUMOTO (DYHKIIMOHMpAHE HA WHAMBHJA, KaKTO M MpUI0OMBaHE HA HOB
MICUXOJIOTUYEH OMHT 3a YCHEIIHO CIPaBsSHE C MOJA00HU KPU3H.
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JIbuezap OPuinyen

DISTRIBUTION PATTERN OF NATURAL AND
TECHNOGENIC RADIONUCLIDES IN SOILS OF THE
CATCHMENT AREA OF THE RIVER TAYNA

Lachezar Filchev

Abstract: Habmooenusma na 3emsma ce npesopHaxa 6 He3AMEHUM U3MOYHUK HA
uHgopmayus ¢ NPUIodiCceHUe 8 MHO20 Chepu HA COYUATHO-UKOHOMUYECKOMO pa3eumue Hd
00Wecmeomo u onazeanemo Ha OKoIHama cpedd. /Jokniaovm npeocmass Kpamuvk npeaieo Ha
NOCMUdICEHUAMA Om U3N0A36aHe HA HAONoOeHUsma Ha 3emama npe3 NOcieoHume mpu
Ooecemunemus 6 bvneapus om usnvinenue Ha HAyYHOU3CIE008AMENCKU U 0OpaA308amenHu
npoexmu.

Keywords: Earth Observations, GEO, EUSPA, EK4, EUMETSAT

1. BnBenenune

MopgenupaHeTo Ha IMoJieTaTa Ha pPa3NpOCTPAHEHHE HA MPUPOAHU U
TEXHOTC€HHU PAJAMOHYKJIMAN U TEKKU METadu € 00EKT Ha M3CJeBaHEe Ha MHOTO
HayKH, KaTo MpoydyBaTeIHA TEeOXUMHUs, reodu3uKa, T'eoJIOTUSl, TEOXUMHUS Ha
nanamadTuTe, OUOTEOXUMUS U JIp. 32 HACTOSIIIETO M3CIEIBAHE MOJCIUTE Ha
Pa3NpPOCTPAHEHUETO HA TEKKUTE METaU M PATUOHYKIUIU HU3IMOJI3BAT IIUPOKO
3aCTBIICHUTE B TMpaKTUKAa METOJM Ha T'€OCTaTUCTHUKATa, a UMEHHO KPUTHHT
MeToauTe. XHCTOTPAMUTE HA  pa3snpeleieHHe Ha  CTOMHOCTUTE  OT
paguoxuMu4Hus aHanu3 Ha 235U, 226Ra, 234Th 40K B (Bq.kg™) 6e3 npunaranu
TpaHchopMani ca TMpejcTaBeHn Ha cienpamara durypa 1. M3tounuka Ha
JAHHUTE € JoKJaj ,,Paanonornuna onenka Ha y4yacThk ,,ICKPA” xbm EOO/]
,llogzemHo crpoutenctBo” (1993) usrotrsen ot ,,JJUAJI” EOO/J] - rp. Byxoso.
Ot ¢urypara craBa SCHO, € pa3npeeIEHUETO Ha CTOMHOCTUTE Ha €CTECTBCHHUTE
PaIMOHYKJIMIMA B pailoHa Ha u3cienBaHe npe3 1993 r. He cieaBa ecTecTBEHUS
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3aKOH Ha CTAaTHUCTHUYECKOTO pas3lpeicieHue. 3a ToBa CBHUJIETEIICTBAT
MyJITUMOJAQIHOCTTA W  CWJIHATa AacUMETpUs Ha  XHCTOTpAaMHUTE  Ha
pasnpenenenusTa. EAMHCTBEHO 1MO0-0IM30 110 YCJIOBHUSTa 32 HOPMAJTHOCT €
pasnpeneneanero Ha 40K, BBOpEeKH MyITUMOJATHOCTTa, KOWTO HE C€
npuoIkKaBa KbM YCIOBUATA 332 HOPMAIHOCT CJIE] IIPUJIaraHe Ha JJOTapUTMUYHA
nmn bokc-Kokc tpanchopmarnus. Jlopu crnen mpuinarane Ha JOTaPUTMUYHH H
bokc-Kokc Ttpanchopmaruu xucrorpamMuTe Ha paslpeaeiieHne OoCTaBar
MYJTAMOJAQIHM W TPEMUHABAT KbM PABHOMEPHO pA3INpEACIICHUE Ha
CTOMHOCTUTE, KOETO W3KJIOYBA IMPUIIATAHETO HA KPUTUHI METOAUTE 3a
VHTEPHOJIAIMA.

235U 234Th

Frequeny-i0” ] [Freauent o
i

| b lm 0|

048 o7 094 117 14 163 186 200 23 047 054
Data-10”

&
]

@uzypa 1 Xucmozpamu na pasnpedenenue na cmotinocmume na *>>U, *°Ra, ?**Th u *'K.
(Bq.kg!)

TpeHaoBeTe Ha CTOMHOCTUTE Ha PAAMOHYKIMIAUTE ca IPEACTABEHU Ha
®urypa . Or ¢urypara ce BWKIa, Y€ TPEHAOBETE Ha CTOMHOCTUTE Ha
€CTECTBEHUTE PAJAUOHYKIIUJIA CE€ PA3JINYaBaT OT TPEHIOBETE HA CTOMHOCTUTE HA
xnopoduna u kaporunure. TpenmoBere Ha 235U, 234Th u 40K ca kpuBu OT
TPETU MOPSIBK, T.€. C €IMH MUK U eaHa aoyuHa, kato npu 234Th u 40K ToBa ¢
XapaKTEPHO KAKTO 3a U3TOK-3aMajHa MOCoKa (3ejieHaTa JMHUS), TaKa U 3a CeBep-
10’KHa 1ocoka (cuns auHus). [lpu ypana, TpeHaa B M3TOK-3araHa OCOKa OCTaB
KpHBa OT BTOPHU pell, a pu 226Ra n nBeTe KPUBU €A OT BTOPH pell, KATO KpUBaTa
OT BTOPHU PE B CEBEp-I0KHA TMOCOKA MMa MHOTO CJIa00 H3pa3eH KOHBEKCEH
XapakTep. 3a XapakTepHOTO pa3NpeacieHue Ha CTOMHOCTUTE BIIMSIHUE OKa3Ba U
KI'bCTEPU3UPAHETO HA CTOMHOCTUTE — TOYKUTE Ha MpoOOB3EMaHE W
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npoOboHaOupaHe — B HAKOJKO OOJIACTH OKOJIO IIOJIHUTE, KOMTO ca M OOEKT Ha
n3caeasanero Ha «JIMAJD» EOO/. Ot riaenHa Toyka Ha aHU3OTPOINMATA HA
JAHHUTE, KaKTO M Ha HACHTU(HUIMpaHEe Ha 3aMbPCSABAHUSATA C ECTCCTBCHH
paIvMOHYKIIMIW, JWarpaMara Ha pasNpelesIeHHeT0 Ha CTOMHOCTUTE Ha
ceMuBapuorpamara (cemMuBapuorpameH o0iak) JaBa J100pH BB3MOKHOCTH 3a
UICHTU(UKAITHS.
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@uzypa 2 Tpeno ananuz na cmotinocmume Ha pasnpedenenue na >>>U, ?°Ra, %*Th u “’K
(Bq.kg')

Ha Error! Reference source not found. ca mnpexncraBenu
CeMHBapHOTpaMHHTE 00JIan| Ha cToitHOCTHTE Ha 235U, 226Ra, 234Th u 40K u
pasnpeneneHueTo Ha TOYKHUTE, KOUTO MUMaT Hal-ONM3KO OTCTOSHUE €IHU OT
JIpYTY, U HAal-TOJIEMH Pa3IMKHU B CTOMHOCTUTE HAa ceMuBapuorpamara. 3a 235U
Hali-roieMu pasnuuus OeypkKaT CTHHOCTHTE B TOpHaTa 4YacT Ha YYacTbK
«MICKPA» unu B paliona Ha kapuepara u Tabanute Ha mioiHa Nel u 2. B te3u
MecTa ca OoTOeNsi3aHd M Hal-rojieMUTe 3aMbpcsiBaHus B paiioHa. [logobHa e u
KapTuHata Ha croiiHocTute Ha 234Th u 226Ra, kato paznuuusita ce IbJKaT Hail-
BEPOSITHO HA Pa3INYHUS XMMUYEH ChCTaB HA CKAJIHATa Maca U MOYBUTE, KAKTO U
Ha BepTUKaJHATa (pajuaiHa) MUrpauus Ha paauonHykiauaure. Hail-ronemu
paznmuuus B crienrduyHata akTUBHOCT Ha 40K ce orOens3Ba B paiioHa Ha
»KHCENI0TO” €3€p0, KbAETO MOYBUTE OKOJIO €3€POTO U MTPU HEZAMBPCEHUTE TTOUYBH
Ha JIECHUS CKJIOH Ha IMpUTOKa Ha p. TailHa umat roisma pa3iavuka B XUMHYHUSA
cberaB. Kanus mma u CpaBHUTENHO MO-TIOABMKHUA (POPMHU OTKOJIKOTO JIPYTHUTE
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Ha6JIIOZIaBaHH PadUOHYKIMIN C TOJIIM aTOMCH HOMCD U PCCIICKTUBHO TCTJIO,
KOCTO IIpcAariojiara 1 1mo-JICCHOTO My U3HACAHC HAOOJIY II0 CKJIOHA.

Pesynarature oT MonenMpaHeTO Ha TOJeTaTa Ha pa3NpoCTpaHEHHE Ha
€CTECTBCHUTE PAJMOHYKIUIN C U3IOJI3BaHe Ha paguaiHd (GpyHKIUKM — oOpaTHa
MYJTHKBaJIpaTHa ca mpelnctaBeHn Ha cienHata Error! Reference source not
found.. 3a cpaBHeHME Ha CHCTOSIHUETO Ha MOYBHTE B paiiona mpe3 2011 . ¢ ToBa
npe3 1993 r. na ®@urypa 4 ca gajeHU XUCTOIPAMUTE HA CTOMHOCTUTE Ha
cnerupuyHaTa AaKTHBHOCT Ha ECTECTBEHHUTE PAJUOHYKIHIMA B paiioHa Ha
U3CIIe/IBaHE 3a U3CIEABAHUTE IPyIU OT paauonykiauan. Ot durypa 4 ce BUx/a,
4ye YaCTOTHOTO pa3Mpeie]ICHUEe Ha CTOMHOCTUTE Ha PAAMOHYKIIUIUTE CE OTJIMYaBa
OT HOPMAJHOTO, KOETO HE C€ MPOMEHs JOpPU MpH NpuiiaraHe Ha CTaHJIapTHU
TpaHchOopMaIi Ha CTOMHOCTUTE, KaTo JoraputMudHa, bokc-Koke, arcos u np.
EnuncrBeno croirinoctute Ha 214Pb, 214Bi, 228Ac u 40K ce mpubnmkasar 10
W3MCKBAHUSATA 32 HOPMAJIHOCT TpHU JIOTapUTMHYHA TpaHchopMaius Ha
KBUHTUJIHUTE UM CTOMHOCTHU. TPEeHI0BETE HA CTOMHOCTUTE HA ChABPKAHUETO U
cnenupuyHaTa AKTUBHOCT HA CBIUTE PAAUOHYKIUINA ca TPEACTaBCHH Ha
®Purypa .
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Quzypa 3 Kapma na pasnonodcenue Ha moyKume Ha npooo83emMane cvC Hau-20JAMO
OMKIOHEeHUe Ha CMOUHOCIUME HA CeMUBAPUOSPAMAMA 3a ecmecmeenu paouonykiuou (1993

2.).

79



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

235U 137(:s

234Th 226Ra

Frequency [Freauency

123
pata 10 Data 10

228Ac 4OK

116
Data-10?

@uzypa 4 Xucmoepamu Ha cneyuguurume akmusHOCMU HA eCMeCmEeHU PAOUOHYKIUOU 8
nousume 6v6 6000c6opnus baceiin na p. Taiina. (Bg.kg™)

Ot ®durypa u Purypa ce BUXKAa, Y€ CTOMHOCTUTE HA crienuduyHaTa
akTUBHOCT Ha 2°°U B MOYBUTE B palioHa MMAT NPUOIM3UTEIHO €IHAKEB TPEHI B
W3TOK-3aMajiHa TOCOKa (3€JeHa JMHUS), JIOKaTO B CEBEp-I0KHA TIOCOKA
croitHocTuTe npe3 2011 r. UMaT KOHKaBEH TPEH]I B CPABHEHUE C JIMHHATA Ha
TPEHA OT OT BTOpH mopAxbk 1993 1. CpaBHeHusTa Ha croiiHocTuTe Ha *>*Thpes
2011 r. ¢ Te3u ot 1993 r. moka3Bar MOAOOHU 3aBUCHUMOCTH, KaKTO MPHU ypaHa,
KOETO C€ JIbJKA Hal-BEPOATHO Ha TOBA, ue Th € abIiepeH npoayKT Ha yPaHOBOTO
U aKTMHOYPAHOBOTO CEMEWCTBO, T.€. KOHIICHTPAIIUUTE MY U CIICIU(PUIHUTE MY
aKTUBHOCTH 3aBHUCST OT T€3H Ha ypaHa.
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Touka Ha npobos3emaHe M.H.B. (Bg.Kg-1) I 872-886 N
Boaxu o6ekTn 471 -643 I 886 -909 +
“_ Xugporpadcka mpexa 643 - 747 - 909 - 948
s 948 - 1,011
ALIAS il —
1:9,000
0__125 250 500 750 1,000 1,2'§? i 849 - 872

@uezypa 5 Ilonema na pasnpocmparnenue Ha CMOUHOCMUMe HA ecmecmeeHume paouHyKauou
235U, 226Ra, 232Th u 40K c uznonzeane na 0opamua Myaimuxeaopamua paouainu QyuKyus
(1993 2.) (Bq.kg-1).

CpaBHEHHETO HAa CTOMHOCTMTE Ha chenuduuHaTa akTHMBHOCT Ha “*°Ra
MOKa3Ba, HAI'BJIHO TPOMEHEHA KapTHHA, OT KOHBEKCEH, TPEHAa B M3TOK-3amaaHa
MOCOKa MpeMrHaBa B KOHKaBeH 1pe3 2011 ., 1 oT c1aODOKOHBEKCEH B CEBEP-10KHA
nocoka (CHHS JIMHUS) TPEHJ JIMHUATA CTaBa MOYTH TpaBa ¢ HamajsBaHE Ha
CTOMHOCTHTE B I0KHa Tocoka. Kaprunara npu *“°K ce nzMmens B mocoka npomsHa
Ha CTOWHOCTHUTE Ha crienu(rIHaTa akTUBHOCT 0€3 BUMMA WM C MaJIKa TPOMSHA
Ha Qopmara Ha TpeHJ nuHUsATAa. KOHBEKCHaTa JIMHUS B M3TOK-3alajiHa MOCOKa
npe3 1993 r. npemuHaBa BB nmoutu napadonmnuna npe3 2011 ., karo cToifHOCTUTE
B M3TOYHA OCOKA BUJMMO HapacTBar. JINHUSATA OT BTOPH MOPSAABK B CEBEP-IOKHA
nocoka npe3 1993 r. [IpeMrHaBa B KOHBEKCHA U CMEHS IMOCOKAaTa Ha TPEHAA, KaTo
CTOMHOCTUTE OT ciaboHaMaysIBalld B OKHA Tocoka mpe3 1993 1. Oenmexar
nokauBaHe mnpe3 2011 r.

Ha ®urypa 7 ca npeacraBeHr CTOMHOCTUTE HA CEMUBapUorpamara ¢ Hau-
roJIIMO OTKJIOHEHHE 332 €CTECTBEHUTE PAIUOHYKIUIM B mouBuTe 3a 2011 1.

Or Qurypa 7 ce Bmxkzaa, ye crorHoctute Ha 235U ca ¢ mo-romsima
BapyuaOUJTHOCT B CpelHara M JOJIHaTa 4acT Ha BojgocOopHusi OaceiiH, 226Ra
3arma3Ba BUCOKUTE CH CTOMHOCTH Ha crierudpuyHaTa C aKTUBHOCT TP Kapuepara
Ha ydacTek «VMCKPA», HO momoOHO Ha ypaHa MMOKa3Ba aHOMAJIHO BHUCOKH
OTKJIOHEHHWE Ha MaJIKO pacTostHue — mnpu ,,Kucenoro” e3epo, KOeTOo MOKa3Ba
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MNOTCHIOMWAJIHATA MYy MUT'pallis U KOHIHCHTPAIWA B IIOYBUTC B CIICACTBUC HA BOAHUSA

TPaHCIIOPT.

235U

234Th

214Pb

228Ac

@uzypa 6 Tpenoose na cneyuguunume akmusHOCMU HA eCMECMBEHU PAOUOHYKIUOU 8

nousume 6v6 6000c6opnus baceiin na p. Taiina. (Bg.kg™)

Kbm 2011 1., copbrmonnara uacrananus Ha ydacTsk ,,ICKPA” e u3BbH

CKCIUIOATaluAg 1 BOAUTC OT HIOJIHHUTC PA3IIOJIOKCHU ITO-BUCOKO IO CKJIIOHOBCTC,
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npeMuHaBaT 0e3MpensITCTBEHO Ha CBOOOJIEH OTTOK Tpe3 ,,Kucenoro” ezepo.

et 4 =
o = s = |
+ Touka wa npoGossemare  HagMOPCKa BUCOYMHA
MAu_lAB - Xunporpadcka mpexa M.H.B.
Boanu obextn

: 965

- ~1:15,000 [

0 225 450 900 1,350 1,800 2,250 -
| —— v 500

QDuzypa 7 Kapma na pasznonodxcenue Ha moukume Ha npooossemane ¢ Hat-20asmMo
OMKJIOHeHUe Ha CMOUHOCTUME HA CeMUBAPUOPAMAMA 34 eCMeCMEeHU PAOUOHYKIUOU

(2011 2.).

BeposiTHO Ta3u cuTyauuss € W NpUYMHA 3a HaO/0/aBaHaTa KapTUHA.
[Tog06HO € U cheTosHKeTO Ha 22*Th, KOMTO MOYTH M3LAI0 € MUTPHPAI B JI0JIHATA
yacT Ha mnputoka Ha p. Tahna npum ,Kucemoro” ezepo. OOpatHo Ha
HaOmonaBanara kaptuaa ot 1993 r. Crolinoctute Ha “°K HapacTBar BbLB
BUCOYMHA. [[pyr uHTEepnperanus €, 4e pa3inyusara OT MyHKT B IYHKT ca FOJIEMH.
ToBa ce IbJIKHM Ha O-TroJIAMaTa MOOMIIHOCT Ha Kajusl, YUUTO U30TOMHU Ca OTMUTH
10 MPOTEKEHHUE HAa PeUHUs OacelH U HAll-BUCOKUTE MYy CTOMHOCTH MPOIbIKABAT
na ce HaOmomaBar npu ,,Kapuepara”, KOSTO € W OCHOBHUAT U3TOYHUK Ha
JBIIIEPHUTE MPOIYKTH Ha TOJTypa3naja Ha CEMENCTBATa HA aKTUHOYPAHA U TOPHSL.
Haii-ronemu pasnuuusi B CTOMHOCTUTE Ha clielieuuHaTa aKTUBHOCT WIIM Haii-
BHCOKH CTOIHOCTH Ha cCeMHUBapuorpamara npu 0J0BOTO, OMCMyTa M aKTUHUS UMa
B pailloHa Ha Kapuepara, JOKAaTO TE3HW pa3iuuus 3a 1e3us ca npu ,,Kucenoro”
€3epo M IbTA Hax e3eporo. Taszu rpyna paivoOHYKIMAM NPUHAMIEKAT KbM
CEeMEMCTBOTO Ha CpeqHO W ABArokuByumre paauoHyknuau (Ilomwui, Ilenues,
1989). MyntuMoaaiHOCTTa HA CTOMHOCTUTE Ha CHENU(UUYHUTE aKTUBHOCTH HA
€CTECTBEHUTE PAAMOHYKJIMIM C€ 3ala3Ba M IMPUIAraHETO Ha OOWMKHOBEHUS U
NPOCTUS KPUTHUHT € HEBB3MOXKHO. 3a CpPaBHUMOCT Ha pe3yiTaTUTe OT
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MHTEpHojanusaTa ¢ peyiararure ot 1993 r. ce usnons3sar paguaiHuTe QyHKIUH
U TI0-CIIEIIMAITHOCT 00paTHAaTa MyJITHKBaIpaTHa (QYHKIIHUS.

o Oyenka Ha Kayecmeomo Ha MoOeld HA PA3NPOCMPAHEeHUemo Ha
NPUPOOHU (ecmecmeeHuU) U MEeXHO2eHHU (UBKYCMBEHU) PAOUOHYKIUOU 8 NOYBUME
Ha 6000coopHus bacetin Ha p. Taiina.

Bbnpeku cpaBHUTETHO AOOpPUTE CTOMHOCTH MOJYYECHU MPU BalujalusTa
Ha MoOJena, IpH KPOCBAIMIANMITA HA paguaTHUTE (YHKIHH C OCTAaHAIUTE
METOJY Ha MHTEpIOJalus, TojsMaTra OJM30CT Ha TOYKUTE Ha NpoOoHAOUpaHe U
npoboB3eMaHe B 00JACTUTE OKOJIO IIOJHUTE W TabaHUTE HAa ypaHOBaTa MHUHA,
KaKTO M TOJIEMHUTE pPa3JIMKU B CTOMHOCTUTE HA MAaJIKU OTCTOSHUSI BOJAH JO
3HAUMTETHU OTKJIOHEHMSI B MOJela Ha MPOCTPAHCTBEHOTO pa3lpelesieHue Ha
CTOMHOCTUTE Ha crenupruyHaTa aKTUBHOCT Ha €CTECTBEHUTE paguoHykauau. C
oTJlajeyaBaHe OT TOYKUTE Ha MpoOoB3eMaHe W MpoOoHabUpaHe, ce yBelnyaBa
rpellikaTa Ha MpEeICKa3aHUTE CTOMHOCTH, KOETO OrpaHUYaBa BaJUIHOCTTA HA
MoOJiesa caMo 3a pailoHa Ha u3cienBaHe — ydyacTbk ,,ICKPA”.

bnazooapnocmu

HacrosmieTo m3cieqBane U3Noia3Ba JaHHU OT aHAJIU3U Ha ChIbPKAHUETO
€CTECTBEHUTE PaJMOHYKIIUIN B UIJIOJIMUCTHATA PACTUTEIHOCT (PUHAHCUPAHU IO
ITpoekt ,lloBumiaBane Ha KBanM(UKALMATA U CbXpaHSIBaHE HAa MJIAJ €KUI OT
Y4€HU B 00JIacTTa Ha a€pO-KOCMUYECKUTE TEXHOJOTHHM KaTo IMPEANOoCcCTaBKa 3a
MOHHUTOPHUHT U ONIa3BAHE HA OKOJIHATA CPE/la U MPEBEHIUS Ha IETU OT IPUPOIHU
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Abstract: In this article, an overview of the cyber killchain and its purpose is
accomplished. In addition, on this basis, the capabilities of Kali Linux for performing testing
of local computer machines, networks and some results are presented.
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BnBenenne

Pa3zButrero Ha MHOOPMALMOHHUTE W KOMYHHMKAIIMOHHUTE TEXHOJIOTMU
npe3 MOCIHeAHUTE TPHU JECEeTWIEeTHs, J0BeAOXa J0 Ch3JaBaHe Ha OoraTo
pa3HooOpa3ue OT YCTPOMCTBA 3a JUYHO IOJI3BaHE, KaTo MOOWIIHHU TenedoHH,
Jantonu,  Ta0JeTH, HABUTAMIIOHHUM  yCTpoWcTBa W jApyru.  Ypes
uH(popMaMoHHUTE M KoMyHHUKauumoHHM TexHojorun (MKT) ce oOxBamar
BCUYKH JIbP’KaBH, Ch3/1aBailki MHTEPAKTHBHA CpeJa OT €JIEKTPOHHHU MPEXKHU U
uH(popManmoHHa MH(PACTPYKTypa M3MOJ3BaHA 3a Ch3JaBAHE, YHMILOKaBaHE,
CbXpaHeHue, o0paboTka, oOMsiHa Ha WH(OpPMalus, yNpaBlieHUE Ha OOEKTH,
CUCTEMHU U YCIyTU, HapedeHa ,,kuoeprpoctpanctso” [1,8,13].

OT apyra cTpaHa pa3BUTHETO Ha OOUIECTBOTO B MOPAJIEH aCIEKT 3HAYu-
TEJTHO M30CTaBa MO OTHOIIEHHE Ha TEXHOJOTMYHOTO pa3BuTue. ToBa BOAM 10
Hamecarta Ha pa3nuunu xopa u rpynu B MUKT, xapayepa u Haii-Beue codryepa,
KOUTO HE ca B TAXHUTE 00JIaCTH Ha pabOTHU JeiHocTU. MIMa TeHAEeHLUsS KbM
U3IMOJI3BAHETO HA BCE MO-CJI0KHU U MHTEJIUTCHTHH Xakepcku araku. [lopaau ToBa
ce MOsiIBU HeOOXOAMMOCTTa OT 3alllMTa Ha XapJyepa U copTyepa B Ibp>KaBHU U
YaCTHU OPraHM3aliy, Ha HAIIMOHAJIHO ¥ HA HAJHAIIMOHAIHO HUBO, a CHILO TaKa
Y 3allMTaTa Ha JUYHHUTE JAHHW HE3aBUCUMO OT MPUTEkKATEIS U MICTOTO Ha
TAXHOTO CchXpaHeHue. ETo 3amo Bb3HHMKHA HampaBieHHeTo ,,KubepcurypHoct”
(KC, cbcTosiHuE omnpeiesieH0 ¥ U3MEPEHO 4pe3 HUBOTO Ha KOH(UACHITUATHOCT,
WHTETPUTET,  JOCTBIIHOCT, aBTEHTHMYHOCT M  OTKA30yCTOMYMBOCT  Ha
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UH()OPMAITMOHHUTE PECYPCH, CUCTEMHU U YCIYTH U C€ OCHOBaBa Ha ¢()EKTHUBHO
U3rpakaaHe v MOAAphKKa Ha aKTUBHU U IPeBaHTUBHHU MepkH [4,5,7,9], kaTo gact
ot UKT.

31I0HaMEpPEHUTE YYaCTHUIIM M XOpaTa, KOWTO C€ OMUTBAT Ja T'M CIparT,
OOWMKHOBEHO TpsIOBa /1a HAy4yaT €HH U CHIIU TEXHHUKH, 3a J1a MOTAT J1a MOCTUTHAT
IeJUTe CU. EXCIIepTUTE 10 CUTYPHOCTTA C€ HYKAASIT OT 3a1bJI00YEHN TO3HAHUS
3a TOBa Kak pabOTAT XakepuTe, 3a Ja MOraT Ja MPeJOTBPATIT BCSKAKBH
NPOHUKBAHUA B TexHUTE cucreMd. OOMKHOBEHO TOBa CE€ MOCTUTa Ype3
W3MOJI3BaHEe Ha Pa3jMYHA BHJIOBE TECTOBE 3a MPOHWKBAHE W W3IOJI3BaHE Ha
IporpaMd ¥ HWHCTPYMEHTH, KOHTO aTaKyBallUAT OW W3MOJBBaI. TaKbB
pasnpoctpaned uHCTpyMeHT B cpeaute Ha UKT e Kali Linux [2,3,10,11,12].

I{enta Ha HacToOsAIIATA CTATHS € Ja e U3BbPINHM mperiten Ha cyber Killchain,
HEHHOTO IpeIHAa3HAYCHHME U Ha Ta3W OCHOBA JIa C€ MPEIACTABAT Bb3MOKHOCTHTE
Ha Kali LinuX 3a u3BbpIiBaHe Ha TECTBAHE Ha JIOKAJIHH KOMITIOTbPHH MAIIUHU
Ha MPEXKH OT TaKWBa, a ChIIO U HAKOU PE3YJITATH.

ChHOCT HA KMOepaTaKkuTe

CwriacHo 3akoHa 3a kubepcurypHoct Ha Pb [1] "Kubepamaxa e onut 3a
paspyliaBaHe, pa3KpuBaHe, IPOMEHSHE, 3a0paHa, KpakOa WM MoJlydaBaHE Ha
HEYII'BJIHOMOIIIECH JOCTHII 10/UTU HEYITbJIHOMOIIIEHO U3I0JI3BaHe HAa HH(opMaIu-
OHEH AKTUB".

N3BwpmiBa ce ot kubepnpectbiauiy (KI1), u3non3pamiy e1uH Uiy noBeye
KOMIIOTPU CpEIly €IUH WM MHOXKECTBO KOMIIOTpU uiau Mpexu. Kubeparaka
(KA) moke 3moHamMepeHo Ja JeakTUBUpPA KOMITIOTPH, Ja OTKpaJHE NaHHU, JIa
M3M0JI3Ba BeUe XaKHAT KOMIIOTHDP KaTo CTapToBa Touka 3a Apyru artaku. KII-te
W3MOJI3BAT PA3jIMYHA METOJIU 3a cTapTupaHe Ha KA, BKIIIOUUTETHO 3I0HAMEPEH
codTyep, GUIIMHT, ransomware, 0TKa3 Ha ycliyra, HapeJ ¢ IPYTrd METOIH.

GENI1 GENII GENIIl GENIV

Networks Applications EVAGET

2000 2010

@uezypa 1: [loxkonenus na kubep amaxu.

Kubep 3amiaxurte ot mokosienue V (Pur. 1) [5,6] Beue ca peanHocT 3a
ousneca. KA-te or Gen V ce paznuuaBar OT MPEAMIIHUTE MOKOJICHUS
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KnOepaTakH, 3all0TO ca MHOTOBEKTOPHH | mosimMopdHH ataku. KA-ta Moxe 1a
3armoyHe OT cMapTOH U Ja 3aBBPIIM B IIEHTHP 3a JaHHH, CJICI KaTO MPEMHHE
npe3 obnak. Te3su KA-ku ce mpukpuBaT 1o MHOTO J100Bp HauuH. Te u3mona3Bar
pa3IM4YHO ChABPIKAHUE BCEKHU ITBT, MOTAT JIa CE MACKHPAT C JICTUTUMHHU JICHCTBHSI
Ha MPWIOKECHHUS KaTO PEKIIAMHO ChIBp)KaHHE, KOETO MOXKE Ja Ce NPEBBbpPHE B
3noHamMepeH codryep.

Kuoep curypnoct ¢ metoaa cyber killchain

RECONNAISSANCE

Harvesting email addresses,
conference information, etc.

WEAPONIZATION

Coupling exploit with backdoor
into deliverable payload

Delivering weaponized bundle to the
victim via email, web, USB, etc.

Exploiting a vulnerability to execute
code on victim’s system

COMMAND & CONTROL (C2)

Command channel for remote
manipulation of victim

ACTIONS ON OBJECTIVES

With ‘Hands on Keyboard’ access,
intruders accomplish their original goals

@uzypa 2. Kubep gepuza.

Kubep Bepurara 3a youiictsa e aganrarus Ha cyber killchain [5,6] na Boen-
HUTE, KOATO € MOETAINeH IMOAXO0J, KOWTO MICHTH(HUIMPA U CIUpa BpakecKara
neitHoct. [IppBOHAaUamHO paspadboreHa ot Lockheed Martin [4,5] mpe3 2011 r.,
BEpUTaTa HU MIOKa3Ba Pa3IMYHUTE €TAIN Ha HAKOJIKO YECTO CPEIIaHu KHOepaTaku
¥ TOYKUTE B KOUTO €KUIBT [0 CUTYPHOCTTAa MOXKE J1a PEI0TBPATH, OTKPUE WU
NPUXBaHE HaIaaTeIUTe.

Kubep Bepurara e nmpeqHazHaueHa 3a 3amluTa Cpemry CIOKHU Kubeparaky,
U3BECTHU CBINO KAaTO aBaHTapaHU MocTosHHHU 3amiaxu (advanced persistent
threats), mpu KOWTO aTakyBalIUTe MPEKapBaT 3HAYUTEITHO BpEME B HAOIIIOJICHHE
u ianupane Ha KA-u. Haii-uecto Te BKitoYBaT KOMOWHAIMS OT 3JIOHAMEPEH
coryep; paHcbMyep, TPOSHCKM KOHE, TOINPABIHE W TEXHUKH 32 COIMATHO
WHXXEHEepCTBO U Jip. MiMa ceneM erana Ha Bepurara — ur. 2:

1. Pasysuasanemo e mbpBuar eran or Cyber Kill Chain. Bkiousa
NPOyYBaHE Ha MOTCHIIUAIHYU LIEJIH, MPEJIN J1a CE U3BBPIIN TECT 3a MPOHUKBAHE.
EtanmbT Ha pasy3HaBaHE BKJIIOYBA WACHTU(QHUIMPAHE HA TOTCHIIMATHH IIEJIH,
HaMHpaHE HA TEXHUTE YSI3BUMOCTH, OTKPUBAaHE KO TPETU CTPAHU Ca CBbP3aHH C
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TAX (M JO KaKBU JAHHU MMAT JIOCTHIT) U MPOYYBaHE HA CHIIECTBYBAIIM BXOIHU
TOYKH, KAKTO U HaMUpaHe Ha HOBM U Jp.. Pazy3HaBaHeTO MOXe Ja ce U3BbPIIH
OHJIAMH u oduraiiH.

2. Emanvm na svopwocasane na Cyber Kill Chain HactbBa, cien kato e
U3BBPIIECHO pa3y3HaBaHE W HalagaTeIsIT € OTKpWI IsiaTta HeoOxoauMma
uHbOpMaIus 3a MOTSHIMATHH LIeTH, KaTo ysI3BUMOCTH. B eTamna Ha BbOpbKEHUE
[sJaTa MOArOTBUTENHA 4YacT HA aTaKyBalllMsl € Ch3JAaBAaHETO HA 3JIOBPENIEH
coryep, MmonupuLIpaHe HA CHIIECTBYBAIIM WHCTPYMEHTH 3a M3MOJ3BAHE MPH
KA, xouto 1a ce usnosnssa cpeury uiaeHTuduimrpanara mes.

3. B erama Ha docmaska kubepopvoicusma M IPyruTe MHCTPYMEHTHU Ha
Cyber Kill Chain ce n3moa3Bart 3a IPOHUKBaHE B MpEKaTa Ha [IEJITa U JOCTUTAHE
no norpebutenure. JlocTaBkara BKIIIOYBA: M3MpalllaHe HAa (PUIIMHT HWMEWIH,
ChAbpKAIKM MPUKaYeHU (ailyioBe KbM 3JI0BpeieH codTyep ¢ peloBe 3a Tema,
KOHUTO MOJIKaHBAT MOTPEOUTENUTE 1a KIIMKHAT BBPXY TSIX; XaKBaHE B MpexaTa Ha
OopraHu3anusi C H3M0JI3BaHE Ha XapJyepHa WM codTyepHa YsI3BUMOCT 3a
MPOHUKBAHE B HES U JIP.

4. B erana Ha excnioamayusi, HaaJaTeNITe ce€ Bb3MOJI3BAT OT OTKPUTUTE
yS3BUMOCTH, 32 J]a IPOHUKHAT AOMBIHUTEIHO B MpeKaTa Ha JlaJieHa el U Ja
NOCTUTHAT LenuTe cu. EkcruioaTanmusTta MOXe Ja JOBENE HamaaaTreauTe 10
TEXHUTE LETU, aKO OTTOBOPHUTE 3a MpeXkaTa He ca MPHIJIOKHIIIA MEPKH 3a 3allUTA.

5. Cnen kato KII-Te ca ce Bb3MON3BAIM OT YSA3BUMOCTUTE Ha LI€JITA, TE
3anoyBar erana Ha nuHctanupane Ha Cyber Kill Chain: onutsar ce na nuacranupar
37I0HaMepeH coTyep U ApYru KUOEpopBKHs B IleieBaTa Mpexka, 3a Ja moemar
KOHTpOJIa BbPXY HEMHHUTE CUCTEMU U Jla U3BJIEKAT IICHHH JaHHU. B Ta3u cThIka
MOKE Jla C€ MHCTAIMPAT KUOEPOPHKUSI W 3J0BpEleH coPTyep, MU3MOJI3BANKU
TPOSIHCKM KOHE, CKPHUIITOBE, 3a/JIHM BPaTHYKW WM MHTEep(deiicu Ha KOMaHIHUS
pen.

6. B erama C2 (Comand and control) [4,5,6] ma Cyber Kill Chain
KHOEPIPECTHITHUIINTE KOMYHUKHAPAT C WHCTAJUPAHHS 3JI0BpPEICH coTyep B
MpekaTa Ha IIeJiTa, 3a Ja UHCTPYKTUPAT KUOCPOPHKUATA WU MHCTPYMEHTHUTE.
Hanpumep, HamajaTenuTe MOrar Jia M3MoI3BaT KOMYHUKAIIMOHHU KaHaJH, 3a Ja
HacoyaT KOMIIIOTPH, 3apa3eHu ChC 3j0BpeacH codryep “Mirai botnet”[7], na
npeToBapsT yeocaT ¢ Tpaduk uin C2 chbpBBHPH, 3a J1a U3MBJIHIBAT KOMITIOTPUTE
LM 33 KUOePHPeCThIICHUS.

7. Cnen kato KII-Te ca pazpaboTuian KuGepopbXusi, THCTAIUPAIH ca TH B
MpeKaTa Ha 11eJITa U ca M0oeJId KOHTPOJIa HaJl MpeKaTa Ha LeTa CH, T€ 3a104Bat
NOCJIEIHUS €Tall OT BEpUraTa: usnwvianenue na yeaume sa KA. Jlokato nenure Ha
KII-tre Bapupar B 3aBHcHMMOCT OT Buja Ha KA, HsSIKoM mpuMepu BKIIOYBAT
BHOpBHKaBaHE Ha OOTHET 3a MpeKbhCcBaHe Ha yciyru ¢ KA 3a pasnpesenen otkas
ot yciyra (DDoS), pasnpoctpanenue Ha 3y0BpefieH codTyep 3a KpaxkOa Ha
YYBCTBUTEIHH JIaHHU OT II€JieBa OpraHU3aIMs W U3MOJ3BaHE HA ransomware 3a
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KnOep M3HyIBaHE.

Mognena Ha Bepurara 1aBa Ha KuOep aTaKyBalluTe U3BeCTHA MHAWKALIUS 32
TOBa KaK OPraHU3alMUTE CTPYKTYpHpAT 3allUTaTa CH, KOETO MOXKE HEBOJIHO Ja
UM TIOMOTHE J1a 30erHaT OTKPUBAHE B KJIIFOYOBH MOMEHTHU OT KU3HEHHS ITHKbBII
Ha KA. Ot gpyra crpana, kubepaTaku IpOMycKaT WM KOMOMHHpAT CTBIIKH,
0cOOCHO TMpe3 mbpBaTa IMOJOBHHA HA >KU3HEHWS LUKbI. ToBa JaBa Ha
OpraHU3aIMUTE TIO-MAJIKO BPEME U BB3MOXKHOCT J]a OTKPUBAT U HEyTpalu3upaT
3aIyIaxy B HA4aJI0TO HA KU3HEHUS IIUKBII.

Bn3moxnocTu Ha Kali Linux

Onepanmonnara cuctema (OC) e ocHOBHUAT coTyep, KOUTO OTroBaps 3a
pabo[Tata Ha mamuHata. Hakou OC-Mu ca TpOEKTUPAHU 33 ONPEICTICHU IIEIIH.
OC 3a wMpexoBa CHTYPHOCT, AWUTUTAlIHA KPUMHUHAJIUCTHKA, TECTOBE 3a
MPOHUKBAHE WM €TUYHO XakepcTBo, € Kali Linux [2,3,10,11]. Tsa e nuctpudyuus
Ha Linux, u3Bneuena ot Debian, kosato ce noaaspxka ot Offensive Security [12].
Pa3paboten e ot Maru Axaponu u JleBbH KepHc. [IpoekTupana e 3a MpexxoBu
aHaJau3aToOpHU, TECTEpU 3a MPOHUKBAHE, 3a THUS, KOUTO pabOTAT IOJ| erujaTa Ha
KHOepCcUrypHocTTa 1 aHainu3a. He e nmpoexktupana 3a o011y 1eNH, U3M0JI3Ba CE OT
npodeCUOHANIUCTU (TECTEPU 3a MPOHUKBAHE, EKCIEPTU MO KUOEPCUTYPHOCT,
€TUYHU XaKepH) WU OT THSl, KOUTO 3HAAT Aa padotat ¢ Linux/Kali.

Xapaxkrepuctuku Ha Kali Linu:

» Q - IDS/IPS Identification
» Q = Live Host Identification
» Q + Network & Port Scanners

» @) - osinTa

» Q = SSL Analysis

e‘; dmitry

28 -
ﬂ legion

= netdiscover

Due. 3 Uncmpymenmu 3a cvboupane Ha uHgopmayusl.

Kali Linux [3] moxabpika moBeue oT 600 MHCTpyMeHTa 3a TeCTBaHE Ha
npoHukBaHe kato Nmap, Burp Suite, Wireshark, Metasploit Framework,
AirCrack-ng, John the Ripper u maoro apyru. Te3u HHCTpYMEHTH ca TOJIE3HH 3a
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XaKBaHE M TeCTBaHE 3a IPOHUKBAHE;
* Toii e HanTBbJIHO O€3IIaTeH U C OTBOPEH KOJI;

« Kali Linux nmommepxka HepapXxwueH cTaHAapT Ha daijoBara cUCTEMa WU
ceBMmectuM ¢ FHS (Filesystem Hierarchy Standard);

* [Togbprxa mHOKecTBO USB, Oe3xudHM yCTpoiicTBa U nHTEpdeiicu;

* SlnpoTo e nmepcoHaIM3uPaHO U C€ KOPUTUPA PEIOBHO 3a BCSIKA YSI3BUMOCT;

* Benukn makern u xpanwimiia ca noanucanu ¢ GPG (GNU Privacy Guard);

* [Tonabprka MHOKECTBO €3HIIH;

« Kanu moske n1a ce nmepcoHanu3upa HabJiHO. [loTpeburenure moraT Aa nepcoHa-
JM3UPAT BHHITHKS My BHUJI 110 CBOM H300D;

 [lognpwxkkata Ha ARMEL (Embedded ABI port)[7] u ARMHF (arm hard
float)[7] mpaBu Kali Linux mocteiHa Ha mmpoka rama ot ARM(Advanced RISC
Machines [6] ycrpoiicTBa kato Raspberry Pi u BeagleBone Black;

« Kali Linux nojgabpxa GyHKIHU 32 TOCTHITHOCT 3a MOTPEOUTENHU C YBPEIECHO
3peHHE ¢ IJIacoBa 00paTHa Bpb3Ka U OpailioBa XapayepHa MoaIphKKa.

Cnennannu xapakrepuctuku Ha Kali Linux:
* [lepconanusupawu ce 1SO: Bceku u3cinenoBaresl Ha CUTYpPHOCTTa UMa CBOU
coOcTtBeHH HYxau. [loTpeOuTenuTe Morar Jja reHepupar CBOs NEPCOHATM3UPAH
ontumusupat ISO ¢aiin ¢ u3dpan HabOp OT MaKeTw;
» Live Boot: Kali mogabpika Live Boot ¢ momormra Ha USB ycTpoiicTBo, 6e3 1a
BJIWSIC HA OTIEpallMOHHATA CUCTEMA Ha XOCTa;
* [llugpposane: Kali Linux npenoctaBs MEXaHU3bM 32 KPUIITUPAHE, 3aIMCAHUTE
daiinoBe na Morat jaa ce 3amutar ¢ nomoinra Ha LUKS Nuke konTeitnepu;
« Kali Undercover: Beamuusar sua Ha Kali Linux moxe na ce cmecu ¢ Windows
OS. Axo ce aktuBupa ¢ynkiuara Kali Undercover, MeHIOTO U paOOTHUSAT TUIOT
nie u3rnexaat kato Ha Windows OS. Tlone3Ho e, koraTo ce u3BbpIIBa NEHTECT B
KIIMEHTCKU O(HC;
» Win-Kex: Kali Linux Moxe fa ce u3mnosi3Ba ot nojcucremara Ha Windows 3a
Linux wiun WSL (Windows Subsystem for Linux);
» Kali NetHunter: ITpenoctaBst Android npuiioskeHHE ¢ OTBOPEH KOJI, KOETO MOKE
Jla ce u3mnoJi3Ba 3a oouuaiinu araku ¢ Bluetooth, ¢ USB, HID knaBuatypa u ap.;
* [looowvporca scaxa niamghopma: Kali pabotu B ARM, Bare Metal, Cloud (AWS
u Azure), konteiinepu (Docker, LXD), WSL u ot VirtualBox u VMware.

Kali Linux e emna oT Hal-yTBbpACHUTE AUCTpuOynuu Ha Linux 3a
TECTBAaHC Ha pa3IMYCH BHJ HWHCTPYMCHTH 3a XaKBaHC M HMa TOJISIMO
paszHooOpasue OT TaKuBa.

HNucrpymenTn Ha Kali Linux [8]
Nudopmanus, kosito Mmoxke 1a ce choepe ¢ Kali Linux upe3 uHCTpyMeHTUTE
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B JsicHaTa 4yacT Ha ¢urypara) B namnka Information gathering folder — ¢ur. 3:
* DNS 3amnmcy;
* IDS/IPS cpbutHs;
* MpexoBO ckaHHMpaHe 3a MOpToBe (MpeaocTaBs nHpopmalus 3a copTyepa Ha
cbpBbpa win ycayrure), MAC aapecu u 6aHEpH Ha CHCTEMHTE Ha LIENTA;
* otkpuBa OC-mu;
* Mapuipytusupase (MpeXoBU KOHPUTYpAIIHH);
* [TorpebuTtenu (Bie31M B 1ieseBaTa CUCTEMA, IPUBHIIETUU B aKAYHTA)
» Cucremna napopmanus. Enementn kato SMB (Server Message Block) —
MpPEKOB MPOTOKOJI Ha MPHIOKHO HUBO 33 OTHAJIEYEH TOCTHII), OTBOPEHH Mpe-
YKOBHU PECYPCH U pabOTEIlX MPOLIECH 3a MOTPEOUTEIICKU aKayHTH;
* SSL (Secure Sockets Layer, 3amuTeHu cucteMu 1 yeOcaiiToBeTe);
* paboremu VPN B Mpekara u oTopusupaHu Jim ca?;
* I'nac npe3 I[P (Ilpotokoina B cooctBena VLAN nu €? Morar i1 nakeTure Jia ce
npuxBaHat?);
* ycrporictBa padotst 1u ¢ SNMP (Simple Network Management Protocol)?;
* Morar Jiu UMelJT afjpecuTe J1a ce MpUXBaHaT 3a MMO-HATaThIIHU KUOEPIPECTHII-
JIeHUsI KaTO (UILMHT UIU PaHChMYeEp?.

Hncmpymenmu 3a paboma ¢ napoau (B asicHata yacT Ha gurypara) Ha Kali
Linux upe3 manka Password attacks — ¢ur. 4. [lankara cbappka HHCTPYMEHTH
3a pa30MBaHe HA MMapOJI U Ch3JaBaHE HA CIIUCHIM ¢ AyMU. Hakou oT TsX ca:

= o am ]|
|
== Favorites

@ Recently Used

EES Al Applications

? - Offline Attacks

G = Online Attacks

G = Passing the Hash Tools
Te® Settings — o vy _
U LA u . vord Profiling & Wordlists
_ sua pplications

Q 01 - Infor Gathering

ophcrack

N wordlists

@Duz. 4 Uncmpymenmu 3a paboma ¢ naponu na Kali Linux.

CeWL unctpymenT, koito padotu ¢ yaukaien URL aapec ¢ onpenenena
TBIOOYMHA, ClIe[IBa BHHINMHU BPB3KHM M M3BEXKIA CIUCHK C JIyMH, KOUTO C€
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U3IOJI3BAaT 3a pa3duBaHe Ha mapoiu. Moxe J1a ce cTapThpa OT KOMaHIEeH pejl.

Huctpyment Crunch 3a aTaka Ha mapoJid FeHepHpa CIUCHK C TyMH, KbCTO
CTaHJapTEH WM MEepCOHANIN3UpaH Habop OT 3HAIM MOXKeE Ja Objie Onpe/esieH 3a
u3noi3Bane — ¢ur. 5. ['eHepupa BCUUKH BH3MOXHU KOMOWHAIIMK OT MAapoJu B
MHOTO OBbp3 mpouec. Moxe ChIIO Taka Ja pa3Jielu pe3yJITaTUTE MO pa3Mep Ha
daiiia U NoaJpBHXKKa B ClAydail Ha 3aTpyaHeHue. Taka reHepupa OT4deT 3a
CBbCTOSTHUETO Ha MHOXKECTBO (haitJIoBe.

EF Wil ; 0L:32AM O

File Actions Edit View Help

Duz. 5 Unempymenm Crunch.

Huctpyment Hashcat ¢ enun oT Haii-nionmynspHUTE, ObP3U U EKCIEPTHH
MHCTPYMEHTH 3a Bb3CTAaHOBSBAHE Ha napoyin. Tol moaabpxka 5 pexxuma Ha KA u
HaJ 300 anroputmu 3a xemwupane. [logaepxa CPU, GPU u npyru xapayepHu
yckoputenu. MiMa MHOXECTBO Pa3JIMUHU OMIMHU 32 MOJJPHKKAa HA MHOXKECTBO
apryMEHTH MO BpeMe Ha Bh3CTaHOBSBAHE Ha IMapoJia.

Lrcon Hszxkopmeaua AHCTpyMeEHTapuyM “John the Ripper” e 6bp3 u Ha-
JEXKJIEH HHCTPYMEHTapUyM, KOMUTO ChABbPKa MHOTOOPONHU PEKUMU 3a KpaKBaHE.
[To moapa3bupane pabOTH ¢ MHOTO THUIOBE Xeml (GYyHKIUUA KaTO TPATUIIMOHEH
DES, bigcrypt, FreeBSD, MD35, Blowfish, BSDI pazmupen DES, Kerberos u MS
Windows LM xemoBe. Moxe na padoru cb¢ SHA u Sun MDS5 xemose. Toii
chio Taka nojabpka OpenSSH wactau kmtouoBe, PDF (aitnose, ZIP, RAR
apxuBu, Kerberos TGT. Fima MHOTO CKpHUIITOBE 3a pa3jiM4yHH LeiH, kKaTto unafs
(mpeaymnpexaeHue 3a ciabu maponu), unshadows (komOuHMpaHM TApOIH),
YHUKAJIEH (IyONHMKaTUTE CE MPEMaxBaT OT CIUCHKA C TyMH).

Jlpyru uHCcTYpMeHTH 3a padoTa ¢ maponu ca Medusa, Ncrack, Ophcrack,
Wordlists, Mimikatz.

[Mankara 3a Oe3zocuynu amaxu WMa WHCTPYMEHTH 3a mpoOuBane Ha Wifi
mpexu u Bluetooth ycrpoticTsa, eTo HAKOM OT HHCTPYMEHTHUTE: - (UT. 6

Aircrack-ng e Hal-ITMPOKO U3IMOJ3BAHUAT OC3KMUEH HHCTPYMEHT 3a KpaK-
BaHe Ha napoJiu. Tol e pamka 3a 0e3:KkUYHa CUTYPHOCT C HAOOp OT UHCTPYMEHTH,
U3I0JI3BAHU 3a yJaBsiHe Ha Oe3kudeH Tpaduk. M3mon3Ba ce 3a KpakBaHe U Bb3-
craHoBsiBane Ha WEP/WPA/WPA2 kmtouoBe. [TakeThbT OT HHCTPYMEHTH MOKE
Jla ce U3M0JI13Ba 32 U3BbpIUIBAaHE Ha HaOmoAeHe (yJIaBsiHE Ha MPEKOBUA TpauK),

92



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

aTaka, TeCTBaHe Ha Oe3kudeH xapayep. Hsakou ot pyHkuuute ca:

» MzmbansaBa ce Ha miatdopmu Windows, Linux, 10S u Android;

* Moxe n1a ce n3mnosi3Ba 3a ynassine Ha 802.11a/b/g Tpaduk;

» Hacrpoiika Ha m3MaMHa TOYKa 3a JOCTBII;

» KpakBane u Bp3cTaHoBsiBane Ha WEP nipeiBapuTeHo CrioiesieH Kiito4, CTaTHUC-
TUYECKH aTaku B KOMOMHa1us ¢ rpy0o ¢opcupane (mo-06p3 OT APYTrd HHCTPY-
MEHTH 32 KpakBaHe Ha WEP naponn);

» Moske 11a ce U3MoJ3Ba ¢ BCsAKa MpEXKOBa HHTEpPeEiicHa KapTa, KOSITO OIIbpiKa
HeoOpaOoTeH peXxkuM Ha HaOIIOICHHE;

» Mose na ce n3nom3Ba 3a kpakBane Ha WPA/WPA2 npenaputenHo crioaesieHu
KITIOYOBE C MTOMOIITA Ha aTaku, 0a3upaHu Ha PEUHUK.

Fern Wi-fi Cracker ¢ 6asupan Python. M3mnomi3Ba ce 3a u3BbpIlBaHe Ha
OJIUTH W aTaku 3a Oe3KWYHA CUTYPHOCT, 32 KpaKBaHE W BH3CTAHOBABAHE Ha
WEP/WPA /WPS xitouoBe (6azupanu Ha peYHUK WK aTaku, 6asupanu Ha WPS).
Moske na ce M3MoJi3Ba M 3a M3BBPIIBAHE Ha JIPYTH MPEXKOBHU aTaKH CpeEILy
0e3xu4YHM U KabemHu Mpexu. Hsikou ot GyHKIMHUTE My BKJIIOYBAT:

» M3nbnssBa ce Ha Windows, macOS u Linux mnatdopmu;
* Moxe na ce n3nomn3sa 3a kpakBane Ha WEP ¢ nomoinra Ha ataku kato ARP
Request Replay, Caffe-Latte ataku, Chop-Chop aTaku u apyru;

* Moxe 1a ce n3noia3Ba 3a u3BbpuiBane Ha rpyou araku Ha HTTP, HTTPS,

S e PRS- 2 3 4|
Q|

Ml Favorites » @ = 802.11 Wireless Tools
(*¥) Recently Used

(®) Rec y R @ .

I8 All Applications

%e® Settings

I} Usual Applications

Sathering

2 - Vulnerability Analysi

fa 10-Post

{ 11 - Foren
12 - Re

Duz. 6 Uncmpymenmu 3a 6e3xcuunu amaxu.

TELNET u FTP cvpBbpU;
* Moe 1a ce U31oJI3Ba 3a OTBIIMYAHE HA CECUU B PA3IUYHU PEKUMU KAaTO
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nacuBHHU pexxumu, Ethernet pexxumu u apyru;
 M3non3Ba aBromaTuyHa cucrema 3a KA Ha TOYKM 3a JOCTHIL.

Wifite ce nsnosn3a 3a emHoBpeMeHHO aTakyBane Ha WEP/WPA/WPS kpur-
TUpaHU 0€3KUYHU MpexH. MoKe J1a ce M3MOJ3Ba U 32 OJIUT HA O€3IKUUHU MPEKH
ype3 METoJa ,,HacTpoil u 3a0paBu’. Tol U3M0I3Ba HHCTPYMEHTUTE, CBBP3aHU C
Aircrack-ng, Reaver u PixieWPS. Hskou oT pyHKIIMHTE My BKJITFOYBAT:

* OTKprBa TOYKH 3a JOCTBHII IO TAXHATA CUJIa Ha CUTHAJIA U KpaKBa ITbPBO Haii-
OJM3KUTE TOYKH 3a TOCTHII,

« ABTOMaTu3upaHe u nepcoHanuszumnane npoueca Ha KA (c macrpoiiku Ha WEP/
WPA Han onpezenena cuia Ha CUTHaja, KAHAIIW U JIPYTH);

* Moske /1a ce M3MoJ3Ba 3a yJaBsiHe Ha HeoOXouMaTa MH(popMalius, Heo0XouMa
3a pixie-dust ataka ot nacTpymenTa PixieWPS.

* [IpaBu aTakyBaius aHOHUMEH upe3 npomsina Ha MAC anpeca Ha aTakyBalus
npeau KA u korato T4 € 3aBbplICHa.

Jlpyrd WHCTYpMEHTH 3a pabora ¢ O€3KMYHM YCTpOICTBa IMapoju ca
PixieWPS, WireShark, Spooftooph 3a paboma ¢ Bluetooth ycmpoiicmeéa u op.

Cnen ckanupase, cbOuMpaHe Ha MH(POpPMalMs U HAMUPAHE Ha YA3BUMOCT
UJBa OCHOBHATa KOHLEMUHUSA 332 XaKBAHE UPE3 U3NOA36AHE HA YA36UMOCHMU.
Hsxon mHcTpy™mEHTH ca:

C Nmap morat na ce HamepsT padoTel XOCTOBE B MPEXka, J1a CKAHUPAT U
UAEHTU(ULIMPAT OTBOPEHH MOPTOBE, KOUTO Ca YSI3BUMHM 3a aTaKU OT XaKepH, 3a
HamupaHe Ha u3nonsBaHata OC, Taka 4ye ysI3BUMOCTHUTE J1a ObJIaT U3MO0I3BAHH.

Pamkara Metasploit e momeH nHCTpYMEHT 3a chOMpaHe Ha MHPOpMaLus,
TECTBAHE HAa NPOHMKBAHE MHOTO JIECEH 3a u3noi3BaHe. [lon3Ba ce oT eTudyHM
xakepu u ot KII 3a unentudunupane Ha ysa3BUMOCTH B MPEKU U ChPBBPHU.

Maltego nmaBa BB3MOXKHOCT Ja C€ H3MOJ3BaT TIpadudHo OasupaHu
MHCTPYMEHTH 3a U3BJIMYAHE HA JaHHU, MPEKOB aHalu3 U Buzyanusanus. [lon3sa
ce B 3a/1auu 3a cbOupaHe Ha uHpopmarus 3a [P nuanasonu, kaprorpadupane Ha
JIOMEVHU, HAMUPAHE Ha CBbP3aHU YCTPOWCTBA B MpEXKaTa U Jp.

Wireshark e yecto n3mnon3Banu HHCTPYMEHTH 3a W3BJIMYAHE HA TAKETH, .
M3non3Ba ce OT CrienruagIucTy N0 KUOEpCUTrypHOCT, MPEKOBU aIMUHUCTPATOPH U
XaKepu 3a chbOMpane Ha MHGOPMALIHS OT MPEXH. MPEKOBUTE MAKETH ChAbPKAT
n3obunne ot nHpopmanus 1 Wireshark ynasst Te3u 1aHHU 32 O-KbCEH aHAJIMU3.

Netcat e MHCTpyMEHT 3a Ch3J]aBaHe Ha IPOCTH BPB3KU MEKY XO0CTOBE. Mo-
ke na ce u3noisBa U 3aeqHo ¢ TCP u UDP npouokonuTe 3a CKaHupaHe Ha
NOPTOBE WJIM Ch3JaBaHE Ha 3aJHM BpaTUYKU. Moke Jja yeTe U 3amucBa JaHHH,
aKo ca KoHpurypupanu mnoaxonsauure noprose. llogxoxsm e 3a Tectep 3a
MIPOHUKBAHE TIPH paboTa B 001acTTa HA KUOEPCUTYPHOCTTA.

SQLMap e uHCTpyMEHT C OTBOPEH KO/, KOWTO Ce M3I0JI3Ba 32 aBTOMATHU-
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3MpaHe Ha Ipolieca Ha pbUHO UHXKekTupane. [lonabpixa 34 6a3u JaHHU, BKIIOYH-
teaHo MySQL, Oracle, PostgreSQL u nip.

3akiioueHue

B ta3u cratus e HanpaBeH nperien Ha cyber killchain, npeqnaznauennero
W, HEHHaTa CTPYKTypa, €Tany Ha H3IbIHEHWEe W uen. Ha Ttasm ocHoBa ca
npenacraBeHu xapakrepuctukure Ha Kali Linux, uHcTpyMeHnTu 3a chOupane Ha
uHpopMaIus, 3a paboTa ¢ mapoidu W ¢ Oezkuuam Mpexu. OcBeH ToBa ca
NPEICTaBEHN W HMHCTPYMEHTH 3a HW3IMOJI3BAaHE Ha YSA3BUMOCTUTE, aHAIW3 Ha
chOpaHaTa nHMOpMaIIHS.

[Ipunoxxenne ©Ha wuHcTpymMeHTH Ha Kali Linux 3a TecTBaHe Ha
nponukBadero (Intrusion Detection Systems — IDS), 3a peructpupane wu
npeBeHius Ha nponukBanus (Intrusion Detection and Prevention Systems —
IDPS) e eqHo OBiemo TakoBa TOJIC 3a U3CIICIBAHE.
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4G 1 5G MOBMJIHM KUVIETKU B I'PAL BEJIMKO TBbPHOBO

Hopnan Lllepes
Kanosn KoJieB

4G AND 5G MOBILE CELLS IN THE CITY OF VELIKO
TARNOVO

Yordan Shterev
Kaloyan Kolev

Abstract: The aim of this paper is to present the results of a study on the number of
mobile cells using data applications based on a sample collected over four days in an
operational network in the city of Veliko Tarnovo, Bulgaria. Data on the number of mobile cells
were obtained by measurements. UE was connected to 4G and 5G radio base stations located
at different locations in the city.

Keywords: 4G, 5G, Mobile cells, User equipment.

1. BbBeaenue

B renekomynukamuute 5G (5-TO MOKOJIEHHUE) € TEXHOJIOTUYHUSAT CTAaHAAPT
OT METO NMOKOJIEHUE 3a IIUPOKOJIEHTOBU KIEThUHHU MPEKHU, KOUTO KOMITAHUUTE 32
KJIETHYHU TeJle(hOHU 3aroyHaxa J1a BHEAPSABAT B CBETOBEH Maiad npe3 2019 r. u
€ IUTAHUPaHUAT HacsieqHUK Ha 4G(4-To MOKOJIEHUE) MPEXUTE, KOUTO OCUTYPSIBAT
CBBP3aHOCT C MOBEYETO ChBpeMeHHU MoOuiaHU Tenedonu. [Ipensmwxna ce 5G
MpEXUTE Ja UMaT nosede ot 1,7 Munuapaa aboHaTH U Ja npeacranisBar 25% ot
CBETOBHUSA Nazap Ha MOOUITHU TexHonoruu 1o 2025 r., cnopen GSM Association
u Statista.[1][2].

BbposT Ha 5G rnobanHuTe BPH3KHU C€ OYaKBa Ja JOCTUTHE €UH MIUTHAP]]
npe3 2022 1. — mudpa, KOATO Ce 09aKBa Jia ce€ yABOM 110 1Ba Muiuapaa 10 2025 r.
— J1I0 KOUTO MOMEHT 5G BpPB3KHUTE IIE ChCTABIABAT €HA YETBBPT OT BCUUKHU
MOOHIIHU YCTPOMCTBA BPB3KH. [3].

3a mpaBWIHOTO (YHKIMOHHpPAHE Ha MOOWJIHATa Mpeka € HeoOXOoauMm
ompesieieH Opod KJIETKM B JajgeHa 30Ha, KOWUTO Ja OCUTYpsSBAT HEHWHOTO
MIOKPUTHE.

(2) S= PG/47R?,
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KbACTO S naemnocm na MmowHocmma,

Pe 3axpaHedHe Ha anmeHnama,

G € yCujleaHe Ha MowHocmma Ha aumeHnama,

R € pascmosHue 00 yeHmwvpa Ha usivd4eaHe Ha aumeHama.

HuBara Ha u3X07Ha MOIIHOCT Ha aHTEHaTa B peasHa paboTa obaue KaTo
ISJI0 Ca MHOTO MMO-MajJKh OT MaKCHUMAallHO BB3MOKHATa MOIIHOCT MOpaH
pa3nuuHu GaKkTopu, KaTo OTpa3siBaHe, MOTIbIaHe, Tudpakuus u ap.

O6apuBaneTo Ha xopa ot paauodectotHu (RF) EMII, uznbvuBanu ot UE, e
IIPABOIPOIIOPLIMOHAIHO HAa HETOBaTa U3XO/ISIIa MOIIIHOCT:

(3) Py=aD/ at,

KbAETO Py € MOILITHOCTTa Ha MOT'bJIHATA 1034,

At — BpeMeTO 3a HaTpYIIBAHETO Ha J03aTa;

AD — norsiHara no3a.

EnexkTpoHHHMTE Npexoau BB3HUKBAT B aTOMHUTE U MOJIEKYJIUTE MOPaIU
abcopOusATa UM U3JIPYBAHETO HA €JIEKTPOMArHUTHO JbueHue (00ukHoBeHo UV
wi BuauMo). [IpoMsHata Ha eHeprusTa, CBbp3aHa C MpPEeXoja, € CBbp3aHa C
YECTOTaTa Ha €JEeKTPOMarHuTHATa BbJHA 4Ype3 ypaBHeHueTo Ha [lnank (1),

B 5G gecrorute Bapupart ot 3 10 30GHZz[4]

B Hacrosimara cTtatus ca TpenCcTaBeHH U OOCHICHU pE3yIATaTH OT
HaIpaBeHH W3MEPBaHUs HA T'bCTOTATA, YECTOTHUTE JICHTH U PA3MOJI0KEHUETO Ha
GSM kietku ot paszmmunu nmokosieHust ype3 UE (User equipment).

2. MeToau

N3mepBanus Osixa npoBeneHu B mpexxkara Al B bbiarapust ¢ momorra Ha
mobwmitHo npuiokeHue 3a NetMonitor(durypal.)[S]. To uMa BB3MOKHOCT Ja
nokas3Ba pasmmupena napopmarus 3a 2G / 3G / 4G / 5G (NSA u SA) kierpuHa
Mpeka M HaOJI0JJaBaHe ChCTOSHUETO Ha KJIEThUHAaTa Mpexka upe3 chOupaHe Ha
JaHHM 32 KJICTHYHH KyJIu. OTKpHUBA CHIIO arperupanu Hocurenu. Mapopmarusata
€ MPEeACTaBeHAa U CE pa3mIekaa B Pa3IUIHU Pa3aeiu:

Paznen Cell e nauanHus expan moka3Bari MOOWIHHS ONEPaToOp, THITHT U
MOKOJICHUETO HAa MOOWJIHATa MpEeXka, CHCTOSHUETO Ha MpeEKara, 4YeCTOTEH
WHTEpBANl W JyIJIeKCeH pexuM. B pazgena cbmo wuma wHboOpManus 3a
obcy>xBarniara kietka: TAC (Location Area Code/Tracking Area Code), Cl (Cell
Identification), PCI (Physical Cell ID), EARFCN(E-UTRA Absolute Radio
Frequency Channel Number), RSSI(Received Signal Strength Indicator),
RSRQ(Reference Signal Received Quality), RSSNR(Reference Signal Signal to
Noise Ratio), agpec cropen 3agaHus MpH MPOrPaMUPAHETO Ha OOCTy»KBallaTa
kiaerka, TA(Timing Advance), koiTo moka3Ba MPUOJU3UTEIIHO PA3CTOSIHUE 10
kietkara. Ilokasana e W wacT OT cbmara wHGOpMANMS 3a ChCeAHU(HE
oOCy>XKBalli B MOMEHTa KJIETKH), KOUTO Ca MPEJIoaraéMu 3a M3IMOJI3BaHE B
clieJIBall] MOMEHT.
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B pa3znen Log e noka3zaHa yHuKajeH UACHTU(UKATOP, YECTOTA U 3a/1aJCH
aZipec 3a 3amucaHU KJIETKH, KOMTO ca OWJIM W3MOJI3BAaHU B JAJEH IpeIUlIeH
MOMEHT. B pa3zena moxe 1a ce moka3Bat 0a3a JaHHU ChC chUIaTa MHPOpMAaIUs
3a KJIETKUTE cBajeHa ot Internet.

B paznen Map e mokazaHa xapTa ¢ TOUHHUTE MECTOIOJIOKEHHUS, 3a/1a]IeH
aZipec M pa3CTOSIHUE 10 U3MOI3BAHUTE B MPEAUIIEH MOMEHT KIIETKH.

Paznena Wi-Fi moka3Ba HanumyHWTE MpEXH C TSAXHATa UIACHTU(UKAIUS,
YHUKAJIHO HMM€, 4YeCcToTa, KaHal Ha paboTa W cujia Ha HU3TbYBaHE, CIOpPE.
MECTOIOJIOKEHHUETO M.

Ogersior: 284 01 (A1 BG) 1]

TE + 5G NSA (CONNECTED)
State: IN SERVICE

e:43.079827 Longiude: 25.601676 (249 M-Tel 9301 =32
cy: 23 (m) Altitude: 285 (m) Bearng - Speed: - 48:7b:6b:26:93:10 HUAWEI TECHNOLOGIES CO.LTD

): Beniko Toptioso, 5031, brarapua avider N Fix time: 21.10.2022 1. 13:47:21 u, 2452 Miks CHeS: 20 Mi2e=Om
26201 3968004 9 20:23 [¥PAZ-PSK-CCMP4TKIP][RSN-PSK-CCMP+TKIP|[ESS
e » 300 {B1:2100) » LOGRECORDING c
1 1 T E A
16204 (m), Benko TpHoBo, 5031, Buarapus SESSION az,‘_/—\_/\
26201 3968006 17 1732 /

37

lie » 300 (B1:2100)

s LS Scan  192.168.100.15

14C: 26201 CI: 3968151 #C1 9
ARFCK: 2950 (B7: 2600) R5S -57 dBm BuArapws

RSRQ 12d8 RSSNR: 2 dB 26201 3968001 9 17:26 “F@a9) petrov_telnet e
¢ (m) A 275 (B3 1800+]

bpHOBO, 5031, Bbnarapy N

C1 17 EARFCN: 2050 (B7: 2600)

£8:d1:11:b8 73 9a TP-LINK TECHNOLOGIES CO.,LTD.

) K( )BO, YN ,H ( 2457 MHz CH:10 (8) 40 MH
RSS1 <75 dEmm -10dB EalloHSdNageH; Bnio ThpHoR0, buArdpus 2;29 Haumonanen [vep: CeMPIEss]
109 ] =c1 13 EARFCN 2950 (B7: 2600) 25.27)711??56:8?303;_1.7 e BOCHCH St BII A anuesx@\/ VACOM._Fib
RSS<75 dBim sRQ:20 dB feriefales a0y . yHVIBepCVITE“ Cynepua 04:25:20:0f 6e6d Talcang Ts.w Electronics
- — g i SEUCTR ,Bacu E"’"" 5560 Mz CH 112(105) 80MHz ~5m
: , e 5 ‘ {26200/46858], o [WPA2-PSK-COMP][RSN-PSK-COMPI[ESS]
26201 33732333 140 R S T . OM_FiberNet_766F (=
[ 5(B3: 1800+) g . Koo 4 04 25:¢0:0f:6e:69 Taicang T&W Electronics
UKo THPHOBO, 4, 5049 Benuko [26201/3968003 |26201/136A2393p H1 20MHz ~16m
80, Bbnrapu: Benuko TbpHoBO COMPJ[RSN-PSK-CCMFI[ESS]
1001 ‘ o MOBAN [@ hidden*
T Coﬂo Yepkeaos” (| 06:25:e0:4f:6e:69
) JleneHuk 26201/3968152 2412MHz CH:1 20MHz ~16m
= a [WPA2-PSK-COMP][RSN CMPI[ESS]
e BeH3MHOCTaHLM:
o LI )
o Rl ;
. i W e EbAranms 26201/3968002 ‘ a8:74:84:db:c7:16 zte corporation
26201 38732810 09:54 ‘ :&W WP]
o 1275 53 18004 anagra cuxo@ ABUp
1602 (1 . : IMULLAEHA 26201/3968005]
Byiit K. AK 30HA _C716_ =)
4 p e = a8:74:84:db:c7:18 zte corporation
PrOTo - = Google 5500 MHz CH:100 (106) 80 MHz ~49
76201 RRTIRRA R 49 g Dﬂﬂﬂao T n‘), Bt o
= .
vy = T W 3 7 W L 7w

@uzypa 1. Mobunno npunoscenue NetMonitor

Crope1 OKOJIEHUETO M TEXHOJIOTHATA HAa MPEKaTa 3a KOSTO CE M3IOJI3BAT
AaHTEHUTE M KJIIETKUTE Ce pasanyaBaT eaHa oT apyra. Hait-o6mro morar ga 0baar
pasmenenn Ha GSM(2G), WCDMA(BG-UMTS), LTE(4G), NSA(G)[6].
OTaenHO BCSAKO IOKOJIEHHE CE XapakTepusupa ¢ ocobeHa 4ecToTa, YeCTOTEH
UHTEPBAJI, CHCTEMA 3a JJOCTHII U PA3IUYHO AP0 Ha MpEXKaTa.

Taoauua 1. Cnucek Ha GSM nokoJieHus
FEATURES

Start/Development 1970/1984 1980/1999 1999/2002 2000/2010 2010/2015
Technology |PS, NMT, TACS GSM WCDMA LTE, WiMax MO, mm Waves
Frequency 30 kHz 1.8 GHz 1.6 -2 GHz 2-8GHz | (1)*3-30Ghz
Bandwidth 2kbps | 14.4 — 64 kbps 2 Mbps |0 Mbps — 1 Gbps |Gbps and higher
AccessSystem FDMA | TDMA/CDMA CDMA CDMA | OFDM/BDMA
Core Network PSTN PSTN | Packet Network Internet Internet

*-3a NSA u npyr tun mpexun
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CorinacHo TabOamia 1 ¢ BCIKO ciedBallo IMOKOJIEHHWE CE€ IOBHINABA U
YeCcTOTa Ha CUTHAJIUTE B MpekaTa. ToBa 00ycliaBsi M3MOJI3BAHETO Ha MOBEYE HA
Opoli aHTEeHH 3a JjaJieHa IO,

Taoéauna 2. CiuchLK ¢ 0aHI0BE U Y€CTOTH
BAND JTUATIA30H
oT pace}
HF 8 MHz 30 MHz
VHF 0 MHz 3 MHz
UHF .3 GHz 1 GHz
L 1 GHz 2 GHz
S P GHz 4 GHz
C 4 GHz 8 GHz
X B GHz 12 GHz
Ku 2 GHz 18 GHz
K 8 GHz 26 GHz
Ka 6 GHz 40 GHz
Vv 0 GHz 75 GHz
W 5GHz 111 GHz

Ceraacuo Tabmuma 2 pasznuunaute nokosieHus B GSM mpexara criopen
YECTOTHHS UM JWaIla30H nomnajaat B pa3auyau 6angose. Karo 4G nmomagaB L u S
band, a 5G Beue ot S 10 K band.

3. PesyaraTu

N3cnenpanero Oemie HampaBeHo mnpe3 mnepuoga ot 14.09.2022 r. nmo
18.09.2022 r. npu cBbP3aHOCT KbM PA3JIMYHM KJIETKH, MPUHAIIEKAIM KbM Al
boearapus B 5G NSA mpexa B rpag Benuko TepHOBO. Besika kiieTka cbOTBETCTBA
3a MOKPUTUETO Ha Teorpadcka 06s1acT, B KOSITO UMa JIOCTHII 10 PAJAUOCUTHAIHUTE
U3I'bYBAHU OT IIPE/IaBaTell B ONPE/IEICH KaHAI U OTIPEIETICHO MTOKOJICHUE MPEeXkKa.

B wuscnenBanero pe3ynaTaTUTE ca COPTUPAHU B KATETOPUHU  CIPSIMO
MOKOJICHHETO U Y€CTOTa Ha KJIETKAaTa B Mpexara.

3.1. 4G u 5G moOuaHu KJeTkH B rpaa Besuko ThpHOBO Ha onepaTop
Al

Tab6aunua 3. M3mepBanus Ha MOOMITHM KJIETKH B rpaja Bemnko TepHOBO Ha oneparop Al

Ne Cell Id | Net- | Down- Up- Latitude | Longitude | dBm Anpec
work link link rpax Beauko Teproso 5000
Type Freq Freq
(MHz) | (MH2)

1| 3968001 4G | 18125 | 1717,5 | 43,078682 | 43,078682 -97 | ,,Hum* 7, 5006 Paiton 3amancu
2 | 3965444 5G 2140 1950 | 43,072628 | 25,621753 | -96 yiL. ,,Maructpanna‘“, 5003
3 | 3980805 5G 2140 1950 | 43,072978 | 25,619373 | -106 Pation 3ananen, 5002
4 | 3806725 5G 2140 1950 | 43,072993 | 25,619226 | -99 | Oy ,,Kpakos* 2A, 5005 Paiion

3anajcH
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5| 3965446 5G 2140 1950 | 43,073159 | 25,61828 -92 , 5002 Bearapus
6 | 3965444 5G 2140 1950 | 43,07319 | 25,617951 -87 yi. ,,Maructpanna‘“, 5003
7 | 4131845 5G 2140 1950 | 43,073259 | 25,617754 -91 , 5002 Bearapus
8 | 3806728 5G 2140 1950 | 43,073573 | 25,615385 -85 | oym. ,,Kpakos* 4A, 5005 Paiion
3anazeH

9 13642245 5G 2140 1950 | 43,073688 | 25,61436 -72 1. ,,Maructpamna“ 17, 5002 x.K.
3ona b

10 | 3806725 5G 2140 1950 | 43,07371 | 25,61412 -72 | oyn. ,,Kpakos“ 2A, 5005 Paiion
3anazeH

11 113642245 5G 2140 1950 | 43,074023 | 25,610331 -83 , 5031, Bearapus
12 | 2762245 5G 2140 1950 | 43,074133 | 25,608735 | -81 JIBOP Ha JBOPEII JICBCKH, OYJI.
,,Kpakos* 3, 5005 x.x. Komto

duyeto

13 | 3980805 5G 2140 1950 | 43,074439 | 25,62633 -83 yi. ,,Maructpanna‘“, 5003
14 | 3978548 3G 947,8 | 903,8 | 43,074567 | 25,606722 -80 yi1. ,,Maructpanua“, 5003
15 | 3978244 5G 2140 1950 | 43,074599 | 25,606662 -87 yi1. ,,Maructpanua“, 5003
16 | 3978245 5G 2140 1950 | 43,074856 | 25,606067 -91 yi1. ,,Marucrpanua“, 5003
17 | 3980804 5G 2140 1950 | 43,076248 | 25,627977 -82 yi. ,,Maructpanna‘“, 5003
18 | 3978244 5G 2140 1950 | 43,076778 | 25,605268 -712 yiI. ,,Maructpanna®,
19 | 3870725 5G 2140 1950 | 43,077025 | 25,62883 =77 yi. ,,Maructpamnsa‘“, 5003
20 | 3968004 5G 2140 1950 | 43,077526 | 25,605145 -67 yi. ,,Maructpamnna‘“, 5003
21 | 3970565 5G 2140 1950 | 43,077601 | 25,628925 -88 | ym. ,,Axanmsa” 6, 5000 LleHTsp
22 | 3978246 5G 2140 1950 | 43,077689 | 25,604804 -73 *k.K. Koirro @uuero, 5005
23 | 3968004 5G 2140 1950 | 43,07821 | 25,603787 -81 . ,,I'eopru bakamos®, 5005 x.k.
Koo ®nuero

24 | 3870724 5G 2140 1950 | 43,078319 | 25,628938 -76 | yn. ,,Crpamua” 8, 5000 Paiion
3amageH

25 | 3970565 5G 2140 1950 | 43,078486 | 25,628994 -83 | ym. ,,Akanmsa” 6, 5000 LlenTsp
26 | 3870724 5G 2640 2520 | 43,078713 | 25,629178 -76 | yn. ,,Crpamuna” 8, 5000 Paiion
3amnageH

27 | 3968006 5G 2140 1950 | 43,079507 | 25,601453 -88 | yn. ,,Kosmymxka“, 5002 3anamHa
MPOMUILICHA 30HA

28 | 3968004 5G 2140 1950 | 43,079641 | 25,60146 -79 *k.K. Koirro @uuero, 5005
29 | 3873282 5G 2140 1950 | 43,080072 | 25,605152 | -80 |,,Apxurekr ['eopru Ko3zapos* 1,
5005 x.x. Komro dugero

30 | 3970565 5G 2140 1950 | 43,080252 | 25,630815 -94 | yn. ,, Axanusa” 6, 5000 Leatsp
31 | 3968001 4G | 1812,5 | 1717,5 | 43,080305 | 25,605216 -90 | ,,Humr* 7, 5006 Paiion 3amnanen
32 | 3868163 4G | 1812,5 | 1717,5 | 43,080488 | 25,612428 -86 |OcBoboxaenne 124, 5006 xk.K.
Axanus

33 13642241 4G | 1812,5 | 1717,5 | 43,080515 | 25,612079 -82 , 5031 bearapus
34 | 3873282 4G | 18125 | 17175 | 43,08063 | 25,605373 -84 |, Apxurekr ['eopru Kozapos* 1,
5005 x.x. Komro duyero

35 13642243 4G | 1812,5 | 1717,5 | 43,080639 | 25,608202 -78 n ,Iloarasa" 1, 5005 x.x. Koo
duyero

36 | 3896325 5G 2140 1950 | 43,080799 | 25,631557 -86 | ,,Mapno noe” 8, 5000 LieHTHp
37 | 3970566 5G 2140 1950 | 43,080984 | 25,62591 -81 5000 x.x. Axkanus
38 13642241 4G | 18125 | 1717,5 | 43,081169 | 25,612307 -72 yi1. ,,benskoBCKo 1moce*, K. K.
Axanus

39 | 2626565 5G 2140 1950 | 43,081449 | 25,625432 -85 yiL. ,,Uepau Bppx“, 5000 *x.K.
Axanus

40 | 3970564 5G 2640 2520 | 43,081453 | 25,632519 -82 | Anekcangep Ilenues” 9A, 5000
Benuko TspHOBO LleHTHED
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41 113642243 5G 2140 1950 | 43,081665 | 25,611915 -90 | ym. ,,benskoBcko moce” 1, x.K.
Axanus

42 | 3896326 5G 2140 1950 | 43,081802 | 25,632885 | -67 | Oyx. ,,Xpucro bores* 3-1, 5000
IleHTBp

43 | 4113926 5G 2140 | 1950 43,0826 | 25,630317 | -59 |ymn. ,3enenka“ 21, 5000 LienTnp

44 | 2626564 5G 2140 1950 | 43,082776 | 25,624895 -75 1. ,,Anexo Koucrautunos®, 5000

45 | 3873282 | 45G | 18125 | 1717,5 | 43,083053 25,6113 | -94 |, Apxurext ['eopru Kozapos® 1,
5005 x.k. Komto duuero

46 | 13642243 4G | 18125 | 1717,5 | 43,083162 | 25,611335 | -97 , 5031 bwarapus

47 | 3873281 4G | 18125 | 1717,5 | 43,083356 | 25,611233 | -100 |, Jumutsp byitHo30B* 38, 5000
K.K. AKanus

48 | 2626566 5G 2140 1950 | 43,083372 | 25,621788 -92 |Aneko Koncrantunos* 29, 5000
K.K. AKanus

49 | 2626564 5G 2140 1950 | 43,083657 | 25,628654 | -102 , 5031 bearapus
50 | 2626563 4G | 18125 | 1717,5 | 43,083773 | 25,619961 | -95 |.,Kamen 3unmapos® 6, 5000 x.k.
Kaprtana
51 | 3896323 4G | 18125 | 1717,5 | 43,083774 | 25,628888 | -105 [n. ,,l{anko Llepkoscku* 10, 5000
IlenTsp
52 | 2626561 4G | 18125 | 17175 | 43,08378 | 25,628896 | -101 yi. ,,Maructpamnna‘“, 5003

53 | 3873281 4G | 18125 | 1717,5 | 43,083816 | 25,620174 -90 |,,Jumursp ByitHo30B“ 38, 5000
JK.K. AKanus

54 | 2626563 4G | 18125 | 1717,5 | 43,08382 | 25,620372 | -93 |.,,Kamen 3umapos® 6, 5000 x.k.

Kaprana

55 | 2626561 4G | 1812,5 | 1717,5 | 43,083872 | 25,628995 | -100 yi. ,,Maructpamaa®, 5003
56 | 3896323 5G 2140 1950 | 43,08398 | 25,629086 | -108 1. ,Ilanko LlepkoBcku“ 10, 5000
57 | 3896326 5G 2140 1950 | 43,08398 | 25,629086 | -106 yi. ,,YepHu Bppx*, 5000
58 | 3896322 5G 2140 1950 | 43,084122 | 25,632834 | -93 ., Xpucro Kapamunkos* 10-16,
5000 Benuxo TepHOBO

LleHTBp

59 | 4113925 5G 2140 1950 | 43,084201 | 25,633147 | -98 yi. ,,ITon Marei

[peobpakencku 17, 5000
K.K. Bapyma-cesep

60 | 3970564 5G 2140 1950 | 43,084256 | 25,634309 | -85 |Anexcanmgsp [lerues” 9A, 5000

61 | 3896326 5G 2140 1950 | 43,084296 | 25,633754 | -85 p1. ,,Xpucro Kapamunkos* 18-30,
5000

62 | 4113925 5G 2140 1950 | 43,084391 | 25,634352 | -77 yi. ,,ITon Marei
[peobpakencku 17, 5000
K.K. Bapyma-cesep

63 | 4113924 5G 2140 1950 | 43,084502 | 25,634438 -84 . ,,Ompmaencka” 56, 5000 x.k.
Bapyua-cesep

64 | 3896324 5G 2140 1950 | 43,08462 | 25,634197 | -100 . ,,Pe3epoapcka™ 2, 5000 x.k.
Bapyua-cesep

65 | 4113927 5G 2140 1950 | 43,084708 | 25,634589 | -89 yi. ,,Ilom Mareit
IIpeobpaskencku 17, 5000
K.K. Bapyma-cesep

ITo Bpeme Ha u3cnenBaneTo Osixa chOpaHu JaHHY 32 65 MOOMITHH KJIIETKHU B
rpaga Ha wmoOuneH omneparop Al(Durypa 2). beme oryeTteH TOYHHS
uaeHTU(PUKATOp Ha Besika kieTka. OTnenHo € cbOpana nHdopMalus 3a TOUHUTE
gyectotd Ha UPlink u downlink. 3a Bcuuku kieTkH € mokasaHa HHPOpPMAIHUS KOe
MOKOJIEHHE OT MpekaTta MoraT ga obciyxsar. Upe3 reorpadcka mupuHa u
JT'bJKMHA € MOKa3aHO TOYHOTO UM MeCTonoJioxkeHue. M Hakpast € 3amucaH ajapeca
Ha KOWTO Ca MOCTaBEHU B Irpaja.
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JlaHHUTE OT W3CIEIBAHETO ca COPTUPAHU B KaTErOpPUU CIOPE]
MTOKOJICHUETO HAa MpeXkaTa, YeCTOTH U MECTOMOJIOKECHHUE.

#w(Google Earth

@uzypa 2. 4G u 5G modbunnu knemku na onepamop Al 6 epao Benuko TvpHogo

3.2. 4G n 5G MOOMIIHM KJIETKH B 30HA OT €IUH KBaJpaTeH KHJIOMEThP
Ha oneparop Al

Bbenie nzbpana 30Ha OT euH KBagpaTeH KuioMeTsp (Purypa 3), KosiTo € B
pamkuTe Ha Tpaaa. B 3omara momagatr moOumHuM kietku c¢ CID: 3965443,
4131842, 3806722, 13642392, 3978391, 3968005, 3968002, 3978392, 3873282,
2762245, 3806725, 3873433, 46858, 46807, 3978246, 3868313, 13642391,
3968001, 13642244, 3868163, 3873284 u 2626563 (006110 22 Ha Opoit).
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@uzypa 3. Mobunnu knemxu Ha onepamop A] 6 30Ha OM ec)uH K8aOpameH KUiomemvp

4. Ananusu

[To Bpeme Ha u3mepBaHusiTa 0sxa B rpaj Bennko ThpHOBO B MpexaTa Ha
Al 0sixa HaOmOJaBaHM MOOWIIHM KJICTKH OT Tpu mokoseHusi(3G,4G u 5G) c
pa3IMYHU Y€CTOTH Ha padoTa.

Cnopen HampaBeHHuTe W3MepBaHus U Tabmuma 2, 48 pesynrara ca OT
5-TO mokojieHue, 15 pesynrara ot 4-T0 MOKOJIEHUE U 2 OT APYIH MOKOJICHUS Ha
MOOUMITHATa MpeXKa.

B nponentHo choTHOmeHue 74% ca ot 5-to nokonenue, 23% ot 4-To
nokoJsienre u 3% ca OT MO-HUCKO MOKOJICHUE U YECTOTH Ha padoTa.

B Ttabmuma 2 ca mMOMECTEHM M YECTOTH Ha paboTa Ha CHOTBETHUTE
MOKOJICHHMSI, OT U3CieIBaHeTO 4% OT KJIETKUTE 5-TO MOKOJICHHUE Ca C YeCTOoTa Ha
downlink 2,64 GHz, na uplink 2,52 GHz 1 96% ¢ yecrora na downlink 2,140GHz,
Ha uplink 1,950GHz. Ot 410 nokonenune 100% ca ¢ uecrora Ha downlink 1,8125
GHz u na uplink 1,7175GHz, a octanaiuTe Ipyru ¢ MO-HUCKUA Y€CTOTH.

Cnopen chinara Tabnuila W JaHHUTE TPH U3CIEIBAHETO HAM-TOISM
MPOILICHT OT TSIX ca OT 5-TO MOKOJIEHUE C YecToTa Ha padorta ot 2,140GHz.

OT wu3MepeHUTe MNpU U3CIEABAHETO HA €IWH KBaJIpaTeH KHIOMETHP
MOOMJIHU KJIETKH CTaBa sICHO, 4ye Te ca 22 Ha 6poit. OT Tsax 59% ot 5-10, 32% oT
4-10 mokoJieHue u Apyru ca 9%.

5. 3akaouenue

bsixa HanpaBeHO M3MepBaHE Ha MOOWJIHU KJIETKH Ha onepatop Al, koeto
nane Haj 65 pesysraTa 3a pa3iIMuYHU KJIETKH, JAaHHUTE OT KOUTO ca chOpaHu. B
rpax Bemnko THpHOBO € yCTaHOBEHO, Y€ Hal- TOJIAM IPOLEHT OT KIIETKUTE
IIONaJaT B KaTEropys KaTo 5-TO NMOKOJIEHUE , JOKATO CbOTBETHUTE CTOMHOCTH 34
4™ mokoJIeHHE ca MO - MaJIKO. YCTaHOBEHO €, Y€ B 30HA OT €IUH KBaJpaTeH
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KWJIOMETBD B Irpajicka cpeia oT 5-To mokojieHue ca 13, ot 4-to ca 7 U OT Apyro
MOKOJICHHE C MO-HUCKA pabOTHA YyecToTa ca 2 MoOWIHU KieTku. KoHcraranuure
MOKa3BaT, Y€ 3HAHUATA 33 MOKOJICHUETO M PA0OTHUTE YECTOTH HAa MOOWIHHUTE
KJIETKM Cca BaXXHM 3a TOYHMU OLEHKM Ha H3JIaraHETO Ha pPaJUOYECTOTHOTO
SJIEKTPOMArHUTHO T0JIe OT 000pyIBaHE 3a MOOMITHA KOMYHHKAITHS.

PasmmpsiBane Ha m3MepBaHusTa Ha Tabmuna 2 3a BUAAa Ha MOOHWIIHUTE
KJICTKH 32 JIPYTH HACEJIEHW MECTa ¥ U3BBH TAX € €THO Bb3MOKHO IIPOIhIKABAHE
Ha TS U3CJICIBAHUS, a ChIIO Taka U o durypa 2 3a pa3nuyHu, CIIy4yaliHU 30HU.
Jlpyra TakaBa Hacoka € HM3CJICJIBaHC M aHaIM3UpaHe Ha mo-BuUcoku W WIi-Fi
yectotu Ha EMII 3a 5G TexHosnorus.
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Introduction

The paper provides information on the characteristics of various
components of cosmic radiation and the mechanisms of the impact of cosmic
radiation on materials, considers the effects that occur in materials and elements
of spacecraft equipment as a result of radiation exposure, describes experimental
and computational-theoretical methods for studying the impact of cosmic
radiation on materials, formulates the most important tasks of modern and future
research in the area of radiation and safety.

Materials used in space technology

Various materials are used in space technology [1, 2, 3]. Design, creation,
launch and operation of space vehicles is impossible and unthinkable without the
knowledge and wide use of the properties of materials and the results of space
materials science. The development of space technology requires new materials
that must withstand the harsh working conditions in space for a long time (loads
during space flight, vibration loads, large temperature differences, pressures,
vacuum, radiation, meteorites, comets, asteroids, etc.), as well as being resistant
to damage, light, durable, cost-effective, having a high strength-to-weight ratio
and high corrosion resistance.
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The further exploitation of space and the development of space
technologies (construction of space stations on the Moon and expeditions to Mars)
are of high priority today. The implementation of such huge projects requires new
materials and technologies to more efficiently convert chemical and solar energy,
to sustain the lives of astronauts, and to protect equipment and people in space
systems.

The main requirements for materials for launch vehicles and space vehicles
are:

- high mechanical properties;

- high specific mechanical properties;

- heat-shielding and heat-insulating properties;

- wear resistance, low coefficient of friction;

- heat resistance;

- difficult to melt;

- strength at low temperatures;

- thermal stability;

- radiation resistance;

- radiation-protective roperties;

- magnetic and electrical properties;

- low ablation;

- preservation of optical properties.

According to their purpose, all materials for space vehicles are divided into
two groups: structural and functional .

Structural materials are intended for the manufacture of elements that
perceive mechanical loads. Such elements provide the necessary strength of the
spacecraft/ship and retain its configuration under operating conditions and serve
to attach other elements and assemblies to them, as a result of which they are often
called load-bearing or load-bearing structural elements. Metals, alloys and various
composite materials are most often used as structural materials.

With the help of functional materials with certain physical and chemical
properties, products are given the necessary performance characteristics and
various technical and technological problems are solved. The range of functional
materials for KA is very wide. These include electrical materials, materials for
microelectronics and sensor technology, optical materials, compounds and
sealants, paints and varnishes, special coatings applied to the surface of building
materials, etc. A variety of functional materials are the so-called "smart™" materials
that can change their properties in accordance with changing operating conditions.
Such materials are extremely important in the development of advanced automatic
and manned space vehicles. In some cases, the same materials can be used both
structurally and functionally.

Nanomaterials, due to their unique properties and diversity, are and will
certainly find more and more applications in all areas related to space. In
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particular, composite materials (composites) based on nanostructures are
extremely promising for use in space technologies. By varying the combination
of matrix and filler/enhancer, nanocomposites can acquire different properties,
which makes them suitable for use both as structural and functional materials[4].

Polymer nanocomposites are among the promising materials for use in
space technology. The possibility of creating light polymer nanocomposites with
high strength and heat resistance, as well as the necessary electrical, optical, and
other characteristics, makes them suitable for use as both structural and functional
materials on spacecraft.

Currently, the most promising metal alloys for potential applications in all
areas, including space, are high-entropy alloys (HEA). They have excellent
mechanical, thermal and oxidation properties, superior to those of pure metals and
conventional alloys. HEA have exceptional strength, comparable to some metallic
glasses, as well as structural ceramics, due to the simple solid solutions they form.
In addition to high strength, all HEAs are characterized by high hardness in the
cast and annealed state [5].

At present, functionally graded materials (FGMSs) are of great fundamental
and experimental interest. This is mainly due to their importance as actual and
potential applications as materials and devices. The main field of application of
FGM is materials and devices operating under extreme conditions (large
temperature differences, mechanical loads, etc.), for example, in the aerospace
field. FGMs have a very high thermal gradient tolerance, making them suitable
for spacecraft thermal protection, for use in spacecraft airframe structures and
materials, rocket engine components, and are promising in the broader areas of
the aerospace industry [6].

On average, in the manufacture of rockets and spacecraft are used about:

- 100 grades of steels and Fe-based alloys;

- 50 grades of non-ferrous metal alloys;

- 300 brands of plastics and polymer composite materials.

The main metallic materials used in the aerospace field are:

- Steels - stainless, heat-resistant, structural,

- Non-ferrous alloys - aluminum, titanium, copper, zirconium, niobium,
Mg;

- Pseudo-alloys - tungsten-copper, tungsten-silver, beryllium-aluminum,
beryllium-titanium, copper-graphite.

Space radiation

Space vehicles are exposed to a huge complex of cosmic factors: high-
energy electron and ion flows, plasma, solar electromagnetic radiation, meteor
particles, etc. As a result of such an impact, various physical and chemical
processes occur in the materials and elements of spacecraft equipment, which
leads to a deterioration in their performance. Depending on the nature of impact-
initiated processes in the space environment, current changes in the properties of
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materials and equipment elements can be reversible or irreversible, creating
various hazards for the onboard systems of the spacecraft.

According to available expert estimates, more than half of the failures in
the operation of spacecraft equipment are associated with the adverse effects of
space factors. In this case, the occurrence of damage is mainly associated with
some radiation effects caused by the action of electrons and ions on the spacecraft
materials, the energies of which lie in a very wide range: from 10° to 10% eV.
Currents of charged particles with such energies that exist in space are usually
called ions of cosmic ionizing radiation or cosmic/space radiation.

For the analysis of radiation effects on space vehicles, three groups of
methods are used:

- ground laboratory experiments and testing of samples of materials,
elements and equipment units;

- theoretical research and computer modeling;

- natural (flight) experiments in space on board the space vehicles.

These methods are closely related and are often used together.

Exposure to space radiation can lead to both:

- agradual deterioration of the properties and characteristics of the
material on-board systems and, as a result, to failures in the operation of the
space vehicles after a certain period of operation;

- and to the occurrence of sudden failures in the operation of on-board
equipment , directly accompanying the impact.

Examples: for the first case, a gradual decrease in the efficiency of solar
batteries of the spacecraft as a result of the accumulation of the absorbed dose of
cosmic radiation, and to illustrate the second case - damage in microcircuits with
a high degree of integration under the action of single protons or high energy
heavy ions.

In the space around the Earth, where the majority of space vehicles
function, the main components of the space ionizing radiation (differing in origin,
localization, energy characteristics and composition) are particles from the Earth's
radiation belts (ERB), solar cosmic rays (SCR) and galactic cosmic rays (GCR).
Based on the parameters of the orbits around the Earth, the operating conditions
of the space vehicles are analyzed, in particular, possible radiation effects on
materials and equipment elements are evaluated.

The main efforts being made in relation to radiation are as follows:

- Improvement of instruments for measuring radiation;

- Creation of new materials resistant to radiation.

Radiation damage to spacecraft material caused by the space radiation
environment mainly includes ionization damage and displacement damage.

Physical and chemical processes occurring in materials under space
radiation lead to changes in their structure and properties. To the greatest extent,
this effect affects the mechanical properties and corrosion resistance.
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Metals and alloys are more resistant to radiation than many other solids, which
is why they are widely used in space technology.

Different metals and alloys react differently to radiation exposure. Their
behavior depends on their properties and the conditions of their irradiation. The
impact of radiation on metals and alloys can be divided into two main types. The
former include effects that are a direct consequence of the formation of defects in
a metal or alloy under the action of a radiation field, while the latter include effects
arising from the subsequent movement of these defects and their interaction with
a pre-existing lattice heterogeneity.

It is assumed that defects formed under the action of radiation cannot lead
to significant changes in the metal lattice, unless they acquire sufficient mobility,
for example, under the action of subsequent heating. Namely, defects can
accumulate, but their effect on properties will not be felt until the temperature
rises. In this case, the sample can be located both inside and outside the radiation
field.

The effects of the second type are especially important in alloys. In pure
metals, effects of the second type usually manifest themselves in the form of
annealing or direct damage occurring under the action of radiation.

Factors that determine the magnitude of radiative forcing

When determining the factors that determine the magnitude of radiation
exposure to metals and alloys, it is convenient to use variables that reflect the
conditions of irradiation, the state and properties of the metal or alloy under
consideration before irradiation.

The temperature is one of the main factors that determine the properties of
metals during irradiation. Other important factors are: melting point, crystal
structure, previous thermal and mechanical processing, irradiation environment,
neutron flux and properties under investigation.

The temperature at which the irradiation occurs is of particular importance
since, as noted above, it depends on whether the defects formed by the irradiation
acquire sufficient mobility to cause secondary effects.

The melting point of the irradiated metal is closely related to the
temperature at which the irradiation occurs, since the melting point is a rough
measure of the amount of heat/heating required for the defects to become
appreciably mobile. As a first approximation, it can be assumed that reactions in
many solids will proceed at a noticeable rate at a temperature slightly above 72 of
the value of the absolute melting point. Thus, irradiation of pure Al at
temperatures well below room temperature results in a slight change in
mechanical strength. However, even in the case of room temperature irradiation
of Cu, Fe, Mo, and other metals and alloys with a high melting point, a sharp
change in their mechanical properties is observed.

Radiation effects - are any changes in structure, properties, state of matter
or material caused by radiation. The difficulty in analyzing radiation effects is
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also aggravated by the compositional and structural complexity of many materials
used in spacecraft construction: composites, polymers, multi-layered thin-film
structures, etc.

The study of space and the need for new materials that can withstand the
conditions of outer space without losing their functionality have led to the creation
of a new type of aluminium composite in our Space Materials Science section at
the Institute of Space Research and Technology - BAS. This is an aluminum-
based material, namely, high-strength aluminium alloy B95 (7075) with a
quantitative addition of ultrafine diamond powder /UDDP/ and tungsten /W/ [7].
High-strength aluminium alloy B95 (7075), along with aluminium alloys of the
7xxx and 2xxx series, are the most widely used and common alloys used for the
production of high-strength structures operating in extreme conditions [8, 9].

Semiconductor nanomaterials and quantum well heterostructures are
widely used in the creation of various electro-optical devices for terrestrial and
space applications. Changes in the electro-optical properties of these materials are
induced under the action of an external constant electric field, the so-called
quantum-scale Stark effect (QSE). QCSE has found practical applications in
ultrafast optoelectronics, electroabsorption modulators and telecommunications,
as well as in devices such as solar cells, tunable semiconductor lasers, etc. Such
structures, as AlIGaAs/GaAs in the presence of electric field, are also investigated
in our Space Materials Science section at the Institute of Space Research and
Technology — BAS [10].

Conclusion

The study of space has always been and always will be closely related to
materials. It is enough to recall the first artificial satellite of the Earth, made of
aluminium alloy.

The planned landing of man on Mars will take place as an international
project, but not before inventing a way and materials to protect people and
equipment from space radiation.

There are basically two problems with the exploration and exploitation of
space:

1. High cost of space exploration and exploitation;

2. The danger of space exploration, associated mainly with radiation.

As for the lack of necessary technologies and materials, necessary for space
exploration without radiation risks, scientists from almost all countries, including
ours, are working on this.
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Introduction

The importance of the application of radiation/nuclear technologies in
agriculture and food industry is that we are facing serious challenges related to
providing food security/safety, reduction of cultivated areas, human-caused
climate change. One of the world's problems is that global food losses reach 30%
on the way from producer to consumer. Without radiation treatment, all food
production worldwide will be damaged at all stages of production and storage.
Several billion tons per year - fish, meat, cereals, fruit and vegetables - will be
lost annually and irretrievably during storage and transport.

Approximately 3 million people die each year from food and water-borne
gastrointestinal diseases.

95% of foodborne diseases have been identified. According to a study by
the Health Management Agency (AHCA), about 25% of all poultry in grocery
stores may contain antibiotic-resistant staphylococci (infected poultry meat!).

The introduction of environmental technologies with changes in physical
factors, in particular ionizing radiation and non-ionizing radiation, is one of the
most promising areas.

The United Nations (UN) Food and Agriculture Organization (FAO)
estimates that about 690 million people (about one in ten) were suffering from
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chronic undernourishment in 2019. Radioisotopes and radiation used in food and
agriculture are helping to reduce these figures [1].

What is food irradiation? The term "food irradiation™ can be applied to any
process in which food is exposed to either electromagnetic radiation or high
energy particles.

Electromagnetic energy can be generated by radioactive isotopes, as in the
case of gamma irradiation, or by bombarding thin metal films with high-energy
electron beams to produce radiation, as in the case of Xx-ray irradiation.
Alternatively, a high-energy electron beam (“electron beam™) can be directed at
the food itself. In all these cases, the radiation is absorbed by the food and, in
particular, by the microbial organisms in the food. This absorption breaks down
the complex organic molecules of the microbes, either preventing the microbes
from multiplying or killing them outright. The effectiveness of the treatment
depends on the type of radiation used, the intensity of the radiation, and the
microbe in question. Regardless of the form, food irradiation mainly depends on
how much energy is absorbed by the target food. It is useful to measure how much
radiation dose will be required, regardless of the amount of food to be irradiated.
For this reason, radiation doses are measured in kilogray (kGy). A dosage of one
kGy indicates that the target sample is receiving 1,000 J (metric units of energy,
abbreviated as J) per kilogram of sample weight.

Food safety is widely recognized as a growing public health problem
worldwide. In recent history, there have been too many examples of product
recalls caused by the presence or suspected presence of foodborne pathogens such
as E. coli, Listeria and Salmonella. Even unsophisticated consumers have become
more aware of the potential dangers of foodborne disease following media
coverage of foodborne pathogens, especially the European mad cow disease
outbreak.

Radiation is by no means a "new" technology. In the UK in 1905, J. Apleby
and A. Banks registered the first patent for radiation treatment of food products
[2]. In 2019, accelerated electron processing was used in 69 countries around the
world. More than 200 types of food products are processed; there are more than a
hundred processing centers.

Radiation for the treatment of food is achieved through the application of
gamma rays (with Co-60 or Cesium-137 radioisotope), electron beams (high
energy of up to 10 MeV), or X-rays (high energy of up to 5 MeV) [3]. Radiation
principles explain how the gamma rays, e-beams and X-rays interact with matter.
In today's society, irradiation is commonly used to sterilize medical equipment,
including most disposable items used daily in hospitals. Food irradiation in itself
is not a new development. The U.S. Food and Drug Administration has approved
food irradiation for limited purposes since 1963, and NASA has used irradiated
food on its space missions for decades as a precaution against foodborne
pathogens. But it has only been in the past 20 years that irradiation has been
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approved for uses that could have a significant impact on the presence of
foodborne pathogens [4].

The use of radiation in food and agriculture [5]

- 1. Radiation application to food (irradiation) - Food safety technology
designed to eliminate disease-causing microbes from food. Treating food with
ionizing radiation can kill bacteria and parasites that would otherwise cause
foodborne illness.

- 2. Irradiation is most useful in four areas:

- Preservation;

- Sterilization;

- Control germination, ripening and insect damage;

- Control food borne diseases.

-3. Irradiated food (see Fig. 1) cannot be determined by smell, sight or taste.
Irradiated foods are labeled with a logo (see Fig. 2) or a note that says "Treated
with/from radiation™.

Figure 1. Product labeling — irradiation kills harmful bacteria and makes your food
safer.

- 4. The use of radiation in agriculture: Selection of mutational plants; New
crop varieties can be developed using gamma radiation combined with tissue
culture techniques; Sterile insect technique - this nuclear method is used to control
the reproduction of pests that destroy fruit and vegetable crops.

- 5. Radioisotopes as indicators: Fertilizers with the addition of
radioisotopes allow you to determine the amount of fertilizer absorbed by the
plant. This led to improved fertilizer preparation.

- 6. The use of radiation in animals: The use of radioisotopes and radiation;
the use of radioisotopes makes a significant contribution to the process necessary
to increase the productivity of animals; they also use markers to know the
elements that animals need for better offspring.

- 7. Radiation vaccines: These vaccines are widely used for the treatment
of parasitic animals and for immunization against intestinal helminthes.

Developing food for a space mission is a difficult process. These foods
must be extremely durable, high in energy density, incredibly nutritious, and
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portable. In addition, different types of food for different types of consumers
should be considered. Although modern technology has increased the shelf life of
some foods to 3-5 years, this still does not meet some strict requirements. The
creation of new technologies or the combined use of multiple existing
technologies is necessary to achieve a longer shelf life. This combination not only
ensures an extremely long shelf life, but also the specific functional characteristics
of specialized foods. To support a long-duration space mission, food scientists
and researchers focus primarily on the shelf life of food products.

The future of food production will be shaped by technological advances
such as 3D food printing and space gardening. Additionally, a number of
experiments are being carried out by space agencies to enable future space travel.
Research on environmentally friendly packaging materials is being conducted to
reduce the weight of space flights. Biofilms that prevent microbial growth and
increase the shelf life of the product is currently at least five years are being
developed by researchers. In addition, the development of food products for space
will be achieved through the cooperation of several space agencies [6, 7].

Food irradiation

Figure 2. The logo is the symbol “Radura’. This is the international symbol
indicating a food product has been irradiated. The logo is usually green and resembles a
plant in circle. The top half of the circle is dashed. Graphical details and colors vary between
countries.

Now in many space flights the method of cold pasteurization of food is
used.

Irradiated products do not become radioactive.

A radioactively contaminated product is a product that, for some reason,
contains radionuclides and it (or its components) has radioactivity.

Radiation-treated product - cannot acquire radioactivity, because in the
process of radiation processing, there is no direct contact of the radioactive
substance with the product, and the dose rate of gamma radiation or electron
radiation allowed during the processing of food products by international
standards completely excludes the possibility of the appearance of induced
radioactivity.

115



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

Here is the expert opinion of Academician G. I. Budker (1918-1977) -
inventor of electron cooling, magnetic mirror, open plasma trap, and colliding
beam accelerator - on this matter: “The action of certain doses of radiation on
bacteria and insects can be used for disinfestation and disinfection of grain,
sterilization of medicines, food preservation, and disinfection of wastewater. As
for the irradiated materials themselves, including food, they do not contain any
induced radioactivity; they are as safe to use as holding an X-ray of your lungs or
stomach in your hands.”

Key Benefits of Irradiation Food Processing Technology: The most studied
conservation method to date; The accelerated electrons penetrate the packaging,
which protects the products from subsequent bacterial contamination; Processing
does not change the taste and smell; The temperature increase during processing
does not exceed a few degrees; Technology does not restore the quality of spoiled
food and cannot replace quality food production methods.

In the United States and other countries, systematic explanatory advertising
of the safety of food products after their radiation processing is carried out.

Legislative acts, international agreements are indicated, the quality of
processed and unprocessed products is compared.

All this contributes to the promotion of products to the markets.

More than 600 irradiation centers have been created in the world; the
leaders are the USA and China. The food industry and agriculture is the third
segment in terms of the volume of the world market of radiation technologies.
More than 80 centers irradiate food in China.

Benefits of using radiation in in food and agriculture [8]

1. Pest control:

- Eliminate and reduce the use of chemicals;

- Reducing processing time to 1 day (fumigation and degassing - 7 days,
full cycle - 45 days);

- High processing efficiency - 100% death of grain pests (fumigation is not
kill bugs and ticks);

- Reducing the risk of poisoning and death of workers (deaths are recorded
during fumigation).

2. Phytosanitary treatment.

3. Maturation delay:

- Radiation processing of fruits intended for export is an important element
of the market of the Republics in Southeast Asia and South America.

4. Delayed germination - for example onions, potatoes...

5. Grain dressing:

- seed treatment of cereal crops using an accelerator low-energy electrons
and substitution of chemical etching;
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- the Fraunhofer Institute (Dresden, Germany) has created stationary and
mobile plants for pre-sowing treatment based on the use of an electron accelerator
with energies from 105 to 145 keV.

6. Technological methods:

- strawberries - increased juice yield;

- beets - Increasing sugar yield.

7. Radiation mutagenesis:

- selection of new varieties.

8. Stimulation of growth and development.

9. Antimicrobial treatment:

- shelf life of fish and seafood increases after irradiation.

About technology, how it works:

- Processing already packaged for the consumer food by accelerated
electrons;

- Irreversible damage to DNA and RNA molecules in microorganisms
present in the product;

- Microbiological safety of products, increase in shelf life and preservation
of its quality;

- Inactivation (inability to divide) and death microorganisms.

Conclusion

The problem of loss of agricultural and food products is a global problem.
The use of radiation is one of the most promising and rapidly developing
technologies for solving this problem, as well as in ensuring food security.

The planned landing of man on Mars will take place as an international
project, but not before inventing a way and materials to protect people and
equipment from space radiation, and not before solving the problem of feeding
the cosmonauts.

Food packaged for future deep space exploration missions will be exposed
to galactic cosmic rays (GCR) and solar radiation in deep space at higher levels
and in different spectra than in low Earth orbit (LEO). This is where using
radiation will certainly help in making space food.
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JIOITYCTUMM 103U HA HOHU3UPAILIUTE JIBUEHUS B
BBJI'APUSA
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ALLOWABLE DOSES OF IONIZING RADIATION IN
BULGARIA

Sezgin Hasan, Mirem Niyazi-Yusuf

Abstract: lonizing radiation, passing through the substance, interacts with it,
transferring its energy to it. The energy absorbed by the substance causes physical, chemical
and biological processes that lead to the occurrence of a radiation-induced effect. lonizing
radiation dose is the amount of energy absorbed by bodies and objects that have been exposed
to ionizing radiation.
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Monu3amus ce Hapuya TPOLEChT HA 00pasyBaHE HA HOHM OT HEYTPAIHH
aTOMU WJIM MOJIEKYJIH, KaTO TOBA € EHJOTEPMUYEH MPOLIEC.

SlBneHue, nmpu KOETO MOJ ACWCTBUE HA BBHIINHA NMPUYMHA — MOHU3ATOP
(pEHTreHOBH JIbYM, BHCOKA TEMIIEpaTyBa, €JIIEKTpUUECKa UCKpPA, EICKTPUYECKa
JbTa W T.H.) aTOMHUTE U MOJIEKYJIMUTE Ha BEIIECTBOTO, MPEIUMHO B ra3000pa3HO
CBhCTOSIHUE, OT €JIEKTPOHEYTPAJIHU CE MPEBPHILIAT B HOHH.

[TonoxxuTtenHo 3apeieH MOoH ce 00pa3yBa, KOraTo €JIEKTPOHBT B aTOMa UJTH
MOJIEKYJIaTa Mojy4daBa JOCTaThYHA EHEPIHsl 3a MPEOI0IsIBaHE Ha TOTEHI[MAIHATA
Oapuepa, paBHa Ha HOHU3ALMOHHUS TOTeHIMan. OOpaTHO, OTPUILIATEIIHO 3apeIeH
1OoH ce oOpa3yBa upe3 3axBaT Ha ,,M3JIMILEH €JIEKTPOH OT aroMa, IIPU TOBa Ce
O0CBOOOK/1aBa CHEPTHSI.

Honuzamusra Moxke 1a IPOTUYA [0 Pa3IHYHU HAYMHK U B 3aBHCHMOCT OT
TOBa MOTAT Jia ce€ 00pa3yBaT KaKTO MOJIOKUTEIHHU, TaKa U OTPUIIATECITHU HOHH.
Bceku enexkTpoH ce appku 07130 10 COOCTBEHUITUTE CU (ATOMH) C TIOMOIIITA Ha
eJIeKTpruecka 0apuepa, KoSITo TH Mperna3Ba OT pa3ceiiBaHe B pa3IuYHH TOCOKHU.
[Topaau Hero, BCHIIHOCT, caMaTa MOJIEKYJIa ChIIIECTBYBA.

Bbnpeku ToBa, €UH €JIEKTPOH MOXKE Ja MOJYyYd €HEPrusl ¢ JI0CTaThyHa
BEeNTMYMHA, 32 Ja TPEKbCHE eJIeKTpuueckara Oapuepa W J1a ce OoCcBOOOIM OT
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MA3€HETO Ha aTOM WJIM MOJeKyia. B To3u ciiydyail HOHBT cTaBa MOJIOKHUTEIICH.
OOpatHo, oTpuIaTelieH HWOH ce o0pa3yBa upe3 yiaBsHE Ha JOMbIHUTENICH
esniekTpoH. CrioMeHaTara cuiia He € HUIIO JAPYTO OCBEH HOHM3AIIMOHHATA CHEPTHUSL.

WNma nBa OCHOBHM THIa HAa TO3U IMPOILIEC:

- TocneaoBaTeseH (KJIacuueckn)

- HemocJie0BaTelieH (KBAHT)

Jlo3aTa HA NOHU3UPALIUTE TBYEHUS € KOJIMYECTBOTO €HEPIrus, MOrbIHATO
OT Tela M TPEIMETH, KOUTO ca OWJIM W3JIOKEHH Ha HOHHM3WPAIO JThbUCHUE.
PaznensT OT pusnkaTa, 3aHMMABAII Ce C OMPEEITHETO (M3MEPBAHETO) Ha J103aTa
Ha HOHHW3WPAIINTE JTHUYCHHS, CE Hapuda TO3UMETPHS, a N3MEPBATCITHUTE YPEIH —
JIO3UMETPH.

Enun orT HauMHMTE 3a OIEHKAa Ha jJ03aTa Ha WOHU3HMPAIIUTE JILYCHUS €
EKCIIO3UIIMATA - MSIpKa 3a HOHHU3UpaIlara criocOOHOCT Ha JIbYEHUE BbB Bh3/IyXa.

Excniosunusita ce omnpenaens kato abcomtorHara ctoMHocT (dQ) Ha oOmms
CJICKTPUYUCH 3apsij] Ha WOHHUTE OT €UH M ChII 3HAK, KOUTO CE IMOJy4aBaT BbB
BB3/IyX, KOraTO BCUYKUTE €JIEKTPOHU U MO3UTPOHHU, OCBOOOJEHU OT (DOTOHH B
o0eMeH eJIeMEHT Bb3AyX ¢ Maca (dm) ca HaIrbJIHO CIIPEHU BHB Bb3IyXa:

dqQ
(1) X=—
Cucremnara msapka 3a excrnosumus e¢ Ckg? (kymon Ha kuiorpam), a
n3BbHCUCTEMHATa — peHTreH (R). Bpp3kaTa Mexay aBeTe MEpHH €IUHUIIHA €:
C.kg!=3876 R
IR =2,58.10%C.kg*
MourHOCT Ha €KCHO3UIMATa € HapacTBaHeTO Ha ekcnosunusaTa (dX) 3a
uHTEepBaI OT Bpeme(dt):

2 =

CucreMHara MspKa 3a MOIIHOCT Ha ekcrosuumsra ¢ Akg?! (ammep Ha
KWJIorpaMm), a u3BbHcHucTeMHata —R /h (pentrenyac).

IIpe3 1950 r. MexayHapoAHUSIT KOHIPEC MO PAAUOJIOTHUSl OIpeaess
npezenHo gonycrtuma ao3a ot 0,05 R\nen 3a rama-npuenue 10 3 MeV.

Monusupamure  TbUYeHHs,  [PEMHUHABAfKM  Ipe3  BEIIECTBOTO,
B3aMMOJICUCTBAT C HETO KAaTo My TpenaBaT eHeprusra cu. IloreimHatata oOT
BCIIIECTBOTO CHEPIHs IMPEAU3BUKBA (DU3NUCCKU, XMUMHUYECCKH M OHOJIOTHUCCKH
MPOIIECH, KOUTO BOJAT JO BB3HUKBAHETO HA PAJMAIMOHHO WHAYIHpaH ¢PeKT
[10].

JIO3UMETPUYHNUTE BEIIMYMHU ca MApKaTa 3a OYaKBaHUTE TOCIEICTBUS OT
0OJTHUBAHETO B KUBHS OPTAaHU3BM.
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1. AKTUBHOCT — onpeacisa ¢cc 0T 6p0$[ Ha sApaTa Ha paaruOaKTUBHUA
CJICMCHT, KOUTO CC pa3liagar 3a CIUMHHUIIAa BPCMC. AKTHUBHOCTTA € KOJIMUYECTBCHA
XApPaKTCPUCTHUKA Ha IIpoHecCa Ha CIIOHTAHHO pPa3lldJaHC Ha PAAUOAKTUBHHUTC
HN30TOIIN. P€3y.TITaT’I)T OT TO3H pasiiaa € U3JIb4YBAaHCTO HA PA3JIINYHU ﬁOHHSHpaHIH
JIbYCHHA B OKOJIHATA Cpcla.

DN

(3) A=1r

DN — Opoii paznagHamm ce sapa

DT — unTepBai oT Bpeme

CucrteMHarta MspKa 3a akTOBBHOCTTa € bekepen /Bq/.

1 Bq=pa3snmagana l smpo3als

AKTHBHOCTTa € MPaBONPONOPLMOHATIHA HA KOJMYECTBOTO HECTAOWIIHU
aTOMHU U 00paTHO MPOIOPLIMOHAJIHA HA Nepuoja Ha noiaypasnaa. llepuona Ha
N0JTypasmnaj /BpeMETo, 3a KOETO HayajlHaTa akKTUBHOCT Ha M30TOIAa HamMaJlsiBa Ha
NIOJIOBHHA/ € ChILIO BaKEH NapaMeThp 3a OIICHKA Ha paJiialliOHHAaTa 00CTaHOBKA.

2. IlorbiHaTa 103a — eHeprusiTa, KOsITO HOHU3UPAIIOTO JIbYEHUE € TIPENAIo
IIpU IPEMUHABAHETO CH Ha €AMHUIIA Maca OT OOTbYEHOTO BEILIECTBO.

dw

4 D=—
(4) -
do — eHeprusi, npenaaeHa Ha cpeaaTa
dm — equHMIIa Maca OT cpeaTta
CucremHaTa eAuHHWIIA 3a UW3MEpBaHE Ha TMOrBJIHATATAa 1034
Honuzupaio JpueHue e rpei (Gy). Ts uma pa3MepHOCT:

1Gy = 1k]—g= 1m?2.s72

Bpb3kata Ha cucremHata eaununia rpeit (Gy), ¢ HM3BBHCUCTEMHUTE
eaununuy pan (rad) u epr (erg), e:

1Gy =100 rad

1 rad =100 erg.g* = 102107 J.103 kg? = 102 J.kg? = 102 Gy = 0.01 Gy

3. ExBuBaJIeHTHa J103a - orbiiHaTarta jo3a (D), ocpeanena 3a najaeH opran
i ThKaH (T), yMHOXEHa ChC ChOTBETHUS paauaIiioneH TerjaoBeH daxktop (W)
3a mpueHneTo (R). Ts ce onpenens mo ¢popmynara:

(5) HT,R = Z WRET,R
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Dy p— ocpennena morbaHaTa 1032 OT JaJ€H BUI JIbYEHHE B ChOTBETHHUS
OpraH Wid ThKaH

WRr — paguainioHeH TeTJIoBeH KOe(DUITMECHT

CucreMHara eAMHUIIA 32 U3MEPBAaHE HAa €KBUBAJICHTHATA 71032 HOHU3UPAIIO
abpueHue e Cusept (Sv). Ta uma pa3MepHOCT:

1Sy = 1L= 1m?
kg

.72

Ouznueckn 1 Sv = 1 Gy. buonornunusar edpekr ot 1 mkayn IpyucTa
€HEprus, C KOSITO € 00IbUeH | KUjlorpam >kMBa ThKaH € pa3jinyeH, 3a Pa3INYHUTE
BuJI0Be ThueHue. Heyrponute ¢ eneprus ot 10 go 100 keV ca 10 mbtu no-BpeaHu
3a ’)KUBaTa ThKaH OT (OTOHUTE, a aliPa-4aCTUIUTE U TEXKKUTE sipa ca 20 mbTH
no-BpenHu ot poronute. Taka rama-mpueHue ot 1 Gy e ¢ ekBUBaJeHTHA j103a |
Sv, nokato chi0TO alipa-TbueHHEe UMa EKBUBAJICHTHA J03a OoT 20 Sv.

B rpeii (Gy) ce u3MepBa norejiHaTaTa pajuanys OT BCIKAKBU BEIIECTBA U
MaTepuaiy, BKIOYUTEIHO U XKUBU ThKaHu. B cueptu (Sv) ce u3MepBa camo
pazuanusTa, morbiHaTa OT )KUBH KJIETKH, ThKaHU U OpraHy (OCHOBHO YOBEIIIKH).
CuBepThT € rojsiMa BeJIMYMHA, OOMbUBaHE ¢ | CHUBEpPT MpEeaU3BUKBA JTbueBa
OoJecT mpu 4YOBEKa. 3aToBa B MPaKTUKATa € MO-yJO0OHO Ja ce H3IMOJ3Bar
npousBoaauTe eaquHuIy Mucusept (1 mSv = 0,001 Sv) u mukpocusept (1 puSv
= 0,001 mSv = 0,000001 Sv).

4. EdextuBna nosa /E/ — cyma oT mpou3BeleHUATa HA €KBUBAJICHTHHUTE
no3u (H), moreiaHatu OT paznuyHUTE THKAHW W/UIW OPraHH B OpraHU3Ma,
KOPUTHPAHU ChC CHOTBETHHS TeryioBeH (daktop (W) 3a paznuunute Thkanu (T).
EdekTuBHaTa 103a ce onpenens no Gpopmynara:

(6) E = z WyHy

HT — exBuBaJIeHTHA 1032 B ChOTBETHHS OpraH

WT — ThbKaHEH TeTJI0BEH KOC(UIIUECHT

CucreMHaTa eAMHUIIA 32 U3MEPBAHE HAa €KBUBAJICHTHATA /1032 HOHMU3UPAIIIO
apueHue e Cusept (Sv).

Enun u cpin Bun npueHue (ramMa-Ibuu, HEYTPOHH WK anda-dyacTUlln) ¢
€lHa W ChIa CWJa OKa3Ba pPa3JIMYHO BIMSHME HA Pa3JIUYHUTE THKAHU B
opranu3Ma. lllutoBuaHaTa »kJjie3a € YETHPU MbTU MO-YYBCTBUTEIHA HaA
HOHM3UpAIllM JIBYCHUS OT KO)KaTa, a IIOJOBUTE JKJIE3U ca JBa ITbTH IIO-
YyBCTBUTEIHM OT IMUTOBUIHATA >KJe3a. Taka oOJIpUBaHE Ha KoOXKaTa W
ITUTOBH/THATA KJI€3a ¢ EKBUBAJICHTHA J103a OT 1 Sv Boau 10 epexkTuBHA 103a OT 1
Sv 3a kokaTa 1 4 Sv 3a IMUTOBHUIHATA JKJIE3a.
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5. KonekTuBHa 1032 — ob1miara eekTHBHA /1032 3a TpyIa OT HACEICHHUETO,
KOSITO CE OTIpeIesisi KaTo cpeiHaTa epeKTHBHA 03a Ha moArpynara (i), yMHOXKeHa
1o Opos Ha xopata B Hest (Nj):

™) S= z E. N,

MepHaTta enunuiia 3a KoJeKTUBHA e(pEeKTUBHA /1032 HOHU3UPIIO JTHUCHUE €
,,JOBEKOCHBEPT" — Man.Sv.

MonHoCT Ha 103aTa Ha MOHU3HUPAILLNTE JbYECHUS € HEMHOTO U3MEHEHUE 3a
eauHuna speme (dt).

MomuHocTTa Ha norbjHarara ao3a (D) ce onpenens kato:

— D

(8) b==

Usmepsa ce B Gy.s™

MomnoctTa Ha exBuBasieHTHata no3a (H) u edexkruBnata noza (E) ce
OTIPEJIEIIST KaTO:

) f- £

H _
T

KATO JBETE BEJIMYUHU CEe U3MePBaT B Sv.s™

3a ynoOCTBO B MpaKkTHKaTa, MOIIIHOCTTA Ha J03aTa ce u3Mepna 3a 1 gac (1
R\h, 1 Gy\h, 1 uSv\h), BMecTo 3a 1 cexyHna.

JlonmycTumMuTe 1031 HA HOHU3UPAIINUTE TbUCHUA B bbiirapus ce onpeaensr
or HapenbaTta 3a OCHOBHM HOpPMHU 3a pajaualiMoHHa 3amuta, npuera ¢ [IMC
Ne229/25.09.2012 r. Tsa ompeaens AONYCTUMUTE J03U 32 JIOIN'BJIHUTEIHO
o0J'bYBaHE, B KOETO HE BIU3AT JI03UTE OT €CTeCTBEeHUs paauaroneH ¢oH [10].

EcrecTBeHudar rama-gpon Ha Tepuropusita Ha bearapus e ot 0,06 go 0,40
uSv\h.

o 3a HaCEJIEeHUETO

['panuniata Ha epeKkTHBHA 1032 HOHU3UPAIIO JTbUYEHUE 3a BCAKO JIUIE OT
HacesneHueTo B bearapus e 1 mSv 3a 1 roguna v 0,1 puSv.h—1 (npeusuncneno
3a 8800 uaca), kato ce gomyckaT a0 15 mSv\roa. 3a ouynara nemia u 10 50
mSv\roa. 3a kokata (Ta3u TpaHMIIA CE OTHACS 3a CpPeIHATa J103a, MOJIyuyeHa OT
BCSIKa MOBBPXHOCT C miony 1 c¢m2, HE3aBUCUMO OT IUIOIITA Ha OOJIbUEHATa
MOBBPXHOCT).

o 3a npodecroHaTHO 00T BYBAHE

['panuiiara Ha edekTUBHA 7032 HOHU3UPAIIO JTHUYCHHE 32 MPOPECHOHATHO
oOpuBaHe (3a JUIA, KOUTO PabOTAT C M3TOUYHUIIM HA HOHU3UPAIIN JTHUYCHUS) €
20 mSv 3a 1 roguna win 10 pSv.h—1 (mpeusuncneno 3a 1700 gaca), kato ce
nomyckat g0 20 mSv\roa. 3a ounata Jiera u 10 500 mSv\roa. 3a koxkara (Tasu
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rpaHuIla Ce OTHACS 3a CpellHaTa /1033, oJyuyeHa OT BCSIKAa TOBBPXHOCT C T |
cm2, He3aBUCUMO OT IIJIOIITa Ha 00ThUeHAaTa MOBBPXHOCT).
o 3a BogaTa
JIOIyCTHMHTE PaIUOJIOTHYHM ITOKA3aTeIN Ha BOJATa 32 MUTCHHO-OMTOBU
e ca: pagoH 1o 100 Bq\l, tputnii mo 100 Bq\l, n nHInkaTrBHA (EKBUBAJICHTHA)
no3a 70 0,1 mSv, npu o6ma anda-aktusHoct 10 0,1 Bq\l u 0611a 6era-akTHBHOCT
no 1 Bq\l.[3]
° 3a xpaHata
['panuiy 3a ChBbpPIKAHUE HA PATUOU30TONH B XpaHute, Bq\kr[4]

Masiko
Alerex " Apyr HecbiecrBen Teun
Paguounsoron )/ MJICYH ) | |
W XpaHHU
XpaHu u XpaHu XpaHu
XpaHu
Msotonu na cTpOHIMH, 75 125 | 750 7500 125
cHernuaiao - Sr
M3otony Ha iton, crierpanso 150 500 2000 20000 500
N3rounnnm Ha anda-gacTuim,
JsoTorH 1 20 80 800 20
Ha IJIYTOHUH ¥ TPAHCILTYTOHHEBH
eJIEMEHTH, CIIeHUATHO “PU u 2*LAm
Hpyru paguounsoron# ¢ t2 vag 10
JIHU,
cnemmaio ¥Cs 1 2¥7Cs (6e3 14C 1 K 400 1000 | 1250 12500 1000
)
o 3a yCTpOMCTBO Ha TEPUTOPUSATA

HoBu crpaju ce u3rpaxaaT Ha TEPSHHU C PaIMOAKTUBHOCT BbB Bb3/IyXa JI0
300 nGy\h u cnenmpuyna aktuBHOCT Ha 226Ra B mousara m0 200 Bq\kr. 3a
CEJICKOCTONIAHCKHU IIeJIM, CTPOSXK Ha CKJIAJIOBE U JIPYTU CTPajd C OTPAHUYCHO
npeOrBaBaHe Ha XOpa Ce M3IMOJI3BAT TEPEHH C PAJHMOAKTHBHOCT BHB BB3/yXa JI0
500 nGy\h, crieruduuna akTuBHOCT Ha 226Ra B mouBata 10 600 Bq\kr u o6emHa
aKTUBHOCT Ha 226Ra BBB BB3ayXa 10 600 Bq\m3.[5]
. 3a 00IbUBAHE MIPU METUIIMHCKU U3CIICIBAHUS
Hanuonanuu auarHoctuyHu pedepeHTHU HUBa 3a peHTreHorpadusa[6] u
peHTreHockonus [7].
. ABapuitHO 00JTbYBAHE U 3alMTA HA HACEICHHETO
3a criacsiBaHe Ha YOBCIIKHM )KUBOT WX 33 IPEAOTBPATSIBAHE HA MO-TOJSIMO
00J'bUBaHE TIPU PAIMALNMOHHA aBapUsl OPraHUTE Ha IbPIKABHUS 3[JPaBEH KOHTPOJI
MOTar Jia pa3periaT Mo U3KIYeHUE U3BBPIIBAHETO HA JCWHOCTH OT JJOOPOBOJIIIH
IpU MPEBUIIABAHE HA YCTAHOBCHUTE IPaHUIIU Ha o0buBaHe. EdexkruBHarta 103a
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Pentrenorpadus Pentrenockomnus
Hpomssenien [IpousBenenu | JlonbiHuTeNn
ue Kpema-
Bxopsma oM € Kpema-Tuion| HU HHUBA
IIpoek | Bp3ayHIHA Penrtrenoso
Opras us | Kpema, m u3cleBaHe Bpewme | bpo
t pema, mGy. | uGy. a mGy. | uGy. Ha i
Gy cm? | m? cm? m? | cxomnus | 06
pa
, MHH. | 3H
KonrtpactHo
PA 2 B U3CIieIBaHe Ha
UYepen o TOPHUS ST Ha 18 1800 4.1 4
CTOMAIITHO-
Lat 2,5 — YPEBHHUS TPAKT
bsin Wpurorpadus —
apo6 | PA 0,5 04 | 40 KOHTPACTHO 40 | 4000 | 42 5
" U3CIIeIBaHE Ha
cbpue Lat 1,5 — 11e0eoTo 4epBO
Jym6 | AP 9 3 300 Kopomapsa 530
alTHH anruorpadus 40 4000 38— —
mpemr | Lat 12 4 400 (CA) 6,5 650
JICHU
Koponapna 89_ 1290
Taz AP 4 4 400 WHTEPBEHIIUS 140 | 14000 1’8 1 —
(CA +PCI) ’ 1610
Aprepuorpadus 19_ 120
BYM | AP 6 4 400 Ha JOJHU 45 4500 é 0 —
KpaiHUIU ' 270

3a €JIHO Jiulle He TpsiOBa na Objae moBeue oT 50 mSv 3a eHa OTAeIHA rOAUHA U
noBede oT 200 mSv 061110 3a 10 roguHu.|[§]

[Tpu 3amMBpcsiBaHE ¢ paJUOAKTUBHU BEIIECTBA CE MpEaIpreMaT MEPKH, B
3aBUCUMOCT OT TOJUIITHATa e(DEeKTUBHA 1032 HAJl €CTECTBCHHSI paJiHalliOHeH (OH,
KakTo cjenBa:[9]

5 — 50 mSv — ykpuBaHe U 3alUTa Ha OpPraHUTE Ha JUIIAHETO (J103aTa ce
OTHACS 3a MEePHoJia Ha YKPUBaHE);

50 — 500 mSv 3a 1 cenmuila — eBaKyaiusi Ha HaCEJIECHUETO;

10 — 100 mSv 3a 1 mecelr — BpeMEHHO TpecesiBaHe;

1000 mSv 3a 50 ToiMHU — TOCTOSIHHO MPECEIBAHE;

5 — 50 mSv edexkTuBHa n03a 3a UIMTOBUJHATA >KJie3a — HoOaHA
npodrtakTHKa 32 OpeMEHHH, KbPMAYKH | JIUIA 1o 18 roanawm,

50 — 500 mSv 3a 1 cenmuiia — ogHa MporIIaKTHUKA 3a ISJI0TO HACEJICHHE.

HN3noa3BaHyu U3TOYHUIIU:

1. Hapen6a 3a oCHOBHUTE HOPMHU 3a pajualliOHHa 3amuTa, npuera ¢ [IMC
Ne229/25.09.2012 r. O6n. IB 6p. 76 / 05.10.2012 .
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2. HapenOa 3a paguaiiioHHa 3aiyra

3. Hapen6a Ne 9 or 16 maptr 2001 r. 3a KayecTBOTO Ha BOJIaTa,
npeaHa3HaYeHa 3a MTUTEHHO-OUTOBY EH.

4. Hapen6a Ne 11 ot 18 anmpun 2002 r. 3a onpeesnsiHe HA U3UCKBAHUATA
KbM I'PaHULIUTE HA PAAUOAKTUBHOTO 3aMbPCSIBAHE HA XPAaHUTE NPU pauallMOHHA
aBapus.

5. Hapen6a Ne 1 ot 15 HoemBpu 1999 r. 3a HOpMHU 3a ueIUTE Ha
paJualioOHHA 3allliTa U OE30MaCHOCT MPU JUKBUIUPAHE HA MOCJEACTBUATA OT
ypaHOBaTa MPOMUILICHOCT B Permybnuka bearapus

6. /lo3n Ha marueHTuTe TpH peHTreHorpadus, HammoHaneH meHTHp 1O
PaauoOrOoIOTHs ¥ paiialliOHHAa 3alluTa

7. Jlo3u Ha MAlMEHTUTE TPU PEHTreHockomnus, HanuonaneH meHTbp Mo
PaauoOrOoIOTHs ¥ palialliOHHA 3al[UTa

8. 3aKkoH 3a 3/1paBeTo

9. Hapenba 3a aBapuitHO 1laHMpaHe U aBapHviiHa TOTOBHOCT IPH SIPEHA U
paauarnmonta aBapus, npueta ¢ [IMC Ne 313 ot 22.11.2011 r. O6H. JIB. 6p.%4
ot 29 noemspu 2011 1.
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A BPKABHA ITIOJIUTUKA B OBJIACTTA HA
OCUI'YPABAHETO HA SAAIPEHA U PAJIMALIMOHHA
BE3OITACHOCT HA PYCKATA ®EJEPALIUA

Huna IlackaneBa, Mupociaas Kanapos

STATE POLICY IN THE FIELD OF ENSURING NUCLEAR
AND RADIATION SAFETY OF THE RUSSIAN FEDERATION

Nina Paskaleva, Miroslav Katsarov

Abstract: The main situations related to nuclear and radiation safety in the Russian
Federation are tracked with an emphasis on the Federal target program "Ensuring nuclear and
radiation safety for 2016-2020 and for the period up to 2035". The main activities in four main
directions through which the federal program is implemented are indicated and analyzed.

Keywords: Russian Federation, Nuclear Safety, Radiation Safety, Federal Program

OcHoBa 3a OCBIIECTBSIBAHE Ha IbpKaBHATa MOJUTMKAa Ha Pyckara
benepanus (PD) mno oOTHOUmIEHWE Ha OCUTYpPSBAaHETO Ha sApeHaTa U
paguanoHHara Oe3omacHocT € Yka3bT Ha Ilpe3ummenta Ha PO Ne 585 ot
13.10.2018 r.} ,3a yreepxkaaBane Ha OCHOBHMTE Ha IbP)KABHATA MOJIUTUKA B
o0JlacTTa Ha OCUTYPSBAHETO Ha SIAPEHA U pajualiuoHHa 6e3omacHoCT Ha Pyckara
dbenepanus 3a nepuoga g0 2025 1. u B mepcrnekTuBa“. SICHO ce MocouBa, ue
peaIM3MPAHETO HA TAa3U MOJUTHUKA ce OChlIecTBsiBa OT [IpaBurencrBoTo Ha PO.
Omnpenensat ce neauTe, 3aJa4yuTe€, OCHOBHHUTE HACOKM W HWHCTPYMEHTH 3a
OCBIIIECTBABAaHE Ha Jbp’KaBHATA MOJUTHUKA B 00JIaCTTa Ha OCUTYPSBAHETO Ha
sJipeHa u paguanronHa 6e3onacHocT Ha PD. OCHOBHU MOJIOKEHUS B TOKYMEHTA
ca:

JIbpkaBHATa TOJMTHKA B 00JacTTa HAa OCUTYPSBAHETO Ha sJpeHa U
paauaronna 6e3onacHoct Ha PD e chBKYMHOCT OT KOOPAMHUPAHU U 0OCTMHEHH
OT 001l TJIaH TMOJUTUYECKUA, UKOHOMUYECKH, WHKEHEPHH, COIMAHU, TPaBHH,
nH()OPMAITMOHHN U JPYTH MEPKUM B 00JacTTa Ha W3MOJI3BAHETO HA aTOMHATA

! Va3 Ipesunenta Poccuiickoit @epepanuu ot 13.10.2018 r. Ne 585 06 yrBepxeHur OCHOB rocy1apcTBEHHOM
MOJIMTUKU B 00JIACTH oOecTieueHus siIepHor U paanannoHHol 6e3onacHoctr Poccuniickoit denepannn Ha epro
10 2025 roja u nanbHeiyo nepernekTuy. http://www.kremlin.ru/acts/bank/43631/page/1
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€HEPIUs 3a MUPHH U OTOPAHMTEIHU? LENH, IPHETH OT JbPKABHUTE OPraHW Ha
P®, nbpkaBHUTE OpraHd Ha HEHHHUTE CBHCTABHUTE OOpa3yBaHUs, MECTHUTE
BIIACTH, JIbPKaBHATa KOPIOpALMA 3a aToMHa eHeprus ,,Pocarom*® wu npyrm
OpraHu3allid, HACOYECHH KbM OCUTYpSBAHE HA HALMOHAJIHUTE WHTEPECH,
U3IBJIHEHUE HA CTPATETMYECKUTE HAIMOHAHN MPUOPHUTETH, 3alIUTa HA )KUBOTA
U 3]IpaBETO Ha TpakJaHUTE, COOCTBEHOCTTAa, KAKTO M OIMa3BaHE Ha OKOJIHATa
cpena.

OcHoBHTE Ha Abp)KaBHATA TMOJIMTUKAa B 00JACTTa HAa OCHUTYpSBAaHETO Ha
SpEeHa U paguallioHHa 0€30MacHOCT ca JOKYMEHT 3a CTpaTernyecKo MiIaHupaHe
B 00JIaCTTa Ha OCUTYpPSIBAHETO Ha HalMoOHanmHaTa curypHoct Ha P®. [IpaBnata
paMKa Ha Te31 OCHOBH ce popMmupa oT KoHcTutynusta Ha PO, MexayHapoaHuTe
noroBopu Ha P®, penepannuTe 3aKOHU U JPYTH PETYIATOPHU IPABHU aKTOBE Ha
B 00J1aCTTa Ha OCUTYPSIBAHETO Ha JIpeHa U paJuallioHHa 6e30macHoCT. Slnpenara
0€30I1acHOCT U painalluoOHHaTa 0€30I1aCHOCT Cca OT Hall-Ba)KHUTE KOMIIOHEHTH Ha
HallMOHAaJIHATa CUTYPHOCT Ha PO.

OcHoBHE mnpoOjeMHu B 00JlacTTa Ha OCHUIYpSBAHETO Ha sApEHaTa U
paaualMoHHaTa O€30MaCHOCT ca: HAJMYME Ha HACJEACHH SIAPEHU OOEKTH, IO
OTHOUIEHUE Ha KOUTO ca HEOOXOANUMH JOMBIHUTEIHN MEPKH 32 3aBbPIIBAaHE HA
TEXHUS JKU3HEH LIMKBJ U (MJIM) Bb3CTAaHOBSBAHE, BKIFOUUTEIHO MPEXBBPISHETO
Ha Te3H OOEKTH B SAPEHO W PAAUAIMOHHO O€30IaCHO CbCTOSHHE H
pexadunuranusi Ha paJuOAKTUBHO 3aMbPCEHU PAalOHH HAa TEPUTOPUUTE, KbJIETO
Ce HaMHpaT Te3u OOEKTH; HATpyIlBaHE Ha OTPabOTEHO SAIPEHO TOPUBO U
pPaJAMOAaKTUBHU OTHAIbIU; BB3ACHCTBHE HA paJUALUMOHHUTE (DAKTOPU BBPXY
pa0oTemuTe B OpraHru3aly, U3BbPIIBAILY AEHHOCTH, KOUTO HE Ca CBbP3aHU C
U3I0JI3BAHETO Ha aTOMHA €HEpPrus, B T.4. CIY>)KUTEJIM Ha HeTeHaTa U razoBaTa
IIPOMHUILIJIEHOCT, TOPUBHO-EHEPTUWHNUTE KOMIUIEKCH, MMUHHATAa IPOMUIIEHOCT,
CTPOUTEJICTBOTO, KOCMHUYECKATA M aBUALIMOHHATA IPOMUIILIEHOCT U MEIMLINHATA;
HEeJ0CTaThueH KBAIU(ULIMPaAH EPCOHAN U HaMaJlsiBaHe Ha KaJIpOBHsI OTEHLIA;
HEIIBJIHOTM OT [JIeHA TOYKa Ha MPAaBOBOTO PETYJIMPAHE; IOTECHIMAIHA
BB3MOKHOCT 332 BB3HUMKBAaHE Ha paJWAllMOHHUM aBapuuM U KaTtacTpou Ha
TEPUTOPUSATA HA CTpaHATa U U3BBH HEs; MOsIBA HA TEXHOJOTHH, KOUTO MOTAaT JAa
CE M3MOJ3BaT 32 U3BbPUIBAHE HA HEPA3pEIIeHHU ACUCTBUS (BKJI. TEPOPUCTHYHU
aKTOBE) Cpelly 00EKTH, U3IOI3BAIM SAPEHA EHEPTUs 38 MUPHU U OTOpaHUTEIIHA
LEeIU, HACIEIEHU SIAPEHH OOEKTH, KaKTO M 3a HE3aKOHHO MPOM3BOJCTBO Ha
KOMITOHEHTH Ha SIIPEHU OPBKUS U YCTPOMCTBA; PUCKOBE OT HE3aKOHHO JIBHXKEHHE
npe3 JIbpkaBHaTa rpaHuia Ha P® Ha paavoakTUBHM BEIECTBA, MPOAYKTH,
IIPOU3BEIEHU OT TSX, SAPEHU MATEPHAIN, PAAHOAKTUBHU OTHAJBLUHA U TAXHOTO
HE3aKOHHO JBM)KEHUE HA TEPUTOPHUATA HA CTpPaHATa; HAJIWYME HA HEMAJIKU
TEPUTOPHUH (TOPH, 3eMEAEIICKH TUIOLIH), 3aMbPCEHU B PE3YTaT HA pagUallMOHHH

2 Munucrepctso oboponbl Poccuiickoit ®eneparuu. Crpartermdeckue cuisl  caepxusaaus  (CCC).

https://encyclopedia.mil.ru/encyclopedia/dictionary/details.htm?id=14378@morfDictionary
3 T'ockopmopanus ,,Pocrarom®. https://rosatom.ru/index.html
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aBapuu U KaracTpou, BHPXYy KOMUTO JIEWCTBAT OTpaHUYEHHs 3a CTOMAHCKU
JEWHOCTH W TPEACTABISABAT PHUCK 3a HACEIICHUETO; HAJIWYUE HA TPyNH OT
HACEJICHUETO C TIOBUIIEHM HHBAa Ha pAJUOAKTUBHO OOJIbUBAHE MOPAAU
W3JIAraHeTO UM Ha €CTECTBEHH U3TOYHUIIN HA IbYEHUE.

OCHOBHU 1eJIM Ha JbpXKaBHATa MOJUTHKA B 00JaCTTa HA OCUTYPSIBAHETO
Ha speHaTa u paJuanuoHHaTa 6€30macHoCT ca:?

- OCUT'ypsiBaHE, B CBOTBETCTBHE CBbC 3aKOHOJATEIIHUTE W JPYrHU
peryjatopHu TmpaBHU akToBe Ha P®, 0Oe30omacHOCTTa Ha CHOPBHKEHHUS,
U3MOJ3BAIlld aTOMHA €HEPrus 3a MUPHU M OTOPAHUTENIHU L€, HACJIEICHH
AIPEHH CBOPBKEHUSA, MATEpUAId C BHCOKO CBIBPKAHWE HA ECTECTBEHU
PafMOHYKININU;®

- HOAJIbpKaHE, B ChOTBETCTBUE C MPUHIMUIUTE HA CTaHAAPTU3ALMS U
ONTUMM3AIIMA, HAa BH3MOKHO HAM-HHUCKO HUBO Ha PHUCK OT OOJbYBAHE HA
CIIyKUTEJH (NIEPCOHA) Ha OpraHU3aIlMK, EKCIUIOATUPAILU SIPEHU ChOPBKEHUS
324 MUPHM M OTOpAaHUTENHU €M, HACIEIEHU SIPEHH ChOPHKEHUS U
OpraHu3alliy, W3I0JI3BAIlM B IPOLEca HA JEMHOCTTAa CH MAaTepUald C BHCOKO
ChABPKAHNE HA ECTECTBEHU PATUOHYKIIH]IH;

- IOETAITHO U3BEXAAHE OT €KCIIOATALMS U 00€3BpekaaHe U 00€3BpekKIaHE
Ha HACIICJICHU AIPEHU ChOPHKEHUS;®

- OCHUIypsIBAHE Ha 3alluTa Ha HACEJIEHUETO W OKOJHATa cpena oT
paaraliMoOHHO 00J'bYBAaHE, OTIOBAPSILA HA ChbBPEMEHHUTE U3UCKBAHNUS,

- 3ama3BaHe HAa IPUOPUTETA 3a NOIbPKAHE HA BUCOKO HHUBO Ha SIPEHA U
paaralMoHHa 0€30acCHOCT Ha OOEKTH, U3MOI3BAIY aTOMHA EHEPTUsl 34 MUPHU U
OTOpaHUTENIHM 11e7M, OOCKTH Ha SIAPEHOTO HACIEJCTBO uUpe3 MOJo0psiBaHE Ha
MEPKUTE 3a IbP>KaBHO YIPABIIEHUE U IbP’KABHO pErysHpaHe Ha 6e30MacHOCTTa
MIpU U3IOJI3BaHE HA aTOMHATA €HEPTHsl PU OTYMTAHE HA Pa3BUTHETO HA HAyKaTa,
TEXHOJIOTUUTE U IIPOU3BOACTBOTO;

- T[OBHIIABAaHE Ha OTrOBOPHOCTTAa 3a OCUTYpSIBAaHE HaA SJIpEHA U
panvanMoHHa O€30MacHOCT Ha  (elepalHUTEe M3INBJIHUTEIHU  OpraHu,
Ibp>KaBHATa Kopropanuss Pocatom" m opraHusanuure, yrnpasisiBalld sSIPECHH
00CKTH;

- TpenoTBpaTABAHE HA pAJUAlMOHHM aBapuM M KaTacTpodu WiIH
JOKaJIM3UPAHE U MUHUMHU3UPAHE HA €BEHTYaIHU NOCIEACTBUSA OT THAX;

- MUHUMH3HUPAHE HA PAJUALMOHHUTE PUCKOBE 3a HACEJICHUETO Ha PO,
MPOU3THYAILY OT PAAUAMOHHU aBapUU U KaTacTpodu;

4 Va3 [pesunenta Poccuiickoit ®enepauuu ot 13.10.2018 1. Ne 585 O6 yreepskaenun OCHOB rocy1apCTBEHHOM
MIOJIUTHKH B 0071acTH obecniedeHus SAepHO U pagnaiuonHol 6e3omacHocTH Poccuiickoit denepanmu Ha Iepuos
10 2025 roma u ganpHeHnIyio nepcnektusy. hitp://www.kremlin.ru/acts/bank/43631/page/2

5 Papuonyxiun — Radionuclide. https://ewikibg.top/wiki/Radionuclide

6 ®denepalibHbIil JKOJIOIMYECKUH omneparop PocaTtom. JluxkBunanus SIIEPHOTO HacJeausl.
https://rosfeo.ru/deyatelnost/utilizacziya-i-xranenie-blokov-reaktornyix-otsekov-apl-i-sudov-ato.html
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- HaMmajsBaHE Ha OMACHOTO BB3JICHCTBHE Ha paguallMOHHHUTE (PaKTOpH
BBPXY HACEJICHUETO, >KMBEEHIO0 B pallOHM C IMOBHUILIEHO HHUBO HAa E€CTECTBEH
panuanuoHex (oH.

OcHOBHU 3a124¥ Ha Ibp’KaBHATA [IOJIMTUKA B 00JIACTTa HA OCUTYPSBAHETO
Ha siIpeHaTa U paJuanoHHaTa 6e30MacHoCT ca:

- 3amuTa, B CHOTBETCTBHE C TMPUHIMIA HA MPUEMIIMBUS PHUCK, Ha
CILyKUTENH (IEPCOHA) Ha OpTraHU3AlMH, EKCIUIOATUPAILN SIAPEHU ChOPBKEHUS
3a MUPHU M OTOpPaHUTENTHH LI, OpTraHU3aIlliH, U3MOI3BAIIM B JIEHHOCTTA CH
MaTepUajIl ¢ BUCOKO ChIbpPKAHUE HA €CTECTBEHU PAAHOHYKIH/IU, HACEICHUETO
U OKOJHATa cpefa OT paJMalMoOHHO OOJbYBaHE, HaMajsBaHE Ha pHCKa 3a
YOBEIIKOTO 3/paBe OT IMOCIEAULM Cie] OOTbYBAHE C TEXHOICHHA paaualvs,
NOJIbpKaHE HAa BB3MOXKHO HAl-HHUCKO HUBO HA WHIAUBUAYAJIHHUTE 03U Ha
oOpuBaHe ¥ Opoii Ha OO TbUEHUTE JIMLA TIPU U3IIOJI3BAaHE HA BCEKU M3TOUHUK Ha
HOHM3HUpALIO JTbYCHHUE;

- OCWUTYpsIBAHE, B CBOTBETCTBHE C (elepalHUTEe 3aKOHU U JApPYyId
perynaTtopHu npaBHu akToBe Ha PD, GezonacHa ekcruioaTalus Ha ChbOPBKEHUS,
U3MOJI3BAIIM sIIpeHa €HEeprHsl 3a MUPHU M OTOpPAHUTEIHH IIENH, HaClCACHH
SAIPEHNU ChOPBIKEHUS, IPEIOTBPATABAHE HA PAJAMALIMOHHY aBapuu U OEICTBUS B
TE3W CHOPHKEHHUS WU JIOKAJTU3MpaHe W MHUHUMH3HpAaHE Ha TEXHUTE
MIOCTICAICTBHSI, HAMAJISIBAHE WJIM TPEJOTBpATsIBaHE HA YBEIMUaBaHE HA EMUCHUUTE
U U3XBBPISHUATA Ha PAJUOAaKTHBHH BEIIECTBA B OKOJHATa Cpefa;
IpEIOTBPaTsABAHE HA HEKOHTPOJIMPAHO pa3NpPOCTPAHEHHE W HEPa3pEIIeHO
U3I0JI3BAaHE HA PAJOAKTUBHH BEIIECTBA, MPOAYKTHU OT TAX, AAPCHU MaTepUaTH U
pasiOaKTUBHU OTHAAbLIN;

- Ho00psIBaHE Ha IbP>KABHOTO YIIPABJICHUE U IBP’KABHOTO PEryIUpaHe Ha
Oe3omacHoCTTa B 00JacTTa Ha U3MOJ3BAHETO HA aTOMHATA EHEPTHS;

- momoOpsBaHe Ha cHUcTeMara 3a Mmojaoop, mpodecruoHamHo oOydeHHeE,
MOBUIIIABaHE Ha KBaIM(UKalUs, TNpekBamudukanus, cepTuduiuupaHe u
JI0TyCKaHe /10 paboTa Ha CcIyKuTenu (MepcoHall) Ha OpraHu3aluu, padboTemy B
o0acTTa Ha M3MOI3BAHETO HA AaTOMHATA EHEPTHS;

- YCBBBPIICHCTBAHE HAa MEXaHW3MHTE 3a OIICHKAa Ha PaJUalMOHHOTO
BB3/ICHCTBUE BHPXY IPUPOIHU U IPUPOAHO-AaHTPOTIOTEHHH 00CKTH;

- OCUTypsIBAaHE Ha M3BEXJAaHE OT EKCIUIoATallusl HAa OCTAPENH SIPCHH
ChbOPBKEHHS, MpepadoTka Ha OTpPabOTEHO SAPEHO TOpHBO, MOrpedBaHe Ha
paAMOaKTUBHMA OTHAABLM W BBH3CTAHOBSBAHE Ha PAJMOAKTHBHO 3aMbpPCEHU
00eKTH Ha TepuTopusta Ha PD;

- ocurypsiBaHe Ha e()eKTMBHA MH(OPMALIMOHHA MOJKpena 3a OCUTypsIBaHe
Ha siIpeHa U paJinalioHHa 0€30MacHOCT;

- TOAIbpXKaHE B IOCTOSHHAa TOTOBHOCT Ha CWJIMTE M CpeAcTBaTa 3a
JIMKBUIMPAHE Ha TIOCIEACTBUATA OT PaJMAlMOHHU aBapPUM U KaTacTpodu;’

" MUC Poccuu - Munuctepetso Poccuiickoii Mejiepaiuu No jieaM IpaxkIaHCcKoi 060pOHBI, Ype3BbIYaiHbIM
CUTYaIUsIM ¥ JIMKBUAAIMH TIOCIEICTBUN CTUXHIMHBIX OeacTBuiA. hitps://www.mchs.gov.ru/
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- pa3BUTHE HA TEPUTOPUATHU U CEKTOPHU CUCTEMHU 3a MOHHMTOPUHI Ha
paauanMoHHaTa 00OCTaHOBKA;

- OCUTypsiBaHE Ha BHCOKOKAYECTBEHO MPOEKTHpaHEe, H3rPaKIaHe WU
BBBEK/IAHE B €KCILIOATAIIMS HA ChOPBKEHUS 32 U3MOJ3BaHE HA AaTOMHATA EHEPTUs
32 MUPHH U OTOPAHUTEITHH LIETIH;

- ocuTypsiBaHe Ha 0€30MMacHOCT mpu padoTa ¢ paJMOaKTHBHU BEIECTBA U
OPOAYKTH OT TSX, SAPEHU MaTepuaiy, paAHOaKTUBHU OTMAIbBIH, OTPabOTEHO
SIPEHO TOPUBO, BKJI. I10 BpEME Ha TSIXHOTO TPAaHCIOPTHUpPaHe (TpaHCHIOPTHPAHE);

- ocurypsiBaHe Ha (pU3MYECKa 3aluTa Ha OOCKTH, M3IMOJI3BAIM aTOMHA
SHeprus 3a MUPHU U OTOPAHUTEIHU 1IENH;

- IpeIOTBpaTsIBaHE U MIPECUYaHE Ha TEPOPUCTUUHU aKTOBE U HEpa3pEIICHU
NEHCTBUSL CpELly ChOPBHKEHUS, H3MOJI3BALIM SApEHAa €HEprus 3a MUPHHU U
OTOpaHUTEIHU LENH, OOEKTH Ha SIAPEHOTO HACJEACTBO, KAKTO U TEPOPUCTUYHU
aKTOBE C M3MOJ3BaHE HA SAPEHU MaTepuaiv, paJvOaKTUBHU BEIIECTBA,
MaTepUaIl C BUCOKO ChIbpPKAHUE Ha €CTECTBEHHU PaJAUOHYKIN/IH;

- YKpeIBaHe Ha MEPKUTE, HACOUEHHU KbM IPEJOTBpATBaHE U PECUYaHE Ha
HE3aKOHHOTO ABIDKEHUE Tpe3 AbprkaBHaTa rpaHuiia Ha Pyckarta deneparus Ha
paZvoaKTUBHU BEIIECTBA, MPOAYKTH OT TAX, SAPEHU MaTEepHald, PaINOAKTUBHU
OTMAIbIIM U TIXHOTO HE3aKOHHO JIBMKEHHE Ha TEPUTOPHUATA HA CTpaHATA.

OcCHOBHU HMHCTPYMEHTHM 3a TpHJIaraHe Ha JIbpKaBHATa TOJHWTHKA B
00J1aCcTTa Ha OCUI'YpPAaBaHETO HA SAPEHATA M paIMalMOHHATa Oe30macHocT ca:®

- CHCTeMa OT HM3UCKBaHHWS 3a OCUTYpsIBaHE Ha fAIpEeHa M paJualliOHHA
0e30MacHOCT, yCTAHOBEHU OT (heJICpATHUTE 3aKOHU U IPYTH PETYIaTOPHU MTPABHU
akToBe Ha P® 1 NOKYMEHTH 3a CTaHAapTU3ALHS;

- JINLIEH3UpaHe, PETUCTPaLlisl Ha OpraHu3aluy, pabOTEeIIH C U3M0I3BaHe Ha
pazvallMOHHU U3TOYHUIM, ChIBPKALIN PATUOHYKINAHU U3TOUHUIU OT YETBbpPTA
¥ TIeTa KaTeropusi Ha paJnaloOHHa ONAaCHOCT , aKpeIUTallls, aTeCTallys, OlIeHKa
Ha ChOTBETCTBUETO, M3J]aBaHE Ha pa3pellieHUs 3a €MUCHUU U U3XBBPJSHUS Ha
paZvOaKkTUBHU BEIIECTBA B OKOJIHATA Cpela, H3JaBaHe Ha CepTUPUKATH-
pa3pemMTeNHN 3a TPAHCIIOPTUPAHE HAa PAJUOAKTHUBHU BEILIECTBA, MPOIYKTH OT
TSAX, AOPEHU MaTepualH, CAaHUTAPHO-CMUICMHOJIOTHYHA EKCIEPTH3a, U3aBaHe
Ha CaHUTAPHO-CMUIAEMHUOJIOTHYHN 3aKIIOYCHHS, PETUCTpAIMs Ha JIEKapCTBEHU
dbopMHU ¥ METUIIMHCKA WU3IEIHS;

- IbpKaBHU peryjanmud B 00JacTTa Ha W3MOJ3BAHETO HA aTOMHATA
eHeprus, KOHTpoJ (Haa30p) Ha O€30MacHOCTTa B Ta3uW 00JACT, BKIIOYUTEITHO
W3II0JI3BAaHE HA MOIX0]I, OCHOBAH Ha PUCKA;

- Ibp’KaBHU U (eepaliHy LIeJIEBU MPOrpaMu B 00JacTTa Ha sapeHara u
panvanMoHHaTa OE30MaCHOCT, 3all[UTaTa Ha HACEJIEHUETO U TEPUTOPUUTE OT
U3BBHPEIHU CUTyalluH, KakTo U mporpamu Ha Cwro3HaTta abpkaBa (Pycus u

8 Va3 Ipesunenta Poccuiickoit @epeparuu ot 13.10.2018 r. Ne 585 06 yrBepyxeHur OCHOB rocy1apcTBEHHOM
MOJIMTUKU B 00JIACTH oOecTieueHus siIepHor U paanannoHHol 6e3onacHoctr Poccuniickoit denepannn Ha epro
70 2025 roja u nanbHeiyo nepcrnektuy. http://www.kremlin.ru/acts/bank/43631/page/3
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Benapyc)® ¥ MeXIyIbpiKaBHU LEIEBH IPOrPaMy, B M3IbIHEHUETO HAa KOUTO PO
y4acTBa;

- CUCTEMH 3a JIpeHa U paJraliioHHa 0€30MacCHOCT U CBbP3aHHU CUCTEMH 3a
0e30MacHOCT, BKJL.: CUCTEMA 3a peryJiupaHe Ha 0€30MacHOCTTa MPHU U3IMO0JI3BaHE
HAa AaTOMHATa CHEpPrusi, €JWHHA JbpXKaBHA CHUCTEMa 3a MOHUTOPUHT Ha
panuanMoHHaTa 00CTaHOBKA Ha Teputopusara Ha PD, ennnHa apprkaBHa cucTeMa
32 MOHUTOPUHT U OTYMTAHE Ha MHANBUAYAIHUTE 103U Ha O0TbYBaHE, CUCTEMA 32
paZvallMOHHO-XUTUEHHO CepTU(UIIMpaHe Ha OpraHu3ald W TEPUTOPHH,
CHUCTeMa 3a HOPMHpAaHE Ha EMHCHHUTE U W3XBBPJSIHUATA HA PaJUOAKTHUBHH
BEIIECTBA B OKOJIHATA Cpe/ia, CUCTEMA 3a OTYMTAaHE U KOHTPOJI Ha PaTUOAKTHUBHH
BEILIECTBA, SAPEHU MaTepUald U PaJAMOAKTHUBHU OTIAIbIM, €IMHHA IbpKABHA
CUCTEMa 3a YIpaBJCHHUE Ha PaJMOAaKTUBHUTE OTHAAbLIU, CUCTEMA 3a (pu3muecka
3alUTa Ha SAPEHU MaTepHualid, SAPEHU ChOPBHKEHMUS M XPaHWIMLIA 32 SIIPEHU
MaTepuaiy, €IMHHA Ibp’KaBHA CHUCTEMA 3a MPEeNyNpexkaCHNUE, IPEAOTBpaTsIBaHEe
U JIMKBUJIMpPAHE Ha U3BBHPEAHM CHUTyallUd, CUCTEMa 3a MOHMTOPUHT,
OPOrHO3MpaHe U IUIaHMpaHe B o0JjacTTa Ha paJualMoOHHATa 3alluTa Ha
HACEJIEHUETO;

- OpraHU3aI[MOHHHU U YIIPABJICHCKH PEIICHNUs, HACOYCHH KbM Ch3aBaHE Ha
CHCTEMa 3a OTYUTaHE Ha OOCKTH OT SAPEHOTO HACIEICTBO; OPTaHWU3ALNOHHH U
TEXHUYECKA MEPKHU 3a OCUTYpsIBaHE Ha sIIpeHa W paJualdoOHHAa Oe30MacHOCT,
IPEINPUETH OT OpTaHU3aIMH, EKCTUIOATHPAIIH IIAPEHU ChOPHKEHUS 384 MUPHH H
OTOpaHUTETHH LENH; TbPKABEH OTYET U KOHTPOJ HA YCTPOWCTBA, T€HEPHPAIIH
HOHM3MpAIIN JThYCHHS;, AbPKAaBEH KOHTPOJ (HAA30p) 3a OCUTypsiBaHE Ha
TEXHUYECKa O€30IacHOCT Ha ChOPBXKEHUS, M3IOJI3BAIM aTOMHA E€HEeprus 3a
MUPHM W OTOpaHWUTENHM LEIH;, IbpPXKABEH KOHTPOJ 3a OCUTYpsiBaHE Ha
0e30MacHOCTTa MpU TPAHCHOPTHPAHETO Ha SAPEHU MaTepUalld, paglOaKTUBHU
BELIECTBA U MPOJYKTH, IPOU3BEACHHU OT THX;

- (heneparneH IbpKaBEH HA/A30p B 00JIacTTa HA ApEeHaTa U paJualoHHaTa
Oe3omacHOCT  IpU  pa3pabOTBAHETO,  MPOU3BOJACTBOTO,  H3MHUTBAHETO,
eKCIUIoATaIMATa, ChXPAaHECHHETO M yTHIN3alMATa Ha SIPEHU OPBHKHSI, BOCHHH
aTOMHHU EJIEKTPOIICHTpAIH W B oOyacTTa Ha (u3MUYecKaTa 3alluTa Ha SIIPEHH
MaTepuaad, SAPEHH WHCTANAllMd M IyHKTOBE 3a CHXPaHEHHWE Ha SAPEHU
MaTepuay B SAPEHU 0OCKTH; BEOMCTBEH KOHTPOJ (HAA30p) 32 OCUTYpSIBaHE Ha
0e30MacHOCTTa Ha APEHUTE OPBIKHUS;

- Ha0JoJeHWe Ha HUBOTO HAa MNpOoQECcHOHAIHA  MOJATOTOBKA,
npekBaindukanus Ha paObOTHUIM (IIEPCOHAN), MOCTOSHHO WM BPEMEHHO
paboTeny AMPEKTHO C U3TOYHUIIM HA HOHU3HUpPAIIH JTbUCHUS, KAKTO U Ch3JJaBaHe
Ha OpaHIIOBM CHELMATU3UPaHU LIEHTPOBE 3a OOydeHue, OO0OpYyIBAaHU CbHC

® Chpro3Ha IbpIKaBa - HAIIBPKABHO 00pasyBanne Mex Ly Pycus n Benapyc ¢ moeTanHo opraHusupaHe Ha €JMHHO
MOJIUTHYECKO, UKOHOMHYECKO, BOCHHO, MUTHHYECKO, BAJIyTHO, MPAaBHO, XyYMaHHTAPHO, MMa3apHO W KyJITYypPHO
npoctpaHcTo. MHbopMannonHo-aHanuTHYecKuii mopran Coro3Horo rocyaapersa. https://soyuz.by/
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ChbBPEMEHHU y4e€OHU M TEXHUYECKH CPEICTBA M M3IMOJI3BAIM 00pa30BaTEeIHU U
METOJMYECKH pa3pabOTKU B TAXHATA JACHHOCT.

®denepanHarta 1eseBa nporpama ,,OcurypsBaHe Ha siipeHa U paJidalioHHa
6e3omacHocT 3a 2016-2020 r. u 3a nepuoza 10 2035 1.1 (IIporpama SIPE 2) e
JIOTUYHO MPOABIDKEHUE Ha padoTara 3a pellaBaHe Ha MPOOJIEMUTE C SAPEHOTO
HACJIE/ICTBO, U3IIBJIHEHA B IPEAXOJHUS MEpUOJ B paMKuTe Ha Ha DenepanHara
1ieseBa nporpama ,,OcurypsiBaHe Ha sIpeHa U paguaruonaa 6e3omacHoct 3a 2008
r. u 3a epuoga 10 2015 r.«!! (IIporpama SPE 1).

Brenpssanero Ha [Iporpama APb 1 mo3BossiBa na ce pemar Han-oCcTpuTe
npo0OyieMd, Ja c€ U3ACHAT OCHOBHUTE KOJIIMYECTBEHH XapaKTEPUCTHUKU Ha
O0EKTUTE C SJAPEHO HACIEACTBO M Ja C€ HampaBu IMpeleHKa 3a
OPOABIDKUTENTHOCTTa U o0XBaTa Ha HeoOxonumara padora. OKOHYATEITHOTO
pelIeHre Ha HAaTpyHaHUTe NpoOJeMHU BKIIIOUBA U3BEKIAHE OT €KCILIoATalusl Ha
BCUYKH OCTAPEIIH SIIPEHO U PaJMALIMOHHO OIaCHU OOEKTH, IpepaboTKa Ha LSJI0TO
KOJIMYECTBO OTPAaOOTEHO SIAPEHO FOPUBO, ChXPAHABALIO CE€ HA TEPUTOPUH, KOUTO
ca (QenepasiHa COOCTBEHOCT, NOrpeOBaHE Ha pPaJUOAKTHUBHUTE OTHAAbLH,
npepaboTKa U MpenorpeOBaHe Ha HATPYIIAHUTE U Beue NMorpedaHu paiiOaKTUBHU
OTMAIbIM, KOHCEPBUpAHE Ha CIEUUATHUTE IUIOMAAKA 3a MorpedBaHe Ha
PaJAMOAaKTUBHU OTHAABLM W pexaOUiuTanus Ha pPaJUOAKTUBHO 3aMBbPCEHUTE
TEPUTOPUHU.

[Iporpama APB 2 e pa3paboTeHa cChrIacHO 3aloBell HA MUHUCTBP-
npeacenatens Ha PO ot 2 rouu 2014 r. KoHuenusta Ha mporpamara € oJjoopeHa
C TIOCTAHOBJIEHUE HAa MPABUTEICTBOTO Ha P® or 28 ampun 2015 r.'?, a camara
nporpamMa € ojo0peHa C IMOCTaHOBJIEHHWE Ha mpaBurtencrBoro Ha PD ot 19
Hoemppu 2015 r.13

Karo mbpBH B criuchka Ha OCHOBHUTE NMPOOJIeMH B 00J1aCTTa Ha siApeHaTa
U paaualMoHHaTa 0e30MacHOCT C€ MACHTUPHUIMPAT - HATUYUETO HA OOCKTU OT
SPEHO HACJENICTBO, IO OTHOILLIEHUE HAa KOWUTO ca HEOOXOJUMH JOMbIHUTEIHH
MEpPKU 3a 3aBbpIIBAaHE HA TEXHHUS KU3HEH LUKBJI U (MJIM) BBH3CTAHOBSIBAHE,
HATPYIMBAHETO HA OTPAOOTEHO SAPEHO TOPUBO U PAIMOAKTUBHH OTHAABIIN.

OcHoBHa nen Ha [Iporpama Pb 2 e nsyiocTHO ocurypsiBaHe Ha siApeHa u
paauaionHa 0e3omacHocT B PO upe3 pemiaBaHe Ha MPUOPUTETHUTE MPOOIIEMH,
CBBP3aHU C SAPEHOTO HACIEICTBO.

OcCHOBHU 3aJlayy Ha MporpamMara ca:

- cb3laBaHE Ha UHQPACTPYKTYPHU CHOPBKEHUS, BKIIOUUTEIHO
ChbOPBKEHHSI 3a MpepaboTka Ha HATPyNaHO OTPAOOTEHO SAPEHO TOPUBO U

10 denepanbras nenesas nporpamma ,,ObecrieueHe AAEPHON U paauallHoOHHON Oe3omacHocTd Ha 2016 — 2020
roae! ¥ Ha nepuoxa 10 2035 roga“. https://xn----btb4bfrm9d.xn--plai/

11 denepanbuas 1eseBas nporpamma ,,06ecrneueHue sSAepHO U paiaoHHoi GesonacHocTd Ha 2008 roa 1 Ha
nepuoz o 2015 roga®. https://xn----btb4bfrm9d.xn--plai/about/overview/

12 OQuimabHbIi UHTEPHET-IOPTAN PABOBOI MHPOPMALIUH.
http://publication.pravo.gov.ru/SignatoryAuthority/government

13 OQuiMabHBIA UHTEPHET-IOPTAN PABOBOI MHPOPMALIUH.
http://publication.pravo.gov.ru/SignatoryAuthority/government
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PaIMOAKTUBHU OTHAAbIIU, KAKTO U U3TPaK/IaHE HA ChOPHKEHUS 3a OorpedBaHe
Ha PaIMOAKTUBHU OTIAIbIH;

- TPUBEXKIAHE HA HACJIEICHU SAPEHH CHOPHKEHUS B SIPEHO W
paguanMoHHO 0€30MaCHO ChCTOSHUE;

- pPEOOBHO H3IBJIHEHHE M HAMAJIABAaHE Ha JIbPKABHUTE 3aJIbJDKCHMS,
CBBP3aHU C MOCIEIUIIUTE OT MUHAJIHN JACHWHOCTH B 00JacTTa Ha U3MOI3BAHETO HA
aTOMHATa EHEeprusl.

B®3 ocHoBa Ha mocraBenute 3anaun [Iporpama SPb 2 BxirrouBa noseue ot
130 neliHOCTH, KOMTO CE M3IbIHABAT B YETHPH HAIIPABIICHHMS:

- Ch3JIaBaHE Ha OCHOBHM MH(MPACTPYKTYpHHU CHOPBKEHUS 32 YIpaBICHHE
Ha OTPa0OTEHO SAPEHO TOPUBO U PATMOAKTUBHU OTHAAbIIH

- IPAaKTUYECKHU PEIICHUs Ha IPOOJIEMUTE, CBBP3aHU C MIPEIULITHU AEHHOCTH

- pa3paboTBaHe Ha CUCTEMHU 32 MOHMTOPUHI U OCUTYpsIBaHE Ha sJIpeHa U
paavanoHHa O€30MacHOCT W MOBUIIABAaHE Ha 3alluTara Ha pPaOOTHULIUTE
(mepcoHana) Ha SIAPEHUTE CHOPBKEHUS, HACEICHHETO M OKOJHATa cpelna oT
paanalvoHHO 00JIbYBaHE

- HAYYHO, METOJIMYECKO U MH(POPMALIMOHHO OCHIypsiBaHE Ha padoTara B
o0JacTTa Ha OCUTYPSBAHETO HA SAPEHA U paAuallMOHHA 0€3011aCHOCT.

Crnen peanu3upaHe Ha MporpamMara ce O4akBa MOCTUTaHEe Ha €()eKTUBHOCT
B TPM acleKTa:

HNxonomuuecka egpexTuBHOCT. [IpeoTBpaTsiBane Ha (MHAHCOBU 3aryOu,
MOJIMTUYECKH U APYTH LIETH 4pe3 MPeIOoTBpaTABAHE HAa aBAPUHMHU CUTYallUU C
pPaaAMOJIOTMYHU TOCIHEAUIM B HacieaeHu sapeHu oOektu. HamansBane Ha
ObIenmTe OIOMKETHU pa3XxoJud 4Ype3 HamasiBaHe Ha Oposi Ha HACJECHUTE
SPEHU ChOPBKEHUS U HaMallIBaHE Ha pa3xoJuTe 3a Oe30rMacHa Mo AphKKa Ha
CIIPEHUTE ChOPBKEHUS B CIIyyail Ha MUIAHUpaHaTa UM JIMKBUIauus. HamansaBane
Ha (denepaiHUTE pa3xoau 3a 0€30MacHO MOJAbpXKAaHE HA OTPAOOTEHO SIPEHO
TOPUBO U HATPYIIAHU PAJUOAKTHUBHU OTHAAbIHU YPE3 Ch3/1aBaHE U U3MOJI3BAHE HA
OCHOBHU MH(PACTPYKTYPHU CHOPBKEHUS U MPEXOJ KbM JAUPEKTHO MOTrpedBaHe
HAa  paJMOaKTHMBHU  oTnaabuu. [loBMIIaBaHe HAa  HMHBECTUIMOHHATA
IPUBJIEKATETHOCT Ha siApeHaTa WHAYCTPUS 4Ype3 OCUTypSBaHE Ha sApEHA U
paaralMoHHa 0€301aCHOCT Ha BCUYKU €Tanu OT >KM3HEHUS LUKbJ Ha AIPEHUTE
ChOPBKEHHS M HAMaJIIBaHE HA PUCKOBETE 33 OKOJIHATA CPEAa.

Coumnanna edextuBHocT. Chb3aBaHEe Ha YCJIOBHMS 33 HaMmallsiBaHE Ha
HUBOTO Ha COLMAITHO HAMNPEKEHUWE B PErHOHUTE, KbJIETO CE HaMUpPAT OMACHU
AIPEHU CHOPBKEHMSI MOPaAM H3BEKIAHETO KM OT eKCIUIoaTalus, BKJI. B
ronemute ©u sapeHu rpamoBe (MockBa, Cankt IlerepOypr, MypmaHck,
Apxanrenck, Amnrapck, Ceepck, Kenesnoropck, O3zepck, OOHHHCK,
JluMuUTpOBrpan M Ap.)Y, M IpHBEXIaHE B CHOTBETCTBHE C KPUTEPHUHTE 32

14 Meponpustus nporpammsl. https://xn----bth4bfrm9d.xn--plai/about/events-program/
15 3aKpRITHIX TEPPUTOPUANIEHO-aIMUHMCTPATUBHBIX 00pa3osanus (3ATO). https://www.atomic-
energy.ru/smi/2012/07/30/35162
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IpUeMaHe M I[pelaBaHe€ Ha paJAMOAaKTUBHU OTHAAbLM 3a THorpedBaHe.
OcurypsiBane Ha NPUEMIIMBO HMBO HA PUCK OT PaJMALlMOHHO OOIBYBAHE OT
SAIPEHU CHOPBKEHUS, U3TOUHUIM Ha MOHU3MpAILU JbYEHHUS OT TEXHOTECHEH U
€CTECTBEH IIPOM3XO0Jl BBPXY XOopaTa M OKOJIHATa cpeaa. YBelIMyaBaHE Ha
3aeTOCTTa Ha TMEpcoHajla Ha OpraHU3alMUTe OT fAApEeHaTa HHIYCTPUS H
CBBP3AHUTE C HesI UHAYCTPHUH (10 15 Xum. 1ymu) u pa3BUTHE HA KOMIIETEHIIUUTE
B oOylacTTa Ha KpailHMs eTam OT XKM3HEHHS LUKbBJI Ha SIAPEHUTE CHOPBKEHUS.
[Tono6psiBane Ha 0OOPYIBaHETO HA IEHTPOBETE MO XUTHEHA U CMUAEMUOIOTHS
Ha OeepanHara MEIUKO-OMOIOTMYHA areHIUA ™ 3 IEIUTE HA PaJUalMOHHUS U
JI03UMETPUYECH KOHTPOJ Ha MEPCOHAIA U HACEIEHUETO.

Exosornyna edextuBHoCT. Pexabminranus Ha 3aMbPCEHU C pajuarys
teputopud. HamansBane Ha paguallMOHHOTO BbB3ACUCTBHE BBPXY OKOJIHATA
cpela B pe3ysiTaT Ha MOJEpPHHU3aLMATa HA 3alUTHUTE MHXXEHEpHU Oapuepu U
IPUBEXKJAHETO HA SIAPEHU M PAJAHALlMOHHO OMACHU ChOPBHKEHUS B €KOJIOTHYHO
0€30I1aCHO ChCTOSIHUE.

OcHoBHHU (akTOopHu, 00yCHaBAIIM TEHIACHIMUTE HA Ibp>KaBHATA MOJIUTUKA
B 00JacTTa Ha sApEeHaTa U pagualioHHaTa 0€30MacHOCT: HapacTBala pojs Ha
SpeHaTa €Heprus W SAPEHUTE TEXHOJIOTUM 32 OCHTypsSBaHE Ha YCTONYHMBO
pa3Butne Ha PD u peanusupaHe Ha HEMHUTE HALIMOHAJIHA UHTEPECHU; Ch3ABAHE
Ha TMO-MOACPHM M TO-0E€30MACHU SIAPEHH TEXHOJOTMH, WHCTANAlUA M|
00opy/iBaHe, OBUIIABAIIN yCTOWYMBOCTTA HAa IPOEKTUPAHUTE U EKCILIOATUPAHH
CHOPBKEHUS 3a M3IMOJ3BaHE Ha aTOMHATA €HEPrvs 3a MUPHH M OTOPAHUTEIHH
eI Cpelly MPHUPOIHU, TEXHOTCHHU aBapuH; yBeJMYaBaHE HAa KOJIUYECTBOTO
MaTepuagl C BHCOKO ChAbP)KAHWE HAa €CTECTBEHU PAAUOHYKIHIU, KAKTO H
yCTpOMCTBa, reHepUpallld HOHU3UPAILY JTbUEHUS; TOBUIIIABAHE HA HALIUOHAJIHUTE
U MEXAYHapOAHUTE M3UCKBAHMS 3a OCUTYpsBaHE Ha SApEHa U paJualMoHHa
0e30MacHOCT W Ola3BaHEe Ha OKOJHaTa cpena; (opMUpaHe Ha EKOJIOTHUYHO
OpPUEHTHpAH MOJEN 3a pa3BUTHE Ha Jbp)KaBHAaTa MKOHOMHUKA W 3aCUJIBaHE Ha
IbpXKABHUS EKOJOTMYEH HAJ30p BBPXY OCBUIECTBSIBAHETO HA CTOMNAHCKUTE
JEMHOCTH; pa3BUTHE Ha BRHITHOMKOHOMHUYECKaTa AeHOCT Ha PD B oOnacTra Ha
U3IOJI3BAHETO HA aTOMHATA €HEeprusi, BKIIOYUTEIHO yBeJIMUaBaHe Ha o0ema Ha
3aBJDKEHUATA 32 MIPEIOCTaBsSIHE HA Uy XAU AbPKaBU HA yCIyTH B Ta3W 00JACT,
BKJ. TpepaboTka Ha OTpabOTEHO SAPEHO TOPUBO; HEOOXOJUMOCT OT
npeanprueMane Ha MEPKH Mpe3 CIeABAIINUTE JECETHIICTHUS 3a TPEIOTBPATABaHE Ha
paslpOCTPaHEHHETO Ha  PAJMOAKTUBHU BEIIECTBA W3BBH 30HHUTE HAa
pPaMoOaKTUBHO 3aMbpCsiBaHE; TOBHILIABAHE HA POJATA Ha OOIIECTBEHOCTTA MPHU
B3€MAHETO Ha PELICHUS B 00JIacTTa HAa U3MOJI3BAHETO HA aTOMHATa €HEPIUs, BKIL.
0 BBIPOCH, CBBP3aHH C YMPABIECHUETO HAa OTPabOTEHOTO SAPEHO TOPHUBO U
paslOaKTUBHUTE OTHAIBLIH.

Jbp:kaBHATA NMOJMTHKA B 00JIACTTA HA OCUTYPSIBAHETO HA sIIPeHAa M
paaManioHHA 0e30MaCHOCT ce OCBHIIeCTBSIBA 4Ype3 KOOPAMHHMPAHA M

16 denepanpHOE MeaUKO-OMONOrMIeckoe arenrcTBo. https://fmba.gov.ru
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HeJICHACOYEeHA JCeHOCT HA AbpKaBHUTE OopraHu Ha Pyckara ¢enepanus,
AbP/KABHUTE OPraHHU HA HEMHUTE CbCTABHU 00pPa3yBaHMsl, MECTHUTE BJIACTH,
Ibp:KaBHATA Kopnopauus ,,PocaromM® , opranuzanum u rpaskIaHu.

H3noa3BaHu U3TOYHUIIH:

1. Vxa3 06 yrBepxkaeHnu OCHOB TOCY/IapCTBEHHON MOJUTHKU B 00JacTU
oOecrieueHus AAESPHON U paIuanoHHOM 6e3omacHocTr Poccuiickoit denepanuu
Ha  nepuoxy  gmo 2025 rora YU JAIBHEMIIYI0  IEPCIEKTUBY
http://static.kremlin.ru/media/events/files/ru/sQpN4HPIbegqGoLy1A7lIzta3uAl
pAbj.pdf

2. ®enepanbubli 3akoH oT 21 HoaA0ps 1995 r. N 170-®3 ,,00
UCTIONIb30BaHUU aToMHoOM dHepruun‘ http://base.garant.ru/10105506/

3. ®enepanbuplii 3ak0H oT 1 gexabps 2007 r. N 317-®3 0
['ocynapcTBeHHOW  KOpmopauuy IO  aTOMHOM  sHepruu  ,,Pocarom‘
http://base.garant.ru/12157441/

4. IToctanoBnenue IlpaBurensctBa P® ot 2.08.2010 Ne 588 ,,00
yTBepxkaeHun llopsaka pa3paOoOTKH, peanu3alvd U OLUEHKH 3(P(EKTUBHOCTH
roCyAapCTBEHHBIX IIporpaMm Poccuniickon ®enepanun’
http://base.garant.ru/198991/

5. [TocranoBnenue IIpaBurensctBa P® ot 19 oxTsa6ps 2012 r. N 1069 ,,0
KPUTEPUSIX OTHECEHHUSI TBEPJbIX, KUIAKUX M Ta3000pa3HbIX OTXOJI0OB K
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3AIIIUTA HA HACEJIEHUETO ITPU OITACHOCT OT
PAJMALIMOHHA ABAPUS

Ena 3axkup, /lesn UBanoB

PROTECTION OF THE POPULATION AT RISK OF A
RADIATION ACCIDENT

Eda Zakir, Deyan Ivanov

Abstract: In the increasingly complex environmental world we live in, along with
social, economic and technological changes, the weather is also changing, all of which require
responding to a wide range of vehicle incidents, medical incidents, hazardous substance
incidents and natural disasters. This requires an ever-greater commitment of the population in
ensuring a timely response. At the same time, volunteering faces challenges such as changing
expectations from volunteers, demographic changes and lack of financial and technical
resources.

Keywords: Radiation, actions, energy, radiation accident, irradiation

1. BBeaenue

Pamuanusara omucBa BCeKH MpOIEC, MPU KOWTO CHEPrusaTa, M3TbUBaHA OT
€IHO TS0, MPEMHWHABa TPE3 Cpela WU Tpe3 MPOCTPAHCTBOTO, 3a Aa ObIe
abcopOupaHna oT Jpyro Ts10. Moxe aa 0bae Kiacuduimpada B 3aBUCUMOCT OT
e(eKTUTe, KOUTO TIPOM3BEXKIA BBPXY MaTepusATa, Ha HOHU3UpAIId H
HEHOHM3UPALIHN ThUeHUS. MOHM3MUPAIIOTO ThUCHHE BKIIOYBA KOCMIYECKH JIBUH,
PEHTICHOBH JIbUH M pajualius OT paauoaKTHBHU MaTepuain. HelloHu3upamoTo
JBUYCHUE BKJIIOUBA JIBUMCTA TOILIMHA, PAIUOBBIHNA, MUKPOBBIHHU, TEPAXEPIIOBO
JpUeHHE, WH(pauepBEHA CBETJIMHA, BUJMMA CBETJIMHA W YJITPABUOJIETOBA
CBETJIMHA.

EcTecTBeHNTE WM3TOYHUIM HA paauanus MPUCHCTBAT B IsUIaTa OKOJIHA
cpema. Karo msuto ecTeCTBEHHTE HW3TOYHHUIIM HA pajWanus ca TPYIHU 3a
KOHTPOJIMPaHE ¥ € HeBb3MOXKHO XOpaTa Jia n30erHaT Hal'bJIHO U3J1araHeTo uM. B
HSKOW W3KJIIOYUTEIHH CIydad, HapuMep U3MOI3BAaHETO Ha PaOH B JOMOBETE,
MOTaT J1a ce IpeaArnprueMaT HKOHOMHYECKH ¢()eKTUBHU MEPKH 32 HaMaJlsiBaHE Ha
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o0buBaHeTO. B nonmbiiHeHNE KbM €CTeCTBEHATA Pa/ihalivsl, TECTOBETE Ha SAPEHU
OpBXKUSA U SIIPEHUTE aBapuu, Kato Te3u B UepHoowt npe3 1986 r. u dykymuma
npe3 2011 r., reHepupaT JOMBIHUTEIHA pagvals, KOSITO B MOMEHTa CBIIO
MPUCHCTBA B OKOJIHATA CPEJIA.

2. IToTeHIIMAJITHU PUCKOBE

Haii-ronsimara 3armmaxa uaBa OT JUPEKTHUTE €(PEKTH Ha EKCIUIO3HsITa
OTKOJIKOTO OT PaJuallMOHHOTO OONbYBaHE WM 3ambpcsiBaHe. Haili-ronemust
pauallMOHEeH PUCK HJIBA OT HEMOJI03UPAHOTO BIWIIBAHE WJIA MOTIBIIAHE Ha
Marepualia, pa3npbCHAT YPE3 €KCILIO3US WU BCIEACTBUE HA MOXKap, UIN PHUYHO
pa3npbCKBaHE HA PAJIMOAKTUBHU OTIOMKH WJIM MaTepuanl OT HEAECTOHUPAIIOo
yCTpoicTBO. MHXamalMOHHUAT PUCK € OCHOBHO I10 ClIe/laTa Ha pa3NpoCTpaHeHHE
Ha mymeka or ekcruiodusaTa 0 100 m oT M3TOYHMKA Ha OCBOOOKIaBaHE.
CpMHEHHETO 3a OTKpHUBAHE Ha IIyTOHUN MOXeE Ja ObJie MOTBHPACHO CaMO IO
3eMsTa, OJM30 N0 EKCIUIO3UATa, HO Ie ObJle U MHOrO OINacHO. BBHIIHOTO
3aMbpcsBaHe HAMA Ja 0bJIe BEPOSITHO TOJIKOBA OMACHO, OTKOJIKOTO MOTIIBIIAHETO
Mopaayl MPbCHU PbLE U ApYTrd NpuuuHU. OrpaHUYEHUs MPECTON HA YJIECHOBETE
Ha aBapuitHus exun 61m30 10 NI B He eKCILIOATHPAIo B3PUBHO YCTPOMCTBO
WM TOJIEeMH MapyeTa OT OTJIOMKHTE He OH cieABajlio jJa ObJe OMacHO, HO
3aIbPKAHETO W CBHXPAHEHUETO Ha TaKbB MaTepuall MOXKE Ja JOBeAe MO
OoOJ’bYBaHMS M TO 3a HSIKOJKO MHUHYTH. CHACHUTENTHUTE €KUM Ca OCHOBHO
CKUITUPAHU C PECHUPATOPHU amapaTy 3a 3alllyTa, KOSTO T'M Ma3u OT pUCKa 3a
nornbiaie Ha PAB upe3 BaumBane. HanmnunaTta anapatypa mo3BoJisiBa J1a ce
YCTAHOBSIBAT PUCKOBETE OT BBHHIIHO OOJbYBAHE, HO HE MOXKE Jla YCTaHOBSIBa
pucka npu BauiiBaHe Ha PAB, xapakTepHo 3a TakuBa ¢ y4acTblU. Bb3MOKHO €
Jla ce OYaKBaT BPXKICOHM NEUCTBHS CPEly UHCTUTYIIUUTE U UKOHOMUYECKHUTE
CyOeKTH, B T. Y. M HETaTUBHM MKOHOMHYECKH TOCICIUIM TIPH HEMPABUIHO
aZpecupaHe Ha CbOTBETHUTE IEUCTBUSA KbM CbOTBETHUTE MHCTUTYIMU. PakoBuTE
3a00JsIBaHUS HE OMXa MOTJIM Jla ObAaT HAOMI0AaBaH! MIPU TO3U BUJI aBapHsi, HUTO
Jla C€ YCTAHOBAT KATO MOCJIEIUIIA OT Hesl, IaKe U MPU U3MOJI3BAHETO HA TOJIEMHU
KOJIMYECTBA OT PaIMOAKTUBHH BelnecTsa [1, 3].

3. JlelicTBUS NP ONMACHOCT OT PAIMOAKTUBHUTE AaBapPUU

OmacHOCTTa OT 3aMbpPCSIBaHE C PAJAMOAKTHBHU BEIIECTBA MOXE Ja
BB3HUKHE BCIICJICTBHC Ha paJWaIlMOHHA aBapwis, TPAHCTPAHWYCH IPEHOC, MPHU
HapyIlaBaHe MEPKHUTE 32 0€301MTaCHOCT MpH paboTa ¢ U3TOYHUIIM HAa HOHU3UPAIIH
JTHYUCHHUSI WUTH BCIICICTBHE Ha SPEH yaap. Beipocure, CBbp3aHu ChC CUTYPHOCTTA
HAa aTOMHHUTE IICHTpald, HMMaT WbPBOCTCIICHHO 3HaueHue. V3BbpmiBa ce
HEMPEKbCHAT PATUAIMOHEH KOHTPOJI U C€ MPEANpPUEMaT U3KITIOUUTEIIHO CTPOTH
NMPEBAHTUBHU MEPKU 3a HENOIlyCKaHe Ha aBapuiiHa omacHocT ot AEIl
OcpiiecTBsiBa ce oOMeH Ha mMHGopManus uype3 MexayHapoHaTa areHIMs 10
atomHa eneprus /MAAE/ kpM OOH, moamucaHu ca JBYCTpaHHH CITOTOJI0H
MEXy ChCEIHHM CTPAHM 3a yBEJOMsIBaHE M OKa3BaHE Ha Mmomoll. BeposTHocTTa
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3a Bb3HHUKBAHE Ha aBapus B aTOMHA €JIEKTPOLIEHTPAIA € CBEJEHA 10 Bh3MOKHUS
MHHMMYyM. B TO[Kperna Ha CHTYPHOCTTa € NpPEIBHAECHA OpraHU3alus 3a
pearupaHe B clydail Ha aBapus. Pa3paboTeHHM ca IUIAHOBE W pa3yeTH U ca
OpeIBUACHH CpEACTBA 3a HWHAMBHAyadHa M KOJEKTHBHA 3ammra. llpu
pagpaloHHa OOCTAaHOBKAa XopaTa MOXeE Ja I[oJydaT OOJIbYBaHE OT
pPaZroOaKTUBHOTO 3aMbPCSABAHE: BHHIIHO IPH IPECTOSIBAHE B 3aMbPCEH PAliOH M
BBHTPEIIHO - Ype3 BAUIIBAHE HA PAIHOAKTHBEH Bb31yX, KAKTO U UPE3 XPAHUTEIHH
IPOAYKTH W Boja. IIpu MOBHUIEHA PagHOAaKTHMBHOCT CHIIECTBYBa OIACHOCT 34
XopaTa, HO 3am[dTara OT pPaJdOaKTHBHO OOIIbYBAHE € BH3MOKHA.
Creraai3upaHuTe Ibp)KaBHU OPraHu MPEABIIKIAT MEPKH 3a OrpaHUYaBaHEe Ha
00JIbYBAHETO HA HACEJICHUETO, HO 3a Ja MOXKETe Ja W3IBIHABATE IIOTOYHO
yKa3aHMATA MPU BCSIKA KOHKPETHA CHTYyaIMs € 100pe Ja UMate MpeaBapUTEIHH
no3Hanus [1, 2, 4].

3.1. Onpedenane Ha 3auiumuu Oeicmeus

Crprkute 3a u300p Ha 3allMTHH MEPKH M JICUCTBUS, BKIIIOYBAT:
aHaNM3UpaHe Ha 3amiaxata, M300p Ha 3alllUTHU JCUCTBUS, OIpEACNIIHE Ha
NpEAYNPEKICHUETO 3a HACEIICHUETO, OIpeJessiHe Ha IUIaH 3a JIecTBUE; 3a
W3BBPIIBAHE Ha aHalKM3 Ha 3aljlaxaTa € W3KIIOYMTENIHO BaXXHO B I11ada
HEMPEeKbCHATO Ja MOCThIIBa MH(poOpMalus or Bcuuku yactu Ha ECC, umaiu
oTHoIleHHe KbM OeactBueTo. 11[abbT ompenens oT KakBa mH(Opmalus uMa
HYXJ1a, IEPUOAUYHOCTTA HAa MTOCTHIIBAHETO M, KAKTO U OTTOBOPHUK MO HEMHOTO
chOupane U oOoOmaBane. OCHOBHUTE BHUJOBE HEOTJIONKHU 3AlIUTHU MEPKU,
KOUTO TpsiOBa Aa ObAAT NPUIOKEHUM HE3a0aBHO B IIbPBUTE YACOBE ClE]
BB3HUKBAHETO Ha SIJPEHA WU paJMallMOHHA aBapuiiHa 00CTaHOBKa, ca:

1. yBemoMsiBaHE M OMIOBECTSBAHE HA PEXXHUM 32 TIOBEICHHE Ha HACEIIEHUETO
C OorJie/l HaMaJsiBaHe Ha OOJBUBAHETO JIO HAM-HUCKOTO BH3MOKHO HUBO, KOETO
MOXe€ Ja CE OCTUTHE;

2. IEKOHTaMUHAIUS HA MOCTPAJAIUTE U AOMBIHUTEIIHN U3UCKBAHUS KbM
oOlIiecTBEHATa U JIMYHATA XUTHEHA;

3. UHIUBUAYAJICH U PaIUallMIOHEH MOHUTOPUHT;

4. orpaHnYaBaHe U KOHTPOJI HA JOCThIIa B MECTaTa U palOHUTE, 3aMbPCEHU
C paJANMOAaKTUBHU BEIIECTBA, BKIIOUMUTEIHO OTpaHMYaBaHE HA KOHCyMallusTa Ha
XpaHUTETHU TPOIYKTH, KOUTO Ca MOTEHIHATHO 3aMBbPCEHU C PaJUOAKTUBHU
BEIIIECTRA,;

5. 3ammTa Ha JUXATEIIHUTE OpPraHu U KOXKa,

6. M3M0JI3BaHE Ha 3allUTHHU O0JIEKIIA;

7. YKpUBAHE;

8. flo/THa TPOPIITAKTHKA;

9. eBakyanusi.

3.2. Ilpedynpesicoenue u onosecmsagane Ha HACENEHUECHO
B cinywaii Ha sapeHa aBapusi 3aceTHATOTO HAacelieHWe He3abaBHO ce
yBEJIOMSIBA OT OPTaHUTE 3a yMPaBICHUE ChOOPA3HO TAXHATA KOMIETEHTHOCT H
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MepuoAMYHO ce uHOpMUpa 3a aBapusTa, HEHHUTE XapaKTEPHUCTHUKH,
MPEIBUIACHUTE 3aIUTHU MEPKHU KaTO:

- MEPKHUTE 3a 3allldTa Ha 3/pPaBeTO, KOUTO TpsAOBa Ja ObJAT MPEAIPHUETH,
BKJIFOUMTEIIHO: ChBETH 3a JIMYHA XWTMEHA W J€3aKTUBAllMs, OTpAaHMYaBaHE Ha
KOHCYMAaIIMsITa Ha ONPEACICHU XPAHUTEIHU ITPOIYKTH, KOUTO € Bb3MOXKHO Jia ca
3aMBPCEHU C PaJMOAaKTHBHHU BEIleCTBa, IPeOMBaBaHE B 3aTBOPSHU ITOMCIIICHHS; -
OCHOBHA oOpa3oBaTellHa WH(DOpMAIKS 3a pajgualusira 1 HEHHOTO BB3JCHCTBUE
BBPXY YOBEIIKOTO 3/IpaBE U OKOJHATA CPEAa;

- OpraHu3anusATa 1o pa3JaBaHe ¥ U3I0J3BaHe HA MHAUBUIYAJIHU CPEJICTBA
3a 3aIlMUTa U JJEKapCTBEHU CPEJICTBA;

- OpraHM3alys B CiIy4dail Ha Bb3MOYKHA €BaKyallus;

- uHdOopMaIUs 3a ChICHCTBHE HA OPraHUTE HA M3IBJIHUTENIHATA BIACT U
ABApUHUTE €KUIIA U CIIa3BAHE HA TEXHUTE PA3NIOPEKIAHUS.

4. Mepku 3a mnpeaoTBpaTsiBaHe WJIM HaAMAJsIBaHe Ha
pPHMCKA OT 0eacTBUA

4.1. Excnepmu3a Ha CbCMOAHUEMO HA KPUMUYHUME U NOMEHYUATHO
ONACHU 00eKMU U CHOPBIHCEHUS UMAWU OMPAXéCeHUe 6bpxXy
noeeue om eOHa 0OWUHA.

OTroBopHHM JTBHKHOCTHH JIUIIA 32 U3TOTBIHE HA eKCIEPTU3H. OTTOBOPHOCT
3a OMpeie/IsTHe Ha KpUTUYHUTE U MOTSHIIMATHO OITACHU OOCKTH M M3TOTBSHETO Ha
EKCIIepTU3H 3a TAX € Ha JlupekTopa Ha AUPEKIUS ,,ATIMUHACTPATUBEH KOHTPOJI,
PErMOHAHO Pa3BUTHUE U JIbprKaBHA COOCTBEHOCT OT 00JIaCTHA aIMUHUCTpaIUs
U PBKOBOJAUTENUTE Ha (UKCHUpaHUTe B IUlaHA OOEKTH OT KpUTHUYHATA

uH(ppacTpyKTypa.

42. Cucmemu 3a HabOAlOOEHUe, pPAHHO NpeOynpex3coeHue u
onogecmsaeane Ha Op2aHumMe 34 YNpaeieHue, Ccuiume 3a
peazupane u HacejleHuUemo.

W3rpaxmaneTro U MOIIBbPKAaHETO HA CHCTEMH 3a HaOJOJIEHHWEe, PaHHO
MPEeAYNPEKICHUE U OMOBECTSIBAHETO HAa OPTaHUTE 3a YMPAaBIICHHUE, CUIUTE 32
pearnpaHe U HaCCJIICHUETO € eJIEMEHT Ha 3aIbJKUTEITHATA TPEBAHTUBHA JCHHOCT
B YacTTa ¥ OTHOCHO TIpWJIaraHe Ha MPEBAaHTHBHU MEPKH 3a HEIOMYCKaHE WA
HaMaJIsIBaHE Ha MOCJICIUIINTE OT OCJCTBU.

Ha teputopusra Ha o0nacTTa uMa U3rpajieHa cCucTeMa 3a HaOJtoIeHne Ha
paguanmoHHus (OH, KOSTO € YacT OT HAIl[MOHAJTHATA CUCTEMA.

5. O0yuyeHue Ha OpraHuTe 3a yHnpaBJ/IeHUE, CHUJIUTE 3a
pearupaHe M HACeJICHUETO.

5.1. OTroBOpHM IIHKHOCTHH JIMIIa OT OOJIACTHA AaJIMHHHCTpAIUs 3a
OpraHu3upaHe W TpPOBEXKIaHe Ha oOydeHueto. OpraHute Ha
U3ITBJTHUTETHATA BJIACT U IPYTUTE IHP>KaBHU OpraHu ce oOyJaBat 3a
3amuTa npu 6eacTBusi. OTroBOpHOCT 32 00yueHuero umat O0nacTeH
ynpaButen, 3am. OOjacTeH ympaBUTEN C pecop ,,3aluTa IMpU
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OencTBUs’ M IJIaBEH CEKpeTap Ha 00JIacTHa
aIMUHUCTpALIHSL.

5.2. IlpoBexxmane Ha yd4eHHs 3a OTpabOTBaHE Ha B3aMMOJCHCTBHETO
MEXJIy OpTaHHTE 3a YIpaBJICHHWE, ChCTABHUTE YacTH Ha EnuHHaTa
ClacuTeNTHa CHCTeMa U HACEJICHHETO TMpu OeICTBUS/aBapuu.
[ToaroToBKkaTa Ha CHCTaBHUTE 4YacTW Ha EnuWHHaTa cnacuTenHa
CHCTEMA CE U3BBPIIBA YPE3 MPOBEKIAHE HA TPEHUPOBKHU U YUCHUS C
e YCTAHOBSBAaHE  CBHCTOSHUETO HAa  KOMYHUKAIIMOHHO-
nH(OpMaITMOHHATA CUCTEMA, TOTOBHOCTTA HAa EKUITUTE 32 pearupaHe
U TomoOpsBaHE B3aWMMOJEHCTBUETO ¥  KOOpAWHAIMATA HA
CbCTAaBHUTE 4YaCTH M OpPraHWTEC HA W3MBJIHUTEIHATA BIACT.
[[nanupanuTe TPEHUPOBKM U YydeHHUs ce (QuHAHCUpAT OT
penyOIMKaHCKUs OI0JIKET.

6. [eiilHOCTH 32 HAMAJISIBAHE HA PUCKA.

HamansBaneTo Ha pucKa 3a >KMBOTa M 3JPAaBETO HA HACEIICHUETO IIpU
paananroHHa aBapus o0yciaBs HEOOXO0IUMOCTTA OT MPEeANpUEMaHe Ha IJI0CTHA
CUCTEMA OT IMPEBAHTUBHUM MEPKH M MOATOTOBKA HA CUJIMTE 3a pearupaHe u
HACEJICHUETO IPU KPUTHYHA CUTyalus. B 3aBUCMMOCT OT TOBa JaJId LsJIaTa
00JacT € MOJUI0kKEHA HA PAaJUOAKTUBHO 3aMbpPCSIBAHE WM YacT OT Hes, LI ce
Ch3JaBaT HEOOXOAUMUTE TPYNUPOBKH OT CHJIM U CPEACTBA, PETPYIIUPAHE U MPH
HEO0OXOAMMOCT BKJIOUBAHE HA JIOI'BJIHUTEIIHU CUJIM U CPEACTBA HA OCHOBHUTE U
IpYyTrd CbCTaBHM 4YacTW Ha €IMHHATa CHacuTeaHa cucreMa. BemomcrBata u
bupmuTe Ch3IaBAT HEOOXOJUMHUTE TPYNUPOBKH OT CHIIM U CPEACTBA CHIVIACHO

TJIAHOBETE CH 3a 3aIllUTa MpU 0€CTBUS M ChOOPa3eHH ¢ KOHKPETHAaTa 00CTaHOBKA
[4, 8].

A.ITocToBere 3a paguanimoHHO HaOIOACHUE U HH(pOpMaIus padboTeniu
B YUECTEH PEKUM OCBIIIECTBIBAT HEMMPEKHCHAT KOHTPOJI Ha Trama-¢oHa.

b. Jlo3uMeTpruYHUsA KOHTPOJI 34 3apa3eHOCTTa HAa Bb3JyXa, [IOYBUTE,
BOJAWTE, XPAHUTEIHUTE U CEJICKOCTONAHCKU IIPOAYKTH, >KUBOTHHUTE W
YKMBOTUMHCKATA MPOAYKLHMS CE€ H3BBPIIBA 4Ype3 MPOOOB3EMAuECKH TPyNH KbM
naboparopuute Ha P3U, JIBCK, B u K, BXEWU — BC u OJIbX, a ananuza u
€KCIIEPTHOTO 3aKJIIOUEHHE CE€ MPaBIT U JaBar B Jlaboparopuute Ha PUOCB —
Crapa 3aropa u PUOCB — byprac.

B. Jlo3uMeTpuyHus KOHTPOJ HAa Xopara C€ OCBhUIECTBABA C
WHIUBUYyAJIHA JO3UMETPHU U OPTaHU3UPAHO IO IPYNOBUS CIOCOO B OOJTHUYHUTE
3aBE/ICHMUSL.

I'. BenomctBaTta u pupmute upe3 cOOCTBEHU pa3y3HaBATEIHU OpraHU
OCBIIECTBIBAT JO3MMETPUUYEH KOHTPOJ HA TEXHUKATa U MPUICKAIIUTES UM
palioHM.
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J. dupMute 3a KOMYHAIHO-OMTOBHM YCIYTM Cbh3[aBaT OCHOBHUTE
IPYIUPOBKU OT COOCTBEHU M MPHUAAJCHU CUJIM U CPEJCTBA 3a M3BBLPIIBAHE HA
CHABP. B ToBa HamnpaBieHue 1€ JACHUCTBAT U MPUJIAJICHU CUJIA U CPEICTBA OT
TepuropuanHute Monyiu Ha BC, ceriiacHo miiana 3a B3aumoneiicteue. @upma
“B u K” upe3 cnenuanu3upaHuTe CU rpymnu Ch37aBa yCIOBUS 32 HOPMAJIHO WIIH
PEXUMHO BOJIOCHA0 IIBaHE HA HACEJICHUTE MecTa mpu nmpoBexaane Ha CHABP.

E.OIlY u ¢upmute “[IpTHO momabpkaHe” WMaT TOTOBHOCT 3a
U3BBPINIBAHEC HA JMKBUIAIIMOHHW MEPOMPHUATHS IO IsyIaTa MhTHA MpEXa B
o0JacTTa ¥ MPUJICKAIINUTE U CEPBUTYTH.

K. BemomctBata u ¢upmuTre ChC COOCTBEHHM CHUJIM M CpPEICTBA
NPOBEXIAT CHACUTEIHU M JMKBUAALMOHHU MEPOIPUATHS HA TPUIISKAIIUTE UM
TEPUTOPUH.

3. KmeToBeTe Ha OOIIMHKM OpraHU3upaT U KOOPJUHHUPAT BPEMEHHOTO
W3BEXKJAaHEe M TPEAOCTaBSIHE Ha HEOTJOXKHA IIOMOI Ha MOCTpajaly JIWIIA,
MIPEIOCTaBSIHETO Ha Bh3CTAHOBUTEIHA MIOMOIIl Ha HACEJICHUETO U U3BBPIIIBAHETO
Ha HEOTJIOKHHU Bb3CTAHOBUTEIHU PAaOOTH IMpU OSICTBHS.

Bpemero u opranm3zanusTa 3a 3anouBane Ha CHABP 3aBucu ot jaHHuTe
OT paJUAllMOHHOTO pa3y3HaBaHe, CKOPOCTTA 3a MPHUIBMKBAHE HA paJHaAIldOHHMS
o0J1aK, METeOpOoJIOTHYHaTa 00CTaHOBKA, 3aCErHATOCTTa Ha 00JIacTTa KaTo IS0
WA OTJICJIHU palioHW. BbBekaaT ce B AEUCTBUE IIbPBO CUJIMTE U CPEACTBaTa 3a
U3BBLPIIBAHEC HA OOIIUTEC JIMKBUAAIMOHHU MEPONPHATHS — Ie3aKTHBAIUAS H
o0e33apa3siBaHe.

OcB0o0OOXk1aBaHETO HA KOJEKTUBHUTE CPEJICTBA 32 3alllUTa OT HACEJICHUETO
IIe CTaHe, CJIe]l KaTO Ce M3BBHPIIAT OCHOBHUTE JIMKBUIAIIMOHHN MEPOTIPHUATHS 32
HaMaJIsIBaHE Ha PHUCKA OT PAJAMAIlMOHHO 3apa3siBaHE W ClIe]l ChOOIIEHUE IO
CpeacTBaTa 3a MaCOBO OCBEJIOMSIBAHE.

JIMKBUIAIIMOHHUTE MEPOTIPUSATHS BKIIFOUBAT:

- MI3pppIiiBaHe HA TOCTOSTHEH JO3UMETPUUCH KOHTPOJ.

- JlezakTuBalmMs Ha YJIMIM, TPOTOApH, IUIONIAJM, JETCKU ILIOIIAJKH,
MapKUHTH, Ma3apuIla, BOAOCTOUYHU ChOPBKEHUS U Ip.

- JlezakTuBanys Ha MbTHA MPEXKa, MbTHU ChOPHKCHHS M CEPBUTYTH.

- JlesakTuBanus Ha 3/jaHUsl, TEXHUKA U 000pyIBaHE.

- JlesakTuBanus Ha BOAOU3TOYHUIM U BOJOTIOIABAIIU ChOPHKECHHUS;

- JlesaktuBanus BB PUpMU, CKIIAI0BE 3a XPAHUTEIIHU CTOKH, Mara3uHu;

- JlesakTuBanus B OOJHUYHU 3aBEJICHUS, BEJOMCTBA, YUPESIKICHUS;

- 3apa3eHd OTHaAbUYHU MaTepuaau ce 3arpoOBaT Ha CIEIUATHO
MOATOTBEHU MECTa, OIPEACIICHH OT CIICITUATN3UPAHUTE OOIITUHCKHU CITYKOU;

- JlesakTrBanys Ha TPEBHU ILIOIIH;

- He3aktuBanus Ha pepmu, 060pH, CKIIa10Be 32 Pypaxu U MPUIISKAIIUTE

TEPUTOPHH;

- IIpeopaBane miMm cCHeMaHe Ha 3apa3eHU MOYBH U JCTIOHUPAHETO MM B
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CHICI[UATHHU JIETIa;

- HsikonmkokpaTHO MPOBEXIaHe HA HAKOW MEPOIPUITHS MPEAU3BUKAHO OT
HEOJIaronpusiTHU aTMOC(EepHU yCIIOBHUS.

JlezakTuBanus 1 o0e33apa3sBaHe ce MPOBEXKAa M Ype3 M3MOJI3BAHETO Ha
CHEIUMATHN TEXHOJIOTHH 3a TpepadoTKa Ha KUBOTHMHCKA W CEJICKOCTOITAHCKA
npoaykius. [lenta Ha Te3u MepoONpUsATUA € MOTyYaBaHe Ha KpailHU MPOIYKTH 32
3aJI0BOJIIBAHE TMOTPEOHOCTUTE HAa HACEICHUETO, KOUTO Ja OTroBapsT Ha
usnckBanusaTa Ha BJIC u OHP3 [5, 6].

[Tpunaranero Ha CIICLIMATHU peuenTypHu peleHus B
MJIEKOTIPEpabOTBAHETO U MECOMPEPaOOTBAHETO BOAT 10 PEAYyLIMPAHE CTEIICHTA
Ha PaJMOAKTHUBHO 3aMbPCSBAHE MOJ] W3BECTHU IMpParoBU HOPMHU, BPEMEHHU
aBapuiiHM HOPMHU M MHUHUMAJIM3UPAHE HATPYNBAHETO HAa PAJUOHYKIUIU B
OpraHrh3Ma Ha Xopara.

OcBeH TEXHOJIOTUYHUTE CE€ MpPaBIT W JPYTH PaJAANMOHHO-3AIUTHH
MEpOIPUATHSL, KaTO:

- Cla3BaHE HA CAHUTAPHO-XUTHEHHUTE MEPOIPUSATHS

- U3xpanBaHeTo Ha jenara, OpEMEHHUTE KEHU U MAMKUTE KbpPMadKd C
HAJIMYHUTE HAW-4YMCTU XpaHU. 3a uenra no pazuetu Ha P3U me ce paskpusrt
paliloHUpaHO MYHKTOBE, KOUTO IlI€ C€ CHAOIABaT AUPEKTHO OT CKJIAJOBETE Ha
dbupmuTe, oA KOHTpOJIa Ha MeIUUMHCKUTE opranu u P3U, ¢ xepMeTusupanu u
00paboTeHU MO CHEUUAHA TEXHOJIOTUU XpaHUTETHU npoayktu. Karo TakuBa
MOTaT Jia C€ U3MO0I3BaT Ch3/1aJICHUTE pallOHUPAHU IETCKU KYXHHU;

- CHa0pasBaHe ¢ XpaHUTETHU MPOJIYKTH B CKJIQJOBETE M Mara3uHUTE OT
HE3aCETHATH PalOHU;

- [Ipuemane c cknagoBeTe W OOpPCUTE HA PACTUTEIHH TMPOMYKTH CIE]
JIO3UMETPUYCH KOHTPOJI U cepTUdUKAT;

- PazkpuBane ot ¢pupma “B u K” Ha BpeMeHHM BOJIOpa3/aaBaIliy MyHKTOBE.
[Tpu HeoOXxoauMocT ce yeunBat ¢ BojjoHockH ot 6azute Ha OYIIB3H u ot BC;

- Opranusupane B OOIIMHCKUTE W PAOHHU OOJHHIM 32 aMOyJIaTOPHO
W3CJICIBAHE Ha TPYNHUTE, HU3BBPIIBAIIM JMKBUIALMOHHU MEPOMNPUSATUS U
HaceJieHneTo. 3BbPIIBAHETO HA MEPONIPUSITHUS 110 J€3aKTUBAIMS YpE3 U3rapsiHe
Ha PaJMO0aKTUBHO 3aMbPCEHH MPOIYKTU U MPEIMETH HE CE JIOIyCKa.

- M3non3BaHe HA BOJOM3TOYHMIIH OT JIBJIOOKH COHIAKH, HOJHHU TaOJIECTKH
Y TIpaBUJIa 3a TIOBEJIEHUE NIPH sAIpeHa aBapusi 1

7. 3akJgrouyeHue:

IlenTa Ha M3CIEIBAHETO € J1a CE Ch3aZe HEOOXOUMaTa OpraHu3aIrs 3a
CBOEBPEMEHHOTO M TOYHO MPOTHO3MpPAHE HAa XapakTepa W TOCIEACTBUSNTA OT
ApeHa WIM paguallioOHHa aBapusi W YCIENIHO HW3MBJIHCHWE Ha 3allUuTHH
NENUCTBUS, TPEAYTNPEKICHUE HA HACEIEHUETO, TIOBUIIIABaHE HA TOTOBHOCTTA 3a
peakiys ¥ KanauTeTa Ha YaCTUTE Ha €IMHHATA CIIACUTENIHA CUCTEMa U OPTaHUTe
3a yImpaBjeHHE Ha O00JIACTHO HUBO TPH OpraHU3MpaHe W KOOPJAMHHUpAHE Ha
JEUCTBUATA 1O BpeME Ha PAJAMOAKTHBHOTO 3aMbpCABaHE, KAKTO W TIPH
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BbH3CTAHOBSIBAHE OT HAaHECEHMTE IIeTH [5, 7].
N3nou3BaHu M3TOYHUIIN:

1. [Inan 3a 3ammTa OpU SApeHa WM paJydallMOHHA aBapus Ha obOiact
bnaroesrpazn
https://www.blagoevgrad.government.bg/images/stories/documenti/Saveti/OSN
RB/Plan/1-3-Yadrena_avaria.pdf

2. IIJTAH 3a 3ammra mpu OenctBus Ha Cronmuna obmuua vact III —
Snpena wim Pagnanvonna aBapus, TpaHCrpaHWYEH NPEHOC HA PaAMOAKTHBHHU
BellleCTBA W  ABapuuM C PaAJAUOAKTUBHU M3TOYHUIM UM  MaTepHAIH
https://www.sofia.bg/documents/20182/302128/%D0%9F%D0%BB%D0%B0%
D0%BD+%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D1%86%D0%B3
%D1%8F+%D1%87%D0%B0%D1%81%D1%82+111+13032019.pdf/fc395710-
18a7-4b82-b6ae-0285dbd0b5e4

3. Ocmu HanMoHaseH 1ok Ha PemmyOnrka bhiarapus mo KOHBEHIIUSATA 32
snpena 6e3omacHoct, Codus, 2019 r.

4. HAPEJIBA 3a aBapuiiHO IJlaHMpaHe U aBapuiiHa TOTOBHOCT TPH SiAAPEHA
U pajualoHHa aBapus

5. HAPEJIBA 3a paguanmoHHa 3anura

6. 3amMTHE MEPKH MPU aBapuu ¢ B3MOXKHU PAIUAINMOHHU TOCIICICTBUS
3a HaceienueTo https://bnra.bg/bg/avarien-tsentar/zashhitni-merki-pri-avarii-s-
vazmozhni-radiatsionni-posledstviya-za-naselenieto/

7. https:/lwww.kznpp.org/bg/mezhdunarodno-satrudnichestvo

8. [loBenenne wu neiictBue Ha HaceneHuero mnpu aBapus B AEL[ u
TpaHCTPaHUYEH MIPEHOC Ha paguoaKkTUBHU BEILIECTBA
https://www.dobrich.bg/bg/news/3467-
%D0%BF%D0%BE%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%B
8%D0%B5-%D0%B8-
%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D0%B5
-%D0%BD%D0%B0-
%D0%BD%D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B
8%D0%B5%D1%82%D0%BE
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BE3OIIACHBIE YCJIOBUA U UTHHOBALIMOHHBIE
METOAbI OBYYEHUA bYAYHIUX CIIELHIUAJIUCTOB B
BBICIHINX YYEBHbBIX 3ABE/IEHUAX

I'puban B.I'., ®omenko A.E., Ckpunuenko U.T.,
MeabaukoB B.JI.

SAFE CONDITIONS AND INNOVATIVE METHODS OF
TRAINING FUTURE SPECIALISTS IN HIGHER EDUCATION
INSTITUTIONS

Griban V.G., Fomenko A.E., Skripchenko I.T.,
Melnikov V.L.

Abstract. The article discusses innovative teaching methods, their advantage over
traditional ones. Innovation is a direct way of integrating education, science and production,
adequate to the knowledge economy. At the same time, innovations in all aspects:
organizational, methodological and applied, are the main tools for improving the quality of
education.

Key words: method, application, innovation, training, education, training, specialists,
activity, electronic resource, educational process.

Anomayua. B cmamve paccmampuearomcs UHHOBAYUOHHbIE MemoObl 00yUeHus, Uux
NpeuMyujecmeo no CpaeHeHuro ¢ mpaouyuonHvimu. Munoeayuu - 35mo.npsamou nymo
unmezpayuu 00pA308aHUs, HAYKU U HNPOU3BOOCMBA, AOEKBAMHbIU IKOHOMUKE 3ZHAHULL
OO0HOBpeMEeHHO UHHOBAYUU B0 B6CEX ACNEeKMAx. Op2aHU3AYUOHHOM, MemoOU4ecKkoM U
APUKIAOHOM, - IO OCHOBHOU UHCIPYMENMAapuil YIyyuleHus Kaiecmea oopaso8anusl.

Knrouesvie cnoea: memoo, npumenenue, uHHOBAYUU, OOYUeHUe, 00Opazosanue
HO020MOBKA, CReYUATUCTbL, 0esIMETbHOCMb, INEKMPOHHBII Pecypc, yueOHbll npoyecc.

[TogrotoBka  BBICOKOKBATM(UIIMPOBAHBIX  CHEIHUATINCTOB, KOTOpbIE
XapaKTepU3yIOTCs MPOPEeCHOHATBHOI0 MOOMIBHUCTHIO, CIOCOOHOCTIO K OBICTPOM
aJanTaluy K HETPEABUACHHBIM YCIOBUSM TpeOyeT OT BBICIIEH IIKOIbI HOBBIX
CEPHO3HBIX YCHIINH.

[IpodeccrnonanbHoe cTaHOBIEHHE CHEIUATIUCTA — MPOLIECC JUTUTEIbHBIN U
CIIO’KHBIM, MO3TOMY MpPENpo/IaBaTeIbCOMy COCTaBY HEOOXOIUMO MOCTOSHHHO
U3bICKMBATh U MPUMEHATh TaKHE METOJIbI, CPEACTBAU U (POPMBI OpraHHU3aIlU
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Y4EHOr0 Mpoliecca, KOTopble obecreurBaiv Obl JTydlliee OBJIaJICHUE CTYyACHTaMU
TEOPETUYECKUMU 3HAHUSMH U MPAKTUYECKUMHU HABBIKAMH.

B cnoxuBHmIMXCA YCIOBUSX B CBATH C MaHAEMUEH KOBUI-19 'y
OOJBIIMHCTBA BY30B Y KpauHbI 3aHATUS TPOBOATCA AUCTAHIIMOHHO. OTCYTCTBUE
HEIOCPEACTBEHHOIO KOHTAKTa IPENOAABATENA CO CTYyICHTaAMU IS pealn3alun
TOM WJIM UHOW 3aJa4M, OCTABJICHHON Ha 3aHATHUH, IPUXOJUTHCS UCIIOIb30BaTh
caMble pa3JINYHbIE COBPEMEHHBIE HWHHOBALlMOHHBIE METOJbl M TEXHOJIOTH
oOyueHus AJIs OMyYeHHUs TIOJOKUTEIBHOTO pe3yJbTaTa.

IHocranoBka npodsemsbl. B nocineaHue roapl NpOUCXOIAT KapAUHAIbHbIE
U3MEHEHHUSI B MPOIECCE MOATOTOBKM CIELUUAJIMCTOB B BY3€, OOYCIIOBIJICHHBIE
COBPEMEHHBIMH  TEHJEHIMSMHU PA3BUTHS  BBICIIETO MPOPECCHOHAIBHOTO
oOpazoBanus. [IpumeHeHHE COBPEMEHHBIX OOpa30BATENIbHBIX TEXHOJOTMH U
METOJOB JUIsl MOATOTOBKHM CIELUAINCTA JIOJDKHO OBITh HampaBiICHO Ha
dbopmupoBaHue:

- BBICOKOTO NpO()eCCHOHATU3MAa U KOMIIETEHTHOCTH, KpEaTHUBHOTO
MBIIUIEHUS, TBOPYECKOW aKTUBHOCTH, HHUIIMATUBHOCTH JIUYHOCTH;

- KOHKYPEHTOCIIOCOOHOIO CIEIHaINCTa, CIIOCOOHOTO paboTaTh B HOBBIX
YCJIOBHSIX PBHIHKA;

- JIEJIOBBIX KA4E€CTB CHELUAIMCTA, I KOTPOTO XapaKTEPHBIA BBICOKUU
YPOBEHb MPOPECCUOHATBHON MOATOTOBKY;

- HAy4YHBIX OCHOB YIIPaBJICHUS;

- BBICOKOI'O YPOBHSI aIMUHHCTPAaTUBHBIX CIIOCOOHOCTEN

AHAIM3 OCHOBHBIX HCCJICAOBAHMHA M NYOJUMKAUMHA 10 JAHHOH
npood.ieme.

[TosiBnieHHe U pa3BUTHE AaKTUBHUX METOJOB 00y4YEeHMsI 0OYCIIOBJIEHO TEM,
4yTO mepea 0Opa30BaHMEM BCTAIOT HOBE 33Jaud: HE TOJIBKO JaTh YyYallUMCS
3HaHUSA, HO U oOecrneunTh (OPMUPOBAHME M PA3BUTHE IO3HABATEIHLHOTO
UHTEpeca U CIIOCOOHOCTH, TBOPYECKOTO MBILIUICHUS, YMEHHMM M HaBBIKOB
CaMOCTOSITEILHOTO, TMOJHOIIGHHOTO yMmcTBeHHOTo Tpyna [1]. CoBpemeHHbIe
MeTO/bl 00yUeHHs 0a3apyroTCs HA MHHOBALIMIHBIX TeXHOJIOTUsAX. MHHOBanus —
3TO TPSIMOM TYyTh HWHTErpalMu oOpa30BaHMs, HAYKM M IPOU3BOJICTBA,
aZICcKBaTHBIN SKOHOMHUKE 3HaHNN. OTHOBPEMEHHO NHHOBALMS BO BCEX ACIEKTAX:
OpraHU3alHOHHOM, METOOUYECKOM U IIPUKJIATHOM-3TO OCHOBHOM
WHCTPYMEHTAPUH yIIydIlIeHUs KauecTBa oOpa3oBanus [2].

OCHOBHBIE ~ XapaKTEpPUCTUKHM W  MPOOJEMbl  TPAJAMLMOHHBIX U
MHHOBAIMOHHBIX METOJO0B 00pa30BaHMs HAIUIM OTpakKeHHEe B paboTax TaKUX
cnenuanuctoB, kak C.}O. bynrtoBckuii, C.U. T'eccen, B.Jl. Hanuyk, JIL.HA.
PomankoB, Bb.M. Xopomyk. Ilemaroruueckue WHHOBALMU CTaId OOBEKTOM
uccnenoBanust .M. Jluukosckoii, B.1. Koznoa, M.A. bonmapenko u p...
TeopernyeckuM OCHOBAM CTAHOBJIEHMS W  Pa3BUTUS  HMHHOBALIMOHHBIX
oOpa3zoBaTenbHBIX cucTeM NocBseHsl padotel M.IO. Onenikosa, O.B. Uymaka
u 1ap. OgHAaKO HEKOTOpbIE acleKThl MHCIIOJIIb30BAHMUS HWHHOBAIM B cdepe
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COBPEMEHHOr0 00pa3oBaHusi TpeOyloT OoJjiee AETAIBHOIO PacCMOTPEHUS,
KOHKPETHU3AIUU U COBEPLICHCTBOBAHUS.

Ieap naHHOW CTaTbU COCTOMT B MCCIEAOBAaHMHM HWHHOBALIMOHHBIX
TEXHOJIOTUA M COBPEMEHHBIX METOJ0B OOYYEHHS CTYACHTOB IOPUIUYECKUX U
CMEXHBIX Mpodeccuil y BBICIIEH IIKOJIE.

B ycrnoBusx rmoGanmu3anuu ¥ WHHOBALIMOHHBIX HM3MEHEHUI O0JbIoe
3HaYeHHWE B  pa3BUTUM  OOpa30BaHUA  MPUOOpPETaeT  HMCMIOJIb30BAHHUE
pa3HOOOpa3HbIX HH(DPOPMAIIMOHHBIX, HHTEIJICKTYAJIbHBIX W HWHHOBAIMOHHBIX
o0pa3oBaTeNbHBIX TEXHOJIOTHI. IHHOBaMOHHBIE 00pa30BaTEIbHBIC TEXHOJIOTHH
KaK IIPOLIECC — 3TO «IIEJICHANPABIEHHOE, CHCTEMAaTHYECKOE U MOCIIEI0BATEIBLHOE
BHEJ[pEHUE B TMPAKTUKY OPUTMHAJIBHBIX, HOBAaTOPCKUX CIOCOOOB, MPHUEMOB
MeJJarOrM4ecKuX JEHCTBUM U CPEJCTB, OXBATHIBAIOIIUX IIEJIOCTHBIM y4eOHBIM
IIPOLIECC OT OINPEIEIICHUSI €T0 LENIN K 0KUIAAEMBIM pe3yJIbTaTaM».

[{enpr0 UCTIOIB30BaHUSI HHHOBAIIMOHHBIX TEXHOJIOTHM 00yUeHUS SIBISIETCS
NOBBILICHHE KadecTBa M 00eCHedYeHHe JIOCTYIHOCTH OOpa30BaHUs Ha YPOBHE
€BpPONEHUCKUX CTaHAAPTOB. AKTyaJbHBIMHU 3aja4aMU HA TOM IIyTH SIBJIFOTCSA:

* pa3BUTHUE CUCTEMBI 00pa30BaHUs B TEUEHUH KU3HU;

* COBEpUICHCTBOBAHNE CUCTEMbI BHEIITHETO HE3aBUCUMOT'0 OLICHUBAHUS;

* HUHTErpauus oOpa30oBaHUS W HAyKH, YTO SIBISETCS HEOOXOAMMBIM
YCJIIOBHEM O0ECIIEUEHHS KAUECTBA U €€ JKUBOT'O Pa3BUTHSI.

BaxXHBIMH  COCTaBIIIIOIIMMHU  YYEOHOW Cpelbl, TI/€ HCIOJIb3YIOTCS
MHHOBAIMOHHBIE TEXHOJOTWU OOYYEHHMsI, BBHICTYHAlOT COBPEMEHHBIE CpPEICTBA
oOyuenus [3]: ayauoBU3yalibHbIe, aKTUBHBIE METOJbI OOYUEHHS: «MO3TOBOM
HITYpM», «METOJ KEHCOB», «METOJ MPOECKTOB», COBPEMEHHBIE TEXHOJOTUH
OOyYeHHS: «J1e0aThD», «TUCITYT», «KOJIJIAXk», UTPHI-TPEHUHTH, a TaKXKEe HAYyYHO-
UCCIIeIOBaTeNbCKas paboTa CTyI€HTOB Pa3HOIO YPOBHS CIIOKHOCTH.

Pe3knii ckayok B Pa3BUTHUM KOMIIBIOTEPHOM TEXHUKH U IMPOrPaMMHOTO
oOecrieuyeHusi CHOCOOCTBOBAJ BHEAPEHHUIO B Yy4YEOHBIM MPOIECC TaKUX
TEXHOJIOTUI KakK: MyJIbTUMEIANAa-TEXHOJIOTHUH, HWHTepHET-TexHojoruu, Web-
U3aiiH, a WX MpaBUJIbHOE HCIIOJIb30BAHUE CIIOCOOCTBYET BCECTOPOHHBOMY
pazBuTHio JUYHOCTU. CoOBpeMEHHblE METOAbl OO0yYeHHsS MPEeanonaararoT
UCIIOJIb30BAHUE CPEJICTB MAcCOBOM MH(OpMAIMHU, B YACTHOCTU KOMIIBIOTEPHBIX
ceTeil, web-caiiToB, 3JEKTPOHHBIX YYE€OHUKOB, BHUAeonporpamm. [ aBHOU
OCOOEHHOCTBHIO MPUMEHEHUSI ITUX CPEACTB, KPOME HAy4YHOW HAINpaBICHHOCTH,
ABJIIETCS] UX UHTEPAKTUBHOCTh. OHA 00eCrieurBaET B3aMMOJIEHCTBHE KAK MEXTY
CTYJIEHTaMHU, TaK U MEXIYy CTyJIECHTaMU U MpernojaaBaTesnsiMu. HTepakTUBHbBIE
cpencTtBa OOydYeHHsI CIOCOOCTBYIOT OOMeHy WH(popmainuend u opraHu3anuu
COBMECTHOM JIeATEIHHOCTH BCEX yUaCTHUKOB 00pa30BaTEIHHOTO MpOoLiecca.

brnaronapsi UCTIOIB30BaHUIO AKTHUBHBIX METOJIOB OOYUYEHHUS TPOUCXOJUT
aKTUBU3alMs I[I03HABATEJIbHOW JEATENbHOCTH CTYAEHTOB U Pa3BUTHE HX
CaMOCTOSATEIILHOTO MBINUICHNS. AKTUBHBIE METOJbI OOY4YeHHS MO CBOEH CyTH
HampaBjeHbl Ha oOpa3oBaHHE COOCTBEHHOW 00pa30BaTEIbHOW TO3HMIIMHU
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yYalluxcsl, MpeycCMaTpPUBAIOT TBOPUYECKUH TMOAXOJ K PEHICHUIO Y4YeOHBIX,
MO3HABATENIbHBIX M Hay4YHBIX MpoOsieM. C 0HON CTOPOHBI, OHU CIIOCOOCTBYIOT
MOCTENICHHOMY TMOBBIIICHUIO CAMOCTOATEILHOCTH YYEOHOU NEATEeTbHOCTH, a C
JIPYro — co37aroT YCJIOBHS Uil OOCYXACHUS MpoOjieM, BO3HUKAIOIIMX B
nporecce ooydenus [4, 5].

BaxknelmM KOMIOHEHTOM COBPEMEHHOTO 00pa30BaTEILHOTO IIpoliecca B
JlHenmponeTpoBCKOM  TOCYJapCTBEHHOM YHUBEPCUTETE BHYTPEHHHX €T,
0COOEHHO B CJIOKMBIIEWCS OOCTAHOBKA B CBATH C MaHaeMuedl KoBua-19,
ABJISIETCA MHIUBUAYaJbHAS EATEIIbHOCTh CTYJIEHTOB, KOTOPask OCYIIECTBIISCTCS
MOCPEJICTBOM HCIIOJIB30BAHUS 3JIEKTPOHHOTO pecypca CO CUCTEMaTU3UPOBAHHOM
uHpopmarmert o uzydyaemor aucuuruHe (OPCUnMJl). On Haxomutcs B
OTKPBITOM JOCTYN€ U SBISIETCS MPOCTBIM B HCHOJB30BAHUM, BKIIOYAET
JICKIIMOHHBIN MaTtepiai, TEOPETUYECKUE BOMPOCHI U MPAKTHUECKHUE 3aJIaHUsl TIO
TeMe, TEMAaTUKy CaMOCTOATENbHBIX W WHAMBUIYAIbHBIX pabOT, paclucaHue
3aHSATUHN, KYpPHAJI OIIECHOK. BX0/ B cucTeMy 3aKoIUpOBaHbId. KaxKIblil y4acTHUK
y4eOHOro Ipoliecca 3HaeeT CBOM Mapojib g BXoja B cucreMy. Jlekiuw,
MPAKTUYECKUE M CEMHUHAPCKUE 3aHATHUS MPOBOASATHCS MO PACHUCAHUIO, YUET
MOCENaeMOCTH  Ha  3aHATUSIX  CTYJEHTaMH  MPOU3BOJUTCA  IyTEM
CaMOpPETHCTpAllMd HUX B CHUCTEME, MEXKIy HHUMU M IpenojaaBareieM
yCTaHaBJIMBAETCS ayJIuo - W BUIUO CBsi3b. Kak uTOor, gaxke mpu OTpPHIBE OT
HEIMOCPEJICTBEHHOIO  OOIIEHHUS] CTYJIEHTOB C IMIpenojaBareyieM sl HUX
OTKpPBIBAIOTCS BCE BO3MOYKHOCTH JUIsl Oojiee TIIATENbHOTO, a CaMo€ IJIaBHOE,
OBICTPOTO U3YUYEHHUSA U 3aKPEIIEHUSI HEOOXOIUMOTr0 TEOPETUUECKOT0 MaTeprara.

Onnako ceromHss K ydeOHOMY TIPOLIECCY TMPE sIBISIOTHCS  OCOOBIE
TpeOOBaHMS O B3aMMOCBSI3U TEOPETUUECKX 3HAHUM, TPUOOPETECHHBIX Y BBICIIIEM
y4eOHOM 3aBEJCHUU C IPAKTUIECKUMU HaBUKaMHU. [[71s1 pemieHus 3Toro Bompoca
UCIIOJIB3YETCSI METOJI TECTOBBIX Mporpamm. M3ydeHue TOJBKO TEOPETUYECKOTO
Marepuana - 3T0 npuMepHo 40% TPOLEHTOB B YCHEUIHOM PEIICHUH
MOCTaBJICHHOW 3aJlayd TOJTOTOBKA BHCOKO 3pPYAUPOBAHHBIX CIEHHAIHUCTOB.
OcraBmmmecss 60% BO MHOIOM 3aBHCIT OT TOrO, KaK BHIIYCKHHK CMOET
MPUMEHUTH TOJIyYEHHbIE 3HAHUS HA MPaKTUKE. M1 UMEHHO TeCTOBbIEC MPOTPAMMBI
MPEAOCTABISIOT TaKyl0 BO3MOXKHOCTh. TE€CTOBBIE MPOTPaMMbI - 3TO, B MEPBYIO
ouepe/lb, TPEHAXKEPbl, KOHTPOJIbHBIE TECThI, MPOrPAMMbl C HHTEPAKTHUBHBIM
aCIeKkTOM, KOTOpbIE HalpaBJIeHbl HAa B3aUMOJAEHCTBUE C ToJib3oBaTeneM. OHU
MPEIOCTABIISIOT CIEAYIONINE BO3MOKHOCTH:

- 3aKpenuTh TOJIydEHHbIE B Yy4YEOHOM TIpoIlecCe€ 3HaHMs, PEIIUB
KOHTPOJIbHBIN TECT 10 HEOOXOIUMOU TEME;

- POAHAIIM3UPOBATh PE3YJIbTAT BHIIIOTHEHUS 3aJaHNUS;

- mogoOpaTh BOMPOCHI, CXOXKHE C TE€MH, B KOTOPBIX OBUIA JOMYIIEHBI
OILINOKHY,

- OMIPEIENUTh TOT MaTepra, KOTOPBINA CIeAYyeT TIIATeIIbHO MPOpPadboTaTh.
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Takum o00pa3oM, OCYIIECTBIAETCS NPUHIMI «HU3YUYUST — 3aKpEruin,
KOTOPbIA TO3BOJUT OOYYAIONIMMCSl TOJHOCTBIO OBJIAJIETh HEOOXOAUMBIM
MaTepUuaioM, IOTPATUB HAa 3TO MUHUMYM BPEMEHH, a TAKKE:

1 BeicTynaTh B Ka4€CTBE HHCTPYMEHTA KOHTPOJIS YCIIEBAEMOCTH;

2. OrtrauuBaTh BIAJICHUE HOPMATUBOM, HCIOJIb3Yys MPOrpaMMHBIC
TpEHaXEPHI.

DTOT Tpolecc TOIAEPKUBACTCS IU(DPOBBIM  COMPOBOXKACHUEM, YTO
MO3BOJISIET CTYACHTY HE TOJIBKO YJIy4dIlIaTh BPEMsI IPOXO0KJIEHHUSI HOPMATHBA, HO
U pa3BUBATh 3pUTENbHYIO MamaTh. Takum oOpazoM, komOounupyst SPCUnM/] ¢
TECTOBBIMU NIPOrpPAMMaMH, MOKHO MOJIYYHTh HCUYEPIHUBAIOLUIUE CBEICHUS I10
HEO0OXOAMMON TeMe, 3aKPENUB UX MPAKTUUECKUM 3aJaHUEM U, KaK UTOT, UMETh
BBICOKYIO ycmneBaeMoCTb. (OJIHAKO, HEKOTOpbIE 3aJayd B IPaBO3aLUTHOU
JEATEIIBHOCTH HE MOAPAa3yMEBAIOT €AUHCTBEHHO MPABWJIBHOTO PEUIECHUS, MPHU
TOM CIEQYeT YYUTBhIBaTh U TOT akT, 4To OyAylIeMy MpaBO3ANIUTHUKY
HEOOX0aUMO OyJeT NMpUHUMAaTh HamOoJee MPaBWIBHOE PEIICHHE B CII0KHOMN
0OCTaHOBKE 3a MUHHMMaJIbHOE Bpems. B cBATHM ¢ 3TuM B ydyeOHOM mpolecce
pacnpoCTpaHEHUE MONMYYWIH, TaK Ha3bIBA€MbIE, KEHC-METOJbl TECTUPOBAHMS
oOyuatomuxcs [6]. Keiic — 9T0 onmcanne KOHKPETHON CUTyaIlMl B KaKOW-IH00
cdepe C COMyTCTBYIOIMMU (DAKTOpaMHu, JUIsl MHATHUS KOTOPOH OCYILIECTBISIOT
pa3zielieHUe €€ Ha OT/AEJIbHbIE OTHOCUTEIBHO CAMOCTOSITENIbHBIE YaCTH, a 3aTEM —
aHaIM3 KaXJIO0M 4YacTH, JENAl0T BBIBOJBI, MX OOBEICHSAIOT IS IOJIYy4YEHUs
LHETOCTHOM KapThHBL. (COOTBETCTBEHHO, PEMUTh KEUC — 3TO 3HAYUT
MIPOAHATIM3UPOBATH MPEAJIOKEHHYIO CUTYALMIO U HAWTU ONTUMAJIBHOE PEIICHHE,
ONMCAHUE KOTOPOrO MO3BOJISIET aKTyaJIM3UPOBAaTh OIPEACIICHHBI KOMILIEKC
3HAHWM, HABBIKOB W YMEHHH y oOyudaeMbiX. Pelienue KeHCOB COCTOUT U3
HECKOJbKMX IIIaroB: - aHalM3a MPeJIOKEHHOW cuTyauuu (keica); - cOopa u
aHanu3a HemocTaroled HHPOpMaIMK; - OOCYKIIEHHUS BO3MOXHBIX BapHaHTOB
penieHus Mpo0JIeMbl; - BRIPAaOOTKA ONTUMAJIBHOTO PEIICHHUS.

[IpeumyiecTBa Kelic-MeToAa MO CPABHEHHUIO C TPAJAULMOHHBIM METOIOM
TECTUPOBAHUS COCTOUT B TOM, YTO KEHC-METO/I:

- IMEET MPAKTUYECKYIO HAPABICHHOCTb;

- TO3BOJISIET NPHUMEHSATh TEOPETHUECKUE 3HAHUS JUIsl  PELICHHUS
MPaKTUYECKUX 3a]1a4; a TAKKE ONTUMAIILHO COYETaTh TEOPHUIO U MPAKTUKY;

- obOecrieunBaeT Oojiee A(PeKTUBHOE YCBOCHHME MaTepuajia Ha IOYBE
BBICOKOW SMOIIMOHAJILHON BOBJICUEHHOCTH OOYYaIOIIUXCS.

OOyuaronuiicsi TOTPYy>KaeTcss B CHUTyallMi0 C TOJOBOM: y Keica ecTb
TJIaBHBIA TEpOW, HA MECTO KOTOPOTO CTaBUT ce0si oOydaromiuiicss W perraer
npobJieMy OT ero Juna. AKIEHT B 00y4eHUH JIeTIaeTCsl HE Ha OBJIaICHUE TOTOBBIM
3HAHHEM, a Ha ero BeIpaboTKy. [1pu 3TOM hopMuUpYIOTCS MPAKTHUECKUE HABBIKH,
Pa3BUBAETCSl KPEATUBHOE MBIILJICHUE, IPUHUMAETCS HECTaHAapTHOE perieHus. 1
€CJIM B TCUEHUHUE YUeOHOTO IMKJIa TAKOU MOXO0]] MPUMEHSIETCSI MHOTOKPATHO, TO
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y 00y4yaembIX BbIpaOaThIBAECTCA YCTOMYMBBIM HaBBIK PEIICHUS MPaKTUYECKUX
3a1ay.

OnHOM U3 NPOrpecCUBHBIX TEXHOJIOTUI 00yUEeHHUsI SBIISETCS pa3BUBAIOLIEE
obeueHne. Pa3HOBUIHOCTBIO pa3BUBAIOIIETOCs] O0yUEHUs SIBISIETCS MOJYJIBHO-
peiiTuHroBast cucreMa OOy4YeHUS.,KOTOPYIO HCIOJB3YIOT KaK JJsi O0ydeHus
CTYJIEHTOB,TaK M, TaK U JJIsl OBICTPOM OIIEHKH MX 3HAHUK . DTa TEXHOJOTHS
INPUMHATA MHUPOBOM NIPAKTUKOM BBICIICH IIKOJBI C LEJIBI0 YIYyYLICHUS
OpraHuM3alMi W TOBBIIIEHUA J(G(EKTUBHOCTH OOYYEHHsS] CTYAEHTOB C
UCIIOJIb30BAaHUEM COOTBETCTBYIOIIMX YYEOHBIX MPOTPaMM M KOMIIBIOTEPHOM
TEXHUKU. basumpyercs cucrema Ha MOTHBAUMOHHBIX YCTaHOBKAaX, KOTOpPBIE
HNOHYX/IAalOT CTYAEHTa K CUCTEMaTHYECKON paboTe Haj MaTepuajoM y4eOHOi
IporpaMMbl U €ro ycBoeHuem. [Ipu aTom yueOHasi AMCUMILIIHA B JIOTUYECKOM
HOpSAAKE JAETUTCS Ha MOAyIU. MOAyib — 3TO 4acTh y4eOHOW AMCLMIUIMHBI,
KOTOpasi UMEET CaMOCTOSITENIbHOE 3HAUYEHUE U BKIIIOYAET B ce0sl, KaKk MpaBuio,
HECKOJIBKO 3a COJEpXKaHWEeM TEeM WU pasnenoB. M3ydeHwe mnporpaMHOro
Marepyana B IPENeNax MOIYJII OCYLIECTBIISIETCS Ha 3aHATHAX U B IEPUOA
CaMOCTOSITEIbHOM PabOTHI CTYACHTOB.

PeiiTuHroBas olieHKa 3HaHUW CTYIEHTOB X0Y U 0a3UpyeTCsl Ha MOYJIbHOM
KOHTPOJIE, OJHAKO MTPELYCMAaTPUBAET U TIOTOYHBIA KOHTPOJIb HA CEMUHAPCHKUX U
MIPAKTUYECKUX 3aHATHAX, 4 TAKKE YUUTBHIBACTCA YYAaCTHUE CTYJICHTOB B HAy4YHO-
UCCIIEI0BATENbCKOM padoTe.

Takum oOpa3zoM, MOAYJBHUN MPUHLHUII C PEUTHHIOBON OLIEHKOM 3HaHUI
CO3Ja€T TAKUE YCIIOBHUS, IIPU KOTOPBIX CTYAEHTHI CUCTEMATUYECKH TOTOBIIATCS K
3aHATUSAM, TJIyOOKO TpopabaThiBasi PEKOMEHJOBAHYI0 METOJUYECKYI0 H
y4eOHY10, JIUTEpaTypy, BEAYT KOHCHEKT JEKUWH, NPUHUMAIOT Yy4acTHE B
HAy4YHBIX KPYXKKaX.

He wmanoBaxxHoe 3HaueHuWe [ KA4YECTBEHHOW IIOATOTOBKM BHCOKO
KBAIM(ULUUPOBAHHBIX  CHELMATUCTOB HUMEIOT YCJIOBHS, TpPU  KOTOPBIX
OCYILIECTBIISICTCSl 3Ta MOArOTOBKA. M3BECTHO, UTO AJii TBOpUYE CKOW pabOThI
YeJI0BeKy OO0JIbIIOE 3HAYEHNE UMEIOT OCBELIEHUE U IIBET, My3UKa U Jp. (PaKTOpbI
[6].

OcgellleHue — €CTECTBEHHBIM MCTOUYHUK TBOPUYECKOW IHEPruu, 0COOEHHO
COJIHEYHOW, KOTOpasi OCYIIECTBIISIET MPSMOE BO3JICUCTBHE HA Pa3yM H TENIO
YenoBeKa.  B3auMOCBSib MEXAY OCBEIICHHMEM M MBIIUJIEHUEM YEJIOBEKA
0asupyercs Ha BIUSHUU KeJe3bl BHYTPEHHEN CeKpeluu - 3nudu3a, B KOTOPOM
oOpa3yeTcsi TOPMOH MEJIATOHUH, CHOCOOHBIA MOJIOKUTEIBHO BIUATH Ha
HMOILIMOHAJIBHOE COCTOSIHUE 4YesioBeKa. CONHEUHbIE JTy4d TOPMO3ST BBIACICHUE
METOHMHA B KPOBb, UTO IPUBOJUT K MOBBIIIEHUIO 3MOLUOHAIBHOTO COCTOSIHMS,
o6oneM d>(¢eKTUBHOMY BOCTPUSTHIO MaTepuaja U CIHOCOOHOCTH pEIIaTh
MaTeMaTUYECKHE, Hay4YHbIE U APYTHE 3a0a4H.

Connue uznydae okono 5% ynbTpaduoeTOBBIX JIy4el, BIUSIOMIUX Ha
JKU3HEIEATEIbHOCTh YEJIOBEKA, IOBBIIIAS €r0 YCTOMYHMBOCTb K BO3JICHUCTBUIO
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OTpULIATEIbHBIX (PAKTOPOB BHEIIHEW Cpebl, BO30yauTENeH 3abo0JieBaHMUIA,
aKTUBHUPYIOT pabOTy cep/illa, OOMEHHBIE MPOIIECChl, CAHTE3 BUTAMUHOB B KOXKE.
Bce 310 nonokuTenbHO CKa3bIBaeTCsl Ha pabOTOCIIOCOOHOCTH YeTIOBEKA.

Ha ncuxodusmonornueckoe COCTOSIHME  YE€JIOBEKa  CYIECTBEHHO
CKa3bIBae€TCsl LBETOBOE BocHpusTHE. [[BeTa NEHCTBYIOT Ha SMOLMOHAIBHOE
COCTOSIHE U pPabOTOCIOCOOHOCH YeJOBEKa IO — pa3HOMY: OJIHM IIBETa
YCIIOKauBAaIOT, a Ipyrue - Bo30YyKaarT. KpacHvili 1IBET CTUMYJIUPYET HEPBHBIE
LEHTPBI , AKTUBUPYET SHEPreTUUECKUE MPOLECCH B HEPBHOW CHUCTEME, NIEYECHH,
MBIIIIAX, MOBBIIIAET BHUMAHUE YEJIOBEKAa W €ro CaMo3alluTy, OJHAKO. IpH
JUINTEIBHOM BO3JEHCTBUM ATOT I[BET BBI3bIBAET OLIYIIEHUE YTOMJICHUS,
TaxXUKapAUI0, TOJUITHOD, AT PECUBHOCTh. OCOOCHHO Y SIPKO-KPACHBIX JIFOACH.

Opanorceswiii yeem BOCHPUHUMAETCS JIOJIBMU KaK TEIUIbII, OH COTPEBAET,
0O0ApUT, CTUMYJIUPYET A0 AKTUBHOM J1€ATEINbHOCTH.

Kosmuiti yeem aKTUBUPYEHN [BHUIATElIbHbIE LIEHTPHI, aHAIU3ATOPHI,
TEHEpUPYET DSHEPIU. MBI, CIIOCOOCTBYET XOpolleMy HacTpoeHuto. Ero
OTPULIATEIBHOE BO3JECHCTBUE HMEET MECTO IPU JIMXOPsJIKaX, YpEe3MEPHOM
BO30YKI€HUH, FU(OPHH, 3pUTEITBHBIX FATIOIUHALISX.

3enenviti yséem — TBIT IIOKOS,CBEXXECTU,IIOJIOKUTEIHHO BIUIET Ha
CEpJIEYHO-COCYIUCTYI0 CHCTEMY, Ha HAaCTpOEHHE M pabOTOCIOCOOHOCTH
YEJI0BEKa.

Cunuti u 2onyboii yeema — CBEXUE, MPO3pPAYHBbIE U JIETKUE, CHUMAIOT
HIpSDKEHWE,  BJIAJCIOT  OaKTepUUMIHUMH  CBOMCTBaMH,  MOBBILIAIOT
paboTOCTIOCOOHOCTh, OJHAKO TIPU JIJIUTEIHLHOM BO3JEHCTBUU MOTYT BbI3BATh
YTOMJICHHE U JENPECCHIO.

Yopuolii yeem — TOXMYPUW TSKEINBIA, PE3KO IMOHMKAET HACTPOCHHE,
paboTOCIIOCOOHOCTh, BHUMAHUE.

binoui  yeem — XONOAHBIN, OIHOOOpa3HBIN, CIOCOOHBINBHI3BATH
amaTHIo,TOHMKEHNE pab0TOCIIOCOOHOCTH. BUKIIMKATH alariio.

B 3aBUCMMOCTM OT BIMSHHS Ha 4YEJIOBEKAa pa3jIMyaroT CIEIyIOLuUe
NEeNCTBUS KOMOWHAILIMH LIBETOB:

- JHepreTuyeckoe (MPUAAIOT CUJTy, MOBIMIAIOT PadOTOCIOCOOHOCTH):
OpaHXEBbIN-O€NbI,  KENTbIM-3€JICHbIM,  3€JICHBIA-TIypIypOBbIHA,  CHHMIi-
OpaH>KEBBII;

- JIMHaMHU4yecKoe (TOBBIIAIOT CKOPOCTh PEAKLIMU Ha pa3apakUTeNu,
BHUMAaHHE):  KPACHBIIM-OPAHKEBbIM, YOPHBIN-KENThIM, YOPHBIM-KPACHBIH,
YOPHBIN-OPAHKEBBIN;

- OCBHWXKAIOIIEE: >KOBTHIN-3ETICHBIM, TOTyO0OM-CephIii, TroJyOON-OebIi,
3€JICHBIN-0ebIi.

L{BeTOBBIE OTTEHKU CTUMYJIMPYIOT MBILIJIEHUE U YyBCTBO.

CrnenoBaTenbHO, dYeM OOJIbIIE  OKPYXKalOT Hac (B peKpeanusx,
MPaKTUKYMaX, JICKITMIOHHBIX 3aJ1aX) MHTEPECHBIC U HEOOBIKHOBEHHBIC MPEIMETHI
(TutakaThl, PUCYHKH, MOJIEIIH, KApTUHBI U TIp..), TeM OoJibllie Oy/IeT acoiHraIiuii,
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TeM Oorarmum OyAeT 6a3uc AJis MBIIIICHHsI. DTO UMEET OOJIBIIIOe 3HAUCHUE JITIS
BJIOXHOBEHHSI U TBOPUYECKOTO HACTPOCHUHI.

bonpmioe 3HaueHwe IS TOBBIMICHHUS PAOOTOCIIOCOOHOCTH CTYJICHTOB
uMeeT Mysuka, OImpeneneHHbBId THII ~ MY3WKH  CIIOCOOCTBYeT  0Oojem
dQPEKTUBHOMY  3allOMHHAHWI0O W  YCBOGHHUIO y4eHOOW  HH(MOpMAIHH.
dopmupoBaHUIo pabovero HACTPOCHUS CIIOCOOCTBYIOT:

- 3BYKH ’KMBOM IIPUPOJIBI;

- KJIaccu4eckast My3blka — YCIIOKanBaeT W TIOMaraeT COCpe0TOYNThCS Ha
pemeHnr TpodaeM. B OTAENBHBIX By3aX NPAaKTUKYETCS YHTATh JICKIIUH MO
KJIACCHYECKYI0 MY3HKY (HE3HAUYUTEILHON 3ByYHOCTH;

- POMaHTHYECKasl My3bIKa CTUMYJIPYET MOTOK MHUMHX 00pa30B U MUCJICH.

Taxum 00pa3om, I aKTUBU3AIMN YIEHOTO TPOoIlecca CelyeT MPUMEHSTh
COBPEMEHHBIC HIAKTUYECKHEe WHHOBAIMOHHBIE METOMABI, a TaKXe IPOCThIE
NPUPOAHBIE CTUMYJISITOPBI — HOPMaJIbHOE (JKEJIATEIILHO COJIHEYHOE) OCBEIICHHE,
[BETOBOE O(hopMIIeHHE, KaK KOMIIO3UITMOHHOE CPENICTBO, My3UKY U APYroe, 4yTo
CIIOCOOCTBYET MOBBIIICHUIO PAOOTOCIIOCOOHOCTH U YKPEIUJICHUIO 3/I0POBbSI.
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CTaBCs BUKHWJ] B HaBKoJMIIHE cepenonuiie 10 380 000 000 kropi paaioaKTUBHUX
PEYOBHH, 30KpeMa 130TOIIB ypaHy, IUIYTOHII0, MOy, 11€3110, 1€3110, CTPOHIIIIO.
Bceworo B armocdepy Oyino BUkunyTo 0713bK0 520 HEOE3MeuHUX paiioHYKIIIIIB.
3arayibHa TUIOIIA pajiallifHOro 3a0pyaHeHHs YkpaiHu ckiaaiga 50 Tucsd
KBaJIpaTHUX KUIOMETPIB B 12 obnacTsx, paaiaiitHoMy 3a0pyIHEHHIO T IaIUCs
1 perioHn YKpaiHu 3 TepuTopiero maixe 60 THCSY KBagpaTHUX KIJIOMETPIB 1 3
HacesJeHHsAM 2,6 MutbiioHa oci0. YopHOOMIIbChKa KaTtacTpoda — €KOJIOTIYHO -
colliajgbHa KaTacTpoda.

BruuB panioakTMBHOTO 3a0pyIHEHHS Ha O10J0T1YH1 00’ €KTH Mae MPOsSBU
Ha BCIX PIBHAX OpraHi3auli BiJ BipyciB 10 ekocucteM [1-5]. OcobmuBo sickpaBo
11 eeKTH BUpakeHi B Mexax YopHoOMIbCbKO1 30HU BiAUYKEHHS, € 010JI0T14HI
00’€KTH 3a3HAJIM KPUTUYHUX PIBHIB ypaXXEHHs. 3 MJIMHOM 4Yacy rocTpl MpPOsBHU,
Takl sIK BIIMUpPaHHS COCHH Ta mosiBa «Pyaoro micy», 3MIHIOIOThCSI Ha MOBUIbHE
BIIHOBJICHHSI ~ 010TH, $IK€ CYIPOBOKYETHCS TMOSBOIO PAAIOCTIMKUX (HopM,
OCJIA0JICHHSIM MPUPOJIHOT CTIMKOCTI 0 BIPYCHUX 1H(EKIIIH Ta Tapa3uTiB, MOSBOIO
MyTaHTHUX (HOPM, IPUTHIYECHHS POCTY, 3HWIKEHHSIM PENpPOAYKTUBHOI 37JaTHOCTI
Ta TEHEeTMYHHMH 3MIHaMH 3a  YMOB HH3bKOJO30BOTO ONPOMIHEHHS B
JIOBTOCTPOKOBIN  mepcrnekTuBl. HaromicTh BiACyTHICTH a00 OOMEXKEHHS
JIOJICBKOTO  BTPYYaHHS CHOPUSJIO BIJHOBIEHHIO MPUPOJHOTO  XapakTepy
(GYHKIIOHYBaHHS €KOCHCTEM Ta 301IbIICHHIO O10pI3HOMAHITTS , B TOMY YHUCII 32
PaxyHOK IHTPOAYKIIITHUX BUIIB.

Pamiamiiini  eexTd, BHUSABJIEHI Ha KIITUHHOMY, OpraHi3MOBOMY 1
NOMYJISIIMHOMY PIBHSIX, HE MOPYUIYIOTh 3arajbHOi KapTHUHHU MPEICTaBICHOCTI
baopuctuyHux 1 QayHictuuHux KomiuiekciB. Ha teputopii 30-kM 30HH
BinmuykeHHss YAEC 00’extu 010TH — pOCIMHM, TPUOH, HIDKY1 Ta BUIII TBAPUHH,
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MIKPOOPTaHi3MH Ta BIPYCH 3a3HAIOTh XPOHIYHOTO BIUIMBY 10HI3YIOUOI'O
BUIIPOMIHIOBaHHS.

3pocTaHHsl 4YaCTOTH BUSIBJICHHS BIPYCIB CIOCTEPITa€ThCs Ha 3a0pyAHEH1N
PaIOHYKIIIIaMU TEpUTOPIi 30HU BIAUYKEHHS, B TOMY YHUCII 3HA4YHO BUIIIA
yacToTa BUSIBICHHS BIPYCIB pOCIWH Ay pociauHHOCTI 30-kMm 3oHHM. B meprry
JeKagy TMmichs aBapii CIOCTEpIraJuch ICTOTHI 3MIHM BHJIOBOTO CKJIaay
MIKpOOpPTaHi3MiB y pi3HUX Micie3pocTaHHsX. [Tokazano, mo y 6akTepiii 3a yMOB
HiBUIICHOTO PIBHA Pa/ll0aKTUBHUX 3a0pyTHEHB CyOCTpaTy 3pocTaia MIBUAKICTh
YTBOPEHHS MYTaHTHUX (OpM, II0 BKa3ye HAa MOMJIHMBICTh MOSIBH OUIBII
pamioctiiikux ¢opm. ChopMmyBaivich mrTaMu TpubiB, 30aradeHUX Ha BMICT
MeEJIaH1HIB.

biora HaitOuTbII 3a0py/HEHUX BOJOWMMIIN XapaKTEPU3YETHCS BHCOKUM
pPIBHEM DPaJl0aKTUBHOTO 3a0pyJaHEHHs. Y TKaHMHAX pUO HArpoMajpKyeTbCs HE
TUIbKU T1e31-137, ame ¥ cTpoHMii-90 # 130TONM ITyTOHIIO 1 aMEpHIIii, M0
CIIPUYMHSE MOIIKO/KEHHS PENPOIYKTUBHUX TKAaHUH. Y KIIITHHAX 0e3XpeO0eTHUX
TBAPUH YPAXXEHUX BOJONM CIIOCTEPITa€ThbCsl IMiJIBUIICHHS PIBHIO KIITHH 3
abepalisiMM XpoMOCOM TMpuOiU3HO B 10 pa3iB y MOPIBHSHHI 3 «YHUCTHMM»
BOJIOMMAaMHU.

Y am(i0iii Ta TpU3YHIB, KOTPI MEIIKAIOTh Yy 30HI BIAYYXKEHHS,
B1JI0YBA€THCS HAKOMIMYEHHS PAAIOHYKIIIIIB Y KICTKOBIM TKaHUHI, 10 IPU3BOAUTD
70 PO3BUTKY IHUCTPOPIYHUX IMepedy/1oB B IryOUacTUX KICTKax, po3lIapyBaHHS
KICTKOBHX IJIACTUHOK.

VY MoKoJIIHHSAX BEJIUKOT POraToi XyA00u, sika B IepIIUi pik aBapii oTpumasia
no3u 6ins 0,8 Tpepix? (Bix 137Cs), criocTepiraeThes: 3HUKEHHS TJI0II0YOCTI Ta
MIJBUIIEHHS CMEPTHOCTI HOBOHAPOKCHMX,3MIHM TE€HETUYHOI CTPYKTYpU Y
MOKOJIIHHSX 32 YMOB HHU3bKOJI030BOTO OMPOMIHEHHS CIIBITAIAIOTh 3 PeaKIisaMU
MOMYJISAIIl HA €KCTPeMalIbHI BIUIMBY YMHHUKIB 1HIIOI, HEpadiaIlliiHOT IPUPOJIH.
OTo3, OCHOBHA BIJIMTOBIIb TBAPUHHOTO OPTaHi3My Ha XPOHIUHY JI110 10HI3YIOUOTO
BUIIPOMIHIOBaHHS TOJIATa€ B BiOOpPI HOBUX T€HHUX CIOJYYEHb B HACTYITHUX
MOKOJIIHHSX.

Ha ocHOBI BuIIE 3a3HAYEHOrO0 MOXKHA 3pOOMTH HACTYNHI BHCHOBKHU:
paaiaiiiauil GoH nopiBHAHO 3 1986 pOKOM 3MEHIMBCS y COTHI pa3iB. BxuTi
3armo0ikH1 3aX0A1 Ta IPOLECH CAMOOYMILICHHS PU3BEIU A0 3MEHUIEHHS BMICTY
PaIIOHYKJIITIB B 00’eKkTax  HaABKOJMUIIHHBOTO cepemoBula Ta B
CLJTLCHKOTOCIIOIAPCHKIN MPOYKIIii, 0 B CBOIO YEPry MPU3BEJIO 10 3MEHIICHHS
BHYTpIIIHBOIO ONPOMIHEHHS HAaceJleHHsA. 3a yac TIicas apapii  IUION
PaJI0aKTUBHO 3a0pyIHEHUX TEPUTOPIM 3HAYHO CKOPOTHIIMCH. Maibke BIBIdi
30UTBIIMIACS TUIOMA TepuTopli Ykpainu, ae piBHI 3a0pyaHeHHs 137Cs
CIIBCTaBHI 13 JOaBapifHUMHU 1 OUTHII HIK Y JABIY1 CKOPOTHUIIACS TUIOIIA TEPUTOPII,
ne piBeHb 3a0pymHeHHs 90 Sr mepeBulyBaiM JoaBapiiiHi piBHI. PiBeHb i
MaciTabu 3a0py/THeHHS TepUTOPii YKpaiHu 130TOmamMu TIYTOHIIO0 (DaKTHYHO HE
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3MIHUTKCA. AKTUBHICTD 241 AT IOCTYNOBO 3pOCTae, 3a paxyHoK po3nany 241Pu,
a MacITabu HOro MOIIMPEHHS CITIBCTABHI 13 MOIIUPEHHSM 130TOIIB TUTYTOHIIO.
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TEHAEHIIUA B PASBBUTUETO HA MOBUJIHUTE
AHAJIUTUYHHU CUCTEMH

bopuciaas luMuTpoB

TRENDS IN THE DEVELOPMENT OF MOBILE
ANALYTICAL SYSTEMS

Borislav Dimitrov

Peztome: Moburnume nabopamopuu mozam o0a O6vOoam uHmespupanu 6 MoOUTHU
AHATUMUYHU CUCMeMU, 3d 0d OM208OPAM A0EK8AMHO HA 20JMOMO PA3HO0Opasue om
npeouzguKamencmed:; noayiasane Ha npoou, oemexkyus, udeHmuguxkayus u oyeHka Ha
COMHUMETHU HeU36eCMHU MAMepuan, ONna3éaHe CbCMOSHUEMO HA OKOIHaAma cpeoa u
8b3CMAHOBAB8AHE NPU HAPYWABAHE, AHAIU3 HA HAPKOMUYU UIU NOMBbPIHCOEHUEe 3d Haludue Ha
matina nabopamopus. Te credsa oa moeam oa peazupam npu Kamacmpo@u, mepopuzvm u
0e30poti Opyeu Oeticmsusi 6 meampume HA 8bOPLIHCEHU KOHOIUKMU UTU HA MePUMOPUIMA HA
cmpanama.

Knwuoseu Ooymu: mobunnu nabopamopuu; MOOUNHU AHATUMUYHU CUCTNEMU; SOPEHU,
XumMu4ecku, OUOI02UYecKU U paouoI02Udecky CboOumus

Abstract: Mobile laboratories can be integrated into mobile analytical systems to
adequately respond to a wide variety of challenges: sample acquisition; detection,
identification and evaluation of questionable unknown materials; protection of the state of the
environment and recovery in case of violation; drug analysis or clandestine laboratory
confirmation. They should be able to react to disasters, terrorism and countless other actions
in the theaters of armed conflicts or on the territory of the country.

Key words: mobile laboratories; mobile analytical systems; nuclear, chemical, biological
and radiological events

Ha ¢ona na peanen BropbxkeH koHpmukT B EBpomna, HeoOxomumocTTa OT
Obp30 MpeoCcTaBsHE HA BUCOKOHAISKTHA U MTPUIIOKKUMa HH(POpMAIHsl, CBhp3aHa
C sIIpeH, XUMUYeCcKH uiu ouonorudecku (AXb) nnnuaent, Hukora He € Ousa rmo-
rojisMa. EBeHTyamHuTe OOMHU TojieTa M O€30MacHOCTTa Ha JIMYHUS ChCTaB U
HACEJICHUETO III€ Pa3yuTaT Ha CIIOCOOHOCTTA J1a CE€ MPEAOCTABIT HEMOCPEICTBEHU
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aHaJIM3W Ha WHIUICHTHUTE, BMECTO CHIECTBYBAIlaTa MPAKTHKA Ja CE TOCTABST
npoOuTe B KOHBEHIIMOHATHA JJabopaTopusl Ha CTallMOHAPHO ((hUKCHUPaAHO) MSCTO.
HeoOxoaumocTTa OT CIOCOOHOCTH 3a MPEIOCTaBIHETO Ha MH(MOPMANHATA IO
HaBpPEMCEHEH, 0€301aceH W CUTYpEH Ha4yWH, KaKTO U HayKaTa H WHXEHEPCTBOTO,
CBBP3aHU C Pa3BUTHUETO HA HAJSKIHA MOOWIHA aHATUTUYHA JIabopaTopws,
HapacHa JpacTudHo. Pa3BuTrHeTo Ha BOCHHATAa HayKa, ChUeTaHa C HaNpeIbKa B
WH)OPMAITMOHHUTE TEXHOJIOTHH, Ch37aBa TMPEANOCTaBKM 3a CIIMBAaHE Ha
BB3MOKHOCTH, KOWUTO Ja TMOJIbPKAT MOOWIHU aHadu3W B JBWKEHHWE. Tasu
TEHJEHIUS e TPOABIKU J1a C€ TPOSIBSABA, Thi KAaTO HOBHUTE H3UCKBAHUS
CTUMYJIUPAT MHOBAITMUTE ¥ MPOU3TUYAIINTE OT TOBA TEXHOJIOTHUHU HAIPEIBaT.

Taxka 4e ot rinemaHa Touka Ha SIXbB3 Bb3HUKBA BBIIPOCHT 3aII0 TOTaBa BCSIKO
dbopMupoBaHUE 3a AJIPEHO, XUMUUECKO M OMOJOTUYECKO pa3y3HaBaHE Ja HAMa
coOcTBeHa MoOMiTHA Jtabopatopusi? Ho nMa TBbpjie MHOTO ChOOpaKeHHs, KOUTO
TpsiOBa Ja ObJAT OIEHEHW Tpead MPOCKTUPAHETO, pa3pabOTBaHETO,
CHAO/ISIBAHETO U BHBEXKIAHETO HA MOOMITHUTE TaOOPATOPUHU KAaTO YaCT OT €AMHHA
aHAIMTUYHA cucTeMa. MOOMIIHUTE CUCTEMH CJIe/iBa Jia ca 4acT OT cHUcTeMaTa 3a
paHHO MpEeayNpeKaaBaHe U JOKJIAIBAaHE U HAMA J1a ca AUHCTBEHUTE N3TOYHUITN
3a 0a3a OT JaHHU, KOMUTO Ja ca JOCTaThbYHU 3a €(EKTUBHO JOCTUTAHE /O
aHAJIMTUYHO 3aKitoueHue [6, 7, 8].

[IpoOute He TpsOBa Ja MPUCTHTAaT Ha CIAydYacH MPUHIMII O BpaTtata Ha
naboparopusita 0e3 mnpuupyxkaBama uHbopMmauus. HeszaBucumo  ganm
nH(popMaIuaTa € OMIa 4acT OT MpeXka OT CHCTEMH, KAaTO aBTOHOMHH JIETEKTOPH,
TOYKOBHU JCTCKTOPU WM KOJICKTOPU 3a MPOOM WMIM OT XHMMHK-Pa3y3HaBad C
npaBUIHO B3eTa Mnpoba — wuHPoOpManuMATa 1€ I[O03BOJM Ha MOOWIHATa
nabopaTopus a ObAAT YacT OT MHOTOIUIACTOB MPOIIEC TOYHO KAKTO € YacT OT
pemierrero. MoOuiaHUTE JTabopaTopuud MoOTar Aa ObAaT WHTETPHUPAHU, 3a Ja
OTTOBOPAT Ha TOJIAMO pa3HOOOpa3ue OT MPEIU3BUKATEIICTBA: TOJydaBaHE Ha
npoOu; neTeKius, UACHTU(UKAIKMS W OIEHKA Ha CHMHUTEIHH HEU3BECTHU
MaTepHaiy; Ola3BaHe ChCTOSHUETO HAa OKOJHAaTa Cpelia U BH3CTAHOBSIBAHE MPHU
HapylllaBaHe;, aHAIW3 HAa HAPKOTHUIIM WJIU TOTBBPKICHUE 3a HAIMYHWE HA TailHa
nabopatopus. Te cimeaBa ga Morar jga pearupar Mmpu KaTacTpodu, TEPOPU3bM U
0e30poii apyru ACHCTBUS B TeaTpPUTEC HAa BBOPHKEHU KOH(MDIUKTH WIM Ha
TEpUTOpUSTA Ha cTpaHara [1, 5].

MobunHata mnaboparopus MOXKE Ja c€ pasriexaa KaTo IOJBUKHA
matdopma obopyiBaHa ¢ HAOOP OT aHAIMTUYHA arnaparypa, KOsITO MPeI0CTaBs
uHdopmarus. JlokaTo MHOTO TpPAJUIIMOHHU BB3MOKHOCTH Ha MOOWIHHUTE
nabopaTopuu ce POKyCHpaT BHPXY €IHa KOHKPETHA OMACHOCT, Bb3MOKHOCTTA 32
HEOYaKBaHa 3arijiaxa u CliocoOHOCTTa 3a OBP30 MPEeHACOYBAHE HA JIAOOPATOPHUTE
CIIOCOOHOCTH KbM TEKyI[aTa 3aIuiaxa MoraT JOMBIHHUTEIHO [ MpeInu3BUKAT
nu3aifHepa Ha J1abopaTtopusiTa Ja ce 3aHUMaBa ¢ MHOKECTBO 3aIlIaXu/OMacHOCTH
enHoBpeMeHHO. KoMyHuKanmuuTe ¥ CHOCOOHOCTTa 3a WHTETpPHpaHE Ha
uHbopMaIUsl OT PA3NMYHA W3TOYHHIIM IO3BOJISABAT HA JiaboparopusiTa Ja ce
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IIPEBBPHE B MOILEH KOMIIOHEHT B IIPEBAPUTEIHO IUIAHUPaHa MpeXkKa OT PEILICHHUS
32 EKUIIUTE 3a IbpBa IOMOLI, MPAaBOINPWIATAIIUTE OpPraHU, BONHULUTE OT
pasy3HaBareaHUTe (POPMUPOBAHUS U JTa0OPATOPHUTE YUECHH.

[Tpu pa3paboTBaHETO Ha IOJ€BAa AHAIMTUYHA CHCTEMa IHPOLECHT Ha
IIPOEKTUPAHE LIE CIIE/IBA ONpeieTieHa cTparerus. KakBo ce mpaBu Hanpumep Mpu
IpEeANpPUEMAHE Ha ABJITO IbTYBAaHE — M3IT0JI3BAT CE HA-pa3INYHU Bb3MOKHOCTH
3a omakoBaHe (Ky(apu, KyTHH, MOAYJHU KyTHH, KOHTEHMHEPU WJIHM MOOWIHU
wiatopmu). BHUMaTe1HOTO MiaHUpaHe U MOATOTOBKA HAa MBTYBAHETO TpsiOBa
J1a C€ U3IBJIHU HE3aBUCUMO OT MPEACTaBEHATa TPAHCIOPTHA CTPATErus, OMIIO TO
C aBTOMOOWJI, aBTOOYC, KAMHOH WM >KEJIe30IIbTEH MPEBO3 IO CYyIIa, CaMOJIEeT —
o BB3AYX WM ¢ Kopad — mo Mope. HeoOxonumo € na ce mpenBHIU BCsKa
BB3MOXKHA cuTyanus [2, 3, 8].

[TpenacouBaiiku ce KbM MOJIEBUTE J1a0OPAaTOPUH, UMa TEXHUUECKH OapuepH,
CBBP3aHU C Pa3riekIaHETO Ha TEXHOJIOTMUTE Ha TPaAUIIMOHHMS CBAT Ha AXDb3.
CrpiiecTByBaT ChIIO TaKa HEU3BECTHU IMOTEHLIMAIHY 3aIUIaXd, KOUTO HE ca SICHO
ne(UHUPaHU, HO Bb3HUKBAT YpE3 BPaKIACOHU UM €CTECTBEHU CHOUTHS U MOTaT
Jla ce MPEACTaBAT KaTO aCMMETpHYHa OMAcHOCT. Te3u TpyIHU 3a IJIaHUpPaHEe
IIpeIU3BUKATENICTBA U3UCKBAT MHTErPUPAHE HA MPUOOPH, KOUTO J1a CE CIPABST C
BCAKA pa3MyHa cUTyalus. MH)XeHepHUTE KOHTPOJU (IbPBUYHU U BTOPUYHM)
CTaBaT JKU3HEHOBAXXHU 32 CbOMPAHETO, TPUEMAHETO, TOJATOTOBKATa M aHAIN3a Ha
nojyuyeHutre mnpodu. B chIIoTO Bpeme € HEeo0XoAuMo Ja c€ IOMHUCIU 3a
OTpa0OTEHHUTE OTIAJHU BOJM M KOHCYMAaTUBHU, KOUTO MOTraT Ja 3amMbpCAT
OKoJIHaTa cpena. HaaeXIHUAT WHKEHEPEH KOHTPOJ, BKIIOYBAIL PE3EPBHU U
XUOPUIHN CUCTEMH 3a (PUITpHpaHE, MOHUTOPH M PE3EPBHO HEMPEKHCHATO
3axpaHBaHe, TpsOBa Ja € TOJKOBa J00Bp, KOJKOTO TapaHIMHUTE 3a KauyecTBO,
CBBpP3aHU C pa3pabOTBAHETO, U3TPAKIAHETO, POU3BOICTBOTO U TECTBAHETO HA
TaKMBa NpeanasHu Mepku. ChIno TOJIKOBA BaKHHU €a MPOLIECUTE U MPOLIEAYPUTE,
CBBP3aHM C H3MIOJ3BAHETO OT OIeparopa HAa HWHXEHEPHU KOHTPOJIU.
[Tonxoasamoro o0yuyeHHe W OCHOBHOTO pa3dMpaHe 3a TSIXHOTO H3MOJI3BaHE B
pYTHHHATa M CIIEIIHA CUTyauus TpsaOBa Aa Obaar 0e3 HenoctarbiM. He craBa
Jyma caMo 3a TOBa, KOETO OM MOTIJIO J1a Ce€ CIy4H, aKO C€ JIOMyCHE M3THYaHEe Ha
THUM; craBa nymMa 3a OCHOBHTE Ha aHAJIUTUYHUA IIPOLEC, KOMTO BKIIOYBA
3ama3BaHe 1eJI0CTTa Ha MpobaTa, 3ara3BaHe Ha mpo0aTa 3a Mo-HaTaThILIEH aHAJIN3
WM 32 apXUBHU HYXIH, TUCLUUIUIMHA B 3aIIMTAaTa HA [IEPCOHAJIa, CMEKYaBaHe Ha
KPBCTOCAHOTO 3aMbPCSIBAHE M OCHOBHU TMPAKTHKU B MpPOLECa HA AHAIMTUYECH
aHaJu3.

Crnensa ga ce OTrOBOPH Ha BBIPOCA: KakK Ja ONPEAECIMM HU3UCKBAaHUATA 3a
HEOOXOJMMUTE MOJIEBU CIIOCOOHOCTH, CJIeJ] KaTO OCh3HAEM, 4e Te€ ca CaMO 4acT
oT cucremara oT cucreMu? OTroBOpbT € — uUpe3 Mpeuu3Ho AeduHUpaHe Ha
HaIIUTE W3UCKBAHMS, ThIl KATO T€ CE€ OTHACAT NPSKO 0 HAIaTa OPraHU3aLus U
Mucus. M3n0a3BaHETO Ha BB3IPUET KOHCEHCYC — KaTo pbKoBOACTBOTO HAa HATO
STANAG 4632, pasrpsinania ce aHanutuyHa jadbopatopus 3a SAXbB3, mo ce
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oTHacsi 10 cTpaHuTe, chro3HunuTe B HATO — Bce omie ocraBs 6e€3 OTroBOp
BBIIPOCH, KOUTO MOTaT Jia OBbJaT apecupaHu caMO OT COOCTBEHOTO M3HCKBaHE
Ha motpebutens. Kpae mie ObAaT pasnojioKeHH HAIMYHUTE CIOCOOHOCTH/
naboparopuun? Ille ObmaT 1M BBTPE WM HM3BBH 30HATA Ha IOTCHIIMATHO
3aMbpcsBaHe? AKO ce CTUTHE JO0 3aMbpcsiBaHe, Kak M KbjAe Ie ObaaT
obe33apaszenn? [4, 7, 9]

OcBeH TOBa Ha JHEBEH pea IIe ca HEOOXOJAMMHU OTIOBOPU Karo:
MPOIBIDKATEITHOCT HA MUCHATA; HAOOpP OT YMEHHS Ha ONEpPaTOPUTE W HUBO HA
oOydYeHHE; CJIOKHOCT Ha amaparypuTe W KOW KOHKPETHH MPUOOpPU 1a ce
M3II0JI3BAT 32 BCEKU KOHKPETEH ciiydai U T. H. CHUCHKBT C BBIIPOCH MTPOIBIKABa
U npojabkaBa. Korato mma TOJKOBa MHOTO BBIIPOCHUTETHH M TOJKOBA MAJIKO
KOHKPETHU U KaTETOPUYHU OTTOBOPH, MOYJIHOCTTA Ha BH3MOXHOCTUTE — KOUTO
Morar Jia ObJIaT CBbP3aHH MOMEKIY CH U Ja OCUTYPST Bb3MOXKHOCT 3a plug-and-
play (Bxiroun u paboOTH) 3a amapaTypure, Karo MO TO3M HAYUH MOIbPIKAT
KOMITOHEHTUTE M H3rpajieHaTa MHGPacTpyKTypa — Iie ObJe OTIUYEH MOIXO/I.
To3u moaxo € Bb3NpUEeMUUB U KbM HHTETPUPAHETO HA HOBU TEXHOJIOTUH, KOTATO
CTaBaT JOCTBITHHU, ¥ 32 OTTOBOP HAa KOPEHHO PA3JINYHU 33J]a4ll HA MHUCHSITA.

TpancnopTHaTa TEXHOJOTHS € ChOOpaKCHHE, CBBP3aHO C JW3aiiHa Ha
MoOwmITHaTa jJabopaTopus. Bb3MOKXHOCTTAa 32 MOIYJIHO aJanTHPAaHEe Ha HAIIUTE
BB3MOKHOCTH, 3a Ja OTTOBApSIT Ha M3UCKBAHUATA U TPAHCTIOPTHUTE CUTYAIIHH,
e TO3BOJISIBA JIa C€ aJanThpaT KbM HOBU CTPATETHH IO BPEME WM TPEAH
BHEJIPSIBAHETO.

CnocoOHOCTTa 3a TeHepUpaHe Ha HaJAEKIHU JaHHU € abCOJIIOTHO
3aIbJDKUTENIHA B aHAJIM3a — aKO JaHHUTE HE Ca HAJeKIHH, aHAIM3bBT I1e Obe
norpemed. HeoOxomuma e kopekTHa WMH(OpMAaIus W BCSKa JOMBIHUTEIHA
uHdopmaIus MoXke Ja € OoT 3HaueHue. HanexxqHute mJaHHW HE ca HEMPEMEHHO
HEOMPOBEPKUMHU, IO TO3M HAUYMH KOHBEHIIMOHATHATA Jiabopartopus Ha
bUKCHUpaHO MSICTO BCE OIlE JaBa OE3CIOPHUTE OTTOBOpU. 3arajakara obaue
ocTaBa: KOM NMpoOW TpsiOBa Ja ObJAaT OTHECEHW KBM JIOKa3aHHWS CTaHAApT Ha
cneruanu3upanuTe yadoparopuu? IIppBOTO TpaBWIO €, Y€ KAa4eCTBOTO HA
JAHHUTE, pa3paboTeHU B MOOMIIHATA JabopaTtopus, TpsiOBa 1a € He3aBUCUMO OT
MECTOTIONIOKCHUETO Ha aHaJIN3a, Thil KaTO HUTO TEXHUYECKHUAT CTaHAAPT, HUTO
HHUBOTO Ha Ka4yeCTBO TPpsOBa Ja Ce MPOMEHSAT, HE3aBUCHMO KbBJIC CE M3BHPIINBA
aHAMM3bT. AKO HMa pa3jIruKa MEX]Iy TOBa, KOETO Ce MPaBH Ha MICTO U TOBA, KOETO
ce MpaBu B Jabopatopus Ha (PUKCUpAHO MACTO, TS TpsOBa Ja € B oOXxBaTa Ha
aHanmM3a, a He B KAUeCTBOTO Ha pe3yiTaTtute. MarepuaauTe, W3UCKBAIIU I10-
WHTEH3WBEH aHaju3, 1€ CEe U3MpamnaT B CHCHUAIM3UPAHUTE J1ab0paTopuu 3a
MOTBBPIKABaHE CaMO Ha MPOOUTE, HYKIACIIH Ce OT OKOHYATEJICH aHAJN3.

Bce omie e mmpoko pa3npocTpaHeHO MHEHHETO (M MOXe OU € BSAPHO), e
BHCOKOKAUECTBCH aHalIU3 € HEBB3MOXKEH Ha MsiacToTo Ha AXDBb crOutne m ue
CAMHCTBEHUSAT TUI aHAJIN3, MOJXOJSIN 32 BHEAPSIBAHE HA MACTO, € JCTEKIUS U
uiaeHTUGUKAIMS ¢ PBbUYHU yCTpoicTBa. OCHUTYpSBAaHETO HA KadeCTBOTO €
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rpbOHAKBT HA BCSKA JIAOOpATOpPHA CUCTEMa U MEPKUTE 3a KaueCTBO MPUI00UBAT
BCE IMO-TOJISIMO 3HAYE€HKE, KOTAaTO HABJIM3aMe B CBETA Ha IMOJICBUS aHAIIM3.

[loBeweTo mnpubOpU, KOUTO OCUTYpSIBAT OKOHYATEIHH, 3alIUTUMHU
pe3yaTaTH, ca pa3paboTeHu 3a JJa0OpaTOPHU yCIOBHUS, KbAETO CE OYaKBa Ja ObJatT
U3MOJ3BaHU B 3alllUTEHa OT BBHIIHM BIUsAHUA cpeaa. Ho He Taka crou
MOJIO’KEHUETO C TOJBMKHATa J1abopaTopHa amaparypa. Jlaboparopuure, kato
HaMUpaIIUTe ce HAa BhOpbKEHUE B brarapckara apmust Aronadoparopust AJl-
4M (mpenm Hest AJI-3) ca oII0’KEHHU Ha BB3JICHCTBUETO Ha HA-CypOBUTE CPEIIN:
npax, IObXI, ISChK, €KCTPEMHHU TEMIIepaTypu, KoyeOaHHWs Ha BIIAXKHOCTTA,
BUOpallMM M €HEpruilHa HECTaOMIHOCT Ha 3aXpaHBAaHETO — HAW-4eCcTO Cce
pasmojarar Ha BHCOKM M TPYAHOJOCTBIIHM MecTa. Te3u naboparopuu ca
OpeJHa3HayeHW Ja aHaJIM3UpaT Hal-CMBPTOHOCHUTE Marepuain Obp30 U
HaJeKIHO. MepkuTe 3a KauecTBO TpsiOBa Ja 3allOYHAT C KOHIENIMATAa Ha
nu3aiiHa. M300pbT Ha TEXHUYECKOTO CPEJCTBO TPsiOBa Ja ce OLIEHsIBA HE CaMO I10
HEeroBara MPOU3BOJUTEIHOCT, HO W IO HEroBaTa HAACKIHOCT M 3JpaBUHA —
BBIIPEKH Y€ € YAUBUTEIHO KaK MprUOOpUTe Morar a Obaat 3paBH (C moakpenara
Ha TMPOU3BOAUTENS) 4Ype3 ,,CTpaTerMyd 3a ollelisiBaHe Ha Tmosieto”. TexHure
ySI3BUMOCTH CBIIO TPsiOBa 1a ObaaT pa3opanu u cMekdenu [1, 6].

Jlpyra o6iact oT MbpBOCTENEHHO 3HAYEHHUE € KaK J1a ce MOIbpKa HAabop OT
npudOpU ¢ HEOOXOAMMHUTE KOHCYMaTUBU U KOHCYMAaTHBH, KOUTO TpsOBa /1a ce
HOCAT Ha Oopaa. TouHo ToBa € mpuuMHaTa, opaanu KoATo U300pbT Ha anaparypa
TpsiOBa Ja ObJie ChUYETaH C JIOTUCTHKATA, 3a Ja C€ M3MbJIHU HE CaMO 337adara,
KOSATO € KOHKPETHO MOCTaBEeHa, HO M 3aja4yara, KOATO HUKOra HE CME€ U MUCITUIIH
4ye € Bb3MOXKHO Jia ce W3MbJHsBA. TpsAbBa na ce mpoydaT BCHUUKH BEPOSTHU
OBTUILA, 32 J]a C€ HalpaBU TPAHCIOPTHT MPAKTUYEH: OlepaTopuTe TpsiOBa Aa
MoraT Ja M3MO0J3BaT M ChXpaHSABAT KOHCYMaTHUBUM — KaTO M3TOYHUIUTE Ha
eHeprusi, KOUTO ca Hali-B3UCKATETHUTE KOHCYMaTUBH — KOTaTo € Bb3MOXKHO. [Ipu
IUTAHUPAHETO J1a Ce CBEeZe 10 MUHUMYM HYX/aTa oT ra3ose, Oy(epu u peareHru,
KakKTO W TOIUIMHHM HAaTOBapBaHMs, EKCTPEMHHU TeMIepaTypu Ha TMellTa,
cnenu(UUHN arperaTtd, HarpeBaTeld W MHOTO JPYrM KOMIIOHEHTH, KOWTO
NOAIBPKAT MPUOOPUTE U EKCIIEPUMEHTATHUTE MpoLecHu. AKO amapatypure U
METOJIMTE Ca SCHO MPOYYEHH, MHOTO OT TE€3U MPOOJIEeMH UMaT pEeuIeHUs, KOUTO
MOTar Jja ObJaT BKIIIOUEHH B MHTETPUPAHA MbPBOKJIACHA aHAJIMTHYHA CUCTEMA.

[InaHnupanero TpsiOBa na ObJE OT CaMOTO HAdaJlio M Ja € HAaCOYEHO KbM
,cucremara”. CiaydalHUAT U300p Ha MPUOOPH U MOIBPIKAIIO 000PYIBaHE BH3
OCHOBAa CamMo Ha IPEeANOYUTaHUATA € HEMPUEeMIIMBO. MoOWIIHUTE Tab0opaTOpUn He
clie[[Ba J1a ca MpeJAHa3HaueHu 1a ObJaT CaMo U3CJIEI0BATENICKU ChOPBKEHUs, O~
CKOpO T€ ca MHTerpHpaHa pa3paboTka Ha yChbBBPIICHCTBaHAa (HO MHOTO IIO-
CJIOKHA) ,,4€pHA KyTHUs , KOSITO 1€ MPEAOCTaBsl OTTOBOPHU 3a YCTAaHOBSIBAHE HA
CUTYyallMOHHAa OCBEIOMEHOCT, He0oOXOoauMa Ha B3E€MAaIlUTEe pEUIeHHs, 3a Ja
HanpaBsT mnpaBuiieH u36op. MHoBauuute me momarat jga ce paboTH Bce MO-
oe3omacHo. [IpakTukaTa 3a MHTETpUpaHe Ha AaHATUTUYHUTE anapaTypu AUPEKTHO
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B I'BbPBUYHHUTE HWHXKEHEPHH KOHTPOJIM III€ OCUTYpsiBa MOBUIIEHO HUBO Ha
Oe3omacHoCT 3a omepatopuTe B Jabopatopuute. Tekymiara pabora B Tasu
KOHKpETHa 00JIacT JaBa oOenlaHue 3a YChBBPUICHCTBAHE HA WHAYCTPUATHHUTE
MPaKTUKH, KOUTO c€ POKYCHPAT BbPXY U30JIUPAHETO HA TpoOaTa KaKToO OT 30HATA
Ha BTOPUYHOTO OIpaHUYaBaHe, Taka U OT ONEPaTOpUTE B 1a0OPATOpUsITa, TOKATO
BCE OIII€ U3BBPILIBAT TEKYIINS aHATH3.

[IpenBuaum mpobiieM e, 4e TBBPJE YeCTO MmoTpedutenure ce (Hokycupar
BbPXY MBPBOHAYATHHUTE Pa3XOAH, CBbP3aHU CHC 3aKyIyBaHETO HA MOOWIIHU
naboparopuu. [IbpBOHAYATHUTE HHBECTULIMOHHHM pa3xoaud obaye ce oKa3Bar
NOYTH HE3HAUYUTEIHM T[I0 OTHOUICHHE Ha JBITOCPOYHHUTE pPa3XxoAu 3a
eKCIUToaTalys, MOJAPHAKKA, YCTOUYUBOCT U 00ydeHHEe Ha MepcoHana. Brrpeku
ye (UHAHCOBUTE peEcypcH ca OT TOJIIMO 3HayeHHe, CTOMHOCTTAa Ha
NapTHbOPCTBATa W OTHOLICHUATA 32 CBHTPYAHUYECTBO HE MOXKE Ja Obie
nonueHeHa. B pasrosopu ¢ koneru ot CALL] ce yoeaux, ye TAXHOTO Ch3HAHUE 3a
NOTEHUUAIHUTE 3aIllaxd € MOBUILEHO OT TparuuHure cvoutus ot 2001 r. u
BITOCJIEJICTBHE Ca Pa3BWJIM KyJITypa Ha TOTOBHOCT, IIPU KOSATO J1a ca MOJTOTBEHH,
HE3aBHCHUMO OT 3ariaxata. OCchb3HABaHETO, Y€ aHATTUTHYHUTE MTPUOOPH IIIe CTaBaT
BCE MO-MaJIKH, I0-Obp3H, MO-JIEKH U MO-A00pH, 1€ MO3BOJISABA IJIAHUPAHETO Ha
TE3W TMOCTH)KCHHS B TEYENUBIIN cTpareruu. JloOaBsSHETO Ha aBTOMATH3AINA,
KOTaTo € Bb3MOXKHO, IPACTUYHO IIIe MOA00psiBa MPOMyCcKaTeIHaTa CIOCOOHOCT U
II€ CBEXa 0 MUHUMYM JIMYHaTa 0€30MacHOCT, 1a HE TOBOPHUM, Ue IIe Ipe/ara
(buHAHCOBO MPEANMCTBO, KOETO /1a HATOBapBa M0-MaJIkO PECYPCUTE U TIepCoHAIa.

HayuubT, M0 KONTO KOATUIUUTE, CTPAHUTE U BOMCKOBUTE (DOPMUPOBAHUS
pa3BUBAT CBOUTE MPEXKH 3a PEaKlMsl, 11Ie C€ pa3inyaBaT B OTJEIHUTE IbPKaBH,
KaKTO U yCHhBBPIIEHCTBAHETO HA MOOMJIHATA aHAJIIMTUYHA TUIaTGopmMa — HO Thi
KaTo ONEepalruTe B KOATMIIMOHEH (hOpMaT CTaBaT M0-U4€CTH, CTAaHAAPTU3UPAHETO
Ha ycuiusTa e ObJe OT pemaBanio 3HayeHue. [lapTHbOpcTBaTa MO3BOJISBAT
IpUeMaHe Ha CTaHJIApPTU3UPAHU METOAOJOTHH, NPOTOKOIM, MPOLEAYpU H
oOyuenue. B cBeroBeH Mama0 mapTHbOpPCTBAaTa ca OT KJIOYOBO 3HAYEHHE 3a
NPEBEHIMATA, CMEKUYaBAHETO M HEYTPAJIM3UPAHETO Ha PUCKOBHUTE CUTYAIIHH.
CriomeneHnTe pecypcu MoraT Ja CBeJaT 10 MUHUMYM JIOTUCTUYHHUTE TE€XKECTH H
M3HUCKBaHUATA CIPSMO TEPCOHAja, Ja 3almbJHAT MPOMYCKUTE B JaHHUTE, 1a
MOBJIUAAT HA TIOJIOKUTEITHUTE KOMYHHUKAIIMH U B KpaifHa CMETKa Jia TIO3BOJISIT Ha
KOMaH/JMPUTE Jla B3eMaT HABPEMEHHHU OIEpaTHBHHU PEIICHHsS BbH3 OCHOBAa Ha
BHUCOKOHA/ICKTHU aHATUTUYHY JTaHHU.

[IpennMcTBaTa, TpeIaraHd OT HM3BBLPIIBAHETO Ha TIOJEBW aHAJIM3U Ha
MSICTOTO Ha pa3cie/lBaHeTO, ca MHOMOOPONHU, BKIIFOUUTEIIHO ONPOCTEHA Bepura
Ha ChXpaHEHHUE, 3allUTa Ha YyBCTBUTENHA MHPOpMalus U Obp30 MpeMUHABaHEe
OT B3eMaHe Ha mpobu g0 pesynratu. [lomobeH yckopeH aHanu3 Ha mipobara 1ie
M03BOJISIBA HAa B3eMAILlUTE PEIICHHUS TOCTHII 10 HH(OPMALIKS B PEATHO WU MTOUTH
B pEalHO BpeMe, a B JHELIHUS CBAT Ta3u HMHQPOpPMAIMS € OT MbPBOCTEIICHHO
3HayeHue 3a 0e30MacHOCTTa, CUTYPHOCTTa M €(PEKTUBHOCTTa HA Pa3XOJHUTE.
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CT)HIO Taka ¢ a0COJIFIOTHO HGO6XOI[I/IMO B MHOI'O pa3jiMd4Hu CUTyallHuH, KOUTO
BKIIFOYBAT ITIOTCHIHAJTHHN 3aIlVIaXM 34 BBOPBKCHUTC CHIIM M HACCICHHUCTO. B
PaMKHUTC Ha 21-BU BEK MOJICBUST aHAJIN3 IIc CC pas3rijICixaa HEC KaTO U3KIIFOYCHUC,
a KaTo IpeaIrnodYnuTad MCTOA 3a aHAJIM3.

HN3Boan:

1. U3uckBaneTo 3a pa3paboTBaHEe U BHEIPSIBAHE HA TOA00pEHA TEXHOIOTHS
¥ METOJIOJIOTHS 32 M3BBPIIBAHE HA AaHAIUTUYHH MPOIECH W3BBH MpEACIUTE Ha
TPaIUIIMOHHNUTE JTA00PATOPUU MIOCTOSTHHO HApaCTBa.

2. Pa3BUTHETO Ha CTPATETHYECKH CHIO3U C MEXKIyHAPOJHU MApTHHOPHU 3a
CTIOJICIISIHE U TIPEXBBPJITHE HA OMUT, TEXHOJOTHH W 0a3u JaHHU IIe YCKOPST
mporieca 1Mo U3rpaxk1aHeTo Ha MOOWITHA aHAIUTUIHH CUCTEMH U III€ TTO3BOJIAT Ja
Ce M3M0JI3Ba HayKaTa e(PEeKTUBHO KaTO MHCTPYMEHT CpPEIly HEU3BECTHHU 3aIlJIaXH.
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MN3ITIOJI3BAHE HA HEYTPOHHU U PA/IMOU30TOIIN B
MEAULINHCKATA IMATHOCTUKA U JIEYEHUE

Mapus HemeBa

USE OF NEUTRONS AND RADIOISOTOPES IN MEDICAL
DIAGNOSIS AND TREATMENT

Maria Nesheva

Abstract: The main neutrons and radioisotopes used for medical diagnosis and
treatment are presented. The main devices used for these purposes are also described.

Key words: neutron, radioisotope, diagnosis, treatment
YBoa:

SlnpeHata TEXHOJIOTHUSI € OT TOJIAIMO 3HA4Y€HHE 3a IMPOU3BOACTBOTO Ha
CJICKTPOCHEPTHsI U 32 IIMPOKA raMa OT HAYyYHO M3CJIEIOBATEIICKHU, POMUIILICHU
U MEIUIUHCKH mprokenus [1, 9, 13].

Snpenara MenuIIMHA, KOSITO MPECTABISABA BaXKHA YaCT OT MEAUIIMHCKUTE
MPWIOKEHUST HA HOHU3HUPAITUTE JIHUYCHHUS, IPETHPIISIBA OTPOMHO PAa3BUTHE TPeE3
MOCJICTHUTE JIeCeTUIeTHsl. Ts TpenocTaBs HOBHM METOAM 33 MEIUITMHCKA
JTUArHOCTHKA W JICUCHUE Ha MHOYKECTBO BaKHU OOJIECTH, BKIIOUYUTEITHO HA HIKOU
OT Hall-CEpUO3HUTE M Y€CTH 3a00JIIBaHMS KaTO PaK, ChPACUYHO-CHIOBH M MO3BYHH
3abossBanus [2, 11].

N3non3BaHeTo Ha HOHU3HPAIIUTE JTHUYCHHS B MEAUIIMHATA 32 TMAaTHOCTHKA
M JICYCHHWE 3amoyBa Mpeau moBeue oT cTo roauHu. Ha 8 HoemBpu 1895 .
repMaHCKUAT (pu3nk Bumxenm ProHTreH 0TKprBa HEM3BECTHO JI0 TOTaBa ILUCHHEC
¥ HETOBOTO CBOMCTBO Jia MPEMHUHABa Ipe3 TAIO0TO, KaTo OTcIadBa B HE ¢THAKBA
CTETEH B pa3IMYHU ThKaHU U GopmMupa oOpa3a UM BbpXY GiIyopeciupail eKkpaH
i ¢otorpadceka miaka. PROHTreH npenocTaBs 0€3Bb3ME3THOCBOETO OTKPHUTHE
Ha YOBEYECTBOTO, OTKa3BaWKM C€ JIOpM M Ja ro TmaTeHToBa. BemHara crien
OTKPHBAHETO WM PEHTCHOBHUTE JBbYHM Ca H3MOJ3BAHU 3a BH3yaIM3UpPAHE Ha
CTPYKTypHuTE B YoBeikoTo Tsuto [3, 8]. IIbpBaTa peHreHoBa CHUMKA Ha JsiCHATa
pbKa Ha ipoecopa o anaromusi Kronmkep e HarpaBena ot camusi Pronren npes
1896 r. Ha 13 ssnyapu 1896 r. B bupmMuHram nsama jekapy OTKpUBAT C PEHIEHOBA
CHUMKaHa pbKaTa Ha KEHa IOIlajJHajaTa B Hes WIJIa, KOSATO Ha JPYTUS JCH €
OTCTpaHEHa oOIepaTHBHO. Taka € TO0CTaBeHO HAYaJIOTO Ha PEHTCHOBATa
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JMarHOCTHKA — Hal-CTapus W HaH-IIMPOKO HW3IMOJ3BAaHUS METOJ] 3a oOpa3Ha
JUarHOCTHKAa. MHOTO CJie]] TOBA 3arl04YBaT M OMUTUTE HA JIEKApUTE J1a U3I0JI3BAT
PEHTCHOBUTE UM W 3a TPTUPaHE HA HAKOW HEIWYUMH 32 BpPEMETO CH
3a00IABaHus — pak U TyOepkynosa [4, 14]. Teepau ce, 4e MbPBOTO JbUYCHUE €
HarnpaBeHo oT ['pro6e npe3 sinyapu 1896 .

Pa3BuTreTo Ha MOZIepHATA PaIMOHYKIIHIHA TUAaTHOCTHKA 3amouBa mpe3 40-
T€ TOJMHH HAa MUHAJIMS BEK U € CBBP3aHO ChC CHh3]aBAHETO HA SIIPEHUTE PEAKTOPH
U ycKopuTenu. JlHec peHreHoBaTa W paJdOHUKIUAHATA JUATHOCTUKA, KAKTO H
JTHUCHHUETO, Ca HAMPABIICHUS B ChBPEMEHHATA MEIUIIMHA C OTPOMHO 3HAYCHHE.

ChBIIMHCKA YaCT:

OcHoBa Ha peHreHoBaTa JAMArHOCTUKA € CHJIHATA 3aBUCUMOCT Ha OOIIMS
KO€(UIIMEHT Ha OTCJIa0BaHe |L Ha OMOJIOTUYHUTE ThKAaHU 3a PEHI€HOBUTE JHYHU.
M3cnenBanara yacT Ha TSJIOTO CE€ MPOJBbYBA C PEHICHOBO JIBYEHUE C €HEPTHs
Mexay 20 u 140 xeV, KoeTo npu NpEeMUHABAHETO CU IPE3 THKAaHWTE HAMAaJIsIBa
CBOSI MHTeH3uTeT (oTcnabBa). OTcnabBaHETO € MO €KCHOHEHLMAJIEH 3aKOH U
OCBEH OT |1, 3aBUCH OT AebenuHara d Ha CTpyKTypHUTE.

CroiiHOCTHTE Ha | Ca HAal-TOJIEMHU 3a KOCTUTE, MHOTOKPAaTHO NO-MAJIKH 32
MEKHUTE ThKaHU W Hal-MaJiKi 3a BB3AYIIHUTE KyXHHH. 3aTOBAa MHTEH3UTETA Ha
PEHTCHOBUTE JI'bYM, MPMUHAIM IMPE3 KOCTHU CTPYKTYpPU € Hal-MaibK, a 3al
BB3AYIIHUTE KyXUHU — Hall-royisiM. Pa3nukara Mexay CTOMHOCTHTE Ha L 3a TE3H
ThKaHU € TO-TOJIIMa MPU HUCKU €HEpruu Ha ¢oToHuTe. ToBa ompenesns IMo-
rojieMusi KOHTPACT HA PEHIeHOBUsI 00pa3 MpU NO-HUCKU €HEpruu Ha (POTOHUTE,
noJiyyaBaH 00aue 3a CMETKa Ha MO-TOJIsIMa MOr'bJIHATA 1032 OT ThKAaHUTE, T.€. Ha
M0- TOJISIMO JTbYEBO HAaTOBAapBaHE Ha nmanueHTuTe. [I[peMuHanuTe npe3 ThKaHUTe
PEHI'€HOBH JTbUM, KOUTO HE MPETHPIISIBAT B3aUMOJECHCTBUE C TAX, (popmupar
HEBHUJIUM IIb4YE€B 00pa3, KOUTO ce mpeoOpasyBa BbB BHUIHMM, Upe3 pPAaBHUHEH
NEeTEeKTOp, HapuyaH mpeoOpa3dyBarea Ha oOpaza. B 3aBucumoct 0T
npeoOpasyBarensi, KOHBEHIIMOHAJIHATA PEHIe€HOBA IUArHOCTHKA C€ JeNd Ha
peHreHorpadusi u perrenockonusi. Penrenorpadguunust obpas € crarmoHapeH
(peHreHoBa CHMMKA), & PEHI€HOCKOMUYHUAT J]JaBa BH3MOXKHOCT 32 JUHAMUYHO
U3CJIeIBaHE Ha MPOIIECH ¥ NMATAIOTHYHN U3MEHEHHUs B opranute [4, 7].

[Ipu penrenoBata rpadusi, mpeoOpazyBaTemsiT € peHreHoB GUiIM U 00pa3bT
MIPE/ICTaBIISIBA PA3MPEICICHNETO B paBHUHATA Ha (pryiMa Ha HETOBaTa OMTHUYHA
IUTBTHOCT (TIOYEPHSBAHETO): HAM-CBETIM €a KOCTUTE, NO-TBMHHU Ca MEKHUTE
ThKaHU U Hali-ThMHHU ca OenuTe IpoOoBe, TOBA € T.HAp. HeraTuBeH 00pa3. [Topaau
MajKara e(EeKTUBHOCT Ha (PUIIMHUTE 332 PEHI€HOBUTE JIbUH, TE CE EKCIOHUPAT B
,,CAaHABUY MEXIy JBa Clios ¢ JyMHHO(DOp, T.Hap. ycuiBamy (OJIHUHU, KOUTO
npeoOpa3yBaT PEHI€HOBUTE JTbYM BbB BHUJMMA CBETJIMHA, KbM KOSITO (PUIMHTE
UMaT MHOT'O TI0-TOJIsIMa YyBCTBUTEIIHOCT [5, 8].

M3non3Banero Ha Te3u  (GuiaM-GOJMAHM XOMOWHALMM  HaMajsiBa
MHOTOKpPAaTHO oOOJbYBaHETO Ha mnanueHTa. [Ipe3 mocrnegHUTEe TOIUHUA
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PEHIeHOBUAT (QWIM C€ 3aMeCcTBAOT JAWTUTaleH JAeTrekTop. M3mon3ear ce
paano(OTOIYMUHUCUEHTHH JIETEKTOPU (KOMIIOTbpHA pEHreHorpagus) u
IUIOCKU MAHEJHU JETEKTOPH (IUPEKTHA JUTUTaIHA rpadus).

IIpu penreHoBata ckomusi 0Opa3bT ce€ MOJIyyaBa BBPXY (IIyopecuupan
eKpaH, KaTo SPKOCTTa Ha €KpaHa € Hail-rojisiMa 3aj Oenurte ApoOoBe, Mo-Majka
3a]] MEKUTE ThKaHMU U Hail-Majika 3aJ]] KOCTUTE. 3a yBeln4yaBaHe Ha SIPKOCTTa, B
MOJICPHUTE PEHI€HOBH CKOIIMYHU Ypea0u, 00pa3bT Ce YCHIIBA Upe3 CIEKTPOHHO-
ontuueH npoOpazysaren (EOII), cien koero ype3 TENEeBU3MOHHA CHUCTEMA CE
HaOmoMaBa BbpXy ekpaHa Ha MoHuTop. Bmecto EOII, Haii-HOoBUTE ypenOu
U3MOJI3BAT TUIOCKM TIAHEIHM JUTHTATHU JETEKTOPH C JUPEKTHO WIH C
UHIMPEKTHO Mpeobpasysane [6, 12].

Tpero HampaBieHHEe Ha pPEHreHOBAaTa IUMArHOCTHKAa € KOMITIOThpHATa
tomorpadus (KT), mpu xosiTo netaitien o0pa3 B TpaHCBEP3aJIEH CPe3 Ha TAJIOTO
ce I0JIy4aBa C MOMOLITa Ha KOMITIOTHP, KOUTO 00paboTBa rojisiM MacKB Ha JaHHU
(4ucieHH CTOMHOCTM) 3a MHTEH3MTETa Ha MPEMUHAIOTO IIpe3 TbKaHUTE
PEHI€HOBO JI'bUEHHUE. 3a IMOJIy4aBaHE Ha I'bJIHA MH(OpMaLUs 3a U3CIICIBAHUS
Opras € He0OX0AMMO J1a C€ MOJTy4r 00pa3a B MHOKECTBO TPAHCBEP3AJIHU CPE30BE.
CpBpeMEHHHUTE KOMIIOTHPHU TOMOTrpadu ca MHOTOCpe3oBH. [Ipu Ts1X ce ckenupa
€IHOBPEMEHHO MIMPOKa 00JIaCT OT THhKAHMU W CE€ TOJydyaBaT 3a KPaTKO BpEeMe
oOpasute Ha 70 256 cpe3a, OT KOUTO MOXKE /1a C€ PEKOHCTPyHpau TPUMEPEH
oOpas3.

Cropen 1enta, pPeHreHOBUTE H3CIEABAaHUS Ca: IUArHOCTHYHU — 3a
NOTBBP)K/IaBaHE WM OTXBBPJISIHE Ha XHMIIOTE3a 3a OMpeesieHO 3a0oiisiBaHe, 3a
Ipocie/iiBaHe Ha Pa3BUTHETO Ha Beue JI0Ka3aHO 3a00JiBaHE M Ha pe3yJiTaTa OT
HEroBOTO JIeUYEHHE; MPO(PUIAKTUYHH (CKPUHUHI) — 3a paHHO OTKpUBaHE Ha
COLIMAJIHO 3HAUYMMU 3a00JIsIBaHMsI, KaTO pak Ha MJIEUHATa kJie3a, TyOepKyino3a U
Ip.; WHTEPBEHTHM — 3a BHU3yalM3allusd Ha TEpaneBTHUUYHU MpPOLEAYpH B
KapAMOJOTHATa,  OpPTONENUsATa,  EHJOCKOMHUATA,  EKCTpa-KopHopajHara
JUTUTpUIICUS U Jip. IHTepBepTHaTa PEHreHOJIOTUsl HaBM3a BCE IMO-IIMPOKO B
JUarMOCTHKATa M JICUEHHUETO Ha peAuila ChPACYHO-CHOBH, HEBPOJOTMYHU U
JIPYTH TEXKKHU 3a00JIIBaHUS.

Jlpyra 00y1acT Ha pEHT€HOJIOTHSITA € OCTEOICHCUTOMETPHSITA — OTIPEICIISTHE
Ha TUTBTHOCTTA HAa KOCTHTE Upe3 MPOJbUBAHE C PEHIC€HOBU JIb4M. 103U METOA
naBa 00eKTHBHA MHGOPMAITUS 3a ChIBP)KAaHUETO HA MHHEpATHAaTa KOMIIOHEHTA B
CbCTaBa Ha KOCTUTE (XHUIpOKCHAINaTUTa) — MsApPKAa 3a TEXHUTE MEXaHUIHH
cBoricTra [3, 10].

PannonyknunHara, Hapu4yaHa olie HyKJeapHO-MEeIUIIUHCKA THAarHOCTHKA,
€ METOJI, IPY KOMTOCE U3MOA3BAT OTKPUTH U3TOYHUIIN HA HOHU3HPAIIN JTbYCHHUS,
HapuyaHu pannodapmanedrunn. ToBa ca XUMUUYHHU ChEIUHEHUS, B KOUTO €IUH
OT XUMUYHHTE €JIEMEHTHY4YacTBa CbC CBOM paJMOAKTUBEH H30TOI.
PanunonyknumHara quarHocTika 0OXBalia B€ TOJIEMU TPy METOIU — in VIiVo U
In vitro.
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IIpu in vivo meroaute, paguodapManepTUKBT C€ BHBEXKJAa B TSIOTO Ha
NalyeHTa UHTPABEHO3HO, MEPOPATHO WM MHXAlallMOHHO. B kiacudeckara in
VIVO paJlMOHYKJIUAHA TUarHOCTHKA CE€ M3I0JI3BAT TramMa-paJuoHyKINIU, a B Hall
HOBaTa MoOJu(UKaIMs Ha METO/Ja — IMO3UTPOHHO-EMHUCHOHHATa ToMorpadus
(ITET), Oera-ruiroc (O3UTPOHHH) pAAUOHYKJIMIW. ToBa ca H3KYCTBEHHU
PAIUOHYKIUIU, TMOJy4aBaHU B SIPEHUTE PEAKTOPU U B YCKOPUTEIUTE.
PamnodapmarieTuKbT ce HaTpymnBa M30MpPATETHO B THKAHUTE HA W3CIICBAHUS
OpraH WM CHCTEMa WM B MATAJIOTMYHU U3MEHEHHS B TAX. HeroBust u3bop ce
onpeesis OT AMArHOCTUIIMPAHUSI OPraH WU CUCTEMA, KaKTO U OT U3CJIEIBAHOTO
NaTajJloTM4HO  M3MEHEHWe B  TAX. [aMa-IIbYEeHUETO, HU3TBbUYBAHO  OT
paauodapmalieBTUKa, ChOTBETHO aHUXWJIAIMOHHOTO JibueHue npu [IET, ce
perucTpupar CbC CUMHTUIALUOHHH JIETEKTUPALU CUCTEMH.

PamnonyknuaauTe MpU in vivo u3cieABaHusATa OMBaT (yHKIIMOHAIHH U
tonorpadcku. Ilpu  dyHKIMOHATHUTE  W3CIEABAaHUS  JAUMArHOCTUYHATA
uHdopMaIusl ce MojiydyaBa 4Ype3 CKOPOCTTa M CTEMEeHTa Ha HaTpylBaHE Ha
paanodapmalieBTUKA UK Ype3 CKOPOCTTa HAa HETOBOTO OTJICIISIHE OT OpraHu3Ma,
a npu tonorpad)CKUTe — 4pe3 pa3npe/leICHUETO My B M3CIEIBAHUTE OPTaHU U
cuctremu. Taszu wuHbopMmalnusg ce TpeAcTaBs B paBHUHEH 00pa3, HapuyaH
cuuaturpama. [lpu in vivo uzcieaBanusTa ce U3M0J3BaT paguodapMaleBTUIIN C
MallbK Tiepuoj Ha noiypasmnanane (99mTe, 1311, 201Tl, 18F u ap.). ®aBoput
MEXIy paguonykieuaure € 99mTc, 3amoro Tou € ,,yuct’ rama-u3naysaren. In
VIVO paJuOHYKJIUAHATA IUAarHOCTUKA CE MpUJiara 3a u3cljie/IBaHe Ha MPaKTUYECKU
BCUYKH OPTraHd U CUCTEMHU — CBpIle, Osu1 1po0, MO3bK, ObOpelH, MUTOBUIHA
xKje3a, yepeH Apo0, KocTu. Ts € Bojela npu JUArHOCTUIIMPAHETO Ha peauiia
OHKOJIOTMYHHU 3a00JIIBaHMs, KAKTO M MPU PAHHOTO OTKPHMBAHE Ha METAcTa3W B
koctute [2, 3].

TexnuueckuTe cpeAcTBa 3a in Vivo paJMOHYKIMHOBATa JHATHOCTHUKA CE
ChC3/1aBaT Ipe3 BTOpaTa NOJIOBUHA HA MHHAIUS BEK WU JIHEC HaN-IIUPOKO
U3MOJ3BaHU ca ypeaoutre eaHO(POTOHHO-EMHUCHOHEH KOMITIOThP TOMOrpad
(CIIEKT) u IIET. VYpenoure CIIEKT, napuuanu KpaTko rama-cnekTpu, ca
BBBEJCHU B NpaKTUKaTa mnpe3 1966 r., HO MOJEPHUAT MM BAPUAHT € MHOIO
pa3JInueH OT MbPBOHAYAIHUS. Y ChbBBPIIICHCTBAHU Ca BCUUKU KOMIIOHEHTH, KaTO
HE MPOMEHEH € CaMo JIETEKTOPhT — U Cera TON € CUMHTWIAIMOHEH KPUCTAl OT
Nal(Tl). CTIEKT rama-kameparta e ananor Ha KT. /lerektupaniara cuctema Moxe
na ce BppTy Ha 1800 nim 3600 0Kk010 TSIOTO HA MALMEHTA, TIPU KOETO MpaBu 64,
ChOTBETHO 128 m3MepBaHUs Ha UHTEH3UTETA HA TaMa-JIbYEHUETO, U3THbYBAHO OT
MaJIku O00eMH OT HM3CJICIBaHUS OpraH. ,,Pa3mo3HaBaHETO OT JETEKTHpAIlaTa
cuctemMa Ha (OTOHUTE, EMUTHUPAHH OT OTIACITHH MAJKH O0eMU ThKaHU (T.Hap.
BOKCEJIM) C€ MOCTUTa ¢ MOMOIITa Ha KOJUMATOpHU. JJaHHUTE OT M3MEpBaHUSITA
MOCTHIIBAT B KOMIIOTHPaA 3a (opMupaHe Ha 00pasa, KOETO CE MPABU IO CHIIUS
MateMatuyeH anropuTbMm karo npu KT. Hskou texHuueckn momaudukanuu Ha
CIIEKT rama-kamepuTe MMaT JABE WJIM TPU JIECTEKTUPAIIXd CUCTEMH C TojsiMa
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TUJIOILL, PA3IOJI0KEHU HEMIOIBUKHO OKOJIO TSUIOTO Ha MAMEHTA. JJHarHOCTUYHUST
mpoliec Mpu Te3W ypendoue mno-Obp3, a mo-rojsiMata e(eKTUBHOCT 3a
perucTpupaHe IMO3BOJSBS U3MOJ3BAHETO Ha paauodapmanedTuli ¢ mo- Majaka
akTuBHOCT. ['onsamusT 6poit cuunturpamu B cexkynaa (10 mo 20) npaso CITEKT
rama-KaMepuTe MHOTO WH(GOPMATHBHU TMPH H3CJICIBAHHUS Ha OBP3U MPOIECH.
ToBa ce u3noa3Ba, HaIpUMep, 3a QYHKUMOHAIHHU M3CJIEABAaHUS Ha ChpJACYHATA
JEUHOCT.

[TpuaunsT Ha padota Ha [IET e cnemxams: roasM Opoi CIMHTHIIAITMOHHT
JETEKTOPH Ca HapEeACHH N0 [IWIMHIPUYHA TOBBTXHOCT, IO YHSTO OC CE pa3Ioara
u3cieBaHus TalueHTt. V3apuBanute OT panuodapmanedTuka MTOZUTPOHH
aHUXWIIMPAT MPH Cpellla CbC CBOOOIHU €JIEKTPOHHU OT ThKaHUTE U B PE3YJITaT ce
paxnaar 1aBa (GOTOHA aHXUJAIMOHHO JibueHue ¢ eHeprus 511  keV.
Cpelllynoso)KHATE ABOMKHU JETEKTOPU Ca CBBbP3aHHU B CXEMa Ha ChBHAJACHUE U
peructpupat camMo (POTOHUTE, POJICHU €IHOBPEMEHHO, MOpPaau KOETO OTHaja
HE0OXOIMMOCTTa OT KOJUMUpaIla cuctemMa. ToBa Mo3BOJISIBA U3MOI3BAHETO HA
paauodapmanepTUIM ChC 3HAUUTEITHO TTO-MaJIka aKTUBHOCT (710 AECET IbTH), T.€.
IIPY NIO-MAJKO JIbUYEBO HATOBAapBaHE Ha manueHTta. /[pyro npeaumctso Ha [IET
npen CIIEKT rama-kamepute e, ye ce M3MON3BAT PAAUOHYKIUAN OT XUMHYHH
€JIEMEHTH C TOJISIMO M BaXKHO y4acTHE B CTPOEKa HAa OMOJIOTMYHUTE ThKaHU U BB
(U3HOTUTUYHUATE NPOLECH — BBIJIEPOI, a30T, KUCIOPOI; KbM TE€3U €JIEMEHTH C€
IpUYKCisABa U (QIIyopbT, KOMTO MOXKE Ja 3aMecTBa KHCIOPOJa BbB BaKHU
OMOJIOTUYHU MOJIEKYJIM, 0€3 Ja MpoMeHs 3a0elIe)KMMO TEXHUTE CBOMCTBA U
¢dbyukiuu. Hyknara 3a Haykata ¥ MEIMIIMHCKAaTa MPaKTUKA OT HEWHBA3UBHU
METOIM 3a OMNpeessiHe Ha BaXHU (U3HOJOTUYHU TapamMeTpu KOMIICHCHUPA
yCIIoKHEHUsATa npu u3noias3BaneTo Ha [IET, Ha mbpBO MsACTO BHCOKaTa LIeHA HA
uscaenpanusra [1, 5].

BbB ¢ynkumonanmnara guarHoctuka IIET maBa TouHa KonumdecTBeHa
uHdopmarus 3a ¢pusnosornuHutTe nporecu nepdysus u meradonuzbMm. [1ET e
dbaBopuT B 0Opa3zHaHATa JTUATHOCTHUKA 3a PAaHHO OTKpHMBaHE Ha paka. MeTroabT
MPEI0CTaBs Ha HayKaTa U ToJeMU Bb3MOXHOCTH 3a U3ydaBaHe Ha (PYHKIIUUTE Ha
MO3BbKA.

I[Ippy in vitro METOOBT PAAUOHYKIUJHWTE, HApUYaHU  OLIE
PaIMOUMYHOJIOTUYHU U3CJeABaHUs, paaunodapmManePTUKbT Ce€ BKIOYBA B
OHOJIOTMYEH CYOCTPAKT OT MalleHTa — KpbBHA IJ1a3Ma, CEPyM, YpUHA, CTOMAIIIEH
COK M Jip. Bbrpeku, ye Te3u u3cieABaHus ca caMo (PyHKIMOHAIHU , TE 3aeMar
3HAYUTEITHO MSICTO B PAJAMOHYKJIMAHATA TUarHOCTHKa. ToBa ce IbJDKU Ha TSIXHATA
BHCOKa YYBCTBUTEIHOCT 3a OMNPEIENIHE Ha KOHIEHTpaluaTa Ha XOPMOHH,
€H3UMHU, IPOTENHU, BUPYCH, AHTUTEJIA, KAKTO 1 Ha JIUIICA HA IbYEBO HATOBapBaHE
Ha W3CJICIBAHUTE MAIIMEHTH.

JIbuenedenreTo (paguoTepanusita), T.€. JIEYEHHETO C WOHU3UPAIIH
JBYEHUS, € €IMH OT TPUTE OCHOBHU TEPANEBTUYHU METOAM B OHKoOjJoruAara. To
Ce mpujiara CaMOCTOSITETHO WJIM B KOMOWHAIMS C JPYTUTE JIBa METOJA —
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ONEPATBHUAT (XUPYPTUYHUSAT) U JIEKAPCTBEHUAT (MMHOTepanusTa). BbB BTOpUs
clly4ail IeYeHHETO ce Haprya KOMIUIEKCTHO. TakoBa € HanmpuMmep JICUeHUETO Ha
OonectTa Ha XOUKMH (JIUMQOrpaHyjioMaTo3a), KOETO Mo €AHa OT MpUIaraHute
CXeMH 3alo4Ba C ONEPAaTUBHO OTCTpAaHsIBAHE Ha Jlajaka U MPOABIIKABa C
JbuerneueHue u xumuorepanusa. Ch4eTaHo TbUeieueHre € U3MOI3BaHO MPHU €IUH
U chll OOJEH Ha JIBa M MOBEYE METOJa 3a JICUCHHE C WOHM3UPALIU JTHUCHUS.
CpyeraHo € TbUEICUCHUETO HANPUMEP HA paka Ha IIMMKaTa HAa MaTkarta, MpH
KOETO ce TMpuiarar IMOCJIeI0OBaTeIHO BbTPEKyXHUHHATa Opaxurepanus H
JUCTAaHIIMOHHOTO 00MBbUBaHE. B pa3BUTHTE CTpaHU JIbYENICYCHHETO OOXBala
okoJ10 50% oT oHKOIOrHYHO OoyHUTE [5, 14].

PanmnobuonornyHa OCHOBa Ha  JBYEJIEYEHUETO €  IOBHILEHATA
YYBCTBUTEIIHOCT HA PAKOBUTE KJICTKM KbM HOHU3UPAIIUTE JTHUYCHUS
(JrpUE€UyBCBUTENHOCTTA). Te31 KIETKH ca HE 3peJIn U 3aTOBA ca M0-4YyBCTBUTEIHU
KbM BB3JIEUCTBUETO HA Pa3IMYHU (U3UYHU (PAKTOPU B CPAaBHEHUE C HOPMATHUTE.

Hsxou XUCTONOTMYHM BUOBE PAKOBU KIIETKH, 00aye, ca HEUyBCTBUTEIIHU
KbM MOHHU3HMpAIIU JTbUeHUA (T.€. T€ ca JIHYEPE3UCTECHTHU) U HE MOJJICKAT Ha
apuenedenue. Haii-oOmo  oOmpuBaHeTo ¢ HOHM3UpAIlM  JTBYCHUS €
HEOIAronpusITHO 32 BCHUKH OMOJIOTHYHU ThKaHH. Te3u TbueHusl Mpean3BUKBaAT
3a0aBsiHE Ha KJIETHUHOTO JIEJICHE, a TIPU MO-ToJsIMa MOrbJIHATa /1032 — 3ary0a Ha
CIIOCOOHOCTTA 3a JIENICHE, T.€. CMBPT Ha KIETKUTE. 3aTOBA THUYCICUCHUETO € HOXK
C JIB€ OCTpHETA — 3a€HO ChC 3JI0KAYECTBEHOTO HOBOOOpa3yBaHNE HEMZOEIKHO Ce
OOTPYBAT M 3/IpaBU ThKaHW U HOPMAJTHUTE KJIETKHU B TSIX CHIIO C€ YBpPEXIaT. 3a
OrpaHWYaBaHE HA TOBA YBPEXKJIaHE 0 MPHEMIIMBA CTETICH Ca BbBEICHU OMUTHO
YCTAaHOBEHW OTPAHMUYEHUS Ha OOJBUYBAHETO 3a PA3IMYHUTE OPTaHH, HAPUYAHU
ToJIepaHTHU 103U. CTOMHOCTUTE Ha TOJEPAHTHUTE 03U Ca MO-MaJIKU OT T.Hap.
TepareBTU4YHa 71032, KosATo € B rpanunute 40-70 Gy. TonepantHata no03a € Hal-
Majka 3a ouMTe, a Hail-ronsiMa 3a koctute. He TpsGBa na ce 3abpaBs, ue
OOTbUBAHETO € JIOKAJHO B ONpeneieH o0eM TbkaHu. To ce TmpaBu
bpakuuonupaHo (Ha TIOPIMH), KOETO VJECHSIBAa BbH3CTAHOBSBAHETO HA
OOJTbUEHUTE 3/IPABH ThKAHMU.

3amayata Ha JTPUYCICUCHHETO € TIOCTUTAaHeTO Ha KOHTPOJI BBPXY
HOBOOOpa3yBaHUETO, KOETO O3HAYABA:

- HaMaJsiBaHE Ha HETOBHs 00EM B pe3yJiTaT Ha yHHINO)KaBaHE Ha Haii-
JTbUEIYBCTBUTEITHUTE KICTKU;

- o0pa3yBaHe Ha ThKaHH, KOUTO KarCyIupaT paKOBUTE;

- BJIOIIaBaHE Ha KPHBOCHAOSBAHETO ,,XPAaHEHETO ™ HA PAKOBHUTE KIICTKHU;

- YHUIIOXXaBaHe HAa HOBOOOPAa3yBaHMETO M 3aMECTBAHETO MY CbC
ChEIMHUTEITHA THKaH.

Wneannata 1en Ha KOHTPOJAa BbPXY HOBOOOPAa3yBaHMETO € HETOBOTO
I'BJTHO YHUIIIO)KaBaHe. PemmaBaneTo Ha ocTaHAIUTE TPU KOMIIOHEHTH Ha 3a7ja4aTa
€ YaCTHYEH yCIeX Ha JIbYEICUEHUETO, KOWTO ChIIIO UMa CBOETO IOJISIMO 3HaYCHHE
3a marueHTa. To Moke J1a ToBese 0 yIbJbKaBaHe Ha KUBOTA WJIU Ha ,,CBETJaTa
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qacT* OT Hero, 70 CUpaHe Ha KPHBOTEUCHHE U HaMalliBaHE Ha OOJKUTE U TIp.
[Ipuema ce, 4ye MaMEHTHT € U3JIEKYBaH PaUKAIIHO, aKO MPEKUBEe 0€3 peluInuB
Ha 3a00JI51BaHETO JECeT TOJAUHM, CJell Kpas Ha JbueiedeHuero. [IpoueHTbT Ha
pPaUKaIHO U3JIEKYBAHUTE OHKOJIOTMYHO OOJIHM Bapupa B IIMPOKU TPAHUIM 3a
pPa3IMYHUTE JIOKATU3aluK Ha paka. Tol 3aBUCH OT CTa iU U XUCTOJIOTUYHUS BU
Ha HOBOOOpAa3yBaHHETO, OT OOIIOTO CHCTOSHUE HA OpraHU3Ma M Bb3pacTTa Ha
NAlMEHTa, OT MPUJIOKEHUTE METOJIM 3a JICUEHHUE U OT peAula APYrH (PaKTOpH.
MHoro cuiHa € 3aBUCHUMOCTTa OT CTaausl Ha 3a00JsIBAaHETO, KOWTO C€ OMpeess
OT pa3Mepa Ha TyMOpa, aHTAKHUPAHOCTTa OT OOJIECTHUSA TpOIeC Ha JTUMGHUTE
BB3JIU U OT MeTacTazute. [[poreHThT Ha paJuKaIHO U3JIeKyBaHUTE OOJTHU € Haii-
BHCOK 32 paka Ha koxata — 0au3o 100 % 3a 6a3olenynapHuTe KapiMHOMU TTIPH
BCUYKH JIOKAJIU3ALUH.

JIbueneyeHneTo ce MpoBeXkaa M0 MHAUBUAYAJEH IJIaH 3a BCEKH OOJIEH.
JI03UMETPUYHOTO IJIaHUPAHE, T.€. U3Pa00TBAHETO HA MHAMBHUIYAIIHUTE TUIAHOBE
3a JIpyelieyeHe, UMa 3ajada J1a OCUTYpHU a/IeKBaTHO XOMOTE€HHO 0OJbUBaHE Ha
TEpaneBTUYHUSI 00eM, NpU MHUHUMAIHO OOJbYBAHE HA 3[PABUTE THKaHHU,
3aJIbJDKUTEIHO 0 MAJIKO OT TOJIEPAHTHUTE J03H.

JIbueneyeOHUTE MIIAHOBE ChABPKAT Ls1aTa UHPOpPMaLHsl, HEOOX0aUMa 32
U3MBJIHEHUE HA JIbUYEJICYEHHETO M 33 KOHTPOJI Ha OOJBbYBAHTO HA 3APABUTE
ThKaHH. J{Hec Te ce M3paboTBaT OT KOMMIIOTHPHU CUCTEMHU ChC CIEHUPUYHH
nepupepHy yCTPOMCTBA M MPOTPAMHU NAKETHU 3a JO3UMETPUYHO IJIAHUPAHE.
KoMmmioTepHUTE TUIaHUpAIM CUCTEMH Ca CBBbpP3aHU C ypenduTe 3a oOpaszHa
nuarHoctuka — KT, MaruutHo-pe3oHancen Tomorpad (MRI), ot kouTo nocteiBa
HeoOxoauMaTa aHatomoTtomnorpadcka uHGOpManus 3a OTACTHUS TaI[UCHT.
J103UMETPUYHOTO TUIAaHUPAaHE € TPUMEPHO, C TOJIsIMa TOYHOCT M OCUTYpsiBa 100pU
BB3MOKHOCTH 32 BB3IPOU3BEKIAHE HA TEOMETPUUHHUTE YCIOBUS Ha OOJTbYBaHE.

KoMmiekTbT KOMOIOThpHA IUIaHUpalla cHucTeMa-ypenda 3a oOpa3Ha
JMarHOCTHKA YJECHSBA BBBEKJAHETO HA BAXKHU KOPEKIMH 3a OTYUTaHE
BJIMSTHUETO BbPXY paslpeiesICHUETO Ha 103aTa B 00TbYBAHOTO TSJIO HA PA3JIMYHU
¢daktopu. Bcuuko TOBa € mpeanocTaBka 3a MOJ0OpsBaHE Ha TEPaNeBTUUHUTE
pe3yATaTH U 3a HaMaJsIBaHE Ha PUCKA OT JIbYEBU YCIOKHEHUS U YBPEXKIAHUS HA
MAIMEHTHTE.

PentrenoBute mpbunM ca OWIM OCHOBHUAT BHUJ WOHU3UPAIIO JTHhUCHUE,
U3IMO0JI3BaHO B OHKOJIOTHUSATA JI0 CpejlaTa Ha MUHAIMS BeK. J[HEC B IbUeNIeUeHUETO
OCHOBHO C€ yNoTpeOsBaT 1B TPyNH HOHU3UPALIU TbUCHUS — POTOHU U 3apEeACHU
YaCTHIH.

[IpencraBuTenu Ha MbpBaTa rpymna ca peHTT€HOBUTE, raMa- U X-JIIbUMTe, a
Ha BTOpara — OeTa-TbYiTe, YCKOPEHUTE €JIEKTPOHU, MPOTOHUTE, TU-ME30HUTE.
bera- u rama-rpunTe ce Moy4yaBaT OT PaIMOaKTUBHU U3TOUHUIM, a X-TBUUTE U
eJIEKTPOHHUTE C BUCOKA EHEPrusi — OT MEIUIIMHCKUTE yCcKopUuTeau. M3rounnnu Ha
OPOTOHUTE W THUME30HHUTE Ca YCKOPUTENUT. PEHTreHOBUTE II'bUM OCTaBaT
OpeINoYnTaHN 32 JTbUeleueHUEe Ha KOKHHU Jie3uu ¢ Manku pasmepu. [lopamu
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pa3iMyHU TPUYMH, TJaBHO (UHAHCOBHM, MPOTOHUTE M IHU-ME30OHHUTE HE ca
HABJIE3JIM PYTUHHO B JIbYEJICUCHUETO.

OCHOBHUSAT BUJ] TbUENCYCHUE € AUCTAHIIMOHHOTO (TEpKyTaHHOTO). [Ipu
HEro U3TOYHUKHT Ha WOHU3HMpAIIO JHhUCHHE C€ HamMupa Ha 3HAYUTEITHO
pa3cTosiHME OT KoKaTa Ha manueHTta. JMcTaHnMOHHOTO OOabuBaHE OOXBalla
npu6m3uTenao 90% oT GoTHUTE, MOJIEKAIIHN Ha ThueedeHne. MoHmupammre
JBbYCHUSI MPOHUKBAT Mpe3 KOXKAaTa B THKAHUTE M B 3aBUCHUMOCT OT TSIXHaTa
CHEeprus MPUYMHSIBAT WOHW3AaMs W BB30yKIaHe Ha aromMuTe. PyTwHHO ce
M3MOI3BaT POTOHHU JTbUeHUs ¢ eHeprus ot 60 keV g0 25 MeV, kaTo peHTeHOBH
U Tama JIbYM, KaKTO U €JIEKTPOHHU. Bce omle He € HaBIIA3J0 B €KEJHEBHATa
IpaKkTUKa OO0J'bYBAHE C MPOTOHHU, HEYTPOHH, JIEKM U TEXKKHU sipa Ha XeJHi,
BBIUIEpO, hochop, cunuiuit u ap.

Bropust Buj apuenedeHre € Opaxurepanusita, KosSTo ©Ma CBOETO MSCTO,
KAaKTO CaMOCTOATEIIHO, TaKa U KaTO KOMIIOHEHTA Ha ChUYETAHOTO JHYEJICUCHHUE.
bpaxurepanusta € JIbYEICYEHUE CHC 3aKPUTH U C OTKPUTH PAJTUOAKTUBHU
M3TOYHHUIIN OT MAJIKO PAa3CTOSIHUE, P KOETO U3TOUHUIIUTE CE Pa3noJiaraT B WA
HEIMOCPEJICTBEHO J0 JEKYBAHUTE ThKaHU. T5 € HAKOJIKO BUJA!

- KOHTAKTHA — MPABH C€ ChC 3aKPUTH PATUOAKTUBHA U3TOYHULIU, KOUTO CE
pasrnonarat HEMOCPEACTBEHO MM Ha MAJIKO Pa3CTOSHUEOT Koxkata. [Ipumep 3a
NPUIOKEHUE € paKa Ha KOXKaTa;

- BBTPEKYXMHHA (MHTpaKaBUTApHA) — U3MOJ3BAT CE€ ChHIIO 3AKPUTH
PaJMOAaKTUBHU U3TOYHUIIM, KOUTO CE€ BbBEXKAAT B TeJIECHU KyxuHU. [Ipumep 3a
TOBA € JIbYEJICUCHUE Ha paKa Ma IIMiIKaTa Ha MaTKaTa;

- BBTpPETbKaHHA (MHTEpPCTUIMATHA) — O€3 aJTepHATUBEH METOJ 3a
JTbYEIICUCHUE HAlTpUMEpP Ha paka Ha €3MKa, IIPU KOUTO 3aKpUTUTE PAJUOAKTUBHU
W3TOYHUIM CE BHBEXKIAT B JICKYBAaHUTE ThKaHU;

- Mera0oysMTHa (KIOpUTEpamnus) — TOBAa € JIbUENeYeHHUE, MPU KOETO
PaIMOAKTUBHUTE U3TOYHUIIM C€ MOCTABIT OJM30 JI0 WM B KOHTAKT ChC CaMHUS
TyMop. M3mon3BaT ce OTKPUTHM WM 3aKPUTHU PAJUOAAKTHUBHU W3TOYHMIIU.
PannoakTHBHUTE M3TOYHHULIM CE aIJIMUUpPAT Ype3 Pa3HOOOpa3HU XUPYPTrUUYHHU U
napeHTepasHu MeToau. [lauMeHThT cTaBa M3TOYHUK HAa JIbUEHHUE U OCTaBa 3a
OIPEJETICHO BpEME B CIIELIUATTHU TTOMEILIECHHUS;

PannoakTUBHOTO BEIIECTBO B 3aKPUTHSA PAJUOAKTHUBEH W3TOYHUK €
OMAKOBAaHO MO HAYMH, KOWTO MpPU HOpPMalHA padoTa ¢ M3TOYHMKA H3KIIOYBA
BB3MOKHOCTTa 3a HErOBOTO pa3MpOCTpaHsIBAaHE B OKOJIHATA cpeda, BKI. B
JeKyBaHUTE ThKaHu. OnakoBKaTa paJnO0aKTUBHOTO BEIIECTBO MMa 3aja4ya U Ja
MOTITbIIA HUICKOEHEPTUIHOTO ramMa- U XapakKTepUCTUUYHOTO PEHTI€HOBO JIbUCHUE
u OeTa-dyacTUIIUTE, W3IIFYBAHM OT PAJAMOAKTHUBHOTO BEIIECTBO. 3aToBa
U3TOYHUITUTE, ChABPXKAMU [, Y — PaAUOHYKIUAM, Hampumep Kobant-60, ca
MPAKTUYECKA  YUCTH  y-U3JIbYBaTend.  MerabonuTHata  OpaxuTepanus
NPUHAIJICKN W Ha HyKJIeapHaTa MEIWIIMHA, BKIIIOYBAINA M PATUOHYKIUIHATA
JMAarHOCTHKAa. BbBeACHUTE B TAJOTO HAa MarMeHTa paauodapMaiieBTHIIN Ce
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BKJIIOYBAT B META0OJIM3Ma U C€ HATPyINBAT M30UPATEIHO B OMPENIEICHU OpPraHU
uiu ThkaHu. Hanpumep pamnodapmaneBtuksT HatpueB Hoaua (Nal31l), kato
BCUYKHM XMMUYHU ChEeIMHEHUSI HAa HO/a, Ce HATPYIIBa B IIIUTOBUIHATA XKJie3a (T.e.
¢ TupeoTporieH). MerabonuTHata OpaxuTepanus € Oe3ajlTepHaTHBHA 3a
KOHCEPBATMBHO JICUCHWE HA paka Ha IIUTOBHIHATA KJ€3a W TO-IIHPOKO
U3II0JI3BaHa — IIPH METacTa3u B Kocture [3, 7].

JIbueneueHNEeTO ce Mpuiara riaBHO 3a JjeueHue Ha paka. OOmbpuBaHe C
HOHM3WpAIM JThUCHUS HA JOOPOKAYECTBEHH TYMOPH W TIPH APYTH
HEOHKOJIOTUYHH 32007151 BAaHUS C€ TIPaBH PSIKO M 110 TIPABUIIO C HUCKH JIO3H.

ChbuiecTBYBAT peinua ypeau 3a JbueliedeHue.

Cpen Hal-pa3npoCTpaHEHHWTE, TOBA € JMHEUHUAT ycKopuTen. B Hero
PEHI€HOBOTO JTBUEHHUECE Ch3/1aBa MO CIICIHUS HAUMH:

- €JIEKTPOHUTE C IIOMOINTa Ha €EJEKTPOMArHUTHO IIOJIE C BHMCOKA
YecToTa ce ,,BOPbCKAaT U ycKopsABaT B TpbOara Ha yckopurteis. CHONBT OT
CJICKTPOHU C€ HacouyBa KbM MHILIEHA. B pesynrar Ha B3aMMOIEHCTBUETO Ha
€JIEKTPOHA C AaTOMHOTO SIpO Ha MUILIEHATa ce 00pa3yBa (DOTOH, a EIEKTPOHBT CE
OTpa3siBa OT Hes, HO ¢ mo-Maika eHeprusi. CHONbT OT (POTOHU (PEHI'EHOBO
JbUEHUE) IPEMHUHABA MIPe3 U3paBHsBAI (QUITHDP, a JIBYBT IpHUEeMa HeoOXoauma
¢dopMa ¢ moMoIiTa Ha KOJIUMATOP 10 MONaJaHe BbPXY TAJIOTO HA OOJIHUS.

@ue. 1. Jluneen yckopumen

B npueBaTa Teparnus, OCBEH CTaHAAPTHUTE YPEIU CE M3ITOJI3BAT OJIOKOBE 1
OomrocHu.

brokoBere ca mpenMeTuTe, KOUTO C€ pasloyiaraT MeXay W3TOYHMKA Ha
U3II'bYBAHE U MAIMEHTA C IIeJT J1a C€ OTPAaHUYH TOJIETO Ha THYEBO BBH3JCHCTBUE U
ChOTBETHOTO IIpeJaBaHe Ha HeoOXoauma ¢GopMa Ha OOTBYBANIUS CHOIIL.
N3non3BaHeTo Ha 6JI0KOBE MMOMara MakKCUMAJTHO JIa ¢c€ M30erHe 00 TbUBAHETO HA
HOpMaJTHAThKAH Ha OpraHu3Ma Ha marnueHTa. OTHavyano ce JoKaau3upa ooaacTra
Ha BB3JICUCTBUE C MOMOIITAa Ha peHreHorpadus. Jlekapsar-paauonor oToensI3Ba
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Ha CHUMKHUTC YYacTBIIUTE, KOMTO TpsAOBa Ja CE€ M3KIIOYAT OT OOJIbUBAHE.
CHuMKaTa cTaBa IMa0JIOH 3a MEHOIUTACTCH IMUT, C OTIACIHH TpPa3HUHHU, KOUTO
TpsiOBa Aa 6bAaT 3anbIHeHU ¢ Cerrobend, KOMTO € JIEKOTOIAIIA CIIaB HA OUCMYT,
oaoBo ¥ kagmuii. Cien oxitaxkaane Ha 0sokoBete oT Cerrobend ce u3BexkaaT oT
MIEHO-TIJIACTA U CE 3aKPETIAT BhPXY MPO3pavyCH AbPKATEN KaTO CE HAIMUCBA UMETO
Ha OOJHMS W TpaBUjiaTa 3a OPUEHTHUPOBKA. bBJIOKOBETE ce ChXpaHSBAT B
npoLeAypHHs KAOUHET.

Duz. 2. Ypeoba 3a cpeOHo enepeuiiHO PeH2eH080 IbUeHUe HA KOCMHU Memacmasu

@OyHKUMATa Ha MOAN(UKATOPUTE HA JIbYa C€ OTJIMYaBa OT (PYHKLIMUTE HA
OJIOKOBETE U Ce ChCTOM B M3MEHEHHE Ha (popmara Ha MOJETO Ha OOJIbYBAHE,
U3KII0YBAaHE HAa HOpMajJHAaTa ThKaH M KaTo pe3yiTaT ce MNojy4yaBa rojsiMa
eIHOPOJTHOCT Ha Jlo3aTa B 30HaTa Ha jedeHue. Karo TakuBa ycTpoiicTBa ca
OorocuTe, KITMHOBUIHUTE M KOMIIEHCUPAIIU (PHITPH.

Due. 3. Anapam 3a OUCMAHYUOHHO NOCIEHAMOBAPEAHE

BomtochT ce chbCTOM OT BELIECTBO, EKBUBAJIEHTHO HA ThKAHTA HA OPraHU3Ma
U Ce pasnojara HEmOCPEJACTBEHO BBPXY MOBBPXHOCTTA HA TsUIOTO. B pesynrar
J03aTa B KOKaTa Ce yBEJIM4YaBa, a ChILO U B APYTUTE MOBBPXHOCTHU CTPYKTYPH
HEMOCPEACTBEHO MO/ TsX. TeXHuKaTa Ha O0JIr0ca ce U3MOJ3Ba U 3a U3PaBHSIBAHE
Ha HEPABHOCTHUTE Ha MOBBPXHOCTTA HA TAJIOTO, @ TOraBa J03aTa ce pazmnpeneis
MO-paBHOMEPHO. 3a M3rOTBSHETO Ha OOJIOC €€ U3MO0d3BAaT IUIACTUHU OT
IUIACTUYHU MOJIMMEPH, apapuH U BiaxkHa mapiia. C momoiira Ha KIMHOBHUICH
bunThp MOXE Ja ce AOCTUTHE M3MEHEHHE Ha opMara Ha pasnpelesieHue Ha
J103aTa B ThKAaHTa B 3aBUCUMOCT OT bI'bja Ha KIMHA. OOMKHOBEHO C€ U3MOJ3BAT
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buntpu ¢ prim 15°, 30°, 45° u 60°, cbiio u apyru brau. KimmHoBuaaute Guitpu
4EeCTO C€ M3IMOJ3BaT NP O0TbYBAaHE HA CUITHO OI'bHATA MOBBPXHOCT, HAIIPUMED,
B TOPHUTE JSUTOBE HA TPBAHMS Koll. KIMHBT ce OpueHTHpa Taka, 4e Hail-nebenara
My dYacT (Tmerara) na ce pas3moJioKM HaJa Hal-ThHKHS CJIOW OT THKaHTA.
Kommiencupamure GuaTpu OT aTyMUHHUH, BOCBK, MEJ] C€ pa3IoJiaraT Ha IIbTS Ha
JTHUNATE 32 KOMIICHCHUPAHE Ha HEPAaBHOCTUTE Ha KOHTYPHUTE HA ThKaHTA.

HN3Boan:

[IpenuMcTBaTa Ha THUEICUCHUETO Ca, Y€ B paHEH CTaHH JIbYCICYCHUETO
e mo-e(puKaceH METOJl OT XUPYPTHUATA, 3alI0TO 3ama3Ba JIEKyBaHUs opraH. Beue
HE Ce MPaKTUKyBa IMpEMaxBaHE HA TOJEMH YacTH OT YOBEUIKOTO TSJIO WIIH
OTCTpaHsBaHE Ha BaKHU OpPTraHu, 0€3 KOUTO KUBOTHT € HeBb3MOXkeH. [Ipumnara ce
JTbUeeueHUE IPeu OmeparusiTa, Koraro TYMOPBT € MO-TOJISIM — paJuaiusiTa ro
HaMaJIsiBa ype3 JIbYeNICYCHNE NI B KOMOMHAIIHS C JIEKapCTBa.

JIbueneyenneTo oOsiek4yaBa OoJKara, CIUMpa KbPBEHETO M HamasBa
OIJIAKBAHUATA IPUUYUHEHHU OT TYMOpa.

N30poeHuTe mpeIMMCcTBa Ha IbUEJICUEHNETO MOKa3BaT, Y€ 110J13aTa OT HEro
MHOTOKPAaTHO Ha/IMUHABaT PUCKOBETE.

Yact oT HeAOCTAThLUTE HA JTbUYEICUEHUETO Ca MHOTO CTPAHUYHU €(EKTH,
KOUTO MPEIU3BUKBA KaTO: YMOpa, Jpa3HEHE Ha KOKara, JIEKO M3rapsiHe U I0-
OCTUTE TAaKUBa KaTo: rajJicHe W IOBpbBIIAHE, Bb3MAJICHHE HA ycTara, YpeBEH
JUCKOM(OPT, OTOLIH, €IUIJIAL0sI U Jp.

Brrpeku 1s10cTHOTO pa3bupaHe Ha THUEICYCHUETO W M3MOJI3BaHETO Ha
pa3IMuHU PaJUOU30TONU TPpsOBa Ja ce OTOeNexH, 4ye OJiarogapeHue Ha TOoBa
OTKpUTHE HAa YOBEUECTBOTO Ca C€ 3aMa3Wiid U M3JCKYyBaIA MHOTO YOBEIIKH
#uBOTH. [IoHSKOTa BpeMEHHOTO HEPA3IMOIOKEHHE € KIIOYhT KbM 3alla3BaHEeTO Ha
CBHILIECTBYBAHETO.
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CBBPEMEHHO CBCTOAHUE HA JOSUMETPUYHUA
KOHTPOJI U OCHOBHMU TUITIOBE ITPUBOPHU

HNBera benbepoBa

CURRENT STATUS OF DOSEMETRIC CONTROL AND
MAIN TYPES OF INSTRUMENTS

Iveta Belberova

Abstract: Basic methods and tools for grinding the natural and artificial radiation
background are considered. The main types of measuring instruments and their devices,
principle of operation and application are presented.

Key words: instrument, device, application, dosimetry, radioactive background,
radiation

1. YBoxa

CBOMCTBOTO Ha JIBYEHUATA J1a HOHU3UPAT CpeaTa, METOAUTE U CPEACTBATA
32 TAXHOTO ONpENENsiHE, KAaKTO M OLICHKaTa Ha TAXHOTO BB3JACHCTBHUE BBPXY
YKMBATa U HEXKUBATa MaTepHs, CE U3ydaBaT OT HayKaTa JO3UMETPHS.

OCHOBHUTE METOAM 3a WHAMKALMS HAa WOHU3UPAIIUTE JTbUYEHHUSA Ca:
WOHU3aLMOHEH,  PaJUOTEPMOIYMHUHHUCIIEHTEH, paguoPpOTOIYMHUHHUCIIEHTEH,
XUMHU4ecku U Gororpadcku. Bcuuku Te3u MeToiM n3MepBar NorbjiHaTara 103a B
JNAJeHO BeIlecTBO. MeToauTe 3a u3MepBaHE MOIIHOCTTa Ha Jo3aTa ca:
HOHM3AIMOHEH, ITOTYITPOBOAHUKOB M ciiuHTHIamoneH [1, 5, 10].

2. MeToau 3a u3MepBaHe Ha j103aTa

2.1 MoHu3anmoHeH MeTox — MO JIeHCTBHE HA HOHM3MPAIIOTO IbUCHHE
ce IoJIy4aBaT WOHU, KOUTO B E€JIEKTPUYHO IOJIE CE JBM)KAT HACOUYEHO, KAaTO Ce
HEyTpalu3upaT U C€ HaMmalsiBa HANpPEKEHUETO MEXay enekrpoaute. Tosa
HaMaJsiIBaHEe € MPOMOPIIMOHAIHO Ha MOrbJIHATATA J034.

2.2 XUMHYECKH METOJ — OCHOBAaH € Ha BB3HMKBAHETO Ha HOHHU U
paguKaiyd BbB BEIIECTBOTO, KOMTO BCTHIIBAT B PEAKIMH C JAPYTH MOJIEKYJIU.
OOpa3yBaHeTO Ha HOBHM BEILECTBA € KOJUYECTBEHA XapaKTEPUCTHKA Ha
VOHU3UPALLNTE JIbYECHUS.

2.3 Papuorepmonymunucuenten (PTJI) meton — HaTpynanata eHeprus
B TEPMOJYMUHO(OpaA € CBBbp3aHa C MPEXOAH Ha EJIEKTPOHU OT BaJIeHTHATa B
3a0paHeHaTa 30Ha TOJl JIEWCTBHE Ha WOHW3HWpanuTe bueHus. HuBara ca
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MeTacTaOWJIHM U TpU 3arpsiBaHe Ha JyMHHO(Opa, €JIEKTPOHUTE NPEMUHABAT B
IPOBOAMMATA 30HAa M CE€ BPBIIAT BbB BAJEHTHATA, W3JIbUBAMKU OIpejaescHa
CBETJIMHA. VIHTEeH3MBHOCTTA HAa CBETEHE € MPONOPIIMOHAIHA Ha /103aTa.

2.4 Pamumodoromymunucuenred (P®dJI) wmeronm — mnpexoabT Ha
CJICKTPOHHUTE B METACTAOMIIHUTE HUBA MO ACHCTBHE HA HOHU3UPAIIUTE IbYCHUS
e cpuuAT kato npu PTJI, HO mpexonsT B 3abpaHeHara 30Ha € MOJl ICHCTBUE Ha
yJITPaBUOJIETOBA CBETIIMHA.

2.5 @otorpadcku MeTo — BB (POTOUYBCTBUTENIEH CJIOW CE€ IMOJIydaBa
aTOMHO cpeOpo, clie/] MOTTbIaHe Ha eIEKTPOH, Bb3HUKHAJ ITPHU B3aUMOCHCTBHE
Ha TaMa JbYeHUE C BemecTBOTO. KoHIeHTpamusta Ha CpeOBpPHUTE aTOMH
OIpeIeTIs CTETeH Ha TIOYePHSBaHE, KOSTO € POMOpIMOHaTHA Ha Jo3ata [2, 3].

3. Jlo3umeTprueH KOHTPOJI

JIO3UMETPUYHHUSAT KOHTPOJ CE€ OCBHUIIECTBSBA OT AO3UMETPHUYHU MPUOOPH,
KOUTO M3MEpPBAT KayeCTBOTO M KOJHMYECTBOTO HA HHUBOTO HAa pagualusl.
JleTekToprTe HA HOHU3UPAIIM JTHUYCHUS IIPEICTABISBAT YCTPOUCTBO, HHCTPYMEHT
WM CUCTEMa 3a JUPEKTHO WM HWHIWPEKTHO M3MEpPBAHE WJIM OILICHKAa Ha
BEJIMYMHUTE EKCIO3ULMA, KepMa, NOrbjiHAaTa 1032 (/103a) WM E€KBHUBAJIECHTHA
71033, HA TEXHATE MOITHOCTH, KAaKTO Y HAa CBBP3aHM C TAX BEJIMYHWHH, ONMCBAIIH
HoHM3MpamuTe JbueHus. Jl03uMeTsp, B KOMIUIEKT C JOIBJIHUTEIHUTE OJIOKOBE
3a perucTpupane, o00paboTBaHe U NMPEACTABSIHE HA CUTHAJIUTE OT JO3UMETPUYHUS
JNETEeKTOp, C€  Hapuya  JO3MMETpUYHa  (paguoOMETpUyHa)  CHCTEMA.
Jlo3umetrpuyHuTe npubopu OMBAT JBa BUAA: UHAUKATOPH HA PaJAMOAKTUBHOCT
(pEeHTreHOMEeTpH — 3a U3MEPBAaHE MOIIHOCTTA HA €KCIIO3ULIUATA U PATUOMETPH —
3a WM3MEpBAaHE CTEIEHTa Ha pPaJuOaKTUBHO 3aMbpPCABAHE Ha OIPEACIICHO
pa3CTosIHME OT NOBBPXHOCTTA); JO3UMETpU — MNpHOOpU 3a H3MEpBaHE Ha
WHJVBUAYAJIHOTO 3aMbpPCSBAHE y XOpara, KOUTO Ca IpeKapadud BpeMe B
3aMbpceHa 30Ha, Hanpumep U1 [1, 4, 7, 11].

3.1 PenrtreHomernp-paguomerbp PP-51M e npennsnaueH 3a
W3MEPBAHE HUBOTO HA PaAvalMATa HA MECTHOCT M CTENEHTA HAa PaJWaKTUBHO
3aMBpPCSIBAHE HA BOJAA, TOBBPXHOCTHU U PA3IMYHH NpeaIMETH. B moneBu ycinoBus
TOM J1aBa Bb3MOKHOCT 332 OTKPUBAHE M KaYECTBEHA OLICHKA HA MOBBPXHOCTHOTO
OeTa-3aMbpcsiBaHE Ha pPa3IMYHU OOEKTH MO rama metona. /[umamasonurte 3a
u3MepBane Ha nmpubopa ca ot 0,02mR/h 1o 200 R/h.

Jletexktopute Ha rama W OeTa IbUYCHHUSATA TpencraBisBar [ airep-
MionepoBu Opostun Tunt CTC-5 u CU-3I'B. 3axpaHBaT ce ¢ BUCOKO HaIPEKCHHUE
oT npeoOpa3zyBaTelns Ha HanpexeHue. [Ipu nonagane Ha rama-KBaHTU WU OeTa
yacTUlM B o0eMa Ha Oposiya Bb3HHKBA E€JIEKTPUYECKU UMITyJIC. EMUTHpaHusST
NBTOPUTENI TOBTapsl MO TOJEMHHA M YCWIBA II0 MOIIHOCT EJIEKTPUYECKHUTE
MMITYJICK U TH MOJAaBa Ha HOpMain3aTopa. Toil mpeBpblla BCUUKA UMITYJICH B
UMITYJIC C OIpENeNicHa TPOABIDKUTEIIHOCT W aMIuMTyja. MHTerpaTtopbt
ocpenHsiBa Oposi Ha MMIYJCUTE 3a ONpeNesieHO Bpeme. 3apsabT Ha

178



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

WHTErpUpaIius KOHJICH3TOP € MPONOPIMOHATIEH Ha CpeHaTa CTOMHOCT Ha Opos
Ha umnyJcute. MUKpoaMnepbT, KOMTO € BKJIIOUEH KaTO BOJTMETHD H3MEpBa
3apsjia Ha UHTETpUpPAILKS KOHACH3aTOp, OT TaM U CpeAHUsl Opoi Ha UMITYJICUTE.
[IpeoOpa3yBarensiT Ha HaNpeKEHUE MPEBpPHIIA HUCKOTO Hampexenue 3V B
HanpexeHnue 12V 3a 3axpanBane Ha HopMmann3aropa u 400V 3a 3axpaHBaHe Ha
OpostumTe.

3.2 Taiirep-MiosiepoB Oposiu. I[IpuHiunsT My Ha JeHCTBHE ce
OCHOBABAa HAa BB3HMKBAHE HA CaMOCTOATENICH Ta30B pas3psi NP NONaJaHe Ha
MoHM3Mpala yacTuia B pabotHusa My ooem. bposust e uzpadoren npe3 1908 r.
ot X. l'aiirep u E. Pabppdopa, HO mo-KbCHO € yChBBpIICHCTBAH OT X. [aiirep u
B. Mronep. Te3u 6posiun ce u3padboTBar BB popMaTa Ha IUIUHIBP, KATO HaMi-
YEeCTO KOPILYChT UM, KOWTO CIIY)KH 3a KaTOJ, € CTBKIIEH, IIOKPUT € OTBBIPE C
MOIXOJISIIIL, TIPOBOJISII MaTepuall — MeJl, rpaduT, BOJI(ppaM WK € METajeH OT Mel,
alyMMHUH WK HepbXkaaeMa cromana [3, 8].

JlaT4uKkbT JIeTeKTOPBT My ce Hapuua [aifrep-MrionepoBa TpnbOa.
[IpencrapiisiBa razopaspsiiHa jJamIia ¢ 2 eJIEKTPO/ia, ITbJIHA C Ta3 C HUCKO HAJISITaHEe
(3HAYUTEIHO MO-HUCKO OT atMoc(epHoTO). [Ipn npemMuHaBane Ha yacTUIa WA
JBbY Ipe3 HEro, 3a MOMEHT MPOTHYA EJIEKTPUYECKH TOK. Upe3 eneKTpoHEeH
YCUJIBATENI CUTHAIIBT C€ YCUJIBA U C€ M300pa3siBa KaTo M3MEpUMa BETUYMHA UM
KaTo 3BYK - €IHO IIbKBaHe (IJpaKBaHe) 3a BCAKA YACTHIIA.

CMbKAEHa
mpvba
~ K
o \\ —] =
Y UMNYAC
npo3ope RoM
PO30PeUY| enekmpog | | B GpoAua
s
U3MOYHUK
Ha Bucokro
HanpexkeHue

@ue. 1. Yempoiicmeso na L aticep-Mronepos b6posu

3.3 HoHM3aIMOHHH KaMepH — IIPEICTABIABAT KOHICH3ATOpH (Haii-
YECTO MUJIMHAPUYHU WIN TUIOCKH), MEXKITy €IIEKTPOJANTE HAa KOUTO MMa ra3 U ce
npuiara HskakBo Hanpexxerne U. [locnenoBarenno Ha kaMmepaTa U Ha U3TOYHUKA
Ha HaMpeXeHUe € BKIIOYEH JOCTaThbUYHO YYBCTBUTEJICH Yypel 3a U3MEpBaHe
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cuiaTa Ha Toka. Koraro HsaMa paguOaKkTOBEH MpEapar, ra3bT Ce SBSBA KaTo
U30/IaTOP M CTIpelKaTa Ha ypeaa He ce OTKIOHsBa. lIpM Haauuue Ha
pamgMoaKTHBEH IperapaT ra3bT Ce HOHHU3HMpA W C€ IIOJydaBaT TOJsM Opoii
EIEKTPHUYCCKU TOBAPH, KOMTO 00YCIaBIT MPOTUYAHETO Ha TOK Ipe3 ypeaa. To3u
TOK € MPOMOPIMOHAICH HA TOBApUTE, YUHTO OpOil 3aBHCH OT aKTMBHOCTTA Ha
npermapara [2, 5, 9].

4. CHUHTWJIAIUOHHM I€TEKTOPH

CUMHTHJIAIMOHHUTE JIETEKTOPHU CE€ ChCTOSIT OT BELIECTBO (CLIUHTUIIATOP),
KOETO TpeoOpa3yBa €HEprusita Ha SAPEHOTO JbYEHHWE B CBETJIMHA M OT
npeoOpa3dyBarel Ha CBETJIMHHATA EHEPrUsi B  CIEKTPUYEH CUTHAT —
dotoenexkrponen ymHmwxkuten (OEY). Enepruara Ha cuuHTHIanuUsATa €
MPONOPLMOHAJIHA HAa €HEPrusiTa Ha WOHU3MpalllaTa YacTHIla, a aMIUIUTylaTa Ha
€JIEKTPUYHUS CUTHAII € TPONOPIIMOHATIHA HA KOJIMYECTBOTO CBETIIMHA, ITOITaHAIIO
BBpXY (poTokaTona Ha PEY.

[Ipu nmpemmHaBaHe Ha WOHM3MpANla YacTUIA MPE3 CUUHTUIIATOpA Ts
BB30YK/1a U MOHU3UpPA HETOBUTE aTOMU U MoJieKysu. Cien onpeaeaeHo BpemMe
BBH30YJICHUTE YAaCTUIIM CE€ BPHILAT B OCHOBHO ChCTOSIHUE, a 00pa3yBaHUTE MOHU
pekoMOuHUpAT. B moBe4eTO BelleCTBA U3ITYyUYEHUTE MPU TE3U MPOLIECH CBETIIMHHU
KBAaHTH C€ MOTTBIIAT BbB BEIIECTBOTO U CHEPTUATA UM CE€ MPEBPHIIA B TOIUIUHA.

4.1 XapakTepucTUKHM HA CHUHTWJIATOPHUTE

- KonBepcuonHna e¢ekTUBHOCT — OTHOILIEHHWETO Ha €Heprusra Ha
U3BbYCHUTE (POTOHU W EHEprusiTa, OTAaJeHa OT HOHM3WpallaTa YacTHIla B
cuuHTUIaTopa. Kojakoro € mo-Bucoka CTOMHOCTTA HA TO3U MapaMeThp, TOJIKOBA
MO-HUCKOCHEPTreTUYHHU JIbYEHUS PETUCTPUPA CUUHTUIIATOPHT.

- CaeTiuHEH 10OUB — OTHOIICHUETO Ha U3TbU€HATa U3BBH CIIMHTHIIATOPA
CBCTJIMHHA €HEPTUsl M EHEpPrusirta, OTA3JCHA OT WOHM3MpAIlATa 4YacTULA HaA
CUMHTHUIATOpa. Ta3u BeInunHa XapaKTepu3upa Mpo3pavyHOCTTa Ha CLIMHTUIIATOPA
3a COOCTBEHOTO MY CBETJIMHHO HW3/TbUBaHE W 3aBUCH OT E€IHOPOJHOCTTA,
HAJIMYUETO HA MTPUMECH, TJIAJKOCTTa HA IOBBPXHOCTTA MY U JIp.

- ChnekTpasiHa  (QyHKUIMST —  XapakTepu3Wpa 3aBUCUMOCTTa  Ha
MHTEH3UBHOCTTA Ha CBETJIMHHOTO U3JIbUBAHE OT JbJKMHATA Ha BbhJIHATa. ChlllaTta
MPUTEKAaBA MAKCUMYM IIPU OIpE/IeNICHa Ib/KUHA HA BhJIHATA. 3a MTOJy4YaBaHe Ha
MaKCHUMaJlHa YyBCTBUTEITHOCT Ha JETEKTOpa € HEOOXOAMMO CHEKTpPaTHHUTE
GyHKIIMM HA CIMHTAJIATOpAa M CIEKTpasHaTa (QYHKIMS Ha TMOTIIBIIAHE Ha
dboTokaroa ga ChBIIAJAT.

- BpeMekoHCcTaHTa Ha CUHMHTWJIAIUATAa — BPEMETO OT HA4YaJOTO Ha
CBETBAHETO JO HaMaJsIBAaHE HA MHTEH3WBHOCTTA HA CBETJIIMHHUS MOTOK CIPSAMO
MaKcUMaHus e-nbTH [1, 4].

4.2 BuioBe CIHIUHTHJIATOPH

CuuHTUIaTOpUTE C€ KIacU(PUIMPAT B 3aBUCUMOCT OT arperaTHOTO UM
ChCTOSTHUE KaTO TBBPAMU, T€YHU U Ta3000pa3Hu. TBBPAUTE CIMHTUIATOPH Ca
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HEOPTaHUYHU U OpraHvYHH. HeopraHmyHu CIMHTUIATOPH Ca KPUCTAIATE Ha
UHKOBHS Cyldui, kKaaMueBus: cyiapua, HATpUeBUs HOIUI U LI€3UEBUS HOTU]L.
KbM TaX ce 100aBAT MaJKu KOJMYECTBA BEIIECTBA (AKTUBATOPH ) 3a MOBUIIIABAHE
Ha KOHBEPCHOHHATa UM €(pEKTUBHOCT.

TeunnTe CHMHTWIATOPU C€a OPraHWUYHU pPa3TBOPH, B KOUTO KaTo
pPa3TBOPUTENH C€ MU3IMOI3BAT TOMYOJ, KCUIIoJ, OeH301 u J1ip. M3mepBanute mpodu
MOraT J1a €€ IIOCTaBiAT B HEIMOCPEACTBEH KOHTAKT CBhC CUMHTHWIATOpA 4pe3
NOTaNsIHE WJIM CMECBAHE, KOETO O3HAuaBa, Y€ BCHYKHU HU3IbYEHU YAaCTULU WIH
KBaHTH [TPEMUHABAT Ipe3 cuuHTUiIaTopa. C TIX ce perucTpupar 4acTULX C MHOTO
HUCKH €HEPIHH.

[Na3oBu cuuHTHIATOpH ca OjarojapeHue Ha Ta30BeTe — XENuM, aprol,
KPUIITOH, KCEHOH U Ap. Il0o-BHCOKa KOHBEpCHAIHA aKTUBHOCT UMAT MO-TEKKUTE
OT TSIX, @ Hali-100pa — HAKOM CMECH OT TakKHBa ra3one, Hanpumep 90% xenuii u
10% kceHoH. ['a3oBUTE€ CUMHTWIATOPU CLUUHTWIMpAT B 0OJacTra Ha
YITPABHOJETOBUTE JbYM, IOPAaAM KOETO C€ Hajlara u3M0I3BAaHETO Ha
oTMecTuTenu [2, 6].

4.3 @OTOYMHOKUTEIH

3a TpHacpopMUpaHe Ha CBETIIMHHATA EHEPrUs, U3TbU€HA OT CUMHTUIIATOpA
npy OOJbYBAHE C MOHU3MpAIIM JTBUYECHHS B TOKOB HMMITYJIC CE€ M3MOJ3BAT Haii-
pazinuan OEY. OCHOBHUTE UM XapaKTEPUCTUKH Ca:

- CnekTpanHa 4yBCTBUTEIHOCT Ha (oTokaroga — B noedeto PEVY ce
U3MO0JI3BaT aHTUMOHO-1I€3UEBU (DOTOKATOAM C MAaKCHUMAaJIHA YyBCTBUTEIHOCT Ha
dbotokarona ot nopsiabka Ha 400 MMKH.

- Tok Ha TPMHO — TOM C€ ABIKM Ha TEPMOEMHUCHATA Ha (POTOKATOAA.
3aBucH OT TemIepaTypaTa Ha (OTOKaTO/1a M HAIPEKEHUETO MEeXAy (poTokaTona
Y IIBPBUS €JIEKTPOLL.

- HMHrerpasiHa 4yBCTBUTEJHOCT HAa KaToJa — TOKBT IPe3 aHOAHOTO
CBIIPOTUBJICHUE HA (POTOYMHOKUTEISI IPU CBETIMHEH MOTOK 1 JTyMeH.
EdexTuBHOCT Ha hoTOKaTOAA
MaxkcumanHo HanpeXeHUe
Koeduument na ycunane
['eomeTpuunm pazmepu

5. ITosrynpoBOTHNKOBY 1€TEKTOPH

Ha rpanunaTta mexnay 1Ba MOJIyNPOBOJHHUKA C P-THI U N-THUII IPOBOAUMOCT,
B OTCHCTBHE Ha EJIEKTPUYHO TOJIe, C€ M3BBHpIIBA IU(Yy3Us HAa OCHOBHUTE
TOKOHOCHUTENIM Ha BCsAKa o0nacT B chceAHarta. [lo To3W HAaYMH €NEKTPOHU OT
MOJIyIPOBOJIHUKA C N-TUIl MPOBOAMMOCT HaBIM3aT B p-00JacTra, a AYNKH OT
MOJIyIPOBOJIHUKA C P-TUI MPOBOAMMOCT HaBIU3aT B n-objacTTa. B pe3ynrar Ha
TOBa TPAHUYHUS CJIOW Ha P-TIOJIYNPOBOJHUKA CE 3apek]a OTPULIATEIHO, & TO3U
Ha N-TIOJIyIPOBOJHUKA — MOJIOKUTENHO. Taka ce ch3aaBa €IeKTPUYHO IOJIE,
HapeuyeHo MOTEHIMajeH Oapuep, KOETO Ce MPOTHBONOCTaBs Ha audysusita u
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HACTBIIBA JIMHAMHYHO paBHOBecHe. [Ipu mpuiiaraHe Ha BHHIIHO HAIMPEIKCHHE C
oOpaTHa MOJIIPHOCT Ha TOJIETO HA P-N MPexoja BUCOYMHATA HA MOTCHIIHATHUS
Oapuiep HamMalIsBa U MPEXOABT € MOJIAPU3UPAH B MpaBa MOCOKA, a MPOTHYAIIUSAT
Ipe3 HETO TOK 3aBUCH OT €KCITOHEHIAJICH 3aKOH OT MPHUJIOKEHOTO HAIIPEIKCHHE.

Axo 00aye MOJIOKUTEITHUSAT MOJTIOC HA U3TOYHUKA CE CBBPIKE C N-00J1acTTa,
a OTPULIATEITHUSAT TOJIIOC — C pP-00J1acTTa, MPHIOKEHOTO HAMIPEIKEHHE TOBUIIIABA
NOTCHIIMATHMS Oapuep, IUPHUHATA Ha P-n MpeXojia ce yBeJIMyaBa U BbB Bepurara
NpoTHYa MHOTO €J1a0 TOK, OOYCJIIOBEH CaMO OT HEOCHOBHUTE HOCHUTENIN B JIBaTa
TOJTyPOBOTHUKA. [10TyIpOBOTHUKOBUTE JIETEKTOPH C P-n MPexoja padoTAT B
TaKkbB pexuM [1, 5].

6. OcHoBHH AO3UMETPHUYHH BCJINYNHHA

JlozumeTpusita € 1 OT eKCIepUMEHTpaliHaTa sApeHa Pu3rka, KOMTO ce
3aHMMaBa C M3MEpPBaHE Ha JIO3WTE Ha OOMBbYBAHE OT WOHW3HpAIIH JTHUYCHHUS H
TSAXHOTO BB3JICUCTBUE BHPXY BEIIECTBATA.

6.1 IlorbaHaTa g03a — OCHOBHAa JO3UMETPHYHA BEIUYHHA, KOSTO
XapaKTepu3upa B3aUMOJCHCTBUETO Ha KAKBO Jla € JIbYCHHE C KAKBO Ja ¢
BemiecTBO. M3mepna ce B Gy (I'peit). benexu ce ¢ OykBata D

6.2 ExBuUBajIleHTHA 1032 — XapakTepu3upa B3aUMOJCUCTBHETO Ha
JBUYCHHETO C OWONOrMYHaTa ThKaH B 3aBHCHMOCT OT BHJAa Ha JIHUYCHHUETO.
N3mepsa ce B Sv (Cuepr)

H = WR . DR, kpnero WR — pagnarmonen terioBeH koedurueHt; DR —
CpellHa MOT'bJIHATA /1034 B J1aJIeH OpraH

6.3 Excnno3uums — xapakTepusnpa B3auMOJICHCTBUETO HA Tama JTBUYHUTE C
BB31yxa. benexu ce ¢ 6ykata X. M3mepsa ce B R (Pentren)

7. 3akja0YeHne

Jlo3umeTpusaTa U KaTo 510 JO3UMETPHYHUAAT KOHTPOJ HAMHUPAT IIHPOKO
pa3npocTpaHeHHEe MPU XopaTa, padOTEIM B aTOMHUTE LIEHTPaJIu, MpU J0OUB Ha
SJIpEeHU TOPUBO U JIp. PaznuunuTte MeToIn 3a eTEKTUpPaHe Ce pa3inyaBar Mo ToBa
KaKBO CBOWMCTBO Ha paJUOAKTUBHO JbUeHHE u3noi3Bar. I[Ipubopute 3a
JIO3UMETPUYECH KOHTPOJI WMAaT CBOUTE TMPEIUMCTBA W HEAOCTATBIM KaTo
HarpuMep WOHU3AIMOHHATA KaMepa € MHOTO TOYHA U MPEelu3Ha U PE3yJITaTUTE
Ce OTYMTAT BEJHAra, HO M3UCKBA BHBEKIAHE HA MHOXKECTBO KOPEKIIMH TMpHU
W3MEpBaHMs BbB BUCOKOCHEPTHITHY JIFYEBH TojieTa. ETo 3a1o npeny 3amepBaHe
TpsiOBa Aa ce nu3depe Hal-TOAXOASIINS TO3UMETHP MpeBUT 00CTaHOBKATA.
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AAPEHU PEAKIIMHU U U3ITOJ3BAHETO UM BbHB
BOEHHOTO AEJO

Jloopomup I'eopruen

NUCLEAR REACTIONS AND THEIR USE IN MILITARY
AFFAIRS

Dobromir Georgiev

Abstract: The main types of nuclear reactions and the natural resources used for their
implementation are considered. The main types of nuclear weapons and their role in the modern
world are examined.

Keywords: nuclear reaction, uranium, nuclear bomb, hydrogen bomb, fusion, nuclear
fission

SlnpeHa peakuusi TOBa € MPOLEC, IPU KONTO [BE AaTOMHHU siipa WM
€JIEMEHTAapHU YaCTHIIM B3aWMOJEWCTBAT IO TaKbB HA4YMH, Y€ C€ IOJIydaBat
NPOAYKTH, pa3audHu oT Hadaiaaute [1, 6, 10]. MHOrO YecTo TakuBa peakiuu ca
IpU OTAENsHE (B MHOIO PEAKU CIy4yau MNOTJIbIIAHE) HA OTPOMHO KOJMYECTBO
eHeprus. 3a OChLIECTBIABAHE HA PEAKLUATAa € HEOOXOAMMO B3aUMOICHCTBAIIINTE
YaCTUIM (s1/1pa) Aa ce JOOJIUkKAT Ha pa3CTOSHUE OT nmopsabka Ha 10—13 cwm.

Deuterium

l_.it(l?_iil_-ner;r)a-e /’~ :/"-\(H—Z)
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N_ ¥
S

Alpha Particle / \
(He-4) Alprzag—z;r;hcle
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Lithium-6 — Deuterium Reaction

@Due. 1. I[lpomuuane na si0pena peakyus npu 1eku 10pa
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SInpena Bepr>KHA peakiiys - CaMOIOIbPIKaIIl Ce POIIEC, TPH KOUTO BCAKO
IpeBpbIIaHEe Ha aTOMHO SAPO Ch3/1aBa YCIOBHS 32 HOBO MPEBPBILAHE OT ChHIIUS
BU. SIIpeHa BeprKHA peakiys € HarpuMep AEJICHUETO Ha ypaHa WK TUTyTOHUS
1oJ JCHCTBUETO HAa HEYTPOHHU, MOJYYEHH IMPH CaMoOTO JeineHue. Moxke na
IpoTeye MHUTHOBEHO (aroMHa Oom0Oa) win na € OaBHa, ympamiseMa (SapeH
peaktop) [5, 7, 12].

BEPUKHA AJIPEHA PEAKLUA

ToBa sBneHue e oTkputo mpe3 1939 r. or HeMckuTe Qusunm XaH U
[lpacman. Omie chiata roguHa € 06sicieno ot @puin u MaiitHep. Enna ronuna
no-KbCHO pyckute ¢usunu OapopoB u [leTpikak OTKpUBAT CIIOHTAHHOTO JIEICHE
Ha ypaHOBUTE sipa ¢ nepuo Ha nonaypasnagane 1016— 1017 rogunu.

1 235 139 Q5 1
Nt o U= Bat  Kr+2,n

TexxkuTe siapa Morar ga ce JeisaT npu OoMOapAMpaHETO UM C HEYTPOHH,
IIPOTOHM, TaMa KBAaHTU M JAp. YACTHUIM, a CHIIO TaKa U CaMOINpOu3BOJHO. Haii-
roJiIMO 3HAYEHWE MMa JICJICHETO Ha siAparta oT HeyTpoHHu. [Ipu Ta3zu peakuus ce
OCBOOOXJaBa €HEPrus, €KBUBAJEHTHA Ha pa3iukaTa B MacuTe Ha
B3aMMOJICHCTBAIUTE YaCTULM U KpalHWTE NpOANyKTH. Paznukara B macute ce
IBbJDKM Ha Taka HapeueHaTa EHeprus Ha Bpb3kaTa — eHeprus oOycloBEHa OT
SAPEHUTE CHJIM HA MPHUBIMYaHE MEXIy HyKIoHHUTEe B siapoto [3, 4, 8]. Ako
pasriiegame rpaukaTa Ha eHeprusiTa Ha Bpb3KaTa Ha €IMH HyKJIOH B 3aBUCUMOCT
OT MAacOBOTO YHUCIIO, 3a0esi3BaMe ye MakcuMyMa Ha crieupuyHaTa eHeprusi Ha
Bpb3KaTa € Mpu XUMUYHUTE €JIEMEHTH OT Cpe/iaTa Ha MepuoinyHaTa Tabauma.
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Axo Texko saapo (ypan 92) ce pasjenu ce moydaBaT JIBe MO-JIeKH spa C
NpUOJIM3UTEIIHO PaBHU MacH ce OTAeHAT 2-3 HeyTpoHa. Oka3Ba ce ye oOmara
Maca Ha TOJIydCHHTE SIIpa U Ha HEYTPOHHTE € IMO-MajKa OT MacaTa Ha ypaHa.
[Tonmyyenara pa3iuka B MacuTe (MacoBHAT JeekT) e ekBuBajieHTHa Ha 200 MeV
U Ce OTHACS OT pa3jIMTAIlMTEe CE YaCTH, MIOyUYECHHU MPH PEAKIUATA.

ToBa € orpomMHa e€HEprusi U MEPCIEKTHBHUTE 3a HEHHOTO H3IOJ3BaHE Ca
KpaiiHO npuBiiekaTeaHNA. ChIIECTBEHOTO 32 SPEHUTE PEaKIIUU Ha JICJICHE € TOBA,
4ye IpU TAX C€ OTJACNIAT HOBH HEYTPOHH, KOHTO Ca CIIOCOOHH J1a MPEIru3BHKAT
JICICHETO HA HOBH sapa. 110 TakbB HAYMH €IMH HEYTPOH MOXKE IO IMPUHIIMIT Ja
MOCTaBH HAYaJI0 HA PA3KJIOHEHA BEpUTa OT PEaKIMH Ha JIeJICHe, B pe3yJiTaT Ha
KOETO Bb3HHKBA CaMOIOABPIKAIIl Ce TIpoIieC Ha JeneHe. To3u mpoliec ce Haprya
BepmKHa peakis [2, 9, 12].
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@Due. 3. [Ipomuyane Ha eepudicHa peakyus

VYcaoBusTa 3a mpoTHYaHE HA BEPHIXKHA SIIPEHA pPeaklus Ce OMpPENeNsT OT
CHOTHOIIIEHUETO MEXIY BEPOSITHOCTUTE 32 MOAbPKaHE HA BEPHXKHATA PEaKITUs
Y 32 HEMHOTO NpeKbCBaHe. MUHUMAITHOTO YCJIOBHE 3a MOAIbPKaHE HA BEPHIKHA
peakiys ce ChbCTOM B TOBA BCAKO JEIAIIO CE SAPO Ja AaBa CPEAHO MOHE €IUH
BTOPUYEH HEYTPOH, KOUTO Ja MPEAU3BHKA JEJIEHE Ha JIPYro siapo. Sapenure
BEPHKHU PEAKIUM CE€ XapaKTepu3upar ¢ KoedUIMEeHTa Ha pa3MHOKaBaHE Ha
HEYTPOHUTE, KOUTO ce MeuHHpa, KaTO OTHOIICHUE HA OpOsi HA HEYTPOHUTE OT
Ja7ICHO TTOKOJICHUE KbM OpOsi Ha HEYTPOHHUTE OT MPEAIIESCTBAIOTO TOKOJICHHE.
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Cucremara, 3a KoATO K=Il, ce Hapuya KpuUTHYHA cucTteMa. B TbkaBa
CUCTEMA BEpI)KHATa peakuus IpoTHYa C NOCTOsiHHA ckopoct. [lpm x>1
BEpHKHATA PEeaKIUs MPOTHYA C HapacTBalla CKOPOCT (HaJKpUTHYHA CUCTEMA), a
npu k<l - peakuusTa 3aTuXxBa ( MOAKPUTUYHA cucTema). [Ipu onucBane OanaHca
Ha HEYTPOHUTE B €JHA CHCTEMa € HEOOXOAUMO J1a C€ UMAT B MPEIUBUT CICTHUTE
MPOLIECH:

l. M3nuTtaHe Ha 4acT OT HEYTPOHUTE OT cUcTemaTa Oe3 Ja ychesT Ja
B3aMMO/JICUCTBAT- T. HApEYEHATA ,,yTeUKa' Ha HEYTPOHUTE.

2. ITormpliane Ha HEYTPOHUTE OT siapata Ha 235U , 6e3 Aa ce nmpeau3BuKa
JIEJIEHE.

3. [lormpliane Ha HEYTPOHM OT siApaTa HA 3a0aBUTENs, HA PA3IMYHUTE
IIPUMECH U S1pa- IPOLYKTH.

4. IlornpliaHe Ha HEYTPOHHM CBHIPOBOJACHO C SIIPEHO JAciieHe. TakuBa
pa3MepHu Ha cUcTeMaTa , Ipy KOUTO CE OCHIIECTBABA CAMOIIOIbpKAIlla CE PEAKLUS
Ha jeneHe (k=1) , ce HapuyaT KpUTUYHM pa3Mepu. KpuTuuHuTte pazMepu He ca
NIOCTOSIHHA BEJIMYMHA, a 3aBUCAT OT M30TONHUS ChCTaB Ha ypaHa, ¢popmara U
pa3MoI0KEHUETO HA cpeaara, OOKPbKEHUETO, KOJIMYECTBOTO 3a0aBHUTEN U JIp.
VYTeukara Ha HEYTPOHHU MOKE CHIIECTBEHO J1a ObJIe HAaMajeHa, a ¢ ToBa Aa ObAaT
HaMaJi€eHu W KPUTHUYHHUTE pPa3MEpH, aKO CHUCTeMara ce OOKpBXKU C JA00Bp
oTpaxaren. KoaudecTBOTO SAIpeHO BEIIECTBTO, HAaMUpAIllo B CHUCTEMA C
KPUTUYHU pa3MepH, C€ Hapuia KpUTH4HA Maca. Kato 3HaeM KpUTUUHUTE pa3MepH
Ha CHCTEeMaTa U IUTbTHOCTTA Ha JEJSAIIMS C€ MaTepHUall MOXKEM Jla ONpEeAeIIUM
KpuTuyHaTa Maca. C yBenMuaBaHe pa3MEpUTe Ha CMCTEMara KpUTHUYHATa Maca
pacre [11, 12].

HN3noa3BaHe BbLB BOEHHOTO J1€J10

SAapeHoTo OpbXKHE € OpBXKHUE 3a MACOBO YHHUINOXKeHUe. Bcuukurte my
dbopmu paszpyiiaBaT (MU MPaBSAT HEroJHA 3a OOUTAaBaHE) rojsiMa TEPUTOPUS
OKOJIO MSICTOTO Ha B3pHUBA.

To e u opbKUETO ¢ Hal-HEU30UPATETHO JIEUCTBHE, Ch3/1aBaHO JOTOraBa.
[Ipu ynotpebara My ce OTAEIAT TOJEMH KOJIMYECTBA PAAUOAKTUBHU OTHAIbIIH.

SnpeHoTo OpbXKHE € OCHOBHOTO CTPAaTETMYECKO opbxkue cien Bropara
CBETOBHA BOIiHA M OCTaBa TaKOBa 0 HACTOSIIMS MOMEHT [7, 8].

Nma HAKOJKO BUAA SIAPEHO OPBIKUE:

* ATomMHa Oom0a

ATtomHata Oom0a € Hail-paHHUAT BHUJ SAPEHO OpBXHE. PabOTHHUAT ¥
MIPUHITUI C€ OCHOBaBa Ha JIEJICHETO Ha s/ipaTa Ha TEXKU HECTAOWITHU €JIeMEHTH,
KaTo ypaH-235 wiu miytonuii-239. Ilporuyainara peakuus € HEKOHTpOIUpyema
U BEpWKHA, IOBEXKAINA JI0 UMIUIO3HITa HA SIAPEHUs MaTepuail BbTpe B OombaTa
U TIOCJIENIBAILIO OTHESIHE Ha OIPOMHO KOJHMYECTBO €Heprus moja Qopmara Ha
JBbYCHUE, CBETIIMHA U TOTLJIMHA.

* Bomxopoana 6om0a
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Bonopoanara 6omba e HapruaHa o1lle TEPMOSIPEHO OPBKHUE, OPBKUE Ha
npuHIna Ha Texbp-Yiaam o umero Ha cBoute uzodperatenu Enyapn Tensp u
CranucnaB Yiam. bazupana e Ha siIpEHOTO CIMBaHE — MPOLECHT, KOWUTO MPOTHYA
B SIIPOTO HA 3BE3/IUTE, IPU KOWTO JIBE MO-JIEKH SApa C€ CIMBAT B €IHO MO-TEXKKO.
[Ipu sa1peHoTO ciiuBaHe W3XOAHUSAT MPOAYKT (MO-TE€KKOTO AJIPO) UMa MO-MaJIKO
KOJIMYECTBO MAaTepHsi U Maca OT HayaJIHUTE MPOAYKTH. 3aryOeHaTa MaTepus ce
npeodpaszyBa B KOJIOCAIHO KOJIMYECTBO EHEPTHSI.

* Heyrponna 6omba

HeyTtponnara 6omba e cnemuduyueH Bua aToMHa OoMOa, TpHU KOSATO
NOTOKBT HEYTPOHU, U3THUCHU ITPH B3pUBA € OCHOBHUSAT Mopassisail gaxtop. Karo
BCSIKO SIIPEHO OPBKUE, T ChIIO OCBOOOXKIaBa CBETJIMHHA U TOIJIMHHA €HEPIHs,
HO LEJEBUAT €PEKT € M3JIbYBAHETO Ha MaKcUMalleH Opoil HeyTpoHH. Bmecto
OoTpaxkaTeJiHa, OOBHMBKaTa Ha OomOaTa € HalpaBeHa OT XPOM M HHUKEJ, Taka 4e
BCUYKH HEYTPOHH, KOUTO C€ OTACNAT MpH sApeHaTa peakius, aa Obaar
MpomycHaTH HaBbH. llenTa € Te3u HEyTpOHM Ja NPEAU3BUKAT H3KYCTBEHA
paZMoOaKTUBHOCT B OKoyiHata cpena. Edekrture ot ToBa ca, e ce pas3manar
CPABHUTEIHO MAJIbK OpOil aTOMU ITPU BEPUKHATA PEAKIIMS U OT/AEJIEHaTa B3pUBHA
CHeprus ¢ cpaBHUTEIHO Maiko [9, 10].

* KoOaaroBa 6om0a

KobanToBaTa Oom0Oa e BuJT aToMHA O0MOa, YUMTO BBHHIIIEH CJIOM € ChCTaBEH
OT KOOaJIT, KOMUTO NpH siApeHaTa peakuus Ha IUTyTOHHsS B camara OombOa ce
IpeBpbIla B U30ToNa KooanT-60 U N3Ip4Ba OTPOMHH KOJIMYECTBA FamMa-JIbyH.

* I'paBuTanmoHHa 60MOa

I'paBuTanmonHara 6omba ce cMsTa 3a €IHO OT IIbPBUTE SIAPEHU OPBKUSI.
bomMbara u3mos3Ba 3eMHOTO YCKOPEHUE M HAaTpyMmaHaTa KUHETHYHA €HEPTHsl, 3a
J1a TIopa3u LeJiTa
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TEPMOSAAPEH CUHTE3 U HEI'OBOTO U3ITIOJI3BAHE
B UOBEIIKATA JJEMHOCT

AHTOHM UoTOB

FUSION AND ITS USE IN HUMAN ACTIVITY

Antoni Yotov

Abstract: The main types of nuclear reactions and in more detail thermonuclear fusion
and the natural resources used for their implementation are considered. The main problems in
the management of fusion and plasma and their role in the modern world are discussed.

Keywords: nuclear reaction, uranium, fusion, nuclear fission, deuterium, tritium,
tokamak

YBOa

Nnesita 3a n3no3BaHe Ha yIpaBisiBaHa OT YOBEKA CHHTE3HA pEaKIus Ha
IpaKTHKa CE TMOsBSABA 3a NMPHB BT C BOCHHU IIENIM B SAPEHUTE OpbkUsi. BbB
BOZOpoHaTa OoM0Oa, OcBOOO/JEHA €HEeprusi € M3I0JI3BaHa Ja KOMIIpecupa H
3arpee TOPUBOTO 3a CHMHTE3a. 3allO4HaJl, IPOLEChT Ha CIMBAHE OCBOOOXKIaBa
roJIsIMO KOJIMYECTBO HEYTPOHU, KOETO 3acCHiiBa peakiusaTa Ha pasnai. [Iepeure
OpBXUS, Oa3upaHu Ha ,,pa3naa-cHUHTE3-pasnaja’, ca ocBoboamwm S00 mbTH MO-
rojsiMa €Heprusi oT MbpPBUTE aTOMHU O0OMOM. 3a Ja ce U3MO0J3Ba 32 MUPHHU LIEJH,
peakuuuTe TpsiOBa Ja MpOTHYAT OABHO M KOHTPOJIMPYEMO, 3a Ja MOrar jJa ce
ynpasissar [7, 8, 12].

OCHOBHUTE U3TOYHMIIM HA €HEPIHsl, KOUTO YOBEUECTBOTO MOJ3BA CE AT
Ha 2 TPpyIHU : HEBb30OHOBIEMH U Bb30OHOBSEMH.

Heb3o6HOBIEMU

- 3KOoIMaeMu ropuBa - KamMeHHU BbIIMIIA, IETPOII, IPUPOJIEH T'a3

- YpaH, TOpui

Bb300HOBSIEMU (aNTEpHATHBHY)

- reoTepMajiHa €HEPrus

- eHeprus Ha Ouomacu - JIspBecuna, Top(, OpraHuyHu OTHATIBIU

- CTbHYEBA €HEepTrus

- BATHPHA CHEPTHUs

- XUAPOEHEPTUsI

- eHeprus Ha okeaHu - TeueHus, BbJIHU, IPUIIUBU, TEMIIEPATYPEH I'PATUEHT
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- TEPMOSIJIPEH CUHTE3 - SIipeHa eHeprus

N3konaemuTe M3TOUHUIM AaBaT 79% OT u3nos3BaHaTa eHeprus, Kato 67%
oT TsX ce BHacsAT. OCHOBEH MpoOjeM Ha sipeHaTa WHIYCTPHUS € OPTrPOMHOTO
KOJIMYECTBO PAJIMOAKTUBEH OTIAIBK, KOWTO ce oTAeisd. Bcuuko ToBa, KakTo M
M34EpIIBAaHETO HA M3KOIMIAaeMUTE TOPUBA, HAJIara ThPCEHETO HA HOBH ,,eKOJIOTUYHO
YUCTH  U3TOYHHIIA HA CHEPTHsI, KOUTO JIa ca IOCTaTh4yHO edexkTtuBHu [2, 10].

duznyecku 0OCHOBHU

TepmosiipeH CuHTE3 € MPOIEChT, KOUTO OCUTYPSIBA EHEPTUATA HA CITBHIIETO
U Ipyru 3Be3au. Kato chIIHOCT mpeacTaBisiBa MpOLEC HA CIMBAaHE HA ,JIEKU
aTOMHU #AJIpa B M0 TEXKKH, KOETO € ChIIPOBOJICHO C OT/IEJIIHE HA CHEPTHSL.

OCHOBHM M3UCKBAaHHUA :

a) Peakmusita Ha cmuBaHe TpsiOBa J1a Obje ek3oTepMuyHa. ToBa orpaHnyaBa
pearenture. Te TpsAOBa ga ca ¢ Maabk atoMeH Homep Z. Tosa npasu 4He Haii-
MoJTy4yaBaHus MPOAYKT Ha PeakIMUTE, OPay rojissMaTa Ci €HEprusi Ha Bpb3Ka.

0) 3ama3BaHe Ha Oposi MPOTOHM M HEYTPOHU : CEUCHHUsITA 3a clabute
B3aUMOJICHCTBUS Ca TBBPJIE HUCKHU.

B) Mexny 2 neku siapa aeiictBat KysoHOBHU cuin Ha OTOJIBCKBAHE, KOUTO
pedyaT Ha CUHTE3a. 3a J1a C€ OCBIUECTBH CIMBaHE, sfapara TpsAOBa na ce
npuoIMxKaT Ha MHOrO Majiku pasctossHus ( 10-14 m). Ha TakuBa pasctosHus
JEUCTBAT SAPEHUTE CUJIM Ha MPHUBIMYAHE, KOUTO Ca MHOIO MO-TOJEMH OT
KynonoBure. Snpara va D u T tps6Ba ga mpeononest KynonoBapa Gapuepa.
OcBeH TOBa, 3a Ja Ce TOJIy4H CJIMBaHE, sifjpaTa TpsOBa 1a UMaT rojisiMa KHHETHYHA
eHeprusi. [Ipu Te3u ycioBus, BELIECTBOTO € BbB BHUJ Ha IJla3Ma — HAI'bJIHO
HOHU3UPAH ra3, B KOUTO siApa U 3apeIeHN YaCTULIH CE IBHKAT XaOTHYHO C TOJIEMHU
nperidosu ckopoctu [1, 5, 9, 12].

[Ipuuunute 3a otaenenara eHeprus: [lpu cirBaHe Ha JIBE siipa B €IHO M0~
TEXKO SAPO, 00IIaTa Maca Ha OJIYYEHHUTE CIE SIIPEHUsI CUHTE3 sipa U YaCTUIN
€ mo-majka ot obuiata Maca Ha u3xoguute sapa. Ha nune e macoB nedexr. Ha
HEro ChbOTBETCTBA Pa3JIMKa B EHEPTUUTE, KOSITO CE OTHACS BHB BUJ Ha KBaHTH.

SAnapeHusT cuHTE3 B 3BE3AUTE NPOTHYA MPU BHCOKA TeMmIepaTypa u
HaJITaHE B 3BE3JHATA IUIa3Ma. A M cpemHOTO BpeMe 3a peakuus e ~ 1,4.10%
ronnHu. Kakto € m3BecTHO, Bb3pacTra Ha BceneHata ce OLEHSBA Ha OKOJO
1,37.10%° ronuuu. ®usnuecku, OTACNSIHETO HA eHeprus Ha COBHIIETO CTaBa B
pe3yaTar Ha MHOTO OaBHM mporiecu [6, 11, 12].

JleyTepusi U TPUTHS Ca €CTECTBEHUTE M30TONH Ha Bojopoja. [IbpBus ce
ChIBbpKa B OOMKHOBEHATA BOJIA. 3allacuTe My Ha 3eMsTa Ie CTUTHAT 3a 0KoJio 20
Muirapaa roguau. JlobuBa ce upes enexTposmsa Ha Boga — 1 1 Boma — 33 mg D.
Tputusi, OT CBOSI CTpaHa € PaJAMOAKTHUBEH, HE CE€ ChIbPKa B €CTECTBEH BUJ B
npupozaTa, Hopaaud Majakust My nepuoJl Ha nosypasnag T1/2 = 12,32 r. Tpyaen
3a IPOU3BEK/IaHE, ChXPAaHEHUE U € CKbII. JJoOuBa ce oT TedueH auTui. Li e mupoko
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Pa3npOCTpaHEH B MPUPOJaTa B U30TOMHO choTHOIIeHUE 611/ 7Li. Cbhabpika ce u
B MOpCKaTa Boja, KaTo 00110To koaudecTBo € 1000 mbTH Mo-ToIsIMO OT pyJHUTE
3amacH.

[IpeaumcTBa U HEAOCTATHIU

A) IIpenumcTBa

HewnzuepnaeMo, EBTUHO FOPUBO.

PaboTu ce ¢ MaiKu KOJMYECTBA BEIIECTBO U TOBA OTCTPAHSABA OMACHOCTTA
OT B3pMBHO MPOTUYAHE HA peakusaTa. 3a peaktop ¢ momHocT |GW, roguiHoTo
My notpedisienue e 0pae 100 kr neyrepuii u 300 Kr AUTHIA.

He ce otaensT napHUKOBY ra30Be U 3aMbpcuTenu. 3a cpaBHeHue eaud TELL
m3xBepass rogumuo 106t CO,, equn AELL 1000 metm mo-manko, TAHAEL] ce
npejmnosiara , 4e HsiMa Jia U3XBbPJIsi HUIIIO.

JlecHo ce koHTposiupa paborara Ha peaktopa. TSP mpuinuya Ha razoBa
ropenka. MHXEKTUpAHOTO B cuUCTeMaTa TOPUBO ce u3raps. B kamepara Ha
peakTopa ce BKapBa MHOTO Majko kKojudectBo ropuBo ( 1g D-T B o6em ot 1000
M3). AKO MPUTOKHT HA TOPUBO CE€ NMPEKBCHE, PEaKlUATa Ha CHHTE3 Tpae camo
HSKOJIKO CEKYH/IU.

OCHOBHO IPEANMCTBO € MTOYy4YaBaHETO HA MHOT'O MTO-MaJIKO IbJITOKUBYIIH
PAO. Cuura ce, yue cinen u3BexkgaHe Ha THAP ot ekcmioaramus, mie ca
HeoOxoaumu camo okojio 100 roauHu, Taka ye peakTopa Jla cTaHe 0e30maceH U
MaTepHaInTe Ja Morat jaa OpaaT peuukiaupanu [3, 4, 10, 12].

[TonydaBane Ha BOJIOPO/I 32 BOJAOPOAHATA UKOHOMMKA.

b) HenocTtarblin ¥ TEXHOJOTUYHU TIPOOIEMHU

OcCHOBEH HENOCTaThK € pPAaJWAlMOHHOTO 3aMbPCSIBAHE HA CTEHHUTE Ha
peakropa (T.Hap. HEYTPOHHA aKTUBALMs HA MaTepuanute). HeyTpoHHUS NOTOK €
100 mbTH MO-TOJIAIM OT TO3U NPHU CHBPEMEHHUTE SJIPEHH peakTopu. ChINo U
TOIUIMHHO HAaTOBapBaHE Ha CTEHUTE Ha KaMmepara. ToBa mpeanosara
U3I0JI3BAHETO Ha crieln(UYHN MaTepralli, CIIOCOOHU /1a U3IbPKAT Ha CYpOBUTE
yCJIOBHSI Ha eKcIuioaranus — OomOapaupaHe ¢ HEyTpoHU ¢ ~25 MW/m2 u
eHeprus koiko 14 MeV. ToBa Boau 10 AedeKTH B KpHUCTalHATa pellIeTKa Ha
aTOMHMTE M pa3pyllaBaHE Ha MaTepuana- HapacTBaHE Ha KPEXKOCTTa H
HaMaJsiBaHEe Ha MEXaHWYHaTa yCTONYHMBOCT.

3ambpcsBaHe Ha IJla3MaTa ¢ IPUMECH OT BaKyyMHATa CUCTEMAa M CTEHUTE
Ha Kamepara.

Jpyr HeqoCTaThK € paluOaKTUBHUS TPUTHI, KOWTO MOAOOHO Ha BOJAOPOA,
€ TPYJCH 3a YIbp’KaHe U Ch3[laBa PUCK OT U3TUYAHE Ha raza u3BbH peaktopa. Ho
JIOpPH U Jia HaCTBIIM pa3xepMeTH3alus, TOH € C Majika IUTbTHOCT U B aTMoc(epara
11€ MOIAaJHAT HE3HAYUTETHN KOJIMYECTBA TPUTHIA.

[Ipu MarHUTHO yIbprKaHE HA MJ1a3MaTa Ce MoJIy4yaBaT CepHO3HU 3aryon Ha
YaCTUUM — T.HAp. IUIA3MEHU HEYCTOMYUBOCTH.
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HechBBpIICHCTBO Ha YIBPKAIIOTO MOJIE OT €IEKTPOMAarHUTH — MOXKE J1a
pa3pely ¢ U3M0JI3BAaHETO Ha CBPBXIPOBOIAIIN HaMOTKH. [ i1asmara He TpsiOBa 1a
ce JIOIyCKa JI0 CTeHHUTE Ha peakTopa. [Ipu BCeKu KOHTaKT ChC CTEHUTE Ha CHJIa, B
KOHTO € 3aTBOpeHa, TS OBp30 Ce OXJaKIa M peaklUWTe Ha CHUHTE3 CTaBaT
HEBBH3MOKHU.

[IpobGnemu ¢ xenus : T.Hap. JUBEPTOPU — YCTPOUCTBA, MPEIHAZHAUYCHHU 3a
OUYMCTBAHE Ha XEJIHUS OT MPUMECH, Ca MOJI0OKEHHU Ha JOIMBIHUTEITHO Bh3ICHCTBUC
OT TTOTOIIM YACTHUITU U CJICKTPOMATrHUTHH JTbUCHUS.

[ToBumaBaHeTo Ha HAJSATAHETO BOJIW IO OMACHW HEYCTOWYMBOCTH U CE
MoJTy9aBaT HeCTAaOMITHN PabOTHU PEKUMHU, HAPaCTBA M KWHETUYHATA CHEPTHUS, OT
TaM TPpsOBa MO-TOIAMO yABPIKAI0 MarHUTHO moJje [7, 12].

Baxuu napamerpu Ha miazmara

1) Temnepatypa Ha azmata - 108 K — mpu Ta3u Temmneparypa, ra3mara
¢ HamBJIHO HoHW3WpaHa. Omie Mpu TeMmIepaTypa HIKOJIKO XWISAH Tpagyca,
B3aMMOJICCTBHETO MEXKJy aTOMHUTE JOBEXKIa M0 W30MBaHE HA EJICKTPOHH OT
aTOMHTE.

2) Bpeme 3a yabpxane — 1 = ( 1 - 2) s . JloctaTbuHO ABJTO, 32 J1a MOTaT
MoBeYe Spa Ja ce CIEST MPEean Ja Ce Pa3ieTsT.

3) IlreTHOCT — Opoit wacTuim B eamnHuna odem — (2 — 3) *1014 cm-3.
JloctarbuHo roJisiMa, 3a J1a MOXKe Jla IPOTEKAT MoBeYe peakiuu Ha cnuBane. [Ipu
HUCKA IUTHTHOCT € HUCKA M MOITHOCTTA Ha peakTopa. [Ipu BUCOKa MTBTHOCT, UMa
MOIIIEH HEYTPOHEH IOTOK, KOWTO BOAM JO0 TPErpsBaHe U paIUuallMOHHO
3aJlylIaBaHe Ha peakTopa.

4) MHOXUTEN 32 YCUJIBAaHE HA MOIIHOCTTA - Q = MONIIHOCT, T€HEpHpAHA
Yype3 peakiius Ha CHHTE3/ BIOXKEHA MOITHOCT = 5*(MOIIIHOCT Ha 3ary0un/ MOIITHOCT
3a HarpsaBaHe). Q > 1 3a edextuBen TAC. [Tocturnaro 1o momenta Q = 1,25.

TepmosiipeHn peakrop

I'opuBoTo € cmec or geyrepuid U TpuTud. EHeprusara Ha peakuusta B
r1a3Mara ce mojiy4aBa riIaBHO OT HEyTpOHUTE. Te ce MorabIar B T.HAp. OJIAHKET.
Toil mpencraBnsiBa crnenuaiHa OOBUBKAa, OOKphXkKaBala IutazMaTra, B KOSTO
npornya TS peakuus. Mma cucrema 3a oxma)aaHe Ha nlapara v OJAXpaHBaHE Ha
naporeseparopa. Ouie ABe CUCTEMH: €lHa 3a OTACJISIHE Ha TPUTHUS U €dHa 3a
OYKMCTBAaHE HA TOPHUBOTO OT Xenud. EHeprusita or peakuusita ce OTAENSA OT
I'BPBUYHM HEYTPOHU M MOHU Ha xenusi. EHeprusita ce moribpina oT OJaHKeTa, U
karo nipu AEL] ce cHema ot TomioHocuTensa. PeakTopbT HenmpecTaHHO TpsiOBa 1a
Ce 3axpaHBa C JIeyTepuid U TpUTul. TPUTHUSAT ce mojydyaBa B mpolieca Ha padboTa
Ha caMusl peakTop OT JuTuid. B 61aHkeTa uMa cMec OT OepuIuil U JIUTUM, KOUTO
1€ CE U3MOJI3BAT 32 PA3MHOKaBaHE HA HEYTPOHU. BB3MOKHH ca pa3InyHu CXEMHU
3a U3MOJ3BaHe HA JUTHS B OJaHKeTa. Bb3MOXKHO € M3M0JI3BaHE Ha TUTUEB OKCHUJI.
Tputus ce u3BiaM4a OT OJIAaHKETA MOCPEACTBOM HarpsiBaHe C MOTOK TOPEII] XU,
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B TO3m ciydaii ce moaydaBa KOS(HUIIMEHT Ha BB3MPOU3BOJCTBO Ha TpuTHs 1.1,
KOETO € JIOCTaThYHO 3a CHAOaAsIBaHeTO Ha peakrTopa [8, 9, 12].

qu)pmaﬂe Ha 11asmMarta

3a AOCTHUT'aHC HAa TCMIICpATypaTa 3a 3all0YBaHC HA pCaKuATa € H€O6XOI[I/IM
KOMIIpPOMHUC MCKIY KOHHOCHTpPANUATA HAa YaCTHIUTC (HJ'IT)THOCT) n BpCMCTO 3a
YABPIKAHC B O6€M, KOWUTO OCUrypsaBa Ta3HW IINIBTHOCT. Moxe Ja CC 3aIlO4YHC
CUHTC3a IIPpHU IIO-MAJIKa KOHOCHTpAIMWA Ha YaCTHUOUTC 3a CMCTKA Ha II0-
MNPOABIDKUTCIHOTO YABPIKAHE HA IIa3MaTa, a4 MOXKC U O6paTHOTO.

1) MarnuTHO ynaBsiHe

[Ina3mara ce yabppka OT CBPBXMOIIHO MarHMTHO moje. To u3onmpa
ropemiata IuiasMa OT IbpBaTa CTEHa Ha peakTopa. 3acAHO ¢ IUIa3Mara,
MarHUTHOTO MOJIE yJIbp’Ka M NPOAYKTUTE Ha peakuusTa — aida-dyactuiu. Te
[pelaBaT CBOSTA €HEPrus MOCPEACTBOM CONBCHK M CE IMOIy4YaBa PEXHM Ha
CaMOIIOAIbPIKAIIA CE€ TEPMOSAPEHA PEAKIIMSL, IPH KOSITO 3ary0aTa Ha €eHEprus ce
KOMIIEHCHpa OT €HEeprusra, mnoiaydeHa or aida-gactuuure. Ilnasmarta He ce
Hajara ja ObAe AOMBIHUTENHO HarpsiBaHa. [Ipum HapcTBaHe Ha Temmeparypara
CWJIOBUTE JIMHUU Ha IIOJIETO CE CI'bCTABAT U TOpeIaTa Iula3Ma ¢e KOHLIEHTPHUpa OT
CTEHUTE KbM LIEHTbpa Ha kamepaTta. CHHTE3a 3aloyBa B MOMEHTA, B KOUTO ce
JTOCTUTHE KpUTEpHUAT Ha JIoyceH.

a) TOKAMAK - TtopommaiHa kamepa B MarHUTHH HaMOTKU. 3a
nzobperaren ce cMsTa pyckus pusuk A. Caxapos. IIpe3 1950 Toit nzo6peTsiBa
MarHuTHOTO yabpkaHe. OCOOCHOTO MPHU HETO € MAarHUTHOTO MOJI€ U HaYWHA 110
KOWTO TO Ce MojydaBa. MarHUTHOTO T0JI€ CE€ Ch3/laBa OT TOPOUJATHU MarHUTHU
0600unu. C momormira Ha WHAyKTOpa( IIEHTpaJeH COJICHOW]), B Kamepara ce
Ch3/1aBa BUXPOBO EJIEKTPUYHO moJie. TON ImpeAcTaBisiBa IbPBUYHA HAMOTKA Ha
roJiiM TpaHchopMarop, B KOUTO KamepaTa € BTOpUYHA HAMOTKA. EJIeKTpuYHOTO
noJie Mpeau3BUKBA MPOTUYAHE HA TOK B TOPOUJIAJIHO HAMpPABJICHUE U 3alajBaHe
B KaMepata. TOKbT, MPOTHYAILl B MJIa3MaTa U3ITbJIHSABA JIBE 33/1a4H :

- HarpsiBa 1jia3Mara, KakTo Ou HarpsiBaJl BCEKH ITPOBOTHUK

- Ch3JlaBa OKOJIO ce0€ CHM MarHuTHO TMosie. MarHuTHOTO IOJIe CBHBA
IPOTUYALIMS Mpe3 MIa3MaTa TOK M KaTo pPe3yJiTar ce MojydaBa KoH(Urypauus,
KOATO BHUHTOBUTE€ MArHUTHU CWJIOBH JIMHUM OOBUBAT IIJIA3MEHMS IIHYD.
[TononanHOTO MAarHUTHO TMOJE€ € HEOOXOAMMO 3a CTAa0MIIHO yAbp)KaHE Ha
Iia3Mara B Ta3u cucteMa. T'bil KaTo TOBa ce Ch3/1aBa 32 CMETKA Ha yBEJIMYaBaHE
Ha TOKa B MHAYKTOpA, a TOM HE MOXKE Jia cTaHe Oe3KpailHO roJisiM, CTaOUITHOTO
CBhILIECTBYBAaHE Ha IJIa3MaTa B KJIaCUYECKHUS TOKaMak € OrpaHu4eHo. M3ucksar ce
JOMTBIHUTETHU METOH 3a MOAAbpKaHe Ha Toka. OCBEeH TOpouaaasHuTe O0OUHH,
3a yIpaBJIeHUE Ha MJIa3MEHUs IIHYp ca HeOOXOIUMH U JOMbIHUTEIHN HAMOTKH
3a mojougasHo mnoJie. Te mpenacraBisBaT NPBCTEHOBUIAHU HAMOTKH OKOJIO
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BEpTHKaJHaTa OC Ha TOKaMak-a. B cbBpeMeHHUTE pa3paboTKu uMa
HOBOBBBEJCHUSA KATO : JAOIBIHUTEIHO HarpsiBaHE Ha IUla3Mara ¢ MHXKEKLHs Ha
BHCOKOEHEPI€TUYHU HEYTPAJIHU YacTULX. Upes ynapu ¢ HOHUTE IpeaaBaT CBOsATa
€Heprus Ha WOHM3MpaHaTa Cpela; CUCTEMHM 3a YIPaBICHUE HaA IUIa3Mara;
[IepBusaT Tokamak T3 e moctpoen B Pycus, 1956 r. [Ibaro Bpeme € umano camo
TaM TakuBa ycTaHoBKU. [Ipe3 1968 B uHCTUTYTa 110 aTOMHA eHeprust B MockBa e
noctpoeH T6 u e mocturHara temneparypa 10 muinona rpaayca. Koeto gasa
HayaJloTO Ha MamabHo ctpoeHe Ha Tokxamanu. Ilo-uzBectHu npoektu ca JET
(BemukooOpuranus), JT-60 (Smonums), KSTAR (Kopes), TORE SUPRA
(Dpanrus)

0) CrenapaTop — Jpyr THI KaMepa ¢ MarHUTHO YJIaBsSHE, HO MTOJIOUIAJTHOTO
MarHuTHO IIOJIE CE€ Ch3/aBa OT BBHIIHM HAMOTKH, a HE C TOK, IPOTHYAll B
mazMara. ToBa e eIMHCTBEHOTO MPEAUMCTBO € OTJie]l Ha padoTa B ,,HEIPEKbCHAT
pexum*. He n3nckBa CIOKHU CUCTEMHM 3a MOAABPKAHE HA TUIa3MEHUS TOK. Toi
€ aKCUaJHO-CUMETPUYHO YCTPONCTBO. MarHuTHaTa OC € TPUU3MEpPHA KpUBa C
IPOMEHJIMBO CEYeHHe Ha Iula3maTta. EQHUM OT Hali-“U3BECTHUTE MPOEKTH ca
Wendelstein 7-X, B I'epmanusi, Helically Symmetric Experiment (HSX) B CAIIl
u Large Helical Device B fAnonusd. ITepBusT € ¢ MarautHO nojie 3T u ce oyaka
na obae 3apbpieH 2015 r.

2) lHepuMOHHO yJaBsiHE

Kputepust Ha JloyceH ce moctura B pe3yiTaT Ha YyBEJIMYaBaHE Ha
MJIa3MeHaTa IUIbTHOCT U HaMaJlsiBaHE Ha BPEMETO Ha YIbprKaHe, KOETO CE TOCTUra
ype3 cBUBaHE Ha cMmecTta. MmmyncHure cuctemu 3a peanusupane Ha Y TAC ce
peanu3upar ciej u3o0peTsiBaHeTo Ha jaszepute. C IbUEHHE OT TaKbB U3TOUHUK
ce o0puBa HeroyisiMa cpepuuHa 0OOBHBKA, 3aITbJIHEHA C Ta3000pa3HO U TBBPIO
ropuBo. [log neiicTBUETO Ha JIa3epPHOTO JIbYECHUE MaTEPHATBT HAa OOBUBKATA CE
U3MapsiBa U C€ Ch3/1aBaT PEAKTUBHU CUJIU, KOUTO CBUBAT cMecTa. Kamnka oxJiaena
cmec oT D u T ce pa3nosiara B CbOTBETHA KArCyJia U CJIeJ] TOBA OT BCUYKH CTPAHU
ce 00cTpesBa ¢ MOIIHU JIa3epHU JIbYU. BHHIIHUAT CIION Ha Kanmkata MUTHOBEHO
Ce M3MapsBa, B pe3yJTaT Ha KOWTO BBPXY BBTPEUIHUS CJOM Ha Kamkara
BB3JEHCTBAT CXOJIAIIU C€ yAapHU BBIHU. T€ ce CBUBAT U 3arpsiBaT BOJAOpoAa A0
HeoOXoMMaTa TeMIlepaTypa 3a 3arouBaHe Ha CHHTE3a. Bb3MOKHOCT 3a OBp30
3amnajBaHe € C MOMOIITa Ha CBPBbXMOIIEH JOIIBIHUTENICH UMITYJIC. 3a 3arajBaHe
ca HY>KHHM MHOTO BHUCOKH TUTBTHOCTH Ha MoiHOCTTa — A0 1020 W/cm2c mbiiHa
eHeprusi HAKONKO jeceTku kJ. IlogoOHM mapameTrpu ca MOJYyYEHU TMpHU
EKCIIEPUMEHTH C TOJ3E€MHM sJIpeHu B3puBOBe. HO KakTOo 3HaeM, T e3u
EKCIIEPUMEHTH ca 3a0paHeHH, 3aII0TO MOTaT Jla Ob/IaT U3MOI3BaHM 3a HapaBaTa
Ha siIpeHu opbxkud. [IpennMcTBO Ha 1a3epHOTO THUCHHE € JIecHaTa (POKYCUpPOBKa
M TOBa JaBa BB3MOXKHOCT Jla C€ MOJydyaT MHOIO TOJIEMH IUITbTHOCTA Ha
MoiHocTTa. HemocraTebk ¢ Huckoto KIIJ] u BHcokaTta uMm cebecroHocT. OCBEH
Ja3epy Ce M3MOJ3BAT U WOHHU WIIM €JIEKTPOHHU CHOIMOBE, KOUTO Ja OCUTYPSIT
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JOCTaThYHO MOIIHOCT Ha NOBBPXHOCTTA HA MHILIEeHaTa. ChIIO U TaKUBA, KOUTO
M3I10JI3BaT MOIIHU UMITYJICH PEHTI'€HOBO JIbueHUE — ycTaHoBKa Sandia B CAILLI..
Tyk, 3a paznuka OT MarHUTHHSI TEPMOSJIPEH PEaKTOp, HE CE€ M3MCKBAT BUCOK
BaKyyM M YMCTOTa Ha Iuia3mara. TpyAHOCTH MMa NpHU Ch3/1aBaHE HA MPELU3HU
MULIEHU U CUCTEMH, KOHTPOJIMPALIH MMOJOXKEHUETO HAa MUIIIEHATAa B KaMepaTra U
IuHaMu4YHaTa (POKyCHpOBKa Ha moToluTe. [10-n3BeCTHU MPOEKTH ca: C JIa3epHU
ycranoBkd NOVA 1 OMEGA B CAILl, UCKPA 5 —Pycus, Phebus — ®panmms.

B3puBHa 1eyTepueBa eHepreTuka

KbM kpast Ha 90-Te roiMHu B €UH OT pyCKUTE HEeHTpoBe ( Ip. CHEXUHCK
— mpean ToBa Yenmsbuuck-70) ce pa3paboTBa MeETOJ 3a TOJydaBaHe Ha
TEPMOSIIpEHA EHEPTHUsl, OCHOBAH Ha aTOMHH B3PUBOBE, UPE3 KOUTO CE€ MHULIUUPAT
D+D peakunn. Maummaropu ca Ypan wnm Ilnyronumii. JlocrarbuHo € nma ce
KOHCTpYHpa Kamepa C TojisiM 00eM, TS Jla C€ HAbJIHUA C TOIJIOHOCUTEN, B HEs
NEPUOJIMYHO J1a CE B3PUBSBAT JICYTEPHEBU CMECH, A MOJyUYEHATa €HEPrus, 4pes3
TOTUIOOOMEH, J1a ce MpeoOpa3yBa B €Jl. EHEPrus U ToIUIMHA, KakTo ctaBa B AELI.
TakaBa kamepa Mo>ke J1a paboTH B 3aTBOpEH HUKHBII. [lodyueHnata eneprus oTupa
3a IPOU3BOJCTBOTO HA €J1. EHEPTHs, @ HeyTpoHuTte perenepupar 239Pu ot 238U,
KaKTO TOBa CTaBa IPU PEAKTOPUTE HAa ObP3U HEYTPOHU. BB3MOXKEH € U TOopueB
Kbl — noinydaBaHe Ha 235U ot 232Th. Kato ropuBo ce u3moii3Ba camo
JeyTepHil, KaTO BUCOKAaTa TEMIIEpaTypa ce MoJiyyaBa Py B3pMBa HA HHUIIKATOPA.
CbabT B KOWTO MPOTHYA B3pUBA € C MHOTO ToJieMu pasmepu: =60 m, h =250 m,
Npe/ACTaBlIABa Kamepa OT JKeJNe300€TOH HambJIHEHa C pa3peleH aproH. 3a
CMEKUYaBaHE Ha yJapHaTa BbJIHA, [IPEJ CTEHUTE CE€ Ch3/aBa 3allUTHA 3aBeca OT
TE€YEH HATPHil, KOMTO ce U3MOJI3Ba U 32 aKyMyJIaTop 3a 00pazyBajiOTO C€ SIPEHO
ropuBo. Bcruko ToBa ce pasmosiara noj 3emsaTa, B CKaJIMCTH oopasyBanus [12].
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CTPOEXK HA ATOMA U PAIMOAKTUBHOCT

Mapus AHresioBa

CONSTRUCTION OF THE ATOM AND
RADIOACTIVITY

Maria Angelova

Abstract: The main theories about the structure of the atom and the nucleus, which were
created with the development of science, are examined. The main characteristics of the atom
and the nucleus are shown

Key words: atom, nucleus, mass, radioactivity, interaction, characteristic

ATOMBT (OT CTapOrpbBIKU: BTOUOG — ,,HEETUM ) € OCHOBHATA T'paJMBHA
4acTHIlA HAa BEUIECTBOTO U CE€ CbCTOU OT IUTBTHO LIEHTPAIHO PO C MTOJIOKUTEICH
€JIEKTPUYEH 3apsijl, 3a00MKOJIEHO OT 00JIaK OTPULATEIHO 3aPEJEHU E€IEKTPOHH.
ATOMHOTO SIJpO Ha CBOM peJ € U3rpajieHo OT MOJIOKUTEIHO 3apEACHH MPOTOHU U
CJIEKTPUYECKH HEYTpajJHU HEyTpoHU. ENeKkTpoHHTE B aroMa ca CBBP3aHU C
AJIPOTO Ype3 eJIEKTPOMArHiuTHa CHJIa.

ATomMuTe MoraT Ja ChILIECTBYBaT B CBOOOJHO CBHCTOSIHUE WJIM J1a C€
CBBP3BAT MOMEXKY CH B MOJIEKYJIHM YPEe3 XUMHYHU BPB3KH, ChIIO OCHOBABALIY CE
Ha €JIECKTPOMarHUTHUTE CUJIM. ATOM C paBeH Opoi MPOTOHH U EJIEKTPOHHU €
€JIEKTPUYECKH HEYTpaJeH, B NMPOTHUBEH Clydyaill TOW HMMa IOJIOXKUTEJIEH WU
OTPULIATEJIEH EJIEKTPUYECKH 3aps] M ce Hapuda HoH. PasnuuHure atomm ce
Kiacuduimpar cropen Opost Ha IPOTOHUTE U HEYTPOHUTE B SIIPOTO: OpOSIT HA
IPOTOHUTE OMpEAeis XUMHUUHHUS €JIEMEHT, a OpOsT Ha HEyTPOHHUTE ONpeness
pa3InYHUTE U30TOINHU Ha ChOTBETHHS ejeMeHT [1, 9}.

Konnenuusara 3a atoma Kato HeAelMMa ChbCTaBHA YacT HA MaTepusTa €
NpesIoKeHa 3a MbPBU BT OT aHTHUHHUTE (Quiocobu Ha Mumus u JpeBHa
['bpuus. [Ipe3 18 u 19 Bek xuMunute naBat pu3nuecka OCHOBA HA Ta3u UJEs KaTo
MOKa3BaT, Y€ HSIKOM BEIIECTBAa HE MOrar Ja ObJaT pa3[eieHu Ype3 XUMUUYECKH
peaKIuy U npujaraT cTapoto puiocodcko NOHATHE aTOM, 3a J1a 0003HAYaT Ta3u
XUMHUYECKa HEACIMMOCT. ATOMUTE M MOJIEKYJIMTE CE€ Bb3IMPUEMAT KaTO HaM-
MaJIKUTE TPaJIMBHU YaCTHUIM Ha maTepusaTa. B kpas Ha 19 n Hayanoro Ha 20 Bek
bu3uIMTe OTKPUBAT CYyOATOMHHM YacTHIIM M YCTAaHOBSIBAT CTPYKTypa BBTpE B
aToMa, KaTo MO TO3M HAaYMH ONPOBEPraBaT HEJEIMMOCTTa My U CUUTAT UMETO 32
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Henoaxoasmo. To obGaue ocraBa. ChBpEMEHHOTO pa3OuMpaHe 3a aromMa ce
OCHOBaBa Ha MPUHIIMITUTE Ha KBaHTOBaTta Teopus [2, 10].

AToMuUTE ca MUHHUATIOPHU OOEKTH C JUAMETPU OT HSAKOJKO JIECETH OT
HAaHOMEThPA U ChOTBETCTBRAIIIA HA pa3Mepa UM Maca. Te Morar ja ce HabJro1aBaT
caMmo ChC CIEHUATHU WHCTPYMEHTH, KaTO CKaHUpAIl[ TyHEeJIeH MUKpockomn. Hax
99,94% ot macata Ha aToMa € CbhCPENOTOYEHA B SJIPOTO KAaTO INPOTOHUTE WU
HEYTPOHUTE UMAT MPUOIU3UTEITHO €HaKBa Maca. Bceku eneMeHT uMa MmoHe 1o
€IMH U30TOIl C HECTAOMIIHO SIIPO, KOETO MO3KE Jia MPETHPIH SIAPEH pasna.

Enextponure, cBbp3aHU B aTOMa, IPUTEKABAT CTAOMIHN €HEPTUITHY HUBA
(T.e. HAMHpAT CE Ha OMPEJIEICHU aTOMHU OPOUTAIN), KATO MOTaT Jja U3BbPIIBAT
KBaHTOB CKOK KbM JPYT0 EHEPreTUYHO HUBO Ype3 MOMTbIIAHE WK U3ITyCKaHe Ha
(GOTOH € eHeprusi, paBHa Ha pa3JIMKaTa B CHEPTUUTE HA ChOTBETHUTE EHEPTeTUUHU
HuBa. EjexTpoHuTte onpenensaT XUMUYHUTE CBOMCTBA HA XUMUYHHS €JIEMEHT U
BJIMSISIT BHPXY MarHUTHUTE CBOWCTBA Ha aTtoMma [1, 5, 11].

ATOMU3BM

WNneara, ye marepusita € CbCTaBeHa OT OTACIHW HEACIMMH YaCTHIIH,
JaTUpa OT XWIAIOJIETHSI, HO B IPEBHOCTTA T € MO-CKOPO MPEIMET Ha aOCTPAKTHU
pa3MHUIJIEHUS OT cTpaHa Ha puiIocopuTe, OTKOJIKOTO OOEKT Ha €KCIEPUMEHTH U
emnupuuHu HaOmonenus. [IpencraBure 3a atom BBB (¢uiocodusita Bapupar
3HAYUTENIHO CIOpE] UCTOPUUECKOTO BpeMe, KyaTypaTa u (uiocodckara mkoiaa
U YECTO ChIABPKAT U JYyXOBEH €JIEMEHT. BbIpeku TOBa, XWISAU TOAUHU CIIE]
HeliHaTa 1mosiBa, B HOBOTO BpeMe OCHOBHaTa HJes 32 aToMa € BB3IPHUETa OT
YUYEHHTE, 3aI10TO T00pe 00SCHSIBA HOBUTE OTKPUTHUS B XUMHUATA U (DU3UKATA.

Nnesra 3a atoma ce cnomenana oie B J[pesna Muaus u JpeBuna ['bpuumsi.
B NuHaus aTOMUCTUYHUTE TEOPUM HA JDKAMlHM3Ma M IIKOJUTE AJDKUBHUKA U
Yapsaka ce nosiBIBaT BEPOSTHO Npe3 6 BEK Mp.H.€.

ITo-kbcHO mkonute Hss u Baiiemmka pa3BuBaT CBOM TEOPUU 32 HAUYHHA,
M0 KOMTO aTOMUTE C€ ChUeTaBaT B Mo-ClioxkHU oOekTu. B EBpomna atomute ce
CIIOMEHAaBAT 3a MPbHB BT OT APEBHOTPBLKUS Priiocod JIeBKUN 1 HETOBUS YUEHUK
JIeMOKpHT, KOWTO CHCTEMAaTU3Mpa BB3MVIEAUTE MYy K YECTO € COYEH 3a
OCHOBOITOJIOKHUK Ha aTomu3Ma. [Ipubnusurenno npes 450 r. np.H.e. Jlemokpur
3a MPBB BT YNOTPeOsSBa TePMUHA 4tomos (Ha TPBUKH: GTONOG), KOETO O3Ha4YaBa
LHenenmnum“. Makap W uWHIOWKCKaTa W TpbLKaTa KOHUENUMHA Ja Ca YHUCTO
bunocodcku, a B ChbBPEMEHHOTO pa3OupaHe aTOMHUTE ca JCIMMHU, MOJEpHATa
HayKa 3ara3Ba JIPEeBHOTO IPhIKO ume [1, 6].

[Ipe3 13 Bexk amxumukbT IlceBmo-I'ebep wu3mara moctynara 3a
,,KOPITYCKyJlapu3Ma“, Cnopes KOUTO BCHYKHA Teja IPUTEKABAT BBHIUIEH H
BBTPEIIEH CJIOM OT MUHUATIOPHU YaCTULHU — ,,KOPIyCKyJIn ‘. KopryckynapusmbT
€ Moj00EH Ha TeopHsTa 3a aTOMa, Makap 4e JOKaTo aTOMUTE ca MPUEMaHH 3a
HEJIETMMH, KOPIYCKYJIUTE N0 NPUHUMII HE ca TakKuBa. laka Hamnpumep
AIXUMULIUTE CMSTAT, Y€ )KUBAKBT MOKE Jla IPOHUKBA B METAIUTE U Ja MPOMEHS
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TAXHATa BbTpEIIHA CTPpyKTypa. KopnyckynapusmbT ocTaBa JOMUHHUpAIA TEOPUS
B QJIXUMHUSITA MPE3 CIEBAIIUTE HIKOIKO CTOJIETHSI.

IIpe3 1661 r. HatypduiaocodpsrT PoOBpT boiin myOnuwkyBa Tpyna cu
,CkentuuausaT xuMuk®™ (,,The Sceptical Chymist®), B koilTo TBBpAHM, ue
BEII[ECTBOTO € ChCTABEHO OT Pa3IMYHU KOMOWHAIINY HA KOPITYCKYJIA WJIA aTOMH,
a HE OT KJIACHYCCKUTE €IEMEHTH BB3yX, 3eMsl, OI'bH U BoAa. Majko mo-KbCHO
HNcak HoTOH ChII0 M3MOJI3BA MOHSATHETO ,,KOPITYCKYJIU ™ MPU CH31aBAHETO HA
CBOSITa KOPIYCKYJISIpHA TCOPHS Ha cBeTiuHaTa [3, 7, 11].

(I)opanaHe Ha HAyYHa TCOpHUusd HA aTOMA

Pa3BuTHETO Ha BB3TJIEA 32 AaTOMUTE MOJTy4aBa HOB TJIAChK C HaNpeabka Ha
xumusta. [Ipe3 1789 r. dpaniy3unsT AHToan JlaBoasue GopMynnpa 3akoHa 3a
3arma3BaHe Ha MacaTa u Je(pUHUpa XUMUYHUS €JIEMEHT KaTO OCHOBHA CyOCTaHIIHS,
KOSITO HE MOXE JIa C€ pa3/ielisl 0 XUMHUYEH ITbT. Manko no-kbCcHO, ipe3 1799 r.,
Kozed IlpycT u3BexkIa M 3aKOHA 3a MOCTOSHHHUS CbCTaB Ha XUMHYHHUTE
cbennHeHus. Te3u 1Ba 3aKkoHa ca OCHOBATA 32 OTKPUTHUATA Ha aHTTIMYaHuHa J[>KoH
JlanToH, KOMTO U3UTpaBaT pelIaBalla pojs 3a pa3BUTUETO HA MOHATHUETO 3a aTOM.

IIpe3 1805 r. JlanToH u3non3Ba uaesTa 3a aTOMUTE, 3a 1a OOSICHU 3allo
€JIEMEHTUTE BUHArM pearupar B CbOTHOIICHMS, PaBHU HA MaJKW LEIU 4YHCIIa
(3aKOH 3a KpaTHUTE OTHOILEHHUSA), M 3aIll0 HSIKOW ra30BE C€ pa3TBapsT Mo-A00pe
BBB BOJIa OT Apyrd. Criopes] HEro BCEKU XMMHUYEH €JIEMEHT € ChbCTAaBEH OT aTOMHU
OT pasnuyeH crnenuuyeH BUJ U TE3W aTOMU MoOrar jJa ce€ chyeTaBaT W Jia
oOpa3yBaT TO-CIIOKHW XUMHUYHU ChEIWHEHHS. T KaTo TOW CTUTra J0 TOBa
3aKJIIOUCHHE Ype3 EKCIIEPUMEHTH W aHalIW3 Ha pPe3yiTaTUTe, TOBa IOCTaBi
HayaJoTO Ha UCTUHCKATAa HAy4yHa TEOPUS Ha aToMa.

JIanTOH OlLIEHSIBa aTOMHUTE TErJla Ha €JIEMEHTUTE CIIOPE]T TPOTOPLIUUTE HA
CbOTBETHUTE MacH, C KOMTO T€ CE€ ChEIMHSBAT €IUH C JPYT, KaTo 3a €IMHULIA
npueMa Boaopoaa. Tol Jomycka M3BECTHM HETOYHOCTH NPHU CHCTAaBSHETO Ha
CBOMTE TaOJMLM, HO Te ca Kopurupanu npe3 1811 r. ot Ameneo ABoraapo.
ABoraipo mpeasiara Xxunoreszara (HapeyeHa Mo-KbCHO 3aKOH Ha ABOTrazipo), ye
€IMH MOJI OT ITPOU3BOJIEH ra3 MPU €IHAKBA TEMIIepaTypa U HaJsraHe 3aemMa eIMH
U ChII] 00€M U ChIBPKA €THAKBB Opoi MOJIEKyIM. ATOMHATa XuroTe3a Ha J[anToH
HE ONpeness pa3Mepa Ha aTOMUTE, BIIPEKU Y€ T€ OUYEBUIHO OM TpsAOBaso /1a ca
muoro Manku. Exsa mpe3 1865 r. Moxan Mosed JlommMut nsmeppa pasmepa Ha
MOJIEKYJIUTE Ha BB3AyXa, C KOETO JlaBa MpeJICTaBa 3a aOCOJMIOTHUTE pa3Mepu Ha
atromure [3, 4, 11].

[Tpe3 1869 1., 00001maBaiiku HaMMPaBeHUTE JOTOraBa OTKPUTHS, PYCHAKBT
Jmutpuii MenneneeB cb3naBa mbpBara llepuoanuna cucreMa Ha €JIEMEHTUTE.
Camara Tabnuiia € BuU3yaidu3alus Ha TEPUOIUYHUS 3aKOH, CIIOPEN KOWTO
CBOMCTBaTa HA XUMUYHUTE €JIEMEHTH CE MOBTAPAT NEPUOJUYHO, KOTATO T€ ObAAT
MOJIPEJICHU TI0 aTOMEH HOMEp.
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Teopusta Ha aToma Iosy4aBa JOIBIHUTENHA MoAKpena mpe3 1827 r. ot
OTKPUTHUETO Ha WIOTIaHACKU OoTaHuK PoOBpT BpayH, ue yacTuim npax BbpXy
BOJIHA IMOBBPXHOCT, HAOJIIOAaBaHW IOJ MHMKPOCKON, C€ IBMXKAT XAaOTUYHO —
SBJICHHE, CTAaHAJO M3BECTHO Karo bpayHoBo nBmxkeHue. Ilpe3 cieasamure
JECETUJIETHS CE€ MPAaBAT OMMUTH TO J1a c€ OOSCHU C TOILUIMHHOTO ABMKEHUE HA
BOJHUTE MOJEKYIH, Kato mpe3 1905 r. repmanensT AnOept ANWHIIANH MpaBH
I'BPBUST MaTeMaTHYECKH aHan3 Ha sBiaeHueTo. [Ipe3 1908 r. ¢ppanmy3unst XKan
baruct IlepeH Bb3 OCHOBa Ha 3aKIIOYCHHITA HA AWHINAKWH ONpeNesss Macata u
pa3MepuTe Ha HIKOM aTOMH, C KOETO OKOHYATEJIHO MOTBbpXkAaBa J(anToHoBara
TEOpHsI Ha aTOMa.

H3caeanBanust Ha BbTPEIIHOTO YCTPOMCTBO

[Ipe3 1897 r. anrmuiickusat ¢usuk [Ixoyszed ko TomMchbH OTKpHBa
CHILIECTBYBAHETO Ha €JIEKTPOHH YpPE3 EKCIEPUMEHTUTE CU C HAPUUAHUTE TOTraBa
KATOJHU J'bYM U CTHUTA JIO U3BOJA, Y€ TE Ca ChbCTaBHA YACT Ha BCUYKH aToMH. C
TOBA TOW OTXBBPJIS MPEACTAaBATa, Y€ AaTOMUTE Ca KpallHaTa HeJeIMa YacTUa Ha
matepusita. Ciopen TOMCBHH J€KWTE W OTPHULIATENIHO 3apEAEHHU EJIEKTPOHU ca
pasnpeeneHd B Lenus o0eM Ha aroMa WIM MOXe OM ce BBPTAT MO KPbrOBU
OpOMTH, KAaTO EJIEKTPUUYECKUAT UM 3aps]l C€ YpaBHOBECSBAa OT HAJIMYHMETO Ha
00JIaK OT MOJIOKUTEJEH 3apsl, pa3lpeaesieH B IpocTpaHcTBOTO. [10-KbCHO TO3H
MOJIEJI € HapeUeH ,,ITyAUHT ChC cTahuIu.

MogenbT Ha ToMCBH € 0TXBBbpJieH npe3 1909 r., korato HOBO3EJIAHACIIBT
bpuaect Poabpdopn u Herosute crynentu Xanc [aiirep m ‘bpuect Mapcabu
OTKPUBAT EKCIIEPUMEHTAIHO aTOMHOTO SApO. EKCIEpUMEHTHT c€ ChCTOM B
oombapaupaneTo Ha 31aTHO (oano ¢ anda-yacTUIM, 3a KOMTO C€ 3Hae, 4e ca
MOJIOKUTEIIHO 3apelIeHU XEJIHEBU aTOMH. YCTAaHOBEHO €, Y€ MaJjika 4acT OT
NpPEMUHAINTE YacCTUUM NPEThPISABAT OTKIOHEHWS, Jajed [O-TOJIEeMUA OT
OouyakBaHUTE Npu mojiena Ha ToMchH. Ppabpdopa npuema, ye mouTu 1ssiaTa Maca
U TIOJIO)KUTEITHUAT 3aps]] Ha TEKKUTE 3JIaTHU aTOMHU Ca KOHLIEHTPUPAHU B €/1HA
MHOI'0 MaJIka 4acT OT HEroBHsl 00eM, KOsITO Hapuua sjpo. Ta3u mpeacraBa
noJiy4aBa UMETO Mozies Ha Peaspdopa.

IIpe3 1913 r. npu ekCIEpUMEHTH € IPOJAYKTUTE HA PATMOAKTUBEH pasnaj
aHTJIMUCKUAT paguoxuMuk Openepux Coau yCTaHOBSBA, Y€ BbB BCSKA MO3UITUS
Ha [lepnoanynaTa cuctema U3IJIekK/1a UMa 1O MOBEYE OT €IMH XMMHUYEH €JIEMEHT
U BBBEXKIA MOHATHETO M30TON. HemocpencTBeHO cien ToBa, Bb3 OCHOBA Ha
CBOMTE W3CJIEABAaHUS HA MOHM3WpAHUTE ra3oBe, TOMCHH mpemsiara METoj 3a
OTHENIIHE Ha pa3JUYHUTE BHUJOBE AaTOMHU, KOETO IMO-KbCHO [OBEXKIa 0
OTKPHBAHETO HA CTAOMITHUTE U3OTOIIH.

[Tpe3 cpmara 1913 1. narckust dusuk Hune bop npenara HoB Mojen Ha
aToMa, KOWTO B3eMa 3a OCHOBAa Mojena Ha Peabpdopa, HO ¢ eaHa ChIECTBEHA
pasiivKa: €JEKTPOHUTE OOUKAIST OKOJIO SIPOTO CaMO IO TOYHO OMNpEeNeTICHU
KPBIOBH OPOUTH C IUCKPETHU (KBAHTYBAHU) CTOMHOCTH HA XapaKTepU3UpaLIUTeE
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' MOMEHT Ha UMITyJica U eHeprus. Te mMoraT J1a mpeckayaT OT e€/lHa opOuTa Ha
JIpyra, HO HE U J1a Ce IBM)KAT CBOOOTHO B MEXAMHHUTE HUBA. T'hil KATO PainyChT
Ha opOuTaTa € MPONOPIMOHAJICH HA EHEPTUATa Ha €JIEKTPOHA, IPU Te3U MPEXOAU
MEXKJy [IBE HHMBA C pa3M4HA €HEPrusi €JIEKTPOHBT H3TbUYBA WIHM MOITbIIA
OTNpE/IeNeHN KOJIMYECTBA EHEPrusi BHB BUJ Ha (DOTOHM, YHUSATO YECTOTA €
IPOIMOPIIMOHANIHA HA MPOMsHATa B €HEprusra Ha eyieKTpoHa. Ilo To3u HauumH
MonenbT Ha bop 0O0siCHsBa MUCKPETHUTE M TMOCTOSIHHM 3a JaJieH MaTepuai
CTHEKTPaJTHU JIMHUY, HAOIIOJaBaH! MIPH CTIEKTPAJICH aHAIN3 Ha U3JIbYBaHATA MIPH
HarpsiBane cBemmHa [1, 8, 11].

[To-xbCHO Tpe3 chIlaTa roiuHa aHTIUUCKUAT Pu3nk XeHpu Moy3nu gaBa
JOIBJIHUTETHN E€KCIEPUMEHTAIHA TOTBBPKACHUSA 3a Teopusta Ha Huic bop.
HeroBure pe3ynratu npeuusupar Mmoaenute Ha bpaect Poabpdopa u xonanaena
AHTOHMYC BaH JeH bpyk, kato cnopen Moysnu B 4IpoTO Ha aromMa HMMa
MOJIOKUTEIHU 3apsiid, 1o Opoil paBHM Ha aTOMHHMS HOMEp Ha €JIEMEHTa B
nepuoauyHaTta cucreMa. IIpenu ekcnepuMmeHTHTE Ha MOY37IM HE € HM3BECTHO
aTOMHUSAT HOMEP Jla € CBbP3aH C HIAKAKBU (PU3MUHU WM €MIIMPUYHU CBOICTBA.
[To To3u HaumH onuTUTe HA MOY37IM MOKa3BaT, 4Ye MECTaTa Ha €JIEMEHTHUTE B
NepuoIMyHaTa CUCTeMa He ca M30paHu caMO Bb3 OCHOBAa HA XMMUYHUTE UM
CBOMCTBA, @ UMAT COJIUAHA (PU3NYECKA OCHOBA.

Upe3 aTroMHaTa TEOpUs HAMHUPA CBOETO OOSICHEHHWE M XMMHUYHATa BPb3Ka
MEXIy aTOMUTE — TOBa IpaBu amepukaneusbT [ minospt Jlrouc npe3 1916 r., kato
s CBBbP3Ba C €JIEKTPOHHO B3aMMOJACHCTBHE MEKTy aTOMHTE. T'bH KAaTO € U3BECTHO,
Yye XMMHUYHUTE CBOICTBA Ha €JIEMEHTUTE CE TMOBTAPAT CIOpPEN NEPUOIUUHUS
3aKkoH, ipe3 1919 r. amepukanensT bpBuHr Jlanrmiop 00sicHsIBa TOBa € TEOPUSTA,
4e €JEKTPOHHUTE B aTOMa Ca CBBP3aHM €AUH C APYT WIA TPYHUPAHH IO HAKAKBB
HauuH. [Ipuema ce, 4e rpynure OT €IEKTPOHU 00pazyBaT HaOOp OT €IEKTPOHHU
OOBHUBKH OKOJIO SIAPOTO.

CrnenBamo JOKa3aTeiaCcTBO 3a KBAaHTOBHA XapakTep Ha AaTOMHTE Ce
noiyyaBa ot ekcriepuMenta Ha llepH-I'epmax ot 1922 r. IIpu Hero cHom OT
CpeOBpHM aTOMHU C€ TPOIyCKa Mpe3 HEXOMOI€HHO MAarHUTHO I0oJe U Ce
peructpupa cienara Mmy. OkasBa ce, 4e CHOITBT C€ pa3lienBa Ha JIBE€ — OTKPUTO €
HaJIMYMETO Ha CIMH (MOMEHT Ha MMIIyJca Ha aroMa), KOMTO MMa caMO JIBE
CTOMHOCTU M € OPUEHTHpPAH CaMO B JIBE€ MOCOKM — HArope WiM Haaody. AKO
rojleMMHaTa M IMOCOKaTa Ha CHMHA OsXa MPOM3BOJIHHU, PA3NpEAeNICHUETO Ha
pEeMUHAINTE aTOMH IIEIIe Ja € HEMPEKbCHATO (BCUYKU CTOMHOCTH Ca €IHAKBO
BEPOSITHU) U PErUCTPUPAHUTE CIEIU OT TSIX LIsfXa Jla 00pa3yBaT HENpeKbCHATA
npaBa JUHUS.

[Ipe3 1924 r. ¢panmy3unsT JIlyn a0 bpoiin n3ka3Ba npennonioxeHue, e
BCHUYKM YacTHIM B HSKAKBAa CTENEH HWMAaT I[OBEICHHE W Ha BBJIHH —
KOPIYCKYJIIpHO-BBJIHOB ~ Ayanu3bM. IIpe3 1926 1. aBcrpuensT EpBHH
[IproauHrep pa3BuBa MaTEMaTUYECKH Ta3W UAES U MPEACTABS €IIEKTPOHUTE HE
KaTo TOYKOBM YacTHUILIM, a KaTO TPUU3MEPHU BBIHOBU (PyHKUMHU. EnHO OT
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CJIIEICTBHSITA HAa TOBAa MAaTEMaTUYECKO IIPEACTABSHE €, Y€ MATEMaTUYECKU €
HEBB3MOXKHO J]a C€ OIPENENAT €IHOBPEMEHHO IOJIOKECHUETO M HMITYJICHT Ha
yacTtuuarta. To3u NPUHIMI HA HEONPEAEIEHOCT € ¢popMysupan npe3 1927 r. ot
repmaHenia Bephep XailizeHOepr — cmopex HEro IMpH OINpeneisHe Ha
MOJIOXKEHUETO HAa YacTULATa C JaJleHa TOYHOCT MOXE Ja C€ IMOJy4dh CaMo
MHO>KECTBO OT BEPOSITHU CTOMHOCTH Ha MUMIyJica U 00paTHOTO. To3M mpHHLMI
IIpaBM HEBAJIMJEH Mojejla Ha bop ¢ HEroBUTE TOYHO OMNPEIEICHU KPBIOBH
opouTH, HO yCHsiBa Ja OOSICHU HAKOU OCOOCHOCTH B MOBEJCHUETO HA aTOMUTE,
NO-TEKKH OT TO3U Ha BojopoAa. [1o Ta3u npuynHa rmiaHeTapHUsST Mozaen Ha bop
€ 3aMEHEH C MoOJeJla Ha aTOMHHUTE OpOMUTaNM, KOMTO ONMCBAa IMO3WLHUATA Ha
SNIEKTPOHUTE CIPSMO SIPOTO caMo Kato BepositHocTH [1,11].

Pa3BuTreTo Ha MacCHEKTPOMETPHUATA MO3BOJISABA J1a CE HU3MEPST TOYHO
aTOMHHUTE Macu. MacCIEeKTpOMETBPBT € YCTPOWCTBO, B KOETO CHOIl MOHU Ha
U3CJICJIBAHUS €JIEMEHT CE€ MPOITYCKAaT MPE3 MarHUTHO II0JIE U CE U3MEPBA TSIXHOTO
OTKJIOHEHHE Ha U3X0Ja, KaTO Taka CE I0JIy4yaBa ChOTHOIICHWETO HAa aTOMHATa
Maca KbM EJIEKTPUYECKHUS 3apsA]l HAa aTOMUTE. AHIVIMUCKUAT XUMUK DpaHcuC
Yunsam ACTbH HM3M0J13Ba TO3M YpeHd, 3a Jla JEMOHCTpUpPA, Y€ M30TOMHUTE MMt
pasnuyHa Maca, KOATO MpU TOBA CE U3MEHS ChC CTOMHOCTH, KPAaTHUA HA MacaTa Ha
BOAOPOAHHUS aToM. Pa3nukara B aTOMHHATE Mach Ha M30TOIMTE HaMUpa CBOETO
oOsicHeHue npe3 1932 r. ¢ OTKpUBAaHETO HA HEYTPOHA, YacTUla 0e3 eJIEeKTPUUCH
3apsii ¥ C Maca, MoJIo0Ha Ha Ta3u HA IPOTOHA, OT aHrau4yaHuHa Jxeiimc Yanyuk.
Taka m3oronute ca AepUHUPAHU KATO XUMUYHH €JIEMEHTU C €JHAKbB Opou
MPOTOHU, HO C pa3jInyeH Opoi HEYyTPOHU B AaTOMHOTO SIAPO.

Anpena pusuka u pusMKa HA YACTUIUTE

IIpez 1938 r. memckust yuen Oto XaH, ydeHuk Ha Povawspdopn,
OoMmOapaupa ypaH ¢ HEYTPOHHM, OINUTBAWKU C€ Jla MOJIy4Yd TpaHCypaHOBHU
eseMeHTH. BMecTo ToBa B pe3yiTar nojydyaBa XUMUYHHMS e€1eMeHT Oapuil.l onnna
no-kbCHO JInza MantHep m Oto @puil MOTBBpP)KIABAT, Y€ ONMUTHT HA XaH €
I'BPBOTO €KCIIEPUMEHTANHO sAnpeHo aeneHe. [Ipes 1944 ronuna, Xan nosryyasa
HoOenoBa Harpana 3a XuMus, HO BBIIPEKH HEroBuTte ycunusi, Maiitnep u @puin
HE T0JIy4aBaT ChIIOTO MPU3HAHUE.

[To-HaTaThIIHKAT HaNpeAbK HA aTOMHAaTa (PU3MKa C€ JABJKM OCHOBHO Ha
chb3aaBaHeTo mpe3 50-Te ToAuHM Ha MOJO0OPEHH YCKOPUTEIH U JETEKTOpH Ha
YaCTULM, KOUTO NTO3BOJISIBAT HA YUYEHUTE Ja U3CIIEABAT B3aUMOCHCTBUSATA MEXK LY
aTOMM NPU BHCOKH E€HEPTUU.YCTAaHOBSIBA €€, Y€ HEYTPOHUTE M MPOTOHHUTE Ca
BCBUIHOCT aJPOHM M Ca CBHCTABEHUW OT OIIE NO-MAJIKH YacTULUU — KBapKH.
Pazpaborena e teopusara, HapeueHa CTaHAapTeH MOJEN, KOSTO YCHEIIHO
0OsICHSIBa HE CaMO CBOICTBaTa Ha SIAPOTO, HO U €NEKTPOMAarHUTHOTO, CIab0TO U
CHJTHOTO B3aMMOJICHCTBUE MEXTy BCHUKHU CIIEMEHTAPHH YacTUIH [2].
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Crpoex

Cy0aTomMHu yacTuuu

[IbpBOHAYaTHO TEPMUHBT ,,aTOM** O3HAYaBa YACTHUIA, KOSITO HE MOXKE J1a
Oblle pa3lelicHa Ha MO-MaJIKM YacTH, B ChBPEMEHHAaTa HayKa aTOMbBT C€
pasriexkaa KaTo ChCTaBeH OT pa3nyHu cyOaToMHH dacTuiid. OOMKHOBEHO
aTOMUTE C€ ChCTOSAT OT €JIEKTPOHU, TIPOTOHU U HEYTPOHH, HO aTOMBT Ha BOJOPO/I-
1 He chabpka HEYTPOHH, a CaMO IMPOTOH M €JIEKTPOH, a BOJOPOAHUAT MOH HE
ChAbPKA U EIEKTPOHHU.

EnexTponsT € Haii-lekaTa OT Te3W Cy0aTOMHH YacTHUI| ¢ Maca 9,11 x 10
kg, oTpuniaTeneH eIeKTpUUYECKU 3apsi U pa3Mep, IpeKajIeHo MalbK, 3a 1a Obie
U3MEPEH C U3BECTHUTE THEC TEXHUKU. [[pOTOHHTE MMAT MOJIOKUTEIIEH 3apsi U
cBoOoxHa Maca, 1836 mbTH Mo-rosIsAMa OT Tasu Ha ejexrponure (1,6726 x 10727

kg).

=31

HeyTtponute HsIMaT eIeKTpUYEH 3apsij, a cBoOo1HaTa UM Maca € 1839 nbTu
mo-rojsiMa OT Ta3u Ha enekrponmte(1,6929 x 107" kg). Heyrponure wu
IPOTOHUTE MMAT CPAaBHUMH pa3MepH, okono 2,5 x 107° m, makap 4e Te3m
YaCTHIIM HAMAT CTPOTO OMpE/IeIeHa BHHIITHA TOBBPXHOCT.

B CrangaptHuss Momen ce mpueMa, Y€ €JIEeKTPOHBT € HCTUHCKA
eJIeMEHTapHa YacTHia 0e3 BBTpElIHA CTPyKTypa. [IpoToHHUTE M HEYTpOHHUTE
o0aye ca CbCTaBEHH OT €JIEMEHTapHU YacTHUIM, HapeyeHU KBapku. B aromute
OPUCHCTBAT JIBa BUJA KBapKH, KaTO BCEKU OT TAX HMa pas3linyeH JpoOeH
eJIeKTpuueH 3apsia: +2/3 (ropen kBapk) win —1/3 (monen kBapk). [Iporonute ce
CBCTOSIT OT JIBa TOPHU KBapKa U €/IMH JI0JIEH KBapK, a HEYTPOHBT CE€ CbCTOU OT
€/IMH rOpeH KBapK U JIBa I0JIHU KBapka. Ha ToBa paznuuue ce 1bJrkaT pa3nuyHUTe
Maca ¥ 3aps] Ha IBETe 4aCTUIH.

KBapkwute ca cBbp3aHU MOMEXTY CH OT CHUTHOTO SIAPEHO B3aUMOICHCTBUE,
YUUTO HOCUTENH ca TAyoHUTE. [ TyOHBT € WieH Ha rpynara KaauOpOBHUHHU
0030HM — eJEeMEHTApHH 4YacTHIM, KOWUTO CIy>KaT 3a NPEHOCHTENH Ha
bynnamenTanauTe puanyHu cuid. [IpoTOHUTE U HEYTPOHUTE OT CBOSI CTPaHa ca
CBBpP3aHM B SIPOTO OT SApEHATa CHJIa, JEHCTBAIIa MEXIY aIpOHUTE, KOSITO €
ocTtaThbueH €(QeKT OT CHJIIHOTO SIAPEHO B3aWMOJACWCTBHE W HMa MAaJKO IIO-
pas3irueH 00XBaT Ha jaeicTBHe OT Hero [3, 8].

Snpo

Bcuuku mpoToHM M HEYTPOHH B aToMa oOpa3yBaT KOMIIAKTHO aTOMHO
A1poO, B KOETO € chepemoroyeHa 99% or macata Ha atroma, U C€ Hapuyar
HYKJICOHH. PainychT Ha afieHo SApO € MPUOIM3UTEIHO paBEH HA , KBAECTO ¢ A
€ O3HaueH oOImuUAT Opod HyKJICOHH. Ta3u CTOMHOCT € MHOro Mo-Majika OT
paauyca Ha aToMma, KOUTo € oT nopsabka Ha 105 fm. HykiieonuTte ca cCBbp3aHu C
MIOMEXY CH C SIAPEHU CUJIM, KOUTO JCHCTBAT caMO Ha KbCO pascTtosiHue. [lpu
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pa3CTosIHUS, TO-MaJKHU OT 2,5 fm, Te ca Mo-ToJemMu OT eJIeKTpOCTaTUYHATA CUJIA,
KOSATO Kapa MOJIOKUTEITHO 3ape/ICHUTE MPOTOHU Ja C€ OTOI'LCKBAT €IUH OT JIPYT.

ATOMUTE Ha €IMH U ChIll XUMUYECH €JIEMEHT MMAT BUHAru €IHAKbB Opoi
MIPOTOHU, HAPEUEH aTOMEH HOMEp. 3a JaJIeH €JIEMEHT OpOsIT Ha HEYTPOHUTE MOXKE
Jla Bapupa, KaTo pasInIHUAT OpoH ompesess pa3IudHd W30TOMH Ha JIEMEHTA.
OOmusaT Opoil HA NMPOTOHUTE W HEYTPOHHUTE OMpeness HYKJIWIa Ha aToMa.
OTtHomieHHeTO Ha OpOsS Ha HEYTPOHHUTE KBbM OpOsS Ha MPOTOHUTE OMpPEHeIs
CTaOMITHOCTTA Ha SAPOTO — M30TOMUTE C TIOBEYE HEYTPOHH Ca MO-HEYCTONYHBH,
KaTo HAKOU OT TSIX MOTAT Jia MPEThPISABAT PaANOAKTHBEH pa3mal.

HeyTpoHbT 1 IpOoTOHBT ca pa3nudau BuaoBe hepmuoHu. [IpuHIUIIBT Ha
[laynu e edekT Ha KBaHTOBaTa MEXaHWKa, KOWTO HE MO3BOJIABA €IHAKBU
dbepMuOHH, HampUMep HIKOJIKO MPOTOHA, Jla MUMAT €IHO M ChIIO KBAaHTOBO
(GU3UYHO CHCTOSHHE 110 €HO U CHIO BpeMe. Taka BCEKH MPOTOH WM HEYTPOH B
AIpOTO TPsIOBA Ja MMa Pa3jIMYHO KBAHTOBO CHCTOSHUE C PA3JIMYHO C€HEPTUHHO
HUBO OT BCEKH JIPYT MPOTOH WJIK HEYTPOH, HO € Bh3MOXKHO IMPOTOH U HEYTPOH J1a
UMaT €JHAaKBO KBAHTOBO ChCTOSTHUE.

[Tpu aTomMu ¢ MaTbK aTOMEH HOMEP SIIPO € MO-MaJIKO MPOTOHH, OTKOIKOTO
HEYTPOHHU, UMa BB3MOXKHOCT JIa CJIe3¢ B MO-HUCKOCHEPTUHWHO CHCTOSHUE Ype3
paJMOAaKTHBEH pasMal, Taka 9e OposT Ha IPOTOHUTE U HEYTPOHUTE J1a CE COTMKHU.
B pe3ynrar Ha ToBa aTOMHUTE C IPUOIU3UTEIHO paBEH OpOM POTOHU U HEYTPOHH
ca TMo-yCTOWYMBH Ha PaJIMOAKTHBEH pa3maj.

C mnHapacTBaHETO HA AaTOMHHUSI HOMEpP B3aUMHOTO OTOJIbCKBAHE Ha
MPOTOHUTE W3UCKBA BCE IO-TOJSIM OTHOCHTEIICH Opoil HEyTpOHH Ja
crabunusupar siapoto. [lo Ta3u npuurHa nMpu eIeMEeHTUTE ¢ aTOMEH HOMeEp, T0-
rojisim oT 20 (kaniuii), He ChIIIECTBYBAT CTAOUITHU SiApa C paBeH Opoii MPOTOHU U
HeyTpoHU. C Mo-HATaTHIIHOTO HAPACTBAHE HA ATOMHHUS HOMEP OTHOIIEHUETO Ha
HEYTPOHUTE KbM MIPOTOHUTE, HEOOXOIMMO 3a JIOCTUTAHE Ha CTAOWJIHOCT, C€
yBeJIn4yaBa /10 okoJio 1,5.

BposiT Ha mpoTOHUTE 1 HEYTPOHUTE B SIAPOTO MOXKE JIa CE IMPOMEHS, HO TOBA
W3MCKBA MHOTO TOJIIMO KOJHMYECTBO €HEPTHs, MOPaaNd CHUIHHUTE SIAPESHU CHIIH.
[IporechT Ha yBenMueHHE Ha Oposi (SIAPEH CUHTE3) MPOTHYA, KOTaTO aTOMHU
YaCTUIM C€ OOCAMHSIBAT, 00Opa3yBallKM IMO-TEXKKO SIAPO, HAPUMEP TPH CUJICH
cOBCHK Ha JBE sAapa. Taka mpu mporecute B apoTo Ha CIBHIETO HA MPOTOHUTE
ca HeoOxomumu eHepruu oT 3 — 10 keV, 3a ma mpeomosiesiT B3aMMHOTO CH
OoTOJ'bCKBAHE M Ja c€ 00CAUHAT B 00O siApo. [IpOTUBOIONIOKHUAT TIPOIIEC Ce
Hapu4a sSJIPEHO JIeJICHE — SIPOTO Ce pas3lelBa HA MO-MaJKHU Sapa, OOMKHOBEHO
ype3 paauoaKTUBEH pasman. SAapoTo Moke 1ga ce TpPOMEHS U 4pe3
6omMOapanpaneTo My ¢ (HOTOHH WM CyOATOMHU YaCTHUIU C BUCOKA €HEPTUS. AKO
py TOBa OPOSIT Ha IPOTOHUTE B SAPOTO CE TIPOMEHS, CE MOTy4YaBa APYT XUMUYCH
enemeHr [1, 4].

Ako macata Ha SIpoTO, 00pa3yBaHO 4Ype3 SIAPEH CHHTE3, € MO-Majika OT
cObopa Ha MacuTe Ha OTJETHUTE YACTHUITH, pa3nKaTa MOXe J1a Ob/ie U3ThbUCHA BHB
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BUJl Ha eHeprus (Kato HalpuMep raMma JIbYU WJIM KaTo KMHETHUYHA €HEeprusi Ha
Oera yactuia), ciopen ¢popmMmysata Ha AnOepT AlHIIAH 32 paBEeHCTBO HA Maca
v eHeprus E = mc?, KbJETO m e pasnMkara B MAacMTE€ M C € CKOpPOCTTa Ha
cBeTiIMHaTa. Ta3u pas3ivka B MacuTe € 4acT OT EHeprusiTta Ha CBbp3BaHE Ha
HOBOTO SIPO ¥ UMEHHO TOBA, Y€ HE TOJJIC)KH HA BH3CTAHOBSBAHE MO €CTECTBECH
HA4YMH, € MPUINHA ChSIUHUIIUTE CE YaCTUIIN J]a OCTAHAT 3a€THO.

CnuBaHeTo Ha JABE fAApa, MPU KOETO ce o0pa3yBa SAPO HA E€IEMEHTH C
aTOMEH HOMEp, MO-MaTbK OT TO3U HA KEJA30 M HUKen (¢ o0m] Opoil HyKJIEOHU
okoJi0 60), 0OOMKHOBEHO € €K30TepMUYHA PEAKITHs, KOSITO OCBOOOXKIaBa MOBeUe
EHEeprus, OTKOJIKOTO € HeoOXoauMa 3a CIMBaHeTO WM. IMEHHO TO3M MpoIiec Ha
0CBOOOK/1aBaHE HA €HEPrusl MpaBU Ipolieca Ha TEPMOSPEH CUHTE3 B 3BE3/IUTE
camomnoJiIbpKaiia ce peakius. [Ipu mo-TexxKuTe sjipa eHeprusita Ha CBbp3BaHe
Ha HYKJICOHUTE B SAPOTO 3all04yBa Ja HaMalsiBa C yBEJIMYaBaHE HA ATOMHUS
HoMmep. ToBa 03HayaBa, 4e MPOILECUTE Ha CIMBAHE, IPU KOUTO MPOIYKTUTE UMAT
aToMeH HoMep Haj 26 u aTomHa Maca Haa 60 € eHAOTEepMHYEH IMPOLEC U Ce
HY’KJ1ae OT BbHIIICH U3TOYHUK Ha eHeprus. Te3u no-MacuBHH sijpa He O1Xa MOTJIH
Ja OCBIIECTBABAT CAMOIIOIBpPXKAII C€ TMPOIeC Ha SAPEH CHHTE3 IMpPHU
XUAPOCTATUIHOTO PABHOBECHE BHB BHTPEITHOCTTA HA 3BE3/IUTE.

Enexkrponen o0J1ak

[ToTeHuuanHa siMa: ako MOTEHIMaHATa eHeprus € V(X), TO yacTuia C
e”eprus E, mo-manka ot V(x), ce 3a1bprka B JUana3oHa OT MOJOXKEHUSI MEeXAY X 1
u x2.

EnexTtpoHure B aroma ce MNpPUBIMYAT KbM HPOTOHUTE B SAPOTO OT
€JIEKTPOMAarHuTHa Ccwia. TS JObpKM EJIEKTPOHUTE B  E€IEKTPOCTATHYHA
NOTEHIMAJIHA sIMa OKOJIO AJIPOTO, OPaIX KOETO 3a TIXHOTO OTIEISHE OT HETO €
HEOOXOJIMM BBHILIEH M3TOYHUK Ha eHeprus. KojkoTo mo-01u30 10 SIpOTO €
Pa3MOJI0KEH EIEKTPOHBT, TOJIKOBA MO-TOJIIMA € MPUBJIMYALIATa ro CHUJia, a OTTam
U €HeprusaTa, HeoOXxoauma 3a OTJEIsHE.

EnextpoHute, KakTo M IPyruTe 4acTHIM, UMAT €IHOBPEMEHHO CBOICTBa
Ha YacTULIA U BbIHA. ENEKTpOHHUAT 00s1ak € 00J1acT OT MOTEHI[MANIHATA AMa, B
KOATO BCEKU €JIEKTPOH 00pa3yBa CBOEOOpa3Ha TPUU3MEpPHA CTOSAIIA BbJIHA —
BBJIHOBA (hOpMa, HETIOJBUKHA CIIPSIMO SIAPOTO. TOBA MOBEAEHUE CE ONMPEIENs OT
aTOMHaTa opOuTasia, MaTeMaTU4YHa (YHKIUS, XapaKTepU3upalla BEepOsITHOCTTA
€JIEKTPOHBT Ja CE OKAKE HA AJIEHO MSCTO IPU U3MEPBAHE HA MOJI0)KEHHUETO MY .
OKOJ10 SIIPOTO CHIIECTBYBA CAMO JUCKPETHO (KBAHTYBAHO) MHOKECTBO OT TAKMBA
opbuTany, Thb KaTo OCTAHAIUTE BH3MOXKHU BBIHOBU (OpMH ca MHOTO
HecTaOuiaHu. OpOUTaTUTe MOXKE Ja UMaT CTPYKTypa M Ce€ pa3jinyaBaT €lIHa OT
Jpyra mno pasmep, popma u opueHTaIusl.

BbaHOBU pyHKIIMY HA IBPBUTE MET aTOMHU OpOuTaiu. Beska ot Tpure 2p
opOMTaNM KMMa BBH3JIOBA TOYKA, KOSATO OMNpeAeNis HeWHaTta OpUEHTalUs, U
MUHHUMYM B LEHTHPA.
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Bcsika atomHa opOuTana chbOTBETCTBA Ha ONPEEICHO EHEPIUITHO HUBO Ha
eJIeKTpOoHA. EJIEKTpOHBT MOXKE Ja MPEMHUHE KbM IO-BUCOKO €HEPTrUHHO HUBO,
NOTIBIIANKY (POTOH € JJOCTAaThYHA €HEPTHs, 32 J]a TO IPEMECTH B HOBO KBAHTOBO
cbeTosHue. [lo momobGeH HauMH, TPU CHOHTAHHO U3JIbYBaHE Ha (OTOH
CJIEKTPOHBT MOXKE Ja CE€ MPEMECTH Ha IMO-HUCKO EHEPruiiHO HUBO. Te3u
cnenmuUYHN  CHEPTHMHN CTOMHOCTH, CHOTBETCTBAIM HA CHEPrUUTE Ha
KBAHTOBUTE ChCTOSIHUS, Ca IPUUMHATA 32 AaTOMHUTE CIIEKTPAJHU JIMHUH.

KonnuecTBoTo eHeprus, HeEOOXOAMMO 3a OTAENSHE WM J00aBsHE Ha
€JIEKTPOH — EHEpPrusitTa Ha CBBpP3BaHE, € MHOIO IMO-MaJIKO OT CHOTBETHOTO
KOJIMYECTBO €HEPrus 3a HykieoHute. Hampumep, OTAENSHETO HA €IEKTPOH OT
BOJIOPOJIEH aTOM M3UCKBa camo 13,6 eV, mokaro 3a pa3/esiiHEeTO Ha sSIpo Ha
neyTepuii ca HyxHu 2,23 X 10° eV.

ATomMuTe HSAMAT EJEKTPUYEH 3apsi], KOraTo ChAbpXKAT €IHAKbB Opoi
MPOTOHH M €JEKTPOHU. ATOMH, KOWUTO HMMAT HENOCTUT WIM H3IUIIBK Ha
€JIEKTPOHU C€ HapuyaT MoHU. EjnekTpoHuTe, Hall-OTJAJI€YeHU OT SAPOTO, MOTAT
Jla TIPEMHUHABAT KbM JPYTU OJU3KO Pa3MOJIOKEHU aTOMU WM Jla CE€ CIOICIIST
MEXK]ly MOBeY€e OT €IUH atoM. [lo To3u HauMH aTOMUTE MOTAaT Ja C€ CBbpP3BaT B
MOJICKYJIH U APYTH XUMHYHHU ChSIUHEHHUS, KaTO HanmpuMmep kpucramu [2, 7, 11].

Anpenu cBoicTBA

[To nedmHULIMS BCEKH JBa aTOMa C €IHAKBB OpOil MPOTOHU MPUHAIIICKAT
Ha €JIMH M ChII XUMHUYEH eJIEeMEHT. ATOMHU C €JAHaKbB OpoOil MPOTOHHU, HO C
pasznudeH Opoil HEyTPOHU M CHOTBETHO PA3IMYHU MACOBHM UHWCJA, CE HApU4aT
M30TOIH HA TO3U XUMUYEH eJIeMeHT. Hanpumep BCHUkH BOIOPOJAHU aTOMHU UMAT
0 €JTUH MPOTOH, HO CHIIECTBYBAT U30TOMHM O€3 HEYTPOH (BOAOPOI-1 niu npoTwHii
— Hal-4ecTO CpEeIlaHusT U30TON), C €AUH HEYTPOH (JeyTepuil), ¢ 1Ba HEYTPOHa
(TpuUTHIT), KAKTO ¥ U30TOIH C TOBEYE HEYTPOHU. I3BECTHUTE XUMUYHU €JIEMEHTH
oOpa3yBar mopeauiia OT aTOMHM HOMEpa, ChOTBETCTBAILM HAa OT €IUH MpHU
BOoJiopoAa 1o 118 nmpoToHa npu eneMeHTa yHyHOKTUH. BCHUKM U3BECTHU U30TOIH
Ha EJIEMEHTUTE C aTOMHU HOMEpa HaJ 82 ca paJuOaKkTUBHU.

B ecrectBen Bua Ha 3emsTa ce cpemat okoio 339 Hyknauaa, cpes KOUTO
npu 254 (oxosio 75%) He e HaOmoIaBaH pasnaj, MoOpaad KOETO Ce Hapuyar
,,cTa0mIHu n3oTormu™. OT TaX obade camMo 90 ca MCTUHCKHM CTAOMJIHM, JOKATO
OCTaHAJIUTE TEOPETUYHO MoraT naa ce pasnagHar. pyru 34 paauoakThBHU
HYKJIMJla UMaT nepuoj Ha mnonypasnag Haa 80 MUIMOHA TOJWHH, T.€. T€ ca
JIOCTaThYHO YCTOMYMBH, 3a J1a CBIIECTBYBaT OT BPEMETO Ha OOpa3yBaHE Ha
CapHueBata cuctema. Ta3zu HaOboOp OT 288 cpaBHUTETHO YCTOWYMBU HYKIHJA €
U3BECTEH KAaTo ,,IbPBUYHU HYKIUAU . Octananute 51 HyKJIHIa ¢ MO-KbC KUBOT
ce cpemiaT B MpUpOJATa KaTO MPOAYKTH Ha pasmaj] Ha MbPBUYHUTE HYKIWIU
(Hanmpumep, paauii oOpasyBaH MpH pasnaja Ha ypaH) WIA KaTO MPOIYKTH OT
€CTEeCTBEHU MPOIIECH KaTo OoMOapaupaHeTo Ha 3eMsiTa C KOCMUYECKH JIbUd
(Hanpumep, Bbriepoa-14) [3, 5].
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3a 80 OT XUMHUYHUTE €JIEMEHTH ChIIIECTBYBA MOHE €IUH CTAOMJIEH U30TOIL.
Karo npaBuio oOmusT Opoit cTaOUIIHKA U30TOMH 32 BCEKH €JIEMEHT HE € ToJIsM
(cpenno 3,2). JIBageceT u MIECT eJeMEHTa UMaT caMo IO €UH CTaObuJIeH U30TOTl,
JIOKATO HaW-TOJIsIM Opoii CTAaOMIIHUA U30TOIH 32 €IMH €JIEMEHT UMa KajasiT — 001110
10. Enementure TexHenud ¢ Homep 43, mpoMeruid ¢ Homep 61 W BcHUUKH
CJIEMEHTH C HOMEp TMO-TOJIsIM WM paBeH Ha 83 (OMCMYT) HE TpUTEKaBatr
CTaOWIHH U30TOIIH.

Maca

Macara Ha aTomMa € CbCpeOTOYEHa B TPOTOHUTE U HEYTPOHUTE U OOIIUAT
uM Opoii B 1aJIecH aTOM C€ Hapyuya HEroBO MacoBO 4ucio. JlelicTBUTeHaTa MacaTa
Ha aToMa B MOKOM YECTO Ce M3pa3siBa B €UHUIM 32 aTOMHA Maca (u), HapruJaHa
cbio fantoH (Da). Tasu emununa ce aepuHupa Karo €IHA JIBaHaJAECcEeTa OT
Macata Ha CBOOOJIeH HeyTpaieH atoM Ha Bbriepon-12 (12C), kosto e
npubausutenno 1,66x10%" kg, ATOMBT Ha Haii-IEKHMsi M30TOI Ha BOAOPOJIA
npotuit (1H), koitTo € 1 aTOMBT ¢ Hali-MaJika Maca, uMa aToMHo Teriyio 1,007825
u. Bceku atom mMa maca, NpuUOIM3UTENIHO paBHA Ha MPOU3BEJICHUETO Ha
MacOBOTO MY YHMCJIO U €IMHUIIaTa 3a aToMHa Maca.Hali-TeXkusT crabuiieH aTom
€ To31 Ha 0510B0-208, ¢ maca okoiio 207,9766521 u.

Tl KaToO M HAN-TEKKUTE aTOMHU Ca C MHOIO MaJIKa Maca, 3a MPaKTUYECKU
eI XUMHULHWTE M3MO0J3BaT E€AUHUIATA 33 KOJWYECTBO BemecTBO Moi. Ilo
neUHUIMST €TMH MOJ aTOMHU ChIbp)Ka BUHArTM €IMH U ChIl Opoil aromu,
HE3aBHCUMO OT XMMHYHUSA eneMeHT — 6,023x1023, Tosu Gpoit e n30paH Taka, 4e
aKo €MH €JIEMEHT UMa aTOMHA Maca oT | u, TO eAuH MOJI aTOMU OT TO3U E€JIEMEHT
e TeXH MPUOIU3UTETHO €IWH rpaMm. Taka oT nepuHHIMATA HA SAWHHIA 32
aTOMHA Maca IpsKO CJe/IBa, Y€ Bbriaepoi-12 nma aroMHa Maca To4Ho 12 u, a Mon
BBIJIEPOJIHA ATOMH TEKH TOYHO 12 rpama.

Pa3mep u popma

Makap 4e aroMHTe HAMAT PsI3KO OUepTaHa BhHIIHA IPaHMIIa, OOMKHOBEHO
pa3MepbT UM C€ OLIEHSABA C BEJIMYMHA, HAPUYAaHA aTOMEH paauyc. Toil € Msapka 3a
Pa3CTOSIHUETO OT SIAPOTO, 10 KOETO MOKE J]a CE Pa3mpoOCTpe ENEKTPOHHUSAT 00JIaK.
ToBa nmonsitue obaue npexamnonara chepuyna popma Ha aTomMa, KOETO € BaTUIHO
camo 3a aTOMH BbB BaKyyM WJIM B HAII'BJIHO CBOOOIHO MPOCTPAHCTBO. ATOMHHUSIT
paanyc MOXE J1a C€ OLIEHH 4Ype3 Pa3CTOSIHUETO MEXAY spaTa Ha JiBa aToMma,
CBBP3aHM 4Ype3 XMMHUYHA Bpb3Ka. ToBa pa3cTosHME Bapupa CHOpE aTOMHUS
HOMEp, BHJAa Ha XUMUYHATa BpPbB3KA, OpOd HA CBbCEIHUTE AaATOMH
(KOOpAMHAIMOHHO 4YHUCJIO) M KBAaHTOBOMEXaHUYHOTO CBOMCTBO cnuH. B
[lepponnyHaTa cucTeMa aTOMHHUSAT paguyc OOMKHOBEHO HapacTBa B IIOCOKa
HAJI0JIy O KOJIOHUTE, HO B €IWMH M CBhUIM pEJ HaMalisBa OT JIIBO HAISCHO.
CreoBaTesHO, Hai-MAJIKUAT aTOM € XEJIW C paanyc OT 32 pm, TOKATO €IUH OT
Ha-rToJIEMUTE € 1Ie3uid ¢ 225 pm.
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B npuchcTBHEe Ha BHHIIHU MOJIETA, KATO €JIEKTPUYHO ToJie, hopmaTa Ha
aToMa MOXe Jia ce OTKJIOHsBa oT chepuuHata. Jlepopmupanocrra 3aBucu ot
CWJIaTa Ha MOJIETO W BUJA Ha BBHHIIHATA €JIEKTPOHHA OOBHMBKAa U MOXKE Jia Ce
OTpeeNI ¢ MaTeMaTUYEeCKUsl amapaT Ha Teopus Ha rpynure. OTKIOHEHHUS OT
chepuunaTta hopma ce HaOIIOJAaBAT HANPUMEP MPU KPHUCTAIUTE, IPU KOUTO B
30HUTE€ Ha HUCKA CHUMETpHUs Ha KpUCTaJHATa pEIIETKa MOraT Ja Bb3HUKHAT
WHTCH3UBHU E€JICKTPUYHU TI0JieTa. 3HAYUTENHU JedopMalvid BbB BUJ Ha
EJIMIICONIU ca HAOJII0JaBaHHU MPU HOHM Ha csApaTa B ChEIMHEHHS OT THIA Ha
mupur [1, 11].

B cpaBHeHHME C IBJDKMHAaTa Ha BbJIHATa Ha CBETJIMHATA BbB BUIUMUSA
crekTbp (400 — 700 nm) aToMUTEe ca MHOTO MajKM M 3aTOBa HE MOrarT Jia Objar
Ha0JII0JJaBaHU TUPEKTHO C ONTUYEH MUKpOcKoIl. OTeIHN aTOMU MoraT o0ade Ja
ce Ha0JII01aBaT ChC CKaHUpAI] TYHEJIEH MUKPOCKOIL. 32 Jia € OHArlIeIu MaJKHUsIT
pa3Mep Ha aroMa, MOXeE J1a C€ U3MO0JI3Ba CPAaBHEHUETO C YOBEIIKH KOCHM: TOU €
neben oxono 1 MunmoH Beryiepoanu aroma. Kanka Bona cbabpska okoso 2 x10%
aToMa KHACJIOPOJ U J1Ba ITbTU II0BEYE aTOMU BOJOPOA. EMH KapaT AuamMaHT ¢ Maca
ot 2x10™* kg cpabpixa okono 1022 atoma BeIIEpOA. AKO CH HPEACTABUM €IHA
a0bIKa € pa3Mepa Ha 3emsTa, TOraBa aTOMUTE Ha siObJikaTa Ouxa OWIH
NPUOJIM3UTENHO C pa3Mepa Ha UCTUHCKA SIOBIIKA.

PaguoakTuBeH pasnaj

Bcekn xuMuyeH eleMeHT uMa TMOHE €AWH M30TOIN C HECTaOWIIHO Spo,
NPETHPIABAILIO PAAUOAKTUBEH pPa3Majl, MpU KOETO MPOAYKTUTE Ha pasmaaa ca
YaCTULM WIM €JIEKTPOMAarHUTHO W3Tb4YBaHe. TakaBa paJuOaKTUBHOCT C€
Ha0JII0/1aBa, KOTaTO PaANyChT Ha SAJIPOTO € MO-TOJISM OT CHJIaTa Ha CHITHO SIAPEHO
B3aMMOJICHCTBHE, KOSITO JICHCTBA HA PA3CTOSIHUS OT mopsiabka Ha 1 fm.

Haii-yecTo cpemianute pa3HOBUIHOCTH Ha paJMOaKTUBEH pa3nal ca:

* Anda-pasnag — COHTAaHHO pa3ajaHe Ha aTOMHOTO SIPO, BCIEICTBHUE
Ha KOETO Ce MOJyYaBaT IbUIEPHO AP0 U o-yacTula (sapo Ha sHe, cbcTaBeHo OT
JIBa IPOTOHA U JIBa HEYTpOHA). All(pa pa3naabT € XapakTepeH 3a TEXKKUTE SApa, C
MacoBo unciio A>140, a pe3ynTaTsT OT HETO € HOB €JIEMEHT C MO-HUCHK aTOMEH
HOMED.

* bera-pasman — mnomuMHSABa Cc€ Ha CUIMTE Ha cllabo SIPEHO
B3aMMO/ICHCTBUE U MPU HEr0 HACTHIIBA MPEBPHILAHE HA HEYTPOH B MPOTOH WJIU
oOpatHo. B mbpBHs ciydail ce OTHensi €NeKTpoH (C OTpUIATENICH 3apsia) U
AHTUHEYTPUHO, a BbB BTOPUSI — MO3UTPOH (C MOJOKUTENECH 3apsif]) U HEyTPUHO.
OTaensHUTE €JIEKTPOHM WM TO3UTPOHHW C€ HapwyaT [-4acTUIM M HUMAT TIO-
rojsiMa TMpOHHWKBam@a crnocoOHocT. OTaensHeTro Ha OeTa dYacTUIla BOIU [0
MpPOMSIHA Ha aTOMHHSI HOMEP Ha XUMUYHUS €JIEMEHT C €IMHUIIA.

* T'ama-paznajg — npoMsHa Ha €HEPrUHUHOTO CHCTOSHUE Ha SIAPOTO Upe3
M3MyCKaHe Ha rama-JIb4yu, KOATO ChI'BTCTBYBA ada u OeTa pasmaja.
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Jlpyru TO-pelKH BHIOBE PAJAMOAKTHBEH pa3Maa ca H3XBBPISIHETO OT
SPOTO HA HEYTPOHH, MPOTOHH, TPYITU HYKJICOHH WJIH MTOBEYE OT eHa J-4acTHIia
U (HOpMHUpAHETO HAa BUCOKOCHEPTHHHH €JIEKTPOHU, KOUTO HE ca P-IbYM, WU
BHCOKOCHEPTHITHUA TTPOTOHH, KOUTO HE Ca Y-ThUH.

Bceku paanoakTuBeH U30TOI CE€ XapaKTepU3UpPa ChC CKOPOCTTA HA pasMmal,
U3MepBaHa 4ype3 Mepro/ia Ha MoTypas3naa — BpeMeTo, He0OX0IMMO 3a pasmnaj Ha
nosioBuHata (50%) ot pasrnexnanus obpasern. [IpomechT € eKCcroHeHITnaIeH |
CKOpPOCTTa My HaMaJIsiBa KaTo clie]] UH MepHo/] Ha oaypasnaz octaBaT 50% ot
U3XOJIHUTE aTOMH, CJIS]I JIBa TIEpHo/Ia Ha Toypasmaj octaBat 25% u 1.H [1, 2].

MaraureH MOMEHT

EnementapHuTe  yacTMUM ~— IPUTEXKAaBaT  BBTPEIIHA  KBAaHTOBA
XapaKTEpUCTHKA, HSMAIlla €KBUBAJICHT B KJIACHYECKATa MEXaHUKA — CIIUH. T4 €
aHAJOrMYHA HA MOMEHTA Ha UMITYJICa Ha TS0, BBPTAILO CE€ OKOJIO CBOS LIEHTHP
Ha MacuTe, Makap 4e CTPOro MOIJIEAHATO TE€3U YACTHIM CE€ pas3riexkaar KaTo
TOYKM W HE Morar Ja ce BbpTAT. COUHBT c€ U3MEpBa B €AUHUIM peaylupaHa
koHcTaHTa Ha [lmank (h), kKaTo €neKTpoHUTE, MPOTOHUTE U HEYTPOHUTE UMAT
oIy ciiuH 2 h. B aToma ABMKEIHTE ce OKOJIO SIAPOTO EIEKTPOHU OCBEH CITHH
npuTeX)aBaT U OpOUTAJEH ,,MOMEHT Ha HMMITyJica“, U3MEpPBAaH C OPOUTATHOTO
KBaHTOBO YHUCJIO, JOKATO CAMOTO SIIPO CHILIO MPUTEkKABA CIIMH.

ATOMBT IIpUTEKAaBAa CBOE MAarHUTHO I10JI€, HAPUYAHO MATHUTEH MOMEHT,
KOETO € IIOJIy4EHO OT TE3U pa3IMdyHU BHUJOBE CIMH, TOYHO KAKTO €IHO
KJIACUYECKO EJIEKTPUYECKH 3apEJEHO TAJIO IIPU BBPTEHE MPOU3BEXKIA MArHUTHO
nosie. [lopaau TOBa, 4Ye €NEKTPOHUTE CE€ MOMUYMHABAT HA npuHOMNa Ha [laynw,
CIOpEJ] KOMTO JIBa €JIEKTPOHA HE MOTaT J1a C€ HaMUpPaT B €JHO U CHILO KBAHTOBO
CbCTOSTHUE, B €JHAa aTOMHA OpOUTajIa MOKE Jla UMa Hail-MHOTO JIBa €JIEKTPOHA, HO
C MPOTUBOMOJIOKHH CIIMHOBE. Taka Te3u CIMHOBE CE€ HEYTPaIU3UPAT U OOIIMST
JTUTIOJIEH MarHUTEH MOMEHT B HSIKOM aTOMU C YETEH OpOii €JIeKTPOHU CTaBa HyJa.

B wHakom aromMu ¢ HedyeTeH Opoil eNeKTpoHW (HampuMep Ha
(epOMarHUTTHUTE €IEMEHTH KaTO JKEJIA30) C€ ChAbPKAT HECABOCHH E€JIEKTPOHU
Y TIOHE €H HEKOMIIEHCUPAH CIIMHOB MArHUTEH JUIOJIEH MOMEHT. OpOuTtanure
Ha ChCEIHO PA3MOJIOKEHU aTOMHU C€ MPUIOKPUBAT U ChCTOSTHUETO C Hal-HUCKA
€HEpPrus € OHOBA, IIPU KOETO CIIMHOBETE HA HECABOCHUTE €JIEKTPOHU YCIIOPEIHH.
To3u edekr ce Hapuua oOMeHHO B3aumojaeiictBue. [Ipu ToBa moapexaane Ha
MarHUTHUTE MOMEHTH Ha AaTOMHUTE C€ II0Jy4YaBa HM3MEpPUMO II0 TOJIEMHUHA
COOCTBEHO MarHUTHO moje. [lapamarHUTHUTE MaTepuaid HUMaT aTOMHU CbC
COOCTBEH MAarHUTEH MOMEHT, KOMTO MOjA JCHCTBHETO Ha BBHIIHO IOJIE CE
OpUEHTHpa IO IOCOKa Ha MOJETO W Taka Cb3JaBaT pPE3YJTaHTHO IIOJE,
NPEBUILABALI0 BHHIIHOTO. B OTCHCTBHETO HAa BBHIIHO MAarHWTHO Mosie o0aye
COOCTBEHHTE MAarHUTHM MOMEHTH Ha aTOMHUTE Ca OpPUEHTHUPAHU HaIbJIHO
Xa0TUYHO MOPAJH TOIJIMHHOTO ABUKEHUE.
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SInpoTo Ha atoma CHIIO UMa CIHH Pa3IHyeH OT Hyja. [Ipu HopmaiHH
YCJIOBUS TE€3M SIpa ca OPUCHTUPAHH XAOTHYHO, HO HSKOW M30TOIU C HEUETCH
Opoii mpoToHW (HampuMmep, KCEHOH-129) mnpuTekaBaT CIHH, KOWUTO TIPH
OIPEICTICHN YCIIOBHS MOXe 1a ObJic OPHEHTHPAH B ellHa Mocoka. ToBa cBOMCTBO
HaMHpa BaXXHO MPAKTHYECKO TIPWIOKEHHE B MAarHUTHO-PE30HAHCHATA
tomorpadus [3, 11].

EHepreanHn HHUBa

KoraTto enexkTpoHbT € B CBBP3aHO CBHCTOSHHE B aroMa, HEropara
MOTEHIIMAIHA €HEPrus € OOpaTHO MPONOPLUOHATHA HA PA3CTOSIHUETO MY JO
A1poTo. EKcriepuMeHTanHO TS ce€ M3MepBa KaTo €HEeprusra, HeoOXOAMMO 3a
OTKbCBAHE Ha €JEKTpOHAa OT aroMma, Hal-4ecTo u3pa3eHa B EIUHUIIU
eJIEKTPOHBOAT (€V). B KBaHTOBOMEXaHUYHUS MOJEI CBbP3aHUSAT €JIEKTPOH MOXKE
J1a 3aeMa camo ONpeIeNieH Habop OT ChCTOSHUS OKOJIO SIAPOTO U BCSIKO CHCTOSIHUE
CHOTBETCTBA HA OMNPEIEICHO EHEepPruiiHO HUBO. CHCTOSHUETO HA CBBP3AHUS
CIEKTPOH C Hall-HUCKAa EHEPIrus CE€ Hapu4a OCHOBHO CBHCTOSIHHE, a BCSKO
CBCTOSTHUE C MTO-BUCOKA EHEPTHsl c€ Hapuia Bb30y€HO ChCTOSTHHE.

[IpemuHaBaHeTo Ha ENEKTPOH OT €OHO B JPYro CBHCTOSHHWE CTaBa C
U3TbUBAHE WM TOTIbINaHEe Ha (OTOH C EHEpPrus, paBHa Ha pas3jihKaTa B
CHeprUUTe Ha JBETe CBCTOSIHHMS. 1Bl KaTo eHeprusita Ha M3ITbUYCHUS
(morpaHaTHsl) GOTOH € IPONOPLUOHATIHA Ha HEroBaTa YECTOTa, T€3U PA3JIUKU B
EHeprusiTa ce PErucTpupar Karo crneuuUUHU JUHUM B €JIEKTPOMATrHUTHHS
CHEeKThp.[Bcekn XUMUYEeH eJeMEeHT uMa XapaKTepeH CIEKTbP, KOWTO 3aBUCH OT
MHOKECTBO (DakTOpH: 3aps] Ha aTOMHOTO SApO, CTENEH Ha 3albJIBaHE Ha
CJICKTPOHHUTE TMOJCIIOEBE, HAJIMYUE Ha EJEeKTPOMArHUTHH B3aUMOAECHCTBUS
MEXJly eJIEKTPOHUTE U IpYTH (PaKTOpH.

[Tpu mpemMuHaBaHETO HA €JIEKTPOMATHUTHA BBIIHA C HETIPEKBCHAT CIIEKTHP
Ha CGHeprusTa Mpe3 ra3 WiM Ijia3Ma, HIKOM OT (OTOHMUTE Ce MOTJIbIIAT OT
aTOMUTE, U3MEHAT CHEePTUHHUTE HUBA Ha HSIKOW EJIEKTPOHU U TH BBH30OYXKIaT.
Te3u BB30yIeHN €NEKTPOHN OCTAaBaT CBbP3aHH B aTOMa, HO 3aII0YBAT CIIOHTAHHO
Jla U3ITHYBAT CBETIIMHA, 32 /1a CE BPHAT HA MO-HUCKO eHepruitHo HUBO. [IpomechT
ce Hapuua crioHTaHHa eMucusi. CIeKThbpBhT Ha U3TbUeHATa CBETJIMHA (T.€. aKo €
BB3MOKHO J1a CE U30JIMpPa CAMO EMUCUOHHUSAT CIIEKThP OT Bb30YyJAECHUTE aTOMU) U
MO-TOYHO JTBJDKMHATA HA BBJIHATA, SIPKOCTTA U MIMPUHATA HA TE3HW CHEKTPATHH
JUHUM TI03BOJISIBAT J1a C€ MOJydyd MH(pOpMalus 3a chCTaBa U (U3MUYECKUTE
CBOMCTBA Ha Ta3a WJIM Tuia3Marta (MeToJl Ha eMUCHOHHATA CIIEKTPOCKOMMs). AKO
ce Ha0JI0/1aBa CIIEKTHPbHT Ha MPEMUHANIaTa BbJIHA, TOM Beue HE € HEMPEKbCHAT, a
B HETO ce 3a0ems3BaT MOPEAUIIN OT ThMHU (a0COPOIMOHHN) JIMHUH, 3a1I0TO TaKa
Bb30y/IEHUTE ENEeKTPOHU TMOTIBLIAT OMPEICIEHH YEeCTOTH W JAeMCTBAaT Karo
bunTbp Ha eHeprus. ToBa € MPUHUMUIIBT Ha JeHCTBHE Ha abCOpPOLMOHHATA
CTIEKTPOCKOTIHS
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[Ipy mo-0;M3K0 W3ydaBaHE HSIKOWM CEMHCHOHHHU CIEKTPAIHU JIMHUH CE
OKa3BaT ChCTAaBEHW OT OTACIHA KOMIIOHEHTH. ToBa ce IBDKM HAa CIUH-
OpOHMTATHOTO B3aMMOJCHCTBHE MEXKy CIHHA W JBI)KCHHUETO HA Hall-BHHITHUS
enekTpoH. KoraTto aTOMBT € MOCTaBeH B MarHUTHO TIOJIE, CIEKTPATHUTE JTMHUU CE
pa3fenar Ha TPU WU NOBeue KOMIOHEHTa. ToBa siBIeHHE, U3BECTHO KaTO e(PeKT
Ha 3eemaH, c€ NBDKM Ha B3aUMOJCHCTBHETO MEXIY MPHIOKEHOTO BBHHIIHO
MarHuTHO T0JIE ¥ MarHUTHUSI MOMEHT Ha aTOMa U HETOBUTE €JEKTpoHH. Hskou
aTOMH MOTaT /1a UMaT MOBeUe OT €JHa eIEKTPOHHA KOH(PUTYpALUS C €JHO U CHIILO
CHepruifHO HHMBO, KOMTO 0O0pa3zyBaT oOIla CHeKTpajiHa JIUHHS. BBHIIHOTO
MarHuTHO I0JIe U3MECTBA EEKTPOHHUTE KOH(UTYpAIUH B JIEKO pa3TMyaBalIli ce
CHEPTUIHA HUBA, Pa3AeiIIiKH 1O TO3W HAYMH CIIEKTpaHaTa JIMHUS Ha HIKOJKO
KOMIOHEHTHU. [IpUChCTBHETO HA BBHIIHO EJIEKTPUYHO IIOJIE CHILO MOXKE Ja
JIOBEJIE /10 MOJI00HO pa3LEeNBaHe U JIEKO U3MECTBAHE HA CIIEKTPAIHUTE JIMHUU —
To3u eekT ce Hapuya edekt Ha [llapk.

AKO CBBp3aH €JIEKTPOH C€ HaMHpa BbB Bb30YJCHO ChCTOSIHHE U MOI'bIHE
(GOTOH C moAxonsla €HEpPrus, MOKE Ja HACTBhIM U CTUMYJIMpaHa €MHCHs Ha
(OTOH ChC ChIllaTa €Heprusl. 3a Ta3H 1eJ1 eHeprusiTa Ha najamusa GoToH TpsOBa
7la € TOYHO paBHA Ha pa3liMKaTa MEXIY BH30YJIEHOTO U MO-HUCKOTO CHEPTHIHO
CBCTOSTHUE Ha eneKTpoHa. [Ipu mpexona enekTpoHbT U31buBa GOTOH ChC ChIaTa
daza, yectoTa, MOISAPU3ANMS U IOCOKA KaTo morbiaHaTHs ¢poToH. ToBa CBOMCTBO
Ce M3IMOJI3Ba 3a HalpaBaTa Ha JIa3epH, KOUTO MPOM3BEkKAAT MOHOXpPOMATUYHA,
KOXEpEeHTHa, HacoueHa cBeTiinHa [11].

BajneHTHOCT U XMMHYHA BPb3Ka

Hail-BpHIIHUAT €JIEKTPOHEH CIIOW Ha aTOMa B HECBBP3aHO CBHCTOSIHUE €
M3BECTEH KAaTO BAJECHTEH CJIOM M EJIEKTPOHUTE B HEro C€ Hapu4yaT BaJCHTHH
eNeKTpoHU. TexHusaT Opoil onpenenst Xxapakrepa Ha XMMUYHATA BPb3Ka, 3a10TO
IpyU XMMHYHA PEAKIMs aTOMHUTE CE€ CTPEMAT Jla 3albJIBAT BAJICHTHHUS CIIOH.
Hampumep npu CcheAMHEHUETO HATPHUEB XJOPUA (M APYrd HOHHU COJIM)
XUMHUYHaTa Bpb3Ka C€ OCHILECTBSIBA UpE3 OOMEH Ha €JIEKTPOH MEXKY aTOM C €UH
€JIEKTPOH BBB BaJIeHTHUs ciod (Na) u aToM ¢ €JMH HEeIOCTHUTalll €J1EKTPOH BbHB
BasieHTHUs cioi (Cl). MHOTO OT XMMHUYHUTE €JIEMEHTH 00adye MMAT HSIKOJIKO
BaJICHTHOCTH WJIM Y4YacTBAaT C pa3iMueH OpOil €IEKTPOHU B PA3NMYHUA XUMUYHH
ChbeIMHEHMs. B Te3u ciyyam XHMMH4YHAaTa Bpb3Ka € C MHOIO I0-CJIOKEH
MEXaHU3bM Ha CHOJIENsIHE Ha eleKTpoHUTE. [IpuMep 3a TakuBa CII0)KHHU BPB3KH €
YYaCTHETO Ha BBIJIEPOJIa B OPraHUYHUTE ChEIUHEHHUS.

B IlepmonnyHata cucTeMa XUMUYHHUTE €JIEMEHTH C €IHAa M Chlla
BaJICHTHOCT oOpa3yBaT €JHa TIpyna Ha MNepHOAMYHATa CUCTEMa, KOSTO Ce
n300pa3siBa KaTo €Ha KOJIOHA B TabyuiaTa. XOpU30HTATHUTE PEIOBE CE€ HapHyiaT
NEPUOJIU U OTpa3saBaT NOCTEIIEHHOTO 3aIIbJIBAHE HA BAJICHTHUS CJIOH C €JIEKTPOHH.
EnemenTuTe, KOUTO ca Hal-BJSICHO HA TaOIMIIATa, UMAT 3aITbJIHEH BAJICHTEH CIIOM
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H TOBA CC 0Tpa34Bd HA XUMHUYHUTC UM CBOMCTBA — T€ Ca U3BECTHU KaToO HHCPTHU
ra3oBcC.

CocrossHus

I'pynu oT MHOTO atoMH Morat Ja ChIIECTBYBAT B Pa3jUYHU arperatHu
ChCTOSIHHSI B 3aBHUCHUMOCT OT (DU3MYECKUTE YCJIOBHS KaTO TeMmIeparypa u
Hansrane. [Ipu mpomsiHa Ha ycCJlOBHSITaA, BEIIECTBaTa MOraT Ja MPEMHHAaBaT OT
€IHO arperaTHO ChCTOSIHHE B JIPYTO: TBBPJO TS0, TEYHOCT, ra3 MU IiazMa. B
paMKHTE Ha €JIHO arperaTHo ChCTOSHUE € BB3MOXKHO JajJeH Marepual Ja
CBIIIECTBYBA B HAKOJIKO aJOTPONHU (OPMHU, HAIIPUMEP BBITIEPOIBT MOXKE J1a Ce
CpeIIHe KaTo rpaduT Wik JUaMaHT.

IIpu Temmeparypu Oau3Kud 10 aOCoOJIFOTHATa HyJia aTOMUTE Morar jaa
obpazyBaT bo3ze-AlHIIaiiHOBa KOHJEH3AIUsA, MPU KOETO B MAaKPOCKOIIWYEH
Maiiad 3amoy4Bar Jia ce€ NposBsBaT KBAHTOBOMEXaHUYHUTE €(DEKTH, KOUTO UHAYEC
ce HaOmomaBaT caMoO B MHUKpOcKomuueH Mamal.llpu ToBa siBlieHHE UETUAT
CBPBHXOXJIQJIeH aHcamMOBJ OT aTOMHM 3afouyBa Ja C€ JbpXKH KaTo €IuH
,CBPBXaTOM®, KOETO TMO3BOJISIBA Jla C€ TMpaBsIT HaOIIOJEHUS  Ha
KBAaHTOBOMEXaHUYHOTO MY MOBEJICHUE.

Oo0Opa3yBaHe U CbBPEMEHHO ChCTOSIHHE

Atomute oOpasyBar okosio 4% or oOm@ara eHepruiiHa TUTBTHOCT Ha
HaOmomaemaTa Beenena npu cpeiana mirbTHOCT okouio 0,25 aToma Ha KyOudeH
MeThp.BbTpe B ranaktukurte, HanpuMmep B Hamus MiledyeH MbT, aTOMUTE UMAT
MHOTO MO-TOoJIIMa KOHLeHTpanus — Mexay 105 u 109 atoma Ha KyOM4eH METHp B
Mexay3Be3aHata cpena. Cmsara ce, yue CabHIETO € Pa3moJIoKeHO B MecTHHUs
MeXyp, 00JIacT OT CHJIHO HOHU3UpPaH Ia3, HOpaau KOETO IUIbTHOCTTa HA aTOMUTE
okoJi0 Hero € ena 103 aroma Ha KyOMYeH MeThp.3BE3qUTE ce 00pa3yBaT OT
IUTBTHU O0Nal B MEXIy3BE3JHATa cpela W TSAXHATa €BOJIIOLUS BOJIU 10
NOCTOSIHHO 00oraTsiBaHe Ha MEXAy3Be3/HaTa Cpela C aTOMH, NO-MacHUBHU OT
Te3u Ha Bojopoaa u xenus. o 95% ot aromure B MileuHus 0BT ca
KOHIIGHTPUPAHU BBB BBTPEIIHOCTTAa Ha 3Be3nure. OOIara maca Ha aTOMHTE
dbopmupa okosio 10% or Macara Ha TraJakTUKaTa, a OCTaTbKBT € ChCTABEH OT
T.Hap. ThMHA MaTepus [1, 10].

HyxkJeocunres

CwmsiTa ce, ue IbpBUTE YCTOMUHMBYU MPOTOHHU U €JICKTPOHHU BH3HUKBAT OKOJIO
eqHa cekyHaa cnen lomemust B3puB. Ilpe3 crieaamure Tpu MUHYTH
HYKJICOCHHTE3bT Ch3/aBa IO-TOJIIMaTa 4acT OT siApara Ha Xeus, JUTUIH
neyTepusi BbB Bcenenara, a Moxe OM M 4acT OT sigpata Ha Oepuivs U Oopa.
[IbpBUTE aTOMU CHC CBBP3aHU E€IEKTPOHU TEOPETUYHO BB3HUKBAT 380 Xwmuisiau
roauHu cien ['onemust B3pUB, MO BpeMe Ha €rmoxara Ha peKOMOWHAIHsI, KOraTo

213



PasmanuonHaTa 6€3011acHOCT B ChBPEMEHHUS CBAT 16-18.11 2022

pasmmmpsBamata ce BceneHa ce oxjiaxkaa JOCTaTbuHO, 3a Ja IO3BOJIM
IPUKPETIBAHETO HA EIEKTPOHUTE KbM s]pata.

Cnen I'onemust B3puB, IpU KOHTO HE ce (opMupa BBIVIEPOJ, AaTOMHUTE
Spa MpOJbJKABAT J1a CE ChUYETABAT B 3BE3UTE MIPU MIPOLIECUTE HA AIPEH CUHTE3
U 110 TO3M HA4YMH ce 00pa3yBa OIIE XEJIUi, a Ype3 TPOWHATA XEITUEBA PEAKIUS U
NOpEAMIIATa EJIEMEHTH OT BBIJIEPOA 10 XKeisi30.M30Tonm KaTo IUTHii-6, KAaKTO U
U3BECTHM KOJIMuecTBa Oepuiuii 1 60p, ce 00pa3yBaT U B KOCMOCA O ACHCTBUETO
Ha KOCMMYECKUTE JIbuU. ToBa cTaBa, KOraTo BUCOKOEHEPTHEH ITPOTOH ce cOIbCKa
C aTOMHO SO, NPEIU3BUKBANKNA U3XBBPISHETO HA TOJIIM OpOi HYKJICOHH.

EnemeHTHTE, MO-TEXKKH OT KEIA30TO, CE 00pa3yBaT B CBPbXHOBHUTE UPE3 I'-
IPOLEC U B 3BE3AUTE OT ACUMITOTUYHUS KJIOH HAa TUTAHTUTE YPE3 S-IIPOLEC — U
JIBaTa HAYMHA BKJIFOYBAT MOIJTBIIAHETO HA HEYTPOHU OT aTOMHOTO siApo. Hsakon
€JIEMEHTH, KaTO OJIOBOTO, C€ 00pa3yBarT IVIABHO Ype3 paJMOaKTUBEH paslaj Ha
IIO-TEKKH €JIEMEHTH.

Ha 3emsara

OcHoBHATa 4YacT OT aTOMHTE, KOUTO CBHCTaBIABAT 3eMsITa U HEUHUTE
oOuTareny, ca CBUIECTBYBAJM B CceramHara cu (opma B MBIJIsIBUHATA,
KoJlabupana OT MOJIKYJsipeH o0Jiak, 3a na oOpasyBa CirbHUEBaTa CHUCTEMA.
Ocrananute ca pe3ysTar OT PAJUOAKTUBEH pa3naj U TAXHOTO OTHOCHUTEIHO
CHOTHOLIEHUE MOKE J1a C€ M3I0JI3Ba, 3a J1a CE€ ONpPENENU Bb3pacTra Ha 3eMATa
4ype3 paJuOaKTUBHO natvpase. [lo-roisimMata yacT OT XelHs B 3€MHAara Kopa
(oxomo 99% ot xenus OT ra30J00MBHU KJIQJCHIIM) € pe3ysTar oT aida pasmnaj,
KOETO JINYH OT MO-MaJIKaTa KOHIEHTPAIIHs Ha H30TOIa XEJIHii-3.

Ha 3emsTta ce cpemiar U MallKu KOJMYECTBA aTOMH, KOUTO HE ca
OPUCHCTBAIM TIpH  (popMuUpaHETO Ha IIJlaHEeTaTa M HE ca pe3yiarar oT
paaroakTUBEH pa3naj. KocMudyeckuTe 1b4M MOCTOSTHHO Ch3/aBaT BbIIEpOI-14 B
atmocdepara. Hsakon aromu Ha 3eMaTa ca U3KYyCTBEHO Ch3JaJCHH, YMUIJIEHO
WM KaTO CTpaHUYEH MPOAYKT OT paboTaTa Ha AIPEHU PEAKTOPH WIH OT SIAPEHU
excro3uu. Cpes TpaHCYpaHOBUTE €JIEMEHTHU, TE3U C aTOMEH HOMEp MO-TOJIIM OT
92, caMO IUIyTOHHMAT M HENTYHUAT C€ Cpemar Ha 3eMsaTa B IpUpoAaTa.
TpaHcypaHOBUTE €1EeMEHTH UMAT MEPUO]I Ha PAJUOAKTUBEH MOIYypasnajl, MHOT'O
MO-MaJIbK OT BB3pacTTa Ha 3emsTa, NOpaau KOETO €BEHTYyaJHU Pa3No3HABAEMHU
KOJIMYECTBA OT TAX OTJIaBHA ca C€ pa3majHaliv, ¢ U3KIOYEHUE Ha ClIeu OT
IUTyTOHUN-244, KOUTO MOXKe OM ca OTJOKEHM C TMaJHall Ha IUJIaHeTaTa
KOCMMYECKHA Ipax.EcTecTBeHUTE 3aimexu OT IUIyTOHUM MW HENTyHUH ca
oOpa3yBaHU 4pe3 MOTTbIIaHe HA HEYTPOHU B YPAHOBU PY/IU.

3emsTa chabpka npubauszurenHo 1,33x1050 aroma. B armocdepara Ha
MJIaHeTaTa MPUCHCTBAT Mal’bK OpOMl CaMOCTOSITEIHM aTOMHU Ha OJIaropoJHH
razoBe, kato aprod u HeoH. Ocrananute 99% oT atomuTe B atMocdepara ca
CBBp3aHu NoJ1 (opMaTa Ha MOJIEKYJIHM, KaTO BBIVIEPOJICH AUOKCU U JABYaTOMEH
KHUCIIOpOJ M a30T. Ha 3eMHaTa mOBBPXHOCT aTOMUTE C€ ChYETABAT B Pa3IUUHU
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ChCJMHCHUS, KaTO BOJA, COJI, CHJIMKATH M OKCHIU. ATOMHUTE MOrarT Ja ce
ChUCTaBaT M B MaTepUAJIM, KOUTO HE C€ ChCTOAT OT 00OCOOCHU MOJICKYIIH,
HapUMep B KPUCTAJM W TEYHU WIM TBHPIU MeTamu. Ta3su aToMHa MaTepus
dopMHpa MpPEKOBH CTPYKTypH, TIpU KOHUTO JIMIICBA CBBbp3BaHaTa C
MOJIEKyJISIpHATa MaTepus aJpeOHoManiadHa npekbeHaroct [2, 9].

Penxu u Teopetnunu popmu

Karo usno enemeHTHTE C aTOMEH HOMEp, MO-TOJISIM OT TO3M Ha OJIOBOTO
(82), ca paguMoOakTUBHU, HO ChHIINECTBYBA XHUIIOTE3a 3a ChHIIECTBYBAHETO Ha
CBOEOOpa3eH ,,0CTPOB Ha CTAOMIIHOCT®, CbCTABEH OT HSIKOHU €JIEMEHTU C aTOMEH
Homep Han 103. Te3u CBPBXTEKKHU €IEMEHTH MOXKe OU UMaT PO, OTHOCUTETHO
YCTOMYMBO Ha paJIMOAKTUBEH pas3mnaj. Hail-BepoATHHUAT KaHAUAAT 3a yCTOMYMB
CBPBXTEKBK aTOM, TO3U HA €JIEMEHTA YHOUXEKCUI ce 0OYakBa jja uMa 126 npoToHa
u 184 neyrpona.

Bcsika yactuiia maTepusi iMa ChOTBETCTBAIIlA YACTUIIA AHTUMATEPHS, KOSITO
MMa MPOTUBOIOJIOKEH €JIEKTPUYECKU 3apsii. Taka MO3UTPOHBT € MOJOKUTEITHO
3apeJIeH aHTHEJIEKTPOH, a aHTUIIPOTOHBT € OTPULIATEIIHO 3aPEICH EKBUBAJICHT HA
npotoHa. [Ipu B3auMoielicTBIE Ha MaTEPHsl U CbOTBETHATA M aHTUMATEPUS TE CE
anuxuiaupar. [lo Ta3um mnpuyurMHa, KaKTO W 3apajd HEPABHOBECHUETO MEXKIY
MaTepUaJIHi ¥ aHTUMaTEPUATHU YaCTHUIIH, IOCIIETHUTE ca peAKU BbB Bceenenara.
B pe3ynrar Ha TOBa HE € U3BECTHO HAJIMYUETO B MIPUPOJATa HA AaHTUMATEPHUATHH
atomu. Bwripeku ToBa nipe3 1996 ronuna B naboparopusita Ha [IEPH B XKenesa
YCIIEIIHO € CHUHTE3UpaH aHTUBOAOPOJ, AHTUMATEpPUAJIEH EKBUBAJICHT Ha
BOJOpPO/IA.

Jpyrun HeoOMYailHM aTOMU ca CHHTE3MpPaHU 4pe3 3aMsHaTa Ha €AUH OT
MPOTOHHUTE, HEYTPOHUTE WJIU €JIEKTPOHUTE C APYTU YaCTULIU, KOUTO UMAT ChILIUS
eJIeKTpUUecKH 3apsaa. Hanmpumep, oTaeneH enekTpoH MoXe Ja Ob/ie 3aMEHEH ¢
MO-MaCHUBHUS MIOOH, 00pa3yBallku MIOOHEH aToM. TakuBa aTOMU MOTraT Jia Ob1at
M3M0JI3BaHU 3a TPOBEPKA HA PyHAAMEHTATHUTE MPEBIKIaHNs Ha (U3UKaTa.
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