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MATEMATI/I‘IEUCKAH MOJIEJIb ITIEPEXOJA CBUHIIA
N3 MNEPU®EPNYECKOU KPOBA B OPTAHBI 1 MBIIIIEYHYIO TKAHb
OBEILI (Ovis aries)”

B.I'. EIIUMAXOB ¥, 3.5. MUP30EB, H.H. UCAMOB

s moyiydeHHsi MPOAYKIMH KUBOTHOBOACTBA, COOTBETCTBYIOINEH CAHMTAPHO-TUTHEHNYECKHM
HOPMATHBAM, HEOOXOAMMO 00OCHOBATH JOMYCTHMbIE MPeebl CYTOYHOTO NMOCTYIUIEHHS] CBUHIIA C PAlMO-
HOM B OPTaHU3M CeJIbCKOXO035iiCTBEHHBIX XKUBOTHBIX. B HacTosmeii paboTe Ha OCHOBaHMM pPa3padOTAHHOM
HAMH MOJEJIM BIEpBble onpesesieHbl MapaMeTpbl TPAHCIOPTA CBMHLA MexXAy nepudepuyeckoii KpoBbio,
OpraHaMM ¥ MbILIEYHOW TKAHBIO B 3aBUCHMOCTH OT CYTOYHO# KOHIIEHTPALMH METaJIa B PALMOHE U /M-
TeJLHOCTH €ro MocTymienns B opranusm. Haeii uesbio Ob11a pa3paboTka U napaMeTpusauusi KaMepHoi
MOJIeJIM Tepexoa CBUHIA U3 nepud)epuyeckoil KpOBU B OPraHbl M MbIILIEYHYI0 TKAHb OBEll NP XPOHHYE-
CKOM MOCTYIUIEHHH META/UIa C PalMOHOM. DKCHepHMMEHThI npoBoauau Ha 27 osuax (Ovis aries) poma-
HOBCKOii mopoabl B 2012 roay. Bospacr xkuBorubix — 1-1,5 roma, macca tena — 33,510,7 kr. Osen
coaepxanu B 0okcax mo 4-5 ron. B ycioBusx BuBapus Bcepoccmiickoro HayyHO-HCCJI€I0BATE/IbCKOTO
HHCTHTYTA (hu3uoorun, ouoxumun u nuranus (BHUU®buII, r. Boposck, Kaayxckas 006.1.). Kopm-
JIeHHe OCYLIEeCTBISIOCh 2 pa3a B CYTKHM NPH CBOOOIHOM J0cTyne K BoJe. 2ZKMBOTHbIe ObLIM pa3/iesieHbl Ha
yetbipe rpymnbi: I rpynna (kontpons) — 4 roa., II rpynma — 5 roa., III u IV rpynmel — mo 9 roa.
CozepkaHue CBHHIA B PAIMOHE COCTABIAIO0 A kuBoTHbIX II rpynner 5 mrexr! (1 MIY), ana 11T
rpynnbl — 25 mr+ kr! (5 MJ1Y), ana IV rpymner — 150 mr - kr! (30 MJIY). Hurpar ceunna Ph(NO3)2
CKApMJIMBAJIM ¢ KOMOMKOPMOM 1 pa3 B CYTKM C Y4eTOM KOJIMYECTBA KOPMa (B CPeJHEM 2 KT), MOCTYNalo-
HIEr0 B JKeJIyJA0YHO-KuuieuHblii Tpakt. s 3toro 100 r komMOukopma cmemmBaau ¢ 50 ma pacteopa
HUTpPaTa CBUHUA onpenejeHHOW KoHueHTpauuu. IIpu 5TOM CyTOYHOE NOCTYyMeHHe MeTajuia JJis OBell
II rpynnet cocraBuiio 10 mr/rou., III rpynnet — 50 mr/roa., IV rpynnst — 300 mr/roa., wm 0,3, 1,5 n
9 mr - kr~! Maccel Tena. OGpasubl KpoBu Gpajiu M3 APEMHOI BeHbI 10 KOPMJIEHHS Nepe HAYajioM JKcre-
pumenta (don), a Takxke Ha 30-e, 60-e u 90-e cyr. B TeueHue cpoka Mcciea0BaHUS MPOBOIMWIN YOOI
KHBOTHBIX: 10 3aTpaBkKu — 1 roa.; Ha 30-e u 60-e cyr — no 1 roxa. u3 II rpynnst u no 3 roa. u3 III n
IV rpynn; Ha 90-e cyt — no 3 roi. U3 Kaxnoi rpynnbl. 3AKOHOMEPHOCTH pacnpeneseHusi U HAKOIIEHUs
CBHMHIIA B OPraHaxX M TKAHAX OBEIl ObLIH MPOAHATU3MPOBAHBI C HCTOIb30BAHHEM MATEMATHYECKO MOIeJIH,
B KOTOpO#i Me4yeHb, MOYKH, Cejle3eHKa, Jierkue, cepaie W MbIlleyHas TKaHb NMPEICTABJEHbI B BHIE OT-
JIeJIbHBIX KaMmep, (PU3MOJIOTHYECKH CBS3AHHBIX MEXKAY CO0O0H TPAHCHOPTHHIMM KOMMYHMKAUMAMH. YcCTa-
HOBJIEHbI H3MEHEHHsI KOHCTAHT CKOPOCTH Tepexoa CBUHIA U3 nepudepuyeckoil KPOBU B Pa3Hbie OPraHbl
W MbIIIEYHYI0 TKAHb B 3aBHCHMOCTH OT COJEPKAHMS META/JIA B PAlMOHE M MPOJOJIKMTENILHOCTH €ro
nocTymjieHus B opranu3mM. OnpeesieHbl NapaMeTpbl, XapaKTepu3yonye COOTHOIEHHE KOHCTAHT CKOpPO-
CTH mepexo/ia CBHHIA W3 KPOBH B OPraHbl H 00OpPaTHO, U3 OPraHoB B KpoBb. IIoKa3aHo, 4TO 3HAYEHHUS
napamMeTpoB AJs NeYeHH M NMOYeK OTHOCHTENbHO APYTMX OPraHOB M TKaHei (ceiie3eHKa, Jerkue, cepaue
M MbIIIeYHAS TKaHb) HIKe coorBercTBeHHO B 10 m 100 pa3. IIpoBeneH cpaBHUTEbHBINA AHAIN3 IKCIE-
PUMEHTAJIbHBIX JAHHBIX M pacyeToB Ha Monenn. CreneHb COBMAJAeHHs Pe3yJbTATOB NMOKA3bIBAET, YTO
KaMepHasi MOJieJib Y/IOBJIETBOPHTEIbHO ONMMCHIBAET MEPEX0j CBHHIA U3 nepudepruIecKoil KPOBH B OPraHbl
M MbILIEYHYI0 TKaHb oBell. Pa3pagoraHHas MaTeMaTHyecKas MOJe/b PEKOMEHIOBAHA /ISl OLEHKH U Mpo-
rHO3a 0e30MacHOCTH MPOAYKIMH OBLEBOJACTBA.

KimoueBbie ciioBa: CBHUHCILl, KaME€pHaA MOJeJib, OBIbl, KPOBb, NE€Y€Hb, MOYKH, CEJI€3CHKA, JIEr-
KHe, cepane, MblleyHas TKaHb.

B ycnoBusIx 3arpsisHeHUSI CEeJTbCKOXO3SMCTBEHHBIX YTOAWN COCIMHEHM-
SIMU CBUHIIA YBEIMUMBACTCS BEPOSITHOCTh €TO Tepexoia B MPOAYKTHl MUTAHUS
(MsIcO, MOJIOKO, CYOIPOAYKThI) MO TPO(UUYECKON LIeNU MoYBa—pacTeHUEe—XKU-
BoTHoe (1-3). CBuHell 06Ja1aeT BLICOKOM KYMYJSITUBHOM CITIOCOOHOCTBIO U B 3a-
BUCHMMOCTU OT JIO3bl M TPOAOKUTEIBHOCTH BO3ACHCTBMS HAa MJIEKOIUTAIOIINX
MPOSIBIISIET BBICOKYIO OOIIYI0 TOKCUYHOCTb, SMOPHMOTOKCUYHOCTb, KaHIIEPOTEH-
HOCTb M T€HOTOKCMYHOCTh (4-6). BceMupHasi opraHu3anusi 3ApaBOOXPaHEHUs
(BO3, World Health Organization, WHO) ycraHoBuIa npeneibHO AOITYCTUMOE
MOCTYIUIEHWE CBUHLA B OPraHM3M YeJOBEKa B KOJMYECTBE 25 MKT * KI! mMacchl

* WccnenoBanys MPOBENEHBI B PAMKAX TEXHMYECKOTO 3aJaHus Mo KoMIuIeKcHoi Teme ST1.7.1 «Pa3paboTka HaydHO
00OCHOBAaHHBIX TEXHOJOTMUECKUX MPUEMOB BEIEHUSI PaCTEHUEBOACTBA, KOPMOIPOMU3BOICTBA U KMBOTHOBOJCTBA
B YCJIOBHSIX TEXHOTCHHOTO 3arpsi3HEHUSI».



TeJla B HeNeo, win 3,6 MKT * Kr~! maccsl Tena B cyrku. OgHako B 2011 romy 310
IIOPOTOBOE 3HAaUeHHWE OBLIO OTMEHEHO, IOCKOJBKY HE OOecIeuMBasio OGe3ormac-
HOCTh 3I0POBBSI IETCKOTO M B3pocioro HaceiaeHus (7). B P® momyctumelie cy-
TOYHbIE J103bl CBUHIIA [JIs1 YyeJoBeKa He ycTaHoBjeHbl, XoTsd B CCCP pekoMeH-
ayeMasi 103a cocTabisia 4 MKT - Kr! maccel Tena B cytku (8). B CIIIA Ympasie-
HHUE TI0 CAHUTapHOMY HAaa30py 3a KaueCTBOM IHILEBBIX IPOAYKTOB M MeIMKa-
meHTOB (Food and Drug Administration, FDA, USFDA) B 2020 rony ycTaHOBUJIO
BpeMEHHOE IOMYCTUMOE CYTOYHOE TOCTYIICHHE CBWHIIA B OPTaHU3M IS JET-
CKOI'0 M B3pOCJIOrO HacejaeHUs1 cooTBeTcTBeHHO 3 u 12,5 Mkr (9). B 2021 rony
Lentp o koHTpomo u npodunakruke 3adonepannii CIIA (Centers for Disease
Control and Prevention, CDC) 06HOBUJI HOPMATUB I10 KOHLIEHTPALIMKA CBUHIIA
B mnepudepudeckKoil KpOBU: BPEeMEHHOE IOIYCTUMOE CYTOYHOE ITOCTYIUICHHE
CBHUHLIA OBLJIO CHUXEHO 10 2,2 MKT ISl AeTeil 1 8,8 MKT JJ1s >KeHIIWH AeTOPO/I-
Horo Boapacrta (10).

Tokcuueckoe aeiicTBUE CBMHIA HA MJIEKOIUTAIOLIUMX 00Jjiee KOPPEKTHO
OLIEHMBAThb HE IO CYyTOUHOMY IMOCTYIUIEHHUIO, a 110 KOHIIEHTpalluM B mepudepu-
YeCKOM KpOBU, KOTOpasl UTpaeT BaxKHYIO pOJib B TPAHCIIOPTE U Mepepacrpenesie-
HUY MeTajula B OpraHbl U TKaHW. OmpenejieHre KOHIIEHTPAllMM CBUHIIA B TIEpU-
(bepraeckoit KpoBM WCKITIOYACT IMapaMeTphl HEOIpPeIeJeHHOCTH, CBSI3aHHBIE C
BCachblBAaHMEM MeTajula B KeaymoyHo-kuieyHoMm Tpakte (KKT) (11). Tak, B
CIIIA HOpMaTUB MO KOHLIEHTPALMKM CBMHLA MepudepruyecKoil KpoBU YeaoBeKa
B 1960-1970 romax cocrasusn 60 mMxr - 1!, B 1970-1985 rogax — 30 mxr - mr!,
B 1985-1991 romax — 25 mxr - mwr!, B 1991-2012 rogax — 10 mxr - mr!, B 2012-
2021 romax — 5 MKr - mr !, ¢ 2021 roga no Hacrosiee BpeMs — 3,5 Mxr - 1! (9,
10, 12). Ilpu sTOM [OJIsI pacyeTa JOMYCTUMOTO KOJMYECTBA MOCTYILJIEHUS] CBUHIIA
B OpraHu3M HCIIOJIb30Balu OuokuHeTndyeckue moxpenu (13-15). Cnemyer otMme-
TUTbh, YTO MaTEeMATUIECKOE MOAETUPOBaHNE B OCHOBHOM MTPUMEHSITU TSI OLICHKH
pUCKa BO3ICICTBUSI CBMHLA Ha 4enoBeka (16-18) mpu MOCTYIIEHUU C IPOAYK-
TaMu nutaHus (19).

B Hacrosiiiee BpeMsi MaTeMaTUYeCKUE MOJEIM 7151 TPOrHO3a pUCKa BO3-
JNEWCTBUSI CBUHIIA HAa CEJbCKOXO3SIMCTBEHHBIX XXMBOTHBIX He pa3paboraHbl. Cy-
IIECTBYIOIIME KOHIEINTyaJbHble M KaMEpHbIC MOMEIM ITO3BOJISIIOT OIICHMBATh
HaKOIUTCHNE PATUOHYKIMIOB B TPOAYKIIMM KUBOTHOBOICTBA (MSICO, MOJIOKO)
(20) unu B opraHax M TKaHsX JiabopaTopHbIX XXMBOTHbBIX (21). B 2023 romy Obuia
TpeACTaBIeHa UMUTAIIMOHHAST MOJAENb OICHKHM IOIyCTUMEBIX YPOBHEH comepxKa-
HUSI KaJMusl, CBUHLA, PTYTU M MbIIIbsIKAa B pallMOHaX KOPOB U OBELl ISl TPOU3-
BOJCTBA MPOAYKTOB MUTaHMS (Msica M MOJIOKA), OTBevarolux TpedoBaHusm CaH-
IMTuH 2.3.2.1078-01 (22). Heo6xoaumMo nogyepKHYThb, YTO IIPU XPOHUYECKOM I10-
CTYIJICHUW CBMHIIA C PAIlMOHOM Y CEIbCKOXO3STMCTBEHHBIX KUBOTHBIX CHIIBHEE
BCETO TIOPaKaloTcs MTOYKU U TIeueHb. [lonydeHne Msca 1 MOJIOKa, COOTBETCTBY-
IOIINX CAHUTApPHO-TUTHEHUYECKUM HOpMaTHUBaM, He TapaHTUPYET B TTOJTHON Mepe
0e301acHOCTh MPOAYKIIMHM XHBOTHOBOACTBA. DyHKIIMOHAIbHASI aKTUBHOCTD Op-
raHOB JE€TOKCUKALMOHHON (IeYeHb) W BbIAEIUTENbHON (ITOYKU) CUCTEM MOXKET
OKa3blBaTh HEraTUBHOE BIMSIHUE HAa OOMEH BEIIECTB M B 1I€JIOM Ha COCTOSTHUE
3II0POBbS XKMBOTHEIX. B CBS3M ¢ 3TMM OIIeHKY 0€30ITacCHOCTH TTPOIAYKIINN XUBOT-
HOBOJICTBA TIPM BO3ACHCTBUM CBMHIIA HEOOXOAWMMO IPOBOAUTL HE TOJNBKO B OT-
HOIIIEHUM MsIca U MOJIOKA, HO U CYyOIPOTYKTOB.

AHanM3 HaydyHO! MHGpOPMALMK O BO3AECMCTBMM CBMHIIA HA MJIEKOIIMTAIO-
LLIMX TTO3BOJISIET TOBOPUTDH O (hparMEHTAPHOCTY MCCIEIOBaHMI Ha CEIbCKOXO35i-
CTBEHHBIX XMBOTHBIX. I1p1 3TOM OCHOBHOE BHUMaHME YAEJSIN BEACHUIO XXUBOT-
HOBOJICTBA B YCJIOBHUSX 3arpsi3HEHUS TEPPUTOPUI COSAMHEHUSIMU CBUHIIA U TIO-
JYYEHUIO TIPOAYKTOB MUTAHMS (MSICO, MOJIOKO), COOTBETCTBYIOIINX CAHUTAPHO-
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TUrueHnYeckuM HopmaTtvBaM (23-25). B To ke BpeMs B MOAEIbHbBIX MCCEA0Ba-
HUSX B YCJIOBUSX BHBapUs OLICHUBAJIM BO3AEMCTBHME CBMHIIA Ha TPOMYKTUBHBIX
SKMBOTHBIX B KOHIIEHTPAIIMSIX, KOTOPBIE CYIIECTBEHHO MPEBBIIIATN MAaKCUMATEHO
ponyctumbie yposau (M/1Y) B kopmax (2, 26, 27).

IMpuxu3HeHHas OlleHKa COAEPXKaHMSI CBMHIA B OpraHaX M TKaHSIX Ceslb-
CKOXO3SIACTBEHHBIX KMBOTHBIX MO3BOJSIET MPOTHO3UMPOBATh CTEIMEHb 3arpsi3He-
HUS MPOAYKUUM XMBOTHOBOACTBA. 1Sl MporHosa comepkaHWsl CBUHIIA B IPO-
JIyKTaxX MUTaHus (MSICO, MOJIOKO) B OCHOBHOM MCIIOJB3YIOT KOA(PDULIMEHTHI Te-
pexoaa (KIT). Tak, mpu XpOHUYECKOM TOCTYIIJIEHMM CBUHLIA B OPraHU3M OBEll
yctaHoBieHbl KIT u3 paiimoHa B nepudepuyeckyto KpoBb, MeUYeHb, MOYKU U Ce-
Jie3eHKy (28, 29) u npeajoxeH cnocod OLEHKU KOJIWYeCcTBa MeTajljia B MbIIIeY-
HOI TKaHW Ha OCHOBE KOHLEHTpaluu B 1epcty u ¢dexkanusix (30). OTMeTum, 4yto
BbIcOKasi BapuadenbHocTh KIT He 1mo3BosisieT KOppeKTHO MPOrHO3UPOBATh COAEP-
J)KaHWe CBMHIIA B OopraHax u TkaHsx. CienoBaTelbHO, pa3paboTKa aJbTepHATUB-
HBIX CIIOCOOOB TNMPMKM3HEHHOM OLIEHKM HAKOIUIEHUsI B HMX 3TOrO MeTajla Mo-
MpexXHeMYy aKTyajbHa.

Panee ObumM TIpemcraBieHBI KOHIENTYyajbHAs CXeMa pacIpenesIeHMs
CBUHIIA B OpraHu3Me XBauyHbIX XMBOTHBIX (31) U KaMepHash MoAe/lb Iepexoaa
MeTasa u3 pasHeix otaenoB XKKT B mepudepnyeckyro KpoBb oBell (32).

B HacToseii paboTe Ha OCHOBaHMUM pa3pabOTaHHOM HaMM MOJIEJIM BITEp-
BbI€ OIpeaeeHbl TapaMeTphbl TPAHCIOPTA CBUHIIA MeXAy TNepucepruyeckoil Kpo-
Bbl0, OpraHaMU W MBIIIEYHON TKaHbIO B 3aBUCUMOCTH OT CYTOYHOI KOHILIEHTpa-
LMY MeTajljla B pallMOHe W JJIMUTEIbHOCTH €r0 MOCTYIJICHUSI B OPTraHU3M.

Hamreit menpfo Obl1a pa3paboTKa M TTapaMeTpU3alysT KaMepHON MOIEIHN
repexona CBUHIA M3 TepudepruIecKoil KpOBM B OpraHBl M MBIIICYHYIO TKaHb
OBell MPU XPOHUUYECKOM TOCTYIJIEHUH METalljla C PallMOHOM.

Memoduxa. Mopenb, UCIIONb30BaHHAS B paboTe, ObLIa pa3paboTaHa Ha
OCHOBE COOCTBEHHBIX SKCIIEpUMEHTAIbHBIX JaHHBIX (28-30). DKCIIepuMeHTHI IPo-
Bomwm Ha 27 oBuax (Ovis aries) poMaHOBCKOI opoabl. Bo3pacT XXMBOTHBIX —
1-1,5 roga, macca Tena — 33,5+0,7 xr. OBen; cogepxxaian B 00Kcax 1o 4-5 rour.
B YCIIOBUSX BUBapus BcepoccHiickoro HayqYHO-HUCCIIeTOBaTeIbCKOTO MHCTUTYTA
dusmonorun, ouoxumun u nmranus (BHUU®bull, r. boposck, Kamyxckas
0011.). KopmileHHne ocCylIecTBISUIOCh 2 pa3a B CYTKU IPU CBOOOJHOM JOCTYIIE K
Bone. 2ZKMBOTHBIE OBLIM pa3iesieHbl Ha YeThipe rpymmbl: I rpymnma (KOHTpoib) —
4 ron., Il rpynma — 5 rom., IIT u IV rpynnel — 1o 9 ron. CoxpepxxaHue CBUHIIA
B PaLIMOHE COCTABISAIO Aast XUBOTHBIX I rpymmel 5 mr - xr-!1 (1 MAY), 111 rpyn-
nel — 25 mr-kr! (5 MAY), IV rpynnsr — 150 mr - k! (30 MAY). Hurpar ceunia
Pb(NO3)2 3anaBanu ¢ KOMOMKOPMOM 1 pa3 B CYTKM C yYETOM KOJMYeCTBa KOpMa
(B cpenHem 2 xr), nocrynawouero B 2KKT. Jlnst atoro 100 r koMOuKopma cme-
muBaiu ¢ 50 mu pactBopa Pb(NO3)2 onpeneneHHoit KoHIeHTpauuu. [1pu stom
CYTOYHOE TOCTyIUIeHHe MeTasuta s osell II rpymnmsl coctaBuino 10 mr/roi., 111
rpynnbl — 50 mr/ron., IV rpymnnst — 300 mr/roa., wiau 0,3, 1,5 u 9 mr-kr!
Macchl Tena.

Hnst or6opa OpraHOB M MBEIIICYHON TKAHW TPOBOAVIIM YOOI SKMBOTHBIX:
Jo 3aTpaBku — 1 roj.; Ha 30-e u 60-e cyr — 1o 1 roi. u3 11 rpymmsl u o 3 rou.
u3 III u IV rpynmn; Ha 90-e cyT — no 3 ro. u3 Kaxaoi rpynibsl. O6pasibl KpoBU
Opanu M3 SIPEMHOM BEHbI 10 KOPMJIEHMS Iepeld HayajloM 3KcIiepuMmeHTa ((oH),
a Takke Ha 30-e, 60-e u 90-e cyr. ComepxaHue CBMHIIA B 00pasLiax KPOBU, Op-
raHoB (ME€YEHb, MMOYKU, CEE3CHKA, JIETKUE, CEPALIC) U MBIIICYHON TKAaHU OMpe-
JIeJIsIM aTOMHO-3MUCCUOHHBIM METOJIOM Ha criekTpoMeTpe Liberty AX Sequen-
tial ICP-AES («Varian», ABCTpUsI) MOCJIe paCTBOPEHMSI 30JIbHOTO OCaIKa.

YuuTthiBasi, YTO U3MEHEHHWE KOHIEHTPAllMK CBUHIA B OpraHax M TKaHSX
3aBUCUT OT MHTEHCHBHOCTH HMX KPOBOCHAOXEHHUS M KOJMYECTBAa MeTalljia B
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nepudepruecKoii KpoBU, IIEPEXol CBUHIIA U3 TIepruGepruIecKoil KPOBU B IIEUYEHb,
TOYKH, CEJIe3eHKY, JIETKUE, CepAlle, MBIIICYHYIO TKaHb OBEIl IIPEICTABIIIN B BUIE
cucteMbl T depeHITNATEHBIX YpaBHECHMIA:

dqi/dt = kxp1* qxp — kixp - q1;

dqr/dt = kip2 * gxp — k2xp * q2;

dg3/dt = kkp3 * gxp — k3xp * ¢3; []

dga/dt = kxpa * qxp — kaxp * q4;

dgs/dt = kkps* qxp — k5U * g5 — k5kp * g5;

dge/dt = kxp6 * qxp — k6U * g6 — koxp * g6,
TIe qi, q2, g3, g4, 45, g6 U gkp — COOTBETCTBEHHO KOHIIEHTPALIMsI CBUHLIA B CEpALIE,
ceJie3eHKe, JIETKMX, MbIIIEYHOW TKaHW, TEeYeHM, MOoYyKax M IepudepruyecKkoit
KPOBM, MT * KI' ! kxpl, kip2, kip3, kxp4, kp5, kxp6 — KOHCTAHTBI CKOPOCTH IIEpe-
X07a CBMHIIA U3 MeprudeprIecKoil KPOBU B CEpAIle, CeIe3¢HKY, JETKIEe, MBIIIeY-
HYIO TKaHb, II€Y€Hb, TIOYKH, CYT !; kixp, k2xp, k3kp, kaxp, kskp, k6xp — KOHCTaHTBI
CKOPOCTH Tlepexojia CBMHIIA U3 CepAlla, CeJIe3eHKU, JIETKMUX, MBIIIEYHON TKaHM,
NEYEHN U MOYEK B NepuQepUYECKyI0 KPOBb, CYT 1; kU M k6U — KOHCTAaHTBI CKO-
POCTH BBIBEIEHMsI CBMHILIA U3 TIEYEHU U MTOYEK, CYT |; f — Bpemsl, CyT.

KoHueHTpauust cBMHIA B IeprudepruyecKoil KpoBY OBell 3aBKcelia OT CO-
IepXXKaHUS MeTa/ula B pallioHe, MPOIOJLKUTEIBHOCTH €T0 MOCTYIUIEHUsI B Oopra-
Hu3M (32) u omnpenensiack o opmye:

_ z?ﬂkj_,(p-qj—o,oooozd 2]
qu - KipU s
1€ gxp — KOHIIEHTpALMsl CBUHIA B NepudepUIECKOl KPOBU, MT * K l; d — cy-
TOYHOE IMOCTYIUIEHWE CBMHIA C PALIMOHOM, MI * Krl-cyrl; kjxp — KOHCTAHTHI
ckopocty nepexona u3 j oraena XKKT B KpoBb, CyT !} gj — KOHLEHTpaLys CBUHLA
B j otnene KKT, mr- kr!; kkp — KOHCTaHTa CKOPOCTM BBIBEIEHUSI CBMHLA U3
KpoBH, CyT |
BriBeneHMe cBMHIIA U3 TIeYEHU U TTOYEK OBEIl ONMMCHIBAIM YPaBHEHUSMU
dUr/dt = ksu - g5; 3]
dUb/dt = keu - g6,
rae Ui u U» — KOHLEHTpalys CBUHILA B (PeKAIUAX U MOYE, MI*KI'!; gs 1 g6 —
KOHLIEHTpALMA CBMHIA B MEYEHU M IMOYKaxX, MI - KIl; ksu u k6U — KOHCTaHTHI
CKOPOCTH BBIBEIECHUsI CBMHIA U3 TIEYEHU U MOYEK, CYyT |; f — BpeMs, CyT.

CTaTUCTUYECKYIO0 00pabOTKy pe3ylIbTaTOB IMPOBOAMIM METOIOM BapHally-
OHHOI CTaTHCTUKU C WCIIOJB30BaHMEM IIaKeTa MPUKIamHBIX mporpamm Excel
2013 u Mathcad. B crathe mpuBeneHbl cpeaHMEe 3HAYeHUs Tokazateneir (M) u
cTaHAAPTHBIE OIIMOKU cpeaHux (=SEM).

Pezyavmamot. 3aKOHOMEPHOCTH pacIipefie/IeHNs] 1 HaKOIJICHWST CBUHIIA B
OpraHax M TKaHSX OBEIl ITPU XPOHNIECKOM TOCTYIUICHUH C PallMOHOM OBUIH TIPO-
aHAJIM3UPOBAHbI C MUCIOJIb30BAHUEM MOJEJIM, B KOTOPOil OpraHbl U TKaHU Tpea-
CTaBJICHbI B BUE OTOEIbHbIX Kamep (33, 34), GU3MOJOTMUECKH CBSI3AHHBIX MEXIY
co0o0i1 TPaHCIOPTHBIMU KOMMYHUKaLUIMuU (puc. 1).

ITpu pemieHun cuctembl auddepeHIManbHbIX ypaBHeHuid [1] Oblia mo-
JydeHa ¢opMyIia, TTO3BOJISIONIAs ONPeNeINTh N3MEHEHNe KOHIICHTPAIlMY CBIHIIA
B MEYEeHHU, MOYKaxX, CeJIe3eHKe, JIETKUX, CepAlle M MbIIIEYHON TKaHU OBell B 3a-
BMCHUMOCTHU OT €TO COoAepKaHUs B mepudepruecKoil KpOBU U CYTOUHOTO TTOCTYII-

JICHUA C pallMOHOM!
1 ird
4= % (4 —22), 4]

kl(pi

rIe gi — KOHLEHTpALMs CBMHIA B i OpraHe WM MBIIIEYHO! TKaHW, MT * Krl;
gxp — KOHLEHTpALMs CBUHIIA B I1epU(EPUIECKOI KPOBU, M * KI'1; d — cyTouHOe
MOCTYIUIEHUE CBMHLA C PALIMOHOM, MT * KI ! * cyT!; kipi — KOHCTaHTBI CKOPOCTH
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nepexoja CBMHIIA U3 Mepudepryeckoil KpoBU B opraHel, cyr!; fi (i = 1,6) —
MapaMeTpbl, KOTOPbIE XapaKTePU3YIOT OTHOIIIEHNE KOHCTAHT CKOPOCTH Tepexoaa
CBUHIIA M3 OPTaHOB M MBIIIEYHON TKaHW B Tepu(PepruIecKylo KpPOBb Kikp U W3
nepu@epuyecKoil KPOBU B OPraHbl M MBILIEUHYIO TKaHb kxpi; ai (i = 1,6) — pac-
YeTHbIe KOHCTAHTBI: 181 ouek 25,2 + 1073, nst meyenu 18,4 - 1073, 111 cene3eHK
8,0+ 1075, mna nerkux 2,0 1075, mag cepaua 16,0 10, wig MbliiedHON TKaHK
12,0 10°.

e Oprannsm N

 — v

Jlerkme
(g,

-

[
\
| 1
1 1
1 1
] ~ - 1 N
1 w | B ]
1| Cepnue Meuenn | 5001 BIBCJICHHC |
1 (q,) k| & (g 1 >=c exkanmaMu (Ul)=
] ki kpd L E 1 \ I.
1 1
I kﬁkp |
P N 5 ! 7 a kk”i :
! Mocryrenne | 1 Kenynouno- ! : KpoBs H
1 Pb 9 KHWeYHslii  F-f--—---- I '
: ¢ paunoHoM | | Tpakr (KKT) I kp |
\ 4N, 7ol Y Ky 1
: Ko :
! Ve, !
1| Cenesenka i k IMoukn _|_fl_‘>= Boisenenne |
: (g,) | | Mot (g,) ! ¢ mouoii (1) :
1 1 ‘
1 1
| 1

MbluieyHast
\ TKaHb (g,) !

Puc. 1. KonuenryaabHasi cxeMa nepexoja CBHHIA M3 PAalMOHA B Opranbl M TKanu oel (Ovis aries): q1,
@, q3, G4, G5, g6 U Gkp — COOTBETCTBEHHO KOHLEHTpALIMSl CBUHIA B CEPILE, CEIE3EHKE, JIETKMUX,
MBIILIEYHON TKAHU, NIEYEHH, TIOUKAX U Nepuepuyeckoil KpoBU, ML * KI1; kipl, kkp2, kxp3, kkp4, Kips,
kxp6 — KOHCTAHTBI CKOPOCTU I€pexola CBUHLA U3 IepudepUuyecKoil KPOBU B CEpILE, CEIE3EHKY,
JIETKUE, MBILIEYHYIO TKAHb, NIeYeHb U TIOYKH, CYT L) kixp, koxp, k3kp, kaxp, kskp, kéxp — KOHCTAHTBI
CKOPOCTH Tepexojia CBUHIA U3 CepJlla, Cee3eHKH, JIETKUX, MBIIIEYHON TKaHU, EYEH U MOYEK B
niepreprIECKYIO KPOBb, CYT |; k5 1 k6U — KOHCTAHTBI CKOPOCTH BLIBEIEHUSI CBUHIIA U3 TIEYEHU U
noyex, cyr .

Tpancnopt cBuHLIA U3 NepudepuuecKoil KpOBU B OpraHbl U 0OpaTHO 3a-
BUCUT OT (I)I/I3I/IOJ'IOI‘I/I‘ICCKI/IX IpoueCCOB, IMMPOTECKAIOINX B OPIraHN3ME KMBOTHbIX.
Ha ocHoBe SKCNICPUMEHTAJIbHbIX JaHHbIX ObLIU pacCuuTaHbl KOHCTAHTbLI CKOPO-
CTU IIepexoJa CBUHIIA U3 OPTaHOB U MbIIIEYHOM TKAHU B NepUdEpUIECKyIO0 KPOBb
(kixp) 1 13 nepudepruueckoli KpOBU B OpTaHbl U MbIIIEYHYIO TKaHb (kkpi). s
MevyeHu, Movyek, cee3eHKU, JErKux, cepilia M MbIIIEeYHON TKaHU OBell ObLIv
OMnpeacJIC€HbI JOIMYCTUMbBIC 3HAYCHUA I1apaMETPOB fi, XapaKTCpU3yromme OTHO-
1eHue kikp K kxpi. AHaJIU3 MapaMeTpoB fi BBISIBUJ CJAEAYIOLIYIO MOC/IeI0BaTEeIb-
HOCTb B nopsiake yoniBaHus: cepaue (< 0,57) > mbieuyHast Tkanb (< 0,49) > ner-
kue (< 0,34) > cenesenka (< 0,23) > neuensb (< 0,042) > mouku (< 0,0032).

C yueToM mapaMeTpOB HEONpeAeIEHHOCTEl Tepexoda CBUHIIA M3 KPOBU
B OpraHbl 1 TKaHH ObLTH YCTAaHOBJICHbI 3HAYCHU A ﬁ, KOTOPBIC HauboJee IIpUEM-
JIEMBbI IJIs1 OIIMCaHWsI HaAKOIUICHUA TOKCHUKAaHTa B II€YCHMU, ITOYKaX, CCIC3CHKE,
JIETKUX, CepALE U MBILLIEYHOU TKaHU oBell. Huxe npuBeneHsl GopmyIibl Uit pac-
yeTa KOHCTAaHT CKOPOCTH Iepexoia CBUHIIA U3 IeprudepruIecKoil KPOBU B OpraHbl
1N TKaHM OBCLl B 3aBUCHUMOCTHU OT CYTOqHOﬁ KOHICHTpAalUUM B pallMOHE W IJIN-
TEJIBbHOCTHU IOCTYIIJICHUSA B OpraHU3M:

d

cepaue (fi = 0,1) — ki = 3380,625+1,15-d-t

ceneseHka (fi= 0,1) — ky, =

bl

632,75+0,15-d-t ’

qerkue (fi=0,1) — k3 = 233454004 °
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_ _ d
MblleyHas Tkaub (fi = 0,1) — kg, = pYErETeyT
_ _ 100-d .
nedetd (fi = 0,01) — ks = 320,842+0,08695-d-t’
_ _ 1000-d
nouky (fi = 0,001) — kipe = 2488,467+0,587-d-t

MakcumanbHble 3HAYeHUS KOHCTAHT CKOPOCTM Tlepexona CBUHIA U3
KPOBHU B OpraHbl W MBIIICYHYIO TKaHb, HE3aBUCHMO OT CYTOYHOI'O MOCTYIUICHUS,
Habmoganu Ha l-e cyT mHTOKcMKauuu (Tabi., puc. 2). B mocnenymwolye cpoku
OTMEYaJld CHIDKEHHME BeJIWYMH mokaszateneil. Ha 90-e cyT MHTOKcHKAIIMU M3Me-
HEHMsSI KOHCTAHT CKOPOCTU Mepexoaa HOCUJIU ¢J1abo BbIpaxK€HHbIU XapakTep.

b

3HayeHHs1 KOHCTAHT CKOPOCTH Tepexo/ia CBMHIA U3 KPOBH B OPTaHbI M TKAHH OBeIl
(Ovis aries) poMaHOBCKOii OPOAbI B 3aBUCUMOCTH OT COJAEPKAHUSA METAJLIA B PALIHOHE
H npoaosukuTeabHocTH ero nmocrymienns (BHUNObull, Kamyxckas o6in., r. bo-

POBCK)
CoaepxxaHue CBUHLA B pallMOHE, MT * Kr!
Kon- 5 | 25 [ 150
CTaHTBI Cpok ucciieqoBaHus, CyT
1 [ 30 [ 60 ] 9 [ 1 [ 3 ] 60 ] 9 [ 1 [ 3 [ 60 [ 90
Kxp 0,0015 0,0014 0,0013 0,0013 0,0073 0,0059 0,0049 0,0042 0,042 00175 0,0109 0,0079

kxp2 0,0079 10,0076 0,0074 0,0071 0,0393 0,0335 0,0291 0,0258 0,2289 0,1147 0,0757 0,0564
kxp3 0,0021 10,0020 0,0019 0,0018 0,0106 0,0083 0,0068 0,0057 0,0607 0,0235 0,0144 0,0104
kxpd 0,0011 0,0011 0,0010 0,0010 0,0056 0,0045 0,0037 0,0031 0,0322 0,0131 0,0081 0,0059
kxps 1,5563 11,4975 1,4412 11,3890 7,7395 6,4758 35,5400 4,8405 44,9256 21,0639 13,5944 10,0357
kxp6 2,0069 1,9406 1,8765 1,8165 9,9874 8,5362 7,4207 6,5630 58,2181 29,2400 19,3014 14,4051
IIpumeuvaHue. kepl, kxp2, kxp3, kxp4, kkp5, kxp6 — KOHCTaHTBI CKOPOCTH Iepexoia CBUHIIA U3 TiepudepruiecKoit
KPOBH B CEPALE, CEIE3EHKY, JIETKHME, MbIIIEYHYIO TKAHb, IE4eHb U MOYKH, cyT |,

Cpok MCCIeTIOBaHHs, CYT

Puc. 2. CooTHomeHHe KOHCTAHT CKOPOCTH MepexoJa CBUHUA M3 mepud)epuyecKoii KPOBU B OpraHuzMe
oBell (Ovis aries) pPOMaHOBCKO#i IOPO/bI B 3aBHCUMOCTH OT COZEPXKAHUA METALIAa B PAlMOHE W TMPOIOJI-
JKHUTEILHOCTH €ro mocTymiaenus: a — 5 Mr-xr!, 6 — 25 mr-kr!, B — 150 wmr-kr! xopma
(BHUU®buIl, Kanyxckas o61., . bopoBck). JInarpamMma oTpaxaer U3MeHEHUs] KOHCTAHT OTHO-
CHTEJIHO WX 3Ha4Y€HMil P MUHMMAIbHOM KojmuyecTBe cBuHUIa (5 mr-kr!, a). 3akoHOMepHOCTH
M3MEHEHMS] KOHCTaHT CXOOHBI IJIs BCeX M3YyYeHHBIX OPraHOB (Cepille, Cele3eHKa, JIeTKue, MeyeHb,
MOYKHM) U MBILIEYHOU TKAHU.

KoHCcTaHTBI CKOPOCTH TTepexoaa CBUHLIA U3 [ OpraHa ¥ MBIIIEYHON TKaHU

oBell B nepudepudeckyto Kposb (kip, i =1,6) onpeaensiu mo (opmyie:
kiKp = fz N kai. [5]

CornacHo dopMmyne [5], m3MeHeHMsT KOHCTaHT CKOPOCTH Iiepexoja
CBUHIIA U3 OPTAaHOB M MBITIIEYHON TKaHU B ITeprhepuIeCKyI0 KPOBb HOCIT CXOM-
HBII XapakTep.

J71s olIleHKM KadyecTBa MOJAEIMPOBAHMSI IPOBOINIM CPABHUTEIbHBIN aHAa-
JIN3 pe3yabTaTOB pacueTra C SKCIEPUMEHTAIBHBIMUA NaHHBIMU 110 KPUTEPUIO
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Teiina (uHaeKCc HecooTBETCTBMS, the tail criterion). MHIeKC HECOOTBETCTBUS TMO-
Ka3bIBaeT CTEIIEHb CXOKECTU: YeM OH OJIMKe K HYJII0, TeM OJIKe CpaBHMBaeMbIe
psael (35). Kpurepuii Teitna cocraBun ot 0,058 go 0,186 (puc. 3).

_ A b
0,35 N 50
0,301 2T LS
0,254 4 %- 60 ,_é_,
0,20 501 A
* O~ 40
0,151 - 4
) 304
0104 Fod © 40— A
’ o 204 o
—-
0,05 104 5 s
. .- -
0 T T T O ~ T T
0 30-e 60-¢ 90-e 0 30-e 60-¢ 90-¢
B
81 0,77 I
+ o +
261 L 051 &
g A
o 0.4
£ :
r§ 44 o L A
0,341
g LY e
= A 0.2 [ L 3 o
g 21 O o
2 ¥ "f‘ 0,14
(! - ——
0 T T T 0 T T T
0 30-¢ 60-¢ 90-¢ 0 30-¢ 60-¢ 90-¢
167 A 0.35- E
1.44 % 0,30 ,} +
1.27 0,251 R
1,04
A 0,20 e
0.8 & A
0,154 s [ ]
0,6 . ¥ o
A e 0,10 R
0,4 . -0
0.24 L >3 . 0057
0 T T T O T T T
0 30-e 60-¢ 90-¢ 0 30-e 60-¢ 90-¢
Bpems, cyr

Puc. 3. KoHueHTpanusi CBHHIIA B OPraHax W MbIiIe4YHOil TKanu osen (Ovis aries) pOMaHOBCKOi MOPOIbI
B 3aBHCHMOCTH OT COIEPKAHHSA METAIa B PalMOHE W NMPOJIOLKUTEJbHOCTH €ro MOCTYIUIeHHS: A —
cepaue, b — mouku, B — meuens, I' — nmerkue, [ — cene3eHka, E — MbllieuyHast TKaHb; O 1 ¢ —
COOTBETCTBEHHO 3KCIEPUMEHTAIbHbIC M pacyeTHbIC AaHHbIC MIPU KOJMYECTBE CBMHIIA B pallMoHE S5
Mrexr!, onme —25mr-xr!, Au A — 150 mr-kr! xopma (MESEM; BHUN®Bbull, Kanyxckas
0011., T. bopoBck). Pa3zmepsl BBIOOPOK B 3aBUCHUMOCTHU OT KOJMYECTBA CBMHIIA B pallMOHE IJIsT KaX-
JIOTO CpoKa HaOJIofeHusI CM. B pasaelie «MeTonukas.

MareMarnyeckue MOAEIM KaK CIoco0 OLEHKU MapaMeTpOB HAKOTLICHUS
CBUHIIA B OpraHax M TKaHIX MJICKOMUTAIOIINX IPEICTABIISIOT HAyYHBIM W ITpaK-
TUYECKUI MHTepec. PazpaboTaHHbIe B HACTOSIIIEe BpeMsI MaTeMaTUYECKHE MO-
JIel1 B OCHOBHOM HAaNpaBJe€Hbl Ha OLIEHKY IepexoJa CBUHLA W3 pallMOHa B
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nepudepruecKylo KpoBb 4esoBeka (34, 36) miu IpOAyKIMIO KMBOTHOBOICTBA
(MoJi0K0, Msco) (22). IIpu 3TOM He YyYUTHIBAIOT TOT (PAKT, UTO KPUTUUYECKHUE Op-
TaHBI TIpY BO3ACUCTBUU CBMHIIA — 3TO MEYEHb W MOYKH (29).

IMocTpoenne mormdecku 0OOCHOBAHHON M HETIPOTHMBOPEUMBOIN KOHIICTI-
TyaJbHOM CXEMbI JIEXXUT B OCHOBE pa3pabOTKW MaTeMaTMYeCKMX MOJAeNel mepe-
XOJla CBMHIA B OpraHbl M TKaHW TMPOAYKTUBHBIX XMBOTHBIX. PaHee Ha ocHOBe
aHaJM3a MeTaboJIM3Ma CBMHIIA B OpraHU3Me Mbl MPEICTABUIM KOHIIENTYaIbHYIO
CXeMy mepexoja MeTajljla B OpraHbl U TKaHU >KBaYHBIX KUBOTHBIX (31). YuuTtbiBas
CJIOXXHOCTh MaTeMaTUYECKOTO ONMMCAHMS MeTabojM3Ma CBHHIIA B OpTaHU3MeE
OBell, MBI IPUHSUTA pPellicHNe pa3pabdoTaTh IBe HE3aBUCHMMBIE, HO B3aUMOCBSI3aH-
Hble MOJEJM: KaMEPHYI0O MOJEJb Mepexoia CBUHIA U3 pyOla, CeTKU, KHUXKHU,
CBIYyTa, TOHKOTO M TOJICTOTO OTHEIOB KUINEYHMKA B MepUdeprIecKyio KpPOBb
(32) 1 kaMepHylO0 Monesib Nepexoja CBUHLA M3 nepudepruyeckoil KpoBU B Op-
TaHbl U MBIIIEYHYIO TKAHb.

B nipencraBieHHol paboTe BIEpPBbIE YCTAaHOBJIEHBI U3MEHEHUSI KOHCTAHT
CKOPOCTH TIepexoia CBUHIIA U3 Tepu(pepruuecKoil KPOBU B OPTaHbl U MBIILIEYHYIO
TKaHb ¥ OOPaTHO B 3aBUCMMOCTH OT KOJMYECTBA CBUHIIA B pallMOHE W JIJIUTEIIb-
HOCTH €TO TIOCTYIIEHUsI B opraHu3M oBell. IlokazaHo, yrto Ha 90-¢ cyT MHTOK-
CHUKAIIMXA KOHCTAHTHI CKOPOCTH TIepexoaa MPaKTUIECKN He U3MEHSIOTCS U BBIXO-
JSIT Ha IJIaTO, YTO TO3BOJISIET TOBOPUTh O HACTYILJIEHUM PABHOBECHOTO COCTOSI-
HUs. B mosib3y 3TOro MOXHO MPUBECTU JAaHHBIE O TOM, YTO MpPHU MepOpaIibHOM
BBEICHUM MJICKOMMUTAIOIIUM JIEKAPCTBEHHOI'O CPeICTBA BpeMsl JOCTHXKEHUSI ero
MaKCHMAaJIbHOM KOHILIEHTpaluM B mnepudepudeckoir kposu (okono 97 % ot ee
CTallMOHAPHOIO YPOBHS) COCTABJISET MOPSAKA MSATU NEPUOIOB MOJYBBIBEACHMS
(37). TTockoabKy mepuoj MOJYBbIBEAESHUS CBMHIIA U3 MATKUX TKaAHEW W Mepu-
(epuueckoit kpoBu cocrtasiser 24-40 cyr (38), TO paBHOBECHOE COCTOSIHUE
MEXIy MOCTYIUIEHWEeM MeTalljla B OpTaHbl M BEIBEICHUEM CJIEIyeT OXMIAaTh Ha
120-200-e cyT MHTOKCUKALIMH.

IToxazaHo, YTO OTHOILIEHUE KOHCTAHT CKOPOCTM Iepexoia CBUHIA U3
KPOBM B MEYEHb M MOYKU M OOPATHO M3 3TUX OPraHOB B KPOBb COOTBETCTBEHHO
B 10 u 100 pa3 HuXe, yeM ISl CeJIe3eHKM, JIETKUX, CEPALA U MBIIICYHON TKAHU
oBell. BeposiTHO, copepkaHue CBUHIIA B IepudepuyecKoil KpoBHY, MOCTYIAOIIE
B TKaHW TIeYeHW W TTOYEK, 3HAUYMTEJBHO BBINIE, YeM B oTTekatomieil. [Ipeamoma-
raeTcs, YTO HU3KKE 3HAUCHUS MapaMeTpOB IS TICYCHU M IMTOYEK XapaKTePU3YIOT,
C OIHOM CTOPOHBI, TeTOKCUKAIIMOHHBIC U BBIACIUTEIbHBIC (PYHKIIMA OPTaHOB, C
JIPYTOii, — CTeTIeHb HAKOIUICHUS CBUHIIA. B TT0IB3y 3TOr0o CBUIETENNBCTBYIOT TaH-
Hble O COAECp>XKaHWM CBMHLA M META/LIOTUOHEMHOB B TKAHSAX IMEYEHM W TMOYeK
ogell (29, 39). DkcrepuMeHTaIbHO MOATBEPAUTD UM ONPOBEPIHYTh MOJTYyUYEHHbIE
pe3yNbTAThl UCCICIOBAHUSI HE TIPEACTABISIETCSI BOBMOXHBIM B CHUJTY CIIOXHOCTHU
CHUCTEeMBbI KPOBOCHAOXEHUSI OPTaHOB U TKAaHEH.

CpaBHUTENBHBIN aHAIN3 3KCICPUMEHTANBHBIX JAaHHBIX M pacyeToB Ha
MojJean mno kputeputo Teitna mokaszan, UyTo KamMepHasi Moeib YIOBJIETBOPU-
TEJTLHO OIMUCHIBACT TIEPEX0] CBUHIIA M3 TIeprUdeprIecKoil KpOBU B OPTaHBI U MbI-
eYHyo TKaHb. CTeIleHb COBITACHMST PE3yJIbTaTOB MO3BOJSIET PEKOMEHIOBATH
MaTeMaTUYeCKylo MOJejb ISl ONpenejeHUs] KOHLIEHTpalMM CBMHIA B IEYEHH,
MOYKax, CEJIE3CHKE, JIETKUX, CEPALIE U MBILLIEYHOW TKAHU OBELL IPU XPOHUYECKOM
MOCTYIUICHUU ¢ pauuoHoM. PazpaboTaHHass HaMy KaMepHasi MOJE/Ib MOXET ObITh
WCIOIb30BaHA ST OLIEHKM JOMYCTMMOIO CYTOYHOTO ITOCTYIUICHMSI CBMHIIA C
pallMOHOM 1 MpPOrHo3a 0e30MacHOCTU MPOAYKIIMU OBLEBOACTBA, YTO MO3BOJUT
ONITUMU3HUPOBATH TEXHOJIOTUN KOPMIIEHUS OBEIl ITOCPEACTBOM ITOA00pa KOPMOB
B pallMoOHax.

Takum o6pa3oM, Ha OCHOBE COOCTBEHHBIX SKCIEPUMEHTAIbHBIX TaHHbIX
paspaboTaHa MaTeMmaTuyeckas MoOneIb Mepexola CBUHIA U3 TepudepuyecKoit
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KPOBU B pa3HbIe OpPraHbl M MBIIIEYHYIO TKaHb OBell. MoeIb IMO3BOJISIET IMPOTHO-
3MpOBaTh KOHIIEHTPAIIMIO CBUHIIA B TICYeHU, TTIOYKAX, CeJie3eHKe, JIETKUX, Cepale
M MBILIEYHOU TKAaHU OBell B 3aBUCUMOCTH OT KOJIMYECTBA MeTajla B palluoHe U
JIJIATEIbHOCTA €ro TIOCTYIUIEHUSI B OpPraHU3M. YCTaHOBJIEHbI M3MEHEHUSI KOH-
CTaHT CKOPOCTH Mepexoja CBUMHIIA U3 Nepudepruueckoil KpOBU B pa3HbIe OpraHbl
W MBIIIEYHYIO TKaHb OBEll POMAHOBCKOM MOpoAbl. MHUHUMAaJbHbIE 3HAYCHUS
KOHCTAHT CKOpPOCTHM Iepexoia orMmeuyanud Ha 90-e cyT ucciemoBaHus. Ormnpene-
JIEHBI TTapaMeTphl, XapaKTepU3YIOIKe COOTHOIIEHWEe KOHCTAHT CKOPOCTU ITepe-
X0Jla CBUHIIA U3 KPOBU B OpraHbl U OOpaTHO, U3 OpraHoB B KpoBb. [TokazaHo,
YTO 3HAYEHUsI MapaMeTpoB UIS TeYeH! U Mouyek cooTBeTcTBeHHO B 10 u 100 pa3
HMXKE, YEM JUISl CEJIE3EHKU, JIETKUX, CEPALAa U MBILIEYHON TKAHU OBELL.
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Abstract

To obtain livestock products that meet sanitary and hygienic standards for lead, it is necessary
to establish the permissible limits of its daily intake by animals from the ration. In this work, based on
the model we have developed, the parameters of lead transport between peripheral blood, organs and
muscle tissue were determined for the first time, depending on the daily concentration of the metal in
the ration and the duration of its entry into the body. Our aim was to develop and parametrize a
chamber model of the transfer of lead from peripheral blood to the organs and muscle tissue of sheep
during chronic dietary intake. The experiments were carried out on 27 Romanov sheep. The age of the
animals is 1-1.5 years, body weight is 33.5+0.7 kg. Sheep were kept in boxes of 4-5 heads in the
vivarium of the All-Russian Research Institute of Physiology, Biochemistry and Nutrition (BIFIP,
Kaluga region, Borovsk). Feeding was carried out twice a day with free access to water. The animals
were divided into four groups: group I (control) — 4 sheep, group II — 5 sheep, groups I1I and IV —
9 sheep each. The concentration of lead in the ration for group II was 5 mg-kg'! (1 MPL), for group
III — 25 mg-kg! (5 MPL), for group IV — 150 mg-kg! (30 MPL). Lead nitrate Pb(NO3)2 was
added to compound feed once a day. The daily intake of metal for group Il was 10 mg/head, group
III — 50 mg/head, group IV — 300 mg/head, or 0.3, 1.5 and 9 mg - kg'! body weight. Blood samples
were taken before feeding from the jugular vein before the experiment, on days 30, 60 and 90. During
the study period, animals were slaughtered, 1 sheep before the experiment, on days 30 and 60 1 sheep
from group II and 3 sheep from groups III and IV; on day 90 — 3 sheep from each group. The patterns
of distribution and accumulation of lead in the organs and tissues of sheep were analyzed using a
mathematical model in which the liver, kidneys, spleen, lungs, heart and muscle tissue are represented
as separate chambers physiologically interconnected by transport communications. Changes in the
constants of the rate of transfer of lead from peripheral blood into different organs and muscle tissue
of sheep, depending on the metal content in the ration and the duration of its intake, were established.
The parameters characterizing the ratio of the constants of the rate of transfer of lead from the blood
into the organs and back (from the organs into the blood) are determined. It is shown that the values
of the parameters for the liver and kidneys as compared to other organs and tissues (spleen, lungs,
heart and muscle tissue) are 10 and 100 times lower, respectively. Comparative analysis of experimental
data and calculations on the model is carried out. The degree of coincidence of the results shows that
the chamber model satisfactorily describes the transfer of lead from the peripheral blood into the organs
and muscle tissue of sheep. The developed mathematical model is recommended for assessing and
predicting the safety of sheep products.

Keywords: lead, chamber model, sheep, blood, liver, kidneys, spleen, lungs, heart, muscle
tissue.
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