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BIOTECTYBAHHA BOAHMWX PO3YMHIB HIAHICTOI'O HATPIIO
I OIAHICTOI'O KAJIIIO HA TECTOBOMY MATEPIAJII
SPIROSTOMUM AMBIGUUM

Posensnymo mosicnugicme 6iomecmy8anHsa 600HUX po3uuHie Yianidie Hampiio | KATII0 HA MECMO8oMY

mamepiani Spirostomum ambiguum.

Beryn

DiznKo-XiMiUHEe BU3HAYEHHS KiIbKICHOTO CKJia-
7y 3apaxXeHHsS MOBEPXHEBUX BOJ| HE J4€ TIOBHOT iH-
(opmaii npo iX TOKCHUYHICTh, TOMY LIO IX cymap-
HUH TOKCHYHMH BIUIMB MOXE BHIBHTWCS 1HLIHM,
HIK OKpeMUX KOMIIOHEHTIB. J[OCHi/sKeHHs: TOKCUY-
HOCTI XIMIYHUX CIONYK LWISXOM JIOCHIiB HA TBa-
pUHHHX 00’€KTax PO3WHPHE Miala30H 3HaHb MpPO
BIIACTHBOCTI PEYOBHH 1 JIA€ MOXIHBICTH 3HAMTH
CIIBBIAHOLIEHH MIXX TOKCHYHOK Ni€r0 Ha Jonei i
TBapuH. Sk 00’€KTH TECTyBAaHHS BHKOPHCTOBYBa-
nuch pisHi Bupu xpebetnux (Vertebrata) (3emuo-
BomHI (Amphibia), pubu 1 Oe3xpebersi (Inverteb-
rata) (xonoBeptxu (Rotatoria), BifikoBl xpoGaxu
(Turbellaria), nemaroau/auryacri xpodaxu (Nema-
todes), uepeBoHori/ractponionu (Gastropoda), 3s6-
pomuiuHi (Bronchiata), pakononioui (Crusnacea),
BOJIAHI KOMaXH, BOAAHUM ocnuk (Asellus), mKryta-
xu, amebu Ta in.) 1, 2, 8, 9, 10, 12, 13, 15, 16, 18,
19, 29]. Xibuep oHUM i3 MEPIIMX BUIHAYUB Peak-
HifiHy 3AaTHICTL HAUOPOCTIHMX Spirostomum ambi-
guum B acIeKTi MOXIHBOCTL 3aCTOCYBAHHA iX 5K
TECTOBOTO 06’€KTa B JNOCHIKEHHIX 3a0pylHEeHHS
NPUPOIHOrO CepeaoBHILia TOKCHYHUMH CIIOIYKAMH
[1, 2).

IMepuri mocmimkenus 3 OioTecTyBaHHs auBEp-
CIHHMX OTpYT i3 33CTOCYBaHHAM Spirostomum ambi-
guum nioyaB B. Crensmawyx [21, 25].

Jns excriepuMenTansHoro 6iotrecTysanHs 6ynu
BiniOpani nmoreHuiidi AUBepCiiHI OTPyTH — LiaHic-
THH HaTpii I miaHicTUH Kanil, mo MoxyTs OyTH BBe-
JeHl B MICBKUI BOJOMPOBIN, pe3epByapu OUUIIEHO]
BOAHM, Boj03abopu Towo [26, 28, 30].

BiorecTroBuii ananis

Biotect Boguux posauniB NaCN 1 KCN npogo-
UK A71s IOBHOTO [(iana3oHy KOHIIEHTpallid, To0To
BIl KOHLEHTpaliH, 110 He BUKIMKAIOTL 3arubeni
HalnpocTilunx Spirostomum ambiguum, A0 KOH-
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LIEeHTpallii, Kl BUKIHKAOTL cMepTh 100 % 06’ exTin
TecTyBaHHs. YacoBi BuMIipH OI0TECTY MPOBOAHIH
yepe3 15 1 30 xBuivH, a Takox depes 1, 2, 4, 12, 24,
48, 72196 ronun 3 MoMeHTy BBezteHHs NaCN i KCN
y BOIHE cepenoBuwe Spirostomum ambiguum [21,
25, 29].

Jis rpagiusoro onucy H10TeCTy 3aCTOCOBYBANH
IHTEPNOILILIHHI KyOiuHi cruiaiiny, anpoxcuManifHi
B-cnnaiinu 1 kpusi Besiepa. Hassani dyuxuii Buko-
pucToByBanucs mia nozHadeHHs LCsy 3a rpadikom
% cMeptHOCTi (§) y hyHKuiT KormenTpauii (C) Boa-
HOTO PO34MHY TOKcHuHOI cnonyku (% S = f/C/).
Tpupa3oBe HOBTOPEHHS KOMKHOI cepil BUMIpiB 1ajio
MOAUIMBICTE CTATUCTUHHOT 06pOOKH TeCTy pasoM i3
BH3HAYEHHAM CTAHIAPTHOTO BIIXWUICHHA H JIOBIp-
gux i"repBanis [25].

KpuBi 3anexHOCT] doza—eghexm BimoOpaxaoTh
3B’A30K MUK JO3010 ¥ BEJHUYUHOIO TPanyHioBaHOTO
edekTy B okpeMux 00’ekTiB abo B nomysamii. Taki
KPHBI MOXKYTb MATH Pi3HI GOPMH, ¥ MEXKAX PO3Maxy
JaHWX 103 BOHH 1HOII MOXYThb OYTH JiHIAHMMH.
Minneit [4, 17] nporeMOHCTPYBAB pi3Hi CIOCOOH iX
[IEPETBOPEHHS, WO MOXKYTh OyTH BHKOPHCTaHI Ui
no0yI0BY NiHIKHUX KPHBUX 003a—egexm.

I'padixu bGioTecty — KpHBI do3a—egpexm noxa-
3yI0Th 3B’A30K MiX J03010 Ta IPONOPLIEId 1HAH-
BIAYYMIB, Y SIKUX IPOSBISIETLCA edexT. Sk npaBuio,
KpHUBi 0o3za—eghexm MaloTh S-nouibHy, 3pocTaiody
topMy ¥ BEpXHIO T4 HIDKHIO ACHMIITOTH, aje He
sagxan 0 % 1 100 % {17, 30]. Oxgniero 3 MOXKIUBUX
inTepapertaniii GopMHU KpUBUX Jo3a—eexin MOXKE
CAYIyBaTH Te3a, M0 KOKeH IHAMBIAYYM Y MOMYNsAIi]
Ma€ BIACTHUBY JIMIUE HOMY CTIfiKiCTh, 1 TOMY He-
o0ximgHa Bu3HaueHa [03a [UIA PO3BUTKY edexTy.
VY npunnumi icHye HU3bKa 71034, Ha Ky He Bifmo-
BiZla€ JKOZIEH OPraHi3M, 1 BHCOKA /1033, Ha SKy peary-
0Th yci €3 BHHATKY.

[MpaBuneHUi onuc 3aeXHOCT d03a—ederm No-
BUHeH 0a3yBaTHCA Ha BENUKIH KITbKOCTI eKcrepu-
MEHTanbHUX NaHUX, 3 YPaxyBaHHAM pO3Maxy 103,



WO BHKJIMKAKOTh PEakKililo, Big MIHIMANBHOI A0
MaKCHMaJbHOI, a TaKoX BPaxOBYBaTH CTATUCTHY-
Ml aHani3 Giorecry [4]. ®opma KpHBOI Jo3a—
echexm AT IEBHOT PEUOBMHM H BHAY TBAPUH MOXKE

3MIHIOBATHUCA pPa3oM 13 YMOBaMHM €KCIEPUMEHTY
[17].. -

L]
EKC]’[epHMEHTaJIbHEI JacTHuHa

V nocligpKeHHAX 3aCTOCOBYBAIM HEOpIaHiuHi
CHONMYKH LIIaHICTHI HATPIiH 1 niaHicTHH Kami. Pisu-
xo-ximiuni BractusocTi NaCN i KCN Ta ixHI0 TOK-
cnunicTs onmcytots C. ®panke [5, 6] 1 B. CrensMma-
myk [22, 23, 24] ta in. [20].

KonuenTpauii Hianigis BU3Ha9aId KaJIOMETPHY-
HO Ha QOTOCIIEKTPOMETPI B CKILTHHX KHOBETAX TOB-
wwHow 0,999 oM. KinpkicHe BU3HAYECHHS I(1aHIC-
TOrO HATPIIO 1 LIaHICTOrO Kajilo MPOBOANIH 3 BHKO-
puctauHsM GeH3uauHy Ta 6apOiTypOBOI KHCIIOTH.
EXCTHHIIIO pO34YMHY I(iaHimiB BUMIPIOBAIH IICIA
5 XBMJIMH Bil MOMeHTY nomaBaHHs 0apbiTypoBoro
peareHTy mpH JoBXuHI XBHil 585 M [5, 6, 20].

Tecropanuii MatepiaJ
Spirostomum ambiguum

[t po3poOKH IIBKOKOT 1 IOBTOPHOBAHOI 1/ICHTH-
(ikanii UiaHICTOro HATPiO 1 LIAHICTOTO Kanilo y
BOLHMX PO3UMHAX CAYTYBamu HalmpocTtim Spiro-
stomum ambiguum, ki Hanexare 0o Tany Ciliata.

Spirostomum ambiguum € OIHOI 3 BEJIMKHX 3a
posMipamMu opm HaffmpocTimmx. IxHE Tino Mae
opMy Tyno 3akinueHoro muininnpa. Jlosxuna Spi-
rostomum ambiguum (6yKBaNbHO CIIpOXETa) CTa-
HOBUTH 1-3 MM, YCs OBEpXHS KIITHHA PiBHOMIPHO
NOKPUTA KOPOTKUMU # rycTUMH Bifikamu. Kitituna
HallIPOCTIMINX MICTHTL UMCTICHHI SAEpHi arnapary
(Makpo- 1 MikpoHyKJIeycH) y (GopMi JaHIIOTOBOTO
supa. Spirostomum ambiguum — e reTepoTpodHui
OpraHi3m, IO Xap4y€eThCs B IPUPOIHOMY CEPEIOBH-
i GakrepisMy # MaIuMH JPKTy THKOBUMH. KMBYTB
y Me30TpohidHMX Mynmax i CTIYHMX BOZaX/HEedHc-
ToTaX. BOHM TakoX € XapaKTepHUMH MEHIKAHIIMH
BOJONM, HallOBHEHUX JIMCTSIM, SKE PO3KIAJAETLCA.
[Ii mafimpocTiun TakoX TPUCYTHL B aKTHBHMX
OTIa/Iax.

3acTocoBYBaHi B HOCIHIIKEHHIX Spirostomum
ambiguum po3BoauNvcs y BracHiil naboparopii.

JlaGopaTopHe po3eeneHHs (KyJIbTUBYBAHHS)
Spirostomum ambiguum

Haitnpocriwi Spirostomum ambiguum po3sony-
nucs B kosbax Epnenmeepa (Erlenmayera) 06’emom
250 cM’, 3aKyNOpeHHX BaTHHUMHU TIPOGKaMu. Y Koi-

61 BBOQMIM IIOKHBHE CEpENOBHILE, MPUTOTOBAHE
criocoboM, 1O OIMCAHWI HWKYE, Y KUIbKOCTI
6mu3bko 90—100 cv’. TToTiM Y KoNbH 3 TOKHBHUM
CepeNoBHIIIEM BBOIMIN JIeKiNbKa Kpanenb Bixidpa-
HUX 13 HAIBHUX KyNbTYp HainpocTinmx. [Ipu 3mini
MOXUBHOIO CepefoBHINa 3JHBaNU HOro BepxHii
wmap, 06’ emom 6m3bko 70-80 e, IOTIM MTOTOBHIO-
BAJIM CBIXKMM IOXKEBHHEM CEPENOBULICM A0 OIH3BKO
100 CMS, nmonardy 2—3 BiBCIHMX mnacTiBui. Yepes
14 puiB micis BBEHEHHS ITOXKHBHOTO CEPEOBHIIA
HAWOpOCTilN Ocifany Ha JHO KONOH, ICHs uoro
3HOBY BBOJMJIH HOBE IIOKHMBHE CepeOBHIIE.

BurotoB/ieHHS NOKUBHOYO ceperoBuIla

Pozuun 1. 3arotosneni 5,0 r ciHa nepexun’ ATi-
mu B 0,5 /:[M3 nucrwibosanol sogu. [licnst oxolio-
JUKEHHS KOOy pas3oM i3 HOXKMBHHUM CEPEIOBHILIEM
3aNMIUMIM HA 5 TONWH, IOTIM HpOBONWIH (inbT-
pauito BigBapy, ¢pinsTpar nonosHwosanu xo 1,0 am’ ,
JOAAr0YM JUCTUIbOBAHY BOAY.

Pozuun 2. [IpoMute B TUCTUILOBAHIH BOAI TUCTA
3€JIEHOTO Cajary CYMIMIHM HA COHI, IOTIM y Cy-
prapiil opu Temmeparypl 60 °C nporsroM OmHOrO
nest. Bigmipsimu 1,5 © noponixononibuoro po3apio-
HEHOTo cajary i Kum’aTwid B 1,0 M IMCTHIIBO-
BaHOI BOIY (BapwUiIM Ha MOBINEHOMY BOTHI OTH3BKO
10 xB). Ilicns oXONoOMKeHHS BimBap NpOQiNLTPY-
BaJIU.

ITicns cnonyueHHs po3yuHy / 1 2 ojepKyBaiu
MOXKBHE CepelOBHIIE, SIKE B pa3i IOTpedH WBUA-
KOO 3aCTOCYBaHHS HEC BUMArajo CTepmiaril.

VY 3B’43Ky 3 MOCTYIOBHM IPOLIECOM CTapiHH:
KYJIBTYpHU (3rylIeHHs HAHIPOCTIIHUX Ha IHI Konbu,
3aliBe BUUIEHH IIPOTYKTIB OOMIHY pedOBHH) HEOO-
XimHO Oy10 pO3BHBATH HOBI KYJIBTYPH HaHIIPOCTi-
nimx. Jpist iporo Opami 1-3 kparuii po3uuHy 3 Haii-
NPOCTIIUMMH 31 CTApOi KYNBTypH H IIEPeHOCUIU IX ¥
KO0J16M 3 HOBMM ITOXHBHUM CEPEHOBHILEM.

IpuroryBaHHS CKJa JJsl pO3BeJeHHs
KyJabTypH i 6ioTecryBanHs

Kon6u Epnenmeepa, y Axux BHpOLLYBanu Spi-
rostomum ambiguum, peTeIbHO MUK B TEIIIH BOal
3 [IO/IaBAHHIM JETEPreHTy, BUKOPUCTOBYIOUY M’ AKi
mtitoukd. [TomMuTi K0nOU peTenbHO MONOCKANK Tijy
[IPOTOYHOXO BOJOIO NI TIOBHOIO BUIANIEHHS JETep-
redTy. IloTiM CKIIO MOJOCKaNW B AUCTUILOBaHIH
BO, TICIA 1IBOTO KONOY MK TIOBTOPHO 3 HOJaBaH-
HAM TMMOHHOI KHCIIOTH, KiJIbKa pa3iB IONOCKAIH B
JIUCTHIIBOBAHIA BOAL ¥ CYNIMIM IIpH TeMIeparypi
160 °C nmpoTsiroM TOAvHM.

Inmui nocyn 1 610TECTyBaHHS MHIIM TaKHUM
CaMHM CTIOcOO0M.



JlaGopaTopne cki0 ¥ ycTaTKyBaHHH,
HeoOXiane 1151 npoBeleHHA 0ioTecTyBaHHA

Jlnst poBeieHHs H10TECTOBOTO aHAaJi3y 13 38CTO-
CYBaHHSM Spirostomum ambiguum sk Marepian
TECTYBaHHs HeoOXiHEe TaKke JTabopaTopHe YCTATKY-
BanHA: 1) MipHi kon6u 06’ emom 200 cv’ i 250 ev’;
2) ninetku [TacTepa 3 TyMOBUMH CTPYMUHHMMU Ha-
cocamy; 3) mineTku 06’ eMoM 5 CM3, 25 eM®, 50 o,
100 cM’; 4) cxnsui LUIIHAPH 3 Dpo6KOIO 06’ eMOM
100 oM’ (20 wTyk); 5) cxiaAHI MMIIHIPH 06’€MOM
10 M, 50 e, 100 em’, 250 ear?, 500 em’, 1000 e’
6) ximiura cxnauka 06’ emom 1000 cM’; 7) KOMILIEKT
IIACTHHOK I OloTecTyBaHHS 13 3ariubOuHaMu
06’eMoM 0,5 cM®, BUTOTOBIIEHNX 13 IIPO3OPOI WITYY-
HOI TUIacTMAcH; 8) TONMHHHUKOBI CKEbIA: 9) Yaluku
ITerpi; 10) Barosi crakan4uky; 11) naboparopxa cy-
mapka; 12) naboparopsi Bary; 13) razopuii mans-
HuK; 14) Mmixpockon; 15) ronMHHMK; 16) MIKpOi-
HEeTKH.

Xia GioTecTyBaHHA

3a TpU-4OTHPH JHI 4O NPOBEACHHS TOCI LY Hak-
HPOCTILIHM He 3MiHIOBA/IH NMOXKHBHOTO CepeiOBU-
wa. Spirostomum ambiguum Opany NINETKONO
IMacrepa 3 HATATHYTHM I'YMOBUM CTPYMHUHHHMM Ha-
COCOM I IIEPEHOCHIIM Ha TOAMHHUKOBE CKIIO. Takum
YIHOM MPUTOTOBJCHI HaRNpOCTIlUI SKHAHUIBMALIE
BUKOpUCTOBYBaIH B gocnigi. ITo aei ocobuuu
nomilany B 21 3amnbuHy NAaCTHHKU (po3Mipamu
250 MM x 25 MM), 1110 3po0IIeHi B OPraHiqHOMY CKIIi
3 IIeKCUDIacy. Y KOXKHe 3arIHOneHHs BlAMIpIOBaIH
1o 0,5 cM’ po3unHy (TOPOpPraHiuHOl TOKCHUYHOI pe-
YOBUHH 3 BU3HAYEHOI KOHIEHTPALIELO0 13 IPUTOTOB-
JIEHOTO 3a34aJIET1Ab aHATMITHYHOIO PAY PO3BEACHb.
[TnacTHHKY 3 OPraHivHOTO CKJIA NOMILIAIH B YAIIKH
[Terpi, BUCTENCHI NPOMOKANBHHUM MarnepoM, 1ob
YHHKHYTY HaZMIPHOIO BHIAPOBYBaHHsI TOKCHYHOI
pEUOBHHH.

Cnoocrepiranu 3a TOBENIiHKOIO TECTOBaHHX
06’ €KTiB ITiJ] MIKPOCKOIOM, BU3HAYAIOYH Yac CMEpTi
42 ocoOuH Ha KOXHIN mnacTUHLI. 3aMip HOBTOPIO-
BaN{ /IS KOXXHOT KOHIEHTPAIl B 7 LUKJIAX.

IlinroroBka aHAJITUYHOTO PAAY PO3BeEHL

Jns mpuroTyBaHHA aHaNITHYHOIO DALY pO3Be-
JieHb (IIpH 3HAMEHHMKY IeOMETpHYHOI Hporpecii
2,0) y MipHuit muninap 06’emom 100 em’, mo Mic-
THTb 50 CM° IIOXMBHOTO CepeoBUINa (ciHa), BiaMi-
psstn 50 cM BEXiJHOTO PO3YHHY TOKCHYHOI Ped0BH-
HH. BMicT nuninapa 6araTopa3oBo nepemiiryBanu i
Blamipsaau 50 CM> PO3UHHY, BIHBAIM B 4eproBUi
UAIHIP, WO MICTUTE Takox 50 cm® noxuBHOrO Ce-

penosumia {ciHa). Tum camum cnocobom poGum
YEProBi pO3BENEHHS (TOPOPraHiYHOI TOKCHYHOI
CMONYKHU B aHATITHYHOMY PAMI IPH 3HaMeHHUKY 2,0.

VY Bumagky psay po3BeAeHb NPH 1HIIOMY 3Ha-
MEHHHMKY TeOMEeTpH4HOI Iporpecii croci® npurory-
BaHHs OyB TAKUM CaMUM, 3MIHIOBATIMCS TiNBKH CIIIB-
BIJIHOLIEHHA MOXKUBHOTO cepenoBuila (ciHa) i ao-
CIIJKYBaHOIO TOKCHYHOT'O BHXITHOI'O PO3BENCHHS.
Ha 10,0 cM’ TOKCHUHOrO BHXiZHOIO PO3HMHY pu
3HAMEHHHUKY TeoMeTpH4Hol mporpecii 1,3 Opanu
3,0 cM® TIOXHBHOTO CEPeIOBHILA, IPH 3HAMEHHHKY
mporpecii 1,1 — 1,0 CM’ TIOXMBHOTO Cepe0BHLIG,
npd 3HameHHuky 1,05 — 0,5 CM’ TIOKMBHOTO Ce-
peIoBHILA.

PesynbTaru 6ioTecTyBaHHsA

[licas po3MimeHHss HaHnpocTiux Spirosto-
mum ambiguum y JOCIITHOMY CEpPEIOBHUILI CHIOCTe-
piramu 3a moBeAiHKOO IMX opraHi3Mis. Crniocrepe-
MEHHs MPOBOAUIN 13 3aCTOCYBAHHSIM MIKPOCKOIA
gepes 15 x8, 30 x3, 1, 2, 3, 4, 12, 24, 48, 721 96
TOUH Bijl MOMEHTY IX BBEIEHHS B NOCHLIKYBaHI
TOKCHYHI pO34MHH. Pe3ynsratu JOCHimKeHb HaBe-
JEHO B TabIHLAX.

Tecropolo peakui€to, Mo BiA3HAYeHO B TabiH-
X, Oyna cMepTh TeCTOBaHUX OpraHiamis. 3a Mo-
MEHT CMEepTi IpHifHiTe abCconioTHE NPUITHHEHHS
PYXy HallpocTilnMX i PO3NMTTS Bakyonb HAa30BHi
K THHHU.

Po3paxyHok pe3yabrariB 6ioTecTyBaHHH

s oGuncnenns koHnenrpanifi LCsy 3acToco-
ByBaJd Merod Mionxa-Pina, mwo pexoMeHAyEThCs
[Tonbeskorwo Hopmoro (Polska Norma). V tabmuwi 1
NPE/ICTABNEHO PEECTP AAHMX 1 PO3PaxXyHKIB: BH-
3HAYEHO cepeHto KonneHTpaniio L, 10 BHKIH-

kae cmepth 50 % TectoBaHux Spirostomum ambi-
guum, CTaHIAPTHE BIIXMUIICHHA S, 8 TakoX JOBipUi

S
Jn

BusnaueHo taxox 3HadeHHsa LCsy Ha OCHOBI Ky-
6iuHnx cronabHi i B-crinafinie. CratucTidHI po3-
paxysk# (LCsp, CTaHIAPTHI BIIXUICHHSA, IHTEPBAIH
JOBipH) 3po0NeHO i aHANITUYHOTO PSAY PO3Be-
nenn 1,3,

inteppamn LC,y td anad=t,

MaremarnyHa i koMn’oTepHa odpobka
eKCIIePUMEHTANBHUX AaHAX

Js noGynosu rpadikiB BiXCOTKIB CMEPTHOCTI y
¢byHKil KoHLeHTpawil BogHOoro poszumHy NaCN i
KCN 6ynu BukopucTani Kpusi, mobynosani ua 6asi
B-crnaiinis, xpusnx besiepa it kyOlYHUX CIUTAiHIB,



a Takok Metox Mronxa-Pina, pexomenmoBaHuit
[onsceroto Hopmoro (puc. 1, 2) [25, 29].

Meroan Miwonuxa-Pina

B ocuosy Metoay Miouxa-Pina nokmageno take
NPHIYIUEHHS: SKILO JIesKa 1033 TOKCHYHOT CIIOIYKH
BUKJIMKAE YPasKEHHS BCi€l TpyNH TECTOBAHKX 00’ €K-
TiB, TO J103a, sxa Oinbina 3a Hei, Takox, 6e3CyMHIB-
Ho, Bpaxae 100 % o6’exriB. Axmo x gesxy mo3y
NEPeXUBYTh YCI MIANOCHIAHI TBAPHHM, TO MEHILY
103y, 6€3 CyMHIBY, EpeXXHBYTh TaKOXK.

Bizmiuaerscad 4MCTO OPraHi3Mis MeprBux i
KUBHMX, BH3HAYAETHCS KOHLEHTPAUisl TOKCHYHHX
CTIONYX.

Benuuuna LCsy 0OUMCTIOETHCS 32 HOpMyIaMHU:

a) Obuucnenns koedinieHTa BIAXUIEHHS MiACY-
MOBaHUX BIICOTKIB €KCHEPUMEHTAILHOI CMEPTHO-
cti Big 50 % cmeptHocTi. KoedinienT pigxuieHus
(k) obumcimroeTsC 32 (hopMyoIo:

_S0-R
— T s
P, 2 P |
Ie P) — nizcyMoBaHMH BIICOTOK CMEpPTHOCTI, HaM-
Ommxuuit 1o Hwxgoro 3a 50 %, P, — nigcymosaHui
BIICOTOK CMEPTHOCTI, HAHOMIDKIHIN 10 BMLIOIO 3a

50 %.
6) ObumcnenHs TOKCHYHO! KOHIeHTpauii. Tok-

cnuHa koHUeHTpamis L sy obunucmoerses 3a dop-
MYIIOKO:

k 1))

LDsy=Nlg (g x +1gi) 2)

Ae N lg — agTunorapudM, x — KOHUEHTpALis, 10
BUKJIHKae HaiOmxuy no Huk4oi 3a 50 % cmepr-
HICTB, kK — KOe(ILIEHT BIOXMIEHHS, PO3paxXOBaHHM
3a (1), i — 3HAMEHHMK TeOMEeTpH4HOI mporpecii,
34CTOCOBYBAHHH y NOCHIIKEHHIX.

SIk pe3ynbTar ciIij B3ATH cepelne apudmeTUIHe
PE3YNIBTATIB KiIBKOX 4eproBUX 3HAYEHD, IO BiApi3-
HAITBCA MK co6oro He O6imbmr HiX Ha 20 % Hali-
BUILOTO pe3yibTary. ¥ BUIIAAKY 3HauHHX PO30ILK-
HOCTe} aHami3 CIIif IIOBTOPUTH.

ITapamerpuuni B-crtaiinn

To3na4aroun KOHLEHTPALIIO TOKCHYHHX CIIONYK
X;, 8 CMEPTHICTb TeCTOBaHMX 00 €KTIB y;, CKIAH
TabIMIIIO 3AIEXKHOCTI [X), Y15 X2, V25 --.; Xu, Vul. KpuBa
anpoxcumanii, 300paxena B TabnMIl pe3ynbTaris,
BH3HAYACTHCA 38 TaKHMI HOPMYyIaMHu, 3aMeKHUMH
BIJ] lapaMeTpa f:

(f) = ix,.N,.‘,((t) ()

i

YO =Dy N (@) k=2,n—1,1 € (&, 1), (b)
i=l

ne (x;, y;) —mami touxu, N;, (f) — 6azoBa dyHKIIA
B-crnaiiniB k-psny, 1o BIAIOBINAE i-~TOHILL.

baszosi ¢yukuii B-crutaifisis mMaroTh 31aTHICTE
BU3Ha4aTH Koe(ilieHT Baru B cyMax (a) i (6) Taxum
YUHOM, LIO AJIS BIINOBITHOTO 3HAaUCHHS apaMeTpa
{ TpU BCTAHOBIEHOMY I KOOpPRMHATH X; i y; Bpa-
XOBYIOThCA 3 HAUBHIMM BaroBuM KoedinieHTOM, a
k— | TpaHUYHUX TOYOK, BiAIOBINHO MeHIII koedi-
UI€HTH Bard, 1 3 HYJIbOBHM BAarOBHM KOe(pillieHTOM
peurra. Cranmapthi 6asoBi ¢yHkuii B-crmaiinis
MOXKHA BH3HAYMTH PEXypPeHTHUMU (GOpPMYyIaMH B
Takuil crociob:

(t=x)N, . (D) + (i = ON i (1) -

Xigol — %

N, ()=

Xk — X

Kpusi besiepa

Jis oneprxaHHs arpoKCHMANi 11 KpUBHX, SAKi 3
BEJTUKOK) YMCTOTOI ONUCYIOTH BIICOTOK CMEPTHO-
CTi TecTOBAaHHX 00’ €KTIB 3aJIEKHO BiJl KOHLIEHTpanii
TOKCUYHUX CHONYK, BUKOPUCTaHO KpuBi besiepa,
L0 BH3HAYAKOTHLCA SK CIONy4eHHs OaraTowIeHiB
Bbepucreitna

x(6) = Y0, (2)

n
y(t) = z yi]n,i (t)D
i=l
A€ X, Vi i= l, ..., 1 — KOOpPAHWHATH TOYOK CIIOCTEPE-
JKEHHS, 71 — YUCIIO TOYOK,

1 i n—1
1= pad-9"" te[0,1]- napamerp.
1
bararounenu BepHcreiina 3a0e3nedyrors 37aT-
HICTb ampoKCHMAIii, 3a SIKOK HAa 3Ha4CHHS Hail-
Omikyol TouKM HANOIIBIIME BILTHR Ma€ 3aaHa To4-
Ka X;, J;, @ Ha OUIBIN BiTaJICHI — MEHLIHIA.

Ky6iuni cniiaifun

Tlpu 3amasiii yMoBi, 1100 KpHBI 3aN€XHOCTI,
KOTPI OIMCYIOTh 3aJEKHOCTI, PO3TAIIOBYBAJIUCS
TOYHO B JAaHUX MYHKTaX CIIOCTEPEXKEHb, I/ o0y-
JIOBU KPHBOI BUKOPHCTOBYIOTECH KyOiuHI CILTaliHu.
OcHoBHOW ieero noOynoBH KyGiuHOTO CIUtaiiHy €
BU3HAYeHHS KyOidHOro 0araTouneHa, 1o Croay4yae
IBi 4eproBi TOYKM CIOCTEPEXeHB (X;, i) 1 (Xi+1,
¥;i+1). Le#t Gararouwied Ois 3aaHUX X;, X;+ | TOBHU-~
HEH OpAMYBATH [0 3HAYEHb Y;, V;+], HPHHOMY B
nauiit Toui (x;, y;) KyT DaniHHs KPUBOI, 3yMOBJICHUH
faraTouwieHaMHd B JIIBOMY i NpaBOMYy iHTepBajax,



noBHHeH OyTH oHAKOBUH, 110 3abe3nedye YHCTOTY
KPHBOI.

Jnst Gynb-stkoi TOUKH KpHBOIL (X, 1), KOOPAMHATH
axoix € (x;, x;+ (), i=1, ..., n—1, KyOluHu# crakiH
MOKe OyTH [PEICTaBIeHO Y BUIIBIIL

SG) =y + bi(x —x) + ¢, (x ~ x) +di (x — x)),
i=1,..,n-1

3asuadeni yMOBH, 33J{aHi CIIIalHy, 1al0Th MOX-
JMBICTh TOYHO BH3HAUMTH Koebinientu b, ¢, d;
i=1..,n-1

Cratuctnyna ofpodka pesyiabrartis
AOCHTiKEHHS

O1iHKy TOYHOCTI pe3yNbTaTiB JOCTIKEHb IIPo-
BEJIEHO 13 3aCTOCYBAHHAM CTaHAAPTHOIO BiXMICH-
Hst obuucaeHnx xoHuenTpauii L sq 1 JOBIpHOTro iH-
TEpBAILY.

Hogipuuit intepran kouuentpanii LCsy o6uuc-
JIEHO Ha OCHOBI1 (opMymu:

S(x)z(x_,.i)z’

n-1
JIe i — YHCIIO BUMIpIB, X; — KOHIIEHTpallid, o6u1cnena
JUIsSl AHANITHYHOTO i-Psly PO3BELEHD, X — CepefiHe
apudmeTiyHe koHteHTpaui LC,,, obuncnene s
TPBOX aHAJITUYHUX PSIIB [iCIIS IEBHOTO Yacy CIo-
CTEpEeXEHb.

Hosipunit inTepBan ingopMye Ipo LIMPHHY iH-
TepBany d HABKOJIO OIIHKBAHOTO CEPEAHLOTO 3Ha-
yeHHs X, 106 yepe3 o6IpyHTOBaHy HMOBIpHICTL P
MOXHA Oyn0 KOHCTaTyBaTH, IO IMyKaHE 3HAUYEHHS
E(x) 3naxomuthcs B 1bOMY iHTepBaii. CkazaHe
MOXHA TIPENCTABUTH Y BHIVISIAL 3a/1eKHOCTI:

¥ —d(E(x)(x +d,
S
Jn

I =tops,

(E(x)x+1¢, —S—

7

X-t,

Iie ! — KpMTHYHE 3HAYECHHs PO3IIONINY BMIIAKOBOI
3minHol t-CTblofiesTa, L — piBeHs icToTHOCTI (ipuii-
mare L = 0,05), S — cranmapTHe BiOXHIeHHS.

Ananis i ouinka 6iorecty HianicToro Harpiio
Y BOJHHX PO3UMHAX HA TECTOBOMY Marepiaii
Spirostomum ambiguum

Y po6oTi TpeacTaBIeHO PEe3ynbTaTH KOMII I0-
TEPHOrO BH3HAYEHHS FSO IUISL BOOHHX PO3UMHIB
L{iaHICTOro HaTpilo HAa TECTOBAHOMY Matepiani Spi-
rostomum ambiguum (tabn. 1), Ha rpadikax
(Man. 1, 2) 300paxeHO BiICOTOK CMEPTHOCTI Hai-

NPOCTILHX Spirostomum ambiguum y GyHKUil KOH-
nenTpauii Bognoro pozunHy NaCN i KCN. 3amipu
3poOunu micns 15130 xsunuu, a Takox mcis 1, 2, 4,
24, 72 1 96 roardH 3 MOMEHTY BBEJIEHHS JAOCIIIKY-
BaHO1 p€YOBHHH Y BOAHMH PO34MH CEpeaoBUINa Spi-
rostomum ambiguum. 3pobunu 1o TPU LUKIH BU-
MipiB Ui pany posseness 1, 3. Tlonepenni nocmi-
IDKEHHS TIPOBOAMIH IS psiAy po3BeneHb 2. Bumip
IOBTOPIOBANIH 21 pa3 ans AaHoi KOHUeHTpaLii B of1-
HOMY LMK

Hosipui inrepBamu m1s NaCN mosHayeid s
KPUTHYHOTO 3HaYEHHS PO3KIIay BHIIAAKOBOI 3MiH-
Hoi f-CrbromenTa t, = 4,303 it piBHA 3HAYMMOCTI
o = 0,05.

3uauenns LC, i NaCN o64uciuiy Ha OCHO-

Bl IHTEPHOIALIHHUMX KyOIYHHX CIUIAHHIB, allpoKCcH-
MauiliHi napameTpr4Hi B-cruaiiny 3-ro pany, a Ta-
Kok kpuBi Besiepa. [lomictim 2 cxemu. Jlist nopis-
HSHHS HaBOAATHCA po3paxyHku LC., 3a TpamuIii-

HHUM MeTonoM Miouxa-Pina (Polska Norma).
Y tabmuui 1 HapogsTeCs 3HageHHs LC ) BOOHUX

posunnie NaCN nicos 15 i 30 xeuwnun, a Takox
yepes 1, 2, 4, 24, 96 ronuH. BHU3Ha4YeHO CepemHIo
xoHUeHTpanito LC,y, mo BUKIHKAE cMepTs 50 %

TeCTOBaHUX 00’€KTiB, CTAHIAPTHE BIAXWIEHHA S, a
TaKoX AoBipyi intepranu LC, +d, nnad =t S .
n

s nianicroro Harpito 3HayenHs LCsp 05 BU-
3HAYEHOTO 4acy, He3aJeXKHO BiA METOLy BU3HAUEH-
Hs, nyxe Onmu3bKi. Sk 1 y BUNagKy Ha3BaHUX BHIIE
CIIOJIYK, HAHHMXKY1 CTAaHAAPTHI BIAXUIICHHS AJA KO-
POTKOro Hacy aHajlizy OTPHMAalH Yy BHIAJKY 3aCTO-
cymanus Merony Mrouxa-Pina (uac GiotecTyRaHHS
15, 30 xBunut, a Takox | 1 2 ropuun). [Ticns 4 rogun
eKcTIiepuMeHTy Halbinpm Touni 3HaueHHA LCsg
Oynu oTprmani A1 QyHkuid xybiuHoro cnnaiisy i
B-crnaiiny, micnd 24 rox — B-crutaiinu 1 kpuBi be-
3iepa, a micnsa 96 rog — HalHIDKYE CTAaHZApTHE JUIs
kpuBux beziepa 1 B-conaiiniB. 3nauenns LCs,
oTpumane nicnda 15 xBwiHH,— OnH3bkO 45 Mr/om°
3MEHLIYEThCS 10 9,2 MI/AM® y BUITAAKY 96-romuH-
HOro 0ioTecTyBaHHS.

IMopiBHIOIOYH TOKCUYHICTb JOCTIIDKYBaHHUX Liia-
HifiB Ha Spirostomum ambiguum (rpadiku 1, 2)
MOXHa 3ayBaXKMTH, 110 OUIBII TOKCHYHOIO CIIOJY-
ko0 OyB IIiaHICTMH HaTpilf, Hebarato MeHII TOK-
CHYHMM — LliaHiJ KaJilo. ‘

OGropopeHHs pe3yJbTATIB JOCTiTKEeHD
i 3i0pannx marepianip

V pe3ynsrari eKcHepHMEHTAIbHUX A0CIIIIKEHb
JIOBEZIEHO, 1O Spirostomum ambiguum Moxe 6yTH



BHKOPUCTaHMH AK TecTOBaHWi 00 €KT AJA BU3Ha-
uenHs LCsy BOJHUX PO3YMHIB L{iaHiTy HATpilO 1 1i-
aHizy Kajiio.

KoncratoBano, mo MoXiIMBHM € HaOmuxeHui
KUTbKICHHH aHalIi3 BOJHHX DPO3YMHIB IiaHimiB Ha
OCHOBI CTaHIAPTHHX KPHBHX (BIICOTOK CMEPTHOCTI
y QyHKLUIT KOHLIEHTpalii BOJHOIO PO3YHHY) YH KOM-
IIOTEPHUX PE3YIILTATIB IPH BUKOPUCTaHH] (yHKIi
Besiepa, B-cruaitnis i kyGiunux craaisie. Kpusi
Besiepa MOXyTb 6yTH 3aCTOCOBaHI LT OOYHCIEHHS
LCsy. Mopain xpunoi Ha Gyib-1Ky KiMbKICTE BIAPIIKIR
(KOMIT'foTepHI pPe3yJIbTaTH) IO3BOJIE 3 BEIHUKONO
TOYHICTI0 BH3HAYUTH BiJCOTOK CMEPTHOCTI s
Oynb-sikoi  KOHUEHTpauil. 3acTOCOBAHUN METOX
oUiHKK OloTecTyBaHHS O3BOJIAE IIBMIIIE H A7
Ginbir TPHBAIMX TIPOMDKKIB Yacy TOHHilIe, HDK Mo-
nauni B ITonbcekiit Hopui Meton Mrorxa-Pina, Bu-
3HAYATH lIyKaHi 3HauenHs, [{eit MeTod MICTHTE BECh
anpOKCHMALIHM Jiaa30H KOHUEHTpalil Bix Mi-
HiManshoi (0 %) no Makcumansaoi (100 %) cMept-

Hocti. [lapamerpuuni B-cnnalfHu TakoX MOXYTb
OyTH BHKOpHCTaHI ISl OIUCY 3a/IEKHOCTEH 003a—
eghexm (peaxilist). 3aJIEKHO Bill pO3MIILCHHS TOYOK
HOTPiIOHO HiAibpaTH psn cnunaiiHiB, cruraiinu psgy
1n—1 {(n — KIIBKICTb TOYOK 3aMipiB) GyayTs HabaM-
xeHi o ¢yukuii besiepa. Inrepronsuifiai Ky6iuni
CrIafHU HAarOTh pe3yabTaTd 3 HabimbIow moxub-
kot BUMipy. [x 3acTocyBanms mae 6yTu 0co6nHBO
OOIPYHTOBAHMM IIPH HEBENHKIN KINBKOCTI BUMIPIO-
BalbHUX TOYOK.

s Spirostomum ambiguum 1ianicTH HaTpil €
nyxe TokcuaHuM — LCso micist | rog TecTyBaHHs
nepebysae B Mexax 16,5-20,0 MI/aM 3aIeKHO Bin
iHTepnominiiinoi abo arnpoxcumManiitnoi. [licns 24 i
96 rog LCsy 3HaxoauThes B Mexkax 10,1-11,1 1 8,9—
9,3 mr/om’.

OTpuMaHo CXOXI pe3ynbTaTH sAK A LiaHixy
KaJjio, TaK i A 1iadiay HaTpito, onHak KCN Mer1n
TOKCHYHHH. ' '

Tabnuya. O6uncaenns LC,, [Mr/mm’| Muxn 1 10,1 10,8 11,2 11,4
HA TeCTOBAHOMY MaTepiaJi Spirostomum LCsp uepes | 16,0 162 167 16,1
ambiguun nns BopHux po3uunis NaCN 2 rox 3 16.9 170 17.6 16.9
LCy, 14,3 14,7 15,2 14,8
NaCN
. Komn'1oTepHi po3paxyHKH 3a S 3,6592 | 3,3724 | 3,4646 | 2,9715
CraTucTHuHI - —
ofumcncuua | KYOUMHC | g oy KpHBHMH | Lo TOHOM LCy—d 5.2 6,3 6,6 7.4
MH crafi- - Eeaiepa MroHxa-
HaMH P Pina LC,, +d 23,4 23,1 23,8 222
Huxn 1| 40,6 40,7 38,8 43,1 Lukn 1| 100 10,8 11,0 10,8
fSCS" epes 1 2| 52,9 53,6 54,5 52,1 icso Hepes | o | 10,2 11,0 11,4 11,7
XB
3| 404 40,4 393 43,0 Tor 3| 99 10,7 11,0 1,0
LCy 44,6 44,9 44,2 46,1 LC,, 10,0 10,8 11,1 11,2
S 7,1598 | 7,5359 | 8,9236 | 5,2253 S 0,1528 | 0,1528 | 0,2309 | 04726
LCy-d 268 | 275 | 220 | 331 IC, —d 96 | 104 | 105 | 100
LCy+d 62,4 62,3 66,4 59,1 ICy+d 10,4 11,2 11,7 12,4
Huxc 1 249 242 11,6 234 ik 10,0 10,8 11,0 10,8
oo 12l 359 | 347 | 195 | 184 | (LGetepes |5 ) og | 10 | 03 | 113
XB
22,7 22,6 23,6 22,8 roR 3 9,9 10,7 11,0 10,8
LC,, 278 | 272 | 182 | 215 Ic, 10,1 | 108 | 1,1 | 11,0
s 7,0720 | 6,5729 | 6,0995 | 2,7301 ) 0,2646 | 0,1528 | 0,1732 | 0,2887
LCy-d 102 | 109 | 31 147 ICy-d 94 | 104 | 107 | 103
LCy+ 454 | 435 | 334 | 283 IC,+d 108 | 112 | 115 | 117
ukn 1 20,9 10,7 11,4 20,2 Lugn 1 8.8 9.0 93 9,1
LCsouepes | 5 | 162 18,0 19,1 18,4 LCsp uepes | 5 9.1 9.2 93 9.4
1 rox 96 rox
20,4 20,7 21,7 21,4 8.8 9,0 92 9,1
IC,, 19,2 16,5 17,4 20,0 Ic, 8.9 9.1 93 9.2
s 2,5813 | 5,1733 | 5,3563 | 1,5100 S 0,1732 | 0,1155 | 0,0577 | 0,1732
LCy—d 12,8 3,7 4,1 16,3 LC,—d 8,5 3,8 9,2 8.8
LCy+d 25,6 29,4 30,7 23,8 LC,,+d 9,3 9.4 9.4 9.6
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Puc. 1. Bioteer Boxnux posuunis NaCN B [mr/am’], a Takos obuncnenns LCs B [Mr/am’] Ha TecToBOMY marepiaai

Spirostomum ambiguum. Uuxa 1. Pan possenens 1,3. Biotect yepe3s nmpomixkxu vacy: psaa 1 — 15 xs, psia 2 — 30 xs,

psa 3 -1 ron, pan 4 -2 rop, psay S — 3 rog, paa 6 —4 roa, psin 7— 12 ron, pag 8 — 24 roa, pan 9 — 48 ron, psa 10 — 72 roa,
paa 11 — 96 ron, paa 12 — ninis o6uncaenns LCs
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Puc. 2. Biotect somnux posuunis KCN B [Mr/am’], a Takox ofuncienun LCso B [Mr/am’] na Tecrosomy marepiaJti
Spirostomum ambiguum. Iuxiu 1. Pag possesens 1,3. BioTect yepes mpomixkky uacy: pag 1 — 15 xs, pan 2 ~ 30 xs,
psan 3 — 1 roa, pan 4 -2 rog, psax 5 -3 roa, psaa 6 —4 rop, paa 7 — 12 roa, psa 8 — 24 roa, pax 9 — 48 roa, pax 10 — 72 ron,
) psia 11 - 96 ron, psan 12 — niuis o6umnciaenna LCs

[lopiBHOIOuM wiaHiju 3 ToKcHuHuMH (TOopop-  guum, Hix uHiaHiay. HabmokeHoro TOKCHHHICTIO 10
ragidHuMH CIIONYKaMH, MOXHA KOHCTAaryBard, mo  TabyHa (Hacamiepe[ 3a TigposnizoM TabyHa 4o ioHa
TaOyH MeHil Toxcuunuii mng Spirostomum ambi- CN7, BHCOKOTOKCHYHOrO mand Spirostomum am-



biguum) XapaxkTepH3yeThCSI 3apHH, HAWHIDKYONO
TOKCHYHICTIO CTOCOBHO Spirostomum ambiguum xa-
pakrepusyetsest DFP [25].

[pumipom, TabyH npu BuMipax micns 1 rog aii
BHsIBIIETHCH B MOHAT 20 pa3iB MEHII TOKCHYHUM, a
3apuH Maibke B 30 pasiB MEHII TOKCHYHUM JIs Spi-
rostomum, Hix wianig Harpito. LCsy — ns tabyHa
micna 1, 24 1 96 romun TecTyBaHHA nepebysae B
Mexax (3anexHo Bif ¢yHkuii, mo ommcye) 409,0—
411,2; 35,9-37,7 Mr/nm’, a Takox 14,0—14,7 mr/om’
[25].

V sunaznky 3aputy LCsq 114 aHaNorIqHOTO 9acy
BAMIpYy ~ pO3TAmIOBYETBCS B Mexax S587,2—
594,3 mr/mu’, a Taxox 131,6-138,1 Mr/am’, i 54,6—
55,9 mr/mv’ [25].
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BIOTESTING OF SODIUM CYAN AND POTASIUM CYAN WATER SOLUTIONS
ON SPIROSTOMUM AMBIGUUM AS TESTING MATERIAL

This article is about the possibility of biotesting of sodium cyan and potasium cyan water solutions on
Spirostomum ambiguum as testing material.



