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OLNEHKA CIIEKTPOMETPHUYECKUX U PAJITMOMETPUYECKHUX
XAPAKTEPUCTHUK AJIbB®A-U3JTYHYAIOHINX PATUOHYKJINIOB
IIIYTOHUA U UX BJIMAHUE HA BEJIMUNHY AMA/{

© 2018 FOced Hadouab Xyceiin, .A. [Ipunaukun, A.K. bByabika

Hayuonanenuiii uccnedosamenscxuil adeprulit ynugepcumem « MUDHy», Mockea, Poccus

B cratse npeasaraeTcst pacCMOTPETh UCTIONb30BaHUE HOBOI IKCIIEPUMEHTAIBHON YCTaHOBKH IS
ompejeneHuss o0beMHOW akTUBHOCTH U AMAJl o-akTUBHBIX paauoHykinuaoB. Ilpenmaraercs
MIPOBECTU OIEHKY CIIEKTPOMETPHUUECKUX M PATUOMETPUYECKUX XAPAKTEPUCTHUK O-H3JTyYaroIIuX
PaZMOHYKIUIOB IUTYyTOHUS U ONIPEeNUTh UX BiIusHue Ha BenuanHy AMAJI. CpaBHUTH pacueTHbIE
3HA4YeHWsS AaKTHBHOCTH W30TONOB IUTYTOHWS B CHEHMAIBHBIX adPO30JbHBIX HCTOYHHKAX,
MOJIyYEHHBIE C MMOMOILBIO SKCIIEPUMEHTAIbHOW ycTaHOBKH U ycTaHOBOK MKC-01A, YM®-2000.
OnCHUTh OTHOCHTENBHYIO OmHOKYy ompeneiacHns AMAJ[ ¢ TOMOMBIO SKCIEPUMEHTATBHON
YCTaHOBKH.

Kntouegvie cnosa: paauoakTUBHBIA a’p030Jib, WHEPLUMOHHBIN pa3znenurens, 3()(EeKTHBHOCTDH
ocaxaeHusl, adpoauHaMudeckuii auamerp, AMAJI, o6vemHas aktuBHOCTh, MKC-01A, YM®-
2000, o-u3mydeHus.

IMoctymuna B pegaxmmro: 10.03.2018
BBEJIEHUNE

PaguanmonHoe BO3JEHCTBHE 0-aKTHUBHBIX PaJAMOHYKIHMJOB Ha OpPraHU3M 4YeloBeKa
peanu3yercsi B OCHOBHOM uepe3 703y BHyTpeHHero oOiydeHus. BHemnee oOmyueHue oT
0-aKTUBHBIX PAJAMOHYKJIWJOB HE3HAUWUTENbHO W3-3a JBYX OCHOBHBIX HpuuuH. [lepBoe —
npoOer a-4acTul] B BO3/yXe, KOTOPbIi cocTaBiseT He 6osiee 10 cm, BTopoe — mpoOer yacTuil
B OMosnornyeckux Tkausx (koxe) He 6osee 100 mxMm. [ToaToMy HAMOOBITYIO PaHAIIIOHHYIO
OMACHOCTh JJISl 3[JOPOBBSI YEJIOBEKA MPEACTABISAIOT PAAMOAKTUBHBIE a3pPO30JIbHBIE YACTHIIBI
CoJIepXkaIife O-aKTHUBHBIE PAJUOHYKIIUJIbI MOCTYHAIOIME BHYTPb OpraHM3Ma 4epe3 OpraHbl
NIBIXaHWs, KOTOPHIE B TIOCJIEICTBHM MOTYT OBITh TPUYMHON OCTPBHIX U XPOHUYECKUX
3a00JIeBaHU.

OueHuTh 03y BHYTPEHHETO OOJy4yeHUs 4elOBeKa 0-aKTUBHBIMH pPaJlOHYKIUIAMH
MOKHO B cooTBeTcTBHH ¢ Hopmamu Paguarnmonnoit besonacnoctu (HPB-99/2009) [1] wnu Ha
ocHoBe MexayHapoaaeix CranmaptoB besomacnoctn MAT'ATD (BSS) [2]. Hus pacuera
71036 BHYTPEHHETO O0JyuyeHHs] HEOOXOAUMO OIpPEeNIUTh BEIMUYUHY 0OBbEMHON aKTHMBHOCTHU
0-aKTUBHBIX PAJMOHYKIIUJOB B BO3JlyX€, YMHOKUThH €€ Ha 00BEM BJIBIXa€MOI'0 BO3AyXa U Ha
COOTBETCTBYIOLMI PaJMOHYKINUIY A030BBIH KO3 dunueHt [1], KOTOpbIi 3aBUCUT, B TOM
YHClie ¥ OT aKTUBHOTO MEJIMaHHOTO aspouHamMuueckoro auamerpa (AMA/).

OOBeMHYI0 aKTMBHOCTh DPAJHOHYKIUAOB BO BJBIXa€MOM BO3JlyXe OIICHHWBAIOT Ha
OCHOBE DETYJSPHBIX HM3MEPEHUN AKTUBHOCTH PAJAMOHYKIIUIOB, HAXOIAIIMXCA B BO3IyXe
paboueii 30HBI (715 IEPCOHANA) WM B BO3AyXE HACEIICHHBIX MYHKTOB (M1 HaceneHwus). J{ms
3TOr0 HCMONB3YIOT MNPOOOOTOOpHBIE YCTAHOBKM M METOJIUKHU BBIIOJHEHUS HW3MEpPEHUI
o0bemHoi akTUBHOCTH (OA)[3,4]. Meronsl ompenenenuss OA paguoHYKIUMIOB B BO3AyXe

© HanmoHaabHBINA HCCIEI0BATESILCKIN SaepHBIA yHUBEpcUTET « MDY, 2018



8 FOCE® HABUJIb XYCEWH u nip.

OCHOBaHbI Ha 0TOOpe MPOOBI BO3/AyXa COJEPKALIETO PaAHOaKTUBHBIE a3PO030JIbHbIE YACTUIIBI
Ha AHAIMTUYECKHUE a’pO30JbHbIC (PUIBTPHI WM KacKaJaxX HMIIAKTOpa C IOCIEAYIOIINUM
paAMOMETPUYECKUM,  CHEKTPOMETPUYECKMM  WJIM  HMHBIM  HM3MEPEHUEM  aKTUBHOCTH
KOHTPOJIMPYEMOTO PAJAUOHYKJIHJIA HETMOCPEACTBEHHO Ha (WIbTpax WIM KOJJIEKTOPHBIX
IJJACTUHAX.

Hns onpenenenuss AMAJ] paavoOakTUBHBIX a’p0O30Jied HMCHOJB3YIOT WA  METOJ
MHOTOCTOWHBIX (ribTpoB (MM®) [5], unm KackagHble UMIIAKTOPHI [6].  A3p030JbHBIC
YacTULbI IMPOXOJAT Yepe3 I0CIEI0BAaTENbHO YCTAHOBJICHHBIE PA3JICIUTENN CIIEKTpa I10
pasmepam, 11 MM® 310 QrIbTphI, 111 KIMIAKTOpa — KacKaapl. Takue yCTPOHCTB M METOIbI
pacuéra AMA] ucnons3yrotrcst B Poccun B aTOMHON IPOMBIIITICHHOCTH M OBIITH YTBEPIKJICHBI
B COOTBETCTBYIOIIMX METOAMYECKUX YKa3aHUsX [7].

B coorBercTBUHM C METOAMKAaMHU OIpeneiaeHUs 00beMHOM akTuBHOCTH U AMAJL
OTIICNBbHBIX  PAJUOHYKIHIOB  TpeOyeTcs  MpOBEeIECHHWE  PAJAUOMETPUYECKUX  WIIU
CIICKTPOMETPHUYSCKAX W3MEPCHHH aKTHBHOCTH. [l 3TOoro pasduparoT mpoOooTOOpHEBIE
YCTPOMCTBA M WU3BJIEKAIOT (GUIBTPHI WM KOJUJICKTOPHBIE IJIACTHMHBI M B J1a0OpaTOPHBIX
YCIIOBUSX MPOBOJAT U3MEPEHUS aKTUBHOCTH HA PaIOMETPE WU CLIEKTPOMETPE.

B crarbe mnpemsaraeTcsi paccMOTPETh MCIOJb30BaHUE HOBOW HKCIIEPUMEHTAIbHON
YCTAaHOBKH JIJISl ONIPEJICIICHNS 00heMHON akTUBHOCTH 1 AMA/I 0-aKTHBHBIX PaIMOHYKIUIOB.
[Ipensiaraercsi NpOBECTU OLEHKY CIIEKTPOMETPUUYECKUX U PATUOMETPUUECKUX XAPAKTEPUCTUK
0-M3JIYYaOLUX PaJUOHYKIINI0B IIyTOHUS M ONPENEINTh UX BiIMsAHUE Ha Bennunny AMAJT .
CpaBHUTh pacyeTHblE 3HAYEHUS AKTUBHOCTH H30TONOB IUIYTOHUSI B  CIELHUAIBHBIX
a’pO30JIbHBIX HCTOYHHMKAX, IOJYyYEHHBIE C IOMOIIBI0 SKCIIEPUMEHTAJIbHOW YCTaHOBKU U
ycraHoBoK MKC-01A, YM®-2000. OueHUTh OTHOCUTEIbHYIO OIIUOKY onpeaeneHns AMAJ]
C TIOMOIIIbIO 3KCIIEPUMEHTAIbHON YCTaHOBKH.

METO/Ibl U YCTPOMCTBA

B wmccnenoBaHMsAX WMCTONB30BATH JKCIIEPHUMEHTAIBHYIO YCTAHOBKY, COCTOSIIYIO H3:
pa3nenurtenbHON uyactu (1), xkamepbl netexktupoBanus (2), ¢unbtpa (3), poramerpa (4) u
Hacoca, COeIMHEHHBIX CUCTEMON TPyOOompoBo0B (puc. 1).

:
|

n

Puc. 1. — Cxema skcniepuMeHTansHol ycraHoBKH [Experimental installation configuration]

I'JIOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018



OLEHKA CITEKTPOMETPUYECKUX U PAAMOMETPUYECKUX XAPAKTEPUCTUK 9

OcHOBHOH Tmpoliecc paslielieHHe a’pO30JbHBIX YacTHIl Ha (pakUuu MPOUCXOIUT B
paznenuTenbHOM uacth (1) ¢ mMOMONIIBI0O MHEPLUMOHHOTO pasjenuTens. B kauectse
paszaenuTens ucnoiib3yeTrcss kackaa ummaktopa AWMII-2 [8]. YacTh a’po30JIbHBIX YAaCTHI] C
a’poMHAMUYECKHM TuaMeTpoM Ooubiie 3¢dexruBHoro nuamerpa pasaeneaus (ECAD) [9]
OCaXIaeTcs B pa3JeiuTeNie, a OCTaBLIMECS YacCTHUIbl YHOCSTCS BO3AYLIHBIM MOTOKOM B
KaMepy JETeKTHPOBAaHUA, TJI€ MPOMCXOOUT ocaxiaeHune ux Ha ¢wmibtp. [locne kameps
JNETEKTUPOBAHUS BO3YILIHBIN MOTOK MPOXOAUT POTAMETP, KOTOPBIM KOHTPOJIUPYET pacxo/l Ha
BBIXOJIE W3 KaMepbl ACTEKTUPOBaHHs. B Kamepe AETEKTUPOBAHHS YCTAHOBJIEH HOHHO-
MMILIAHTUPOBAHHBIA KPEMHHUEBBIA JETEKTOp (pUC. 2), KOTOPBIA JJII PETUCTpaIuu o Wik [3-
YacTUI] pa3MYHBIX JHEPrud. OTU  JETEKTOpPbl HWMEIOT TOHKOE BXOJIHOE OKHO,
o0ecrieunBaroIIee XOpollee 3HEPreTUYECKOe paspellieHre AaKe MPU MajblX PACCTOSHUAX
ab(a UCTOUYHUKA, a TaK 5K€ BBICOKYIO 3((EKTUBHOCTH PETUCTPALIUH Ol-HACTHII.

Puc. 2. — loHHO-MMIUIaHTUPOBAHHBIA KPEMHHUEBBIN JIETEKTOPOL, 3-U3ITydeHUS
[Ton-implanted silicon detector of a, B-radiation]

VYcraHoBka CIIEKTpOMETpHUYECKas MKC-01A «MVIIbTUPAI-AC»
(puc. 3) mpenHa3zHaueHa JUIsl M3MEpPEHMs] aKTHBHOCTU M YJENbHOW aKTUBHOCTH O-, B- U
Y-M3IIy4aloMuX HYKJIHJIOB B CHEIHAIbHO NMPUTOTOBICHHBIX 00pa3lax MPOAYKTOB MUTAHHS,
KOPMOB JUIsl CEJIbCKOXO3SHCTBEHHBIX JKUBOTHBIX, BOJbI, BO3/yXa, IMOYBBI, JIECOMATEpPHAJIOB,
CTPOMTENBHBIX MAaTEepPHalOB, a TaK XK€ W3MEPEHHUS MOIIHOCTH aMOMEHTHOTO SKBHBAJCHTA
71036l U KOMIApUpOBaHMs (TMOMCKAa M CPABHEHUS) MCTOUYHUKOB (POTOHHOTO H3IYYEHHUS C
BO3MOXXHOCTBIO KapTUPOBAHMUS TOYEK M3MEPEHUsS TpU TMOJAKIOYEHUH YCTAHOBKU K
GPS-mpuemnnky. «MVYJIbTUPAJI-AC» npexacrapnser coboit mabopatropHoe (B TOM 4HCIIE,
JUISL TIEPEJIBMIKHBIX JIa00OpaTopuii) 000pyd0BaHHE C IIMPOKHM CIIEKTPOM BO3MOXKHOCTEH H
MOXET TMPHUMEHAThCS Ha HOpeanpusaTusx Mwunatoma, [occamsnuananzopa, MUC,
MIPUPOIOOXPAHHBIX MPEINPUITUNA Pa3TMUHBIX BEJOMCTB.

Pagnomerp YM®-2000 (puc.3) npeaHasHaueH UIsi MU3MEpPEHHs] O- U [P-aKTUBHOCTH
MaJbIX AaKTUBHOCTEH NPUPOJHOM M THUTHEBOM BOJbI, MUIIEBBIX HPOAYKTOB, MOYBBI U
Bo3ayIHOM cpenpl. [Ipubop YM®-2000 BHecEH B peecTp cpencTB uaMepenuit Poccuiickoi
Oenepannu — Nel6297-03. Papuomerp YM®-2000 st m3MepeHusi o- W [-aKTUBHOCTH
MO3BOJISIET MPOBOJUTH W3MEPEHHUs: CYMMAapHOM aKTHBHOCTHU O-M3JIyYalOIIMX HYKJIHUJOB B
«TOJICTBIX» M «TOHKHX» CUETHBIX 00pa3iax nmpod 00bEKTOB OKpYXKAIOLIeH cpebl; CyMMapHOM
AKTUBHOCTH P-M3JIydalonnX HYKIUAOB B CYETHBIX OOpa3lax Mpo0 MUIIEBHIX MPOAYKTOB,
MOYBbI, BOJbBI, HA BO3AYUIHBIX (PUIBTpPax U MPoO, MOJYUYEHHBIX METOJAMU CEJIECKTUBHOM
PaTMOXUMHUYECKON SKCTPAKILINH; 0-aKTUBHOCTH HYKJIMJOB B CUETHBIX 00pasliax, MoJy4YeHHbBIX
MOCJIE CEJEKTUBHON PAIMOXUMUYECKON IKCTPAKIINH.
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Puc. 3. — Ycranosku MKC-01A (creBa) 1 YM®-2000 (cripaBa) [Installations MKS-01A (left) AND UMF-2000
(right)]

B wuccnenoBanuM MCHONB30BaNIM CHeLMalbHble a3po3osibHble  HcTouHUKU (CAN)
a-m3iydeHuss Ha ocHoBe ¢mibTpa ADA-PCII-20c aKTUBHOCTHIO 1.19-10% Bk u 1.12-10° Bk
M0 pajMOHYKIHAaM > Pu u ~'Pu NpEeIHA3HAYCHHBIX JUIS BOCIPOM3BEICHHS CIMHMIIBI
00BEMHONM aKTUBHOCTU PaJUMOHYKINUIOB. (puc. 4) OTHOCUTENbHAS MOIPEIIHOCTh U3MEPEHUS

AKTUBHOCTH (IIpH ToBepUTenbHON BepositHocTu P=0,95) He 6omee 5 %.

Puc. 4. — O6uwii Bug CAU Ha ocHoBe duiibtpa ADA-PCII-20 [General view of special aerosol sources based
on the AFA-RSP-20 filter]

Kpome CAU Obi1 ucnonb3zoBan ucToyHUK «Ttun 1I19» ¢ akrtuBHOCTRIO 80.7 Bk mNO
paguonykmagam = Pu u > Pu (puc. 5).Mcrounuk «rum 1TI9»mpencTaiser co6oit MoamoKKy
tomuuHoi 1,1 MM, Ha pabodyl0 NOBEPXHOCTh KOTOpOW (yriayOlieHue) HaHeceH CIoH
paZIMOAaKTHBHOTO TMIperapara, 3allWIICHHBI IUIGHKOM OKucia Metamia. V3MepeHHbIe
3HaYeHUs aKTUBHOCTHU PAJUOHYKIUAOB B HCTOYHHMKE HE OTJIMYAIOTCSA OT HOMMHAJIBbHBIX OoJiee

geM Ha 30%.
I
A

eTans 1X{18H10T

H

Puc. 5. — Ucrounuk tun 1119 [Source type 1P9]
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PE3YJIbTATHI UIBMEPEHMI1 1 PACYUETOB

Ha »skcnepuMeHTanbHOW yCTaHOBKE OBLIM HCCIIECOBAHBl CHEKTPHl O-U3Ty4YCHHS,
ompezaeneHa )pPEKTUBHOCTh PETUCTPAIIMU U PACCUMTAHA AKTUBHOCTH JJII MCTOYHHKA «THIT
1119» na ocroBe >’Pu ¢ axkTiBHOCTBIO 80.7 BK M CIIeHMAIBHEIX a’pO30JIbHBIX HCTOYHHUKOB
a-mmydenns (CAM) ma ocrose “’Pu ¢ akruBHOCTBIO 119 1 112 Bk. Ilo shdexruBHOCTH
PErUCTpallMK 0-YACTHUIl PE3YJIbTAaThl HCCIECJOBAHUM CpPaBHUBAJIU C HM3MEPEHUSMU TEX Ke
uctounnkoB Ha o-crnekrpomerpe MKC-01A B ®MBI] um. A.W. bypHa3saHa u ycTaHOBKe
YM®-2000 8 HUAY MUOU. Ilo uccienoBaHuiO CIEKTPOB O-U3JIyYEHHUS CpPaBHHUBAIU
tosbko ¢ MKC-01A.

O} PeKTUBHOCTD PETUCTPALIUU O-9ACTHUI] ONPEAETISUIH 110 PopMyIIe:

E N
A-t
rae N — o0Iiee Yrciio UMITYJIBCOB (paciaioB);

t— BpeMs Habopa CIIeKTpa, CeK;

A — aKTHBHOCTb MCTOYHHUKA IO MACIapry, bk.

B tabmune 1 mpencraBiieHbl pe3yibTaThl ONEHKH 3(PQPEKTHBHOCTH PETUCTPAIMH JUIS
ucrounnka «tun 1I19» Ha Tpex ycranoBkax: sxcnepumeHTanbHoil, MKC-01A u YM®-2000.
B ycranoBke YM®-2000 MCTOYHUK DPACIIOKEH MPAKTUUYECKH BIIOTHYIO K JETEKTOPY Ha
pacctosHuu 1 MM. B sKcnepuMeHTallbHOW YCTaHOBKE PAcCTOSIHUE MEXAYy HMCTOYHHUKOM U
nerektopoMm okojio 10 MM, B MKC-01A n3mepenuss npoBoawiIu Ha pacCcTOSIHUM 45 MM OT
MCTOYHUKA.

Tab6auua 1. — Ornenka 3¢ (HeKTUBHOCTH PETUCTPALMU O-YACTHULL sl UcTouHMKa «Tun 1119»
[Efficiency estimation of a particle registration for a "1P9" source]

HazBanue Cpennee 3a 10 JnTenbHOCTh D¢ dexTuBHOCTD
U3MEPEHUH YUCIIo U3MEpEHuH, cex perucTpanuu
VUMITYJTbCOB
YM®-2000 7131 300 0.295+0.01
MKC-01A 7881 6972 0.014+0.001
OKCII. yCTaHOBKa 4481 3600 0.015+0.001

Ta6auna 2. — OueHka 53(QQPEKTUBHOCTH pErucTpanuy 0o-4acTHII
[Efficiency estimation of o particle registration for special aerosol sources

mis CAU (119 Bk)

(119 Bqg)]
HaszBanue Cpennee 3a 10 JlmurensHOCTD Db dexTuBHOCTD
MU3MEPEHUH YNCIIO0 U3MEPEHUH, CEK perucrpauuu
MMITYJIbCOB
YM®-2000 8500 300 0.238+0.01
MKC-01A 17866 7766 0.019+0.001
OKCIl. yCTaHOBKA 5657 3600 0.013+0.001
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Taoauna 3. — Onenka > dexkruBHOCTH peructpanuu o-dactuil st CAU (112 bk)
[Efficiency estimation of a particle registration for special aerosol sources

(112 Bq)]
Haszpanue Cpennee 3a 10 JmuTenbHOCTD D heKTHBHOCTH
U3MEPEHUM YUCIIO U3MEPEHUH, CEK perucrpauuu
HMITYJIbCOB
YM®-2000 7841 300 0.233+0.01
MKC-01A 47702 22753 0.019+0.001
OKCII. yCTaHOBKaA 5049 3600 0.013+0.001

N3 tabmun 1-3 crnemyer, 9to 3PPEKTHUBHOCTh PETUCTPAIMU O-9AaCTHIl HA YCTAaHOBKE
MKC-01A u 53KCHEepUMEHTaIbHOM YCTAaHOBKE COBMNAJAIOT B IMpEAeNax IOrPEIHOCTH.
YcranoBka YM®-2000 umeer 3¢ (eKTUBHOCTh PETHCTPAlMA HA MOPSAIOK BBIIIEC, YEM Y
OCTaJIbHBIX, 3TO CBSA3aHO C F'eOMEeTpUeil B3aUMHOI'0 PACIOI0KEHU HICTOUHUKA U JIETEKTOpa.

Kpome omenkn 5>(Q@eKTHBHOCTH perucTpanuy ObUTM TPOBEACHBI HCCIECIOBAHUS
CHeKTpoB a-yacTull. Ha pucyHkax 4-6 npencrtaBiieHbl CIEKTPBI Ul UcTOUHUKA «Tuil 1119» u
CAU o-m3nyuenus. Ha ycranoBke MKC-01A Obu1a mpoBeieHa sHEpreTHIecKas KaauopoBKa
[0 HCTOYHHUKY M3BECTHOTO COCTaBa, COJEp)KalleMy TpU DSHEPreTUYeCKHe JIMHUU
PaIMOHYKIIU]IOB #2py (4900 x3B), *°Pu (5157 oB), **Pu (5499 x»B). Ha
SKCHEPUMEHTAJIbHON YCTAHOBKE SHEPreTUYECKYI0 KaJUOpPOBKY CHEKTpa IpPOBOJMIN IO
uctoyHuky «tun 1119». Ha pucynkax 4-6 31 sHepruu noxkasaHbl BEpTUKAIbHBIMU JINHUSMHU.

N3 pucynkoB 4-6 cienyer, 4TO 3HEPreTHYECKUE CIEKTphl, IOJy4YEHHblE  Ha
SKCIIEPHMEHTANHON YCTAHOBKE, MO3BONSIOT HMACHTHOUIMPOBATh PATHOHYKITHABI - Pu 1
%Py B cocrase CAU 1o COOTBETCTBYIOLIUM 3HEPreTUUECKUM JIMHUAM 5157 u 5499 xaB.

300
—MEKC-01A

——Pu-242 - 4900 k3B
250 Pu-239 - 5157 k3B
——Pu-238 - 5499 k3B

——YyCTaHOBKa
200

150 -

100 -

YHCJIO UMITYJIBCOB

50

5600

5200

4000 4200 4800

OHneprus, k2B

5000 5400 5800 6000

Puc. 4. — Cnextp ucrounuka «tum 1119» [Spectrum of the source "1P9 type "]

Uctounuk «rumn 1119» nmeer Gosee 4eTKO BbIpak€HHbIE YHEpreTHUecKre JUHUK 5157 u
5499 k3B, uem CAU. D10 cBsizaHo ¢ Tem, uto B CAW a’po30ibHbIE YaCTUIIbI, OCEBLINE HA
buIpTpe pacmnpeneneHsl He TOIKO Mo GPOHTAILHON MOBEPXHOCTH (PHIIBTPA, HO U B TIyOUHY
buIbTpa, 9TO MPUBOAMT K Pa3MBIBAHHUIO CIIEKTPA O.-YACTHII, IPH X PETUCTPALUN KPEMHEBBIM
nerektopoM. B uctounnke «rumn 1119» pagnoakTuBHOE BEHIECTBO, COEpHKALIEE 2¥pyn 8Pu,
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COCpPEIOTOYEHO B BHJAE TOYEYHOIO MCTOYHMKA HAa METaJUIMYECKOM MOJIOKKE, MOAITOMY
JIOTIOJTHUTEIILHBIC TOTEPH SHEPTHH O-YACTHULL TIPU BBIXOJIE U3 UCTOYHHKA OBUIM MEHBIIE, YEM Y
CAMN. CooTHolleHHE UMIYJLCOB B KaHaJie ¢ dHeprueit 5157 kaB Mex 1y SKCriepuMeHTaIbHON
yctanoBkod 1 MKC-01A nns ucrounuka «run 1119» cocrasuno 1:3, a nns CAU (119 bk) u
(112 bk) 1:5 u 1:15, cOOTBETCTBEHHO.

B tabnumax 4 u 5 npencraBiieHbl OLIGHKA aKTUBHOCTH %Py u P®Pu ¢ [IEPEKPECTHBIM
ucnonszoBanueM CAW nans oneHkd 5()QPEKTUBHOCTH PErHCTpallMd M IHEPreTUYECKOM
KanuOpoBKM, Ha dKcrnepuMeHTanbHOW yctaHoBke u  MKC-01A. AKTHBHOCTB %y
ONpeACIISUTM IO YMCITYy UMITYJIbCOB B nuanazone oT 4000 go 5230 k3B, a 2%¥pu B Uara3oHe OT
5230 10 5800 k5B. B Tabiuue 6 MpeICTABICHBI OLCHKH CYMMApHOH aKTHBHOCTH - Pu
Py ¢ mepekpecTHBIM UCMONBb30BaHIEM I OLeHKH ddextuBrocTH perncrparmu CAU Ha
ycraHoBke YM®P-2000.

300

—MHKC-01A
——Pu-242 - 4900 K3B
250 Pu-239 - 5157 k3B
——Pu-238 - 5499 k3B
—YyCTaHOBKa
200 t
[29]
o)
Q
=
> 150
=
=
=~
o
= 100
Q
=
5
50
M,
0
4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000
OHeprus, k3B
Puc. 5. — Cnextp ucrounuka CAU (119 bk) [Spectrum of the special aerosol sources (119 Bq)]
800
——MHKC-01A
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700 Pu-239 - 5157 kaB
——Pu-238 - 5499 k3B
——YyCTaHOBKa
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g
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Puc. 6. — Crextp ucrounnka CAU (112 bk) [Spectrum of the special aerosol sources (112 Bq)]
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Ta6auua 4. — AxrtuBHOCTE > Pu M >°Pu (DKCIEpUMEHTAIbHAS yCTaHOBKa) [Activity of
%Py and **Pu (Experimental installation)]

KanubpoBouHslii AKTHBHOCTB, bk
HUCTOYHUK Pu-239 Pu-238 Cymmaphas Ilo nacnapry
(pacueTHas)
CAU (112) 86.1 34.8 120.9 11946
CAMU (119) 67.1 40.8 107.9 11245
Ta6auua 5. — AxtuBHOCT > Pu u *°Pu (MKC-01A) [Activity of 2¥py and **®Pu
(MSK-01A)]
KanubpoBounslii AKTHBHOCTB, bk
UCTOYHHK Pu-239 Pu-238 CymmapHas [To macnapry
(pacuerHas)
CAHU (112) 78.7 42.3 121 119+6
CAMN (119) 72.3 38.0 110.3 11245

Ta6auua 6. — CymmapHas akTHBHOCTH ~ Pu + >'Pu (YM®-2000) [Total activity of
*PPu + **Pu (UMF-2000)]

KanubpoBouHbIi HCTOUHUK Cymmaphas (pacueTHast) [To macnapty
CAU (112) 121.6 119+6
CAMU (119) 109.8 11245

Eciu wucnons3oBate CAM B KadyecTBE JTAJIOHHOIO HWCTOYHHMKA JUISI  OLEHKH
3 (PEKTUBHOCTH PETUCTpAIlUU ¥ DSHEPreTUYECKOW KaTMOpPOBKM JIETEKTOpa B COCTaBe
OKCMIEPUMEHTAJIbHOW YCTAaHOBKHM, TO OTHOCHUTENbHAs OIMIMOKAa OMNpPENEeNeHUs CyMMapHOM
akTHBHOCTH 7 Pu u °Pu He OymeT mpeBbImaTh 5 %. A B CIy4ae C NEPEKPECTHBIM
ucnionb3zoBanueM CAW, nang onpeneneHuss AaKTUBHOCTH OTAENBHBIX  PAJIUOHYKIUIOB,
OTHOCHUTEJIbHAS oIInoOKa He OyaeT npesbimath 20 %.

Jns ouenku BenuuuHbl AMAJL u CI'O, ¢ moMoIbio 3KCIIEPUMEHTAIbHON YCTAHOBKH,
IPUMEHSIETC METOJ| ONpPEJEJICHUs AMCIIEPCHOTO COCTaBa PaJUOAKTHBHBIX a’po30jed Ha
OCHOBE MHEpUMOHHBIX paszaenurened [10]. Ilpu peanusanum MeTona HCIONB3YIOTCA
pacueTHble 3HAYEHHUS AKTHUBHOCTU PAJUOHYKIHNAA, COOTBETCTBYIOLIME (UKCHPOBAHHBIM
ECAD. Ecnu yuuTeIBaTh, 9TO OTHOCHTENIbHAS OIIMOKA ONMPEIEICHHS aKTHBHOCTH - Pu H
>¥Puc MOMOIIBI0 IKCIIEPHMEHTANBHON yCTaHOBKH He Gomee 20 %, TO MOXKHO OIPEICTHTH
omnoOKy paccuutbiBaeMbix 3HaueHnit AMA/] u CI'O.

JIist 3TOro pacrpeneNeHne aKTHBHOCTH - Pu C XapaKTePHCTHKAMH IHCIIEPCHOTO
coctraBa AMA/JI=1 mxm u CI'O=2.5, 6b1110 pa3aeneHo Ha yactu B cootBercTBUn ¢ ECAD (23,
9,5.8,3.3 u 1.1 MKM). AKTUBHOCTh Ka)KJJOW YacCTH pacIpe/ieleHHs] OTKIOHSUIA CIydailHbIM
obpazoMm Ha 20 % OT MCXOAHBIX 3HAUYEHHUH, COOTBETCTBYIOIIUX pactpeneneHnio AMAJI=1
MM n CTO=2.5. Jlnst momyuenust pacnpenenennii AMAJl n CT'O 60 mposenero 107
YHUCJICHHBIX PACUETOB.

Ha pucynke 7 mnpexacraBieHo, pacnpenenenue 3HadeHnii AMAJl u CI'O npu
OTHOCUTENIbHOU ommmbke oreHku aktuBHocTH 20 %. W3 pucynka 7 cruemyer, 4to pasdpoc
sHaueHniit AMAJ] uve Gonee 0,43 mxMm, a CI'O ne Gomnee 0,4. Ilpu 3TOM OTHOCHTEIbHAS
omun6Oka ouenkn AMA/J u CI'O metonom [10]ue nmpesbimaet 22 % u 8 %, COOTBETCTBEHHO.

CormacHO JaHHBIM, TpuBeAeHHBIM B [lyOmukanum 68 MKP3[11], mno30BbIi
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KO3 QULIMEHT U3MEHAThCS B 2-3 pasza Uil O—M3JIydarollMX HYKJIMJIOB IpU HU3MEHEHUU
BenmmunHbl AMAJL B npenenax aByx mopsakoB. [loaTromy oTHocutensHas ommbka AMAJL,
IOJy4eHHAsl MPU YUCJIEHHOM MOJEIMPOBAaHMM He OyJeT CYLIECTBEHHO CKa3blBaThCs Ha
3HAYCHUH J030BOr0 Kod(duirenTa s = Pu.
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Puc. 7. — Pacnpenenerne AMAJT u CT'O npu caydaiftHOM H3MEHEHMH aKTHBHOCTH - Pu Ha 20 % [The
distribution of AMAD and SGO with a random change in the activity of ***Pu by 20%]

3AKIIIOYEHUE

WccnenoBanus mokasajiy, 4TO HMCIOJb30BaHUE pa3pabOTaHHOM H3KCIEpUMEHTAJIbHOMN
YCTAHOBKH 11 0TOOpa Mpo0 paJlMOaKTUBHBIX a’po30Jiei M mocienyoueil paiuoMeTpun u
CHEKTPOMETPHUH MPOO C MOMOIIBI0O KPEMHEBOT'O JIETEKTOPA, MO3BOJIAET OLIEHUTh CYMMapHYIO
AKTHBHOCTB 0-M3ITyYalOIINX PaIHOHYKIHIOB - Pu 1 “*Pu B cOCTaBe HCTOUHMKOB «THIT 1119
u CAU c otHOcuTenbHOM omnOkoi okoso 5 %. OneHka akTUBHOCTH OT/AEIbHBIX HYKIIUIOB
ObUTa BBINIOJHEHA HA OCHOBE CYMMHPOBAaHUS UMIIYJIBCOB B ONPEECIECHHBIX 3HEPreTHUECKUX
nuana3zoHax. Jlyis paccMOTpeHHOW KOMOMHAIMM PAaJUOHYKJIHAOB OTHOCHUTENbHAsl OLIMOKa
OLICHKHM aKTUBHOCTHU He npesbimana 20 %.

Opnako HEOOXOAMMO OTMETWUTh, YTO Jpyrue KOMOHMHAIMH  O-M3JTY4aroIIuX
PaTMOHYKJINIIOB, MOTYT JaBaTh OOJbIIYI0O OHIMOKY IpU OLEHKE aKTHMBHOCTHU OTAEIbHBIX
pamuonykinoB. [Ipu 3TOM, ueM OOJIbIIIE KOJTUYECTBO PAAHUOHYKIUIOB B Mpobe, TeM OoJibiie
Oyzner ommOKa B OLEHKE aKTUBHOCTH OTAENbHBIX PaJMOHYKIHJOB Ha 3KCIEPUMEHTAIbHON
ycTaHoBKe. TeM He MeHee, B clydasX H3MEpPEeHUIl OJHOr0 WIM JBYX PaJHOHYKIHJIOB
MMEIOUINX 3HEPIeTUYECKUE JIMHUH, PAa3HECEHHBIE HA COTHU K3B OIIEHUTh aKTUBHOCTH MOKHO
C IpueMJIeMON OINOKOIA.

YclIeHHOe MOJIEIMPOBAHHE MOKA3alI0, YTO €C/IM OMMOKA B OIEHKe aKTHBHOCTH - Pu,
COOTBETCTBYIOIIMX (DpaKIMil a3p030JIbHBIX YacTuIll He mpeBbimaeT 20 %, Toraa ommubka npu
pacueTe TUCHEPCHBIX XapaKTEPUCTUK BCETrO CIEKTpa paJAMOAKTUBHBIX a’pO30JIbHBIX YaCTHUI]
comepxamux > Pu He Gyger mpesbimats mit AMAJL - 22 % u CT'O - 8 %. Cormacro [7],
NOJy4eHHbIe OLEeHKU omuOku AMAJI, st paccMOTpeHHOW KOMOWHAIMU O-U3TyYaroluX
PaIMOHYKINA0B - Pu m *°Pu CUMTAIOTCS MPHEMIEMBIME (He TpeBBIIIAoT 30%) M MOTYT
UCTIOJIb30BAaThCSl MPHU  OLEHKaX J03bl BHYTPEHHEro OONy4YeHHs TpPU HHTAISIHOHHOM
MOCTYIIEHUU 0— U3TyYaIOUIMX HYKJIMWJOB ILTyTOHUS B OPraHU3M YeJIOBEKa.
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Abstract — This article is proposed to consider using a new experimental stand for determining the
volumetric activity and AMAD of a-particles. It is proposed to evaluate the spectrometric and
radiometric characteristics of the o-emitting Radionuclides plutonium and to determine their
influence on the value of AMAD. The work compares the calculated values of the activity of
plutonium isotopes in a special aerosol sources, obtained using the experimental stand and others
such as MKS-01A and UMF-2000. The paper estimates the relative error in the determination of
AMAD using experimental stand.

Keywords: radioactive aerosol, inertial separator, deposition efficiency, aerodynamic diameter,
AMAD, volume activity, MKS-01A, UMF-2000, a-radiation.
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TEXHOJIOTA CAMOPACITPOCTPAHSIFOIIIETOCS
BBICOKOTEMITEPATYPHOT'O CUHTE3A (CBC) 1151
MUMMOBNJIN3AIINN BBICOKOAKTHUBHBIX PAJIMOAKTABHBIX
OTXOJIOB (BAO)
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CuHpPOK TpW3HaH B KadeCTBE BTOPUYHOTO OTXOAAa MJISI 3aXOPOHCHHS BBICOKOAKTHUBHBIX
panroakTuBHBIX 0TX0#0B (BAO). B 3TOM mccienoBaHMM OOMH M3 CaMbIX M3YYEHHBIX CHHPOK-
muHepanoB, nepoBckuT (CaTiO;), Obul  TONyd4eH MyTEM CaMOpaclpoOCTPaHSIOMIETOCs
BeicokoTemMiieparypHoro cunte3a (CBC). Nd,O; u Al,O; ObuiM HCHONBb30BaHbI B KayecTBE
okucnuteneid, ¢ Ni B kadecTBe BOcCCTaHOBUTENS. [IepOBCKUT B 3TOM cilydae ObUI YCIIEIIHO
cuHTe3npoBaH. CHUHTE3UpOBaHHBIE OOpa3Ibl JIETKO 3aTBEPACBAIN C HKENAEMOIl IUIOTHOCTBIO U
TBEPJOCTHIO 0 Bukkepcy.

Kniouesvie cnosa: texuonorus CBC, marpuunast ¢opma neposckura, CaTiOs;, paanoakTuBHBIE
OTXOJbI BEICOKOTO YPOBHSL.

[ocrynuna B penakuuto: 12.02.2018
1. Introduction

The immobilization of high-level waste (HLW) radionuclides from the reprocessing of
spent nuclear fuel from commercial or military reactors is an international challenge that has
occupied much attention over many decades. At present, vitrification of borosilicate and
phosphate glasses is the exclusive approach for industrial scale application of HLW
management. However, the low solubility of minor actinides in glass matrix and the
metastable nature of glasses are the major limitations. Synroc waste forms, which are mainly
composed of multiple mineral phases such as zirconolite (CaZrTi»O7), pyrochlore (A;B,06X),
perovskite (CaTiOs), hollandite (BaAl;TicOj6), rutile (TiO;), spinel (AB,O.), nepheline
(KNa3(AlS104)4) etc., were recognized as promising host materials for HLW immobilization.
From isomorphism substitution theory, radioactive nuclides can be incorporated into the
lattice structure of above-mentioned mineral phases, which significantly promote the long-
term stability and safety for HLW disposal.

In the Synroc family, perovskite is an important component phase. The majority of
chemical elements from the periodic table can form ABX; compounds with the perovskite
structure. The diversity of chemical elements, which form perovskite structures, their ability
to create cation- or anion-deficient structures, and a rich variety of distorted perovskite
structures lead to an extremely broad range of physical properties. Because of this, the
perovskite structure is often called the ’inorganic chameleon’. Ferro- nad piezoeletricity, high
electronic and ionic conductivity, diverse magnetism, and colossal magnetoresistive effects,
paraelectricity and superconductivity, all of these phenomena are known to occur in
perovskite-type compounds.

However, in previous studies, perovskite waste forms were mainly synthesized from
two approaches: (1) high temperature solid state reaction, (2) liquid phase synithesis.

© HanmoHanbHBIN Hccae10BaTeNbCKUM SaepHbIi yHuBepcuteT « MUDN», 2018
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Meanwhile, compulsive densification processes, such as hot pressing (HP) or hot-isostatic
pressing (HIP), must be incorporated to get highly compacted specimens. Muthuraman et al.
Have proposed a novel synthesis approach, self-propagating high-temperature synthesis
(SHS), for the management of nuclear wastes. As an exothermic chemical reaction, the
combustion of SHS reactants can be sustainably propagated after ignition. Compared with
conventional solid state reaction process, SHS leads to high temperature and high reaction
speed, as well as low energy consumption, low cost, simplified equipment requirement and
convenient handling. However, the generated high temperature and high reaction speed in
SHS reaction cause this process hardly be controlled, which may be a crucial limitation for
industrial application of this technique. On the other hand, SHS reaction usually results in
porous materials because of the high reaction speed and lack of compression process.

In this paper, the main goal is that using SHS technology to create immobilization
solidified body - NdAIO; and analyze the sample component.

2. Experimental details

As initial components in the synthesis of matrix material by the SHS method,
commercially manufactured powders of aluminum oxide, neodymium oxide, aluminum,
nickel were used:

— neodymium oxide, grade x.h., TU 48-4-186-72;
— aluminum oxide GOST 8136 grade AOA-2;
— Nickel grade PNK-OT1;

— aluminum grade PA-4.
In accordance with the following exothermic reaction:

Al + Ni + Nd203 + A1203 = 2NdA103 + NiAl

The process of formation of the final components should be of a two-stage nature and
proceed along the following reaction channels:

Ni + Al = NiAl,
Nd203 + A1203 = 2NdA103

Synthesis of materials by the SHS method in this work included the following stages:

— mixing the powders of the starting reagents according to the stoichiometric
calculation according to the corresponding reaction equation (2.1) with the addition
of a different amount of the Nd203-A1203 additive in a cubic mixer;

— drying of the initial burden of reagents in a vacuum;

— pressing the initial mixture of reagents into cylindrical tablets;

— implementation of the SHS process in a laboratory installation and obtaining samples
of functional materials;

— processing of obtained samples.

— Mixing of powders of the initial reagents was carried out in a cubic mixer AR 403
All-Purpose Equpiment (Germany), which is a hollow rotating cube with three
stainless steel rods (rice), designed to enhance mixing of the components of the
mixture, for 30 minutes.

I'JIOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018
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Fig. 1.1 Cubic Mixer ERWEKA

After mixing, the initial charge was dried under a vacuum for 3 hours at a temperature
of the order of 400 K (Fig.).

Fig. 1.2 Diagram of installation for vacuum drying: 1 - manometer; 2 - the camera cover; 3 - fitting; 4 - steel
chamber; 5 - cuvette with charge; 6 - heating element

Pressing of the initial charge was carried out using a hydraulic laboratory press PGL-12
(maximum pressure of 50 MPa per surface area of 30 cm?2), designed specifically for
equipping the production analytical and research laboratories. The charge of reagents was
pressed into cylindrical samples with a diameter of 30 mm and a height of 12-15 mm at
different pressures - 15, 20, 25, 30 and 40 MPa, in order to obtain samples of different density.

Metal molds are made of tool steel. The pressing time was 30 minutes.

The synthesis was carried out under the conditions of a technical vacuum at the
experimental stand of pyrometric studies of the regularities of the SHS process, including the
SHS reactor (Fig. Heating of the sample and initiation of the synthesis reaction were carried
out using a tungsten filament connected to a linear current converter. The temperature regimes
were recorded with the help of tungsten-rhenium thermocouples connected to a multichannel
pulse counter Aries SI8, with data recording by a personal computer.

In this experiment the equipment was not closed under vacuum, which means that the
temperature at which the reaction occurred was higher than the temperature in the vacuum.

— Measured temperature: 1000 C
— Vacuum temperature (usual): 800 C — Using about 0,9 kgf/cm3

I'JIOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018
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Fig. 1.3 The scheme of the experimental setup for the production of SHS materials: 1 — the reactor cover;
2 — tungsten filament; 3 — thermocouple; 4 — synthesized sample; 5 — fireproof stand

If the vacuum is not realized, there will be impurities in the atmospheric air that can
react with the elements and influence the result of the experiment. Just like the energy that is
lost by convection into the air.

Important indications for a quality experiment:

Suitable pressure, dust quality, heating temperature, temperature / cooling time.

The final sample should have a good aspect and don’t have any bubble in the surface.

After this process, the pellet is sent to an x-ray analysis laboratory where it is analyzed
and the composition is described.

Results and discussions
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Fig. 2.1 The XRD pattern of the sample
Tab. 2.1 The mass percentage of composition
Composition Mass percentage
NdAIO; 10.1%
NiAl 56.5%
NdAL 9.4%
NiLAls 23.9%
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The products of SHS reaction were analyzed with the XRD pattern presented in Figure
2.1 and Table. The phase composition conforms to the original phase, we obtained the
perovskite phase as NdAlOs. Besides it, there are some other phases, like NiAl, NdAl, and
NiAl;. The diffraction peak of Nd,O3 completely disappeared in the sample, indicating that
Nd** has been solidified in the crystal lattice of NdAIO3.

3. Conclusion

In order to create NdAIO3;, SHS technology was adopted. SHS technology, is the
technology that using a large amount of heat released by the chemical reaction to maintain its
own reaction to obtain a new material with the specified composition and structure.
According to the XRD pattern shows, we obtained NdAlOs;, and there is no Nd,O3, it means
that Nd** has been solidified in the crystal lattice of NdAlO3;. However the final product has a
big part of NdAI, these are not the target products. We need to adjust the more suitable
experimental conditions to conduct experiment, such as pressure for powder, cooling process
etc.
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Perovskite Matrix Form by Using SHS Technology for Immobilization HLW
Yingyi Jiang

National Research Tomsk Polytechnic University, Institute of Physics
Lenin St., 2, Tomsk region, Russia 634050

Abstract — Synroc is recognized as the second generation waste form for the disposal of high-level
radioactive waste (HLW). In this research, one of the mostly studied Synroc minerals, perovskite
(CaTiOs; ), was prepared by self-propagating high-temperature synthesis (SHS). Nd,O; and Al,O3
were employed as the oxidants with Ni as the reductant. Perovskite was successfully synthesized.
The as-synthesized samples were readily solidi-fied with desirable density and Vickers hardness.

Keywords: SHS technology, perovskite matrix form, CaTiOj3, high level radioactive waste.
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OIIPEJAEJIEHUE 3AT'PA3HEHUSA I1I0YBbI PAKETHBIM
TOIJIMBOM C HOMOUIBIO TECT-OFBEKTOB
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Ha ceromnsmHmii A€Hb CYIIECTBYET MHOXECTBO CIIOCOOOB OIPENECNCHHUS XHMHYECKOTO
3arpsA3HEHUs Mo4YBbl. CaMBIM pPaclpOCTPaHEHHBIM U YHHBEPCAIBHBIM IO TPaBy CUUTACTCS METOX
6uorecTupoBanus. Vcnonb30BaHNe Pa3IMIHBIX METONOB OMOTECTUPOBAHMS ITO3BOJISIET MOTYyYaTh
JOCTaTOYHO TOYHBIC PE3YIIBTATHI.

OOBEKTOM HCCIIEIOBaHUS SIBJIAETCS TOYBEHHBIH IOKPOB Ha OOBEKTE HKCIUIyaTallid pPaKETHOU
TexHuku. [locie NMMKBUAaMKM BOMHCKOM YacTu B EmenbsiHOBckoM paiione, KpacHospckoro kpas
13-3a MOMAaJaHus B MOYBY 3HAUUTEIHHOIO KOJIMYECTBAa KOMIIOHEHTOB pakeTHoro ToruinBa (KPT)
CJIOKHMJIaCh HEONaronpusTHas SKOJOruueckass OOCTaHOBKA, YTO HAIUIO CBOE OTpaKEHHE B
COXpaHEHHH BBICOKOI'O YPOBHS (PUTOTOKCHYHOCTH. B Hacrtosiiee Bpemsi TEpPUTOPHUSI BOMHCKOW
YaCTH sIBJISETCS OSCXO3HOM, MMEIOTCS pa3pyLICHHbIE CIEcOOpyKeHusl. Ha mouBeHHOM MOKpoBe
MMEIOTCS BUANMBIC MACJITHUCTBHIE TISTHA, MPUCYTCTBYET crienuduueckuii 3anax. [1o mokazaHusm
BOMcKoBoro mpubopa xummdeckoi passenku (BIIXP) ¢ mrmukatopabiMu TpyOkamu UT-I'l u
UT-2T ycranosneno Hamumane B mouBe KPT 0,001 mr/m, 9To cOOTBETCTBYET YpOBHIO «OIMacHO».
B cBs3u ¢ 3TMM HEOOXOAMMO IPOBECTH MOHUTOPUHI XMMUYECKH 3arpsI3HEHHOH MOYBEI, BHIIBUTH
9KOJIOTMYECKH HEeOIaronpusTHbIE 30HbI, OLIEHUTh BO3MOKHOCTb MCIIOJIb30BAHHS MTOYBHI B JIECCHOM
XO3SIMCTBE.

Jns  npoBepeHus dKkcnepuMeHta Obuio ortoOpaHo 10 mpo® M3  pa3iMuHBIX  YYacTKOB,
PaCIJIOKEHHBIX Ha ONPEACNICHHOM pPAaCcCTOSHUM JIpPyr OT Jpyra M OXBAaTHIBAIOIIMN 30HBHI
MpUOIMKEHHBIE K TEXHUYECKUM COOPYKEHHSIM, a TakkKe JBE KOHTPOJBHBIC MPOOBI HA yJalCHHH
TPeX U IISITH KWIOMETPOB OT 00BbEKTa HCCIIeIOBAHHS.

Ienpto mccnenoBaHus SIBISETCS BBISIBICHHE 3arpsA3HEHHs MOYBBL. B cBs3m ¢ aTHM Tpedyercs
OIPEJICTINTh BIMSHUE XMMHUUECKOTO 3arps3HEHUs] Ha TeCT OOBEKThI: COCHAa OOBIKHOBeHHas Pinus
sylvestris L. m xpecc-camar Lepidium sativum L., mpoBecTu craTHCTHUECKYIO 00pabOTKy
MOJYYCHHBIX ~ OKCHEPHUMEHTAIBHBIX JaHHBIX Ul MHHAMH3ALUM IUIOINAIM  TOAJIexanien
PEKYJIbTHBALHH.

Kniouesvie cnosa: Mo4Ba, XUMHUYCCKOC 3arpA3HEHUEC, PAKETHOC TOILJIMBO, 6I/IOT€CTI/Ip0BaHI/I€.

IToctymmna B pegaxmmro: 10.02.2018
BBEJIEHUE

B pesynbrare aBapuiHBIX CUTyallUll IIPU CIMBE U3 PAKET U CHELUAIBHBIX €MKOCTEU
KPT npoucxoaut xumudeckoe 3arpsisHeHre no4Bsl [1]. PakeTHoe TOMIMBO OYeHb MOJABHIKHO
B JlaHAImadTax, XOPOUIO CMEIINBAETCS C BOJOM, UTO TaKXKe MpeAonpeesieT BO3HUKHOBEHUE
OTJIENbHBIX TEXHOTE€HHBIX aHOMalui. ['MIpa3suHOBBIE TOpHOYME NpPU TONAJAHUU B IIOUYBY
pas3iaraloTcs M OKHCIAIOTCS ¢ 00pa30BaHUEM BObI, YIJIEKUCIOrO ra3a M MOJIEKYJISPHOTO
a30Ta, a TaKKe psAAa BBICOKOTOKCHYHBIX IPOJYKTOB: JUMETHWIaMUHA, (hopMasibleruia,
CHHWIBHOM KUCJIOTHI M IPYTHX ONacHbIX BemiecTB [2]. Takue roprounie NpoyHO CBSI3BIBAIOTCS
C OPraHOMMHEPAJIHHBIM KOMILICKCOM IOYBBI M MOTYT JJIUTENbHOE BpeMsl (MECSIbl U TOJIbI)
COXPaHSTHCSI, HAKAIJIMBASCh B IOBEPXHOCTHOM CJIO€ M MUTPHUPYsI B OoJiee TiryOokue ciiou [3].
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HccenenoBanus 3arpsi3HEHHBIX KOMIIOHEHTAMM PAKETHOI'O TOILIMBA MECT HKCILTyaTalluu
pPaKkeTHOM TEXHMKU pa3HOM JaBHOCTH (OT 5 mo 23 1er) moka3ajno, 4YTO YMEHBIICHHUE
KOHIICHTpAIlUU THAPA3HHOBBIMH roprouruMu 10 ypoBHs 1-2 ITJIK npoucxomut Gosee yem 3a
20 ner. KoHueHTpanuu OCTaTKOB TOIJIMBAa B MecTax 3ampaBku U xpaHeHuss KPT moryt
nocturath 1.2-3.4 mr/kr. MakcuManbHble KOHIICHTPAI[UH OTMEYAIOTCS B BEpXHUX FOPHU30HTAX
nouBsl, 4To 3KkBUBaeHTHO 10-30 I[1/IK [4]. ['uapa3uHOBBIE TOPIOYHE UMEIOT BBIPAKEHHYIO
menoynyr peakiuio (pH12). Ilpu ux mnponuBe Ha pPacTUTEIBHBIM TOKPOB IMPOMCXOISAT
mIeJI0YHbIe O0XOTW. [lopakeHHass PacTHTEIBHOCTh IMPHOOpPETAEeT BHUJ «BAPEHOI» 3EJIEHH,
BBICBIXas, CTAaHOBHUTCA KopuuHeBOW. [IpoHMKass B TKaHM pacTeHUN, OHU CIOCOOHBI
COXpaHATHCS IIMTENbHOE Bpems (Oonee 1 roma) m BapbUpOBaThH B IMpeaesiaX KOHIEHTpaun
0.1-5 mr/kr. HecumMMeTpUUHBIH AUMETHIITHAPA3UH (TENITHII) — OJUH U3 CaMbIX TOKCHYHBIX
KOMITOHEHTOB PaKeTHOI'o ToruiuBa [5].

[TpoGiema renTuia sSBISETCS OJAHOM M3 OCHOBHBIX IPHU 00ECHEYEHUU IKOJIOTUYECKOU
0€30MacCHOCTH TEPPUTOPHUM JIMKBUIMPOBAHHBIX BOMHCKUX dYacTedl [6]. B cBs3um ¢ stum
BO3HHUKAET HEOOXOAMMOCTh MPOBEACHUS OKOJOTMYECKUX HCCIENOBaHHM B  00IacTu
BO3JICUCTBUSI OOBEKTOB JKCIUTyaTallUM PAKETHOM TEXHUKH Ha MPUPOAHYIO CPENy, KOTOPHIC
MOriau Obl JaThb OOBEKTHBHYIO HH(POpPMAIMIO O MacimTabax W HMHTEHCUBHOCTH 3TOTO
BO3JICHCTBUS.

Llenpro uccnenoBanus BJISAETCS BBISIBIEHUE XUMHUECKOTO 3arpsi3HEHUS MOYBBI, OLIEHKA
Biusaust KPT Ha 6Guosoruueckre 0ObEKTHI.

OBBEKT U METOIbI UCCJIIEJJOBAHUA

OOBEKTOM HCCIIEIOBAHUS SIBIISUTUCH MIOYBA M PACTUTENBHBIN MMOKPOB C OBIBIIIETO MECTa
JUCIOKAlMM BOMHCKON yactn PakeTHbix Boiick B EMenbsHOBckOM paitone KpacHosipckoro
Kpas.

Tepputopus 00BEKTa pacloioKeHa B IECHOM MacCHBE Ha CHEIMAIbHO 000pYyI0BAaHHOM
momaake. [locme JIUKBUAAIMM BOWHCKOW YacTH OCTAIMCh OECXO3HBIMH CTPOUTEIHHBIC
COOpPY)KEHMSI ~ pa3IMYHOTO  Ha3HaueHus. [lpuMbikaromas  miomaab — NpeAcTaBieHa
CJIEYIOIIMMH TUTIAMH TIOYB: Y€PHO3EM BBIIEIOUCHHBIN — 17,7%, yepHO3eM OOBIKHOBEHHBII
— 16,1%, cepsie necubie — 12,8%, nayroBo-uepHozemuble — 10,8%, moiimenHsle — 6,3%,
6onotHbie — 2,3%, HeoOcnenoBanuble —34%. C ceBepa K U3y4aeMOUl TEppUTOPUU MPUIIETAET
Jiecomnosoca, ¢ 3amnajgHoil nporekaer pexka Kaua. B 10%HOIl 1 BOCTOYHOM 4YacTU M3ydaeMou
TEPPUTOPUU  PACTIONOKEHBI KEJIE3HOJOPOXKHAsE BeTKa M achalbTUPOBAHHAs JIOpOra.
OcHoBHOU JIpeBecHON (POpMOI CONMPUKACAIONICHCS HETOCPEICTBEHHO C OOBEKTOM SIBISETCS
cocHa oObIkHOBeHHas (Pinus silvestris), pacTuTenbHbINH TOKPOB Pa3HOTPABHO-3JIAKOBBIH.

Ot6op mpobd mpoBoAwIiCS B TeueHHE BereranroHHoro mepuoaa 2017 roma. IIpoOwr
oroupanuce B cooTBeTcTBUM ¢ [OCT 17.4.4.02-84 [7], Ha ucciemyeMoM oO0BEKTe OBLIO
BeIOpaHo 10 mpoOHBIX TwIomaAok pasmepom 20x20 wmetpoB. Ilmomagku Ne 1, 2,
pacmonaranuch BONU3u coopyxkenuii s xpanenust KPT. [lnomanku Ne 3, 4 pacnonaranuck
BOJIM3M PAKETHOW IIAXTHI, TJI€ HETIOCPEACTBEHHO MPOBOAMIACH pabOTHI MO 3allpaBKE PaKeT.
[Tnomanku 5-10 pacmonaranuch BOTU3U COOPYXKEHUH sl XpaHEHUs W HEUTpamu3aiuu
arperaToB 3ampaBoyHOTO oOopynoBaHus. KoHTposnbHBIE TUIOMIAAKK 1-2 pacmojaraivuch Ha
yIajJeHuu 3 KM Ha BOCTOK M 5 KM Ha 3amaj oT 00bekTa. ToueuHble MpoObl MOYBBI OTOUPATU
Ha TPOOHBIX TIUIOMIAAKaX MOCHOWHO ¢ TiyomHbl 0-5 mw 5-20 cM MeToIoM KOHBeEpTa.
OObeMHEHHYI0O TIOYBEHHYIO TPOOY COCTABIISUIM IMYyTeM CMEIIMBAHHUS 5 TOYEUHBIX MpoO,
OTOOpaHHBIX HA OJTHOM MTPOOHOH TUTOIIAIKE.

Cpenu BBICIIMX pacTeHU Hamboyiee YYBCTBUTENBHBI K 3arpsi3HEHUIO OKpYKaroIien
cpelbl XBOMHBIE pacTeHus. B nccnenoBaHusx Mo OMOMHIUKAIIMU Yallle BCErO UCHOIB3YETCS
cocHa OOBIKHOBEHHAs!, KaKk HanboJjiee paclpoCTpaHEHHOE XBOMHOE JepeBo [8]. 3arpsa3usiomnme
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BElIleCTBa HAKAILJIMBAIOTCS B €€ XBOe, Kope U ApeBecuHe. OHU OKa3bIBAIOT BIUSHUE HA POCT,
YKU3HECITOCOOHOCTh U OOIIYI0 MPOJAOKATEIHHOCTh KU3HU JepeBbeB. OCOOCHHO 3aMETHO 3TO
BO3/ICIICTBIE Ha XBoe. B 3arps3HeHHBIX pailoHAX XBOWHKH 3aKPY4YHMBAIOTCS HA KOHIIAX WIIU
CIUPAJIBHO MO BCEM JJIMHE, MOKPBIBAIOTCA MSTHAMU, COXHYT paHbIlle BPEMEHU U OTIALAIOT
[9].

B ycnoBusX NpOMBINUIEHHOTO 3arpsi3HEHUS] YXYALIEHUE COCTOSIHUSI JEPEBbEB COCHBI
OOBIKHOBEHHOW COIPOBOX/IAJIOCh BO3PACTAHUEM OTHOCHUTEIILHOTO COACpIKAaHMs 3alacHbIX U
CTPYKTYPHBIX ()OPM YIJIEBOAOB, YBEIMYCHUEM COOTHOIICHHS OCIKOBBIN - HEOEIKOBBIM a30T,
B 1oJib3y nocneanero. C yXy/lIeHneM KU3HEHHOTO COCTOSIHUS B XBO€ COCHBI HAOIO1aeTCs
CHIDKEHHE YHCIIa MaKpOIPIMYECKHX COeNMHEHMM, caxapodocdaroB, 3eJIeHBIX MUTMEHTOB U
yBeIUYCHUE HeopraHudeckoro ¢ocdopa, kpaxmama u raoko3sl [10-11]. Ilpu oOmem
CHI)KEGHUH TIPOJOJDKUTEIIBHOCTH JKU3HU XBOM, HapylleHUss B HEW, CcOAepXKaHUE U
COOTHOILIEHUE OTEIbHBIX AJIIEMEHTOB MHUHEPAIbHOTO MUTAHMS, U3MEHEHUS B COJEP>KaHUU
IUITMEHTOB  ONPEIENSIFOTCS  BUJIOBOW MPUHAMIEKHOCTBIO. (€ yBEIMYEHUEM CTEIEHU
3arpsi3HEHUS] B XJIOPOIUIACTaX XBOM COCHbI Pinus sylvestris L., mpoucxoauT cHUKeHUE
00IIero KOMMYeCTBa XJIOPODUIUIOB U KapOTHHOUAOB [12]. MI3MeHeHNe OKpaCKH JINCTHEB HITN
XBOHM TMpeEACTaBlsgeT co00i B OONBUIMHCTBE CIydyaeB HECMENU(UUYECKYI0 pEeaKIHio Ha
pasnuyHbie cTpeccopsl [13].

Ha kaxnol mpoOHOM turomaake obcnemoBanu mo 10 nepeBbeB. CpemHuii BO3pacT
JIepeBbEB 5 JIET, BBICOTA 3-5 METpPOB, nuaMmerp cTtBojia 5-8 cm. CHavasa BHUMATEIBHO
OCMOTpENH BCE XBOMHKHU Mo0Oera cOCHbl OOBIKHOBEHHON M OMPENEIHUIN KIACC YChIXaHUS T10
cnenyromuMm kputepusim: Knace 1 — Her cyxux yuactkoB. Kitace 2 — Konuuk XxBoMHKH Ha 2-5
MM YCOX U MOXenTen (IIMIUK Ha KOHIIE XBOMHKHM BCErJa CBETJIBIH M €ro OKpacka He
BKJIIOYaeTcss B oueHky). Kmacc 3 — XBownka ycoxma mo 1/3. Kmacc 4 — Bes xBomHKa
noskenTena, 0oyiee MOJOBUHBI JUIUHBI CyXasl.

OUTOTOKCUYHOCTh TPYHTA ONpElesuid OMOTECTUPOBAHHWEM I10 CHU)KEHUIO 3HEPIUU
IPOpacTaHusl U BCXOXKeCTH kpecc-canara (Lepidium sativum L) B cpaBHeHnuU ¢ KoHTposieM. B
KaKIbli 00pasel; mouBbl ObuTH MocessHbl 10 200 ceMsiH. DHEpruio MpopacTaHus U BCXOXKECTh
onpenensinn cornacHo ['OCT 12038-84 [14]. B xauecTBe OCHOBHBIX MAapaMETPOB OLIEHKU
(Pinus silvestris) BbIOpaHbI MOp- (OMETPUUYECKHE I[OKA3aTeIN TOJUYHOIO JIMHEHHOTO
OPHUPOCTA: UIMHA TOAMYHOTO MPHUPOCTA, KOJIMYECTBO XBOHM OCEBOTO MOOera, JUIMHA XBOH,
JIuaMeTp oceBoro mooera [15].

Matematuueckyro 00pabOTKy pe3yibTaToB MPOBOIWIM CTaHJAPTHBIMH METOJAMU C
Hcrojipb3oBanueM nakera ananuza MS Excel u StatSoft STATISTICA 6.0 [16].

PE3VJIbTATBI UCCJIIEJJOBAHUA

buorectupoBaHue MOYBEHHBIX OOPA3IOB MMOKA3aJI0 €r0 BBICOKYIO (PUTOTOKCHYHOCTb.
Bo Bcex o06pa3nax 0TMEUEHO CHHYKEHUE BCXOXKECTH TECT-KYJIbTYPbl OTHOCUTENLHO KOHTPOJIS.
MakcumanbHasi aHTPOIIOT€HHasi Harpy3ka OTMeueHa Ha NpoOHBIX miomagkax 1 u 2, rue
MPEOJIOKUTEIHLHO UMENNCh aBapHiiHble MposuBbl B Xoae padoT ¢ KPT (tabm. 1).

[Tpu ucnosnb30BaHUM B KauyecTBe MOKa3aTessl (PUTOTOKCUYHOCTU SHEPTHH MPOpPACTAHUS
TECT-KYJIbTYphl putoTOKCHUecKUi 3¢ (PeKT OblT MeHee BhIpakeH (Tadu. 2).

HccnenoBanust  MopdomeTpuueckux  mokaszareneid  (Pinussilvestris) B KoHIe
BereralmoHHoro nepuoaa 2017 roga mokazaiv CYIIECTBEHHBIE OTIMYHUS OT KOHTPOJIBHBIX
wiomaaok (tabn. 3). IloBpexxaeHHe HEKPO30OM U XJIOPO30M XBOHM COCHBI OOBIKHOBEHHOM
HaOMIOJAINCh HAa Bcell TeppuTopuu oOBekTa (Tabm. 4). Bo3MOXHO, 3TO CBSI3aHO C
YXYALIEHUEM JKU3HEHHOTO COCTOSIHUSL COCHBl  BCIEJICTBUE BIMSHHUA XMMHUYECKOTO
sarpsizHeHus. He uckmouaercs ¢pakt murpanuu KPT B mouBe ¢ arMochepHBIMU OCaIKaMHU.

BexoxecTp TeCT-KyJIbTyphl MOJOKUTENBHO KOPpEeTupoBajia ¢ MOPPOMETPUIECKUMU
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MOKa3aTesIMH COCHBl W OTPHUIATEIBHO — C IIOKA3aTeNsIMH TOBPEXKICHUNA HEKPO30OM U
XJIOpo30oM. J[J1s1 SHepTUM mpopacTaHus MOT0OHBIE KOPPEISAIUU OTCYTCTBOBaIM (Tabi. 5).

CBsI3b M@Ky BCXOXECTBIO TECT-KYJIbTYPhl H MOPHOMETPUYSCKHMMHU TOKa3aTeIISIMH
COCHBI, a TaKXe MEXKIy BCXOXXECThIO W TIOKa3aTeIIIMU TMOBPEKIACHHUS COCHBI, HOCHIA
HEeJIMHEHHBIN XapakTtep (puc. 1, 2).

Tadoauna 1. — Bcexoxkects TecT-kynbTyphl (Lepidiumsativum L) B o0pa3nax mouyBbl B
MPOLIEHTaX OT OOIIEro Yncia nocessHubix ceMsi [The germination capacity of
the test culture (Lepidiumsativum L) in soil samples as a percentage of the
total number of seeds sown]

No ipoGHOM MTOMAKH BcexoxkecTs, % Bcexoxects, % k CHmxeHue
KOHTPOJIIO OTHOCHTEJILHO

1 48 50,5 49,5
2 53 55,8 44,2
3 67 70,5 29,5
4 68 71,6 28,4
5 78 82,1 17,9
6 78 82,1 17,9
7 83 87,4 12,6
8 88 92,6 7,4
9 89 93,7 6,3
10 88 92,6 7.4
KoutponbsHas 95 100,0 0,0
mornaaka Nel

KoutponbsHas 95 100,0 0,0
mromaaka No2

Tabauua 2. — DuHeprus mnpopactanus TecT-KyabTypbl (Lepidiumsativum L) B oOpasnax
MOYBBI C pa3HbIX MpoOHBIX miIomanok [The germination energy of the test
culture (Lepidiumsativum L) in soil samples from different test plots]

Ne nmpo6Hoit OHeprus npopactanus, % % K KOHTpOJIIO CHmxeHne OTHOCUTEIBHO
TIOIAIKH KOHTpoIA, %o
1 66 98,5 1,5
2 66 98,5 1,5
3 63 94,0 6,0
4 64 95,5 4,5
5 50 74,6 254
6 65 97,0 3,0
7 37 55,2 44,8
8 57 85,1 14,9
9 40 59,7 40,3
10 67 100,0 0,0
KontponbHas 67 100,0 0,0
miomaaka Nel
Kontponbnas 67 100,0 0,0
wiomaaxa Ne2
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Taoauna 3. — Cpenaue MopdomeTpuueckue Tmokazatenu P. silvestris Ha Tepputopun
00beKTa HCCIeOBaHUI B KOHIE BereratuBHoro mnepuonaa [The average
morphometric parameters of P. silvestris on the territory of the research
object at the end of the vegetative period]

Ne ipoGHoOit JmrHA TOAMYIHOTO KonmuectBo xBou | JlmmHa XBoH, MM Bennanna
UIOMIAJIKA OpPUPOCTa, MM paauanTbHOTO
OPUPOCTa, MM

1 90 75 15 3

2 95 77 15 3

3 100 78 15 3,2

4 105 78 16 32

5 105 82 16 3,4

6 115 84 16 3,4

7 120 86 18 3.6

8 120 86 18 3.6

9 130 88 18 3.8

10 135 90 18 3.8

KonTponbhas 155 95 20 4
mwomaaka Nel
KontponbpHas 160 97 20 4
moniaaka Ne2
Ta6auna 4. — [lokazarenn MOBpeXIEHUH HEKPO3OM U XJIOPO3OM  XBOM  COCHBI

OOBIKHOBEHHON Ha TeppuTopun oObekTa uccienoBanuil (%) [ndicators of
damage by necrosis and chlorosis of pine needles in the territory of the
research object (%)]

Ne poOHoIA KomnuecTBo XBOM C MpuU3HaAKaMu KonmuecTBo XBOM ¢ mpu3HaKaMu
IUIOIIAIKY Hekpo3sa (%) xyiopo3a (%)
1 50 75
2 50 60
3 40 60
4 45 55
5 30 35
6 30 39
7 25 35
8 25 25
9 20 20
10 20 20
KonTponeHas 5 3
rrormaaka Nel
KonTponeHas 5 3
rrormaaka Ne2
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Tab6auma 5. — KoppensiroHHbIe CBA3M BCXOXKECTU U SHEPTHH MPOPACTAHUS TECT-KYJIbTYPhI
¢ MOp(QOMETPUYECKUMHU TIOKA3aTeIsIMA W TIOKa3aTeNsIMU TOBPEXICHUN
COCHBI. BbInenieHHbIe KUPHBIM IPHGTOM KOIPPUIMEHTHI KOPPEISAIUH
cratuctuyecku 3HauuMbl Ha ypoBHe p<0,001 [Correlation relations of
germination and energy of the test culture with morphometric indices and
indicators of pine damage. The bold correlation coefficients are statistically
significant at the level of p <0.001]

ITokazarenb Bexoxects, % OHeprus npopacrtanus, %

DHeprust npopactanus, % -0,250

JUIMHa TOAMYHOTO PUPOCTa, MM 0,891 0,036
KomnnuectBo xBou 0,922 -0,039

JlmuHa xBou, MM 0,894 -0,115

JlmuHa oceBOro cTedst, MM 0,959 -0,167
KonnuecTBo AepeBbeB NOBPEXKIEHHBIX 0,949 0123

HEKPO30M

KonnuecTBo gepeBbeB NOBPEXKIEHHBIX 0,961 0.127

XJIOPO30M

JINCKpUMUHAHTHBIA aHaJIM3 I0Ka3aj, 4TO IpPU HCIOJIb30BAHUH BCXOXKECTH TECT-
KYJIBTYPbI, MOp(pOMETpHUECKUX IMOKa3aTeNei M moka3aTeliel moBpekaeHus (cM. tadi. 4) B
KayecTBe Habopa TEpPEMEHHBIX CTAaTHCTHYECKas 3HAYMMOCTb  pa3IM4uid  MEXIy
KOHTPOJIbHBIMH IUIOMIAIKAMUA U TpOOHBIMU TuIOmIagKamu coctasisier p<0,001. B to xe
BpeMsl SHEprusi MpOpacTaHUsl TECT-KYJIbTYyphl HE SBISIETCS 3HAYUMBIM IIOKa3zaTeneM JJis
paszieneHnss KOHTPOJIBHBIX M MPOOHBIX IUiomanok. [locnemoBarenbHOE COKpalleHHe Yuciia
NEPEMEHHBIX IOKa3bIBa€T, YTO HambOoyee 3HAYMMBIMU IOKa3aTeNsIMU JJs  pa3jeieHus
KOHTPOJIbHBIX W TPOOHBIX IUIOMIAJOK SBISIOTCS JUIMHA TOXWYHOTO IPHPOCTA, BEIMYHHA
pajuanbHOrO MPUPOCTa M KOJUYECTBO JIEPEBHEB, MOBPEXKJIEHHbIX Hekpo3oM. Ha pucynke 3
MOKa3aHa MPOEKIHs MPOOHBIX M KOHTPOJIGHBIX TJIOMIAI0K HA ATH TPH TTOKA3aTEIs.
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Puc. 1. — CBs3p MEXIy BCXOKECTBIO TECT-KyIbTYPHI B TOKa3aTesIMu oBpexaeHns cocHbI [The relationship
between the germination of the test culture and the indicators of pine damage]

I'JIOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018



30

[nvHa roanyHoro npupocTa, Mm

170
160 -
150
140
130
120
110
100 +
90 A

80

40

60 80

Bcxoxects, %

100

[OnuHa xBoun, Mm

21

20 A

19 -

18 1

17

16 -

15

14

40

60 80

Bcxoxects, %

100

BAPAHOB

100

95 A

90 A

85 -

80 -

KonunyecTtBo XxBOU

75 A

70
40

60 80

Bcxoxects, %

100

[nunHa oceBoro cTebnsi, MM
w
[6)]
1

»
N
1

N

©
N
o

60 80

BcxoxecTs, %

100

Puc. 2. — CBs3b MEX/Iy BCXOXKECTBIO TECT-KYIBTYPHI H MOP(HOMETPUIECKUMH TT0Ka3aTeNIIMU cOCHBI [ The

relationship between the germination of the test culture and the morphometric parameters of pine]

Kak BuHO W3 IpeACTaBICHHON MPOEKIHH, 0 CTENEHN YTHETAIOIIETO BO3AEHCTBUS HA
COCHY MpOOHBIE MJIOMIAJAKU TPYINIUPYIOTCS B CTPOTOM COOTBETCTBUU C MPHHAJICKHOCTHIO K
COOpY)KEHHSIM Ha 00bekTe (cM. puc. 2). [Ipu mpoBeneHNN KIACTEPHOTO aHajau3a M0 BCEMY
Ha0Opy M3YYEHHBIX Toka3aTeneil mpoOHsie muomaaku [11 u [12 (MecTto xpaHeHus paKeTHOTO
torunga), [13 u [14 (Mecro 3anpasku paket), [15 u 116 (CtaHuust o4uCTKH CTOKOB) 00pa3yroT
Xopomro 000coOIeHHbIE KIacTephl BHE 3aBUCHMOCTH OT MeTOja KiacTepusanuu. [IpoOHbie
momanku [17, TI8 (Cranmms uedtpammzaruu), 119, T110 (CoopyxeHus misi XpaHEHUS
arperaroB 3alpaBoOYHOr0 00OPYIOBaHMS) O0Pa3yrOT 00Ul Kinactep (puc. 4).
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Puc. 3. — Pacronoxenne npoOHbIX (Touku [11-I110) n koHTpOonpHEIX (Touku K1, K2) mmomanok B kooparHaTax
«IJIMHA TOIMYHOTO MPUPOCTa», KBEIMYNHA PaJHAIBLHOTO IPHPOCTa» U «KOJIHMYECTBO JIEPEBbEB, TOBPEKACHHBIX
Hekpo3om» [Location of test (points P1-P10) and control (points K1, K2) sites in the coordinates "length of

annual growth," the value of radial growth "and" the number of trees damaged by necrosis "]

3AKIIIOYEHUE

1. Ha oOsbekte 9KCILTyaTaluun paKeTHOﬁ TCXHUKH COXPAHUIIOCH OCTATOYHOC

3arpsi3HeHHe. OJTO 3arpsi3HEHHE MPOSIBISIETCS B (UTOTOKCUYHOCTH TPYHTA, BBISBISIEMOMN
METOI0M OMOTECTUPOBAHUS Ha Kpecc-callaTe, B CHIDKEHUH MOP(POMETPUUECKUX MoKa3aTesen

P. silvestris, a Tak’ke B MOBBIIMIEHHON XJOPOTU3aLMK U HEKpoTu3auuu xBou P. silvestris B
CPAaBHEHHMH C KOHTPOJIbHBIMH IIOIIAKAMHU.

2. Ilpu mpoBeneHUM OUOTECTUPOBAHMS

BCXOXKECTh TECT-KYJIBTYPHl TOJOXHUTEIBHO
KOppenupyeT ¢ MOpHOMETPUIECKIMHE TTOKa3aTeNsIMU COCHBI (KOA(D(UIIMEHTHI KOPPETSAIUU OT

0,891 mo 0,959) m oTpuUIATENbHO KOpPpEIUPYET C IMOKa3aTeIsIMH HEKpo3a W XJI0po3a
(xoaunmentsr koppensiuu cooTBeTcTBeHHO -0,949 u -0,961). Jns sHEeprum mpopactaHus
NOJOOHBIE KOPPENISUUU OTCYTCTBYIOT. TakuM o00pa3oM, MpU OLEHKE 3KOJIOTHYECKOTO
COCTOSTHUSI Ha OOBEKTax OKCIUTyaTalliM PAKETHOW TEXHHKH METOJIOM OHOTECTHPOBAHUS
CJIeTyeT OPUEHTUPOBATHCS HE Ha YHEPTHIO IPOPACTAHUS, @ Ha BCXOXKECTh TECT-KYJIbTYPHI.

3. Ilo ypoBHIO OCTAaTOYHOTO 3arpsi3HEHUS] YYaCTKM Ha OOBEKTE pacroyiaraiorcs B
clenymooleM mopsake (B MOpsAKe yObIBaHUS 3arps3HEHHSA): MECTO XpaHEHUs PaKEeTHOTO

TOTUIMBA (MaKCUMAJIbHOE 3arps3HEHHE - MPOOHBIC IMIOMAAKU 1-2), MECTO 3ampaBKH pPaKeT,
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CTaHLUS OYHUCTKU CTOKOB, CTAHIMsI HEUTpalu3allM, COOPYXKEHHUs ISl XpaHEHUs arperaTtoB
3arpaBOYHOTO 000PYAOBaHMS (MUHHUMAIBHOE 3arpsi3HeHrne MpoOHbIe Turomaaku 3-10).
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Puc. 4. — Knactepuzanus npoOHBIX IJIOMIAOK MO0 KOMIUIEKCY MOKa3aTele, MPEeICTaBICHHBIX B Tabnuie 4
(ucnonezoBano ExinnoBo paccrosinue) [Clustering of test plots by the set of indicators presented in Table 4
(used Euclidean distance)]
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Definition of Soil Pollution by Missile Fuel with the Help of Test-objects

M.E. Baranov

Reshetnev Siberian State University of Science and Technologies
31, Krasnoyarsky Rabochy Av., Krasnoyarsk, Russia, 660037
e-mail: me_baranov@mail.ru

Abstract — Nowadays there are many ways to determine the chemical contamination of the soil.
The most common and universal method is considered to be biotesting. The use of different
methods of biotesting makes it possible to obtain fairly accurate results.

The object of the study was the soil cover on the object of missile operation. An unfavorable
environmental situation which was reflected in the preservation of a high level of phytotoxicity
took place in Emelyanovsky district, Krasnoyarsk territory after the liquidation of the military unit
due to the hit in the soil of a large number of components of rocket fuel (KRT). Today the territory
of the military unit is unattended, special structures are destroyed. There are visible oily stains on
the soil, there is a specific smell. According to testimony from military chemical reconnaissance
device (VPHR) the presence in the soil KRT 0.001 mg/l, which corresponds to the level of
"Danger" was established. In this regard, it is necessary to monitor the chemically contaminated
soil, identify environmentally unfavorable zones, assess the possibility of soil use in forestry. For
the experiment we selected 10 samples from different sites located at a certain distance from each
other and covering the area close to technical facilities, as well as two control samples in the
removal of three and five kilometers from the object of study.

The objective of the study is to identify soil pollution, to assess the impact of KRT on biological
objects. In this regard it is necessary to determine the effect of chemical contamination on the test
objects: pine ordinary Pinus sylvestris L. and cress lettuce Lepidium sativum L. conduct statistical
processing of the experimental data to minimize the area to be recultivated.

Keywords: soil, chemical pollution, rocket fuel, biotesting.
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OmnuM w3 HambOoyee ONACHBIX TPOLIECCOB HAa d3Tale d3KCIUIyaTallud — SJAepHO- H
paauaroHHoonacHeX 00bekTOB (SIPOO), 0COOCHHO B YCIOBHSAX BO3MOXKHOTO BO3JICHCTBHS
TEPPOPUCTUYCCKUX TUBCPCHOHHBIX TPYII, SBISETCS TpaHcmopThupoBaHue. Llenpo padOThHI
SIBIIICTCA pa3padOTKa MOAX01a K UCCIiefoBaHHIO 3()(H)EeKTUBHOCTH MOAPa3ACICHAN epCIICKTHBHOM
cUCTEeMBI OXpaHbl moABWKHOTO SIPOO Kak mpHu HAXO0XIESHUH Ha TUIOMAKe, TaK U IPHU JBIKCHUH

10 MapuIpyTy.

Kniouegvie cnosa: sipepHBI TEPPOPHU3M, CUCTEMa OXpPaHbI, SAEPHBIC YHEPTeTHUECKHE YCTAHOBKH,
MOOMIIBHBIN arperar ¢ sepHOil yCTaHOBKOH, TPaHCIIOPTHO-YITaKOBOYHBIH KOMIUIEKT.

Ioctynuna B penaxmmio: 12.02.2018

JlBanuaTh TepBbIi BEK HE CTal BEKOM CTa0WiIbHOCTH. CTalKMBAaIOTCA HHTEPECHI
pPa3IMYHbIX  ATHUYECKHUX, PEIMTHMO3HBIX, COIHAIbHBIX W  MOJUTHYECKUX  TPYII.
TeppopucTrueckne opraHM3alUU BBIPAXKAIOT MHTEPECH! BIMSTEIBHBIX JIOAEH, KOTOPBIX HE
yCTpauBaeT CYUIECTBYIOIIAs CTPYKTypa oOImiecTBa. SIepHbI TeppopHu3M Mpearnoaraet
HCIOJIb30BAHUE B KAUECTBE OPYKUS PAIMOAKTUBHBIX MaTepHaIOB. DTO MOXKET OBITh: SJIEPHOE
B3PbIBHOE YCTPOWCTBO; 3apak€HHWE MECTHOCTH pPaJMOAKTUBHBIMU BellecTBaMHU Oe3
IIPOBEJIEHUS SJIEPHOTO B3pbIBa; HANlaJICHUE TEPPOPUCTOB Ha SAJAEPHBIN PEaKTOp C HAMEPEHUEM
€ro pa3pyLIuTh U OCYIECTBUTH PAJUOAKTUBHOE 3apa’k€HNE MECTHOCTH.

OnHuM u3 Hambolee OMACHBIX MPOIECCOB Ha 3Tame HSKCIUTyaTalluM SIEPHO- |
paauanroHHoonacHslx 00bekTOB (AAPOO) sBnsercs TpancnoptupoBanue [1, 2]. s
MEPEeBO3KU MaJlorabapuUTHBIX SJEPHBIX YHEProycTaHoBoK (DY) M spepHbIX Aesmuxcs
MatepuaioB (S1JIM) HCHONB3YIOTCS pa3iUyHbIE TPAHCIIOPTHHIE YMAKOBOYHBIE KOMILIEKTHI
(TYK). B ckopom BpeMeHHU MOXET ObITh peali30BaH MPOEKT 10 CO3/IaHUI0 MAIOTrabapUTHBIX
aTOMHBIX SHeproyctaHoBok (MADY) momHocThio 100 kuymoBaTT U 1 MeraBatrT AJisi OCBOCHUS
Apktuku. BrnepBele co BpemMeHH coBeTckoro mnpoekra «llamup» OyneT BO3poxkaeHa Tema
MOOWJIBHOTO aTOMHOTO pPEaKTOpa C YYETOM HOBBIX TeXHOJIOTHi. HOBBIN 3HEProMCTOYHUK
OyzeT nepemMeIaThCsi Ha TPAaHCTIOPTHOHU MIaT(opMe C TSArauoM BBICOKOM MPOXOJUMOCTH, YTO
MO3BOJIUT €My 00ecleunBaTh SHEPTruel Kak yaajJeHHbIe, TAK U HECTAllMOHAPHbIE 00 EKTHI.

Paccmotpum ciydwaii, xorga TpaHcnoptHelid arperat (TA) ¢ AYD nHaxogutcs Ha
momaake (B MO3UIMOHHOM paiione). Paz0mBaeM mporiecc BBITTONTHEHUST OOEBOW 3amayu
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noapazaeneHusMu  cucteMbl oxpanbl (CO) nHa stansl [3,4]. BeposTHOCTH ycCHEHIHOTO
BBITMIOJTHEHHS 00EBOM 3a/1a4 UMEET BUJT

P)’.s. = P06H. .P@'l. 'PyH-’ (1)

rie P,z — BEPOATHOCTh CBOEBPEMEHHOTO OOHAPYKCHHSI IIPOTUBHHKA,;
Pg,. — BEpOATHOCTDH YCHEIIHOTO OJOKMPOBaHUS B paliloHE OOHAPYKEHUS;
Py, — BEpPOATHOCTh YHUYTOKCHHUS IIPOTUBHUKA.

[Tony4yenne mHpopmanuu 00 00BEKTaX BKIIOYAET MX OOHApYKEHHE M PACHO3HAHUE.
BepositHOoCTh 0OHapyX)eHUsI 00BEKTA 32 BpeMsI IOMCKA T OJTHUM CPE/ICTBOM OIPEICIISCTCS:

Po6lt zl_em(_}/z.) (2)

b

'€ Y — MHTCHCUBHOCTDL ITIOUCKA.

Ecau nouck IpoBOAAT HCE3aBUCUMO n CpCACTB, TO BCPOATHOCTL 06Hapy>KeHI/I$I
06’BGKTa, XOTs OBl OOHUM CPEACTBOM MOXKCT OBITh MMpeacTaBJiCHA B BUJIC:

P06H = l—eXp - iui(r)
= 3)

rae u;( T) — NOTEHIMAN MOKUCKA I-T0 CPEACTBA.

B cinyyae MHOrOKpaTHOro AMCKPETHOTO HAOMIOAEHUs, Mpearosaras, 4ro KaxJoe
Ha0JII0/IeHUE MPOBOJIUTCS B TEX K€ YCIOBUSAX HE3aBUCUMO OT JPYTHUX:

P06H :1_(1_P06H1)m (4)

rae P,s,1 — BEpOSTHOCTH OOHAPY>KEHUS TTPH OJJHOM MTHOBEHHOM HAOJII0/ICHUH,
M — YUCJI0 MTHOBEHHBIX HAOJIIOIEHMUIA.

Onenka  >(QQEKTUBHOCTH  paACIO3HABaHUS  NPOBOJUTCA  METOJAMH  TEOPHHU
pacriozHaBaHus 00pa3oB. OXHUM ©3 TPHEMOB SBISIETCS TPUHIMI JUXOTOMHH —
pacrio3HaBaHME MPOBOJMTCSA CHayaja IO YKPYINHEHHbIM HpHU3HAaKaM, a 3aTeM Mo Oosee
netanbHBIM. D(PPEKTHBHOCTD PACIIO3HABAHUS OMIPEIENSETCS CTENICHBIO 1MO100MsT 00BEKTOB TI0
IpU3HAKaM pacro3HaBaHUs.

Otan GJIOKMPOBAHUS MPEACTAaBUM B BUJIE JIBYX MOJENEH: MOJETb (a3bl pacHpeaeIeHIs
U Mojaens ¢a3pl HaBeleHMsA. PacmpeneneHue CHII UM CPEACTB, NpEJHA3HAYCHHBIX IS
OJIOKMPOBaHHUS OOHAPYKEHHOTO MPOTHBHHKA, 3aKIFOYACTCS B YCTAHOBJICHHWU OJHO3HAYHOTO
COOTBETCTBUS MEXJy Ka)/10H IMBEpCHOHHOW T'PYyMIION M cpelcTBaMHM, NMpeaHa3HAYCHHBIMU
JUISl ee yHUUTOXKeHUs. B o0mmem cirydae Takas MOJEIb MPEACTaBIsAeT COO0H ONTUMH3ANHNIO TI0
KpUTepHio 3()(HEKTUBHOCTH TNPH OTPaHUYCHHUAX Ha pacxoayemble pecypchl. B kadectBe
pPECYpPCOB DPAacCMaTpUBAIOTCA CHJIBI M CPEACTBA, NpEAHA3HAYCHHBIC I YHUYTOXKECHUS
npotuBHuka [5]. Torma »s¢ddekTuBHOCTE pacmpeneneHus 3aBUCHUT OT  CIIOCOOOB
pacnpeseneHusl CHII M CPEACTB, a TaKXKe XapaKTePHUCTHK MpOoTHBHUKA. OOIIas MmocTaHOBKa

I''IOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018



38 I'YBEJIAZI3E u np.

3aJlauM pacrupeiesieHus IPU STOM MOKET UMETh clieayromyto dopmy. Onpeaensercs MaTpuia
pacnpezeneHus

(&)

my .. m; .. mg

St

O6€CH€‘II/IBaIOH_[aH MHUHUMYM Bq)(l)eKTI/IBHOCTI/I IIPOTHUBHUKA IIPU CUCTCMEC OFpaHquHHﬁZ

Cn +Cyn,+..+Cn, +..+C,n, <M | (6)

rac my[ — KOJIMYCCTBO CPCACTB V-T'0 TUIIA, BBIACIIACMBIX Ha KAXKAYIO I'PYIIITY i-TO THIIA,

n; — YUCIIO TPYIMI MPOTUBHUKA i-TO TUIIA;

k — 4UCTI0 TUTIOB TPYIII TPOTUBHUKA,

C; — i-# BexTOp-cTroo6en marpunbl C;

M — BEKTOP-CTONOCT pacTpeIeIIIeMbIX CPEJICTB.

B ciyyae oqHOTHITHBIX CPEICTB pacHpe/IeICHUE XapaKTePH3yeTCss BEKTOPOM :
C= {ml,mz,..., m, ..., M, } (7

k
Cucrema orpaHHMYCHUN: Z m;n; <M . (8)
i=1

B ycnoBusix BBICOKOHM CTENEHW HEOMPENENIEHHOCTH, a Tak)Ke TOTO, YTO Ha IMPAKTHUKE
NpeAeNibHbIe  Cllydal  paclpelesieHus HEe  BCerja  peaju3yloTcs, B MOJENAX
MpenycMaTpuBaeTcsi KOMOWHHUPOBAHHOE pacHpelesieHne. OTO JOCTUTaeTcs 3aJaHueM
kodhduleHTa UEHTpaIU3alui, XapaKTepPHU3YIOIIETO0 JONI0 CPENICTB, paclpeeeHHbIX
LEHTPAJIU30BAHO.

@da3a HaBeICHUS OMPEEAETCS 3a/1aueii BbIX0/1a CUIT U CPEACTB IPOTUBOIMBEPCUOHHOM
00psOBI B palilOH HETMOCPEIACTBEHHOTO BO3JICHCTBHS TIO BBIJCICHHOW Ha Tpenbaymiei dase
Tpynne MNpOTHBHUKA. B KauecTBe BBIXOAHBIX XapaKTEPUCTHK Mojnenu ¢a3bl HaBeICHUS
paccMaTpuBarOTCA: TOYHOCTh HABEACHMS A, ; BEPOSITHOCTb HaBeACHUS P, (7) K 33JJaHHOMY

MOMECHTY BpPEMCHH, MaTCMAaTHYCCKOC OXHWJAHHUEC BpPEMCHHM HaBCACHUS [, . MOTyT

"
HCII0JIb30BAThCS JIONOJHUTENBHBIE XapaKTEPUCTUKH, HAIIPUMEp, paclpeesieHue MapaMeTpoB
OTHOCHUTENILHOTO JIBUKEHUS (J1albHOCTh, HAIPaBJICHHE MOAX0/1a U T.11.).

PaccmoTpuM cuTyanuio, Korjaa noiydyeHa HH(GOpMAnUs O TOM, YTO B TMO3MLMOHHOM
palioHe OKHMIAeTCs EUCTBUE TEPPOPUCTHUUECKON TIpyNIbl MPOTUBHUKA. B TaHHOM ciydae —
O00BEKT OOHAapYyXKEHHs SIBISETCS MOABMKHBIM MaHeBpupyrommM. CpenctBa oOHapyKeHUs
(Tabn.1) uMeroTcs B KOJIMYECTBE:

n — i-ro TUMna (CTallMOHApHBIE MYHKTHI); /M — j-ro TUNA (aTpyiu, J030pPbl);

p — k-To ThTIa (ABTOHOMHBIE TTOJBUYKHBIE CPEJICTBA OXPAHbI M Pa3BEIKN);

q — I-ro Tumna (6ecUIOTHBIC JIeTaTeIbHBIC almapaThl).

VHTEeHCHBHOCTD MOMCKA OJHUM TOJBHKHBIM CPEACTBOM ONPEAEISAETCS BBIpa)KEHUEM
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_ 2D 06chp
V= —S , 9)
P
rae D, — JaIbHOCTb OOHApYyXeHUs (KM);

V., — CKOPOCTb JIBHXKEHHS CPENCTBA OOHAPYKEHUS (KM/1);

. 2
S, — IUIoNIa/b paiioHa Moucka (Kkm°).

BeposTHOCTh OOHapyXeHHsI B 3TOM cilydae umeeT BUJ (2). BeposTHOCTh 0OHapyx eHus
cTauroHapHbIM MyHKTOM (CIIT) MOXHO onpenenuTs no Gopmyne (4).

B cnyuae, korma 3oHbl HaOmrogeHust Heckonbkux CII compukacaroTcs, U BpeMeHa
MI'HOBEHHBIX HAaOJIOIEHUN COBIA/AI0T, TO MOKHO CUHUTATh, YTO HAOJIOIEHUS BETYTCS OJAHUM
CIl ¢ mnomaneio 30HBI HAOMIOAEHUS PaBHOM CyMMe IUIOIIAJed 30H HAOMIOIEHUs BCeX
NyHKTOB. OJHAKO, CYIIECTBYIOT HE IMPOCMAaTpPUBAEMble Y4aCTKM MECTHOCTH, a TaKXKe He
co0uro1aeTcsl yciaoBUEe OJJHOBPEMEHHOCTH 0030pa Kaxabm CII.

PaccmoTpuM noapoOHee poBeeHNEe KOHTPOIBHOIO ITOMCKA B 3aJaAHHOM paiioHe.

Ecnu A — o6HapyXeHrne NPOTUBHUKA OJTHUM CPEICTBOM, /i — HaX0X/IeHUE IPOTUBHHUKA
B i-OM paiione, a P,z — BEpOSTHOCTh OOHAPYKEHHSI OJJHIUM CPEICTBOM, TO JJISl /11 — PAiOHOB
BEPOSITHOCTb OOHAPYKEHUSI IPOTUBHUKA 11 — CPEJCTBAMU (TIPH OIpAaHUYEHHUH — OIIpe IeJIeHHAsI
4acTb CpEJACTB MOXET 00cCiIeA0BaTh TOJBKO OJUH pPailiOH) BEPOSITHOCTh COOBITHA A
OIPEEIIAETCS BBIPAXKCHUEM:

P(A)=P(A/H))+P(A/H,)+..+P(A/H,)+ P(A/H,k), (10)

Trac ki — KOTUYECTBO CpCACTB, BBIACIICHHBIX JJIS i-0ro paﬁOHa;

PAIH,)=[1—(1-P' ) ]P. pi- BEPOSTHOCTh HAXOKIEHUS MPOTHBHHUKA B

i-OM palioHe, IpUYEM E k,- =n.

Torma MoXHO 3amucaTh:

P(A)=Y[1-(1-P'w ) IR, (11)

Ta6auna 1. — Cpenctsa o6Hapyxenus [Detection tools]

Cpenctsa CranuoHapHbIe [ToaBmxHBIC

0OHApY)KEHHSI i j k 1
I/IH(bOpMaI_[I/IH HeTpe- JAUCKPET- Hepe- JAUCKPET- Hempe- JAUCKPET- Henpe- JAUCKPET-
OT CPEJICTB pBIBHAs Has pbIBHAs Has pbIBHAsA Has pbIBHas Has
oOHapyKeHHS
OHpeHeHHeMIﬂe A ungh A ungh A uHgh A ungh A ungh A ungh A ungh A ungh
napaMeTpbl

06BCKTa tycm tycm tycm tycm tycm tycm tycm tycm
O0HApyKEHHs At,, At,, At At,.,
Brixonusie P, (z’ ), A, .t
XapaKTePUCTUKH
* At,,, — IEPHOJIMYHOCTb NOCTYTUIEHUs HHpOpMaluu; A, . — TOUHOCTh UH(OpMAIIHH;
!, — BPEMs yCTapeBaHus MH(MOPMALIHH.
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Oyukuust P(A) Oyaer uMeTh MakCUMyM B TOYKe, IJie MPOMU3BOJAHAS pPaBHA HYIIO
dP(A)/dh =0.

[Tocne 3TOro MOKHO OIpPENETUTh TEOPETUUYECKYI0 M pPealbHYIO0 MPOU3BOIUTEIBHOCTh
MOUCKA JUISl KaXKJI0T0 U3 paloHOB. TeopeTnyeckas Mpou3BOAUTEILHOCTD:

WT = bnovcp’ (12)
rae  bno=(ki — I)dc + 2Mo6H — >bdexTuBHAsT IMHMPUHA IOJOCH 00CIeOBaHUS TPYIIION
CpeAcCTB ki ;

dc — paccTosiHME MEX1y CpeACTBaMH OOHAPYKEHUS ITPU MTOUCKE;

Mob6Hn — MaTeMaTH4eCcKOe 0’KUJIaHUE 1albHOCTU OOHAPYKEHNUS;

vep = E(ve + vope) — cpeHsis OTHOCUTENbHAsL CKOPOCTh IMTOUCKA;

VC U VIIPT — CKOopocTHu cpencTBa U oobekTa ([IPI') cooTBeTCTBEHHO;
¢ — BeIOMpaETCs U3 TaOIHIIBI 2.

Tab6auna 2. — 3navenus ¢pyakuu ¢ [¢ function values]

ve/vope unu 0,00 0,10 0,20 0,30 0,50 0,60 0,80 1,00
vope/ve
& 1,00 0,91 0,84 0,79 0,71 0,68 0,65 0,64

PeanpHas MMPOU3BOAUTCIIBHOCTD ITOUCKA:

¢S,

W, =—,
P Ndpern (13)

rjie ¢ — o0IIee Yncio rpyI, 0OHApYKEHHBIX 32 BpeMsI IIOUCKa;
NOpe — cpenHee KOTUYECTBO TPYII TEPPOPHCTOB, HAXOAUBIIUXCS B pailoHE 3a BpeMs
ITOMCKA;
tn — (pakTHUYecKas MpoIOIKUTENLHOCTD MMOMCKA BCEMH CPEICTBAMHU.

Ha ocHoBe BBIXOJIHBIX XapaKTEPUCTUK MPUHUMAIOT pelieHre O OJOKHMpOBAaHUHU palioHa
HaXOoXJeHUs MpoTHBHMKA. Ecnmu pyOex OnokupoBaHus OblT BBIOpaH BEpHO, TO YCIOBHE
BBITIOJTHEHUS 33/1a4U OJTHUM MOJpa3/ieIeHIeM 10 OJOKHPOBAHUIO OJHOM IPYIIIbI UMEET BUA:

S, — VoarrTs >0
—— ¥ A (14)
V apr
rae S, — TMPOTSHKEHHOCTh IMPEAroaraeMoro Maplipyra Tpynnbsl HPOTHBHHMKA 10
BEPOSITHOTO pyOeka OIOKHMPOBAHUS;

n

T, = ZTf =7, +7,+7, +7,,; T,,— BPpEMI OT MOMEHTa OOHapYKEHUsI IPOTUBHUKA J10

3aH °
i=1

MOJIaYyl CUTHAJIA HA MPUBEACHHE TOpa3AeIeHNUs IPOTUBOAUBEPCUOHHON OOPHOBI
B TOTOBHOCTh K BEITIOJTHEHUIO OOEBOM 3a1a4H;

T,.— BpeMs TOTOBHOCTH JIMYHOIO COCTaBa MOJPA3JeNCHUS K BBHINOIHEHHIO OOEBOM
3a/1auy;
S .
Ty, :kcymkcegkm,,,v— ; K. — KOOQOUUMEHT, yYMTHIBAIOIIMH BIMSHHE HA CKOPOCThH
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JBUKECHHSI BPEMEHU CYTOK;

k.,,— ¥03(h(UIHEHT, yIUTHIBAIOIINI CE30HHOE BIMSHUE HA CKOPOCTH JTBUKCHUS;

Kk, pom— KO3((MUIMEHT, YUYUTBHIBAIOIIMI BIMSHUE Ha CKOPOCTb JBIM)KEHHUS Xapakrepa
MECTHOCTH;

S—  paccrosgHue (IPOTSIKEHHOCTb MapuUIpyTa) MEXAY IYHKTOM JUCIIOKAluu
HOJpa3/IeNIEHUs U IUIAHUPYEMbIM pyOeskoM OJIOKMpPOBaHMS;

v, — CKOPOCTb JBM)KEHUS MOAPA3ACICHUS IPU HOPMAIIbHBIX YCIOBUSAX;

T,, — BPEMsSI HEIOCPEICTBEHHOI'O pPAa3BEpPTHIBAHUS IOJpPA3AEICHUS Ha pyoOexke
0JIOKHpOBaHMUS;

V gy —HpEANOIaracMasi CKOpoCTb ABMAKCHHUA IIPOTHBHHUKA.

BepositHocTh TOro, uro yciosue (14) Oyzner BBINOJIHEHO — SIBISETCS BEPOATHOCTHIO
ycremHoro 0j1okupoBanus [6].

Paccuntaem BepOSTHOCTHBIE XapakTepUCTHKH Oe3omacHoct DY Ha ydacTke
MapuipyTta ABwkeHuss TA U BEpOSTHOCTh BO3HUKHOBeHUs aBapuiiHoi cutyaruu (AC), a
TaK)Ke OMPEIEIUTh 3HAYMMOCTH M BKJIAJbl KaXKIIOTO YKa3aHHOTO JJIEMEHTa B 0E30MacHOCTh
CUCTEMBI B IeJIOM. J[J1s1 yIpoIeHus: IpuMeM BO BHUMAaHHUE OIPAaHUYCHHOE YHCIO MCXOTHBIX
npuunH Bo3HHKHOBeHHss AC: orseBoe Bo3jaelicTBHe (3acama); moapeiB  ¢yraca. B
paccMaTpuBaeMOM MpUMepe JJIsi BEPOSITHOCTHOTO aHalln3a 0€30MacHOCTH y4acTKa MapiipyTa
JBHKECHHSI MOKHO BBIICIINTH IISITh JJIEMEHTOB MoJenu: X, — 3acaja (Pl); X, —pyrac Ha

MapupyTe I[BI/I)KGHI/ISI(Pz) ; X; — TEXHMYECKHE CpPEICTBAa PpPa3BEAKHU (P3) ;o X, —
6e3o1mMO0yHbIe JeMCTBUS JTUYHOTO cocTaBa mopapazaeneHus CO (P4); X { —0€30TKa3HOCTh
WHKEHEPHO-TEXHUYECKUX CPE/ICTB 3alUThI (PS). BbIxosHbIE MHTErpallbHble (QYHKIUU: Y, —
3acaja Ha MaplpyTe; ;1— HeT 3acajsl; y, — Qyrac; ;)2 — HeT (Qyraca; y,— NPOTUBHHUK
oOHapy’KeH; 373 — NpPOTHBHUK HE OOHAapYyXeH; ), — JIMYHbII COCTaB B TOTOBHOCTHU K
HEMENJIEHHOMY OTPaXCHUIO HallaJCHMS; 5) , — JMYHBIA cocTaB HE roToB, ys — TA He
BBIXOJAWT Ha Y4YacTOK MaplIpyTa; ;)5 — TA BBIXOOUT Ha y4YacTOK MaplIpyTa; ), — HET

ucxoaHelX npuunH AC; y, — HET aBapuiHOM CHUTyallMu Ha ydacTke mapmpyta; y, — AC Ha

yyacTke Mapuipyta. Bee dparmMeHTHl yciaoBUN peanu3allid BBIXOAHBIX (DYHKIIMHM KaKIbIM
3JIEMEHTOM OOBENUHSAIOTCA B CXeMY (DYHKIIMOHAIBHON IEJIOCTHOCTH CTPYKTYpHOH Mojenu
0€30I1aCHOCTH UCCIIEAYeMOro y4acTKa MapiipyTa JABuxeHus (puc. 1).

Tacama

dvrac

Puc. 1. — Cxema HyHKIIMOHAILHOM IIEJIOCTHOCTH CTPYKTYPHOM MOJIeH 0€30MacHOCTH
[Scheme of the functional integrity of structural safety model].

I''IOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018



42 I'YBEJIAZI3E u np.

Cucrema ypaBHEHU Oy/ieT UMETh BUJI:

Vi =X 5 Ys :x5y4; s :xﬂ’l; Vo =X35 Yo = VYo Vs =XaV Y,
Vs =X Y = VeV s, vs=xsy, e =xn(nvys). yi=x (15)

y6:y1\/y2; y2=)C2; y7=y6vy5_

[[anee ONmpeCaACIAIOTCA BCPOATHOCTHBIC IIapaME€TpPbl JJICMCHTOB P[ n 3aJar0TcCia
JIOTMYCCKNE KPUTEPHUU (bYHKHI/IOHI/IpOBaHI/IH CUCTCMBI.

Kpurepuii 6e30macHocTH:

Kpurepuii BozuukHoBeHust AC:

Yo=Y, =X X3 X2V X " X3 X4V Xy - X4V Xy "Xy X5V X “ X5 X, X5. (17)

B (16) u (17) npencraBieHbl Bce BO3MOXKHBIE BapUalliid HCXOJHBIX ONACHOCTEH, a
TaKke MHUHUMaJbHbIE O€30MacHble W  aBapuiHbIE MOCIEAOBATEIbHOCTH  COOBITHI
dbopmupoBanusi 3teMeHTOB. IIpeoOpazyeM wHCXomHyH (YHKIUIO «paboTOCIIOCOOHOCTH
cucremsl. Toraa:

—  BEpOATHOCTb 0€30MaCHOCTH:

P,,=P\P»+PP,P,P.P> +P,P,P,. (18)

—  BeposaTtHocTh AC:

P, =PP3P>+PP,PsP>+P,Pi+P,P,Ps+PPP,PsP. (19)

Crenyromuii 3Tam - pacdeT CUCTEMHBIX XapakTepucTHK Oe3omacHocTd. IToncraBnss B
(18) u (19) 3nauenuss P. u P: mosyyuM BepOATHOCTh O€30MAacCHOCTH Yy4acTKa MaplipyTa

i
JBUKCHMUSL.

K dakropam, oka3piBarolIMM BIIMSHHE HA BEPOATHOCTh YHUYTOXEHUSI NPOTHBHHKA,
OTHOCATCS: TPUHSATHE PEUICHHS HAa YHUYTOKEHHE IMPOTHUBHHKA, OTHEBas MOUIb (HAIWYHE
TSKEJIOTO CTPEKOBOTO BOOPYKEHUSI U TEXHUKH) M COCTOSIHHE (MCIIPaBHOCTH) BOOPY>KEHUS;
XapakTep JEeHCTBHI MPOTUBHUKA, €r0 OOECIIOCOOHOCTh; KOJIMYECTBEHHOE COOTHOILIEHHE CHII;
XapakTep MECTHOCTH; BpeMsl roja M CyToK. Hamuyme Takoro KoJM4ecTBa BIMSIIOMIMX
(bakTOpOB M CBOMCTB CO3/1a€T OOBEKTHBHBIE TPYAHOCTU NMPH MaTEeMaTU3ALUHM HCCIEAyeMOMR
CO. Hampumep, TpyAHO ONPEIEIUTh, KaKHE AaHAJIUTUYECKUE 3aBUCHMOCTH MOMKHO
HCIOJIb30BaTh ISl OMMCAHHUS MOPAIBHOIO COCTOSIHHUS BOEHHOCHyxamux [7]. B ciydasx
OTPHULIATENILHOTO 3MOIIMOHAIBHOIO COCTOSTHHUS 4YeJIOBEeKa €ro 00ecrnocoOHOCTh CHHKAETCS B
2+3 paza. Ilpeanmaraercst Hapsily ¢ HENOCPEICTBEHHBIMU MOTEPSIMU YUUTHIBATh IOTEPH,
BBI3bIBAEMbIE MOPAJIbHO-IICUXOJIOTHYECKUM BO3JeHCTBHEM. BenuunHa 3TUX MOTeph J0JDKHA
3aBUCETh OT CTENEHW TMOJATOTOBKM JIMYHOTO COCTaBa IMOAPA3JEICHUH B MOpaIbHO-
IICUXOJIOTUYECKOM OTHOLICHUM K BeJleHHI0 00s4. OHAKO, CYIECTBYIOT COMHEHHUS B TOM, UTO
C TOMOUIbIO 3TOH 3aBHUCHUMOCTH pEaJbHbI mpouecc OyIeT OMUCHIBATHCS OCTATOYHO
aJieKBaTHO [0 MPUYMHE YPE3BBIYAMHOM MaJOYMCICHHOCTH IPOTHBOAMBEPCHOHHOIO
MOJpa3JelIeHus. 3AeCh OT JEHCTBUI KaXXIOIO0 BOECHHOCIY)KALETO MOXKET 3aBUCETh

I'JIOBAJIBHAA AJEPHA 1 BE3OITACHOCTD, Ne 1(26) 2018



NCCIEAOBAHUE DOOEKTUBHOCTU CUCTEMBI OXPAHBI ITOABUXKHOI'O 43

BEITIONTHEHHWE OoeBoii 3amauyn. Hampumep, morepss 30% IUYHOTO cocrtaBa OKaxeT Oouibliee
BJIMSTHUE HA MOPAJIbHYIO CIIOCOOHOCTH COJIAT K MPOAOKEHUIO 00sl, YeM MOTEps MOJIOBUHBI
YacTeil B COeAMHEHUH, HOO MOTEPH B MOPA3ICIICHIUH MMPOUCXOAAT Y HUX Ha Iia3ax, a moTepb
COETMHEHUS B 11eJIOM OHU ce0e MPAaKTHUECKU HE MPECTABIISIOT.

C uenbto onpeaeneHus 60EBBIX BO3MOKHOCTEH MOpa3IeIeHII POTUBOINBEPCHOHHON
00ppObl HEOOXOJMMO IMPOBECTU pacyeThl Mo Mozenu OoeBbIX JeicTBUH. B kauecTBe
nokasarensi 00eBol 3((GEKTUBHOCTH MPEATAraeTcs MPHUHATH COCTOSHUE W IOJIOKCHHE Ha
MECTHOCTH KaxJ0i O0eBOil eIUMHHIIBI BO BpPEMEHHOM Macmitade 005, 4YTO IO3BOJSET
OTIPENICNIUTh €€ COCTOSHHE M €€ MECTOHAXOXKJCHHE B pailoHe OOeBBIX NEHCTBUN Ha JII0OOI
MOMEHT BPEMEHH.

Omnpenensiercs 1eiab 608 — YHUYTOKEHUE Y IPOTHUBOIOJIOKHON CTOPOHBI (IIPOTUBHHKA)
MaKCHUMaJIbHOTO Yrcia 00€BBIX €IUHMII U BBIXOJ Ha IperonaraeMelii pyoex. [Ipunumaercs,
4TO IPH BEPOATHOCTH Nonajanus B uensb P,=0,9 nenp nopaxkena ¢ BepoaTHOCTBIO P,,=0,9.
Ilpu P,,, 208 cuuraercs, yro uenb ynudroxena. Ilpu 05<P, <08 wenb BpeMEHHO

BbIBEJICHa U3 cTposi. B ocTanmbHBIX ciydasx OoeBas €AMHHLA CUUTAETCS HEMOPAKEHHOM.
BeposiTHOCT HOpa)keHHsE MOKET ObITh MPEJCTABIICHA KaK ITapaMeTpuiecKast PyHKIIHS:

P (kw’q@)’B;”mx,Bymx’Bzyc,B;;C,kd)), (20)

op = nop

P}’l

rae k., — KO3(GGHUUMEHT KUBYYECTH LENH, 3aBUCAIIMA OT 3alMIIEHHOCTH, MaCKUPOBKH

(ucnonp3oBaHKe KaMy(dispka U T.1.), TPO(heCCHOHATBHON BBIYUKH, Pa3MEpOB;

Z — BBICOTA, Y — UpHUHA;

qs;, — MOIIHOCTb OOEBOIO 3apsia;

B ,By™ — cyMMapHble CpEIMHHbIE OTKJIOHEHHMS IO BbICOTE U  OOKOBOMY
HaIlpaBJICHUIO, 3aBucsme oT TTX opyxus;

B)*,B)° — CcyMMapHble CPEIMHHBIC  OTKJIOHEHHs, 3aBHUCAIIME OT  YCJIOBHMH
PUMEHEHHUS;

k, — xoobduiuent QurypHoctn uenu (CreneHb OoTIMYMs  (GOPMBI  LENTM  OT
OPSMOYTOJIbHUKA).

HpI/I OIHOM BBICTPCIIC BCPOATHOCTDH IMOPAKCHUA LEJIU ONPCACIACTCA IO BBIPAKCHHUIO
[3,6]:

1)

Pl ~0.25 Q[%)_é(ﬂj | ol X2 | | X2 'kqb'kofcu'

nop Bgimx B%/c B}rymx BYC
Y

3nech cD(a) - (hyHKIMSI HOpMaJIbHOTO pactipenenenus (pynkuus Jlamnaca).
ITpu HECKOIBKUX OAMHOYHBIX BBICTPEIAX BEPOSATHOCTD MIOPAKEHUS ONPEAETUTCS:

P =1-(1-P0 ), (22)

nop nop

rae (1 —pY ) - BEPOSATHOCTH IIPOMaxa.

nop

JIns ogHOM ouepenu:
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P =1-(1-pPr)-(1- P, 23)

nop nop nop

rae P’ — BepOSTHOCTb OPaXCHHS IICPBOI ITyJIeH;

noc
Pnop — BCPOATHOCTD MOPAKCHUA IMOCIICAYIOIINMHU ITYJISIMU.

Onpenenenre BEpOATHOCTH MOPaKEHHs IIeJie aBTOMAaTUYECKUM OTHEM 1o (opmyne
(23) maet 3aBBIIICHHBIC PE3YJIBTATHI, MX CIEAYET YMEHbIIUTh HA 5—7%.

AZIeKBaTHOCTh MOAENH OyaeT Hamboyiee MONHOW, €CIM MPH 3TOM YUHUTHIBAETCS
pocTpaHCTBEHHbINH (akTop. Ha Mojensx kuHeMaTHKH OO0sl MOXKHO BECTH MCCIEIOBAHUS
BJIUSHUS B3aUMHOIO PpAaCIOJIOKEHUS I[OApA3JECIECHUN, HUX MaHeBpa, MECTHOCTH, €€
HMH)XEHEpHOro o0opynoBaHus Ha 3(h(heKTHBHOCTH 60EBOro NMpUMeHeHus noapasaeneHus. [Ipu
IIOCTPOCHUU MOJIENIU CIIEAYET YUYUTHIBATh, IIPEXKJE BCErO, BOIPOCHI TEMIIOB HACTYILJICHUS U
MaHeBpa. Tak Kak MaHEeBp NMPOUCXOAUT HA MECTHOCTH, KOTOpasi XapaKkTepu3yercs: pesibeoM,
[IOKPOBAMU PACTUTEIBHOCTH, pPa3JIMYHBIMM MECTHBIMU NpeIMEeTaMH, MPENATCTBUAMU U
3JIEMEHTaMU HMHXXEHEPHOIo O00OpYAOBaHMs, TO BCE 3TO JOJDKHO HAWTH B MOJENU CBOE
orpaxkenue. IlogpoOHoe omucaHue MECTHOCTH BO3MOXKHO, HO OHO IPHUBOAUT K PE3KOMY
MOBBIIICHUIO 00BbeMa UCXOnHOW mH(popMaruu. MIMeeT CMBICH yYUTHIBaTh TOJBKO Hamboiee
XapaKkTepHble 0COOEHHOCTH, OKa3bIBaIOIIMEe HAauOOJIblIEee BIMSHUE Ha MepeMelieHue 00eBbIX
nopsaakoB. TakuM o00pa3oMm, MOJenb KHHEMAaTHUKH 00s OIMCBHIBAET MapLIPyT JBHKEHHUS
0oeBbIX TIpynn (MoJpa3jieleHui) HacTynaromel CTOPOHbl B CTOPOHY HEKOTOPOIo
(ukcupoBaHHOTO pyOexka BBIIOJHEHHS 3a1a4i. MaHeBp B 0010 MOJEIUPYETCS IO IPUHLIUITY
CBEICHUSI K HENPEephIBHOMY H3MEPEHHUIO0 MPOXOJUMOro O0€BOW eAMHUIEH MyTH u
JUPEKIIMOHHOTO YIJla HaIlpaBJIEHUs JBUKEHUS U BBIUMCICHMIO HAa OCHOBE ATHX JaHHBIX
KOOpJAMHAT MECTOINOJIOKEHUS €INHULbI HA TEKYILIUI MOMEHT.

B m00om crmydae HempeMEHHBIM YCJIOBHEM BBITIOTHEHHUS 0OEBOM 3a7aud SIBISETCS
coxpaHeHHe OoecriocoOHOCTH moapazaeneHus. OTrHeBble BO3MOXKHOCTH IO/pa3feieHUs
MOTYT OBITh BBIPQXKEHBI CyMMapHbIM OOBEMOM OTHEBBIX 3a]ad, KOTOPbIE MOTYT pEeLIaThCs
LITaTHBIMU OTHEBBIMU CPEJCTBAMHU.

B pesynbrare npoBenenus ucciaenoBaHus 3PQGEKTUBHOCTH MOXKET OBbITh MPEITOKEHO
HeckoJbKo BapuaHToB CO, KOTOpble MO3BOJAT pelIaTh OOeBblEe 3a/aud C OJAMHAKOBBIM
KauecTBOM. Ecinm 000CHOBaHHbBIE BBIIIE COCTaBbl MOJAPA3AEICHUN IO CBOMM OOEBBIM
MIOTEHIIMAJaM DPABHO3HAUHBI, TO IPOBOJUTCS CPABHUTEIBHBIM aHAINW3 MX CTOMMOCTHBIX
XapaKTepUCTHK IO aJropuTMy OOOCHOBAaHHUS ONTHMAJIbHOIO OOEBOro cocTaBa. 3aTeM
MIPOBOJIUTCS CPABHUTEINIbHAS OLIEHKA BbIOpaHHOTO BapuanTa [8,9,10] ¢ cymectByroumu CO.
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Abstract — Transportation is one of the most dangerous processes at the stage of operation of
nuclear and radiation hazardous facilities especially in the context of the possible impact of
terrorist subversive groups. The aim of the work is to develop an approach to research the
effectiveness of prospective system units for the protection of mobile nuclear and radiation
hazardous facilities both at the site and during the route.

Keywords: nuclear terrorism, security system, nuclear power plants, mobile unit with a nuclear
installation, transport and packaging kit.
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sk

Henpto HacTosmied pabOTHI SBISUIOCH HCCIEIOBAHHE OPOWUTAIBHOTO THOPHIHOTO JIa3epHO-
IYTOBOTO TpoIlecca JIsi OIEHKH €ro NMPUMEHHMOCTH AJISl CBApKH KOJBLEBBIX HETOBOPOTHBIX
CTBIKOB TOJICTOCTEHHBIX TPYO OOJIBIIIOTO JHaMeTpa.

Ha tpy6ax nuamerpom 36" ¢ TONIIMHON CTeHKH 16 MM yCHEmHO MPOJAEMOHCTPUPOBAaHA CBapKa
KOJIBIIEBOTO CTHIKA B J[Ba MOJTYOPOUTAIBHBIX IPOX0Ja Ha CIIyCK CO CpeAHe CKOPOCTBIO Ipoliecca
2 M/MHH ¥ MOUIHOCTHIO Jiazepa 19 kBt. IloTonounoe monoxeHnue cBapku (ydactok ot 150° mo
180°) siBnsiercst HanboJIee CIOKHBIM C TOYKH 3pEHHUS 00ecIeYeH s Ka4yeCTBEHHOTO (popMUpOBaHHMs
KOpHA. AnanTamus CKOPOCTH IIOJa4d CBAapOYHOW IPOBOJIOKHM, CKOPOCTH CBapKH, a TakK ke
npuMeHeHne (GOpMHPYIOIIEro ra3a 3aMeTHO YIYYINAlOT KadyecTBO KOPHS B IOTOJOYHOM
MOJNOXKeHNN cBapkd. CKaHUpyOIIas OITHKAa 3apeKoMeHjoBana cebs Kak 3(dexTuBHbIN
MHCTPYMEHT TTO3BOJISIIOLINN PacIIMPHUTh JOIMYCKH Ha 3a30pBI B CTHIKE, a TaK )K€ KOMIIEHCHPOBATh
HeOoJbIIMe OMMOKM TO3WIMOHHUPOBAHUS  CBAapOYHOM TOJOBKM  OTHOCHTENBHO  CTHIKA.
YcraHOBIEHHAss Uil CBapUBEMOW TOJIIMHBI 16 MM BenWYHMHA 3a30pa, NMPH KOTOPOM elle
BO3MOXKEH cTaOMIBHBIA mponecc 0e3 nedekToB cruasieHus, cocrasusier 0,7 mm. Ilpu cBapke
OOBIYHON ONTHKOH 0€3 CKaHMPYIOIIETO MOAYJS BEIMYMHA MaKCHMAJIbHO JOIyCTUMOTO 3a30pa
kpoMok coctaBisieT 0,3 mMM. C mpHMeHEHHEM IpeaBAapUTENBHOIO I0JIOTPEBa JOCTHTHYTO
YBEIMUEHUE BPEMEHH OXJIAXKICHUS lgs C OAHOM CEKYyHIBI 0 16 CEeKyHJ, 4TO CIOCOOCTBOBAIO
3HAYUTEIHHOMY CHHXXCHHIO MUKPOTBEPIOCTH B 30HE TEPMHUUYECKOTO BIHSHUSL.

Hacrosiume uccnenoBanusi nmpoBeneHsl B pamkax npoekra MNPQ FK19/07 npu ¢unancoBoii
noanepxkke denepanrbHoro MuHUCTepcTBa 00pa3oBaHus U uccienoBaHuil ['epmanuu. ABTOpBI
BBIP)XAIOT OJaroapHOCTh MapTHEPaM CO CTOPOHBI IMPOU3BOJCTBA, ¢upmam Vietz GmbH wu
HIGHYAG, 3a miol0oTBOpHOE COTPYIHHYECTBO W IIPEJOCTAaBICHHE OOOPYHOBaHUS JUIS
MPOBEIEHUSI SKCIIEPUMEHTOB.

Kniouesvie cnosa: cBapka, THOpUAHAs Ja3epHO-AYroBas CBapka, oOpOWTanbHas CBapKa,
TpyOOIPOBOIBI BEICOKOTO JIaBJICHHUS, OIITOBOJIOKOHHEIE JIa3€ePHl.

Iocrynuna B pegaxuumio: 12.02.2018

1. Introduction

The growing necessity of constructing onshore and offshore pipelines for transporting
oil and gas was the economic and technical background of this study. In pipeline construction,
conventional manual or semi-automated arc welding processes are still used, which very often
lead to a higher occurrence of weld imperfections compared to the fully automated arc
welding processes [1]. Oil and gas transmission pipe lines are very large constructions, €. g.
with outer diameters of 1.22 m (48") and wall thicknesses of 32 mm. Multi-pass welding is a
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method commonly used for joining thick plates and, in conjunction with arc welding, it is a
highly elaborate and time-consuming process [2].

For fast, economically efficient and safe construction as well as laying of future
pipelines, it is necessary to apply new welding techniques which will be able to join pipes
fully automatically in a single operation.

The only applicable method for solving this task seems to be laser welding, or laser-
hybrid welding which is a combination of two processes, i.e. a laser beam welding process
and an arc welding process. The electron beam welding process has a significantly higher
technical complexity and can therefore not be used for these applications [3].

For joining a pair of pipes, the so-called girth welding process is applied, where the
welding head is moved around the pipe circumference.

Girth pipeline welding has long been known, and there are also many examples showing
the applicability of the laser beam in all-position welding. Many experiments have been
carried out to establish the girth welding process using CO,- and Nd:Y AG-lasers for pipelines
with wall thicknesses ranging from 10 mm to 15 mm. It has been shown that a stable process
can be realized in all welding positions with a 12 kW CO,-laser for maximum wall
thicknesses of 13 mm [4]. With greater thicknesses, welding should be carried out in a
horizontal welding position to prevent droplet formation. The required wall thickness could
not be welded using Nd: Y AG-lasers on grounds of a comparatively poor beam quality, so that
the final pass should be performed by gas metal arc (GMA) welding [5]. It could be shown
that laser-hybrid welding has in principle a significant advantage over laser welding because
of the lower requirements as regards the gap and edge mismatch. The positive effects on the
crystalline structure of the welds have been pointed out in [6]. It was furthermore clear that
laser welding does not provide sufficient weld quality with increasing wall thickness. Weld
imperfections occurring at the centre line of laser welds are typical in thick plate welding [7].

With the recent introduction of multi-kilowatt fibre lasers combining high beam quality
with an impressive energy efficiency, it was possible to broaden the spectrum of laser beam
and laser-hybrid welding applications widely. Application of these lasers for welding thick-
walled structures, such as pipes with wall thicknesses from 16 mm onwards, is interesting,
because the fibre lasers with output power of above 15 kW offer sufficient penetration depth
to allow economically efficient welding of the pipes, i.e. with a reduced number of welding
passes and with a lower amount of filler material.

The focus of this paper is to show the application of a laser-hybrid welding process
using a 20 kW fibre laser and a GMA torch for orbital welding of pipelines with a wall
thickness of 16 mm. The main goal of the investigation is to realize a stable and crack free
girth welding process for the complete circumferential weld.

2. Materials, joint preparation and experimental setup

The plates (16 mm x 70 mm x 300 mm) and pipe rings of X65 with outer diameter of 36” and
a wall thickness of 16 mm were used for the welding experiments. The rings were cut out
from a pipe manufactured in accordance with the American Petroleum Industry (API)
standard which corresponds approximately to EN 10208-2. The chemical composition of the
base material is given in Table 1.

For both materials, the percentage of phosphorus and sulphur are below the accepted level for
laser beam welding [8].
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Tab.1: Chemical composition of the base material API 5L X65 according to chemical

analysis
material, C Si Mn P S
t=16 mm in wt.-% in wt.-% in wt.-% in wt.-% in wt.-%
plates 0.04 0.34 1.48 0.006 0.001
pipe rings 0.089 0.363 1.56 0.012 0.001
Cr Ni Cu Mo Fe
in wt.-% in wt.-% in wt.-% in wt.-% in wt.-%
plates 0.17 0.03 0.20 0.01 balance
pipe rings 0.03 0.043 0.022 0.008 balance

The gas mixture ARCAL 21 (8% CO2 in Ar) was used as shielding gas in accordance
with EN 439-M21. The welds were produced using the filler wires G3Sil and G3Nil with a
diameter of 1.2 mm in accordance with DIN EN 440.

The welding experiments were performed with a 20 kW Yb fibre laser (IPG) (wave
length 1.07 um, beam parameter product 11.2 mm * mrad). A micro-processor controlled
welding machine GLC 603 Quinto (Cloos) with a rated output of 600 A was used as the GMA
power source. The experimental hybrid welding system used for welding experiments with
plates and experimental execution can be seen in Fig. 1. Welding was carried out with leading
arc, backhand with a fixed angle y of 25° and varying parameters a and S. During the welding
trials it was observed that backhand torch configuration leads to better process stability. The
root dropping of the molten metal could be reduced significantly, especially when thicker
plates were welded. Furthermore, the penetration was deeper than with forehand torch
configuration, when identical welding parameters were used.

1

Fig. 1: Hybrid welding system used for the welding experiments with plates and experimental execution

An orbital welding device (Vietz) was used for producing the girth welds, Fig. 2. The
device includes a guide ring (1) and an orbital carriage (2) that can be motor-displaced along
the guide ring. A hybrid welding head (3) that combines the laser optic (HighYag) (4) and the
GMA torch (5) is mounted on the orbital carriage. The specimen (6) can be fixed centrally to
the guide ring. The radial alignment of the specimen was adjusted with mounting screws (7).

The optic used for the experiments with plates had a focal length of 300 mm and optic
used for the girth welds had a focal length of 350 mm. The laser beam was transmitted by an
optical fibre with a core diameter of 0.2 mm and focussed to the diameter of 0.5 mm and
0.56 mm accordingly. A scanner optic with a scanner mirror was also tested for the girth
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welds. The diameter of the beam focus spot delivered by this optic was 0.42 mm. The plates
and pipe rings were butt welded in one pass.

Fig. 2: Orbital welding device with welding head
3. Results and discussion
3.1 Welding experiments in discrete positions
In the first step of the study, the relationship between material behaviour, e.g. outer
appearance of the weld bead and welding parameters, was investigated for welding in discrete

positions. The experiments in positions PF (up) and PG (down) at angles of 30°, 60° and 90°
were performed for 16 mm plates of X65. The experimental setup is shown in Fig. 3.

PA

up down
PF 30 V e
PF 60 0 /é PG60
\%

PF 90 Q\ ‘ PG 90

GMA leading

up down
PA

PF 30 <>V 5
PF 60 %\ PG 60

gz

BE S ’0 PG 90

—_—

GMA trailing

Fig. 3: Experimental setup for positional welding
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The first results indicated that the laser-hybrid process can be used in PG (down) up to

90°. Welding in PG positions results in typical weld sink formation (see Fig. 4).

>< BAINV

>< BNV

Position PA Position PG 30° Position PG 60° Position PG 90°
va = 15 m/min Va = 15 m/min va = 12 m/min V4 = 8 m/min
Iip =364 A Iip =364 A Lg=339 A g =245 A
Uz =356V U =356V U =342V Uz =299V

Fig. 4: Positional welding PG (down), PL = 17 kW, v, = 2 m/min, t = 16 mm

For PG 30°, the same welding parameters as for PA can be used. With increasing angle,
the welding parameters of the GMA process have to be adapted. The welding process in PG
(down) proved to be more stable on the root side than in PA position, which can be explained
by the change of forces in the weld pool (hydrostatic pressure). That leads in the end to less
root dropping and fewer need of filler material.

Welding in position PF (up) leads to a stable process up to an angle of 30°. Instead of an
undercut, significant weld reinforcement is observed (see Fig. 5).

t=16 mm

P = 17 kW
Vy = 2 m/min
Az = -4 mm

Vg = 10 m/min
Lg = 272 A
ULB = 295 V

Fig. 5: Positional welding PF (up) 30°

With a further increase of the angle (60°, 90°), the process becomes instable and
droplet-like bead formation occurs. For the position PG 60° (up), a solution was found
through a cooling treatment of the weld pool. This was realized by an additional argon
shielding gas which was blown to the back part of the weld pool (see Fig. 6).

Position PG 90° (up) was not suitable for welding with the laser-hybrid process. Good
results were achieved with laser beam welding (see Fig. 7). Additional use of a cold wire led
to better results with a tendency towards a weld reinforcement instead of a weld sink
(see Fig. 7 right).
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Fig. 6: Positional welding PF (up) 60°, Fig. 7: Positional welding PF (up) 90°,
t=16 mm t=16 mm

3.2 Girth welding experiments
The girth welding experiments were performed in vertical down position, so that the

girth weld can be completed in two halves. The welding parameters used for the experiments
are given in the Table 2.

Tab. 2: Welding parameters

Laser power Py in kW 19
Welding speed v, in m/min 1.8...2.2
max. Arc current [ in A 410
max. Arc voltage U in V 33
Arc mode Pulse U/I
Arc length Lig in % -12...5
Wire feed speed v4 in m/min 6...15
Flow rate of shielding gas in I/min 22...30

Continuous welding from the flat (0°) to the overhead position (180°) was performed by
interpolating proper welding parameters which were obtained from the discrete welding
positions. The distance between the laser beam and the arc was fixed to be 3.5 mm, based on
the results of preliminary examinations.

As shown in Fig. 8, a girth weld can be completed in the positions from 0° to 180° with
four sets of welding parameters (P) which can be sequentially changed according to the actual
welding position by using a corresponding control system.

A beam power of 19 kW was used in order to get full penetration welds at an acceptable
welding speed of about 2 m/min. Too low welding speeds (<1.8 m/min) resulted in the
appearance of droplets on the root side, especially in the flat position. The beam power and
welding speed were kept constant for all welding positions. An acceptable weld bead
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configuration could be obtained by adaptation of the wire feed speed. The wire feed speed at
the start of the welding should be reduced from 14 m/min in the flat position to 8 m/min in the
90° position.

Laser:
60° PL =19 kW
Vs = 2,2 m/min
GMAW:
T Pl: v4=14 m/min
Q0¥ rmimisie = 2w =emomeys ’ 5 LLB =5%
T P2: v4=10 m/min
Lig=0%
P3: v4=8 m/min
) Lig=-5%
120° P4: vy=6m/min
Lig=-12%

150°

180° '

Fig. 8: Schematic diagram of the girth welding experiments with adapted process parameters

From this position through to the overhead position (180°), the wire feed speed had to
be kept at 6 m/min to avoid outflow of metal from the molten pool. In addition to the wire
feed speed, the arc length had to be controlled, i.e. decreased from +5 % to -12% relative to
the appropriate arc length for the GMAW parameters (arc current and arc voltage) by
travelling from the flat position to the overhead position. The shorter arc with accordingly
higher arc pressure acting on the molten pool resulted in a good bead formation on the top
side of the welds in the overhead position.

Figure 9 shows cross-sections as well as outer appearances of the welds made using the
welding parameters indicated in Fig. 8.

A visual inspection of the welds shows that the most stable weld bead formation was
obtained from the flat position of 0° through to the vertical position of about 150°. Slight
underfilling on the top side of the welds could however be observed in the positions from
about 50° to 80°.

In the welding positions between 150° and 180°, it was most difficult to obtain a weld
bead with an acceptable root side quality. In these positions, the critical problem was lack of
molten metal on the back side because it hung down under the force of gravity. On the other
hand, the process was very sensitive to the precision of the welding head positioning relative
to the butt joint. The laser beam displacements of about 0.3 mm from the butt resulted in a
lack of side-wall fusion on the back side. The adaptation of welding parameters such as
welding speed and wire feed speed did not lead to stable and reproducible results in these
positions.
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The most promising results were
obtained by adopting a method for beam
modulation using a scanner optic.

Some specimens have been tacked
with a predefined misalignment of up to
2.0 mm. It was possible to produce sound
welds as already shown in [9].

3.3 Welding experiments using a
scanner optic

The experiments using a scanner
optic were carried out to investigate the
possibilities of influencing errors arising
from welding head positioning and from
dimensional tolerances such as a gap.

The applied scanner optic has a
mirror module with a scanner mirror
made of copper and silver coated. The
scanner mirror can be rotated by a motor
at an adjustable angle, so that a maximum
scan width of about 13.2 mm (£6.6 mm)
can be achieved. The scanner frequencies
up to 1 KHz can be supported by the
control unit. The chosen wave form was
sinus.

First, several test welds were
produced in the flat position on the 16
mm plates of X65 without gap with a
variation of the scanner amplitude and
frequency. It was seen that a stable
welding process 1is realizable with a
frequency in the range from 200 Hz to
400 Hz and a scan width of up to 1.0
mm. An increased molten area can be
also seen on the cross-sections of welds
in Fig. 10.

The results were transferred onto
pipe rings where the process was
investigated for discrete welding positions
as well as for half circumferential welds
(from 0° to 180°). The experiments have
shown that the application of a scanner
optic yield an improved weld bead
formation, especially for the overhead
position.

P =19 kW, v, =2.2 m/min, Az = -4 mm

Position 0°, vqg = 14 m/min,
Lig=5%,1=364 A, U=355V

Position 30°, vy = 10 m/min,
Lig=0%,1=272A,U=29.5V

Position 60°, v, = 8 m/min,
Lig=-5%,1=245A,U=289V

N

Position 120°, vy = 6 m/min,

Lig=-12%,1=174 A, U=215V

top bead

Position 150°, v4 = 6 m/min,
Lig=-12%,1=174 A, U=215V

top bead 10 mm

e ,;,,,;((,;.@;—

back bead :

Position 180°, v4 = 6 m/min,
Lig=-12%,1=174 A,U=215V

Fig. 9: Cross-sections and outer appearances of the
laser-hybrid welds of 16 mm thick pipes X65 with outer
diameter of 36"

Thus, the bead width could be adapted so that errors due to deviations in positioning of
the welding head with respect to the butt joint were compensated and therefore a stable
welding process with good side-wall fusion was obtained, Fig. 11. However, further
investigations have to be made in order to reduce the occurring welding splashes.
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Scan width
0.5 mm 1.0 mm

PL =19 kW, v, = 2.2 m/min, vq = 14.0 m/min,
frequency =200 Hz, gap = 0 mm

Fig. 10: Cross-sections of laser-hybrid welds of 16 mm plates X65 using a scanner optic

Position 180°,
frequency =200 Hz,
scan width = 0.7 mm

Fig. 11: Cross-section and outer appearance of a laser-hybrid weld in the 180° position produced using a scanner
optic

The influence of scanner parameters on the gap bridging ability was investigated. The
16 mm plates of X65 with gap widths ranging between 0.2 mm and 0.7 mm were welded to
identify an acceptable criterion of the gap width, at first for the flat position.

As Fig. 12 shows, an acceptable shape of the weld bead can be obtained with the gap
widths of up to 0.7 mm. A tolerable gap width using conventional optic for this thickness was
limited to about 0.3 mm [9, 10, 11]. Larger gaps resulted in lack of side-wall fusion and
undercuts, Fig. 12 left.

Further welding experiments with gap and mismatch will be made on the pipe rings to
investigate dimensional tolerances of edge misalignment in all welding positions.

4. Conclusions

This study has investigated the process of girth laser-hybrid welding of pipelines using a
20 kW fibre laser. The welding process was examined for pipe rings of X65 with an outer
diameter of 36" (914 mm) and wall thickness of 16 mm. The results obtained may be
summarised as follows:
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An acceptable weld bead can be obtained in principle in each welding position
ranging from flat position (0°) to overhead position (180°). The most difficult
welding position to obtain a weld bead with an acceptable root side quality is a
section between 150° and 180°.

The welding parameters were found to establish an appropriate laser-hybrid
welding conditions for the 16 mm thick pipe of X65. Beam power and welding
speed can be kept constant for all welding positions. The wire feed speed and arc
length should be adapted by travelling from the flat position to the overhead
position.

The scanner optic is an effective tool for the compensation of errors due to
deviations in positioning of the welding head with respect to the butt joint and
different gap sizes. By applying this technique, acceptable root quality could be
obtained for the welds produced in overhead position where the process is very
sensitive to the positioning of the welding head relative to the butt joint. The upper
limit of the gap obtained for the plates of X65 in flat position was 0.7 mm which is
more than two times bigger as without a scanner optic.
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Gap size
0.5 mm 0.5 mm 0.7 mm

without scanner scan width 0.7 mm,
frequency 200 Hz

Fig. 12: Cross-sections of laser-hybrid welds of 16 mm thick plates X65 with gaps
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Abstract — Recently developed fibre lasers provide multi-kilowatt beam power with high quality
at impressive energy efficiency. Combined with gas metal arc welding (GMAW) equipment these
lasers can be used in a hybrid process to weld thick-walled constructions single-pass, that are
currently welded using multi-pass techniques. The main benefits are a reduction of heat induced
distortions, due to the low heat input, as well as savings in filler material and process time.
Probable applications can be found in power generation, ship building and pipeline constructions.
An orbital (girth) laser-hybrid process using a 20 kW fibre laser and a GMAW torch is currently
examined at the BAM, Berlin. The aim of this research is to obtain a stable and crack free girth
welding process and to demonstrate its application in pipeline construction. The experiments are
carried out on 16 mm thick plates as well pipe rings with 36" (914 mm) pipe diameter of X65.
Particular welding parameters, such as welding speed, GMAW power, arc length are varied and
their influence on the appearance of the weld in the different welding positions is analyzed.

Even though issues remain that demand further research it could already be shown that the rings
can be welded using a girth hybrid process that is divided into two half girth processes in
downward direction.

Keywords: high-power fibre laser, pipeline, laser-hybrid welding, thick plates.
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OBECHEYEHHUE MTPOYHOCTHU TPAHCIHOPTHOM PAMBI
IJISI JOCTABKU I'MIPOPE3HOTI'O OBOPYJIOBAHUS
C LHEJBIO JIMKBUJIAIIMU TOCJEICTBUUN ABAPUI

C OITACHBIMH I'PY3AMU

© 2018 10.10. Jymmna*, O.FO. /Kadynuna**, A.E. Kunkaep**,
H.IO. [IapmykoBa*

* CHearcuHcKull puzuxo-mexuudeckuil uncmumym HayuonaneHozo ucciedogamenbckozo 10epHo2o
yrusepcumema « MUy, Cnexcunck, Yenabunckas obn., Poccus
** @edepanvroe cocydapcmeentoe yHumaptoe npeonpuamue « POAL-BHUUTD
um. akaoemuxa E.U. 3ababaxunay, Cnesxcunck, Yenabunckasn obn., Poccus

Temoii paboThI sBIsICTCs MpoOeMa obecrieueHUs] 0€30MaCHOCTH U COXPAHHOCTH INPH MEPEBO3KE
THIPOPE3HOTO O0OpYAOBAHUS IKEJIE3HOJOPOXKHBIM M aBTOMOOWJIBHBIM TPAHCHOPTOM K MeECTy
IpoBeAeHUs paboT MO JIMKBUJAIMU aBapHi ¢ omacHBIMU Tpy3aMu. C IeNIbI0 TapaHTHUPOBAHHOU
JIOCTaBKM OOOpPYIOBAaHUSI K MECTY aBapHUH Mpejiaraetcs YCUJIUTh UMEIOIINECs BHUJIbI KpeTuieHUu
IIyTeM HCIOJb30BaHUSA pa3paboTaHHON TpaHCHOPTHOW pamMbl. OOOCHOBaHHE MPOYHOCTH H
HaJACKHOCTU KOHCTPYKIUMHU paMbl BbIIIOJHCHO AQHAJIUTHUYCCKM W YHUCJICHHO — TIPOBCCHBI
MPOYHOCTHBIE PACYETHl KOHCTPYKIIMU PaMbl B HPOrpaMME KOHEYHO-IJIEMEHTHOTO aHajin3a B
YCIOBUSIX JCUCTBUS TPAHCIOPTHBIX CHHYCOMIAIbHBIX HArpy30K. Pe3yibTaThl BBIMOJHEHHBIX
pacyeToB MOKAa3alu, YTO MpejJiaraeMasi KOHCTPYKIUSI TPAHCIIOPTHOW PaMbl YAOBIETBOPSET BCEM
HOPMATHBHBIM TPeOOBAHUSM ITPOYHOCTH.

Kniouegvie cnosa: onacHbli Tpy3, TPAaHCIOPTUPOBKA, THAPOPE3HOE 000PyI0BaHNE, T€HEPATOPHBIH
MOJLyJIb, HACOCHBIH MOAYJIb, 3JIEMEHTHI KPETJICHUs, IPOYHOCTH, HA/IE’KHOCTb.

Iloctynuna B pegakuuto: 12.02.2018

Obecnieuenne OezomacHOoCcTH Tpu oOpamieHun ¢ omacHeiMH rpy3amu  (OI),
IIO/IBEPIILIUMUCS aBaPUUHBIM BO3AECHCTBUSAM, SIBISETCS aKTyalbHOW 3aa4uei.

B kauecTBe peuieHust 1aHHOM MPOOIEMbl MPUMEHSETCS THIAPOPE3HOE 000pyIOBAaHUE, B
COCTaB KOTOPOT'O BXOJAT I'€HEPATOPHBIA W HACOCHBIM Moaynu. ['mapopesnoe obopynoBaHue
o0OecrneuynBaeT BBINOJIHEHHUE IUPOKOTO CHEKTpa 3ajad Mo AUCTaHIMOHHON ruapoadpa3uBHOI
paspeske koprycoB OI' B MOJIEBBIX YCIOBHSX (B TOM YHCIIE MOKapO-B3PHIBOONACHBIX) IS
JOCTyIla K OTAeNbHBIM 31eMeHTaM OI', moaBeprmmmcs aBapUWHBIM BO3JCUCTBUSAM, W
JIMKBHJIALIUU TOCJIEICTBUN aBapUil ¢ HUMH.

g noctaBkyd 0OOpYIOBaHUS K MECTY BBINOJHEHUS pabOT MO JIMKBUAALMU aBapuid C
OI ucnonp3yercs Keae3HOJOPOKHBINA U aBTOMOOUIIBHBIN TPaHCIIOPT.

B o0oux cnydasx npeabsBiisieMOe K TPaHCIOPTUPOBKE THAPOpE3HOE 000pyaoBaHHE
JOJDKHO OBITh TOATOTOBJIEHO TAaKUM 0OOpa3oM, 4YToObl B IpoOLEcce IEPEeBO3KH ObUIH
obecrieyeHbl  0€30IAaCHOCTb  JABMXKEHMsS  TPAHCIOPTHOIO  CPEIACTBA,  COXPAHHOCThb
obopymoBanusi U caMoro TpaHcmopTHoro cpeactBa [1]. C 3Toil menplo mpu TEepeBO3Ke
000opyJ0BaHUs JIOJKHA ObITh OOecrieueHa MPOYHOCTh Y3JIOB M JieTalell, IpeJHa3HauYeHHbIX
JUIL KpeIJIeHWs B TPAHCIOPTHOM cpeacTBe. TpeOoBaHMA M TMOAXOABI MO OOECIEYECHHUIO
MIPOYHOCTH NPHUBEICHBI B [ 1-6].
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Jlis xperuieHus rpy30B B BaroHaxX MPUMEHSIOTCS PACTSKKU, OOBSI3KH, CTSHKKH, YBSI3KH,
JIEPEBSIHHBIE CTOMKU W JIPYTHe 3JEMEHTBI; JUIsl KPEIUIEHHsS B aBTOMOOMJIBHOM TPAaHCIIOPTE
MOTYT HCIIOJIb30BAThCSl CTSDKHBIE PEMHH, JCPEBSHHBIE PACIOpPKH, PACHOpHBIC ILJIAHKH,
BO3JIyIIHbIC TAKETHI U T. 1. [1, 7]

Kaxxaplii M3 mepedyrcleHHBIX AJIEMEHTOB KpEIUIEHUs HMEeT CBOM IPEeHUMYIlecTBa U
HenocTaTku. Tak, JepeBsHHbIE PAcIOpPKH M CTOMKH HE BCET/a CIIOCOOHBI BBIICPKHUBATH
BO3HHUKAIOIIIME HATPY3KH BO BPEMs TPAHCIIOPTUPOBKU rpy3a. M 3a4acTyro Macca KperexHOoro
MaTepuana 3HAYUTEIbHO YBEIMUMBAET MAacCy IOIPY3KH, a 3TO INPUBOAUT K IEPErpysy
TpancnoptHoro cpenctBa [7]. CTsokHbIE peMHH, OOBSI3KH, YBS3KH TPEOYIOT TOCTOSHHOMU
IIPOBEPKU, IIOCKOJIBbKY ITPU TPAHCIOPTUPOBKE BO3ZMOXKEH U3HOC BCIIEICTBUE UCTUpaHus [4, 5].

[Toaromy nast oOecnieueHust Oonblleld HAJEKHOCTH B IPOLIECCE TPY30MEPEBO3KH
JIOTIOJTHUTEIIbHO PEKOMEHIYETCS NCII0JIb30BATh TPAHCIIOPTHYIO pamy.

Pama cnyxuT nns TpaHCHOPTHPOBKU THUIPOPE3HOTO OOOPYAOBaHUS K MECTY CBOETO
Ha3HA4YeHMs, a TaKKe SBIAETCS MPOMEXKYTOUHBIM CKPEIUISIOLIUM 3JIEMEHTOM  JUIS
0o0opy/sOBaHUs U TPAaHCHOPTHOro cpeacTBa. [lockonbKy Takoe 0OO0OpyIOBaHUE SIBISETCS
CJIOKHBIM MAacCHBHBIM I'PY30M, TO JJIl HEro TpedyeTcsl Co3/laHne MHAMBUIYaIbHOU pambl. C
9TOM 1enbio Oblla pa3paboTaHa TPaHCHOPTHAs pama, KOTopas CIOCOOCTBYET Oe30MmacHOit
NIEPEBO3KE TEHEPATOPHOIO M HACOCHOTO MOJyJeil (ruapope3Horo oOopynoBaHUs) Ha
HKEJIE3HOJJOPOKHOM U aBTOMOOMIIBHOM TPaHCIIOPTE.

TpancmoptHass pama npeAcTaBisieT co00il CBapHYIO OallouYHYI0 KOHCTPYKIIHIO,
ceyenueM koropou sBisercs mBemiep 1211 T'OCT 8240-97 [8], M3roToBIECHHBIA W3
marepuana — Ct3cn 5 TOCT 535-2005 [9]. Cxema pambl ipuBeicHa Ha pUCyHKeE 1.
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Puc. 1. — Cxema tpancnoprHoii pamsl [Transport frame schemel].

Ha cxeme nosunusimu 0603HaueHb! pe3p0oBbie coeannenus [10 — 12] nuamerpamu M10
(10 6onToBBIX coemuHeHUit), M16 (4eThipe cTpeMsHKH ¥ 7 OONTOBBIX coenuHeHwmii), M20
(mectp OONTOBBIX coenuHeHHWH) M M36 (ueTbipe Tpy30BBIX BHUHTA), BBIIOJHEHHBIE M3
MarepuasioB ctaib 20, ctanb 45 u ctans 30XI'CA [6, 13].
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KoHcTpykuuss paMbl 00ecnieunmBaeT KpeIuleHWe K HeW T'MIPOpEe3HOro 000pynoBaHMS
nmocpeAcTBoM OonToBbIX coeauHeHwid [11, 12]. DTO mMO3BOMSIET MPEABAPUTEIBHO TEpen
NOTPY3KOi yCTaHaBIMBaTh OOOPYAOBaHHE Ha paMy M OCYILECTBIIATh €ro IEepelBHKEHHUE
COBMECTHO C paMOM.

[IpucoenuHeHne pambl C YCTAaHOBJIEHHBIM Ha HEH TUAPOPE3HBIM OOOPYJOBAaHUEM K
TPAHCIIOPTHOMY CPEJICTBY OCYILIECTBIISIETCS CIEAYIOLUIMMH 3JIEMEHTAMU KPEIUICHHUS:

— pacTSDKKaMH, KpEISIMMU —4Yepe3 TIPy30Bble BHMHTBI paMy C T'HMAPOPE3HBIM
000pyZI0BaHUEM K JKEIIE3HOI0POKHOM TIaThopme;

— CTpeMsIHKaMH, KpeIsIUMHU paMy C THAPOPE3HbIM 000PYAOBAaHUEM K paMme Ipulena
Ipy30BOr0 aBTOMOOUJIS.

JU1s COXpaHHOCTH TPaHCHIOPTHPYEMOrOo OOOpPYAOBaHMS M CaMOIO TPAaHCIOPTHOIO
cpeacTBa HEOOXOIMMO, YTOOBI ObUTa oOecredeHa MPOYHOCTh U HAJIeKHOCTh TPAHCIIOPTHOU
paMbl U €€ 3JIEMEHTOB KpPEIUICHUsI — PacTsKEK, CTPEMSHOK U Pe3bOOBBIX COEJUHEHUH B
IIpoLiecCce TPY30IEPEBO3KU. B COOTBETCTBUM € ATUM ObLIM IIOCTABJICHBI CIEIYIOIINE 3aJaUHu:

— MPOBECTH AHAJIUTUYECKUH pacueT 3JIEMEHTOB KpPEIUIEHUS paMbl C THAPOPE3HBIM
000pyJIOBaHHUEM K TPAHCIOPTHOMY CPEICTBY (KENe3HOIOpOKHAs IulaTdopMa, TPHIIETT
IPy30BOTO aBTOMOOWJISI) M PacyeT 3JEMEHTOB KpPEIJIeHHUs THUAPOPE3HOro O0OpYAOBaHHS K
TPAHCIIOPTHOM paMe M0 METOIMKaM, IpUBEIEeHHBIM B [ 1-3, 6];

— MPOBECTH pacyeT Ha IPOYHOCTh KOHCTPYKLUU pPaMbl B IPOrpaMMe KOHEUYHO-
AJIEMEHTHOT'O aHAJIN3a B YCIOBUSX JEHCTBUS TPAHCIIOPTHBIX HArPYy30K.

AHanmuTHYECKUIl pacyeT 3JIEMEHTOB KpPEIUIEHUS! paMbl ¢ TUAPOPE3HBIM 000PYAOBaHUEM
Ha JKEJIE3HOI0POKHOM Tu1aT(hopMe OB BBITIOIHEH C YI€TOM CICAYIOUHMX yCrui [1]:

— TPOJOJIBHON UHEPLUOHHOM CHJIBI;

— TONEPEYHON MHEPLIMOHHOMN CHUIIBL;

— BEPTUKAJIBHOW MHEPLIMOHHOW CHJIBL;

— BETPOBOW HArpy3KH;

— CHJIBI TPEHMUSL.

Pesynprarel pacdyera ycuiamil, J€HCTBYIOIIMX HA TEHEPATOPHBIM M HACOCHBIM MOIYJIH,
Ha JKeJIE3HO/I0pOKHOM Tu1aTdopme MpHUBeIeHBI B Tadbmue 1.

Tab6auna 1.— 3HaueHus ycuiauii, NEHCTBYIOIIMX HA T'€HEPATOPHBIM M HACOCHBIM MOAYNH
[Force values impacting on the generator and pump modules]

Yeunus . .
I'enepaTopHbIii MOIYIb HacocHslit Monynb

IIpoonbHas MHEPIMOHHAS 1,67 2.92
cHJIa, TC

ITonepeunast ”HEpPLUMOHHAS 0,63 0.98
cHJIa, TC

BeprukanbHast ”HEPIIMOHHAS 0.67 115
cHJIa, TC

Berposas Harpyska, Tc 0,20 0,21

[IpononbHas cuna TpeHus, TC 0,56 0,98

[Tonepeunas cuia TpeHus, TC 0,29 0,52

[To paccunTaHHBIM yCWIHMSIM OBUIO ONpPENEICHO MaKCUMAaJbHOE YCHIIUE B PACTSIKKAX,
KOTOpPOE COCTAaBUIIO R, = 615 Krc.

[losToMy nnsi mepeBO3KM MOAYJIEH PEKOMEHIYETCS HCIOJIb30BaTh