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IKOJIOI'MYECKASA OHEHKA CE30HHbIX MYHUIIUITAJIBHBIX
OTXO040B HA OCHOBE OIIAJION JIMCTBbI 30H 3EJIEHBIX
HACAXIAEHUU I'OPOJA JHEITPOIIETPOBCK

Marepuasnbl uCCaeIOBaHUI OTHOCSITCSI K BOTIPOCAM  SKOJIOTHUECKON 0€30TIaCHOCTH M YTHUITM3AIlUH OT-
XOJ/IOB TOpPOJCKUX cucTeM. B craTthe mpencraBiieHbl pe3ysbTaThl 3KOJOI0-TOKCUKOIOTMYECKON OLEHKH
KJ1acca OMAcHOCTH OTXOJIOB OTIAJION JINCTBBI, OCHOBAaHHBIE HA aTOMHO-aJICOPOLIMOHHBIX HCCIISIOBAHUSIX
COZIepKaHMsI COCIMHEHNI TSDKENIBIX METAJUIOB B MIX COCTaBe. Pe3ynbTaThl MCCIIEIOBAHUM, MPEICTaB-
JICHHBIE B CTaThe, MOXHO HCIOJIB30BaTh Il 00OCHOBAHUSI YITPOIIEHHOW CXEMbI OOpAIIEHHs ¢ OTXO0/A-
MU OIAJIOH JINCTBBI IIPY X YTHIN3ALMK HAPOAHBIM XO35MCTBOM Y KPauHbI

Marepianu IOCHIDKEHb BIAIHOCSTHCS J0 MUTaHb €KOJOTIYHOT Oe3MeKku Ta yTHii3allii BiAXOI1B
MICBKHX CHCTEM. Y CTaTT1 MPEACTaBIEHO Pe3yIbTaTH €KOJOTO-TOKCHUKOJIOTTYHOT OLIHKYU KJIacy He-
0e3MeKu B1IXOJIIB OMNAJOro JIUCTS, SIKI 0a3ylOThCS HA aTOMHO-aJCOPOLIHUX JOCIIKEHHSIX BMICTY
CHOJIYK BaXKUX METAJIB y CKJIajl LbOro BiAXony. Pe3ynbTaT nOCHKEHHS, HEBEACHH1 y CTaTTi,
MO>KJIMBO BUKOPHUCTOBYBATH Il OOIPYHTYBAHHSI CIIPOIIEHOT CXEMH TIOBOKEHHS 3 BIIXOIaMH OTla-
JIOTO JIMCTS MpH 1X yTUJI13alii HAPOJHUM T'OCHOIaPCTBOM YKpaiHH.

The studies relate to environmental safety and recycling of urban systems waste. The results of
environmental and toxicological assessment by hazard’s class of waste based on fallen leaves of
trees were presented in the article. Research have based on atomic absorption studies the content of
toxic metal compounds in their composition. The results of studies can be used to justify the simpli-
fied scheme of fallen leaves waste on disposal of the national economy of Ukraine.

BBenenne. XKusHeneaTenpbHOCTh YEJIOBEKA B paMKaxX FOPOJCKUX CUCTEM He-
pa3pbIBHO CBsi3aHa ¢ 00pa30BaHMEM M HAKOIUIEHHWEM OTX0J0B. IIpu 3TOM mpobiema
coopa ¥ yTHIM3alMi MYHUIUIAIBHBIX OTXOJOB C KaXKIbIM I'OJOM CTaHOBHUTHCS BCE
Oonee axktyanbHON. HeoOxoauMMoCTh cOOpa U 3aXOPOHEHHS OTXO/0B, TOKCHUECKOE
BO3/IECTBHE UX KOMIIOHEHTOB Ha BCE€ MPUPOJIHBIE CUCTEMBI, 00pb0a C MOCIEICTBUSI-
MU TPAAUIMOHHBIX METOAOB YTHIIM3AIMU — BCE ATO JIMIIb MaJlasg 4acTh MpoOjem, 3a-
TPAaruBaloLUX COCTOSTHUE YPOOOIKOCUCTEM M HMX JKOJIOIMUECKYI0 Oe30macHoCcTh. B
KOHTEKCTE CKa3aHHOTO, KOMIUIEKCHbBIE MOJXOJbl K OOpallleHHI0 M 3KOJOTMYECKOU
OLICHKE TEXHOJOTUH yTUIM3AIMU OTXOJI0B TOPOJICKUX CHUCTEM SBIISIIOTCS HamOoJsiee
aKTyaJbHBIMU B COBPEMEHHBIX YCIOBUSX Y KPauHBI.

AKTYaJIbHOCTh HCCJACAOBAHMSA M AHAJAM3 NMyOJaMKANMil. 3HAYNTEIbHBIA UH-
TEpec ¢ MO3MLIMU IKOJIOTMYECKON 0€30IacHOCTH, YCTOWUYMBOIO Pa3BUTHUSA U paLlUO-
HaJIbHOTO MPUPOAOIIOIB30BaHUs MPEICTABISIOT CE30HHBIE OTXOAbI 30H 3€JIEHBIX Ha-
Ca)KJIEHUI roposia — OnaJble JUCThs. DTH OTXOAbl 001aJal0T OOJIBIIUM, A0 CUX HOP
HE U3YYEHHBIM, IIOTEHIIMAJIOM HCIIOJIb30BaHUs B KaUE€CTBE BTOPUYHOTO ChIpbs. B mo-
CJIEJHUE HECKOJIBKO JIET BO3POC MHTEPEC rOCYAAPCTBA K MpodIeMaM 3KOJIOrMYECKON
OLICHKH ONAaJbIX JUCTHEB M TEXHOJOTMHA UX BTOPUYHOI'O HUCIOJIb30BaHUA. SpKum 10-
Ka3aTeJIbCTBOM aKTyaJIbHOCTU MOJOOHBIX HCCIEI0OBAHUMN ABIISIETCS TOCYAapCTBEHHbBIN
MHTEpEC K pa3paboTKe peKOMEHJAlWi MO YTHIM3AIlMU JTaHHOTO THIAa OTXO0J0B [4].
[Ipu sTOM mpobiiemMa YTUIM3aLUUA ONANbIX JIMCTHEB HE SIBISIETCS HOBOW. Y CHENIHO
BHEJIPEHBI TEXHOJOTUU MEepepadOTKU ONaNoN JUCTBBI B OpraHUYEcKHe yao0peHus u
nouyBeHHbIe MennopaTel [S]. [IIupoko mpUMEHSIOTCS TEXHOJIOTHHM IPOU3BOJCTBA UC-
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KYCCTBEHHBIX IOYB Ha OCHOBE OMOJIOTMYECKUX OTXOJOB 3€JE€HBIX HacakaeHUi [6].
N3BeCTHBI TEXHOJIOTH MOJTYYEHUS TOIUTMBHBIX OPUKETOB HA OCHOBE OMAJION JIMCTBBI U
CONyTCTBYIOLINUX OTXO0M0B [7].

HecMoTpst Ha Bo3pacTaromuii MHTEPEC K TEXHOJOTHUSM YTHIM3ALUU OTXO/OB
OMAaBILEH JMCTBBI, UCTIOJb30BAHME OTXOJOB B KaU€CTBE BTOPUYHOTO CHIPHS JKECTKO
perjlaMeHTUpYyeTCs JIEUCTBYIOIIMM 3aKOHOJATeIbCTBOM YKpaunbl [8]. Haubonee
BAXKHBIM PETIAMEHTUPYIOIIUM IOKa3aTeJIeM SIBJISETCS YPOBEHb TOKCHYECKOTO BO3-
JEHCTBUSI KOMIIOHEHTOB OTXOJIOB Ha KOMITIOHEHTHI OKpY>Karoliei cpeasl. B oTeuecT-
BEHHOH U 3apyOexxHoil nmuteparype [9-11] HEoTHOKpAaTHO U3yYalIKCh BOIIPOCHI HAKO-
MJICHUS] TOKCUYECKUX KOMIIOHEHTOB (XMMHUYECKHE COCIMHEHUS TSKEIBIX METalIOB
(nanee TM) B 4aCTHOCTH) IPUPOJHBIMU IKOCUCTEMAMU U UCKYCCTBEHHBIMU 3€JICHBI-
MM HacaxaeHussMu. Hexoropwie uccienoBanus [12, 13] geranbHO paccMaTpUBaIOT
s dexTrl HakoruieHuss TM aHTPOMOreHHOTO MPOUCXOKIEHUSI B KOMIIOHEHTaX 3eJe-
HBIX HaCaKJECHUHN MPOMBIIUICHHBIX TOPOJIOB U TOpoja JIHEmponeTpoBCK B YaCTHOCTHU
[14, 15]. HecmoTpst Ha GOMBIION 00bEM HAKOILJICHHBIX 3HAHUM 00 aHTPONMOTCHHOM
3arpsi3HEHUH 30H 3€JICHBIX HACAXKIEHUN Tropoja, OONBIIMHCTBO MCCIEIOBaHUM IMO-
cBaleHo dddexraM mMurpanuu u nepepacnpeneiaceHuss TM B 00beKTax 3KOCHCTEM.
HccnenoBanus onajioi TUCTBBI ¢ O3UIMU OLEHKH KJIacCa OMAaCHOCTH OTXOJI0B B CO-
BPEMEHHOU Hay4YHOW JMTepaType MPeaICcTaBIeHbl MAJILIMU Pa3pO3HEHHBIMU U MPOTH-
BOPEUMBBIMU JAaHHBIMU. TakuM o0pa3zoM, HapacTaloIUNA CIPOC Ha OMABLIYIO JIUCTBY
— KaK MCTOYHUK BTOPUYHOTO CHIPBS, U €ro OOJBIIONW MPOMBINUICHHBIA MOTEHI[HMAT
OTPEENSIOT aKTyalbHOCTh U HEOOXOJUMOCTh UCCIEAOBAHUS JAHHOTO BHJ1a OTXOJI0B
Ha IPEeIMET YCTAaHOBJICHUS KJIacca ero 3KOJIOT0-TOKCUKOIOTHYECKON OMaCHOCTH.

B KOHTEKcTe CKa3aHHOIO BBIIIE HeJdbK TMPEICTaBICHHOW PabOThl SBISETCS
OIpeJIeNIeHHe Kilacca OMacHOCTH CE30HHBIX OTXOJIOB 30H 3€JI€HBIX HACAXACHUI Topo-
7la ¢ BBICOKUM aHTPOIIOTE€HHBIM 3arpsi3HeHueM. /{715 peann3aiiuu NoCTaBICHHON 1IeNn
B paboTe BBIMOJHEHBI CIECAYIONINE 3a]aun:

- CTpyKTypupoBaHue U KiaccCU(UKAIMs MECT 0O0pa30BaHUS M HAKOIICHHS
OMaJION JINCTBBI MO CTETIEHH aHTPOIIOTEHHOTO 3arpsi3HEHNUS;

- KauecTBeHHast 1 KoJIu4YeCTBEHHAs! OLIEHKA XMMHUYECKHX KOMIIOHEHTOB B CO-
CTaBE OTXOJI0B ONAJION JIMCTBHI;

- DKOJIOr0-TOKCUKOJIOTMYECKUI aHaIu3 BO3JECHCTBHS OMAJOW JHUCTBBI HAa ypOo-
HKOCUCTEMBI C MOCIEAYIONINM ONpeAeTICHUEM Klacca OMACHOCTH OTX0/1a ATOT0 THUIIA.

O0bekT MccaenoBanusi. B xauecTBe 00BEKTOB MCCIEIOBAaHMS BBIOpaH OAMH
U3 BUJIOB KOMMYHAJIBHBIX OTXOJOB — Olajiasi JIMCTBA Pa3jIMYHbIX 30H 3€JICHBIX Haca-
xaeHuil ropoga JHenponeTtpoBcka. C ydyeToM BO3MOXKHOTO MPOUCXOXKICHUS, JaH-
HbIE OTXO/bI Ki1accu@uiupoBanbl B cooTBeTcTBUU ¢ b.6 JIK 005-96 kak:

- oTx011bl KOMMYyHaNTBHBIE cMemanubie (KOl 7720.3.1.01);

- oTXxozsl, nonydyeHHsle oT uncTku ynun (KOJ[ 7720.3.1.03), ¢ ce30HHBIM Tie-
puoIoM 00pa30BaHUs U HAKOTUICHUS.

B pamkax pa®oThl [Uisi yCTaHOBJIEHUS KJAcCa OMACHOCTH BBIOPAHBI OTXOIbI
OMaJION JIMCTBBI CaJI0BO-MIAPKOBBIX KYJIbTYpP, XapaKTEPHBIX JIJISl 3€JICHBIX HACAKICHUN
ropona Jlnenponerposcka. Cpean 00bEKTOB MCCIIEIOBAHUS BbIJEICHBI OTXO/bI Ola-
JIOM JUCTBBI clenyromux BuaoB: Poounus mncesnoakarusi (Robinia pseudoacacia),
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Bsi3 rnaaxuii (Ulmus laévis), JTuma xpynxonuctas (Tilia platyphyllos), Kamras koH-
ckuit (Aesculus L.), Kien octpomuctsiit (Acer platanoides) u Tomons (qenbTOBH-
HbIit, Populus L.).

OT60p Mpo6 0TXOI0B MPOU3BECH B EPUO C OKTAOps mo HosiOpb 2011 roga B
cootBeTcTBUM ¢ TpeboBanusimu ['OCT 17.4.3.01-83. Ycpennenue B mectax oTOOpa
P06 BBIIOIHEHO METOIOM KOHBEPTa» HPH ILIOMANH KBaapaTa oT 25 M.

Jlnst orGopa BRIOpaHBI TUIOMIAKHA 3€JICHBIX HACAXICHUU TPEeX TUIIOB: MapKo-
BbI€ 30HBI, MPUJIOMOBBIC 3€JICHBIC 30HBI (30HBI KHJIOW 3aCTPOUKH), 3€JI€HBIC 30HbI B
0JIM3M TOPOJCKUX aBTogOpOor. HamMmeHoBaHME M gPS-KOOPIWHATHI BHIOPAHHBIX ITIJI0-
IaJ0K JJIs1 0TOOpa Mpod OTXOJO0B MpeAcTaBieHbl B Tabu. 1. s onmpeneneHus: gps-
KOOPJIMHAT MCToJIb3oBaics npueMHuK Garmin eTrex mapku H, oTKJIOHEHHE pe3yib-

TaTOB U3MEPEHUM TOUKU B CHCTEME KOOpAMHAT ompeaeneHo B npenenax 20...35 M
(n=3, P=0,95).

Tabmuma 1
Nnentudukarmonnas tadauia MecT oroopa mpod 0TX0A0B
KO/JI | Tun u Ha3BaHUE 3€JICHOMN 30HbI Koopaunatet GPS
[TapkoBbie 30HBI
I11 | mapk Crynenueckuii ropojgok JIHY3T 48°26'14.97"N 35°02'54.80"E
I12 | mapk uMm. ["'arapuna 48°25'57.47"N 35°02"28.19"E
I13 | CeBacTONONBCKUI MTAPK 48°26'47.48"N 35°03'39.17"E
14 | mu. OxTa06prckas 48°27'28.14"N 35°04'03.11"E
II5 | mapk um. [IleBueHko 48°27'42.30"N 35°04'14.31"E
I16 | 0. Komcomonbckuit 48°28'00.46"N 35°0426.71"E
I17 | mapk um. JI. I'mo6s1 48°28'17.89"N 35°01'49.44"E
I18 | mapk Kanununa 48°28'22.84"N 35°00'24.78"E
3eseHbIe 30HbI KU 3aCTPOMKH
K1 | x.m. [ToGana-4 48°25'12.40"N 35°03'58.85"E
K2 | x.m. Tormonnb-1 48°24'41.26"N 35°01'45.96"E
K3 | k.M. Toronn-4 48°23'51.95"N 35°01'32.09"E
K4 | yn. PabGouas 48°26'29.13"N 34°59'48.00"E
K5 | mp. N'arapuna 48°25'31.94"N 35°01'50.26"E
K6 | yn. Kuposa 48°27'44.99"N 35°01'35.00"E
3eseHbIe 30HbI MECT C BEICOKUM TPAHCIIOPTHBIM HAIPSKEHUEM
T1 yi. [lymkuna 48°27'58.21"N 35°01'30.11"E
T2 | Ha0. um. Jlenuna 48°28'03.82"N 35°03'38.91"E
T3 np. Kapna Mapkca 48°28'10.00"N 35°02'12.97"E
T4 | mp. Kapna Mapkca 48°27'58.43"N 35°02'35.10"E
T5 | mp. Kuposa 48°26'19.74"N 35°00'53.84"E
T6 | pa3Buika yn. TutoBa u nip. ['epoeB Cta- | 48°25'47.08"N 35°01'01.78"E
JUHTpaaa
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Meroauka npoBefeHHs IJKcnepuMeHTa. i1 3KOJIOr0-TOKCUKOJIOTHYECKOMN
OLICHKU YpPOBHSI OMacHOCTH OOBEKTOB UCCIIEIOBAHUS MCIIOIb30BaHA CTAHIAPTU3UPO-
BanHas metonuka J[CaulliH 2.2.7.029-99 [2]. Onpenenenue kiacca omacHOCTH OT-
XOJI0OB IIPOU3BENIEHO pacdueTHbIM MeTofoM 1o IT/IK ero xummyecknx KOMIIOHEHTOB B
rpyHTe. J{aHHbIN BBIOOp ompenensiercs (pakToM MOAABISIONIETO 3aXOPOHEHUS OTXO-
noB AaHHOW rpynnsl Ha noiauroHax ThO u He mporuBopeunt m. 5.1.2 J{CaunlliH
2.2.7.029-99.

[lepeuenr TM, conepskaHue KOTOPBIX OMPENESIOCh B paMKax palOoThl, CO-
CTaBJICH Ha OCHOBE PEKOMEHAIIMl OTEUECTBEHHBIX U 3apyOeKHbIX UccheqoBaHui [3,
10-12] u u3BecTHBIM JaHHBIM [13-15] XapakTepHOro KOMIIOHEHTHOI'O 3arpsi3HEHUS B
pamkax [IpuaHEnpoBCKOM MPOMBILIIIEHHON arjoMeparnuu.

Copepxxanne TM B npobax 0TX0J10B ONPEEIIIOCh SKCIEPUMEHTAIBHO, CPEe/I-
CTBaMHU aTOMHO-aJICOPOIIMOHHON CIEKTPOCKOMHUHU B COOTBETCTBUU CO CTAaHAAPTHBIMU
Metogukamu. HarmeHoBaHNE METOAMKH BBITIOTHEHUSI U3MEPEHUI U HEKOTOPBIE BaX-
HbIE TIOKAa3aTelIH, ACTAIM3UPOBAHHBIE IO KOMIIOHEHTAaM XUMHYECKOrO aHaju3a,
npe/icTaBieHbl B Ta0M. 2.

Ta0muna 2
MeToauku BBIMOJHEHHUS U3MEPEHUHN JIOJIU COJIEPKAHUS TSHKEJIBIX METaJIOB
B IMpo0Oax 0TX0JI0B

MeTtoauka + [ Jlnana3oH u3me- JlnnHa [upuna
Meramn

U3MEPEHUS (P=0,95)| penHus, MI/KT | BOJIHBI, HM | IIEIH, HM
Mn |MBB 081/12-0181-05 26 50...50-10° 279,6 0,4
Cd |MBB 081/12-0167-05 31 0,25...50-10" 228.8 1,3
Ni | MBB 081/12-0168-05 30 4,0...50-10* 232,0 0,2
Fe |MBB 081/12-0168-05 24 2,0...50-10° 2483 0,4
Pb | MBB 081/12-0292-06 17 2,0...50-10° 2833 1,3
Cu |MBB 081/12-0168-05 22 2,0...50-10° 324,7 1,3
Zn |MBB 081/12-0168-05 22 4,0...50-10* 213.9 1,3

ATOMM3alLIMI0 PAacCTBOPOB COEIMHEHUN TSHKENbIX METAIOB B BBITSKKAX W3
po0 OTXO0JI0B MPOBOJIWIM B IJIAMEHHU alleTUJICH-BO3AYLUIHOM CMECH Ha aTOMH3aTOpe
cnexkrpodoromerpa AAS-115 M ¢ ucnosb3oBaHUEM MOPUCTOrO KaTOJa HA COOTBET-
cTBytonnii Mmetaymi. MaccoByto gono TM B mpobax OTX0/I0B ONpeNessii pacder-
HBIM METOJIOM, OITUPASICh HA PE3YJIbTAThl ONPECICHUs COAEPKaHUs METAJUIOB B pa-
0ouyux pacTtBopax BBITSDKEK. Cepuu 3KCIEPUMEHTOB IMPOBOJIUIUCH B CTaHAAPTHBIX
YCJIOBHUSIX MUKPOKJIMMAaTa JabopaTopuu: TeMnepaTypa okpyxatromeit cpeast 20+5 °C,
atmocepnoe nasieHue 630...800 MM.pT.CT, OTHOCUTENIbHAS BIAXKHOCTh BO3/lyXa HE
6omee 80 %.

Crnenyer OTMETUTh, YTO COJIEp)KaHHE HEKOTOPBIX METAINIOB B 00BEKTAaX HUCCIie-
JIOBaHUSI BBIXOJIUT 3a TPaHUIBl YYBCTBUTEIBHOCTU METOJMK, MPEICTABICHHBIX B
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Tabu. 2. Jlns gaHHBIX CIy4yaeB JIEWCTBUTENbHASI MOJATOTOBKA MPOO BKIIOYAA STaIlbl
KOHIEHTPUPOBAHUS MPOOBI METOIAMH YIIapUBAHUS.

Pe3yabTraThl aTOMHO-aACOPOLMOHHOM CHEKTPOCKONMH MPOd OTXO0A0B.
Knacc onacHocTH (TOKCMYHOCTH) OTXOZa HAMpPsIMYIO CBA3aH TOKCHUKOJIOTHYECKUM
BO3JIEHCTBHEM (KJIACC OMACHOCTH) XUMHUYECKUX KOMIIOHEHTOB OTX0JIa U UX MUTPALIH-
OHHOM criocoOHOCThI0. CoBpeMenHble onieHku [1, 2, 10, 11] yposneit [1/IK B rpyHTax
B MEPBYIO OYepeb PaziuyaroTCs MO JUMHUTHPYIOLIEMY [MOKa3aTelll0 BPEJHOCTH CO-
€AMHEHUI — CTOCOOHOCTH 3arps3HSIONIETO BEIECTBA K MUTPALMU B YCIOBUSIX OKPY-
xatouied cpeapl. Onasiias JIMCTBA AEPEBHEB C OJHOM CTOPOHBI SIBJISIETCS KOMIIOHEH-
TOM 3KOCHUCTEMBI, CJIEA0BATEIbHO, €€ TUIMUYHbIA KaueCTBEHHbIA U KOJIMYECTBEHHBIH
COCTaB HE COCTABJISIET OMACHOCTH, TaK KaK 9KOCHCTEMAa €CTECTBEHHBIM 00pa3oM CIo-
coOHa ycBauBaTh 3T0 BUJ 0TX00B. C Apyroil CTOPOHBI, AHTPOIIOTEHHOE 3arpsi3HEHHE
BBI3bIBAET KAUYECTBEHHOE W KOJUYECTBEHHOE HM3MEHEHHE XHUMUYECKOro COCTaBa
OMaBILEH JTUCTBBL. B KOHTEKCTE CKAa3aHHOTO MOKHO MPEANOJIO0XKUTh, YTO OpraHuye-
CKH€ KOMIIOHEHTHI JaHHOTO 0TX0/a He TPeOYIOT U3yUeHHUs, a OCHOBHYIO OLIEHKY KO-
JIOTUYECKON OMAcCHOCTH CIEAYeT MPOU3BOJIUTH MO COJIEPKAHUIO COCTMHEHUU TsKe-
JIBIX METAILJIOB.

B pamkax paGoTbl H3y4aoch HECKOIBKO MUTpallMoHHBIX (opm TM B mpobax
OTXOJI0B OMAaBLIEH JIMCTBHI:

- BasoBas ¢popma TM (W, ) — KHMCIOTHAsI BBITSKKA HA OCHOBE CMECH a30THOM
KHUCJIOTBI U IEPOKCHUAA BOJIOPOJIA;

- oJBWXHAs (B TOM 4McIie TpaHciokanmoHnHas) ¢dopma TM (Wi, ) — Kucnas
BBITSDKKA HA OCHOBE alleTaTHO-aMOHUMHOTO Oy epHOTo pacTBopa;

- BogHO-MurparuonHas popma TM (W, ) — BOJHAS BBITSIKKA.

Pe3ynbpTaThl aTOMHO-aCOPOLIMOHHON CIEKTPOCKOMUU MPOO OTXOJ0B Mpe.-
cTaBjieHbl B TaOJ. 3. YuuThiBasi OOJBIION TEPPUTOPUATBHBIA U UHTPEAUECHTHBIA OX-
BaT 00OBEKTOB MCCIEOBAHUS, & TAKKE 3HAUUTEIbHOE KOJIUYECTBO OJJHOTUITHBIX MPOO
B Ta0J. 3 MpUBENIEHbI YCPEIHEHHbIE PE3yNbTaThl coAepkanus TM B pa3iuyHbIX Mpo-
0ax, crpynmnupoBaHHBIX MO MecTaM HX oTOopa (B cooTBercTBMM C¢ Tabn. 1). s
OLICHKU BapUalluu WHAMBUIYAJIbHBIX PE3yJbTAaTOB 3TOr0 YCpeIHEHHs B Tabi. 3 yka-
3aHO 3HAYEHHE CTAHJAPTHOrO OTKIOHEHHE - S; .. OleHka aOCOMIOTHOTO OTKJIOHEHUS
PE3yJIbTATOB U3MEPEHUM BBHINIOJIHEHA B COOTBETCTBUM CO CTaHJIAPTHOM OIIHUOKON Me-
toaa ucciegoBanus = (tabdn. 1) mpu P=0,95 u n=2.

OOcy:k1eHue pe3y/ibTaTOB IKCIEPMMEHTOB M pPacyeT KJIACCa ONACHOCTH OT-
xona. Mcxons u3 pe3ynbTaToB, MPEACTaBIECHHBIX B Ta0J. 3, MOKHO CAeNaTh BHIBOA: BCE
POObI OTXOJI0B OMNAJBIX JTUCTHEB COAEPHKAT TAXKEIIbIE METAUIbI B PA3IUYHBIX MUTPALIH-
OHHBIX (opmax. CTaHIapTHOE OTKIOHEHHWE TMOJIYYEHHBIX PE3YJIbTAaTOB, YCPEIHEHHBIX
IO TPYIIIaM MECT 0TOOpa Mpoo, KOIeOIeTCs B 3HAUUTEIBHBIX MpeJIesiax, HO B OOJIBIIINUH-
ctBe citydaeB He npesbimaet 10...20 %. YuuTeiBas XapakTep U METOA MIOCTAHOBKH DKC-
nepuMeHTa (00IbII0E KOJMYECTBO MECT OTOOPA MPOO U CIyYallHbIN XapakTep UX BbIOO-
pa), MOJIyYeHHbIE YCPETHEHHbIE MOKa3aTeu MOKHO CUMTATh MPUEMIIEMBIMU JIJIS JTaJTb-
HEHMIIMX pacyeToB Kjlacca OMacHOCTH OTXOJIOB.
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Ta6muma 3
O060011IeHHBIC TTOKA3ATENIN COJEPKAHUS TIKEIIBIX METAVIOB B OTXOAaX OIMaJIbIX
JIACTHEB, MI/KT

™ ‘ WBan. ‘ iABan. ‘ Sr.c. ‘ Wnou.. ‘ :tAl'IOLlB ‘ Sr.c. ‘ WBOLL. :tABOLl. ‘ Sr.c.

Mecto ot6opa npo6: KOJI ta6m. 1 —I11...118 nr.c.=16

Pb 12,9471 | 2,2010 6,2276 | 0,0003 | 0,0001 | 0,0002 0,0001 |0,0000 | 0,0002

Cd ] 0,9853 0,3054 1,2050 | 0,0003 | 0,0001 | 0,0004 0,0001 |0,0000 | 0,0002

Zn 20,9785 | 4,6153 2,3496 | 1,9775 |0,4350 | 0,5126 0,0879 | 0,0193 | 0,0084

Cu 10,7348 | 2,3617 2,0074 | 0,3809 | 0,0838 | 0,1652 0,0288 | 0,0063 | 0,0146

Ni 14,8951 | 4,4685 2,9939 |0,0105 | 0,0032 | 0,0030 0,0065 | 0,0019 | 0,0027

Mn | 25,0383 |6,5100 4,6822 | 5,0104 | 1,3027 | 2,4982 0,0055 |0,0014 | 0,0055

Fe 38,9577 19,3498 14,998 | 21,357 |5,1258 | 11,571 5,2681 | 1,2643 | 1,9703

Mecto otbopa nmpo6: KOJI taba. 1 —XK1...2K6 nr.c.=12

Pb 8,7895 1,4942 4,2277 | 0,0003 | 0,0001 | 0,0002 0,0001 | 0,0000 | 0,0001

Cd ]0,5623 0,1743 0,6877 | 0,0001 | 0,0000 | 0,0002 0,0001 |0,0000 | 0,0001

Zn 14,8598 | 3,2692 1,6643 | 1,5824 | 0,3481 | 0,4101 0,0801 | 0,0176 | 0,0038

Cu 8,5236 1,8752 1,5939 10,0313 | 0,0069 | 0,0136 0,0222 | 0,0049 | 0,0056

Ni 9,2514 2,7754 1,8595 | 0,0100 | 0,0030 | 0,0029 0,0058 |0,0017 | 0,0012

Mn | 15,0358 | 3,9093 2,8117 | 4,0910 | 1,0637 | 2,0398 0,0065 | 0,0017 | 0,0033

Fe 18,9786 | 4,5549 7,3067 | 11,853 | 2,8448 | 6,4221 4,8795 | 1,1711 | 0,9125

Mecto otbopa nmpo6: KO/ ta6m. 1 —T1...T6 nr.c.=12

Pb 12,9853 | 2,2075 11,063 | 0,0026 | 0,0004 | 0,0024 0,0001 |0,0000 | 0,0000

Cd | 3,5246 1,0926 4,0674 | 0,0190 | 0,0059 | 0,0253 0,0020 | 0,0006 | 0,0006

Zn 25,3659 | 5,5805 10,958 |3,8524 | 0,8475 | 1,1996 1,1259 10,2477 | 0,1075

Cu 11,5862 | 2,5490 2,5837 10,5897 | 0,1297 | 0,2664 0,0205 | 0,0045 | 0,0049

Ni 16,8795 | 5,0639 4,8782 | 2,5684 | 0,7705 | 0,8553 0,8965 | 0,2690 | 0,0722

Mn | 25,6853 |6,6782 6,5754 | 6,0851 | 1,5821 |2,8040 0,0129 | 0,0033 | 0,0080

Fe 58,9864 | 14,156 37,456 | 27,523 | 6,6057 | 20,362 8,9635 |2,1512 | 5,7591

B Tab6un. 4 npencraBieHbl pe3yabTaThl PACUETOB KJIacca OMAaCHOCTH OMAJIbIX JIU-
CThEB — KaK KOMMYHAJIbHBIX WJIM MYHUIIMIIAIIBHBIX OTX0JI0B. Pacuer BBIMOJIHEH B CO-
orBetcTBHM ¢ 1. 5.1.2 JICanlliH 2.2.7.029-99. JIns pacueToB UCIOIb30BaHBI PE3YIIb-
TaThl XUMHYECKOTO aHaJIN3a OTXOO0B OMNaJbIX JUCThEB (Ta0. 3) U U3BECTHBIC 3HAYE-
Hus [1]IK cooTBeTCTBYIOIIMX METAJIOB B 1ToYBe [ 1, 2].

AHanu3 DaHHBIX, MPEJCTABICHHBIX B Ta0OJ. 4 TTOKa3bIBAECT, YTO Olajas JIMCTBA
oTHocHuTCs K oTxoxaM IV knacca onmacHoctu. CienyeT OTMETUTh, YTO CYMMAapHBIH
uHaekc omacHOCTH oTX0Aa (Kcyrva) YMEHBIIACTCS B PSAIY: MAPKOBBIC 30HBI — JKUJIBIC
30HBI — aBTOTpaHcHopTHbIE Aoporu. IloBenenne Ky, SABISIETCA €CTECTBEHHBIM —
TIOBBILLICHUE YPOBHSI aHTPOIIOI€HHOTO 3arpsA3HEHUS B palilOHE 30H 3€JIEHBIX HACaX/Ie-
HUN YBEJIMUYMBACT COJICPIKAHUE TSHKEJIBIX METAIOB. 3HaueHHE K yrya 7151 TIPOO oOra-
JIBIX JINCThEB, OTOOPAHHBIX B OJIM3U aBTOTPAHCIIOPTHHIX JOPOT, HAXOIUTCS HA TPaHU-
e 111 xmacca. MoXHO TPEANnoOa0XUTh, UTO C YUETOM a0COIOTHOM OIMMOKU METOIUK
m3MepeHnii TM U CTaHIapTHOTO OTKJIOHEHUS MOJIYYEHHBIX YCPEIHEHHBIX pe3yibTa-
TOB JIaHHBIA BUJ OTXOJIOB CJEAYET OTHECTH K OMACHBIM. JTO UCKIIOYAET YMPOUICH-
HYIO CXEMY JaJIbHEHIIIEro UCIOb30BaHus (0OpallleHus) TaHHBIX OTXOJO0B B pa3jinuy-
HBIX BHJAX XO3SIMCTBEHHOW AeATeNbHOCTU. HO, NeTanibHOE pacCMOTpPEHHUE TaHHBIX
TabJ. 4 MoKa3bIBaeT, YTO BO BCEX CIIydyasX JUMUTHUPYIOMUMH 1Jis pacdeTa Ky, SB-
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JISIIOTC MHACKCHI TOKCHMYHOCTHU (KI) xuMudeckux kommnoHeHToB III kimacca Tokcuy-
HOCTH. HpI/I 9TOM, COACPIKAHUC BOLOPACTBOPUMBIX MHUI'PAIUOHHBIX q)OpM XUMHUYC-
ckuX KoMIoHeHTOB I u Il k1acca TOKCHYHOCTH Ha HECKOJIBKO MMOpPAIKOB MCHBIIC 3HA-
YEHUM COOTBCTCTBYHOIIHUX HI[K Takum 06pa30M, MOXHO YTBCPKIATH, YTO OIIaJIasa
JJUCTBA OTHOCUTCA K OTXOAaM IV knacca omacHOCTH HE3aBUCHMO OT YPOBHA aHTPO-
IIOTCHHOT'O 3arpsA3HCHUA 30H €C 06paSOBaHI/IH 1 HAKOIIJICHUA.

Tabnuma 4
Pacuer kimacca ormacHOCTH OTXOJIOB OMANBIX JIUCTHEB
Conepxanue MeTajijia, MI/Kr (KJ1IacC OIMacHOCTH)
Pb(I) |Cd() |Zn{d) |[Cu(l) |Ni(Il) | Mn (III) | Fe (III)
K a5,
MTI/KT 32,0 1500,0 1000,0
T/TK s
MT/KT 6,0 0,5 23,0 3,0 4,0
OTx0J1bI ONAJIBIX JIUCTHEB ¢ MeCT oTOopa mpoo: I11...118
Wian, MI/KT | 12,9471 0,98532 | 20,9784 | 10,7348 | 14,8951 | 25,0382 | 38,9576
Wion, MI/KT | 0,00032 | 0,00027 | 1,97745 | 0,38089 | 0,01053 | 5,01035 | 21,3577
Weon, MI/kr | 0,00010 | 0,00010 | 0,08791 | 0,02882 | 0,00645 | 0,00546 | 5,26810
Ki (ITAK) 60000 | 5000 261,6 104,0 |620,2 | 274725 | 189,8
Kenrva 40,6
OTx0/1bl ONaNIBIX JIUCTHEB ¢ MeCT oTOopa mpob: XK1...0K6
Wan, MI/KT | 8,78950 | 0,56234 | 14,8597 | 8,52361 | 9,25142 | 15,03578 | 18,9785
Wion, MI/KT | 0,00030 | 0,00012 | 1,58235 | 0,03125 | 0,01002 | 4,091035 | 11,8532
Weon, MI/KT | 0,00010 | 0,00010 | 0,08012 | 0,02215 | 0,00578 | 0,006460 | 4,87952
Ki (ITAK) 60000 | 5000 287,1 1354 1692,0 |232198 |204,9
KcmMa 6997
OTx0J1bl OMaJIBIX JIUCTHEB ¢ MeCT oTOopa pob: T1...T8
Wan, MI/KT | 12,9853 | 3,52458 | 25,3658 | 11,5862 | 16,8795 | 25,68531 | 58,9864
Wi, MI/KT | 0,00256 | 0,01897 | 3,85236 | 0,58974 | 2,56842 | 6,085120 | 27,5236
Wion, MI/KT | 0,00010 | 0,00200 | 0,11258 | 0,02051 | 0,08965 | 0,012850 | 8,96351
Ki (ITIK) 60000 | 250 204,3 146,3 44,6 116731 | 111,6
Kenrva 33,6

Kak ormeuanoch BBIIIC, TJIaBHAA LCJIb IPCACTABIICHHOI'O UCCICAOBAHUA — U3Y-
YUTDb IKOJOI'O-TOKCUKOJIOTNYCCKYIO 0e30IacHOCTh MNMPpUMCHCHUA OIIAJIbIX JIMCTHCB B
Ka4qCCTBC BTOPUYIHOT'O ChHIPBA. PCSYHBTaTBI pacdcToB, IMPCACTABJICHHBIC B Tab1. 4, 9TO
HarjiiiHO JCMOHCTPHUPYIOT. OI[HaKO, I[aHHBIﬁ aHaJIN3 SBISCTCSA HEMOJIHBIM. DTO CBS-
3dHO C TCM, UYTO HU3Yy4aCMbIC OTXO/bI MOp(l)OJIOI‘I/I‘IeCKI/I COCTOAT U3 ABYX KOMIIOHCH-
TOB: JIUCTOBBIC IINIACTMHKH H IIbLJIb pa3quH01”4 AUCIICPCHOCTU HA HUX ITOBCPXHOCTH.
VYuureiBas MCPCIICKTUBLI IPOMBIINIJICHHOT'O HMCIIOJIB30BAHUA OAHHBIX OTXOIOB, HEO00-
XOOUMO 3HATH YPOBCHbB 3arpA3HCHUA HCIIOCPCACTBCHHO JIMCTOBLIX INNIACTHHOK — KaK
MMOTCHIHUAJIBHOT'O BTOPUYHOTO CBIPbA. I[J'IS[ pcaim3anunu ATOM 3aJadyu OBLJ1 ITIOCTaBJICH
IIOHOJIHHT@JIBHBIﬁ IKCIICPUMCHT, B XO0AC KOTOPOTO HpO6BI O0TXO040B OITaJION JIMCTBBI
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OTMBIBJIMCH JUCTUJUIMPOBAHHOM BOJIOM B JBa IpHeMa MO 5 MUHYT KOHTaKTa MPOOEI
C pacTBOpPHUTENIEM NP MHTCHCHMBHOM IepeMelvMBaHuu. [lanee, mojydeHHbIE 3HAYe-
HUS coJiepKaHus Tsokenbix MeTawioB (Wh) B oOpasiiax OTMBITBIX OTXOJ0B CPaBHU-
BaJIMCh CO 3HAYEHUSAMH, NMpUBeAcHHbIMU B Ta0OJ. 4 (W). CpaBHEHUE MTOJYUYEHHBIX pe-
3yJbTATOB MPECTABICHO B BUJI€ HOPMAJIU3UPOBAHHOW TMCTOTPpaMMBbI Ha puc. 1.
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Zn Cu Ni Mn Fe

Puc. 1. Conepxanus Tspkenbix metamioB (Wh, Mr/kr) B mpo0Gax OTMBITBIX
OIMAJIBIX JTUCTHEB, HOPMATU3UPOBAHHOE TI0 MCXOJHOMY 3HAYCHHIO COJICPIKAHUS TKE-
neix MetamwioB (W, mr/kr): 1 — mecta orbopa npo6 I11...118, 2 — mecta otd6opa npod
XK1...2K6, 3 — mecta ot6opa ipo6 T1...T6 B cooTBeTcTBUU C Tab. 1.

I'paduueckue 3aBUCUMOCTH Ha pUC. | TTOKA3BIBAIOT, YTO OCTATOYHOE COJCPIKAHUE
TM B mpobax OTXOJOB OMNAJION JIMCTBBI TOCJE OTMBIBKM B CpPEJHEM COCTaBIISIET
30...45 % ot HavanpHOrO 3HaueHus. Clien0BaTeIbHO, €CTSCTBEHHAS 3aIIbIIICHHOCTD OT-
XOJIOB OKa3bIBACT JIOMUHHUPYIOIIEE BIUSHUE HA YPOBEHBb MX 3arpsi3HEHUS TSKEITBIMU
MeTaJUIaMH M Ha MOKa3aTelld MX 3KOJOr0-TOKCHKOJIIOIMYECKOM Oe3ormacHocTd. B mon-
TBEP)KJIEHHUE ATOU THIOTE3BI CIIEYET OTMETUTh, YTO MAaKCUMAJIbHOE CHIDKEHHE COJIep-
)auus TM HaOMrogaeTCs I 30H 3€JICHBIX HAaCaKISHUH ¢ HAauOOJIBIITNM 3anblicHreM ( 1
ructorpamMmbl Ha puc. 1). C ydeToM JaHHBIX, MOJTYYCHHBIX B JOMOJHUTEIHLHOM JKCIIe-
PUMEHTE, UCCIelyeMas Onaasi INCTBA OTHOCUTCS K MaJIOOMACHBIM OTXOZaM.

BoiBOaBI.

1. Onanas nMCTBa pa3IMUHBIX 30H 3€JICHBIX HacaXJAeHUU ropojaa J(HempomeT-
poscka B coorBercTBuM ¢ J{CanlliH 2.2.7.029-99 oTHOCHTCS K OTX0/1aM YETBEPTOIrO
KJ1acca OMacHOCTH.

2. YpoBeHb aHTPONIOTEHHOTO 3arpsiI3HCHUS B pailoHe 00pa30BaHUs WM HAKOTI-
JICHHS OIaBIICH JIMCTBBHI OKa3bIBAaCT BIMSHHE HA KOJMYCCTBCHHBIC TOKAa3aTelH 3a-
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IPA3HEHUS JAHHBIX OTXOJ0B TSKEJIBIMU METAJIJIaMH, HO HE BIMSIET HA OOILYIO SKOJIO-
rO-TOKCUKOJIOTUYECKYIO OLIEHKY JJAHHOT'O OTXO0JA.

3. EcTecTBeHHas 3allbUIEHHOCTh ONABIIEH JUCTBBI SBJISETCSA JIMMUTUPYIOIIUM
(aKTOpOM B OLIEHKE KJIacca OMAaCHOCTH AaHHOTO OTXOJa.

4. C »KOJ0ro-TOKCHUKOJIOTMYECKONH TOUYKH 3PEHUS ONAYIO JINCTBY MOYXHO pe-
KOMEH/I0BaTh JJI UCIIOJIb30BAHUS B KaUE€CTBE BTOPUYHOIO CBHIPbS I HYXK] pa3any-
HBIX OTpacieil HApOJIHOrO XO3SMCTBA.

5. YuuTeiBasg HU3KYIO SKOJIOTHYECKYIO0 ONACHOCTH OIAJION JIMCTBBI U €€ BBICO-
KHi KOMMEPUYECKHI MOTEeHIHal, HeoOXouMa pa3padoTKa yHpOIIEHHBIX CXeM o0pa-
HIEHUA ¢ OTXOAAaMHU JaHHOro Tuma. [Io HameMy MHEHHIO, 3TO YBEIUYUT UHBECTUIIU-
OHHYIO TPUBJIEKATEIbHOCTh YTWIM3AlMM JaHHBIX OTXOJIOB M YMEHBIIUT aHTPOIO-
TE€HHYIO Harpy3Ky Ha FOpPOJCKUE CUCTEMBI.
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MATEMATHYECKOE MOJEJUPOBAHUE ITPOI'PEBA KOPITYCA
IMEPBOM CTYNEHU PAKETHI PC-22 TP NTHUIITUUPOBAHHOM
BO3JENCTBUN

[TocTpoena maremaTuueckasi MOJIeNb IPOTpeBa KOopIryca MNepBOil CTyINEHU MEXKOHTUHEHTAIbHOM
cTparernueckoir paketsl PC-22. PacueT ocHOBaH Ha MPUMEHEHUU CTPYKTYPHOTO METOHA JUIsl pe-
LIEHUS 33Ja4d TEIUIONMPOBOJHOCTH B COCTaBHBIX KOHCTpYKUMAX. OmpenerneHo Bpemsl Mporpena
KOpILyca pakeThl 10 BOCINIAMEHEHHS TBEPOro TOILIKBA.

[lobynoBana mMareMaTuyHa MOJENb MPOrpiBy KOPHYCY MEpUIOi CTYyMEeHI MIKKOHTHHEHTaJIbHOI
ctpateriuHoi paketu PC-22. Po3paxyHOK I'DYHTY€ThCS HA BUKOPUCTAHHI CTPYKTYPHOT'O METO1Y JIJIst
pO3B’si3aHHA 3aJlaul TEIUIONPOBIIHOCTI B CKIAJEHUX KOHCTPYKUIAX. Bu3HaueHuii yac nporpiBy
KOPILYCY PaKeTH JI0 3allajlioBaHHs TBEPJOTO MaJuBa.

The mathematical model of warming up of corps the first stage of the intercontinental strategic
rocket RS-22 is built. A calculation is based on application of structural method for the decision of
task of heat conductivity in component constructions. Time of warming up of corps rocket to the
self-ignition of hard fuel is found.

Ha IlaBnorpaackom xumudeckom 3aBoze (IIX3) xpanutcs TBepoe TOMIUBO
MEKKOHTHHEHTaJIbHOU OayumncTudeckon paketsl PC-22 (puc.1).

JlanHasi pakera sBJISJIaCh TPEXCTYIEHYATON M CTapT €€ OCYIIECTBIISIICA C JKe-
ne3HoI0pokHOM T1aTdhopmel (puc.2). Hanmuune tBepaoro pakernoro torusa (TPT)
Ha Tepputopun [1X3 co3gaeT yrpo3y MHTEHCUBHOIO 3arps3HEHUs] OKpY Karoliei cpe-
16l B cllydae aBapuiiHOM cutyanuu Ha oObekte [1,2]. Bo3ropanue torumBa, Haxoas-
IIETOCsl Ha XpaHEeHUH, BOZMOXHO B CITy4ae BHEIIHETO BO3JICUCTBUS (TEpaKT, aBapusi).
[Ipencrapnser GOJBIION MPAKTUUECKUH UHTEPEC MPOrHO3 BO3MOKHOTO 3arps3HEHUs
atMocdepbl U MaciTada MopaxeHus Mpyu TOPEHUH TaHHOTO ToruinBa [1-3].

Hean u 3agaum uccienopanmii. B Hacrosieit pabore paccMaTpuBaeTcsi epBbIi
9TaIl pelIeHUs STON CI0KHOM 3a7auu — pacyeT BpeMEHH BO3TOpaHus TBEPAOIO PAKETHOTO
toruBa (TPT) mpu MHUITMMPOBAHHOM BO3JICHCTBUU Ha KOPIYC pakeTh (puc.1).
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