POCT U PA3R
QPEJIV TPV PA3JID

YO «benopyccka
Cauzere.
Y. M

Kast rocy)la C
jypuyHa, 5, 2




MUHUCTEPCTBO CEJILCKOI'O XO35MCTBA
N ITPOJJOBOJILCTBUA PECITYBJIMKU BEJIAPYChb

I''TABHOE VIIPABJIEHUE OBPA30BAHUNA, HAYKHN 1 KAZIPOB

Yupexaenune o0pazoBaHUs
«BEJIOPYCCKASI I'OCY JAPCTBEHHASI
CEJIbCKOXO3AMCTBEHHAA AKAJEMUSI»

H. B. bapynun, M. C. JIluman

POCT U PABBUTHUE PbIBOIIOCAJOYHOT' O
MATEPHAJIA PATIYKHOU ®OPEJIN
IIPU PA3JIMYHBIX PEXKHMAX
NEPUOJUYHOCTH CBETOBOI'O
BO3JENCTBUSI

Monoepaghus

T'opxu
BI'CXA
2018



YK 639.3:001.895

Bapyaun, H. B. Poct u pa3Buthe ppi6onocagouHoro Marepuana
panyxHOi (openu NpH pasiuYHBIX PEKUMaX MEPUOJUYHOCTH CBe-
toBoro BozneictBus / H. B. bapynun, M. C. Jluman. — Topku
BI'CXA, 2018. — 140 c. : mi. — ISBN 978-985-467-848-1.

V3n0xeHbl pe3ysbTaThl HAy4YHbIX MCCIICAOBAHUH POCTAa M Pa3sBUTHS pbIOOMOCa-
JIOYHOTO MaTepHalia pajyKHOW (open B PhIGOBOAHBIX HHAYCTPHAIBHBIX KOMILICK-
cax IpH Pasi4HbIX PeKUMAX EPHOAMYIHOCTH CBETOBOTO BO3/ECHCTBHSL.

JUist crienuaiticToB B 00JIACTH MXTHOJIOTHU M aKBAKYIbTYpBI, aCIIUPAHTOB, Mari-
CTPAaHTOB, CTY/CHTOB BY30B, CIIyLIaTeNneil HHCTHTYTA MOBBILIEHHS KBAIU()HKALMH H
[EPEIOArOTOBKH KapOB.

Tabn. 64. Un. 40. bubmmorp.: 314 nass. Ilpu. 5.

IleuaTtaercs no pemennto HayqHo-TeXHU4YECKOro coBeTa
YO «benopycckast rocy1apCTBEHHASI CEITbCKOXO3SIIICTBEHHASI aKaIeMUSD».
IIporokos Ne 2 ot 08.02.2018 r.

Perien3eHTsl:
JTIOKTOP CENbCKOXO03SHCTBEHHBIX HayK, podeccop H. A. Camomos;
JIOKTOP CeNIbCKOXO3SMCTBEHHBIX HayK, mpodeccop E. B. Tapazenu

ISBN 978-985-467-848-1 © Bapymun H. B., Jluman M. C., 2018

© YO «benopycckas rocy1apcTBeHHas
CEIbCKOXO3IMCTBEHHAs akageMusy, 2018



MEPEYEHD YCJOBHBIX OBO3HAYEHHW, CUMBOJIOB,
EJUHUIl U TEPMUHOB

HUBX — nnnuBuayaasHOE BpEMS KU3HY,

HWMJIM — HU3KOMHTEHCHUBHOE JIA3€pHOE U3ITyUEHHUE;
I.Il. — IPOTICHTHEI ITyHKT;

¥Y3B — ycTaHOBKa 3aMKHYTOT'O BOJIOCHA0KCHHS,

3K3. — 9K3EMILBIPHL;

AIC-kpurepuii — nH)OPMAIMOHHBIN KpUTEPUI AKanKe;
CV — K03 UIMEHT BapHaLny;

L xor — JUTHHA KOT€PEHTHOCTH;

LD — na3epHbIii HCTOYHUK CBETa (JIA3CPHBIN AHON);
LED - cBeTo101HBIN UCTOYHKK CBETA (CBETOAMO/);
mean — cpeHee 3HaUCHUE;

se (mean) — craHgapTHas OMIKMOKa CPETHEro;

A — IJIMHA BOJIHEI.



BBEJIEHUE

I'ocynapcTBeHHOI porpaMMoi pa3BUTHs arpapHoro 6usHeca Ha 2016—
2020 roapl MPeAyCMOTPEHO 3HAYMTENIBFHOE YBEIHUCHHE 00BEMOB BHIpaIH-
BaHMs PHIOBI B YCJOBHUSIX aKBAaKyJbTYpPhI, B TOM YHCJE 3a CUET Pa3BUTHS
PBIOOBOIHBIX MHIYCTPHUAIBHBIX KOMILICKCOB, pPa0OTAIOIINX IO MPHHIUIY
YCTaHOBOK 3aMKHYTOTO BOJOCHAOKEHHSI W BEIPAIIMBAaHUS B HUX LEHHBIX
00bekToB akBakynbTyphl [302, 305]. Ilo manmeiM A. W. KosnoBa u
T. B. KosnoBoit [162], uckyccTBeHHOE KyJIbTHBHPOBAHUE PHIOBI M IPYTrUX
SKOHOMHYECKH 3HAYUMBIX THAPOOMOHTOB TO3BOJNIAT B Omrpkaifmem Oyiry-
1IeM 00eCHeYTh YeI0BEYECTBO MOJTHOLECHHBIMU MHUIIEBBIMU IPOAYKTaMH B
3HAYUTEJIBHOM O00BEMeE.

ITo ceenenusm E. B. Tapa3seBuu ¢ coaBTopamu, B HacTosIiee Bpems ¢o-
PENIeBOJICTBO SIBJIACTCSI MHTEHCHUBHO PA3BHUBAIOIIEHCS OTPACibIO pPhIOOBOA-
cTBa. ITOMY CIIOCOOCTBYET BBICOKHUIT TeMII pocTta 1 0ojiee paHHHE IO CpaB-
HEHHUIO C KapIlioM CPOKH CO3peBaHus IpousBoauteneil ¢popeian» [19], npu
atoMm, no ceeaenusam H. H. lNannesckoit u A. B. ActpeHkoBa ¢ coaBTOpamy,
MIPOU3BOJICTBO TOBAapHOM PBIOBI HANPSIMYIO 3aBUCHT OT OOCCICUYCHHOCTH
PBIOX030B BHICOKOKAUECTBEHHBIM MOCAIOYHBIM MaTepuaiom [2].

B nacrosmee Bpems B MoruneBckoir, MuHCKoO# 11 ButeOckoii o6macTsx
pearn30BaHbl MPOCKTHI TI0 CO3AAHUIO PHIOOKOMILICKCOB IS BHIPALTBAHUS
JIOCOCEBBIX BHIOB PEIO, B TOM YHCIE pamdyxHo# ¢opemu. B bemapycu ¢op-
MHUpYeTCs TOAOTPACHIb aKBaKyJIbTYphl — (pOperaeBoACTBO, KOTOpask HYXIa-
eTca B oOecrieuyeHHH KadeCTBEHHBIM M JKH3HECTOHKHM pBHIOOIIOCaI0YHBIM
MaTepHAJIOM.

PBIOOKOMITIIEKCHI TIO TIPOM3BOJICTBY MOCATOYHOrO Matepuaina B bemapy-
CH B OCHOBHOM Pa0OTalOT C MMIIOPTUPYEMOH HKPOH HA CTaJWU TiIa3Ka, Ipu
9TOM BCE 3MOPHOHBI YK€ 3aBEIOMO MMEIOT OJMH TOJ — KEHCKUW. B aToit
CBSI3U MPEJCTABISICT MHTEPEC N3YUCHUE X POCTA U PA3BUTHS B YCTAaHOBKaxX
3aMKHYTOTO BojtocHaOxeHust benapycu.

OnTHueckoe H3JIydeHHE HU3KOM MHTEHCHUBHOCTH MOIYYMJIO IIMPOKOE
pacnpocTpaHeHHE U IPUMEHEHHE B MEUIIMHE U PAa3JINYHBIX HATPABICHUSIX
cenbckoro xo3siicrsa. Hampumep, nmo ganaeiM M. B. Illanaka ¢ coaBTopa-
MH, HU3KOWHTCHCHBHOE JIA3€PHOE W3ITydCHHE SIBIISETCS IEPCIEKTUBHBIM
g iruneBoactsa [20, 22], a mo maraeM U. 1. Illetfiko, mpuMeHeHHe a3e-
pa MMeeT MepCIeKTUBBI TS HCTIOIb30BaHus B CBMHOBOICTBE [23].



B akBakynbType NaHHBIA THUN M3JIyYE€HHUS] HOCUT IKCIIEPHUMEHTAbHBIN
xapakTep. Hanbonee mojaHO MpUMEHEHUE ONTHYCCKOTO M3IYYCHUS HHU3KOU
WHTEHCHBHOCTH B OCETPOBOJICTBE onucaHo B pabore M. B. Illanaka ¢ coas-
Topamu [21].

Panyxnas Gopens — ynoOHBIN U MOMYJISIPHBIA OOBEKT JUIS aKBAKYIbTY-
PBI, & TAKKE JUIS CEIbCKOXO3HCTBCHHBIX U OMOJIOTUUCCKUX HCCIICOBAHUI.
[MpumMeHnenne ee AaeT OOJBIIME BO3MOKHOCTH JUIsl M3YUCHUS BIHSIHUS OTI-
TUYECKOTO HM3ITy4eHHsS HU3KOH WHTCHCHBHOCTH Ha POCT W Pa3BHUTHE PHIO.
Kpowme Toro, ucmonb3yemple B aKBaKyJIbType ITO3UPOBKH ONTHYECKOTO H3-
Jy4eHHST OCHOBBIBAIOTCS HAa OJHOKPATHOM BO3IEHCTBHH, B TO BpeMs Kak
0COOCHHOCTH WHKYOAINK pamgyXHOH (OpeNr MO3BOISIOT U3YINUTh BIUSHHE
Pa3IHYIHBIX PEKUMOB KPATHOCTH ONTHYECKOTO M3ITydeHHS Ha SMOPHUOHAIb-
HOE ¥ TIOCTI0PHOHAIBEHOE Pa3BUTHE PHIO B aKBaKyJIbTYpE.



OBIIAA XAPAKTEPUCTHUKA PABOTbBI

Cpsi3p padoThl ¢ KPYNHBIMH HAYYHBIMH NPOrpaMMaMH, TeMaMH.
Tema paboThl COOTBETCTBYET NMPUOPUTETHBIM HANPABICHUSM HAyYHBIX HC-
cnenoBanuit Pecriyonmku benapycs Ha 2016-2020 roasl (mocraHoBiieHHE
Cosera MunuctpoB Pecriyonuku benapycs ot 12.03.2015 Ne 190): myHKT
00006 — «2Onexrponuka u poroHHKa»; MyHKT 00009 — «ArporpoMbInuICH-
HBII KOMIUIEKC M TPOJOBOJBCTBEHHAs OE30MAaCHOCTBY, SBIACTCS YaCTBHIO
HAayYHBIX  HWCCIEJOBaHMKA KadeApsl HUXTHOJIOTMH ¥ PBIOOBOJCTBA
YO «benopycckas rocyaapcTBeHHas CEIbCKOXO3SIMCTBEHHAS aKaIeMUS»,
BBITIOJTHSJIACH B paMKaX MEXIyHApOIHOTO JOTOBOpa O IMOATOTOBKE CITEITHa-
JmcTa ¢ BRICIIUM obOpaszoBanueM (morosop Ne 351 ot 05.01.2015 r. u goro-
Bop Ne 360 ot 18.06.2015 r.). CocTaBHasi 4acTh WCCIEIOBAHUI BBIMOIHS-
Jlach B paMKax NPOEKTOB HHHOBALIMOHHOTO (GoHIa MUHHCTEPCTBA CEIBCKO-
ro X03s1#icTBa M MPOIOBOJIbCTBUS Pecnybnuku benapych (HoMepa rocynap-
cTBeHHOM peructpanuu 20131832 1 20150265).

Heab u 3agauu ucciaenoBanmii. Ilens paboTel 3akimouanach B pbIOO-
BOJIHO-OMOJIOTHYECKOM M HKOHOMHYECKOM OOOCHOBAaHMM HCIIOJIB30BAHUS
ONTHUYECKOTO M3IYYCHHUS JIA3ePHBIX W CBETOJUOIHBIX HCTOYHHKOB HH3KOU
MHTEHCUBHOCTH KpacHOW 00JacTH CHeKTpa A MOBBIMeHHs 3()(eKTHBHO-
cTH (TEXHOJIOTHH) BEIPAIIMBAHUS PHIOONIOCAIOYHOTO MaTepHaia paryKHOU
(dopenu B aKkBaKyJIbTypE.

JI31s peanu3anyu MOCTaBICHHON LENH PeIIaliich ciedyuue 3a0adu.

® ONPCIENUTh ONTHUMANbHBIC pPEXHMBI BPEMEHH H  KPAaTHOCTH
BO3JICHCTBUSl HW3IIYUCHWEM HHU3KOM WHTEHCHBHOCTH KpacHOW obmactu
CreKkTpa Ha OMOpPHOHBI paayXHOH Qopend B yCIOBUsAX IN  Vitro,
obecrieynBarome BBIPAKEHHOE CTHUMYNHpPYIOIIEe BIUSHHE HA pa3BUTHE
MOJIOJTH;

® U3yYUTh 3aBUCHUMOCTh CTHUMYIHPYIOMETo 3(QQeKTa ONTHIECKOTo
W3JIy4eHHUs] HU3KOW WHTEHCHBHOCTH KpacHOW oONacTW CHeKkTpa Ha
OMOpPHOHBI ¥ JIMYMHKH paayKHOW Qopemd B ycnoBusx in Vitro or
TEMIIEPaTYPHOTO peKUMa HHKYOAaIlMy U KOTEPEHTHOCTH M3Ty4eHHUS,

e yCClIe0BaTh  BJIMSHUE  ONTHUMAIbHOIO  PEXUMa  ONTHYECKOTO
M3JIy4eHNs] HU3KOW WHTEHCHBHOCTH KpacHOW oO0lacTh CHeKTpa Ha
PBIOONIOCATOYHBINA MaTEepHal PALyKHOU Gopenn B ycIoBusX in Situ;

® OTIpPENeNINTh  SKOHOMHYECKYI0  3((PEeKTHBHOCTP  HMCIIOIB30BAHUA
ONTHYECKOTO W3IY4YCHHS HHU3KOH WHTCHCHBHOCTH B  TEXHOJOTHH
aKBaKyJbTYpHI PEIOOTIOCAI0YHOTO MaTepHaja JOCOCEBHIX PHIO.



Obvexmom uccredosanuii IBISUIACH OTIONOTBOPEHHAs] HKpa (IMOpHO-
HBI), IPEUIMYNHKH, JIMYMHKH, MAJIbKH, TOMOTEHAT KEJITOYHOTO MEeIIKa M-
OpPHOHOB, CHIBOPOTKA KPOBH, MbIIIEYHAast TKAHb OJIHOIIOJON (CaMKH) paayk-
HO# ¢openu. TIpeameT uccieoOBaHU — 0COOEHHOCTH (PH3UOIOTHIECKOTO
OTBETa PaayXHOH (openn Ha BO3JIEHCTBHE ONTHYECKUM M3IIy4EHHEM HH3-
KO MHTEHCUBHOCTU KpacHOW 00JIacTH CIEKTpa, 3aBUCHMOCTh Haluironae-
MBIX CTUMYJIHUPYIOIINX 3P (PEeKTOB OT PU3MIECKUX XapAKTEPUCTUK ONTHYE-
CKOTO M3ITy4eHHUSL.

Hayuynasi HOBU3HA.

1. BriepBple yCTaHOBIICHO, YTO CTUMYJHPYIOMIHNA dPPEKT ONTHIECKOTO
W3JTy4eHHs] HU3KOW MHTEHCUBHOCTH KPAaCHOW OOJACTH CIIEKTpa Ha OOBEKTHI
aKBaKyJIbTYpbI (paxyskHas (HOpeTb) 3aBUCUT OT KPATHOCTH BO3ACHCTBUSL.

2. BriepBble yCTAHOBIIEHO, YTO CTUMYJIUPYIOMHN 3()(HEKT ONTHIECKOTO
N3JTy4eHHs] HU3KOW MHTEHCUBHOCTH KPAaCHOW OOJIACTH CIIEKTpa Ha OOBEKTHI
aKBaKyJIbTYpbl (pamyxHasi (opeib) 3aBUCUT OT TEMIIEPATYpPHOTO PEKUMA,
IIPU KOTOPOM OCYIIECTBIAETCS BO3CHCTBUE M MHKYOAITHsI YMOPHOHOB.

3. lokxa3aHo, uto Guosiormdeckuii 3¢pGexT Ha IMOPHOHBI M IMYMHKHU pa-
Jy)KHOU (Opesr MOXKET OKa3bIBaTh MOJIPU30BAHHOE M3JIydCHHE KaK IOJTy-
MIPOBOIHUKOBOTO JIa3epa, TaK U MOJISIPU30BAHHOE U3JTyYEHNE CBETOHO/IHO-
r'0 HCTOYHHKA, CTENIeHb KOT€PEHTHOCTH KOTOpOro 1ouTH B 10 pa3 MeHsblie.

4. Pa3paboTaHbl HOBBIC NapaMeTpbl CTHUMYJIHPOBAHHS PBHIOOBOAHO-
OMOJIOTMYeCKUX IMoKa3aTeseii MocaloyHOro MaTepuala pagykKHOU ¢openy,
OCHOBaHHBIE Ha €XEIHEBHOM BO3JCHCTBMM ONTHYECKUM H3Iy4YCHHEM HH3-
KO MHTEHCHBHOCTH (KpacHasi 00JacTh crektpa, A = 630 HM, JinHA KOTe-
PEHTHOCTH Lo ~ 26 MKM) Ha SMOPHOHBI PBIO Ha CTA/INU IJIa3Ka IPU €Kecy-
TOYHOM BO3JEHCTBHM B TeueHHe 20 MHHYT Ha NMPOTSDKCHHUH 5 CYTOK, NPHU
IUIOTHOCTH MOIITHOCTH ONTHYECKOTO M3IydeHus 3,0 MB1/cM?, pu Temrepa-
Type unkyoanuu 8 °C.

Jluunblii BkJIag aBTOpPOB. Pa0oTa BEHINONHEHA JIMYHO aBTOPOM H
SBISIETCST  PE3YJIbTATOM  3aKOHYEHHBIX HAay4yHbIX HCCIEJOBAHUI MO
PBIOOBOHO-OMOJIOTHYECKOMY M SKOHOMHUYECKOMY OOOCHOBAHHUIO HCIIOJb-
30BaHUs ONTHYECKOTO W3JIYYCHHMS JIA3EPHBIX M CBETOJIUOAHBIX HCTOUHHKOB
HU3KOH WHTEHCHBHOCTH KpPacHOW OOJAacTH CIIEKTpa Ui IOBBIIICHUS
3¢ GEeKTHBHOCTH (TEXHOJOTHH) BBIPANIMBAHUSA PHIOOIIOCAIOYHOTO MaTepH-
ana paxyxHoi Qopenu B akBaKynbType. JIMUHBIN BKJIag aBTOpa COCTOSUT B
OpraHM3allid ¥ TIPOBEJCHWM OIBITOB; pErucTpanuu u cobope Bcex
pE3yNbTaTOB HCCIIEAOBAHUM, NX OMOMeTpudeckoid o0paboTke, aHaiIH3e U
MyONMMKanuy  TOJMYYEHHBIX pe3ynbTaToB. HaydHeIM  pyKoBoIUTENIEM
H. B. bapynuusiM Oblla 0OOCHOBaHA I€JIb W 3aJa4M  KCCIICAOBAHUIA,



pa3paboTaHa METOJHMKA HCCICIOBAHMH M OKAa3bIBaJIOCh COJCHCTBHE MHpPHU
NPOBEJCHUH  OMOXUMMYECKMX  HcciepoBaHuil.  OThenbHBIE  Talbl
WCCIIEJOBAaHUH BBIIOJIHSUIUCH TPU COJICHCTBHMM MarvucTpaHTOB Kadeapsl
UXTHOJIOTUH " pBrIOOBOICTBA YO BI'CXA E. T'. HoBukoso#,
JI. O. AtpomeHko, T. II. FOpuenko (Hay4HBIH PYKOBOJUTEIND
H. B. bapynuH),  ynpaBisiiomiero  pelOOBOAHBIM  HHIYCTPHAIBHBIM
kommiekcoM YO BI'CXA A.B. HexpbuioBa, 3aBeXyrOLIET0 XHUMHUKO-
skonoruueckoit maboparopueit YO BI'CXA H. B. bapbacosa, 3a aro aBTop
BBIpa)KaeT UM MCKPEHHIOIO 0J1aroJjapHOCTb.

Brutag aBropa B myOmmkanuu [300-310] 3akmrouaincs B opraHA3alii u
NIPOBEJCHUH  OIBITOB, pErHCTpallMd M cOope BceX Ppe3yibTaToB
HCCIIEOBaHNH, MX OMOMeTpHuecKoil 00paboTKe, aHaNM3e M IOATOTOBKE
npoekrta pykonucu. Bxnan aBropa B nmyonukauun [311-314] 3akirouancs B
MIPEJOCTABICHUH PE3yIbTaTOB COOCTBEHHBIX HCCIIEIOBAHUN KaK COCTaBHOM
yactu mybnukanuu. Bxian coasropos H. B. Bapynuna u B. 1O. ITnasckoro
B nybOnukamuu [300-310] s3akmrouancs B OOCYKICHHH IOJYYCHHBIX
pe3yIbTaTOB M PENAKTUPOBAHHM INPOEKTa PYKONUCH IyOnuKamuu. Bxian
coaBropa B. O.IInaBckoro B mnyOmukamum [311-313] 3akmiouancs B
0000IIeHNH pe3yIbTaTOB HccienoBaHmid. Bkiman coaropa H. B. Bapynuna
B myoOmukammro [314] 3akmrouancs B 00OOIIEHWHM — Pe3yNETaTOB
uccaenoBanuii. Bxiaa apyrux coaBropoB B pabotsl [311-314] 3akmouancs
B IIPENOCTABICHUN WIM OOCYKIAEHHHM CBOCH YacTH HCCIEJOBAaHMH Kak
COCTaBHOM YacTH IyOJIMKaIHK.

AnpoGauus pe3yJbTaToB U HHGoOpManKs 00 UCIOJIL30BAHUU ee pe-
3yJbTaTOB. OCHOBHBIC PE3yIbTaThl UCCIEAOBAHUHN OBLIN JOI0XKEHBI U 00-
cyxnenbl Ha XIX MexnyHapoIHOi Hay4HO-TIPAKTUUECKON KOH(DEpeHINU
«AKTyanpHBIC TIPOOJSIEMBI HMHTEHCHBHOTO PAa3BUTHSA >KHBOTHOBOJCTBa»
(Topxu, 2016); VI MexayHaponHod HaydHOW KOH(EPEHIIMH MOJIOIBIX
yaeHslx CeTH IEHTPOB aKBaKymnbTyphl cTpaH LleHTpamsHON m Bocrounoit
EBpomnst (I'opxu, 2017); XX MexnyHapoaHOH HayYHO-TIPAKTHYECKOW KOH-
(epeHIN «AKTyaJbHbIE TPOOJEMBl WHTEHCHBHOTO PAa3BUTHSI JKHBOTHO-
BonctBa» (I'opku, 2017); 17-if MexnyHapoqHoi Hay4HOW KOoH(pepeHIMH
«Caxaposckue ureHust 2017 roma: skonmorudeckue npoOmemsr XXI Beka»
(Munck, 2017); XX MexnyHapoIHOH HayqHO-IIPAaKTHYECKOH KoHpepeH-
nun «COBpEMEHHBIE TEXHOJOTHH CEIbCKOXO3SIHCTBEHHOTO MPOU3BOJICTBA
(Tpommo, 2017); 2™ International Aquaculture Conference «Recirculating
Aquaculture System (RAS): Life Science and Technologies» (Daugavpils,
2017); VI cwve3ne Poccuiickoro ¢otobuonornueckoro obmectsa u Bee-
poccuiickoil koH(pepeHunn «CoBpeMeHHble HpoOsieMbl (OTOOHOIOTHIY



(Wencu, ITymmuo, 2017); 2™ International Symposium «Physics,
engineering and technologies for biomedicine» (Mocksa, 2017); 17"
Congress European Society for Photobiology (Pisa, 2017); 3acenanumn
HayYHO-TEXHHYECKOTO COBETa IO 300TE€XHHM M BETEPUHAPHOH MEIHIIMHBI
(axynbTeTa OMOTEXHOJIOTHH M akBakyjlIbTypsl YO «benopycckas rocynap-
CTBEHHAsl CeJIbCKOXO03siCcTBeHHast akaaeMus» (T. [opku, 2018).

Ony6aukoBanne pe3yJabTatoB. [lo pesynbraTaMm JguccepTalMOHHOM
paboThl omyonukoBaHO 7 cratei (3,5 aBTOPCKUX JTHCTa) B HAYYHBIX W37a-
HUSX (B TOM 4YHCIIe 2 B 3apyOC)KHBIX M3TAHUAX (B TOM Yncie | B M3TaHWH,
BxozsmeM B 6azy Web of Science (Zoological Record))), cooTBercTBYyI0-
mux OyHKTY 18 IlosnoxxeHus o MpUCYXIECHUU YUEHBIX CTENEHEH U MpUCBO-
€HHMH y4eHbIX 3BaHnH B PecniyOnuke benapycs, a Taxoke 4 ctatbu u 3 Te3nca
B COOpHHMKax M Marepuajax Hay4dHbIX KoH(pepeHuuil. [lo pesynbraTam uc-
ClIeIOBaHUil OMyOIMKOBaHbI PEKOMEHJALUH IPOU3BOJICTBY.



1. AHAJIUTHYECKHUH OB30P JUTEPATYPBI
IO TEME UCCJIEJOBAHUU

1.1. bruogoruyeckasi XapaKTepuCcTHKA paay:KHoii ¢openn

Hayunoe Ha3BaHMe poja paay>kHO# (opes MPOUCXOAUT OT IPEUEcKOro
onkos (kpro4ok) u rynchos (Hoc) mo mpuYnHe KPHOYKOBATOMN MACTH CaMIOB
B Opaunbiii ceson [46]. Hayunoe wasBaHme panyxHoit dopenn
Oncorhynchus mykiss 6suT0 TIepBOHAYAIBHO TIPEIOKEHO HEMEIIKAM €CTe-
CTBOHMCIIBITaTENIeM M TakcoHomucToM HoranHom Ommycom Bansbaymom
Walbaum B 1792 roxy Ha OCHOBE W3y4eHHs TUIIOBBIX IPEICTABUTEICH MU-
kmwku (mykizha) uz Kamuatku [47].

Totnanackuit Hatypanuct c3p ko Pudapacon B 1836 romy HazBan
npeacTaBuTens paxyxuoil Qopenu Salmo gairdneri B dects Mepeaut
Taupmuep (Gairdner), xupypra komnanuu ['ya30H0Ba 3anuBa B popte Ban-
KyBepa Ha peke KomymoOus, kotopas npuHecia Puyapacony naHHsiid oOpa-
sen. B 1855 rogy Yumesm ['u660HC, KypaTop reoJOorMM M MHHEPAJIOTHU
Kanudopuuiickoii akaneMun Hayk, 0OHapy» Wi HOMYJSILUK PaayKHOH (Bo-
penu u Ha3Ban ux Salmo iridia, mosxe ucnpasieno wa Salmo irideus. Dtu
MMEHa HCYe3Jd, KaK TOJHKO OBLIO YCTaHOBIICHO, YTO omnucanue MoranHa
IOmmnyca Banpbayma o THIOBEIX 00Opasiax pamykHOU Qopenw ObLIO KOH-
crielin(UYHBIM H, CIIeI0BATEIEHO, HMEIIO NPEUMYLISCTBEHHYO cuity [48].

B 1989 romy mopdonorniyeckne U reHETHUECKUE UCCICIOBAHMS ITOKA-
3amm, uto (hopenb B OacceitHe THXoro okeaHa ObUIa TEHETHYCCKH OIIIKE K
TUX00KeaHCKuM Jjiococssm (Oncorhynchus), wem k Salmos — kymxe (Salmo
trutta) wim aTnantuueckomy Jococko (Salmo salar) armanTuyeckoro Gac-
ceiina [196].

Takum obpazom, ¢ 1989 roma pagyxnas hopenb TAKCOHOMHYECKH OT-
Hocutres K poxy Oncorhynchus [46], u ums Walbaum wuMeer mpeumyiiie-
CTBEHHYIO CHJy, Tak 4ro HaszBanue Oncorhynchus mykiss cramo HaydHBIM
Ha3BaHHMeM panyxHoil ¢openu. [Ipeasiayniue HazBanus BuAOB irideus u
gairdneri GpUTH PHUHATH B KAUECTBE MOJBUAOB HMEH IPHOPESIKHON pamyiK-
Hoit ¢openu u popenn pexku KomymoOust [48, 47].

B Hactosimiee Bpems pamyxHas (Gopenb crajga MOMyJIsSPHBIM 00BEKTOM
CIIOPTUBHOTO PBHIOOIIOBCTBA M aKBaKyJlIbTypsl. HopMmanbHas B3pocias pa-
Iy’)kHast hopenb BecHT 2—3 KT, B TO BpeMs Kak e€e MaKCHMAaIbHBIA pazmMep,
Bec U Bo3pacT cocTaBistioT 120 M, 25,4 kr u 11 sret coorBercTBenHo [119].
PanmyxHast Gpopenb )KUBET B TOPHBIX, XOJIOIHOBOAHBIX PEKaX U UMEET MHO-
JKECTBO MECTHBIX IITaMMOB, KOTOPbIE 00pPa30BaUCh B PA3IMYHBIX PEYHBIX
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cucreMax. M3 Hux ObUTH BBIBEAECHBI MHOTOYHCIIEHHBIE YCOBEPIICHCTBOBAH-
HbIE KOMMEPYECKHe MMOPO/IbI sl TOBAPHOTo BhIpaiuBaHus [238].

PanysxHas ¢opens siBisieTcsi Hanbosee MUPOKO PACHpPOCTPAHEHHBIM BH-
JIOM 13 yncia Beex Qopeneil. OHa BcTpedaeTcs B IPUPOE BO MHOTUX peKax
U pYy4YbsX, 3aIIOJIHEHHBIX Npynax u o3epax. OHM BecbMa pPa3HOOOPA3HBI 10
LBETY, YaCTO CEPEeOPHCTHI, CBETIO-PO30BHI JI0 KPACHOMU IT0JIOCHI IO OOKaM.
Ora pbiba NpeAnoYHUTaeT XONOAHYIO, YACTYIO BOJY M Hallle BCEro BCTpeda-
eTcs B Bojie ¢ Temreparypoii 45-60° o dapewnreiity (7,2-15,5 °C).

EcTecTBeHHBIH panroH paxyKHOU (OpeNr COCTOUT U3 IeCKape, paKoB,
HACEKOMBIX U JIPYTUX MEJKHX BOJHBIX )KUBOTHBIX [116].

B nukoii mpuposie ecTh OCCHHUE M BECEHHUE HEPECTSIINECS MOy IISIIH
panyxHo# ¢openn. M3 3THX TPy NOMySIHiA OBIIN BRIBEICHBI IBE Pa3-
HbIE KOMMeEpYecKHe 1Mopoibl. MIX prIOOBOJHBIC KauyecTBa CXOXKH, OHU OTIIH-
YaloTCsl APYT OT JpYyra TOJBKO CE30HHOCTBIO HepecTa. JTO MO3BOJISIET yBe-
JUYUBATh TPOM3BOJCTBCHHBIC MOIIHOCTH (hoperneBbix xo3siicT [294]. Bo
MHOTHX CTpaHax 4acTo KyJbTHBHUPYETCS albOMHOCHas (opMa paiyKHOMH
¢dopeinn, KOTOpYyI OUIMOOYHO HAa3bIBAIOT 30JI0TOM Qopenblo. Ita dopma
SIBJISIETCSI TIOIYJIIPHBIM JIEKOPATHBHBIM OOBEKTOM CHOPTHUBHOTO PHIOOJIOB-
crtBa [297].

Panyxnass gopens sBnsgeTcs poAHBIM OOBEKTOM IJISI XOJOIHBIX peK U
03ep THXookeaHckux OeperoB CeBepHoil AMepuku u A3un. OHa OblIa ak-
KJIMMAaTU3UpOBaHa U BHeapeHa B 82 crpanax [294, 116, 238].

CyIecTBYIOT YeThIpe BaKHBIX (PaKTOpa cpeasl OOWTaHWs, KOTOPHIC B
OCHOBHOM BITUSIIOT Ha POCT pamxyxHoi (opernn. OHK BKIIOYAIOT B ce0s Oc-
HOBHbIE TPeOOBaHMUS K KAYECTBY BOJbI M €CTECTBEHHOU MHUIIIN:

® X0100Has 600a — panyxHas (Hopenb SBISETCS THIMMYHBIM XOJIOIHO-
BOJIHBIM OOBEKTOM PHIOOBOJICTBA;

® NPO3PAYHAA YUCMAas 600a — OCTPOE 3peHHE KpaitHe BaXKHO T dhdek-
TUBHOTO KOpMJIeHHUS ¢openu. Boga nomkHa OBITE CBOOOIHOHN OT BpeIHBIX
TBEPABIX M BPEIHBIX Ta3000pa3HBIX OTXOOB, MPOM3BEICHHBIX B Mpolecce
Mmetabonusma u aeixanus [140];

® PACMBOPEHHbII KUCIOPOO — BOJAA JIOJDKHA COJEPIKaTh PacTBOPECHHBIH
KHCJIOPOA B BHICOKMX KOHIIEHTpALMSX Ul TOr0, YTOOBI 0OecnednTs Oecre-
peboitHOE JpIXaHue;

® nuwa — KOHKPETHAs MOTPEOHOCTh B MPUPOIHBIX MPOIYKTaX MUTAHUS
paxyxHOU (openn 3aBUCHT OT BO3pacTa M pa3Mepa peid, pazMepa IeMeHTa
MTUTAHUS ¥ CPeIbl OOUTaHUS.

PanmyxHast hopenb arpeccuBHa  kanHa B kopmienun [140]. Ona sBis-
€TCSI OMIOPTYHUCTHYECKUM IMOTpeOUTENeM, KOTOPYIO TIPHUBIEKAET IOYTH
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Bce. HazeMHble HaceKOMBIe Takke MOTPEOIAIOTCS, KOrla OHHU HONAJaloT B
Boay. Orto B3pocibie xyku (Coleoptera), myxu (Diptera), mypaBbu
(Formicidae) u nMYMHKH YeUIYEKPBUIbIX HACCKOMBIX (0a0OUYKH MOJIH)
[196]. Pagysxuas hopesb TakxKe MOKET MUTATHCS SIULAMHE JI0COCS U (poperH
[116, 196].

PanysxHast Gopesib MOXKET 3HAUUTENBHO Pa3INYaThCs 110 BHEIIHEMY BH-
Iy, TO 3aBHCUT OT MeCTa, I'/ie OHa HaXOAMTCS, U UX Bo3pacTa. B oOmmx
geprax y (openu mMeeTcsi HeOOoIbIas ToJI0Ba ¢ XOPOIIO Pa3BUTEIMU 3y0a-
MU Ha HeOe. OHa MMeeT KHUPOBO TUIaBHUK, T. €. HEOONBIION, MATKUH, Msi-
CHCTBI IJTABHHK Ha CIIMHE 3a CIIMHHBIM IUTaBHUKOM. ECTh YepHBIe IIsITHA Ha
crnimHe, O0KaxX M IulaBHUKAxX. JKUPOBOIl ITaBHUK Takoke MMeeT IIATHA, 9acTo
00pasysl YepHyIO I'paHUILy BOKPYT €ro Kpas. XBOCT Clierka pa3JBOCHHbIH,
HO GoJiee CHIIBHO pa3IBOCHHBIH y Monoau [294].

JKv3HeHHBIH LMK paaykHOU (openu BO MHOTOM ITOXO0X Ha IMKI BCeX
JI0COCEBBIX. THXOOKEaHCKHE MAJIbKU (POPENN BBIXOISAT M3 TPaBUsl B KOHIIE
BeCHBI Win Havane jeta [250].

Bpemst HepecTa paayxHOW GOpEH B €CTECTBEHHBIX YCIOBUAX PACTSITH-
BAETCS C SIHBApsl MO HIOJIb B 3aBHCHMOCTH OT MX MecT oOutanus [294].
HepecT npoucxomutT BO MHOTHX MaJIbIX peKax M B IMOIXOSLIMX y4acTKax
MarucTpajbHbIX HOTOKOB C MPOXJIAJHON BOJOW M CKOPOCTBIO MOTOKA 23—
155 m/c [117, 250].

HepectoBoe moBeneHue paayxHoil Gopenn XxapakTepHO IS JIOCOCEBBIX
pbi6. [TocTpoeHue THe3da MPOIOIDKACTCS HECKONBKO IHEH W HOYeH, mpH
9TOM CaMKa pOeT HeCKOJIBKO THe3[ (0T ABYX JIO IATH) HOAPAM, B KaXI0€ U3
KoTopbIx oTkinagsiBaeT mo 800—-1000 swm. Ilocnme ommogoTBOpeHHs caMert
MOKUJAeT CaMKy, a OHa MPOJOJDKAET OCTABATHCS OKOJIO THE3J JUIS Jajb-
He#mero (GopMHPOBAHUS T'PAaBUHHON HACHIIHM M 3aIIWUTHI THE3J OT APYTHX
camok. He Bcst pamyxHast Gpopenb ymMHpaer mociie Hepecta. THINUYHAS BbI-
KHBaeMoCTh mocie Hepecta cocrtaBasier 10-30 %, HO MOKET BapbHPOBATH
ot 1 % 1o 65 % u Gonee. TeHAEHIMS K TIOBTOPHOMY HEPECTY yBEIHMUUBACT-
csi ¢ ceBepa Ha ror [294, 250].

[TronoBUTOCT pajsyKHOI (hopeny CHIBLHO BapbUPYET M CBsI3aHA C pas-
MEpOM: MHHHUMaJlbHasi W MaKCHMajlbHasi IUIOJIOBUTOCTh KojeOyieTcsi OT
200 no 12 700 mtyk stuir, HO 00brgHO OT 500 10 3200 smi. Mkpa 3-5 MM B
JHaMeTpe, OT PO30BOTO J0 OpaHKeBoro 1BeTa [294, 238].

Panyxnas ¢opens, Kak TpaBWIIO, MEPBEI pa3 HEPECTUTCS Ha TPETHH
WA Y9eTBEPTHIN IOl )KU3HU. Y OONBIIUX PHIOOSTHBIX PHIO 3pENOCTh 3am1ep-
xuBaerca. Eciu muma u apyrue (akTopbl SIBISIIOTCS MOAXOJISIIMMY,
OOJBIIMHCTBO PBHIO HEPECTHTCSA KaXKIBIH ToJ. OMOpHOHAIBHOE Pa3BUTHE
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JUTNTCSL OT YETHIPEX JI0 CEMHU HEZETb B 3aBUCHMOCTH OT TEMIIEPATyPhI BOBL
PaccacbiBaHMe KeITOYHOrO MeIIKa MPOUCXOAUT uepe3 TpH — CeMb JHEH B
3aBUCHMOCTH OT TemIleparypsl. Ha cBoOoHOE Ti1aBaHue U3 IpaBHsl MaJIbKU
MepexosiIT B TeueHue sieta [238].

Takum obOpa3om, pamyxHas (opeiab — 3TO pacHpoCTpaHEHHas prIOa B
CTpaHax CEBEpHOTO IMOJIyLIapHsi, OOUTAIONIasi B XOJOAHOBOAHBIX BOJOEMAX,
XapaKTepU3YIOLIAsCsl BEICOKUMH TPEOOBaHMSIMHU K (haKTOpaM OKpY KaroIiei
Cpenbl U SBISIOIIAsICA HOMYIIPHBIM 00BEKTOM aKBaKyJIbTYpPBI M PHIOOJIOB-
CTBa.

PamyxxHast ¢opens sBISETCS MOMYIAPHBIM OOBEKTOM aKBAaKYJIbTYPhl U
TpeacTaBisieT OONBIION MHTEpec s peIOHOW oTpaciu PecrmyOnuku bena-
PYCh B CBSI3M C pean3aniell MPOEKTOB MO BHIPAIIMBAHHIO JIOCOCEBBIX BH-
108 pbI6 [1, 7].

PrI60BOIHBIE MHyCTPUATIBHBIE KOMILIEKCHI 10 BBIPAIMBAHUIO PATLYXK-
HOHM Qopenn HyXIaloTcsl B KAYECTBEHHOM II0CaJ04YHOM MaTrepuaje, MOBbI-
IIEHHE )KU3HECTOHKOCTH KOTOPOTr0 BO3MOXKHO B TOM YHCIIE 33 CYET UCTIONb-
30BaHMA ONTUYECKOTO U3TyYeHHUS HU3KOH HHTEHCUBHOCTH.

1.2. Bausinue j1a3epHOT0 M CBETOAHOTHOTO H3TyYeHHA
Ha 0MoJIOTHYecKHe 00beKThI

Hcnoan3oBanne J1a3epHOr0 M CBETOAUOTHOIO H3JIyYeHHS B MeIH-
nuHe. JlazepHOEe M3IYYCHHE — ATO YCHIICHHE CBETA MOCPEICTBOM BEIHYXK-
IeHHOTO M3nmydeHus. Jlaszep mpencraBiser co00i ONTHYSCKHA HCTOYHHK,
KOTOPBII M3IydaeT (GOTOHBI B Ka9eCTBE KOTEPEHTHOTO U Y3KOTO ITy4Ka CBe-
ta. B 1917 roxy DiHIITEHH Tpeackas3ai, 9YTO aTOMBI MOKHO CTHMYJIHPO-
BaTh, YTOOBI M3JIy4aTh CBET C MOMOUIBIO TEOpUU bopa onTHYecKkux pe3oHa-
TopoB. Okoio 40 jet crmycTst ObUIO CAeNaHO YCTPOMCTBO, KOTOPOE MCITyCKa-
€T W3JIy4YeHHe B BUAMMON 00JacTH CIeKTpa. 3aTeM B TEUYEHHE Troja ObLI
pa3paboTaH BHIUMBIN Ja3epHBIH HCTOYHUK, U OBLIO COOOIIEHO O MEPBOM
MEIUIMHCKOM NTPUMEHEHHH B O()TaIbMOJIOTHH JUIsI JICUSHUS! OIyXOJIH TJla3a
[78]. Tlocne aTOrO MpHMEHEHUE Ta3ePOB B MEAUIMHE OBICTPO HAILIO LIU-
pOKOE IPUMEHEHHE.

Jlazep siBisieTcst OCHOBHBIM KOMITIOHEHTOM PA3JIMYHBIX CIIEKTPOCKOIIOB H
MHUKPOCKOIIOB. B CHIEKTpOCKONHMHM J1a3ep MCHONIB3YeTCsl Ui KOMOMHAIIMOH-
HOTO paccesHHsI CBeTa, ONTHYECKONH KOTEpEeHTHOH ToMorpaduy, akycTHde-
CKOHM CHEKTPOCKOMHH, TEePEeXOTHONH aOCOPOIIMOHHON CIIEKTPOCKONNH, aHa-
JM3a pa3Mepa YacTHIl, WCCIEIOBAaHUS BPEMEHH XH3HH (IIyOpeCICHIINH; B
MHKPOCKOIIHH JIa3ep UCIOIB3yeTCsl B KOH(OKATBHOW MHKPOCKOITHH, JIa3ep-
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HOHM CKaHUPYIOUIEH MUKPOCKONUU U (ITyOPECIICHTHON JIa3epHOW CKaHUPY-
tomieil Mukpockonuu. Jlasep siBisieTCss OCHOBHBIM HHCTPYMEHTOM ISl He-
WHBAa3MOHHOW TOYHOW JMarHOCTHKM M CKAaHMPOBaHMS KJIETOK M TKaHeH
[237].

Jlazep xapakTepu3yeTcss MOHOXPOMAaTHYHOCTBIO, KOT€PEHTHOCTHIO W
koyunManuer [167]. Dtu cBolicTBa oOecnieynBaeT y3KUH My4YOK CBETa BbI-
COKOI MHTEHCHBHOCTH, KOTOPBIH MPOIYCKAaeTCsl IIyOOKO B TKaHH-MHIICHU
C MHHUMAJIBHOM TIOTEpel MOIHOCTH M 0O0JBIIoM TouHoCTRI0 [222]. C006-
manoch 00 HCIONB30BAaHMM Ja3epa B LENAX JIMKBUIALMHM OIyXOJIH B
1965 rogy ¢ mocienyonyM MUPOKIM HHTEpecoM B KoHIe 1970-x romos.
B MeaummHe OOBIYHO HWCIIONB3YIOTCA AaprOHOBBIA MOHHBIA Jazep, Nd:
YAG-na3zep 1 TUOKCHA-YTIepOaHbIH nazep [259]. AproHOBBIN Ja3ep MOCHI-
JlaeT OYEHb BBICOKUI AJIEKTPUYECKHH 3aps] depe3 ra3000pa3HbIi apro,
toraa kak CO2-na3ep, U3BECTHBIA KaK XUPYPrUUECKUH HOX, U3ITydaeT AJIH-
Hy BosHbl 10,6 MmxM. Nd: YAG-na3zep ciocoOeH MpOHUKATh TIyO0OKO B OHO-
TKaHW M MCIYCKaTh CBET C ANUHOW BodHBI 1064 HM, 532 HM, 355 HM U
266 um. CandupoBblii 1a3ep — MepecTpanBacMbli ja3ep ¢ [UIMHON BOJIHBI B
Juanasone ot 650 o 1100 am [186].

B Hacrosimiee BpeMs J1azep MCHoib3yeTcs B (OTOTEpanuy paka, Jazep-
HOW Teparmuu HU3KoW momHoctu (HUJIN), doToamramudeckoil tepamuu
(®AT), pororepmoreparmu (IITT) u mmazmeHHO# QOTOTEpPMATBHON Tepa-
muu (PPTT) [43].

®dotorepanusi uzBectHa co BpemeH JlpeBHero Erumnra, I'perun u UH-
JIH, HO B TEYEHUE MHOTHX CTOJICTUH O Heil ObUIO 3a0BITO M BHOBH OHA ObLTa
otkpeiTa B Hayane XX Beka [237]. TlepBoiit HayuHbIH HOKIA1 00 UCIIOIB30-
BaHMM KPacHOTO CBETa B JIEYEHHH PYOLOB ochbl ObLI BbINONHEH Hunom
Ouncerom B 1903 roxy [115], mo pesyspratam McclieI0BaHUi B 3TOH 06a-
ctu eMy Oblia ipucyxeHa HobeneBckas mpeMust B 00J1acT (PU3HOIOTHH U
MEIUIVHBI.

ONIT sBnseTcs TEXHOJOTHEH, HCIOJB3YIOMmEH (GOTOCCHCHOMIH3ATOP,
KOTOPBIH TPUBOANTCS B JEWCTBHE NMPU BO3ACHCTBHU BHUAWMOHN MM ONMX-
Hell MHppakpacHOi obiacTh cBeTa. 3aTeM OH IepelacT SHEPTHIo0 Ha MoJje-
KYJISIPHBIN KUCIIOPOJI, TAKMUM 00pa3oM IreHepupyst aKTUBHbBIE (OPMBI KHCIIO-
poza (HampuMep, CHHIJICTHBIH KHCJIOPOJ, CBOOO/IHBIE PaJUKaIbl, IEPOKCH-
IIbI), KOTOPBINA yOuBaeT pakoBbie KieTkH [36]. ®/IT ucnonesyer GoToceH-
CHOMIN3ATOPBl B COUCTAHHM C MCTOYHHKOM CBETa AJISI JICUCHUS MPEIpaKo-
BBIX W 3JIOKAUYECTBEHHBIX 00pa30BaHMM, TOTaa Kak 0ObIYHBIe (POTOCEHCHOH-
JMU3aTOPBI IMEIOT CBOM MOO0YHBIE AP QeKTHl. [y Toro 4To0B IPeoaoIeTh
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HEJOCTaTKH (POTOCCHCUOMIM3ATOPOB, B HACTOsIIIeEe BpeMsl (hOTOCCHCHONIIH-
3aTOPBI CTAJIM 3aMEHSITh HaHOuacTuiamu [237, 247, 246].

IIpu ®AT ucnonb3yercss MOHOXPOMATUYECKHH U KBa3UMOHOXPOMATH-
4yeckuii cBeT B ontnueckoi obmactu ~ 600—-1000 HM Juts IeyeHns: B Hepas-
pYIIAIOIIEM pPEXHME HETEIUIOBOM MOABI Pa3iIMYHBIX MSTKHX TKaHed u
HEBPOJIOTUYECKUX TTOBpexaeHuit [122, 97, 53].

Hapsiny ¢ na3epHbIMM MCTOYHMKAMH HHU3KOMHTEHCHBHOTO ONTHYECKOTO
U3JTy4eHHs] TOIYJISIPHOCTh IPHOOPETAIOT CBETOAMOAHBIE HCTOYHUKH H3ITY-
gyerust (LED), mockombKy OHM 00JTalaf0T TakKe CTHMYJIHPYIOMNM 3ddex-
TOM M C YCIIEXOM NPUMEHSIOTCS B MEIHMLUHE NPU 3a)KUBJICHUH PaH, oOpa-
OOTKH KOXKM M CIIM3HUCTHIX 000i04ek s3Bbl. LED oTiHM4aeTcst OT HU3KOMH-
TEHCHBHOTO JIA3ePHOT0 M3TYYSHHUS TEM, YTO HE SIBJISIOTCS KOTEPEHTHBIM, B
TO BpeMs KakK ja3ep MpeACTaBiseT co00M KorepeHTHoe uznydenue [97].
OpHAaKO CBETOAMOJBI MPOJAIOTCSA MO Oojiee HU3KOW CTOMMOCTH U OoJee
6e30MacHbl, YeM Jia3epbl, 0COOCHHO JUTs MPUMEHCHUs Ha Koxe [233, 112].

JlazepHoe ¥ CBETOAMOIHOE U3IYYEHUE CTAIO C YCHEXOM HCIIOJIb30BaTh-
csl B MEJMLHUHE MPU JICYUCHUN TPABM COCAMHHUTEIILHON TKaHH, IIPU pa3pbiBe
cyxoxunuit u cBsi3ok [114, 124], atpoduu mein [261, 243, 131], arpodun
U U3bs3BICHUU cycTraBHOro xpsima [76, 109], ocreoaprtpura [170, 133],
Hekposa koxu [59, 183], axmmioBo-koxxHO# anresmu [183], moBTOpHOTO
paspsiBa [166] u Tpombodiaedura [35, 143, 268, 295] u apyrux QpyHKIHO-
HaJbHBIX 3a0oneBaHmsX [32], a Tawke U 3aKUBJICHHS MATKUX TKaHEH
[191, 137].

JlazepHOe ¥ CBETOIUOAHOE M3JIy4eHHE OBLIO MCIONB30BAaHO I pealu-
nuTanuu nocrpaaasinx nociie YepHoObuibckoir ADC [69], B kauecTBe
cpezacTBa Ui JieueHus: qucyHKIUM OnnnpyOuHa y HoBopoxaeHHbIX [110,
227], B KayecTBe CpEeACTBA AJsI JeUeHUs] 3a00JIeBaHMI CETYATKU Y HOBO-
pokaeHHsIx [26], mis newenws s3B, pan [31, 122, 101, 32], wueiipo-
Bocnajienuii [253], 6omu [106], mumbonemun [95], MakyasapHO# AereHepa-
muu [1], 3aboseBanuii cyxoxuiuii [85], xponuueckoi 6omu B mee [159],
3akuBlieHuss paH [123], 3aboneBanuii ceTdyaTkd y B3poOCHbIx [227, 241],
peMoIeNpoBaHus cepALa Imocie HHpapKTa MHOKapa, HelpoaereHepaTHB-
HBIX 3a0oneBanuit [155], Takux kak 6ose3Hb Anbnreiimepa [218], 6one3Hn
IMapkusHcoHa [272], paccesunsiii ckiaepo3 [180] u B kauecTBe MpodUIAKTH-
KH TIOCJIE OTIEPAlMOHHON KOTHUTHBHOM mucoyHkunu [203], Tpasm [179, 74,
97, 275], mist BOCCTAaHOBJICHUS TIOCIIC OTEPAIlUK Ha MO3BOHOYHHUKE [265] u
YIIPaBJICHUS] PUCKOM Cep/ICUHbIX ManueHToB [45, 26].

B psze nurtepaTypHbIX MCTOYHHMKOB COOOIIAJIOCH O CTHUMYJIHPYIOIIEM
BJIMSIHUHM JIA3E€PHOTO M3JIy4YEHHs MOAYJIMPOBAHHOTO PEXHMa Ha pa3iuuHbIe
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Ouosnornueckue oobektel [77, 68, 190, 55, 111, 184]. Tak, npu BO3zEH-
CTBUH ONTUYCCKUM U3ITYYCHUEM B MOIYIUPOBAHHOM PEKUME HAOIIOAAIOCh
YBEIIMYCHUE MHUTOXOHJPUANTBHOr0 Merabonu3ma [148], 3axuBieHue paH
[75], anruorene3 koxu [75], xocteit [299], HepBoB [261] u ckeneTHBIX
Mo [51, 50, 266].

Hawnnyumue niavnsl BoiaH HaxoasTes Mexay 600 u 900 HM ¢ onTuManb-
HBIMHU PE3yJIbTATaMH, MMOJYYCHHBIMH B CJICIYIOUIUX auana3onax: 610-625,
660-690, 750-770 u 815-860 um [96]. OmBITH TIOKA3aJH, YTO KPACHBIN U
WHQPaKPACHBIH CIIEKTPHI CIIOCOOHBI BIMATH Ha 3a)KUBJICHHE HEHPOTCHHBIX
TKaHei [269, 72, 275]. JanpHeiinre ncciieJoBaHAUs YCTAHOBIIIN HEHPOTIPO-
TEeKTOPHBIH 3(deKT ma3epHOro MITydeHHS B NAHHBIX CIEKTpax CBETa.
Hanpumep, Onaromapss onTudeckoMy H3JIyYeHHIO KPacHOW W WHQpakpac-
HOW oOJacTell criekTpa yJydliaercst MOBeJeHHE M KieTo4yHas (QyHKuus y
KUBOTHBIX [82] U B OpraHu3Me 4YeioBeKa, YIyUIIaeTCsl MaMiTh U 3MOIIHO-
HanbHas QyHKiwms [41], a Takke MPOU3BOIUTEIBHOCTD B PSJIE KITMHUYECKUX
UCIBITAHUN TIOCTE HileMudeckoro uucyiapra [150], TpaBmbr mo3sra [147]
win genpeccun [228]. IlpuMeHeHHE ONTUYECKOTO H3AYUYCHUS OJMKHEH
nHppaKpacHON OONAaCTH CHEKTpa yIyd4Ilano BbDKHBAEMOCTh KIETOK H
OMOPHO-ABHUraTeNibHy0 (yHKIHIO0 npu Oone3nu [lapkuncona [215, 216] u
IpyTux 3a00JIeBaHUI HEPBHOW CHCTEMBI, B TOM YHCIE INPH IPOBEICHHH
MHOTOYHCJICHHBIX HCCIeIOBaHUi Ha Mblmax [217, 274, 35, 234, 66, 173,
172, 147, 150, 228, 171, 99, 202, 279, 216].

OOHUM W3 MEXaHW3MOB CTUMYJIHPYIOMIETO JACHCTBHS ONTHYCCKOTO H3-
JMy4CHUST HU3KOW HMHTCHCHUBHOCTH SIBISICTCS YCHIICHHE aKTHBHOCTH ITHTO-
xpoma C okcupassl U cuareza AT [260].

TakuM 00pa3oM, ONTHYECKOE M3JTyUYeHHE HAIUIO HIMPOKOE MPUMEHEHHE
B MEAMIMHE, [IPH JICUCHUH U MPOQIIAKTHKE Pa3INYHBIX 3a00/eBaHUN de-
noBeka. Kpome Toro, oHO mpencTaBiseT OOJBIION UHTEpEC ISl UCIIONb30-
BaHUS B CEIICKOM XO3SICTBE.

Hcnosb3oBanne J1a3epHOTO M CBETOIHOTHOTO W3JIYYEHHSI B CeJb-
ckoM xo3siictBe. Coznmanue 3¢(EeKTUBHOTO, MOIIHOTO U HEJOPOTOCTOSIIIE-
IO UCTOYHMKA UCKYCCTBEHHOTO CBETA JJISI MCIIONB30BAHUS B PACTEHHEBO/-
YEeCKHX NMPEANPUATHIX MPUHECET 3HAYUTEbHBIE BBITOBI IS POU3BOACTBA
pacrenuii. Hexoropele uccrnemoBarenu [214] mpeaioxuin HCIOJIb30BaTh
nazepHo-auoaHy0 Jamiry (LD), koTtopas sBnsieTcs MCTOYHUKOM CBETa, MC-
MOJIb3yEeMbIM TJIABHBIM 00pa3oM Juis HaHeceHus DVD, nma3epHbIX mpUHTe-
POB, CUMTHIBATENCH MITPUX-KO/AA WIIK ONTHYCCKUX JMCKOB, B KAUYECTBE HO-
BOr0 MCTOYHMKA CBETa B pacTeHHMeBOACTBe. IIpenMymiecTBa JaHHOTO HC-
TOYHHUKA CBETa Mepe]] APYTHMH UCTOYHUKAMU JJIs1 UCTIONIE30BAHUSI B TIPOU3-
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BOJICTBE PACTEHHI 3aKITIOYAIINCh B €TI0 JIETKOH HACTpOiKe, HEOOIBIIOM Bece
1 00beMe U CeNeKTHBHOCTH IS MPaBHIbHOM JuTiHBI BonHbI [33]. HecMoTpst
Ha 9TH npeumymiecTsa, LD HemocTarouHO MaccoBO MCHONB3YETCsl B IPOU3-
BOJICTBE paCT€HHMH M3-3a €0 HU3KOHM MOIIHOCTH CBETA M JJIMHBI BOJIHBIL.

Pactymas moTpeGHOCTD B 9KOJIOTMYECKON CENbCKOX03HCTBEHHOM MPO-
JTYKUUH Hapsiy ¢ YBEJIMYEHHEM CIpPOCa Ha MPOJYKTHl PACTUTENHEHOTO MpPO-
UCXOXJIEHUS B 001eM 00beMe MPOU3BOACTBA MPOAYKTOB IIMUTAHUS, & TAKKE
JUISL IPYTUX OTpaciie IPOMBIIIJICHHOCTH AUKTYET HEOOXOANMOCTD IOHCKa
HOBBIX, O0JIee GE30IACHBIX PEIICHUIT ISl TTOBBILICHUS CENTbCKOXO03SHCTBEH-
Horo mpon3BoacTBa [252, 283]. [Tocnemuue 50 et pa3mudHBIE XUMUYECKHE
J1I00aBKH, HCTIOJIb3yEMBIE JUT TIOAKOPMKH KYJIBTYP, OOpBHOBI C BPEAUTEISIMH,
obecrnieunBaroT O0JBIION 3amac mumy [47], ofHAKO X IPUMEHEHHE TIPUBO-
JIIT K 3aTrpsI3HEHHIO CHIPbS JJIsl IPOU3BOJCTBA MPOJYKTOB MUTAHHUS TOKCH-
HaMH, CHIDKEHUIO YCTOMYMBOCTH PacTeHUH, ux yposxkainoctu [260].

MHoOro4HcIeHHbIE UCCIESIOBAHHUS MOATBEPIMIN CTUMYIHPYIOMUH 3¢-
(PeKT ONTHUYECKOTO U3ITYyYCHUS] HU3KOH MHTEHCUBHOCTH Ha POCT M Pa3BUTHE
pactenuii [169, 151].

Bnusane ¢usndeckux gaxrtopos, Takux kak CBY u nmaszepHoe usmyue-
HUe, T0Je3HO [T pacTeHuid [152]. MI3BeCTHO, 9TO BCXOKECTh CEMSH 3aBH-
CHUT OT BHYTPEHHHX M BHEUIHHMX YCJIIOBHH, HO OHUM W3 HanOOJee BayKHBIX
BHEIIHUX (PaKTOPOB SIBISAETCS CBET [232], KOTOPBIA HTPAcT KPUTHICCKYIO
poib B (OTOCHHTE3E PACTEHHH, a TaKKe B HE()OTOCHHTE3UPYIOMIMX MPO-
Heccax ¢ yyactueM JercTBus ceeta [177]. TloaToMy mpuMeHeHHe JTa3epHO-
IO M CBETOAMOJHOTO M3IyYCHHS paccMaTpHBAcTCsl B Ka4eCTBE HOBOH OT-
paciu B cenbckoM xo3siicTse [33, 154, 256].

W3meHeHHs, KOTOPbIE NPOUCXOAT B (HH3HOJIOTMYECKOM COCTOSHUHU Ce-
MSIH U PacTE€HHIi, MOTYT CTUMYJIUPOBATHCS MM TOPMO3UTHCS B 3aBUCHMO-
CTH OT THIA ONTUYECKOT0 M3JYUYEHHs, €ro JJIHHbI BOJIHbBI, HHTEHCUBHOCTH U
JUIMTEIBHOCTH 3Kcro3uiun [283, 245, 139, 89, 126, 262, 206].

Hexoropsle ucciaenoBanus MOKa3ald BIMSHUE JTa3epHOH 00paboTKM Ha
JVMHAMHKY TIPOPAacTaHUs CeMsIH M YCTOMYMBOCTH K OOJIE3HSIM s psija
OBOIIEH, 371aKOB, TOpOXa, MIICHHIBI, peanuca U Kykypyssl [201]. Bozaeii-
CTBHE Ha TBEpJIblEe CEMEHa IIICHHIIBI Jla3epHbIM 00my4yenueM He-Ne u LD-
J1a3epoB NPUBEJIO K 3HAYNUTEIbHOMY YIYUIIECHHIO POCTa U PAHHErO pa3BH-
TUSI PACTeHHU, B TO BpeMs Kak Jia3epHOE M3JIydeHHE, BO3HMKAIOIIEE IpU
reHepanuy BTopoit rapmonnkn Nd-YAG nasepa ¢ JUIMHOHN BOJHBI 532 HM,
M3MEHSET CKOPOCTh POCTAa M YCTOMYMBOCTh K T'PHOKOBOW MH(EKLIUH TBEP-
JIBIX CEMSTH IIIEHHIBI IPH 00pabOTKE BO BIIAXKHOM COCTOSIHUH.
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MexaHu3MBbl BIUSHUS JIa3epHOW 0OpaOOTKM Ha POCT PACTEHUH IO-
npexxHeMy TpeOYIOT HaJyiexalux oO0bscHeHHH. OHM MOTYT OBITH pe3yiib-
TaTOM OMOPHEPreTHKU CTPYKTYPHBIX BOJHEHHH, KOTOpPBIE BBI3BIBAIOT KJle-
TOYHYIO NEpeKauky U ()epMEHTATUBHYIO CTHMYJISIHIO. XOPOIIO M3BECTHO,
YTO CYIIECTBYET MHOTO (DEPMEHTOB, KOTOPbIE KOHTPOJIUPYIOT POCT (GHUTO-
XPOM U SIBIISIFOTCSl CEHCOPHBIMHU (hOTOPELENTOPaMH, KOTOPBIE PEryJIUpYIOT
POCT Y pa3BUTHE PACTEHH B OTBET Ha CBETOBBIC PA3APAXKUTEIH. DTH (HUTO-
XPOMEBI IMEIOTCSI HE TOJIBKO Y PACTCHUN M CEMSH, HO U HEKOTOPHIX BUPYCOB,
Gaxrepwmii u Tpudos [169, 255, 187, 177]. Cnextp moriomeHus 3TuxX GoTo-
PELENTOPOB HAXOAUTCS B BUAUMOM M HH(pakpacHoM cBere [251] u mpu
TIOTJIOIIEHNH 3TOTO CBeTa (PUTOXPOM CTAaHOBUTCS aKTUBHBIM. DTO WHAYIIH-
pyeT Kackajy (hepMEHTATHBHBIX PEAKIH{, MPHUBOAALINX K MPOPACTaHUIO
CeMsH U 1BeTeHHIO [281], 4To aHAJOrHMYHO NEHCTBHUAM, KOTOPBIC MPOUCXO-
JUIT B TKaHSIX YEJIOBEKa.

B apyrux npoBeaeHHBIX HCClIeI0BaHUAX ObIIIO ycTaHOBIEHO, yTo He-Ne
u LD-nazep BbI3bIBalOT 00Jice MHTCHCHBHOC Pa3BUTHE T'PHUOOB IO CpaBHE-
HHUIO C KOHTPOJBHBIM 00pasuoM. J[pyrue aBTOpbl COOOIIANN O BIUSHUU
JIa3epHOro o0IyueHHs1 Ha POCT U Pa3BUTHE OAKTEPUI U KUIICYHOU MaJOUYKH
[158, 210, 230].

B wuccnenoBanusx in  Vitr0 moimHOe HCKOpPEHEHHE METHIIMILIHH-
PE3UCTEHTHOCTH 30JIOTUCTOTO CTa(QMIOKOKKA OBLIO JOCTHTHYTO TIOCIHE
15-munyTHOTO BO3nciicTBUs He-Ne masepa B mpucyTrcTBUU cuHero (oTo-
cencubmmmsaropa [130]. CemeHa, KOTOpBIC OBUTH MPEABAPUTENEHO 00pabo-
TaHBI Ja3epHBIM H3IYUCHHUEM, XapaKTEPH30BAIHCH 00Jice BHICOKHM TEMIIOM
pocra [28, 174, 245].

W3-3a Oonpimoro nHTEpeca k 6nomorudecknM 3¢ dexram Ja3epHOro u3-
JIly4€HUsl, UCIOJIb3YEMOI0 B MEIULMHCKOW JIa3epHOM Tepanuu, U3ydeHHUe
s dekra HU3KOMHTEHCUBHOTO OINTHYECKOTO HM3Iy4YEeHHUs] CBETa Ha JKHUBOT-
HBIX B ITOCTIEIHEE BPEMsI ITOTyyaeT OONBIIYIO HOMYJISPHOCTS.

HexoTopsie paGoOTHI B 3TOM HAINPaBICHUH ITOCBSIIEHH] HMMYHOMO/IYIIH-
pytommum ¢ dexram [105], 3axkusnenuto pau [93] u ap.

Hampumep, B Oblubeil criepMe J1azepHOe OOMydeHHE YCKOpSET OOMEH
KajbIms yepe3 memOpany [270]. Kak coo0manoch, n3MEHCHHE B KOHIICH-
TPaK{ OUTOIUIA3MATHYECKOTO KANBIUSI UMEET PEryIATOPHYIO POJIb B KOH-
TpPOJIE MOABMKHOCTH M aKpOCOMHOM peaknuu [112, 265, 80].

OO0pa3oBaHne THIAPOKCWIIBHBIX PaJMKaJIOB M OKCHJAA a30Ta B CIEpMe
OBbLIO TaKXKe CTUMYJIMUPOBAHHO Ja3epHBIM H3TydeHueM [182, 286, 54, 178].
Kpowme toro, B psie nmyOnukamnuii ObIJI0 COOOIIEHO O CTUMYIHPYIOMIEM (-
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(hekTe ONTHIECKOTo U3TyYeHHs Ha criepMy OyiHBoJa, COOAKH, KPOJIUKa, HH-
neviku [27, 91].

Takum 00pa3oM, IPUMEHEHHE JIA3EPHOTO M3JIyYCHUS B CEJILCKOM XO35IH-
CTBE NPEACTABISET OOJIBIIONW UHTEPEC MTPU UCIIOIb30BAaHUHU €T0 B PacTeHUE-
BOJICTBE, )KHBOTHOBOJICTBE M BeTepuHapuu. OJHAKO JaHHOE HaIpaBIICHHUE
MO-TIPEKHEMY HOCHUT SKCHIEPUMEHTAIBHBIN XapakTep.

Bimsinue j1azepa M CBeTOAMOJHOIO M3JIyYeHHsS] HA THAPOOHOHTEHI.
CBeT — 3T0 (DaKTOp OKpPY’KArOWIEH CPeAbl, XapaKTEPUCTUKH KOTOPOTO TIIy-
00KO BIHSAIOT Ha (hru3HosIOrnio peid [58]. DTH XapaKTepUCTHKH BKIIOYAIOT B
ce0s Ka4ecTBO (IUIMHY BOJHBI), KOJHYECTBO (HHTEHCUBHOCTD) U TTEPHOINY-
HOCTh ((oTtomepnonx). CBETOANOIB! CTAN HOIMYISPHBIMA B aKBaKyJIbTYpE,
MOCKOJIBKY Y HUX y3Kasl I0JI0Ca MPOITyCKaHUs M OHM MMEIOT BO3MOXKHOCTh
pEeryJIMpoBaHNsl HHTEHCHBHOCTH M CIEKTPa JUI MOJCIUPOBAHUS yCIOBHH
OKpYXKaIolIel Cpesibl, KOTOPbIe COOTBETCTBYIOT YyBCTBUTEIHHOCTH IIEJIEBO-
ro Buma [264, 94]. Ceer ocinabeBaeT ¢ YBEIMYCHHUEM TIIyOWHBI M CIICK-
TPaJILHOTO COCTaBa CBETA, KOTOPBIH I0-Pa3sHOMY U3MEHsETCs o1 BoAou. B
TO BpeMs KakK JUIMHHBIH KOHEI| BUAMMOIO CHEKTpa HMPOHUKAET B OTHOCH-
TEJILHO MEJIKUE BOJIbl, KOPOTKHI KOHEI CTaHOBUTCS Npeo0IalaloluM B
Ooree rayOokoit o0xacTi. UyBCTBHTENEHOCTE PHIOBI K CBETY XapaKTepHU3Y-
ercs Bugocnenuduaaocteio [103] 1 B OCHOBHOM BOCIPHHHUMAETCS PETH-
HAIbHBIMU ¥ BHEPETUHAIBHBIMU (hoTopenentopamu [44, 86, 264].

B nocnenHee BpeMs CBETOANOIBI C ONPENEIICHHOM JUIMHOM BOJIHBI CTalll
BCE YaIlle MCII0JIb30BATHCS B PHIOHBIX XO3SHCTBAX MU yBeIHIeHUS dddek-
TUBHOCTH Tpou3BojcTBa peiobl [306, 311, 314]. Ilony4eHHbIe Pe3yNbTATHI
MOKa3bIBAIOT, YTO TOJYyObIC CBETOMMOHBIC JIaMiibl MomHOCThIO 100 Bt
NPUBJIEKAIOT PIOY, @ TAKKE 300IUIAHKTOH M (PUTOIUIAHKTOH B MEPUOJ 1IBE-
TeHMs1 ITUX oprann3mMoB [189]. B HekoTOpbIX myOaMKanusIx ObUIO cOOOIIe-
HO, YTO CBETO/IMOJHOE M3JIyYCHUE MPUBJIEKAET JIMYNHOK JUKUX PBIO B PhI-
60J10BHBIC JOBYIIKU. BobIIOe KONMMYECTBO pbIO, 0OHAPY>KEHHBIX B JIOBYIII-
KaX, MOXHO OOBSICHUTH CTaiHBIM MOBEJICHHEM KOJIIOIIKU U UX SIBHBIM IPH-
TSHKEHHEM K CBeTy, Kak 3710 Obuio mokazano miast Clupea pallasi u
C. harengus [56].

B psime npyrux mcciieoBaHui cOOOIANOCh, YTO MCIIOIb3YEMbIE CBETO-
JIMO/IHBIE JIAMIIBI JUISi CTUMYJIMPOBAHHSI POCTa JIOCOCEBBIX PBIO B Ca/JKOBBIX
XO3HCTBaX OKa3bIBAIM BIIMSHHE HA IPUBJICYEHHE Pa3IMYHBIX OECro3BO-
HOYHBIX, B TOM YHCJIC OMACHBIX IS PBIO (HApuMep, MOPCKHUX Biei) [263,
163]. [JanHsie, coOpaHHbIC B IBYX PHIOOBOMYCCKHMX XO3SMCTBAX, MOKA3bI-
BAIOT, YTO KOJHMYECTBO MOPCKHX BIIEH OBIIIO HECKOJBKO BBIIIE HA JIOCOCE,
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MOJBEPTHYTOM BO3JCHCTBHIO CHHHUX CBETOANOJHBIX JIAMII, [0 CPABHEHUIO C
pbibaMu, 00IyYeHHBIMU OENBIMU raJOreHHBIMU TaMnamu [264].

CBeToIMOJHOE M3ITydEeHUE OKa3bIBAET BIMSHUE HA Pa3BUTHE JIOCOCEBBIX
pb16. VccnenoBatenu [271] oOHapyXmiiu, 4TO BO3AEHCTBUE CHHHUX CBETO-
JIMO/IHBIX JlamMIl MonHocThio 50 BT mopaBisio BeIpabOTKY MenaTOHHHA B
ATIIAHTUYECKOM JIOCOCE IIPH UCIIBITAaHUSAX C BBICOKOW M HM3KOH MHTEHCHB-
HOCTBIO, OJTHAKO OHO HE CIIOCOOCTBOBAJIO CHUIKEHHIO CKOPOCTH CO3PEBaHUS
IIPY HA3KUX HHTEHCUBHOCTSIX OTHOCHTEIIFHO €CTECTBEHHOTO OKPYXKAIOIIEro
cBeta [271]. UHTEHCUBHOCTh MCKYCCTBEHHOTO CBETa SIBIISIETCS OCHOBHBIM
€ro CBOMCTBOM, BIIMSIOIUM Ha OMOJIOTHYECKYIO aKTHBHOCTH, M O0JIee Bax-
HBIM, YeM CBETOBOU criekTp cBeta [280].

Taxue (hakTOphl, KaK MyTHOCTbD, YPOBEHb OCBEIIEHHOCTH, TITyOMHA, pa3-
Mep M PACIOJIOKEHUE UCKYCCTBEHHBIX MCTOUYHMKOB CBETAa B CaJlKaX, TaKXKe
BJIMSIOT Ha CBETOBOE IOJIE, CO3/IaBAEMOE DTUMH H3IIy4aTelsiMH, U MOTYT
MPEACTABISITh JIOTIOJHUTENBHBIE TPOOJIEMBI C CE30HHBIMH KOJICOAHUSMH.
[TockonbKy CBETOAMOIHAS TEXHOJIOTHS SIBISIETCSI OTHOCHUTEIBHO HOBBIM
HAalpaBJCHUEM JJIsl aKBaKyJIbTYpbl pblO, HanOoJee NOAXOAAIINE METOANKI
TaKWX HAMpaBICHUI Bce ere nzyvarorces [37, 81].

B pesynbrare, mpoBEAEHHBIX HCCIEIOBAHUHA OBUIO YCTAHOBIEHO, YTO
JIOCOCh BOCHPUHUMAET CHHUM CBETOAMOIHBIN cBeT Ha paccTostHnu 0,1 M ot
HMCTOYHUKA CBETa MEXIy MHTeHCHUBHOCThIO 0,129 Br/m® u 2,7 BT/MZ, ay
J0cocsi, OONyYEeHHOTO CHHHM CBETOJHOAOM BBICOKON HWHTEHCHBHOCTH,
HaOII0aeTCs YBEITMUCHNE YPOBHSI KOPTU30J1a U TIIFOKO3bI B [UIa3ME B TeUe-
Hue 3 gacoB. Kpome Toro, depe3 24 yaca mociie BKJIIOUCHHUS CBETAa 3TH
YPOBHH BO3BpAILAIOTCs K OAa3MCHOMY COCTOSHHIO. DTO YKa3blBaeT Ha TO,
4YTO phIda aJanTHPOBaNacCh K CTPECCOBOMY COOBITHIO IOCJE Ha4albHOI'O
ctpeccoBoro oteera [220]. Tem He MeHee PBIOBI, MMOJIBEPTIIHECS BO3ICH-
CTBHIO 0OEJIOr0 CBETOAMOAA M CHHETO CBETa MEHbIIEH MHTCHCHBHOCTH, HE
MPOSIBJISIFOT TAKOTO OCTPOTO cTpeccoBoro otera [104].

[TpoBeneHHbIE MCCIIEAOBaHUS CIEKTPAIbHBIX d(Q(PEKTOB Ha XapaKTepH-
CTHKM aTIaHTHYECKOW TPECKM IIOKa3ajH, YTO JIMYMHKH, BBIPAIBAEMBIC
0T Y3KOH TI0JIOCO mporryckaHust roiryooro (455 uM) u 3exeroro (530 HM)
CBETa WM OENIoro CBETa C BBHICOKOH Joyeii 6osiee KOPOTKON ITMHBI BOJHBI,
UMenu cpenHtor maccy Ha 75-80 % Oombe, YeM JIHYMHKH, 0OTy4IeHHBIC
KpacHBIM CIIEKTPOM. DTOT BBIBOJ cOBMaaaeT ¢ pabdoroii [88], B koTopoii
mukira (Melanogrammus aeglefinus), BbipamieHHass MOJ CHHAM CBETOM
(470 um), utaercst 6ostee aKTHBHO ¥ 3aXBATHIBACT OOJIBIIE KOPMA B HaYaie
9K30T€HHOTO MUTAHUSL.
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ITpoBeneHHbIE HCCIIEAOBAHMS MOKA3aJld, YTO CBETOIHOI MOXET ObITh
MOAXOMAIIMM HCTOYHHKOM CBETa Ui KOPAUIOBOH akBakymbTypbl [293].
Caer, mepepacnpe/efeHHbIH B CTOPOHY CHHETO CIIEKTpPa, IPUBOAUT K BBICO-
KOMY POCTY KOPaJlOB.

B TeXHOMOrWH BBIPALIMBAHUS JIOCOCEBBIX PHIO MOJYUYHIH PAacHpOCTpa-
HEHHUE CBETOMUOIHBIC HCTOUYHHKU CBETA CHHETO U 3€JICHOr0 CIEKTPOB, TO-
CKOJIbKY JaHHBIC CIICKTPhI Hanbosee 3((PEKTHBHO MPOHUKAIOT B MOPCKYIO
Bony [168, 107, 44]. Kpome Toro, in Vitro u in Vivo mcciemoBanus mokasa-
mm, aro doperns Onchorhynchus mykiss u mopckoit okyns Dicentrarchus
labrax nHanbGonee 4yBCTBUTENBHBI [UIMHAM CBETOBBIX BOJH, JOCTHUIAOIINX
nuka npu 450-500 um [235, 44].

PaznuuHble a3epHbIC YCTPOKWCTBA C MOMOIIBIO 3€JICHOTO CIIEKTpa CBETa
UCTIONIb3YIOT B aKBaKyJbType JIOCOCEBBIX /I 0€300JIe3HEHHOTO yalleHus
MOPCKHUX BIIIEH ¢ MOBEPXHOCTH KOXHU phIOsI [213].

MaHHITIAIMA TAKHMA TTapaMeTpaMu OKPYXKaIoIel Cpeibl, Kak TeMIie-
parypa Wi CBET, HEM30€XXHO NMPHUBOIAT K CTPECCOBOM peakluH, yXy.lla-
fo1edl (PU3NOJIOTHYECKOE COCTOSIHUE PhIOB! 1 o6muii poct [42, 290]. Xpo-
HHYECKHE CTPECCOBbIE HAPY3KH MOTYT OKa3bIBaTh JUINTEIbHOE BO3/IeiCBHE
HAa OpPraHu3M pBIOBI, CHIDKAsE MMMYHUTET U JPYrHe IOKA3aTeNn KU3HEes-
tensHOCTH [219, 220, 221, 138, 236, 282, 128, 289, 244].

Pe3ynbraThl NpOBECHHBIX MCCIIEIOBAHHIA MTOKA3aIM THITHYHBIN OCTPBIA
OTBET CTpecca U3-3a MOBBIIIEHHOTO YPOBHS KOPTH30Ja U YPOBHS [IIFOKO3bI
B Iua3Mme ariaHTudeckoro jococs [290] mocne mosiBICHUS MOCTOSIHHOTO
CHHET0 CBETOJHOMA BBHICOKOW MHTCHCHBHOCTH. BajKHO OTMETHTH, YTO Ta-
paMeTpsl KOPTH30Ja U TIIFOKO3bl BO3BPALIAIOTCS K 0a3ajbHBIM 3HAYCHHSIM
yepe3 24 daca. AHAJIOTUYIHBIE PE3YJIbTAThl OBLIN TOJYYEHBI B CIEAYIONIUX
paborax [257, 30, 226, 29, 79, 197]. B pe3yibraTe NpoBEICHHBIX HCCIIEIO0-
BaHHUH yCTaHOBJICHO, YTO MOBBILICHHE CTPEcca B OTBET HAa BO3JCHCTBHE OII-
THYECKHM H3IYYCHHEM CKOpee OTPaKaeT XPOHUYECKYI0 JOJIrOCPOUHYIO
aJIanTaIuio, YeM OCTPBIN MOBEACHUECKHI OTBET HA CHEKTPAbHOE COAEp-
JKaHHe cBeTa. BhLIO MPOBEICHO MHOYKECTBO HUCCIICAOBAHHI O BIUSHUH CBE-
Ta Ha JIMYMHOK U MoJoab pbIb [83, 88, 64, 58]. [TocKoNBKY CBET CTAHOBHUTCS
Bce OoJiee BaXKHBIM B WHIYCTPUH AaKBAKYJIbTYphl B KaueCTBE WHCTPYMEHTA
JUTSl TIOBBIILICHHUSI TIPOM3BOIUTEIILHOCTH PBIOBI, TpeOyeTcs ydllee OHUMA-
HHE OCTPOTO (JJOJTOCPOYHOr0) BO3ACHCTBHUS CBETa. XOTSI CHIBHOE CBETOIH-
OJTHOE OCBEIIECHHE BBICOKON SPKOCTH BBI3BIBAIO OCTPOE CTPECCOBOE pearu-
pOBaHKE y aTIAHTHYECKOTO JIOCOCS IMOCIIe MOTPYKESHHUsI, OHO HE MOBPEXk/a-
JI0 MX TJa3a Ha rpyooM MOpGOIOrHueckoM ypoBHE. ['HCTONMATOIOrHIecKoe
WCCIIeJOBAHKE I71a3 aTJIIAHTHYECKOTO JIOCOCS HE BBIIBHIO KaKHX-THOO Cy-
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IIECTBEHHBIX MATOJOINYECKUX M3MEHEHHH I0Ciie Havyaja BO3IEHCTBHS II0-
CTOSTHHOTO CHHEro WJIM OeJoro CBETOAMOJAa BBICOKOH WHTEHCHBHOCTH B
nepuos 10 4 Henenb. AJaNTHBHBIE PETHHOMOTOPHBIE OTBETHI, BO3MOXKHO,
HMEJH MECTO, YTO OBUIO MOJATBEPXKICHO PacCIIUpeHneM ciosi (OTOPELenTo-
POB B BEHTPAIBHON O0JNACTH CETYaTKH, OTOOPAHHOW B HOYHOE BpeMs, MO
CpaBHEHHUIO ¢ 00pa3iamu, OTOOpaHHBIMHE B THEBHOE BpeMs [160].

Kpome mnHBI BOJTHBI, MOIITHOCTH ONTHYECKOTO U3IIyYESHUS!, TPOJIOIKH-
TENBHOCTH BPEMEHH JKCIIO3HIMU Ha 3 )EKTHBHOCTH UCIOIB30BAHUS CBETA
Y HU3KOMHTCHCHBHOT'O ONTHYECKOIO H3Iy4YCHHS BIUSET NMEPUOANYHOCTH H
KpaTHOCTb €0 BO3JCHCTBUSL.

doTtoneprosl MOXKET PEryJIHpoOBaTh LMKJIbI BOCIPOM3BOJICTBA MPH BHI-
pammBaHUH OOBEKTOB akBakynbTypel [60]. Hampumep, y camduposoro
nbssoia (Chrysiptera cyanea) mpoucxoanio 3aMe/ieHUe WIH CTUMYIHPO-
BaHME CO3PEBaHMs B 3aBUCUMOCTH OT pekuma (oTornepuona [38, 39, 40].
Kpome Toro, ObLIO YCTaHOBJIECHO, 4TO 00Jiee HHTEHCHBHOE CO3pEBAHUE SUY-
HHUKOB y CaMOK PbIO POUCXOUT MPU 0OJIy4SHUH KpacHbIM (627 HM), 3eme-
HbIM (530 HM) 1 cMHUM (455 HM) CIIEKTPOM CBETa B OTJIMYUH OT PbIO, 00ITy-
YEHHBIX OEJIBIM MM €CTECTBEHHBIM CIIEKTpOM cBeta [195].

IMoxoxwue 3¢dekTsr OBUTH 3apEerHCTPUPOBAHBI MIPH HCCICHOBAHISX (-
¢exra y kpeBeTok u omapos [198, 176] u apyrux pakoobpasubix [192].

OnHako HamOoJee MHUPOKOEe HMCIOIb30BaHNE NPHHIHUIOB (oToneproaa
IUIsl YIPaBJICHHsI CPOKOB CO3PEBAHUS HAONIOIACTCS B aKBaKyJIbTYype JIOCO-
CEeBHIX PbIO, Illc paHHEe CO3pEeBaHME SBISACTCS CEPbE3HOH MpPOOIEeMOil, Tak
KaK TpH JOCTIKCHHH MOJIOBO3PENIOro Bo3pacta pbida HANpaBiseT 0OJib-
LIYIO 4aCTh CBOMX DHEPIeTHUECKHX PECYpPCOB B FOHAHOE Pa3BUTHE, a HE B
COMATHYECKHI POCT, YTO MPUBOJMUT K CHWIKEHHIO POCTa M KadecTBa msca
[136, 153, 290, 100, 63, 107, 225, 63, 193].

BMmecte ¢ TeM OOJIBIIMHCTBO HMCCIEAOBAHUH, IMOCBSIICHHBIX MPUMEHE-
HUIO TIEPUOJIU3MA M KPATHOCTH Kak (akTopa, peryaupyromero dhdexTus-
HOCTb HCIIOJIB30BAaHMS CBETA, NIPOBOJUIOCH 10 OTHOLICHHIO K MCTOYHUKAM
MOCTOSTHHOTO OcBemeHnsl. OQHAKO BOINPOC O BIMSAHUHM MEPHOANYHOCTH U
KPaTHOCTH JIa3epHOTO M CBETOAMOIHOTO HM3IyYEeHUs] HU3KOH WHTEHCHBHO-
CTH NPU KPaTKOCPOYHOM BO3JCHCTBMM Ha THJIPOOMOHTHI JIO CHUX HOp HE
n3y4acs.

Takum 00pa3zoM, CBET UrpaeT BaXKHYIO POJIb B Pa3BUTHH pbl0. HU3KkomH-
TEHCHBHOE ONTHYECKOEe M3TyYeHHE HAIUIOo LMIMPOKOE NPHMEHCHUE B MENU-
IIMHE, CENECKOM XO03SIMCTBE, B TOM 4HCIIe B akBakyabType [312, 313]. Onna-
KO panyxHas (opeib Kak NMONMYJISPHBIH OOBEKT Ul aKBaKyJIbTYphl Ipel-
CTaBJIET INMPOKHE BO3MOXHOCTH U HM3YYCHHS BIHMSHHS ONTHYECKOIO
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U3JIydeHHst Ha pocT | passutre poid [310, 311, 302, 303, 304]. Ucnons3ye-
MBIE B aKBaKyJIbType PEXKUMBI U JO3MPOBKH ONMTHUECKOTO U3JIyIEHHs] OCHO-
BBIBAIOTCS. HAa OJHOKPATHOM BO3JEHCTBHMH, B TO BPEMsI KaK OCOOEHHOCTH
MHKyOauK paayKHOM (Gopesr Mo3BOJISIOT U3YUUTh BIUSHUE IEPUOTAYHO-
CTH ¥ KPaTHOCTH ONTHYECKOTO M3NyYeHHs Ha YMOPUOHAIBLHOE U OCTIOpPH-
OHAIILHOE Pa3BUTHE PHIO.

1.3. Baiusinne TeMnepaTyphbl Ha KUBbIe OPraHU3MBbI

3HaHWA O BIMSHUM TEMIEPaTypbl Ha KyJIbTUBHPYEMBIC BOIHBIC Opra-
HHU3MBI, 0COOCHHO BO BpeMs SMOPHOTeHe3a, SIBISIFOTCSI OCHOBHBIM yCIIOBHEM
YCIIEITHOH 3KCIUTyaTallni MHKYOallMOHHBIX MOIyNel. DMOpHOHAIBHOE pa3-
BUTHE TPEJCTABISACT COOOM CIOXKHBIA MPOILECC, B KOTOPOM KJIETOYHAsS
muddepennmanys u nponudepanusi NPOUCXOIAT OJHOBPEMEHHO, HO C pa3-
HOW ckopocThio [132]. Kak opraHoreHes, Tak U COMAaTHYECKUN POCT KOH-
TpOJUPYIOTCsl (PEPMEHTATUBHON aKTHBHOCTHIO. DMOPHOHAIILHOE Pa3BUTHE
B OCHOBHOM 3aBHCHT OT TU(depeHMaNIbHON 9KCIPECCUU HEKOTOPBIX TeHOB
u temneparypsl [208], a ckopocTH nX OMOJIOrMYECKUX (QYHKIMHA KpUTHYE-
CKH 3aBHCST OT TEMIIEpaTyphl OKpYKarollei cpeasl. BiusHue Temneparypsl
Ha CKOPOCTh Pa3BUTHS I'MAPOOHOHTOB MPOMCXOIUT HAINPSIMYIO U Pa3BUTHE
MIPOMUCXOIUT OBICTpee IpH Oojiee BBICOKHX TemrepaTrypax. OHaKo 3To yBe-
JIMYEHUE CKOPOCTH PasBUTHS 3MOPHOHOB NpH Oojiee BBICOKUX TEMIIEpary-
pax MPOMUCXOAUT TOJBKO B JOIYCTHMBIX TeMIEpaTypHbIX mperenax [254].
UccrenoBanmst pei6 [207, 258], pakoobpassbix [73, 165] u MomIrOCKOB
[125] moka3zamu, 9TO CYyIIECTBYIOT Pa3IMYHbIC MOAXOIBI K H3YUCHHUIO BIIHS-
HUsI TeMIIepaTypbl Ha pa3BuThe. OJHUM U3 KPUTEPHUEB SIBIISIETCS U3MEPEHHE
M3MEHEHHH OMOXMMUYECKOTO COJICp)KaHUS JHIHUIOB, OCIKOB U YIJIEBOIOB
IIpH SMOPHOHANEHOM PA3BUTHH, KOTOPHIE OTPAXaloT KOA(PHUIMEHT WC-
nojp3oBanus [175]. MHOTHe HCCieq0BaTeN N 3asSBIIIM, YTO OT TEMIIEPATYPHI
3aBUCHT BPEMsI MUTPALUHU B3POCIBIX PHIO U, CIEIOBATENbHO, BPEMs HEpe-
CTa, YTO ONpEeIIeT TEMIIEPaTypHbIIl peXXUM HHKYOalnHu, KOTOPBIH, B CBOIO
ouepe/ib, BIUIET Ha BBKUBAEMOCTh, CKOPOCTh Pa3BUTHS U POCT 3IMOPHOHOB
[199]. ¥ 3MOpHOHOB CTanBHOTOJIOBOTO JIOCOCS U PAIyKHO# (openn Obuia
MakcUMalbHas BeDKMBaeMocTh Mexay 5—-10 °C [200], u xoTst oHH MOTyYT
nepeHocuTh Temneparypsl 10 2 °C wim 1o 15 °C, cMepTHOCTh yBEIUYHBA-
eTCsl TpU 3TUX TeMmmepaTypax. B pabore [287] mpumum x BBIBOIY, YTO
CpemHssl TeMIlepaTypa BOABI He JoJDKHA mpeBbimars 7—10 °C Ha mpoTske-
HUM BCErO pa3BUTHS, a MAaKCHMalbHas CPEJHECYTOYHAs TeMIepaTypa
nmoivkHa ObITh HIbke 11-12 °C Bo Bpems BbuTytUIeHHs. B pabote [287] pe-
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KOMEH/IyeTCsI, YTOOBI CpenHssl CyTOYHas TeMIlepaTypa OCTaBalach HIDKE
11-12,8 °C npu Havane MHKyOallMM M 4TO CE30HHOE CpellHee 3HaYCHUE He
JIOJDKHO TipeBhImaTh 8—9 °C, 4T00Bl 00ECIeUUTh MOTHYIO 3aIIUTy IMOPHO-
HOB.

Temmeparypa BOJBI WUTpaeT KIIOYEBYIO POJIb B OMNPEACICHHH JKH3HE-
CTOWKOCTH HE TOJILKO JIOCOCEOOPA3HBIX, HO M OCETPOOOPA3HBIX (HAIIPUMED,
Scaphirhynchus platorynchus) B mukoii mpupojge W SBISETCS OCHOBHBIM
(hakTOpOM, BIMSIOIINM HAa POCT KaK B WHKYOAIlMOHHOM MOIYJE, TaK U B
€CTEeCTBEHHBIX Bojax. Temmeparypsl B auana3one 18-20 °C, mo-BuauMomy,
MaKCHMHU3HPYET COYETaHHE COCTOSHHMSA, pocTa U 3PpdexkTuBHOCTH MomayH,
He yBeJn4uBas TeroBol crpecc [98]. Temmeparypa BiIuseT Ha yCTOWYH-
BOCTb K OOJIE3HSIM U Mapa3uTaM, a TAKKe Ha HEPECT U Pa3BUTHE IMOPHOHOB,
ux poct u BbpkuBaHWE [34]. CeBepoaMepuKaHCKUI OCETp HEPECTHTCS B
muanazone 10-20,8 °C, mpu stom 14-16,8 °C cuutaercss ONTHUMAaIbHON
TEMIIEPaTypOi JJIsl pa3BUTHA SMOPHUOHOB Y MHOTHX BHJIOB OCETPOBBIX [65,
92]. CeBepoaMepuKaHCKUE BUJBI OCETPOBBIX PHIO MOJBEPTalOTCs OTHOCH-
TCJIbHO KOPOTKUM I/IHKy6aI_II/IOHHI)IM U JINYUHOYHBIM (ba3aM B IICpUOO, KOraa
TeMIepaTypa BOJbl OOBIYHO YBEIMYUBAETCS C HacTymjieHueM Jjera [188,
129, 113, 61].

Temmepatypa okasbIBacT BIMSHHE W Ha Jpyrue BUIbI pei0. Hampuwmep,
HeOmaronpuaTHele 3()(EeKTs! BBICOKMX TEMIEpaTyp Ha pPaHHUX CTaJusax
JKM3HHM aHaapoMHbIX curoe (Coregonus lavaretus) 6bumn dKCepUMEHTab-
HO HCCIIEOBAaHBI IMyTeM OLEHKH 3((EKTHBHOCTH OIUIOAOTBOPEHHMS, IPO-
LIEHTa aHOMAJIMI pa3BUTHS, KyMYJSTHBHOW CMEPTHOCTH M CKOPOCTH 3M-
OpuoreHesa Bo BceM juarnaszone temmeparyp. [Ipu temmneparype >7 °C yBe-
JIMYWJIaCh J0JIA HEOIUIOAOTBOPCHHBIX M AHOMAJIBHO JACIIAINUXCA AW, OE-
(hOpMHUPOBAHHBIX IMOPHOHOB W TOCIEAYIOMAsh CMEPTHOCTh. UeM BbIle
Temmeparypa, TeM OoJee cephe3HbIMH ObLTH 3¢ dextsr. Korma sitma omo-
JIOTBOPSIUIMCH U TOCTOSHHO WHKYOMPOBAINCH IIPH Pa3lIWYHBIX TEMIEpaTy-
pax, 3pdexTuBHHI ypoBeHb Temmeparypbl st 50 % smim u 3MOpHOHOB
coctaBms1 7-6 °C Ha cTaguM pasBUTHA NPU BUIUMOM IMTUTMEHTAlWH TJIa3.
MeHbIle aHOMaJINi pa3BUTHS U Oojiee HHU3Kas KyMYJSTHBHAs CMEPTHOCTh
HaOMI0anuch, Korjga SMOPHOHBI MOJBEPraJICh BO3/CHCTBHIO BBICOKHX
TeMIiepaTyp oT OoJiee MMo3/IHeH CTaJuK racTpyJibl, YeM OT OILIOAOTBOPEHHMS
WIN 4YeTBIPEXKIETOYHOI cTaanu. Brlcokas Temmneparypa HHKyOanmu
yMmeHbLIana Bpems passutusi C. lavaretus, aro mpuBoamio k Gosiee paHHe-
MY BBUIYIUICHHIO CBOOOJHBIX SMOPHOHOB, YEM IIPU UCXOAHOW TeMIlepaType
4-5 °C [70].

24



HmeroTcst JaHHBIE, CBUICTENBCTBYIOIINE O BIMSHUM TEMIICPATyPhl BOJbBI
Ha 3G PEKTUBHOCTH JIeYeHHUs THAPOOHOHTOB. Tak, HalmpUMep, TOKCHYHOCTh
MEePEeKUCU BOJOPOJA BO3pacTaeT 10 Mepe yBEIHUEHHs TeMIepaTypbl BOJbI
[185, 184, 287].

B nenom cnexyer oTMETHTh, YTO UMEIOTCSI MHOTOUYHCIICHHbBIE UCCIIENO-
BaHUs, OKA3bIBAIOIIUE, YTO TEMIepaTypa BOABI OKa3bIBAeT 3HAUUTEIILHOE
BJIMSIHHME Ha pbIO, 0COOEHHO B SMOpHOHANIBHBII nepuox pa3surtus [141, 156,
142,134, 62, 278, 102, 144, 258, 200, 57, 161, 157, 135, 145, 92].

Bausinue Temneparypbl Ha 3(peKTHBHOCTH ONTHYECKOI0 H3JIy4de-
HMSI B Me/lULIIMHE M BeTepUHAPHOI MeaunuHe. J[o cHX MOp BOMPOCH TEM-
HepaTypHBIX U TEIUIOBHIX 3()()EeKTOB B 00JACTH MPUMEHEHHUS! OITHYECKOTO
M3ITyYSHNS] PAaCCMaTPUBAINCH IPH M3YYCHHH ONTHYECKOTO W3ITyYCHHS BBI-
COKOH MOIIHOCTH, KOTOPOE HCIONb3YIOTCSI B MEIUIIMHCKON U BETEpHHAp-
HOHU xupypruu. OObIYHBIE XUPYPIHYECKUE METO/IbI HHOTIA COMPOBOXKIAIOT-
csl MOBPEeXICHHEM TKaHEeH M3-3a paH, KOTOpHIE MOSABISAIOTCS H, CIEI0Ba-
TEJIbHO, MOTYT OBITH OCJIOXKHEHBI TOsBICHHEM WH(MEKIHH, reMopparmye-
CKHX WJIN KEeJIOWTHBIX PyOLIOB. DTH OCIOXHEHHS MOTYT OBITh yCTpPaHEHBI
IIPYU UCTIONIB30BAaHUM HOBBIX XMPYPTrHYECKHUX METOJI0B, OCHOBAHHBIX Ha HC-
TIOJTb30BaHNH JIa3€pHOTO M3ITyUYEHUs BHICOKOW MOIIHOCTH (J1a3epHast XHUPYp-
rus). B BeTepuHapHO# MeIMIMHE BHICOKOMOIIHBIE Ja3ephl HAILIA MpUMe-
HEHHUE NPH JICYCHNH HEKOTOPBIX 3a00JIeBaHUN MATKHX TKaHEH (KOXH, CIH-
3UCTOM OOOJIOUKHM TIOJIOCTH PTa, CIM3HCTOH OOOJIOYKHM OPraHOB JBIXaHMS,
CIIM3UCTOW OOOJIOYKM MOYEIIOJIOBOM CHCTEMBI, MBIIII) M TBEPIAOH TKaHU
(kocreit u xpsiweit) [249, 231, 211, 212, 67, 90, 84, 204, 205, 248].

OpmHako BOIPOCH BIMSHUS TeMIepaTypbl Ha 3(p(eKTHBHOCTH OnTHYe-
CKOTO M3JIy4EHHUS HU3KON MHTEHCUBHOCTH (HM3KOH MOIIHOCTH) 10 CUX TIOP
HE PacCMaTPHUBAJIKCh, IOCKOJIBKY B OCHOBHOM JIaHHOE HM3JTyY€HHE HCIOJb-
30BaiOCh TIPM BO3ICHCTBUHM Ha TEIJIOKPOBHBIX >KMBOTHBIX M YeEJOBEKa.
BwMmecte ¢ TeM, Kak ObLIO MOKa3aHO BBIIIE, ONTUYECKOE M3IydEHUE HU3KOMH
WHTEHCUBHOCTH HAIIIO CBOE NMPHUMEHEHHE B OOJIaCTH aKBakKyabTyphl. ITo-
3TOMY HCCIIEAOBAaHUS, TOCBSIICHHBIC BIMSHUIO TeMIleparypsl Ha 3ddek-
TUBHOCTb ONTHYECKOTO M3Ty4eHHs HU3KONH MHTEHCHUBHOCTH, SIBISIIOTCA aK-
tyaneubeivu [305, 309].

BriBoabI.

1. PanyxHast opesb 10 CBOMM OHMOJIOTMYECKUM XapaKTEPUCTHKAM SIB-
JsIeTCsl yIOOHBIM OOBEKTOM JUIsSi HHTCHCHBHOTO BBIPAIIMBAHMS B YCIOBHUSIX
aKBaKyJIbTYphl. [Ipy 3TOM OHa NMpeaBsBIAET BEICOKHE TpeOOBaHUS B (hakTo-
paM OKpY>Karolen cpeibl.
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Co3naBacMble pEIOOBOJHBIC MHIYCTPHAIbHBIE KOMIUIEKCHI 1O BBIPAIIH-
BaHMIO JIOCOCEBBIX BHJOB PBHIO B paMKkax [ocyaapcTBEHHOW NpOrpaMMbl
pasButus arpapHoro 6usHeca Ha 2016-2020 roxasl HyXJaroTcsi B CHaOXKe-
HHUH Ka4€CTBEHHBIM PHIOOIIOCAI0YHBIM MaTepraioM palyKHOH (openH.

[NoBeIenue kauecTBa pbIOOIIOCATOUYHOTIO MaTepHaia BO3MOXKHO 3a CUET
HCIO/Ib30BaHUSI ONTUYECKOTO U3Ty4eHUs] HU3KOH MHTEHCUBHOCTH.

Kpome Toro, pamyxnas ¢openb Kak NONMYJISAPHBIH OOBEKT Ul aKBa-
KyJIBTYpBI TIPEACTABISIET IIMPOKHE BO3MOXKHOCTH MO W3YUYCHHUIO BIIMSTHUS
OTITHYECKOTO M3ITyYCHHUS Ha POCT U Pa3BUTHE PHIO.

2. OnTryeckoe M3TyYeHHE HAINIO IIHPOKOE MPUMEHEHHE B MEAWIIMHE,
CEIILCKOM XO3SHCTBE, B TOM YHCIE B aKBaKyJIbType. VICTob3yeMble B aKBa-
KyJIbTYpEe PEXMMBI M JO3UPOBKH ONTHYECKOTO M3IYYEHHS OCHOBBIBAIOTCS
Ha OJHOKPAaTHOM BO3JICHCTBUH, B TO BpeMs KaK OCOOGHHOCTH MHKyOanuu
panyxHoi (openy MOo3BOJISIOT U3YUYHUTh BIUSHHUE TEPHOTUYHOCTH U KpaT-
HOCTH ONTHYECKOTO M3JIy4eHHs Ha SMOPHOHAIBHOE U NMOCTIMOPHOHAIBHOE
pasBHTHE PHIO.

3. Temneparypa oka3bIBacT 3HaYUTEIbHOE BIMSHHE HA PbIO, OCOOEHHO B
SMOPHOHANBHBIN Neprol pa3BUTHA. OHAKO BOIPOCHI BIUSHUSA TEMIIEpaTy-
pBl Ha 3((EeKTUBHOCTH ONTHYECKOTO H3ITYYCHHs HU3KOW WHTEHCHBHOCTH
(HM3KOI MOIITHOCTH) /10 CUX MOP HE PACCMaTPHBAIINCH, MOCKOJIBKY B OCHOB-
HOM JIJaHHOE HM3JIydEHHE HCIIOIBb30BAIOCH IPH BO3JICHCTBUM Ha TEIUIOKPOB-
HBIX KUBOTHBIX M UeJIOBEeKa. BMmecTe ¢ TeM, Kak ObLIO ITOKAa3aHO BBIIIE, OII-
THYECKOE M3ITyYCHHE HU3KOH WHTEHCHBHOCTH HAILIO CBOE NMPUMEHEHHE B
oOmacTy akBakyJIbTyphl. [1o3TOMy HccinenoBaHus, MOCBSIECHHBIC BIUSHUIO
TEMIEPaTYpPHOTO pPEXMMa HAa 3(PPEKTHBHOCTH ONTHYCCKOTO H3ITYUCHHUS
HU3KOW MHTEHCUBHOCTH, SIBIISIIOTCS aKTyaJlbHBIMH.
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2. MATEPUAJI U METO/JIUKA UCCJEJIOBAHUM

Mecto mnpoBeaeHusi uccjaedoBaHMii. BrinosHeHue wucciaenoBaHuit
OCYIIECTBISUIOCHh Ha Kadeape MXTHOJOTHH M PHIOOBOJCTBA M PHIOOKOM-
miekca YO «benopycckoit rocy1apcTBEHHOM CeIbCKOX03sICTBEHHOM aKa-
nemuny» (YO BI'CXA) B Teuenne 2015-2018 romos.

TexHomorus: BHIpAIUBaHUS pPaayXHOU (hoperar B PHIOOBOIHOM WHIY-
CTpHAaJbHOM KOMIUJICKCE OCHOBAHA HA HCIIOJIb30BAHUU YCTAHOBKU 3aMKHY-
Toro BomocHaOxeHus (Y3B). ICTOYHUKOM CBekei BOMBI SBIISIIACH apTe-
3MAHCKAas CKBaXKMHA, PacIoyioKeHHas Ha riayoune 40 m. B apresmanckoi
BOJIC YIAISIOCH JKEJIe30 B CTAHIIMH 00e3KeNe3MBaHMs. 3aTeM o0e3xere-
3CHHAs BOJa MOCTyMaja B cucteMy Y 3B, rie cmemuBanrack ¢ pplOOBOIHO-
TEXHOJIOTHYECKON BOJOW M TOCTymnansa B eMKOCTH (OacCedHBI, IOTKH, WH-
KyOallMOHHBIC ammapatel) ¢ peiOoii. Jlamee prIOOBOAHO-TEXHOJIOTHYCCKAS
BOJia TIocTynana Ha 6apabaHHBIA QHIBTP, TAE MPOXOIUIa MEXAHHIECKYIO
OYHUCTKY, 3aTEM Ha MOTPY)XHOU (DUIBTP, TJIe MPOXOIUIa OHOIOTHYECKYIO
04nCTKY. YacTh BOIBI MOCIIe OMOIIOTHIECKON OYMCTKH MPOXOAMIIA JeTasa-
LUIO B KAMEIbHOM (DHIBTPE W O30HAIMIO B KOJIOHHE CMCIIMBAHUS 030HA U
Bompl. [locme Bcex TPOWACHHBIX ATAOB OYHCTKH — PHIOOBOJIHO-
TEXHOJIOTHYECKAash BOJAa BO3BpAaIlallaCh B €MKOCTH C PHIOOH, mpenBapu-
TEIHHO MPOXOAS OKCUTEHATOPHI, TJ€ TMPOUCXOIUIO HACHIIIIEHUE BOIBI YH-
CTBIM KHCJIOPOIOM.

O0bexT uccaenoBanmii. OOBEKTOM HCCIICAOBAaHUN SBISUIHCH OJXHOIIO-
JIBIe SMOPHOHEI (OIUIOOTBOPCHHAS MKpa HA CTAJHU Ta3Ka) CAMOK Payxk-
HOW (hopenn, KOTOpBIE B MPOIECCE MUCCICAOBAHUS MEPEXOIIIIN Ha CTaJUI0
cBOOOTHOT'O 3MOPHOHA, a 3aTEM Ha CTAIHIO 3K30TCHHOTO MUTAHUS, a TAKXKE
pei6oniocanounsiii MaTepuan [301, 304].

OIuIoTOTBOpPEHHAs. UKpa HA CTAIHWH IIa3Ka 3aKynajlach B PHIOOMTUTOM-
Huke Viviers de Sarrance (®panmumsi), KoTopas TpaHCIIOPTHPOBAJIach B TEp-
MOILIACTUKOBOH Tape CO JBJIOM Ha caMoJieTe. 3aTeM UKpa IMPOXOria aar-
Taluwo B I/IHKYG&HHOHHOM nexe pI)IGOBOJIHOFO HHAYCTPHUAJIbHOTO KOMILUICK-
ca YO BI'CXA [301, 304].

Bo3zaeiictBue onTuyeckMM H3jdy4eHHeM. B kauecTBe MCTOUHMKA OI-
TUYECKOT'0 H3IIyYCHHUsS HCIOJIb30BaIN TOJIYNPOBOAHUKOBBIA nazep (LD)
¢doToTepaneBTHdeckoro ammapara «Lotos» (kpacHas 00JIacTh CIIEKTpa,
JTMHA BOJIHBI A = 650 HM, ITMHA KOTepeHTHOCTH L. ~ 211 MKM), pa3pabdo-
tanHoro B Kb «Jlto3ap» m UncTtuTyTe usukm um. b. . Crenanosa HAH
Bbenapycu, a taxke marpuuy cBeronuonnsix ucrouyHnkoB (LED) onrnue-
ckoro npubopa «CtpoHra» (kpacHast 001acTh cuekrpa, A = 630 HM, JuiMHA
KOTepeHTHOCTH Lo ~ 26 MKM), pa3paboranHoro B benopycckoit rocynap-
CTBCHHOU CEIbCKOXO3SHUCTBCHHON akamemMuu u B HMHctutyre Qusuku
um. b. Y. Cremanosa HAH Benapycu [301, 302, 303, 304].
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JlazepHo-onTrueckuii mpubop «CTpoHray s UHKYOAI[MH UKPBI BKITIO-
YaJl OTKPBITYIO CBEPXY, MPO3PAYHYI0 TEPMETHIHYIO eMKOCTb. Hax OTKpHI-
TOM FepPMETHYHON €MKOCTBIO PACIIOJIATaliCsl MOAYJIb ONTUYECKOTO M3ITy4de-
HUs, oOpameHHbIN N3Ty4aromeld 9acThi0 K BOJIE, 3aIlONTHAIONIEH eMKOCTh
TakKuM 00pa3oM, 4TO JuarpaMma HamlpaBJICHHOCTH H3JIy4eHHUs ObLia mep-
MIEHAUKYISIPHA TUIOCKOCTH MOBEPXHOCTH BOJBL. MOIyJh ONTHYECKOTO H3-
JyYSHUs] MEXaHUYECKHU CBS3aH C TEPMETHYHON EMKOCThIO. B repmeTnynyro
€MKOCTH 3arpyxaiack ukpa psi6 [301, 302, 303, 304].

IMockonbKy, Kak MPaBHIIO, U3yYCHUE CBETOAHMOMHBIX HCTOYHHUKOB SIB-
JSETCST HETOJIAPU30BAHHBIM, a OWOJIOTHYECKOe AECWCTBHE ONTHYECCKOTO
U3IyYCHUsI 3aBUCUT OT CTECIICHHU €r0 MOJIIPU3AIMH, TO Ha BBIXOJC CBETOIM-
OJTHOTO MCTOYHHUKA WJIM Ha BBIXOJE ONTHYECKOTO Mpeodpa3oBarens ImydKa
ONTHYCCKOTO M3IyYCHUsS pa3Meliaiach MOJISIPU3AINUOHHAS TUICHKA TaKUM
00paszoM, 4TOOBI MJIOCKOCTH IMOJISPHU3AIMOHHON TUICHKH ObLIa TepIieH -
KyJISipHA JUarpaMMe HalpaBJICHHOCTU HM3JIyYCHUS CBETOJIUOJHOTO UCTOY-
HUKA. DTO TO3BOJISIIO 00ECTICYHTh BO3ACHCTBUE HA THAPOOUOHTHI TUHEHHO
MOJIIPU30BaHHOTO M3myueHus. OOIIas cxema HCCIeIOBaHUA MPEICTaBICHA
Ha puc. 2.1.

Prifiosoano-tnoaornueckoe ofocHOBANNE NPHMEHENHS ONTHYECKOTO H3AYIEHHA HH3KOH HHTEHCHBHOCTH
B TEXHOIONMH BEIPALMBARNA NOCAN0MHOIO MaTepuaia paiyauoii opean Oncorfiynchus mykiss
(Salmonidae) B AKBAKYALTYpE

l

Pup‘.::w:wmw OUTHMANLIOTD DUOAKMA BRAMEVI W KPATROCTI RO3IRIRC TR MATY W HIEN BURROH,
INTEHCHBHOCTH KPacHoil of1acTi CRekTpa Ha dMOpHONES paays#noii dopean B yel1oBuax in vitro
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Puc. 2.1. O0mas cxeMa uccie10BaHui
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OnpenejieHHe ONTHUMAIBHOTO PesKHMa BpPeMEeHM M KPaTHOCTH BO3-
JAeficTBMS M3Jy4eHHeM HHU3KO0il HHTEHCHBHOCTH KpacHOil o0aactu
CIEeKTpa Ha 3MOPUOHBI pany:kHoi ¢opeau B yciaoBusx in vitro. Lems
JITAHHOW CepUM SKCIEPUMEHTOB 3aKJII0Yalach B ONPEACICHUN MaKCUMaJIb-
HO 3(Q(QEKTUBHOTIO PEXMMa BPEMEHH M KPAaTHOCTU ONTHYECKOTO M3ITyYEeHUS
HU3KOW WMHTEHCHBHOCTH Ha SMOPHOHBI paayXHOW (opes B YCIOBUSX

in vitro cornmacHo cxeme mcciie0BaHuil, npuBeaeHHOM B Tabm. 2.1.

Ta6auna 2.1. Cxema ¢popMHpOBaHHS HCCIeAYeMbIX IPYII IIPU ONpeaeeHHH
MAKCHMAJIBHO 3(GeKTHBHOI0 pe;KHMa BpeMeHH H KPATHOCTH ONITHYECKOr0 H3Iy4eHHsI
HU3KO0ii MHTEHCHBHOCTH HA SMOPHOHBI Pay:KHOii (hopesin B yca0BHsAX iN Vitro

Komnmue-
Hctounnk Bpews CTBO BO3-
Hazpanne Mapxupos- Howmep mo- ONTHUYECKO- Bo3eii- JefcTBuYS,
TPYIIIBI Ka IPYyIIbI BTOPHOCTH O u3JIyde- CTBIA, MUH pa3 (xpat-
HUS HOCTh BO3-
JIeHCTBHS)
1 2 3 4 5 6
Kourpoxe- K-1-1 1 - 0 0
Hast
« K-1-2 2 - 0 0
« K-1-3 3 - 0 0
OnbITHAs Ox1-1m-1 1 «Crponra» 1 1
« Ox1-1m-2 2 « 1 1
« Ox1-1M-3 3 « 1 1
« Ox1-5m-1 1 « 5 1
« Ox1-5m-2 2 « 5 1
« Ox1-5m-3 3 « 5 1
« Ox1-10m-1 1 « 10 1
« Ox1-10m-2 2 « 10 1
« Ox1-10m-3 3 « 10 1
« Ox1-15m-1 1 « 15 1
« Ox1-15m-2 2 « 15 1
« Ox1-15m-3 3 « 15 1
« Ox1-20m-1 1 « 20 1
« Ox1-20m-2 2 « 20 1
« Ox1-20m-3 3 « 20 1
« Ox1-30m-1 1 « 30 1
« Ox1-30m-2 2 « 30 1
« Ox1-30m-3 3 « 30 1
Kourpoxe- K-2-1 1 - 0 0
Hast
« K-2-2 2 - 0 0
« K-2-3 3 - 0 0
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Ipononxenue tabn. 2.1

1 2 3 4 5 6

OnsITHAS Ox2-1m-1 1 «Ctponra» 1 2
« Ox2-1M-2 2 « 1 2
« 0x2-1m-3 3 « 1 2
« 0x2-5m-1 1 « 5 2
« Ox2-5M-2 2 « 5 2
« 0x2-5m-3 3 « 5 2
« 0x2-10m-1 1 « 10 2
« 0x2-10m-2 2 « 10 2
« 0x2-10m-3 3 « 10 2
« 0Ox2-15m-1 1 « 15 2
« Ox2-15m-2 2 « 15 2
« Ox2-15m-3 3 « 15 2
« 0x2-20m-1 1 « 20 2
« 0x2-20m-2 2 « 20 2
« 0x2-20m-3 3 « 20 2
« 0x2-30m-1 1 « 30 2
« 0x2-30m-2 2 « 30 2
« 0x2-30m-3 3 « 30 2

Kontposs-

s K-3-1 1 - 0 0
« K-3-2 2 - 0 0
« K-3-3 3 - 0 0

OnsITHAS Ox3-1m-1 1 «Ctponra» 1 3
« Ox3-1M-2 2 « 1 3
« 0x3-1m-3 3 « 1 3
« 0x3-5m-1 1 « 5 3
« Ox3-5M-2 2 « 5 3
« 0x3-5m-3 3 « 5 3
« 0x3-10m-1 1 « 10 3
« 0x3-10m-2 2 « 10 3
« 0x3-10m-3 3 « 10 3
« Ox3-15m-1 1 « 15 3
« 0x3-15m-2 2 « 15 3
« 0x3-15m-3 3 « 15 3
« 0x3-20m-1 1 « 20 3
« 0x3-20m-2 2 « 20 3
« 0x3-20m-3 3 « 20 3
« 0x3-30m-1 1 « 30 3
« 0x3-30m-2 2 « 30 3
« 0x3-30m-3 3 « 30 3

Konrtposs-

s K-4-1 1 - 0 0
« K-4-2 2 - 0 0
« K-4-3 3 - 0 0
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Oxkonuanue tabmu. 2.1

1 2 3 4 5 6
OnsITHAS Ox4-1m-1 1 «Ctponra» 1 4
« Ox4-1m-2 2 « 1 4
« Ox4-1m-3 3 « 1 4
« Ox4-5m-1 1 « 5 4
« Ox4-5m-2 2 « 5 4
« Ox4-5m-3 3 « 5 4
« Ox4-10m-1 1 « 10 4
« Ox4-10m-2 2 « 10 4
« Ox4-10M-3 3 « 10 4
« Ox4-15m-1 1 « 15 4
« Ox4-15m-2 2 « 15 4
« Ox4-15m-3 3 « 15 4
« 0x4-20m-1 1 « 20 4
« Ox4-20M-2 2 « 20 4
« Ox4-20M-3 3 « 20 4
« 0x4-30m-1 1 « 30 4
« Ox4-30M-2 2 « 30 4
« 0x4-30m-3 3 « 30 4
Kontposs- K-5-1 1 _ 0 0
Hast
« K-5-2 2 - 0 0
« K-5-3 3 - 0 0
OnbITHAsK 0Ox5-1m-1 1 « 1 5
« Ox5-1m-2 2 « 1 5
« 0x5-1m-3 3 « 1 5
« 0x5-5m-1 1 « 5 5
« Ox5-5m-2 2 « 5 5
« 0x5-5m-3 3 « 5 5
« Ox5-10m-1 1 « 10 5
« Ox5-10M-2 2 « 10 5
« Ox5-10m-3 3 « 10 5
« Ox5-15m-1 1 « 15 5
« Ox5-15m-2 2 « 15 5
« Ox5-15m-3 3 « 15 5
« 0x5-20m-1 1 « 20 5
« 0x5-20m-2 2 « 20 5
« 0x5-20m-3 3 « 20 5
« 0x5-30m-1 1 « 30 5
« 0Ox5-30M-2 2 « 30 5
« 0x5-30m-3 3 « 30 5

I/I3y‘I€HI/I€ BbBDKUBACMOCTU PCAJIU30BLIBAJIM Y€PE3 CIKCIAHCBHYIO DPCru-
CTpauil0 YUCJIICHHOCTH XXWBBIX U MOTHOIINX JINYUHOK B KOHTpOHBHOfI n
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ONBITHOU rpynnax. ITorubmme K3eMIUIAPE IOC/Ie PETHCTPALN YTHIN3HU-
poBanu. Ha ocHOBaHMH 3aperMCTPHUPOBAHHBIX JaHHBIX MO YHCICHHOCTH
KUBBIX U MOTHOLIAX YK3EMIULSIPOB BBIMOJHSIIN pacuyeT CpeAHEeH BbDKHBaC-
MOCTH 32 KCTICPUMEHTANbHBIN NEPHO/I, IeKaIHOW THHAMHUKH CpPEIHEH BbI-
KHABAEMOCTH, a TAKKE MPOJODKUTEIBHOCTD )KU3HH 2/3 JTUYNHOK M UHIIMBHU-
JyaJbHOE BPEMsI )KU3HH.

N3yyeHue 3aBHCHMOCTH CTHMYJHPYWOLIEro 3¢(eKTa ONTHYECKOro
U3JIyYeHUs1 KPAcHOil 00JacTH ceKTpa Ha SMOPHMOHBI W JUYHMHKH pa-
AyxHO# ¢opesn B yCJIOBHSAX iN VItr0 0T TeMmepaTypHOro pe:kuMa WH-
Ky0aluy 1 KOrepeHTHOCTH u3Jay4YeHusi. Llens npoBeeHUs JaHHOH ceprn
9KCIIEPUMEHTOB 3aKII0Yajach B M3YYCHHUH HW3MEHEHUS CTHMYJHUPYIOIIETO
sddekTa ONTHMANBHOTO PEXUMA BPEMEHH W KPATHOCTH ONTHYECKOTO H3-
Jy4eHUS] B 3aBUCHMOCTH OT KOTCPEHTHOCTU H3JTy4YCHHS M TEMICpPATyphl
BOJIHOU Cpejibl Ha SMOPHUOHBI PaIy:KHOM (OpesH B yCIOBHSX iN Vitro.

Hccredosanue rusanus ONmuiecko2o usiyyenus Ha dIMOPUOHATbHOE U
ROCMIMEPUOHATbHOE pazsumue padydlcHou gopenu 6 ycaogusix in Vitro npu
DA3TUYHBIX MEeMNePAMYPHBIX pedHcuMax: TOoCIe ABYXCYTOYHOU ajalTaluy
SMOpPHOHOB (OIUIOJIOTBOPEHHOM MKPBI HAa CTaJWK Ia3ka) B Y3B unkyOarim-
OHHOTO IeXa (OPMHPOBAINCH ONBITHBIC H KOHTPOJIBHBIC TPYIIIbI, KOTOPHIC
MOMEIIATNCEH B OTJeNbHbIC Yalky [IeTpu 1 MepeHOCHIINCh B XOIOJHIBHUK,
rIe NPOXOAMIA UX JajbHEeWInas ABYXCyTouHas aganrtaims. Janee smOpuo-
Hbl MMOJBEPrajHCh ONTHYCCKOMY H3IYYCHHUIO (OIBITHBIC TPYIIIBI) HIH HE
MOJABEPraJiiCh, HO HAXOMWINCh B HACHTHYHBIX YCJIOBHAX (KOHTpPOJbHAS
rpymma) [303] cornacHo cxeme UcCIeI0BaHUMN, IPUBEICHHON B TabI. 2.2.

Ta6nuna 2.2. Cxema (popMHPOBAHHS HCCIEyeMBIX TPYII PU H3YYeHUH BJINSHUS
ONTHYECKOTO U3/Ty4YeHHsI HA SMOPHOHA/IbHOE H OCTIMOPHOHAILHOE Pa3BUTHE PA/TyKHOM
(opesn B ycJI0BHSIX iN VitrO pH pa3jIMYHbIX TEMIEPATYPHBIX PesKUMAX

Hcrounnk Temmnepartypa
Hazpanue Howmep no-
MapkupoBKa rpyIsl OINTHYECKOTO MHKYOaIuu,
TPYIIIIBI BTOPHOCTH o
U3ITy4YEeHUs! C
1 2 3 4 5
KonTponbHast K-1-1 1 - 12
« K-1-2 2 - 12
« K-1-3 3 - 12
«CTtpoHra»
OmsiTHAS C-1-1 1 (LED) 12
« C-1-2 2 « 12
« C-1-3 3 « 12
« JI-1-1 1 «Lotos» (LD) 12
« JI-1-2 2 « 12
OnbITHAst JI-1-3 3 « 12
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Oxkonuanue tabiu. 2.2

1 2 3 4 5
Kontponbsnas K-2-1 1 - 11
« K-2-2 2 - 11
« K-2-3 3 - 11
OnbITHAs C-2-1 1 «C(?é);;a» 11
« C-2-2 2 « 11
« C-2-3 3 « 11
OnsITHAs JI-2-1 1 «Lotos» (LD) 11
« JI-2-2 2 « 11
« JI-2-3 3 « 11
Kontponpnas K-3-1 1 - 10
« K-3-2 2 - 10
« K-3-3 3 - 10
OnbITHAst C-3-1 1 «C(?é);;a» 10
« C-3-2 2 « 10
« C-3-3 3 « 10
« JI-3-1 1 «Lotos» (LD) 10
« JI-3-2 2 « 10
« JI-3-3 3 « 10
Konrtponsnas K-4-1 1 - 9
« K-4-2 2 - 9
« K-4-3 3 - 9
OnbITHAst C-4-1 1 <((:(T|f)é)g;a>) 9
« C-4-2 2 « 9
« C-4-3 3 « 9
« JI-4-1 1 «Lotos» (LD) 9
« J1-4-2 2 « 9
« JI-4-3 3 « 9
Konrtponpnas K-5-1 1 - 8
« K-5-2 2 - 8
« K-5-3 3 - 8
OnbITHAs C-5-1 1 <((:(T|f)é)g;a>) 8
« C-5-2 2 « 8
« C-5-3 3 « 8
« JI-5-1 1 «Lotos» (LD) 8
OmnbITHAs JI-5-2 2 « 8
OnbITHAs JI-5-3 3 « 8

Bo3znetictBue Ha SMOpPHOHBI OCYIIECTBISUTH B TedeHrne 20 MHUHYT HA
NPOTSHKEHUH 5 CYTOK, MPH INIOTHOCTH MOIHOCTH ONTHYECKOTO U3IIyUCHUS
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3,0 MB1/cM?. Tlocie BO3HEHCTBHSI HA SMOPHOHBI ONTHICCKAM H3ITY4CHHEM
OHM HE3aMEeUIMTEIBHO BO3BpALAJIMCh B XOJIOJMWIBHHK Ha COOTBETCTBYIO-
LIYIO TOJIKY.

Jist mccnenoBaHMsl BIMSHHUS ONTHYECKOTO HM3JIYyYEHHS Ha BBDKHBAe-
MOCTb SMOPHOHOB M JIMYMHOK palyXKHOH (openu npu pa3HoOH TemIiepaType
B YCJIOBHSIX OTCYTCTBHsI KOpMa ObUIM C(OPMHUPOBAHBI ISATh TaK Ha3bIBae-
MBIX TEMIEPATyPHBIX UCCIIEIYEMbIX IPYIII, BKIIOYAIOUIUX KOHTPOIbHYIO U
omerthbie («Ctponray (LED) u «Lotos» (LD)) rpymmsl B Tpex MOBTOPHO-
CTSIX IS Kaknon temmepartypsl: 8, 9, 10, 11, 12 °C. PerymupoBanue Tem-
neparypbl B HCCIEIYyEMbIX TPYIIIAX OCYLIECTBISUIOCH ITyTEM HX MOMEICHHUS
B XOJIOJMJIBHUK Ha COOTBETCTBYIOLLYIO O BbicoTe mouky [303].

B uccneayempIx Ipymnmax €XeJHEBHO OCYIIECTBISUIACH 3aMEHa BOJIBI.
VlcTouHUKOM BOABI SIBISUIACH apTe3UWaHCKash CKBaKMHA. Boja mpensapuresns-
HO IojBepraiach ode3xene3nBanuio, odessapaxusanuio (Y D-o0myyenue) u
TeMIepatypHoMy BeipaBHHBaHuiO [303].

KOHTpOHL 3a BbIDKUBACMOCTBIO OCYIIECCTBJISAIN 11O ONMCAHHOM BEIIIIE ME-
TOOUKE.

Hccnedosanue ponu Ko2epeHmMHOCMU ONMUYECKO20 U3TYYEHUS HUZKOU
UHMEHCUBHOCIU 8 €20 83AUMOOEUCTNGUL C IMOPUOHAMU PblD (0ONI000ME0-
PeHHOU UKpOUl) padyaicHou gopenu: BO3JEHCTBHE Ha SMOPHUOHBI OCYIIIECTB-
Jsmu B TedeHue 20 MUHYT Ha TPOTSHKEHUH S5 cyTok (uepe3 0, 24, 48, 72 u
96 JacoB ¢ MOMEHTa Hadaja dKCIIEPUMEHTA), TP MJIOTHOCTH MOIITHOCTH
ontryeckoro msmydenust 3,0 MBr/cm?. Tlocne Bo3aeiicTBHs Ha IMOPHOHBI
ONTHUYECKUM H3JIyYC€HHEM OHHU HEe3aMeUINTENIbHO BO3BpAILAUCh B XOJO-
JIWIBHUK. B HcceayeMbIx rpynmnax eKeJIHEBHO OCYIIECTBISUIACH 3aMEHa
BOJbI. MICTOYHMKOM BOJIBI SIBJISIACH apTe3MaHCKas CKBaxkuHa. Boxa npen-
BapUTENILHO MOJBEpranach o0e3xene3nBaHuio, obe3zapaxuBanuio (YD-
o0JIydeHHeM) U TeMIiepaTypHoMy BeipaBHHBaHu0 [301].

JIyist ycTaHOBJIGHUS! POJIM KOT€PEHTHOCTH ONITHYECKOTO M3IIYy4YEHUS HU3-
KOI MHTEHCHBHOCTH B €r0 B3aMMOJEHCTBUHU C SMOpHOHaMu puIO (011010~
TBOPEHHOW WKpOH) pamykHOHW (HOpern OCYIIeCTBIISIIA M3MEPEHUE aKTHUB-
HOCTH (hepMeHTOB dSMOPHOHOB uepe3 2, 24, 26, 48, 50, 72, 96 u 120 gacos
¢ MOMeHTa HauaJa skcriepumenta [301].

OnpeneneHne aKTUBHOCTH ()EPMEHTOB dMOPHUOHOB PaayKHOU (opern
OCYILECTBISUTH B LEHTPU(YTPUPOBAHHBIX TOMOTEHATAX, HPUTOTOBICHHBIX
U3 LEJbIX UKPUHOK, 0 METOJUKAM, OIMUCAHHBIM B JIUTEPATYPHBIX MUCTOY-
Hukax [11]. Ot6op marepuana u paboTa ¢ HUM MPOBOANIIACE B CIICLIOCHK-
1ie, OAHOPAa30BbIX mepyatkax [301].

B monyueHHOM romoreHare OInpenelsiach aKTHMBHOCTh JIAKTaTJEeTH/I-
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porenassl (LDH) u kpeatnnoBoit kuHa3zbl (CK).

Meroauka onpezaenenus akTuBHocT LDH ocHoBaHa Ha KWHETHYECKOM
METo/ie, PeKOMEeHJ0BaHHOM HeMenkum oO0IIecTBOM KIMHUYECKOW XUMHHU
(DGKC), 3axmovaroniuMcsi B U3MEPEHUH CKOPOCTH M3MEHEHUs K03 u-
LUCHTA TMOTJIONICHUS, KOTOpas MPsSMO MPOMOPIHOHATbHA AKTUBHOCTHU
LDH. B Hammx uccieloBaHUSX MBI HCIIOJIb30BAJIH PEAKTHBBI (UPMBI
Cormay (Liquick Cor-LDH 30), Bxitouarouiue Hadopst 1-LDH u 2-LDH,
13 KOTOPBIX M3TOTABIMBAIH paboumii pacTBOp B cooTHOIeHUH 4:1. Ompe-
nenenue aktuBHocTd LDH mpoBomunm npm temmeparype 25 °C wu
A = 340 uM. B xome uccienoBanuii ucmonbp3oBaan meroa Sample Star. s
HCCTIEIOBaHUS OJHOM MPOOBI MPUTOTABINUBAJICSA PabOdMii peakTHB B 00be-
me 1000 MKII, KOTOPBIN MogorpeBanics no temmeparypsl 25 °C. anee mo-
GaBisiack uccieayemas npoda B oobeme 20 Mk Ilocne nepemeninBanus
0 3aBEpIICHUHM | MHHYTBI OTCYUTHIBATH KOI()(DHUIMEHT MOINIOIICHUS OT-
HOCHUTEJIBHO BO3[yXa MM JUCTWIIMPOBAHHOM BOAbI. V3MepeHus moBTOps-
JIM TIOCJIE OYEPEAHBIX 1, 2, 3 MUHYT M MOACUYUTHIBAIM CpelHEE U3MEHEHHE
ko3 dunpenTa nornonieHns 3a MUHyTy. [losydeHHOE 3HAUCHHE YMHOXa-
au Ha Bennuunny F = 8095.

Meronuka omnpeesieHnss aKTUBHOCTH KWHa3bl kpeaTtuHoBoi (CK) oc-
HOBaHA HAa ONTHMH3MPOBAHHOM KHHETHYECKOM METOJIE B COOTBETCTBHHU C
pexoMeHAausIMu  MexnyHapoaHoOW Qeaepanii  KIMHAYECKOH XUMHH
(IFCC). B Hamux ucCieOBaHUSX MBI HCIOJIb30BAIA PEAKTHBBHI (UPMBI
Cormay (Liquick Cor-CK 30), skimouatoriue Habopsl 1-CK u 2-CK, koTo-
pBIE CMEIINBAJN ISl IPUTOTOBJICHUS pa00vyero peakTHBa B COOTHOUICHUN
5:1. Onpenenenue akruHocTH CK npoBoaniu npu temmnepatype 25 °C u
A =340 um. B xone uccienoBanuii ucnonp3opanu meron Sample Star. s
HCCIIeIOBaHUS OJIHOW TPOOBI NIPUTOTaBINBAIICS pabOUYUil peakTHB B 00be-
me 1000 Mki1, KOTOPHBINM moporpesaincs 1o temmneparypsl 25 °C. [Janee no-
OaBisutace uccienyemast npoda B oowveme 40 mii. Ilocne TmartenbHOTO
MEPEMEIINBAHNS [0 UCTCUCHUN 2 MUHYT OTCUUTHIBATH KOA(P(QHUIIUCHT TO-
rIomeHust obpasna CTaHAAPTHOTO M H3ydaeMOW NpoOB OTHOCHTEIHHO
OnaHka 1o peareHTy. V3MmepeHus MOBTOPSJIM TOCie O4YepeAHbix 1, 2,
3 MHHYT W MOJCYUTHIBAIN CpejiHee M3MeHeHHne KoddduipenTta norioie-
HUS 32 MEUHYTY JUid oOpasia cTaHZapTHOTO M oOpasma mcciexyemoro. Ha
OCHOBaHUH IOJYYCHHBIX 3HAYCHUH OCYIIECTBILUIN pacyeT akTuBHOCTH CK
[301].

HccnenoBanne BIAMSAHUS ONTHMAJIBLHOTO PEKMMa ONTHYECKOI0 M3-
JIyYeHHs] HU3KOIl HHTEHCHBHOCTH KPACHOH 00JI1aCTH CIIEKTpPa HA pbIdO-
NOCaA0YHbIii MaTepuai paay:Hoii ¢openan B ycaoBusx in situ. ITocie
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ompeneneHnsT HamboJiee ONTHMAJIBHOTO PEXHMa ONTHYECKOTO W3IYICHHUS
HHU3KOH MHTEHCHBHOCTH OBUIO HCCIIEIOBAHO BIIMSIHHME JTHX I1apaMeTpoB Ha
PBIOOTIOCAI0YHBIA MaTepUal PaayKHOM Gopenu B yeaoBusx in Situ.

Hsyuenue pazmepno-eecoswvix noxazameneii. B TeueHne ucciaer0BaHUM
OCYIIECTBISUTM €KEHEJCJIbHYI0 PETUCTPALIMIO Pa3MEPHO-BECOBBIX MOKa3a-
TeJIeH MOJIOAN PagyKHOH (openu Mo cielylouuM MapamMeTpaM: CpeaHss
Macca, oomas JuiMHa, AiuuHa 1o CMUTTY, NPOMBICIIOBAs JUIMHA, JJIMHA IO-
JIOBBI, AJTMHA TYJIOBHIIA, BEICOTA TEJa, aHTEAOPCATHHOE PACCTOSHUE, aHTE-
BeHTpanbHOe paccrosuue [18, 306]. Ha ocHOBaHMM MOMydEHHBIX pa3Mep-
HO-BECOBBIX ITOKa3aTeJe OCYIIECTBISUIA pacdeT CTaHAapTHOTO Ko3pdu-
[MEHTA YITUTAHHOCTH JIococeBhIX prI0 [10, 306], nHACKCA IPOTOHMUCTOCTH,
WHAEKCAa OOJBIIEr0J0BOCTH, HMHIEKCAa BBICOKOCIIMHHOCTH, a0COJIOTHOTO
CPEIHECYTOYHOTO MPUPOCTA, OTHOCUTEILHON cKopocTu pocta [17, 306].

T'emamonozuueckue u buoxumudeckue ucciredosanus kposu. I emaroro-
IMYECKHE MCCIICAOBaHMS OCYIIECTBIISUINCH MPHU COAEHCTBHM MarucTpaHTa
kadeapsl UXTHOJIOTHHU U pbiOoBoacTBa JI. O. ATpomieHko (Hay4dHbIil pyKo-
Boxutens H. B. Bapyiun), 3a 4To aBTOp BBIpaXXalOT €My 0JIaroapHOCTh U
NPU3HATEIbHOCTB.

VY uccnemyeMbIx peld M3ydaan KIETKH KPOBH, a TAKKE KOTMICCTBCHHBIC
1 KadeCTBEHHBIC N3MEHEHNUS B CHIBOPOTKE KpoBH. OTOOP KPOBH LIS IPHUTO-
TOBJICHHS] Ma3KOB OCYIIECTBIUICS MPM)KU3HEHHO U3 XBOCTOBOM BeHHI. [Ipo-
necc B3sATHS KpoBHu He mpesbiman 30 c. [Tociae orbopa U3 KPOBH FOTOBUIICS
Ma3ok. Ilocie mpUTOTOBICHNS Ma3KH KPOBH BEICYIIMBAJINCH HA BO3AYXE B
teuenue 5—10 munHyT. [locime BRICYIIMBAaHUS Ma3KH IIOABEPTAIUCH OKPAIIH-
BaHUIO 0 MeToay PomaHoBckoro — Maii I'pronBanbia. OkparmBaHue mpo-
BOJIMJIOCH C NMpPUMEHeHHeM Kpacureineil. [locie okpacku Ma3ku mojaBepra-
JIMCh aHAJIU3y NYTEM MPSAMOTO MUKPOCKONUPOBAHUA C NMPUMEHCHUEM MUK-
pocKoIa ¢ IMMepCHOHHO# cuctemoit «BioScope» [302, 306, 314].

CBIBOPOTKY KPOBH JUIsi OMOXMMHYECKHH HMCCIECAOBAaHUI MOIydYaad W3
BEHO3HOH KPOBH IIOCJE€ CBEPTHIBAHMS, IMYTEM LEHTPU(BYTHPOBAHUS NPU
3000 obopoTax B MuHyTY B TeueHue 5 munyt [302, 306, 314].

B monydeHHO# CHIBOPOTKE KPOBH OIpPECISIach aKTUBHOCTD IIEITOYHOM
¢docdaraszel, IaKTaTIETHIPOTEHA3bl, aclapTaTaMHHOTpaHchepassl, aJaHu-
HaMHOTpaHcdepassl, Y-TIMIOTAMUITPpaHC(hepa3bl, KOHICHTPAIIUS MOYCBHHBL,
KaJIbIIHA, XOJIECTCPUHA, KPEaTHHIHA. B HAIINX MCCIEIOBAHUSIX MBI HCIIOJb-
3oBanu peaktusbl Gupmbl Cormay (LiquickCor-CK). B kadectBe MeToankn
OMOXUMHYECKHUX I/ICCHC[[OBaHI/Iﬁ HCIOJIB30BaJIM NIpUjIaracMbIi€ HHCTPYKIUH,
KOTOPBIC OCHOBAaHBI HA PEKOMEHAALUIX MexXayHapoIHOH (eaepariy Kiu-
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andeckoit xumuun (IFCC).UccnenoBanust MpOBOIMIM HA CBEXEH CHIBOPOT-
ke, 06e3 ciaenos remonusa [302, 306, 314].

Hccneoosanue ocuznecmotikocmu. ViccnenoBaHusi XKU3HECTOWKOWCTH
OCYIIECCTBISUIUCH TPU COACHCTBUU MariCTPaHTOB Ka(eapbl UXTHOJIOTHH U
peiooBoactea T. I1. FOpuenko u E. I'. HoBukoBo# (Hay4HBIH PYKOBOIM-
tenp H. B. bapynuH), 3a 4T0o aBTOp BBIpa)kaeT UM OJarolapHOCTh H IMPH-
3HATENbHOCTb.

HccrenoBanne XU3HECTOMKOCTH BKIIIOYANIO B ce0sl MPOBEICHUE CIIEAY-
IONINX TECTOB HAJ HW3y4aeMBIM PBIOOIIOCAOYHBIM MaTEepPHaJOM: TECT Ha
TePMOYCTOWYMBOCTh, HEHPO(hapMaKOIOTHUECKOE TECTUPOBAHHE, TECT
OIICHKH (POHOBOH peakinu MeIaHo(hopoB.

OmnpeneneHne TEPMOYCTOMYMBOCTH OCYIIECTBILLIA IO CIEAYIOIICH Me-
TOJIMKE: PHIOOIIOCAIOYHBI MaTepHal U3 KOHTPOJIBHON M OMBITHOM TPyII
mo 10 5k3. B KaxJI0oM MOMEWAJIX B FEPMETHUHYI) E€MKOCThb C BOJHBIM
HarpeBaTelieM, B KOTOpoil mociie 30-MUHYTHOW ajanTaluu MPOUCXOIUIIO
MOBBIILICHHE TEeMIIEpaTyphbl BOAbI HA OJMH IpaayC KaxKIble Mojdaca, J0-
CTUTHYB MakcuMmanbHOHU TemnepaTypsl B 28 °C. Ilocne mocTukeHus naH-
HOM TeMIepaTypbl BKIIOUAIN CEKyHIOMEP U OCYIIECTBIISLIU PETUCTPALIUIO
BpeMEHH (B MUHYTaX) THOEITH KaXI0TO dK3eMILISIpA.

MeTonmka mpoBeaeHHUs HEHpohapMaKoIOTHIECKOTO TECTHPOBAHUS OC-
HOBaHA Ha ONPEICIICHIH IPOIOJDKUTEIHFHOCTH ACHCTBUS pacTBOpa aHECTe-
THKa, BBI3BIBAIOIIETO YCTOMYMBYIO HAPKOTH3ALNIO PHIO, BRIPAYKAIOIIYIOCS B
yTpaTe paBHOBECHS M TPEKpAIleHWH ABIDKEHHI XBOCTOBOTO CTEOIIS.
B kadgecTBe aHECTE3WPYIOUIETO CPENCTBA HAMH HCIOJIH30BAIIOCH TBO3INY-
Hoe Macio B koHuenrpauuu 0,25 mu/n. Hayano anecre3un pukcuposanoch
IPH YMCHBIICHUH aKTUBHOCTH, NPEKPAIICHUU BIKCHHS KAOCPHBIX KPbI-
1ieK, OTCYTCTBUU PEAKIMM Ha BHEIIHUE pa3Apakurenu. BoccranoBienue
OIIpeIeIIsUIOCh BO3OOHOBIICHHEM aKTHMBHOCTH, y4allleHHEM JBMXKEHUS XKa-
OCpHBIX KPBIIICK, BO3BPALICHUEM PEaKIIUU Ha Pa3ipaKUTCIH.

Tect oueHku (OHOBOI peaknuu MeslaHO(OPOB OCHOBAH Ha M3YyYCHUU
M3MEHEHUS OKPACKH TeJla BCICICTBHE W3MEHEHHS I[BeTa (DOHA BEIpAIINBA-
eMoii emkocTu. OneHka (OHOBOH peakiuyd MelaHO(OPOB Ompeesiiach
TI0 CJIEIYIOIIeH METOIMKE: PHIOOTOCAIOTHBIA MaTepral U3 KOHTPOJILHOH 1
ombITHOM Tpymn 1o 10 3K3. B KaXKJOW WHAWBHAYaJIbHO MOMEIIAJICS B rep-
METHYHYIO €eMKOCTbh, IMEIOIIYI0 Oeloe THO U CTeHKH. II0BepXHOCTH €MKO-
¢t ObLTa MaTOBOM. J{JIs MpeoTBpalleHus pa3BUTHS IePUIIUTa KUCIOPOIa
W arperanuy IMIMeHTa B MesaHo(opax HEe3aBHCHUMO OT IiBeTa (oHa ocy-
LIECTBIISUIM ad3PalMI0 BOJBI B eMKOCTSIX. EMKOCTH MMenH JOMOJHUTEIbHOE
ocpemienue. [locie 15 MHUHYT BBIICPKHUBAHUS HCCICIYEMBbId 00pasern
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OBICTPO OTJIABIMBAJICA JUYMHOYHBIM CAadyKOM M TIEPEHOCHIICS B KIOBETY,
KOTOpasi HaKPBIBAJIACh MPO3pPayHbIM CTEKJIOM. Yepe3 CTEeKIO OCyLIeCTBIIsI-
jach (OTOCHEMKA.

doTtocheMKka ocyuiecTBisIach 1MGPOBBIM  (oToanmaparom  Sony
Cyber-shot DSC-P200, umeromuM 4ucio 3PQEeKTHBHBIX Meramukceaen
MaTpulsl 7,2 M1l B pekuMe MakpoCheMKU.

Perncrpamuio peakuyy MUIMEHTHBIX KJIETOK Ha IOJYYEHHBIX M300pa-
KEHHSAX OCYIIECTBISUIM MPH WCHOJIBh30BaHWU mporpammbl FishGui Ha Oaze
MATLAB, koTopasi perucTpupoBaia mapaMeTpbl OKpacku B hopmare IiBe-
ToBBIX Mogieneit RGB u HSV u onpenensna qOMUHUPYONTYTO [UIHHY BOJTHBI
okpacku peiosr [302, 306].

Hccnedosanue xumuuecko2o cocmasa MblUeyHOU MKAHU PAOYICHOU
@openu. ViccnenoBaHne XMMHUYECKOTO COCTaBa MBIIIEYHONW TKaHH OCY-
LIECTBIISUIOCH TIPH  COJACHCTBHM 3aBEAYIOLIET0 XUMMKO-IKOJOIMYECKOH
naboparopunn YO BI'CXA H. B. Bapbacosa n ynpasisitomero psiooBoa-
HBIM MHAycTpuanbHbIM KoMmIuiekcoM YO BI'CXA A. B. HexpsuioBa, 3a
YTO aBTOP BBIPAXKAIOT UM 0J1arogapHOCTb U NIPU3HATEILHOCTS.

MaccoByto oo OenkoBbix BemecTB onpeaessuin nmo OCT 7636-85:
«MeTox OCHOBaH Ha OKHCICHHH OPTaHUYECKOTO BELIECTBA MPU CKUTAHUU
€ro B CEpPHOM KHCIOTE B NMPHUCYTCTBHM KaTalM3aTopa, OTTOHKE 00pasyro-
IIErocsl aMMHMaKa IapoM, yJIaBIMBAaHUM €T0 PACTBOPOM CEPHON KHCIOTHI U
OTIPENICIICHUN COJCP)KAaHMsI a30Ta METOAOM TUTpoBaHUs. benkoBble Bemie-
CTBa ONPEICIISUIN IIyTEM YMHO)KEHHSI KOJIMYECTBA OOILET0 a30Ta Ha KO3(-
¢bunuenr 6,25» [6].

Copnepxanune ¢pochopa onpenensiin o 'OCT 26657-97: «Merop 3a-
KIIIOYaeTcsl B OCAXKICHUM MoJMOnaroM ammoHHs (ochaT-noHOB M3 pac-
TBOpa, IMOJYYEHHOI'O MOCJIEe MHUHEpaIM3alUU aHaIu3upyeMoro obpasia,
PacTBOPEHMH IMOJYYEHHOTI'O OCaJKa LIEJ0YbI0 U TUTPOBAHMH M30BITKA IIe-
JIOYH PacTBOPOM CEPHOU KHCIOTHI» [4].

Copnepxxanue kanus omnpeneisuin mo ['OCT 30504-97: «IlnameHHO-
(hoTOMETpUUECKUI METOJ, OIpPEACICHNSI COACPIKAaHUs KaJlusl OCHOBAaH Ha
3aBHCHMOCTH MEKAYy MHTCHCHBHOCTBIO M3IydCHHUS B IUIAMEHH BO30yKnaa-
€MOro 3JIEMEHTa M KOHLEHTpauuei ero B pacteope. llpm ompenenennu
coJiepKaHUs KaJus UCIOJB3YIOT CTIEKTPAJIbHbIE TUHUU 766,5 u 769,9 HM»
[5].

Copaepsxkanue cyxoro BemiectBa u Biaru onpenesuiu no I'OCT 30504-
97: «MeTox OCHOBaH Ha BBICIECHUH (MCHAPEHNUHU) BOJBI U3 MPOAYKTa IPU
TEIUIOBOIT 00paboTKe M ONpeAeIeHNH N3MEHEHHS MacChl €ro B3BELIMBaHH-
em» [5].
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CraTucrtuyeckasi 00padoTka JaHHBIX. /{75 cTaTUCTHYECKOH 00paboT-
KM MCHOJB30BAJM CTaTHCTUUECKyIo mporpammy R ¢ makeramu PMCMR u
RCommander, MASS, ggplot2, mgcv, drc, corrplot [8, 9, 296, 292, 284, 87,
288, 118, 223, 229, 302, 306], a taxxe nporpammuyio cpexy Circos [71,
302, 306]. [yns onpeneneHus HOPMAIBHOCTH pacHpeliesieHus] JaHHBIX HC-
I0JIb30BAJIM METOJ| TIOCTPOEHHS AUArpaMMbl, KBAaHTHWIIBHBIA TpaduKk M Kpu-
tepuit Hlanupo — Vunka. [ns ompeneneHus OJHOPOAHOCTH TIPYMIOBBIX
JUCTIEPCUH WCTIONB30Banu F-TecT Iuisi IByX BBIOOPOK M TecT JIuBWHA st
Tpex u Oojee BEIOOPOK. I OIEHKH pa3Nuyuuii y MCCIeIyeMBIX TPYII UC-
MOJIB30BAJIM  TIapameTpudeckne Kputepuu: TecT CThIomeHTa (Ui JABYX
rpynm) u TecT Throku (a7 Tpex u 6oiee Tpymm). [Ipu HecoOmoIeHNH YCITo-
BHH NPHIMEHEHHS MapaMeTPUIECKUX KPUTEPHEB MBI MCIIOIB30BAIH Hemapa-
Merpudeckue kputepuu: U-kputepuid ManHa — YuTHU (Ui IBYX HCCIeny-
embIx rpyni) u Tect Heromena — Keiiica (s Tpex u Oojiee MccieyeMbIxX
rpymm) [302, 306].

IIpn mocTpoeHMH PHUCYHKOB HCHOJB30BAJINM COBMEILICHUE JHarpaMMbl
paccesiHUsI M JUarpaMMbl pa3MaxoB.

s cozmanus 000OINECHHON JTMHEWHOW MOACTH MPUMCHSUTH (PYHKITUIO
glm() B mporpamme R, xotopast umerna crenyromuii Bua: glm(formula, data
= data.frame, family = family.generator). KauectBo mocTpoeHHBIX Mojeneit
CpaBHHBAIIH, HCIIONB3YS JEBHAHC-CTaTUCTHKY. [IpoBepKy pasmmuuii B mo-
BTOPHOCTSX HKCIEPUMEHTA OCYIIECTBIILIN TP HCIIOIB30BaHUU JIOTPAHTO-
BOTO Kputepus u Tecta 'exaHa — Bunkokcona B momudukanuu Ileto [24,
302, 306].

C uenplo M3y4eHHs BIIMSIHUS ONTHYECKOTO M3JIyYSHHs HU3KOW MHTEH-
CHUBHOCTH Ha JICKa/IHYIO0 AMHAMUKY CPEIHElH BBDKUBAEMOCTH AMOPHUOHOB U
JMYMHOK PaayXHOH (openu B TEUCHUE UCCIEAOBAHUI PEATU30BBIBAIH T10-
cTpoeHue 00001eHHON nuHeiHo# Moaenn GLM. Tun dyHkiuu momenu
BHIOMpalli Ha OCHOBaHMM MHHUMaJIbHOW BenmuuHbl AlIC-kputepus npu
CpaBHEHHUH JByX BO3MOXHBIX Moeneii [24, 302, 306].

J1s IOCTpOCHUST HeTMHEHHBIX MOJIEIICH perpeccuy, MPpUMEHIEMbIX IS
anmMpPOKCUMAIIUHM 3aBUCHMOCTEH 7032 — 3(dekT ucnosiap3oBanu maker drc
mporpaMMHO# cpenbl R. B Hactosmieit padote ucmons3oBanu 13 ciemyro-
X MOJEJNEH: JOrHOpMabHas MOJENb (MTPOOHUT) ¢ YETHIPbMS MapaMmeTpa-
mu, log-moructuueckas Mojelb ¢ 4YeThIpbMs mapamerpamu, 10Q-
JOTHUCTHYECKast MOJIETb C TPeMsl TapameTpamu, |0g-TorucTiuyeckas MOIeIb
¢ aByMms mapamerpamu, mojaeiab Weibull-1, mogens Weibull-2, moructudye-
CKas MOJENb C YETHIPEMs MapaMeTpamu, moaeinb Gompertz ¢ 4eTBIpbEMs
napaMeTpamH, SKCIIOHEHIMANbHas MOJENb C TpeMs MapaMeTpaMu, 3KCIO-
HEHIMATbHAS MOJENb C JABYMs mapaMmerpamu, moaeib Michaelis-Menten ¢
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TpeMs mapamerpamu, Mozens Brain-Cousens ¢ MmAThIO mapameTpaMmu, Mo-
nenp Cedergreen-Ritz-Streibig ¢ uetsippms mapamerpamu [87, 239, 240,
301].

BrIBOIBI.

1. NccnemoBanus BBITIONHSIIMCH Ha 0a3e kadenpsl HXTHOJIOTHH U PBHIOO-
BOJICTBA U PBIOOBOJHOTO MHAYCTpHadbHOro komiuiekca YO «bemopycckas
TOCYAapCTBEHHAs] CENbCKOXO3SAWCTBEHHAs akajemusi» B TedeHue 2015-—
2018 ronos.

2. OOBEKTOM WCCIIEIOBAaHUHN SIBISUTUCH OJHOIOJIBIE SMOPHUOHBI (OTUIO-
JIOTBOPCHHAS MKPa HA CTAJHMH TJIa3Ka) CaMOK Paly>KHOU (opein, KOTOphIe
B IIPOIIECCE MCCIECTOBAHMSA MTEPEXOIMIN Ha CTaTUI0 CBOOOIHOTO SMOpPHOHA,
a 3aTeM Ha CTaJHUI0 3K30TCHHOI'O MMHUTAHUS, a TAKXKE PHIOOIIOCAIOYHBIA Ma-
Tepuai.

3. B kauecTBe MCTOYHUKA ONTUYCCKOI'O M3IYUYCHHsS MCIIOJIB30BAIH IO-
mynpoBoaHUKOBEIH azep (LD) dororepaneBTryeckoro anmapara «Lotos»
(kpacHast 00JIACTh CIIEKTpa, JJIUHA BOJHBI A = 650 HM, JJTMHA KOI€PEHTHO-
cTH Lior ~ 211 MKM), a TakKe MaTpHIy CBETOJAHOIHBIX UCTOYHHKOB (LED)
ontuueckoro npudopa «CtpoHra» (kpacHasi 00s1acTb criekTpa, A = 630 HM,
JUTHHA KOTEPEHTHOCTH L ~ 26 MKM).

4. JInst onpeneneHuss MaKCUMAIIbHO 3()PEKTUBHOTO pexrMMa BpEMEHU U
KPaTHOCTH ONTHYECKOTO M3ITyUCHHS HU3KOW WHTCHCHBHOCTH, a TAKXKE BIIH-
SIHASL ONTHYECKOTO M3ITy4eHHs Ha MOPHOHAJIBHOE W IMOCTIMOPHOHAIBEHOE
pasBHUTHE paxyXHOM (Hopesu B YCIOBUAX iN Vitr0 mpu pa3iudHbIX TeMIepa-
TYpHBIX peXHMaX H3yYajH CPEIHIOI0 BEDKHBAEMOCTH 3a IEPHOJ IIPOBEIC-
HUS DKCIIEPUMECHTA, NEKAIHYI0 IMHAMHUKY CpPEIHCH BBIKHBACMOCTH, TPO-
OJDKHATENFHOCTD JKU3HU 2/3 THYMHOK M HHAWBHIYATHHOE BPEMS KU3HH.

5. Jyis yCTaHOBJICHUS POJH KOTEPEHTHOCTH ONTHYECKOTO H3IYYCHHS
HU3KOH WMHTEHCHMBHOCTH B €r0 B3aWMOJICHCTBHHM C SMOpHOHAMH pBIO
(OTIIOJOTBOPEHHOW MKPON) pamxyXKHOH (OpETH OCYIIECTBISIIIN HCCIe0Ba-
HUE€ aKTUBHOCTH (DePMEHTOB 3MOPHOHOB.

6. [l WccneIOBaHUs BIUSHUS ONTUMAIBHBIX MApaMETPOB KPaTHOCTH
ONTHYECKOTO M3IYYCHUS HHU3KOW HHTEHCHUBHOCTH Ha PBIOOIOCATOYHBIN
Marepuan paayxkHoi (openu B ycimoBusix in SitU ocymiecTBIISsUTH U3ydeHUE
pa3MepHO-BECOBBIX MOKa3aTeNeil paryKHOW GOopesn, TeMaTOIOTHIECKUX 1
OMOXMMUYECKMX TOKa3aTelcii KPOBH, IMOKa3aTelei >XU3HCCTOHKOCTH W
XUMHUYECKUH COCTAB MBIIIICYHON TKAHW MOJIOJH PAdyKHOU Qopem.

7. JIns ctaTUCTHYECKON 0OpPabOTKHU MONYYCHHBIX PE3YJIBTATOB HCCIIEIO-
BaHUH HMCIOJIBH30BATH CTATHCTHYECKYIO IporpaMMmy R, a Takxke mporpamm-
Hyto cpeny Circos.
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3. PE3YJIbTATHI HCCJIEJJOBAHUA

3.1. OnpenesieHne ONTHMAJILHOTO PeKIMA BpeMeHH W KPATHOCTH
BO3/1eiicTBUS U3/IyYeHUeM HU3KO HHTEHCHBHOCTH KPAaCHOi 00/1acTH
CIEKTPA HA IMOPHOHBI PAXYKHOI dopesu B ycJoBUsIX iN Vitro

OmnpeneneHne ONTUMAIbHOTO PEKMMa BPEMEHH M KPAaTHOCTH BO3JIEH-
CTBUS W3Iy4YCHHEM HHU3KOW MHTCHCHBHOCTH KpacHOH 00JAacTH CHEeKTpa Ha
SMOPHOHBI PaIyKHOU (HOPENTH B YCIOBHSAX IN Vitr0 0CyIECTBISIIN Ha OCHO-
BaHUM ONpEICNCHUS WHIWBHIYAJTHHOTO BPEMEHH JXH3HU M IPYTUX Iapa-
METPOB BEDKABAaEMOCTH.

BozpaeiicTBue Ha SMOPHOHBI MPOBOAWIN Ja3epHO-ONTHUYECKAM IPHOO-
pom «Ctponra» (cBetomuon, A =630 HM, IMHA KOTEPECHTHOCTH
Lyor ~ 26 MKM, IIZIOTHOCTE MOITHOCTH 3,0 MBT/CMZ).

Pesynbrarel Bnustaus 1-, 2-, 3-, 4- u 5-kparHoro (puc. 3.1, a—0) Bo3/1€H-
CTBHSI ONTUYECKOTO M3JYYEHHs] HU3KOH MHTEHCHBHOCTH U BPEMEHH JKCIIO-
sunuu otr 1 1o 30 MuHYT Ha uHAMBHAYyanbHOEe BpeMs >xu3Hu (MBX) am-
OpHOHOB M JIMUMHOK PaIyXHOW (hopenu 3a Mepuo]| MPOBEACHHS IKCIEPH-
MeHTa iN VIitr0 B YCIOBHSIX OTCYTCTBHS KOPMIICHHS MPEACTABICHBI B
tabn. 3.1. Jlunamuka wu3meHenust menuansl VIBXK mnpencraBiena Ha
puc. 3.1.

Ta6nuna 3.1. BiusiHue BpeMeHH U KPATHOCTH BO3/JelCTBHS H3JIy4eHHEM
CBETOHOIHOr0 MCTOYHHKA (A = 630 HM, IIMHA KOTepPeHTHOCTH Ly~ 26 MKM,
IUIOTHOCTH MomHOCTH 3,0 MBT/CM?) HA MHIMBHIYAIbHOE BPEMSI KH3HH SMOPHOHOB
M JIMYMHOK Pajiy’KHOi (opeiin 3a mepuoj NpoBeeHNs IKCIepUMeHTa in Vitro
B YCJIOBHSIX OTCYTCTBHS KOPMJICHHS

Bpems Bo3- Tect
I'pynna JeUcTBUA, mean, JHU s cv Manupo — Teer
(mean) Heromena
MWH Yunka
1 2 3 4 5 6 7
1-kpaTHOe Bo3/1elicTBHE
Kontpons 0 42,55 7,01 0,49 -
Omeit 1 1 48,33 2,16 0,13 p>0,05
Omert 5 5 46,62 2,98 0,18 p>0,05
Omeit 10 10 43,87 3,30 0,21 p<0,05 p>0,05
OmerT 15 15 46,85 2,26 0,12 p>0,05
Omsrt 20 20 48,00 1,06 0,06 p>0,05
Omeit 30 30 45,55 1,23 0,08 p>0,05
2-KpaTHoe BO3/ieiicTBHe
KonTponb 0 49,77 2,20 0,13 0<0,05 p>0,05
Omert 1 1 51,00 2,64 0,12 ' p>0,05
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Oxkonuanue taba. 3.1

1 2 3 4 5 6 7
OnwIT 5 5 48,28 2,57 0,14 p>0,05
OnbiT 10 10 48,57 3,28 0,17 p>0,05
Onesit 15 15 50,00 2,21 0,12 p>0,05
Onpit 20 20 53,42 2,47 0,12 p>0,05
Onbit 30 30 46,87 1,80 0,10 p>0,05

3-KpaTHoe Bo3aeiicTBHE
Kontponb 0 54,12 2,46 0,12 -
Oneir 1 1 54,44 2,33 0,12 p>0,05
OnbIT 5 5 54,77 2,99 0,16 p>0,05
Onpit 10 10 54,77 2,43 0,13 p<0,05 p>0,05
Onesit 15 15 58,14 3,29 0,14 p>0,05
Onpit 20 20 61,11 1,54 0,07 p>0,05
Omnsit 30 30 54,66 2,69 0,12 p>0,05

4-kpaTHOe Bo3jelicTBHE
Kontponb 0 53,66 3,48 0,15 -
Oneir 1 1 57,00 151 0,07 p>0,05
OnpIT 5 5 61,83 1,51 0,06 p>0,05
Omnsit 10 10 62,37 1,99 0,09 p<0,05 p<0,05
OmnepiT 15 15 63,80 2,59 0,09 p<0,05
Omnsit 20 20 58,33 1,11 0,04 p>0,05
Omnsit 30 30 57,83 1,88 0,07 p>0,05

5-kpaTHoOe Bo3jJelicTBHE
Kontpons 0 52,33 3,28 0,18 -
Oneit 1 1 57,77 1,81 0,09 p>0,05
OnewiT 5 5 59,37 2,89 0,13 p>0,05
Onpit 10 10 59,55 1,97 0,09 p<0,05 p>0,05
OmnepiT 15 15 62,55 1,84 0,08 p<0,05
Omnpit 20 20 65,22 1,24 0,05 p<0,05
Onbit 30 30 58,00 3,03 0,14 p>0,05

Kak BUHO W3 MpeIcTaBIeHHBIX TaHHBIX, JOCTOBEPHBIX CTATHCTUIECKUX
pa3nuUuid MEXAYy HCCIeAyeMBIMH TPyIIIaMH TOA BiIWsgHWEM 1-, 2-, 3-
KpPaTHOTO BO3JICHCTBHS CBETOIMOHBIM UCTOYHUKOM He HaOomanock. [lox
BIUSIHACM 4-KPaTHOTO BO3ACUCTBUS HAMH HAOJIIOJAIOCH JIOCTOBEPHOE Ipe-
BHIIIEHHE KOHTPOJBHBIX 3HAYEHUW IMpU BpeMeHW BozzaeicTtBus 10 u
15 MuHYT, a Ipu 5-KpaTHOM BO3ACHCTBUS — MPH BPEMEHHU BO3JICHCTBUSA 15 1
20 MUHYT.

Jnsg HaXOXIOCHHWS BO3ICHCTBUS ONTHYECKOTO W3IIyUSHHs armapara
«CtpoHra» Ha MHINBHIyaJbHOE BPEMs XKH3HH JHYMHOK W SMOPHOHOB pa-
ITy’)KHOH (pOpesTt MBI CTPOMIIM MOJEIb IPOITOPIIMOHANFHBIX pUcKoB Kokca,
a Taxke Mojenn yckopeHHoro BpemeHH AFT ¢ ucmoms3oBaHHEM YeThIpex
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BHIOB pacupexneneHunii: exponential, weibull, lognorm u loglogistic. Camas
Jydliasi MOJIeNIb OTBEYasla MaKCUMYMY OLICHKHU ITPaBIOIOM00US I MUHU-
myMmy AIC-kpurepus. PesynbpTatsl TecTupoBanus Moaenu Kokca u moneneit
AFT npexcrasiens! B Ta0. 3.2.

Ta6nuua 3.2. PesyabTarsl TecTupoBanust moaean Koxca u monesneiit AFT Biausinust
MAKCHMAJIbHO 3(GeKTHBHBIX PesKHMOB BpeMEeHH H KPATHOCTH BO3/€eiiCTBHS H3/Ty4eHHeM
CBETOUOAHOT0 HCTOYHUKA (A = 630 HM, JVIMHA KOTePEHTHOCTH Lo ~ 26 MKM, IVIOTHOCTH

momHocTH 3,0 MBT/cM?) Ha HHIMBHIYAIbHOE BPEMS sKH3HH SMOPHOHOB H JIHYHHOK
paay:kHoii opesin 3a MepHO MPOBEIEHNUSI IKCIIEPHMEHTA iN Vitro
B YCJIOBHSIX OTCYTCTBHSI KOPMJICHHSI

CpaBHeHue (KOHTPOJIb / OIIBIT)
Monem, logLik | AIC
1-kpaTHoe Bo3eiicTBHE, BpeMsi Bo3AelicTBHs — 1 MUH
Cox -36,39 74,78
Exponential —86,66 179,32
Weibull —74,10 156,21
Lognorm —76,95 161,91
Loglogistic —76,42 160,85
2-KpaTHoOe BO3/1elicTBHE, BpeMsi Bo3eiicTBus — 20 MUH
Cox —29,86 61,73
Exponential —79,01 164,03
Weibull —52,29 112,59
Lognorm -51,60 111,21
Loglogistic -52,56 113,12
3-KpaTHoOe Bo3jeiicTBHE, BpeMsi Bo3aeiicTBus — 20 MuH
Cox -31,81 65,62
Exponential —-85,94 177,88
Weibull —53,52 115,04
Lognorm -53,66 115,32
Loglogistic -54,10 116,20
4-kpaTHoe BO3/JeiicTBHE, BpeMsi Bo3ielicTBUs — 15 MUH
Cox -16,33 34,66
Exponential —55,67 117,35
Weibull -38,02 84,04
Lognorm -36,37 80,75
Loglogistic -36,41 80,82
5-KpaTHOe Bo3JeiicTBHE, BpeMsi Bo3aeiicTBus — 20 MuH
Cox —27,34 56,69
Exponential -91,21 188,43
Weibull —59,63 127,27
Lognorm —63,24 134,49
Loglogistic —63,02 134,04
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Puc. 3.1. lnarpamMma pa3MaxoB H3MEHEHHS MeIHaHbl HHIWBU/yaJIbHOIO BPEMEHH JKU3HH
9MOPHOHOB ¥ JINYUHOK PaIyKHOH (HopenH in Vitro B yCIOBHAX OTCYTCTBHS KOPMIICHHS
TOJ1 BIIMSIHUEM OAHOKPATHOTO (@), AByKpaTHOTo (6), TpeXKpaTHOTO (6), YETBIPEXKPATHOTO (2)
U IATUKPATHOTO (0) BO3AEHCTBHSA 3IIyYEHHEM CBETOJHOIHOTO HCTOYHHUKA
(A = 630 HM, [UTMHA KOTE€PEHTHOCTH Lyor ~ 26 MKM, IJIOTHOCTH
MomrHOCTH 3,0 MBT/CM?) TIpH pasTHaHBIX PEKMMAX SKCIIO3UIIHN

Kak BupHO n3 mpexacraBiieHHBIX B Tabin. 3.2 nmaHHBIX, Monenb Kokca
nmena MuHUManbHbIH AIC-kpuTepuil mpu Bcex KpaTHOCTSAX BO3JeicCTBUS,
3 moneneit AFT muanmMansubiii AIC-kputepuii umena Moaens BeiOyiuia
(weibull) mpu 1-, 3- u 5-kparHoM Bo3neiicTBuu. [lpu 2- U 4-KpaTHOM BO3-
neiictBun MuHuManbHbll AIC-kpuTepuil uMena JOTHOpMaibHas MOJEINb
(lognorm).

PesynbraTel mpuMeHeHust Mozenn Kokca A7l OIEHKH BIWSTHHUS MaKCH-
MaJIbHO (P (PEKTUBHBIX PEXKUMOB BPEMEHH U KPaTHOCTH BO3/ACHCTBUS H3ITy-
YEHHEM JIa3epHO-ONTHYECKOro npubopa «CTpoHra» Ha WHIMBHIYaIbHOE
BpeMs )KU3HH 3MOPHOHOB U JIMYMHOK pagyXKHOW (hopeny 3a mepros mpose-
JICHUS DKCIIEPUMEHTa N Vitr0 B YCIOBHUSX OTCYTCTBHS KOPMJICHHS IpeI-
cTaBjeHsbl B Tab. 3.3.
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Tab6nuna 3.3. XapakrepucTuka Mojeieii Kokca npu oueHnke BJUSIHUS MAKCHMAJbHO
3()(peKTHBHBIX PEKMMOB BpEMEHH M KPATHOCTH BO3/eliCTBHS H3JIy4YeHHeM
CBETOIHOTHOr0 NCTOYHHKA (A = 630 HM, NTMHA KOTePEHTHOCTH Lo~ 26 MKM, INIOTHOCTH
momHocTH 3,0 MBT/cM?) Ha HHIMBHIYAIbHOE BPEMS sKH3HH SMOPHOHOB H JIHYHHOK
pany:xHoii Gopesiu 3a mepHoa NPoBeIeHUsI IKCIIEPUMEHTA iN Vitro B yci1oBusix
OTCYTCTBHSI KOPMJICHHUS

IToxazaTtenu monenu Kokca
CpasHe- Koadpduun- Koadpduuumenr | Tect oTHOLIE- Tect
Jlorpauro-
HHE TPyII CHT MOZCIH JeTepMHHa- HUS IpaBporno- | Bams- L TeCT
(p-ypoBeHb) Jaggess noous a
1-kpaTHoe Bo3/1elicTBHE
KonTpoms/ 0,001 (maxcu-
OIBIT 0,032 MaJIbHO BO3- _ _ _
(1 mun) (p=0,95) MOJKHBIH = p=094 p=094 p=094
0,982)
2-KpaTHoOe BO3/elicTBHe
56
OIBIT 0,69 (p=0,21) o p=0,20 p=0,21 p=0,20
(20 wun) BO3MOXHBIH =
0,978)
3-KpaTHOe Bo3/elicTBHE
0,181 (makcu-
Koutpous/ -1,00 MaJIbHO BO3-
OIIBIT - . p=0,06 p=0,06 p=0,05
(20 vun) (p=0,06) MOKHBIN =
0,981)
4-xkpaTHoe Bo3/eiicTBHE
0,192 (makcu-
Korrpos/ -1,0067 MaJIbHO BO3-
OTBIT - 0 BO3 p=0,12 p=0,13 p=0,11
(15 vum) (p=0,131) MOYKHBIH =
0,959)
5-kpaTHoe Bo3/eiicTBHE
0,634 (Makcu-
Kowrpor/ -3,51 MaJbHO BO3-
OIBIT s o p=0,0001 p=0,001 p=0,0001
(20 wum) (p=0,001) MOYKHBIH =
0,982)

Kak BUmHO M3 mpeACTaBICHHBIX B TaOk. 3.3 JaHHBIX, HAHOOJIEE BHICO-
KAMH CTaTHCTHYECKH JIOCTOBEPHBIMU 3HAYEHHUSIMHU XapaKTEPU3YETCS MO-
nens Kokca, OMUCHIBaIOIasi BIMSIHUE M3MEHEHUS] WHIUBHIYATbHOTO BpE-
MEHU JKU3HU TMPH BO3JEHCTBUM CBETOJHOJHBIM HU3JIyYCHUEM B TCUCHHE
20 MUHYT HA OPOTSHKEHUH 5 CYTOK, MPH MJIOTHOCTH MOIIHOCTH ONTHYECKO-
ro mmydenns 3,0 MBt/cM?,

B pesymprare mpoBemeHHOTO aHamm3a (Tabn. 3.2) MBI TIOCTPOHIH
MOJIeTIbHbIE KpUBbIE (GYHKIHMHA HMHAWBUAYaJbHOTO BpPEMEHH JKH3HH U3
pactipenerneHnii Bei#Oymia W JOrHOpManbHOW MOJENH, COBMEIUICHHBIE C
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kpuBbiMH Kamman — Mailepa s KOHTPOJIBHOW W ONBITHOM TPYII
(puc. 3.2).

Takum 00pa3om, B pe3ysibTaTe NPOBEACHHBIX HMCCIIEJIO0BAHUNA YCTaHOB-
JICHO, YTO HauOoJiee BBICOKHE JJOCTOBEPHBIE PA3JINYMs 110 MHAMBUAYaJIbHO-
My BpPEMEHH KU3HU OBLIM OTMEUYCHBHI B ONBITHOM TpyIIe, Ha 3MOPHUOHBI
KOTOPBIX BO3/CHCTBOBAIM CBETOIMOIHBIM H3Iy4eHHEeM iN Vitro B ycaoBHsAX
OTCYTCTBUS KOPMJIEHHS B TeueHHe 20 MUHYT Ha IPOTSKEHUU 5 CYTOK, pU
IJIOTHOCTH MOIIHOCTH ONTHYECKOT0 u3iay4yeHus 3,0 MBT/cM®.

B pesynmpTare mMpoBEeIEHHBIX MCCIEAOBAHWN YCTAHOBIEHO, YTO OT Bpe-
MEHH ¥ KPaTHOCTH BO3JEHCTBUS ONTHYCCKUM H3ITyIEHHUEM 3aBUCHT CTUMY-
mupyromuit 3G (eKT U3TydeHus T1a3epHO-ONTHIeCKOro mprudopa «CTpoHTay.
IIpy onHOKpaTHOM BO3AEHWCTBUU ONTHUYECKOTO M3IYYEHHUS] MAaKCUMAJbHBIN
CTUMYJIMPYIOIIUI 3Q(EeKT Ha MHAMBUAYAIBHOE BPEMsl XKH3HU HaOIIONAJICT
IpH Bo3aekcTBUU B TeueHue | muH u coctasui 13,5 %. IIpu aBykpaTHOM
BO3ZCHCTBUM ONTUYECKOTO H3IyYEHHUS MAaKCHUMAIbHBIH CTHUMYJIHUPYIOIIHH
3¢ deKT Ha MHIUBUAYATLHOE BPEMs JKU3HU HAOJIOANCS HPU BO3ICHCTBUU
B TeueHue 20 MuH u coctaBuia 7,3 %. Ilpu TpexxpaTHOM BO3JEUCTBUH OII-
THUYECKOT'0 U3JTyYEHHs] MAaKCUMaIbHBINA CTUMYIHUpYIOuUi 3¢ dekt Ha uHIu-
BHAyaJIbHOE BpeMs JKM3HU HAONIOHAJNCs TpPHU BO3ICHCTBUH B TECUCHHE
20 muH u cocraBuia 12,9 %. [Ipn deTsIpexkpaTHOM BO3AEHCTBHH ONTHYE-
CKOTO M3JIyYCHHUS MAaKCUMAaIbHBIN CTUMYIHPYIOMHH ) (QeKkT Ha HHINBHUITY-
aNbHOE BpeMsl JKU3HHU HAOIOJAlNCs TPU BO3ICHCTBHN B TeUeHHE 15 MUH U
cocraBul 18,8 %. [Ipu nATHKPaTHOM BO3AEHCTBUU ONTHYECKOTO U3ITYIECHUS
MaKCHUMAaIIbHBII CTUMYIHPYIOMUH 3(GGEKT Ha WHIUBHAyaIbHOE BpeMs
XKU3HM HaOmofasics mpu BosjeiicTBun B TedeHne 20 MHH M COCTaBHII

24,6 %.
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Puc. 3.2. Kpussie Kaman — Maiiepa ¢ ucnions3oBaniem perpeccuu BeiiOyiuia (a, 6, 0)

1 JIOTHOPMAJIEHON MOENH (6, 2) MHIMBHIYaIbHOTO BPEMEHH XU3HH SMOPHOHOB U JTMYMHOK
pamyxHoii (openu in Vitro B yCIOBHSX OTCYTCTBHSI KOPMIICHHUS TI0J BIMSHHEM
OJHOKpATHOTO (a), ABYKpaTHOrO (6), TPEXKPATHOrO (8), YETHIPEXKPATHOTO (2) U MSATHKPATHOTO
(0) BO3mEHCTBYSI H3TyIE€HHEM CBETOAHOIHOTO HCTOUYHUKA
(A = 630 HM, [UTMHA KOT€PEHTHOCTH Lo~ 26 MKM, INIOTHOCTH MOIIHOCTH 3,0 MBT/CMZ)

B Tevenune | munytol (@), 20 MunyT (6, 6, 0) U 15 MuHyT (2)

CHKeHHe CTUMYJHpyomero 3¢¢exTa npu aBy- U TPEXKPATHOM BO3-
JNEeHCTBUM II0CJIE OJHOKPATHOTO BO3MOMKHO OOBSICHUTBH NMPUCIIOCOOTIEHHEM
9MOPHOHOB ¢ M3MEHSAIOIIMMCS (paKTOpOM BHEIIHEH cpelbl ¢ JalbHEHIIUM
MIPOSIBIIEHHEM 00Jiee BEICOKOTO CTHMYJIHPYIOMEro 3 QeKra mpu 9eTrpex- 1
ISITHKPATHOM Bo3zeicTeuH (puc. 3.3).

HecMoTps Ha To, 4TO HAIIMMK UCCIIEOBAaHUSIMH HE OblJIa yCTaHOBJIEHA
KPaTHOCTb ONTHYECKOr0 HM3JIyYeHHs, OKa3bIBAIOIIAs HEraTHUBHBINA d(dexT,
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YBEIIMYCHUE KPATHOCTU BO3JCHCTBUA OoJiee YeM B 5 pa3 sIBISUIOCH Hellele-
CcO000pa3HBIM 10 TEXHOJOTHYECKUM NPWYWHAM HHKYOAIlMU paxyXHOH ¢o-
penm B MHKYOAIMOHHBIX MOJYJISIX, IOCKOJIBKY HaXOKICHHWE UKPHI Ha CTa-
JIUH TJIa3Ka B MHKYOAITMOHHBIX aliapaTax MOTJIO COIIPOBOKAATHCS HAYAIOM
BEIKJIEBA Y)K€ Ha IIECTOM JIEHb MOCJIE MPUOBITHS OIUIOJOTBOPEHHON HKPHI
W3 MaTOYHOI'O XO35HCTBA.

IIpoBeneHHBIC HCCACIOBAHMS IMOKA3aIH, YTO MApaMeTPhl BhDKHBACMO-
cTi (CpeIHsisi BEDKHBAEMOCTh 3a IIEPHOJ MPOBEACHUS IKCICPHMEHTA, JIc-
KagHas IWHAMHKA CpeJHEH BBDKMBAEMOCTH B TCUCHHUE DKCICPHUMEHTA, a
TaKXKe TPOOIDKATEILHOCTD KHI3HH 2/3 TUYNHOK ¥ HHIUBUIYaTbHOE BPEeMs
JKU3HHU) 3aBUCEN OT JO3HPOBKH ONTHYECKOTO HW3IYYCHHUS: KPATHOCTH U
BPEMEHH BO3JICHCTBUS.
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Puc. 3.3. I3MeHeHne BENUUUHBI CTUMYJIUPYIOIIETo 2 dexTa u3nydeHus CBETOANOJHOTO
uctouHuka (A = 630 HM, JUTMHA KOTEPEHTHOCTHU Lyor ~ 26 MKM, IIIOTHOCTH MOIITHOCTH
3,0 MBT/cM?) 110 BIHSIHHEM KPATHOCTH ¥ BPEMEHH BO3ICHCTBHS

Haumnas ¢ tperbero mepuosaa (IHsS BO3AEHCTBUS) ONTHYECKOE H3ITyde-
HHE HU3KOW MHTEHCUBHOCTH OKAa3bIBAJIO CTUMYJHUpYOMHH 3(dexT Ha BbI-
HIeNepeyrcIICHHbIE [T0KAa3aTeNl JMYMHOK W MOJIONU PaxyXHOHW (OpemH.
[Tpn sToM Hanbosiee BBHICOKHMH CTUMYIHMPYIOIUH 3G QEeKT oKa3aao BO3JAeH-
CTBHE B Te€UeHHE 5 qHel npu Bpemenu Bozzaelctsus 10-20 MuHyT (B 3aBH-
CHMOCTH OT KOHTposupyemoro napamerpa) [300, 302, 306]. [Ipumep u3me-
HEHUSI CTHUMYJHpYIomero 3¢dexra onTHYeCKOro M3Iy4eHHs HHU3KOH HH-
TEHCUBHOCTU Ha CPEIHIOI0 BHDKHBAEMOCTh YMOPHOHOB M JIMYMHOK pay-
HOH (hopenu B 3aBUCUMOCTH OT KpPaTHOCTH Bo3jeiicTBust (1-5 nHeii) u Bpe-
menn Bozgaeiicteus (0-30 MuH) npezacTasieH Ha puc. 3.4.
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Puc. 3.4. BapuorpaMma n3MeHEHHUs CTUMYIUPYIONEro d(deKTa H3IydeHUs CBETOJHOIHOTO
ncrounuka (A = 630 HM, ITHHA KOTEPEHTHOCTH Lo~ 26 MKM, IJIOTHOCTH MOIIHOCTH
3,0 MB1/cM?) Ha CPEIHIOK BBDKHBACMOCTh SMOPHOHOB U JTMIHHOK Py KHO (hopenH
B 3aBHCHMOCTH OT KpaTHOCTH Bo3zeicTus (1-5 nueit) u Bpemenu Bozaeiicteus (0—30 MuH)

Tak, ecau B KOHTPOJIBHOH TpyTIie CPeaHSS BEDKUBAEMOCTh SMOPHOHOB
cocraBuna 76,32 %, To B rpymie, B KOTOPOH HaOIIOAAJCS MaKCHMaJIbHBIN
CTUMYNHPYIOMHNA 3PPEKT OT BIUSHHUS ONTHIECCKOTO HM3IYUECHUS HHU3KOU
MHTCHCUBHOCTH (€XeIHEBHO 1Mo 10 MUHYT B JCHb, KaX/bIC 5 JHEW), BHIKH-
BaeMOCTh cocTaBuiia 93,99 %, 4To MpeBbIIIaI0 KOHTPOJIbHBIC 3HAUCHUS Ha
17,67 n.n. Ctumynupytommuii ¢ dexr cocrasun 23,15 %.

3.2. 3aBHCHMMOCTH CTHMYJIHPYIOIIEro 3¢ (eKTa ONTHIECKOT0
H3J1y4YeHHs KPacHOii 00/1acTH clieKTPa Ha AMOPHOHBI U TUYMHKH
pany:kHoii (hopesn B yCJIOBHSX iN Vitr0 0T TeMIepaTypHOIo pekumMa
HHKYOammu

3.2.1. BiusiHHe ONTHYECKOT0 U3Iy4YeHHsI HU3K0H HHTEHCHBHOCTH
HA CPeIHIOI0 BbI)KMBAEMOCTb SMOPHOHOB M JIMYHHOK PalyKHOM

(¢opesu B 3aBHCHMOCTH OT TEMIIEPATYPHOI'0 Pe;KHMA HHKYOALNU

PesynbraThl MccieoBaHUS BIMSHUS ONTHYECKOTO HM3JY4eHHsI Ha 00-
LIYIO CPEAHIOI BBDKMBAEMOCTh IMOPHUOHOB M JIMYMHOK PaayXHOH dopenu
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3a Tepuoj IPOBEACHUS JKCIIEPUMEHTA B 3aBHCHMOCTH OT TEMIIEPATYypPbI
npexactaBieHsl B Tabn. 3.4-3.8. [Ipu 5TOM pe3ynbTaTel BIMSHHS ONTHYE-
CKOTO M3JIyYyeHHs HpH Temneparype uHkyOamum 12 °C mpuBeneHsl B
tabn. 3.4, npu Temneparype 11 °C — B Tabu. 3.5, npu Temneparype 10 °C —
B Tabu. 3.6, npu temnepatype 9 °C — B Tabxn. 3.7 u npu temneparype 8 °C —
B Tabx. 3.8. U3 npencrasnennsix B Tabu. 3.4-3.8 pe3ynbTaTaoB BUAHO, YTO
ONTHYECKOE M3TyYeHHE OKa3blBAaeT PA3IMYHOE BIIMSHUE HA OOLIYIO Cpea-
HIOIO BBDKHBAEMOCTh 3MOPHOHOB M JIMYMHOK PagyXKHOW (Openr B 3aBUCH-
MOCTH OT TeMneparypbl. OJJHaKO CYIIECTBEHHBIX 3aKOHOMEPHOCTEH He ObI-
JIO BBISIBIICHO, a HAOIIONaeMble paziaudusl OBIIM CTATHCTHYECKH HEJOCTO-
BEPHBIMH.

CrenyeT OTMETHTD, YTO TaKOW IOKa3aTellb, KAk 00IIas CPEeIHSSI BBIKH-
BaeMOCTh 3a MEPUOJ MPOBEJCHUS HAOJIIOJICHNUH SIBISIETCSI JOCTATOYHO IPy-
ObIM M 0000IIAIOIIMM MOKa3aTessIM, He TIO3BOJIIFOLINM OIPEACIUTh WH/U-
BU/IyaJIbHbIC TPOSIBIICHHS BBIKMBAEMOCTH B TeueHUe BpeMeHHu. /st ycrpa-
HEHHUS YKa3aHHOTO MapaMeTPUYECKOro HEeIOCTaTKa Mbl M3YUMIN JEKaTHYIO
JIMHAMHKY CpPEJHEH BBKUBAEMOCTH B TEUEHHE IKCIIEPUMEHTA.

Ta6nuna 3.4. Bausuue nazepHoro (LD) u cBeronuonsoro (LED) ontuueckoro
H3JIyYeHHs KPACHOi 00J1aCTH CIIEKTPa Ha 00ILYI0 CPeHIOI0 BLLKHBAEMOCTh IMOPHOHOB
M JIMYHHOK Pay’KHOii (opeiin 32 MepHO/I MPOBEIEHHsI IKCIIEPHMEHTA iN Vitro B ycJI0BUsSIX
OTCYTCTBMSI KOPMJICHUs NIPU TeMNnepaType HHKy0anuu 12 °C

Tect
se Mamm- Tect Tect
I'pymmst mean, % sd (mean) cv po - JluBu- Teio-
Yunka Ha X
LD 57,08 22,14 12,78 0,38 p>0,05
LED 54,52 2,98 1,72 0,054 p>0,05 p>0,05 | p>0,05
Kontpons 58,04 21,07 12,16 0,36 -

Ta6nuna 3.5. Bausaue na3eproro (LD) u cBeromnonnoro (LED) ontuueckoro
H3JIyYeHHsI KPACHOi 00J1aCTH CIIEKTPa Ha 00IIYI0 CPETHIOI0 BLIKABAEMOCTh IMOPHOHOB
M JINYMHOK Pajly’kHOM (hopeiin 3a nepHo NMPOBeIeHUs] IKCIIEPUMEHTA iN Vitro B yci1oBusx
OTCYTCTBHSI KOPMJIeHHs IPH TeMIepaType uuky6anuu 11 °C

Tect
Manm- Tect
pymimst mean, % sd se (mean) cv Heto-
po—
MCHa
Yunka
LD 82,44 17,27 9,97 0,20 p>0,05
LED 71,93 3,43 1,98 0,04 p<0,05 | p>0,05
KonTponb 77,28 13,38 7,72 0,17
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Ta6nuna 3.6. Bausanue gazepHoro (LD) u cBetoquonnoro (LED) ontuueckoro
H3JIyYeHHs KPacHOi 00J1aCTH CIIEKTPa Ha 001IYI0 CPeHIOI0 BLIKHBAEMOCTh IMOPHOHOB
M JIMYMHOK Pajy:KHO# (hopesin 3a mepuos NpoBeaeHHs IKCIEPHMEHTA iN Vitro B yci1oBusix
OTCYTCTBMSI KOPMJICHUs NIPU TeMnepaType uHKyoauuu 10 °C

Tect
Manm- Tect
I'pymmbt mean, % sd se(mean) cv Hpro-
po-—
MeHa
Yunka
LD 72,42 16,82 3,29 0,07 p>0,05
LED 80,36 6,20 3,58 0,07 p>0,05 | p>0,05
Kontpons 77,61 29,13 16,82 0,37 -

Ta6nuna 3.7. Bausauue gazepHoro (LD) u cBeroquonnoro (LED) ontuueckoro
H3JTyYeHHs KPACHOi 00J1aCTH CIIEKTPa Ha 00ILYIO0 CPeHIOI0 BLLKHBAEMOCTh IMOPHOHOB
M JIMYHHOK PaLyKHOIi (hopeiin 3a mepHo/ NpoBeIeHNHs IKCIePHMenTa in Vitro B yc1oBusix
OTCYTCTBHSI KOPMJIEHHS NPU TeMIepaType uHKyo0anuu 9 °C

Tect
Mamm- Tect
pymmst mean, % sd se (mean) cv Heto-
po—
MeHa
Yunka
LD 85,65 8,89 5,13 0,10 p>0,05
LED 87,46 12,24 7,06 0,13 p>0,05 | p>0,05
Kontpons 89,59 9,74 5,62 0,10 -

Ta6nuna 3.8. Bausanue gazepHoro (LD) u cBetoquonnoro (LED) ontuueckoro
H3JIyYeHHs KPacHOi 00J1aCTH CIIEKTPa Ha 001IYI0 CPeHIOI0 BLIKHBAEMOCTh IMOPHOHOB
M JIMYMHOK Pajly’KHO# (hopesin 3a mepuos NpoBeaeHNHs IKCIEPHMEHTA iN Vitro B yciioBusix
OTCYTCTBHMSI KOPMJIEHHS PU TeMnepaType uHkyoauuu 8 °C

Tect
Manm- Tect
T'pymrst mean, % sd se (mean) cv Hpro-
po-—
MeHa
Yunka
LD 74,98 11,03 6,37 0,14 p>0,05
LED 74,57 12,29 7,10 0,16 p<0,05 | p>0,05
Kontpons 74,27 12,17 7,02 0,16 -

3.2.2. BiausiHUe ONTHYECKOTO U3JIy4eHHs] HU3KO0H HHTEHCHBHOCTH
HA JeKaTHYI0 CPeIHIOI0 BHIKHBAEMOCTH IMOPHOHOB M JIMYHHOK
panyskHoi ¢opesu B 3aBUCMMOCTH OT TeMIIEPaTyPHOI'0 peKuMa

HHKYyOammu

JIns OIleHKM BIUSHUS ONTHYECKOTO U3IYYEHHUS Ha AEKAJHYI0 TUHAMUKY
CpeaHel BEDKUBAEMOCTH YMOPHUOHOB U JINUMHOK PaayKHOH (openu B Tede-
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HHE SKCIIEpUMEHTA OCYIICCTBIILIN ITOCTPOSHHE OOOOIEHHON JIMHEHHOM
mozaenu GLM, koTopas uMmena cieayrolui BUI;

y= g‘l(z;ﬁ[r[] @

)

T1e Y U X; — OTKJIMK M HE3aBHCHMBIC TIEPEMEHHBIC;
Bi — KO3 PUIUMEHTHI PErpeccuy, HACHTUYHbIE KIACCHYECKON JTMHEHHOM
MOJIENH;
g(y') — npomsBonbHas (GYHKIHMS CBSI3H, MPeobpasyiowas pe3ylIbTar
BBIYMCIIEHHS JIEBOM YaCTH ypaBHEHHs B NPOTHO3ZMPYEMOE 3Ha-
YeHHe OTKJIHKA Y [24].

Jlnst BeIGopa Thna pyHknun GLM-MoAend Mbl CpaBHUIIM MEKILY co0O0i
JIBE BO3MOKHBIE MOJIEJIN U OLCHUIH MX 110 Beauanne AIC-kputepus. JIyu-
IIas MOJIENb COOTBETCTBOBAIA €ro MUHUMYMY [24]. Pe3yabTaTel mpeacTas-
neHsl B Tabm. 3.9.

Ta6auna 3.9. CpaBHeHHe MoJies1eil JeKaJHOIi cpeHell BLLKHBAEMOCTH IMOPHOHOB
U JIHYHHOK pajykHoii ¢opesn npu Temneparype unkyoanuu 12 °C no AIC-kpurtepuio

IIpo6wurt / In, an. Jlorur / In, au.
40,64 40,70

Onenka mo AIC-kputepuio TOKasajga, YTO MPUMEHEHHE MPOOUT-
(GYHKIMH OKa)KeTCs JIydlle.

Jlnsa aHanu3a BIMSHUS TUMA ONTHYECKOTO M3JIyYEHHs Ha AEKaJHYIO BBI-
KHMBAaEMOCTb TIpH TemrepaType uHKyoaruu 12 °C Mbl IOCTpOMIH MPOOUT-
MOJIETb JUIsl KaXKJOH HCCieayeMOol rpynmbl. Mbl HONTYyYHIN KO QHUIMEHTHI
HaKJIOHa WHIMBUIyalbHOU perpeccunt (Tabn. 3.10), ypaBHEHHS JTHHEHHBIX
MPOOUT-MO/IETICH, a TaKXKe MOKa3aTeu MoyaeTalbHbIX 103 (LDS50).

Ta6nuna 3.10. XapakTepucTHKH NPOOUT-MO/IeIeii AeKaHOM cpeHell BLIKHBAEMOCTH
IMOPHOHOB U JINYHHOK pajay:kHo# ¢openn npu Temnepatype unkydanuu 12 °C
B 32BHCHMOCTH OT THIA ONTHYECKOT0 H3JIyYeHust

Ipynma Koadpduument YpaBHeHHE TUHEHHO LD50
HaKJIOHA IpOOHT-MOACIH

KoHtpons 2,15 Probit(P) =-7,8 + 2,15 In(D) 38,83

LED 2,83 Probit(P) = -10,81 + 2,83 In(D) 45,29

LD 3,26 Probit(P) = -12,40 + 3,26 In(D) 44,48

Koa¢puunent HakiioHa ONMCHIBaET CKOPOCTh HapacTaHus dQdeKTa npu
YBEJIMYEHUH [TPOIOJDKUTENBHOCTH TOJI0/1aHusl (OTCYTCTBHS KOpMa), a HOJTy-
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JeTanbHas 1032 OIMCHIBACT CPEIHIOI IMPOJOJDKUTENFHOCTh TOJIOAAHHMS,
pu KoTopoM Habmonaercs rudens 50 % uccienryeMbIx SMOPHOHOB U JIH-
YMHOK paay>xHoH (opernu.

MBbI UCIIONB30BANIM AE€BUAHC-CTATUCTUKY JUISI CPAaBHEHHMS MTOCTPOEHHBIX
MoJieiell Ha X KaueCTBO, KOTOpas OCHOBBIBAJNACh HA METOJIE OLIEHOK Mak-
CHMaIbHOT0 mpasaonoxobus (tabm. 3.11).

Tabnuua 3.11. leBuanc-aHajau3 npoouT-Mo/eeii 1eKaJHoN cpeaHeii BLIKUBAEMOCTH
IMOPHOHOB U JINYHHOK pajay:kHo# (openu npu Temneparype unkydanuu 12 °C

Ne monenu Ocrarok Df OcraTok Df JleBuanc p-kpuTepuit
JICBHAHC
1 22 10.02 - - -
2 18 7.49 4 2.52 0,63

[Mpumenenne ¢yskuuu anova() B nporpaMmme R Ha OCHOBaHMH CpaBHe-
HUSI Ha pa3iuyusi OT HyJIS pasHOCTH jAeBuaHca npobur-mozenu (Ne 2) or
JIeBHaHCa HyJb-Mozenu 0e3 mpemuktopa (Ne 1) mokazano (tadn. 3.11), uto
BBe/ieHHE (DaKTOpa ONTHUYECKOTO U3JIyYSHHUS! B 3aBUCHMOCTD /1033 — 3P deKT
HE MMEEeT CTaTHCTHYECKH JOCTOBEPHBIX pasziIndyui (p-3HaYEHUE PaBHO
0,6399).

Ha puc. 3.5 npexacraBieHa nuHaMuKa JeKagHON CpemHed BBDKHBACMO-
CTH SMOPHOHOB M JIMYUHOK pagyKHOU (openn in Vitro B yCIOBHSAX OTCYT-
CTBHSI KOPMJICHHS B 3aBUCHMOCTH OT THIIA ONITHYECKOTO M3IYy4EHUs U IPO-
JIOJDKUTEIEHOCTH TOJIOAAHUS.

Kak BuanO u3 puc. 3.5, BRIpa)XXKEHHBIX Pa3IMIUi MEXAY HUCCIEAYSMbIMU
TpyNIaMu B JIMHUAX HE HaOmomanoch. ORHAKO IPU HOCTPOSHHUHU JIMHUU
NpoOUT-perpeccur ¢ y4eToM Kod3((HUIMEeHTa HAKJIOHA MOXKHO HaOII0IaTh
MMEIOLINECs pa3Ninuusl B UccienyeMbix rpynmnax (puc. 3.6). Tak, koaddu-
LIMEHT HAKJIOHa B KOHTPOJILHOI rpymie ObuT paBeH 2,15, Torna Kak B OMbIT-
ueix rpymnax (LED, LD) on coctaBun 2,83 u 3,26 COOTBETCTBEHHO, YTO
MIPEBBIIANIO KOHTpOJbHbIE 3HadeHus Ha 31,63 (B 1,31 paza) u 51,63 % (B
1,51 pasza) COOTBETCTBEHHO, T. €. B HCCIEAYEMbIX IPyIIax CKOPOCTh Hapac-
TaHus 3¢dekra ObLIa BHIIIE, O YEM CBHIECTEIBCTBYIOT O0OJIee KPYThIE JIMHUH
IPOOUT-PErpeccuH.

Crnenyer oTMmeTuth, uTo 3HadeHuss LDS50 B ombITHBIX rpymmax Obun
TaKkXKe BBHIIIC, 9YeM B KOHTpOJBHOW rpymme. Tak, 3Hauenne LD50 B koH-
TPOJBHOM rpymie 0bU10 paBHO 38,83 CYTOK, TOTIa KaK B OMBITHBIX TPYIIaxX
(LED u LD) stoT moka3arens coctaBmi 45,29 n 44,48 cyTok COOTBET-
CTBEHHO, YTO IIPEBHIINATI0 KOHTPOJIbHOE 3HaUYeHue Ha 16,64 u 14,55 % co-
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orBeTcTBeHHO. OJHAKO, KaK IOKa3ajd [eBHAHC-aHAJIH3, YCTAHOBJICHHBIC
pasznuuust 6butn HepoctoBepHbiMu [303, 310] (Tabu. 3.11).
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Puc. 3.5. Jlunamuka AekaJHOM CpeHEel BBDKMBAEMOCTH SMOPHOHOB M JIMINHOK DAy KHOM
thopenu in Vitro B yCIOBUSIX OTCYTCTBUSI KOPMIICHHS B 3aBUCUMOCTH OT THITA ONITHYECKOTO
U3ITy4€HUs. M IPOAOIDKUTENBHOCTH TOJIOJIaHMS IIPH TeMIiepaType HHKyOarmu 12 °C
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Puc. 3.6. JIuneiinble 3aBUCUMOCTH MPOOUT-3(dexTa rHden TMIUHOK pagyKHoU dopenu
in vitro ot norapudma aHeit OTCYTCTBHS KOPMa AJIs PA3IMYHbIX THIIOB OITHIECKOTO
U3IIy4eHUs IpH TeMiepatype nukyoauuu 12 °C
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Pesynbratel cpaBHeHUsI Mojened JIeKaAHOW CpelHEeW BBDKHUBAEMOCTH
SMOPHOHOB ¥ JIMYMHOK PaayXHOH Qopesn mpu Temneparype MHKyOaruu
11 °C no AIC-kputeputo npencrasieHs B Tadm. 3.12.

Tabnuna 3.12. CpaBHeHue MojieJIeii 1eKaHOIi cpeHell BhIZKMBAeMOCTH YMOPHOHOB
U JTUYUHOK PaaykHoii ¢opesn npu Temneparype unkyoauuu 11 °C
no AlC-kputepuio

IIpoodwurt / In, an. Jlorur / In, au.
64,73 62,48

Onenka o AIC-kpuTepuio nokasaia, 4To NPUMEHEHHE JIOTUT-QYHKIIMN
OKa)KeTCsI JydIlle.

Jlnsa aHanu3a BIMSHUS TUMA ONTHYECKOTO M3JIyUEHHs Ha AEKaJHYIO BBI-
KMBAaEMOCTh IIpH TemIieparype MHKyOaumu 11 °C MBI MOCTPOWIM JIOTHT-
MOJENb JUI KaXXJOH HCCIeayeMOr rpynmnbl. Mbl HOTydran KO3 GHUIMEHTH
HaKJIOHAa MHIUBUAyaTbHON perpeccun (Tabn. 3.13), ypaBHEHHS JTHHEHHBIX
JIOTUT-MOJEIeii, a TakKe IMOKa3aTeNr MoyJeTarsHBIX 103 (LD50).

Tabnuna 3.13. XapakTepucTHKH JIOTHT-MO/leJ1eli JeKaAHoli cpe/iHeli BLIKUBAeMOCTH
IMOPHOHOB U JINYHHOK pajay:kHo# ¢openu npu Temnepatype unkydanuu 11 °C
B 32BHCHMOCTH OT THIA ONTHYECKOT0 H3JTyYeHHUsI

Ipynma KoadpduuueHrt YpaBHeHHE TUHEHHOI LD50
HAKJIOHA JIOTUT-MOJIETN

KoHtpons 2,37 LogitP) =-9,11+ 2,37In(D) 46,29

LED 3,17 Logit(P) = -12,41 + 3,17 In(D) 49,91

LD 4,77 Logit(P) = -18,36 + 4,77 In(D) 46,74

Tabnuua 3.14. leBuanc-aHajau3 JOTUT-Mo/ie/Ieil 1eKaTHOI cpeHell BBIKMBAEMOCTH
IMOPHOHOB U JIMYHHOK pajay:kHoii (openn npu Temnepatype unkydanuu 11 °C

Ocratok .
Ne monenu Ocrarok Df JeBUAHC Df JleBuanc p-kpuTepuit
1 22 24,92 - - -
2 18 19,25 4 5,66 0,22

[Mpumenenne ¢yskuuu anova() B mporpaMme R Ha OCHOBaHMM CpaBHe-
HUSI Ha pa3iuyusl OT HyJIS pa3sHOCTH jAeBuaHca npobur-moxenu (Ne 2) or
JieBHaHca HyJab-Mozenu 0e3 npeaukropa (Ne 1) mokazano (tadiu. 3.14), uto
BBe/ieHHE (DAaKTOpa ONTHYECKOTO U3JIyYCHHUS! B 3aBUCHMOCTD /1032 — 3P deKT
HE UMEeT CTAaTHCTHYECKH JTOCTOBEPHBIX pa3nuunii (p-3HadeHue paBHo 0,22).

Ha puc. 3.7 npencrasieHa quHaMUKa CpeTHEH BRDKHBaEMOCTH dMOPHO-
HOB U JINYMHOK PagyXHO# (operu in Vitr0 B yCIOBHAX OTCYTCTBHS KOPM-

56



JICHUA B 3aBUCUMOCTH OT THIIA ONTHUYCCKOTO HU3JIIYYCHUSA U IMTPOJAOJIKUTECIIb-
HOCTHU TOJIOJaHHUs. BI)Ipa)KeHHI)IX pa3n1/1q1/1171 MEKIAY UCCICAYEMbIMU TPYyI-
I1aMH B JIMHHUAX HE Ha6H}O,HaJ'IOCI).
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Puc. 3.7. lunamuka nekaqHON CpeqHeil BBDKMBAEMOCTH YMOPHOHOB U JIMYMHOK PaTyKHOU
(openu in Vitro B yCI0BHSIX OTCYTCTBUsI KOPMIICHHS B 3aBUCUMOCTH OT THIIA ONITHYECKOTO
H3ITy9eHUs U MPOAOIDKUTENFHOCTH TONOAAaHHs IPU TeMIlepaType nuKyoaruu 11 °C

OpHako MpH MOCTPOCHUH JIMHUH JIOTUT-PETPECcCH ¢ ydaeToM Kodhdu-
IIMeHTa HAKJIOHA JUII KaXIOW MCCIeIyeMOM TPYIIBI MOXHO HAOIIOAATh
HMMEIOIINECs paziIndus B MccienyeMbix rpymmax (puc. 3.8). Tak, koadpdu-
IIUCHT HAKJIOHA B KOHTPOJIBHOI rpynme OblI paBeH 2,37, Toraa Kak B OTIBIT-
weix rpymnax (LED, LD) on cocraBuin 3,17 u 4,77 cOOTBETCTBEHHO, YTO
MIPEBBILIAN0 KOHTPOJbHBIE 3HaueHus Ha 33,75 (B 1,33 paza) u 101,26 % (B
2,01 pa3a) COOTBETCTBEHHO, T. €. B UCCICIYyEMbIX TPYIIIaX CKOPOCTh Hapac-
tanus d¢dekra ObliIa BhIIIE, O YEM CBHIECTEILCTBYIOT O0JIee KPYThIE JIMHUH
JIOTUT-PETPECCHH.

Crnenyer oTMeTHTh, 4TO 3HadeHuss LDS50 B ombITHBIX rpynmnax Obuin
TaKkXKe BBIIIC, 9YeM B KOHTPOJBHOW rpymme. Tak, 3Hadenne LD50 B koH-
TPOJBHOM rpymIe 0b110 paBHO 46,29 CyTOK, TOTIa KaK B OMBITHBIX TPYIIaxX
(LED u LD) stor moka3zarens cocraBwi 49,91 u 46,74 cytok cooTBer-
CTBEHHO, YTO MPEBBILIAIIO KOHTPOJbHOE 3HaueHue Ha 7,82 u 0,97 % coot-
BercTBeHHO. OIHAKO, KaK TOKa3al NeBHAHC-aHAJHN3, YCTAHOBICHHBIC Pa3-
nuust ObuTH HemocToBepHbiMu [303, 310] (Tabn. 3.14).
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Puc. 3.8. JIuneiinbie 3aBUCUMOCTH JOTUT-3(PheKTa THOey TMIMHOK PaJyKHOU (Gopern
in vitro ot sorapud)ma sHEN OTCYTCTBHS KOPMA [UIsl Pa3IHIHbIX THIIOB ONITHYECKOTO
H3ITydeHus IpH TeMmIeparype naKyOanuu 11 °C

PesynbraThl cpaBHEHHsT MOAeJeH JEKaJHOW CpelHel BBIKMBACMOCTH
SMOPHOHOB ¥ JIMYMHOK PaayXHOH Qopesn mpu Temneparype HMHKyOaruu
10 °C no AIC-kpureputo npeacrasieHs! B Tabu. 3.15.

Ta6nuna 3.15. CpaBHenue MojeJIeii 1eKaHOH cpefHeii BBIXKHBAeMOCTH YMOPHOHOB
M JTHYHHOK Pay:kHOii (hopesu npu Temneparype Hukyoanun 10 °C
no AlC-kputepuio

IIpo6ut / In, mH. Jlorur / In, aH.
65,53 64,22

Onenka o AIC-kpuTepHuio rokasaia, 4To NPUMEHEHHE JIOTUT-QYHKINN
OKaKETCsI JIydIIIe.

Jliist aHanM3a BIMSTHUS THIIA ONITHYECKOTO M3ITydECHUS Ha I€KaJHYIO BbI-
KHBAeMOCTh Ipu Temrieparype umHKyOanuu 10 °C MBI TOCTPOWIIN JIOTHT-
MOJIeNb U KaKIOH MCCleayeMoi Tpynnsl. B pe3ynpTate moydmmm Ko3¢g-
(¢UIMEeHTH HAKIOHA MHIMBHAYaTbHOHN perpeccun (tadm. 3.16), ypaBHeHUS
JMHEHHBIX JIOTUT-MOJETeH, a TakkKe II0Ka3aTesid IOIyJIeTalbHBIX 03
(LD50).
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Tab6auna 3.16. XapakTepHCTHKH JOTHT-MO/eIeii 1eKaHOM cpeHell BLIEKHBAEMOCTH
IMOPHOHOB U JINYHHOK pajay:kHo# (openu npu Temnepatype unkydanuu 10 °C
B 32BHCHMOCTH 0 THIIA ONITHYECKOTO M3/ Ty4eHHsI

r Koadpuunent YpaBHeHuUe TUHEHHOMN JTIOTUT- LD50
pymma HaKJIOHA MOJEIH
KoHtpons 1,83 Logit(P) =-7,01 + 1,83 In(D) 45,41
LED 3,82 Logit(P) = -15,73 + 3,82 In(D) 61,13
LD 3,13 Logit(P) = -13,02 + 3,13 In(D) 64,24

[Ipumenenne ¢pynknuy anova() B mporpamme R Ha OCHOBaHWHW CpaBHE-
HUS Ha pa3iddusi OT HyJIs Pa3HOCTH JIeBuaHca mpoOut-monmenu (Ne 2) or
JIeBUaHCa HyJb-Mojenu 0e3 npenukropa (Ne 1) mokaszano (tabim. 3.17), uto
BBeJIcHHE (DAKTOpa ONTUYECKOTO MU3JIYYCHUS B 3aBHCUMOCTH 71032 — 3 (dekT
HMMEET CTATUCTHYCCKH JJOCTOBEPHBIC pa3nuuus (p-3HaucHue paBHo 0,02).

Tabnuna 3.17. JleBuaHc-aHAIN3 JJOTUT-MO/1e1ell IeKaqHON cpe/iHell BLIKUBAeMOCTH
IMOPHOHOB M JMYMHOK Paay:kHoii popesin npu Temneparype unkyoauuu 10 °C

OcTartok .
Ne mogenu Ocrarok Df N Df JleBuanc p-kpuTepuit
1 22 24,15 — -
2 18 12,92 4 11,22 0,02

Ha puc. 3.9 npencrasiena tuHaMuKa cpeHel BEDKMBaEMOCTH dMOpHO-
HOB W JIMYMHOK pamy’kHO# (opesnu in VItro B yCIOBUSIX OTCYTCTBHS KOPM-
JICHUS B 3aBUCHMOCTH OT THITa ONTHYECKOTO M3ITYYCHHUSI W MPOTOIDKUTEIb-
HOCTH rononanms. Ha mpeacraBieHHOM pUCYHKE HAOMIOAAIOTCS Pa3IUIns B
TUHAAX Tpadrka MEKIY HCCIeTyeMBbIMU TPYIIaMH.

[Ipu mocTpoeHWH IHWHUHM JIOTHUT-PETPECCHH C Y4eTOM KO3 (HUIMEeHTa
HaKJIOHA MM KaXKIOW HCCIIeqyeMOW TPYIIBI MOXHO Tarkke HaOIIoAaTh
MMEIOLINECs pa3nyus B uccienyeMbix rpynmnax (puc. 3.10). Tak, koapdu-
LIMEHT HAKJIOHA B KOHTPOJBHOU rpynne coctaBui 1,83, Torna kak B OMBIT-
Heix rpymnax (LED, LD) on pasusics 3,82 u 3,13 cOOTBETCTBEHHO, UTO
MIPEBBIIANO0 KOHTPOJbHBIE 3HaueHust Ha 108,74 (B 2,08 paza) u 71,04 % (B
1,71 pa3za) COOTBETCTBEHHO, T. €. B HCCIEAYEMbIX IPyIax CKOPOCTh Hapac-
TaHu 3¢ dekra ObLTa BHIIIE, O YeM CBHUACTEIBCTBYIOT OoJiee KPYThIC INHUH
JIOTUT-PETPECCHH.
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Puc. 3.9. /lunamuka nekaqHoN cpeqHeil BBDKMBAEMOCTH YMOPHOHOB U JIMYMHOK PaTyKHOU
(hopenu in Vitro B yCI0BHUsIX OTCYTCTBUsI KOPMIICHHS B 3aBUCUMOCTH OT THITA ONITHYECKOTO
H3ITy9eHHs U IPOJOIDKHTENFHOCTH TOIOAAaHHs IIPU TeMIiepatype uukyoarmu 10 °C

Q
,E o ) S— Bce
z < _| === KoHTposb
=]
& _
= Q
> N
= v
=
[}
T _
£ o
s 9 |
=

f T T T T
20 25 30 35 40

In(QHw)

Puc. 3.10. JIuneiinple 3aBUCHMOCTH JIOTUT-3¢dekTa rHOenH JIMIMHOK pagyxKHOil hopenn
in vitro ot norapudma aHeit OTCYTCTBHS KOPMa IS PA3IMYHbIX THIIOB OITHICCKOTO
H3ITydeHus IpH Temieparype uakyoanuu 10 °C
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Cregyer OTMETHTh, 4TO 3HaueHHus LDS50 B OmBITHBIX rpymnmax ObLTH
TaKKe BBIIIE, YeM B KOHTpoJbHOW rpynme. Tak, 3Hauenue LD50 B xon-
TPOJBHOM Ipymnmne paBHANOCH 45,41 CyTOK, TOrja Kak B OIBITHBIX IpyIIax
(LED u LD) stoT moxasarens cocraBwi 61,13 u 64,24 cytok cooTBer-
CTBEHHO, YTO NPEBBIIIANO KOHTPOJIbHOE 3HaueHue Ha 34,32 u 41,47 % co-
OTBETCTBEHHO. Kak Moxa3an JeBHaHC-aHANM3, YCTAHOBJIECHHBIE pPa3INuUs
6buH moctoBepHbiMu [303, 310] (tabn. 3.17).

PesynbTarel cpaBHEHMS Mozened AEKaIHON CpelHEH BBIKHBAEMOCTH
SMOPHOHOB M JTMYWHOK PaXyKHOU (hOpeNd MpH TeMIeparype MHKyOalnu
9 °C mo AIC-kxpureputo peacTaBieHs! B Tabm. 3.18.

Ta6auna 3.18. CpaBHeHHe MoJeJIeii feKaHOM cpeHeli BBIKHBAeMOCTH IMOPHOHOB
M JIMYHHOK Pany:KHoii ¢opesn npu Temneparype nukyoamun 9 °C no AlC-kpurepuio

IIpoodwurt / In, an. Jlorut / In, .
77,53 74,43

Onenka o AIC-kpuTepHuio rokasaia, 4To NPUMEHEHHE JIOTUT-QYHKIIUN
OKa)KeTCsI JIy4IIle.

Jlist aHanM3a BIWSIHUS THIIA ONITHYECKOTO M3JIyYECHHUS Ha JIEKaJHYIO BbI-
KMBAaeMOCTh TIpH Temrieparype HHKyOammu 9 °C MBI MOCTPOWIM JIOTHT-
MOJIETIb JUIsl KaXKJJOH MCCleayeMOoi rpynmbl. Mbl HONTYyYHIN KO QHUIMEHTH
HaKJIOHa MHIWBUAyaTbHON perpeccun (Tabn. 3.19), ypaBHEHHS JMHEHHBIX
JIOTUT-MOJIEIeii, a TaKkKe IT0Ka3aTeNn MoyJeTarbHbIX 103 (LD50).

Ta6nuua 3.19. XapakTepuCTHKH JOTHT-MOJIe/Iei 1eKaHOH cpe/iHell BBIKMBAEMOCTH
MOPHOHOB M JUYHHOK Pajay:kHOii (popesn npu TemnepaType HHKy6auuu 9 °C
B 3aBHCHMOCTH 0 THIIA ONTHYECKOr0 H3JIyYeHHsI

Tpymna Koadpduuuenrt YpaBHeHHe THHEHHON LD50
HaKJIOHA JIOTHT-MOJIEIH

Koutpons 1,74 Logit(P) =-7,35+ 1,74 In(D) 67,15

LED 5,64 Logit(P) = -24,02 + 5,64 In(D) 70,44

LD 4,98 Logit(P) = -21,56 + 4,98 In(D) 75,68

[Ipumenenne ¢pynknum anova() B mporpaMMe R Ha ocHOBaHWH CpaBHe-
HUS Ha pa3iHdusi OT HyJIS Pa3HOCTH JIeBuaHca mpoOut-monenu (Ne 2) or
JeBHaHCca Hylb-Mozenu 0e3 npexukropa (Ne 1) moxazamo (tabum. 3.20), gto
BBeJIcHHE (DaKTOpa ONTHYECKOTO M3ITYUICHHUS B 3aBHCUMOCTH 1032 — 3 ekt
HMMEeT CTaTUCTHYECKH JOCTOBEPHBIe pa3nnuus (p-3HaueHue pasao 0,002).
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Tabnuua 3.20. leBuanc-aHaJu3 JOTUT-Mo/ie/I€eil JeKaTHOI cpeHell BBIKMBAEMOCTH
IMOPHOHOB M JINYMHOK PaaykHOii popesin npu Temneparype uukydauuu 9 °C

OcTartok N
Ne mogenu Ocrarok Df N Df JleBuanc p-kpuTepuit
1 25 34,59 — -
2 21 17,87 4 16,71 0,002

Ha puc. 3.11 npencraBieHa fHHAMHKA CPEIHEH BRDKHBACMOCTH SMOpH-
OHOB U JINYMHOK PayXHO# (opesu in Vitro B ycIOBUSIX OTCYTCTBHUSI KOPM-
JICHUS] B 3aBUCHMOCTH OT THIIa ONTHYECKOTO M3JIyYEHUS U TPOIOJIKUTEIb-
HOCTH rosiofanusi. Ha npencraBieHHOM pUCYHKe HAOIIOAIOTCS pa3innyus B
JIMHUSX rpaduKa MEXIY HCCIELyEeMbIMH IPYIIIaMH.

[lpn mocTpoeHUM JNHMHHUM JIOTUT-PErpeccMH C ydeToM Koddduumenra
HAaKJIOHA JUIA KaXIOW HCCIEeOyeMOil Ipynmbsl MOXHO Takke HaOIonaTh
HUMEIOIINECs PAa3NINIus B UccIexyeMbIx rpymmax (puc. 3.12). Tak, koadpdu-
LMEHT HAKJIOHA B KOHTPOJILHOU rpynne coctaBui 1,74, Torga Kak B OIBIT-
weix rpymmnax (LED, LD) on paBssuics 5,64 u 4,98 cOOTBETCTBEHHO, YTO
MIPEBBIIANO KOHTPONIbHBIE 3HaUeHUs Ha 224,13 (B 3,24 pa3a) u 184,57 % (B
2,84 paza) COOTBETCTBEHHO, T. €. B HCCIEAYEMBIX I'PYyIIaX CKOPOCTh Hapac-
Tanus 3¢dekra ObliIa BhIIIE, O YEM CBHICTENLCTBYIOT 00OJIee KPYThIe JIMHUH
JIOTUT-PETPECCUH.

100

B @ @
o o =]
L 1 L

BerkneaeMocts, %

]
o
L

0 10 20 30 40 50 60 70 80 90
Hun
| —8—Kontpoin—@- LED- & LDI

Puc. 3.11. lunamuka aexagHON CpeHEeH BBDKMBAEGMOCTH SMOPHOHOB M JIMIMHOK Py KHOM
thopenu in Vitro B yCIOBHSIX OTCYTCTBUSI KOPMIICHHS B 3aBUCUMOCTH OT THITA ONITHYECKOTO
H3ITy9eHus] U IPOAODKUTEILHOCTH TOJIOAAHUS IPH TeMIepaType HHKyOanun 9 °C
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Puc. 3.12. JIuneiinple 3aBUCHMOCTH JIOTHUT-3¢d)ekTa rudeny JINIMHOK pamgykHOi (hopenn
in vitro ot norapudma aHeit OTCYTCTBHS KOPMa IS PA3IMYHbIX THIIOB OITHIECKOTO
U3ITyYeHUs] IpH TeMIiepatype uHKyoOarmu 9 °C

Crnenyer oTMeTuTh, uTo 3HadeHuss LDS5S0 B ombITHBIX rpymmax Obuin
TaKKe BBIIIE, YeM B KOHTpoJbHOW rpynmne. Tak, 3Hauenue LD50 B xon-
TPOJIBHOI Tpymmne paBHsuIOCh 67,15 CyTOK, TOrAa Kak B ONBITHBIX TPYIIax
(LED u LD) stoT moxasarens cocraBuin 70,44 m 75,68 cyTok cooTBer-
CTBEHHO, YTO MPEBBIIIATIO KOHTPoJIbHOE 3HaueHue Ha 4,90 u 12,70 % coot-
BeTCTBeHHO. Kak mokasan neBnaHc-aHAIN3, YCTAaHOBJICHHBIE Pa3iandus Obl-
mu moctoBepusivu [303, 310] (Tabu. 3.20).

PesynbTarel cpaBHEHUs MoJeled AEKaIHON CpelHEH BBIKHBAEMOCTH
SMOPHOHOB M JTMYWHOK PaIyKHOU (hOperu MpH TeMmIeparype MHKyOalnu
8 °C mo AIC-kpurepuro mpeacTaBieHsl B Tadm. 3.21.

Ta6nuna 3.21. CpaBHeHHe MojeJIeii 1eKaIHON cpeHeli BBKHBAeMOCTH SMOPHOHOB
M JIMYHHOK Paxy:kHoii ¢opesn npu Temneparype nakyoamun 8 °C no AlC-kpurepuio

IIpoowurt / In, an. Jlorur / In, au.
73,78 71,89

Onenka o AIC-kpuTepuio rokasaia, 4To NPUMEHEHHE JIOTUT-QYHKIIMN
OKa)KeTCs JTydIle.

Jliist aHanM3a BIMSIHUS THIIA ONITHYECKOTO M3JIyYESHHUS Ha JIEKaJHYIO BbI-
KHBAeMOCTh TIpH Temreparype WHKyOammu 8 °C MBI TOCTPOWIIN JIOTHT-
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MOJETb JUIsl KaXXJOH HCCIeayeMOon rpynmbl. Mbl HOTyduau K03 GUIMEHTH
HaKJIOHA MHIMBHIYaJIbHOHM perpeccun (tadin. 3.22), ypaBHEHUs JIMHEHHBIX
JIOTHUT-MOJICIICH, a TAK)Ke MOKa3aTeln MotyJieTanbHbIX 103 (LD50).

Tabnuua 3.22. XapakTepuCTHKH JOTHT-MO/IeJIeil IeKaJHOl cpe/iHell BhIZKMBAeMOCTH
IMOPHOHOB M JIUYHHOK Paay:KHOIi (hopesn npu TemnepaType nHKy6amun 8° C
B 3aBHCHMOCTH OT ONITHYECKOT0 U3/ Ty4YeHHsI

Ipynna Koaddunuent YpaBHeHHE TMHEHHON LD50
HAKJIOHA JIOTHT-MOZCIH

KoHtpons 3,04 Logit(P) =-12,17+ 3,04 In(D) 54,16

LED 511 Logit(P) =-21,71+ 5,11 In(D) 69,74

LD 4,78 Logit(P) = -20,14+ 4,78 In(D) 67,16

[Mpumenenne ¢ynkuuu anova() B mporpaMme R Ha OCHOBaHMM CpaBHe-
HUSI Ha pa3iuyusl OT HyJIs pa3sHOCTH jAeBuaHca npobur-moxenu (Ne 2) or
JileBHaHca HyJb-Mojien 6e3 npenukTopa (Ne 1) mokasaino (tabm. 3.23), uro
BBe/ieHHE (DaKTOpa ONTHUYECKOTO U3JIyYSHHUS! B 3aBUCHMOCTb /1033 — 3P deKT
MUMEEeT CTaTUCTUYECKH JOCTOBEPHBIE paszinuus (p-3HaueHue pasuo 0,03).

Tabnuna 3.23. leBuaHc-aHAJIU3 NPOOUT-MO/eJlell 1eKaHOH cpe/Hell BLIKHBAEMOCTH

IMOPHOHOB M JIMYMHOK Paay:KHOii (popesin npu Temneparype uukydauuu 8 °C

Ne monenu Ocrarok Df OcraTok Df JleBuanc p-KpuTepuit
JICBHAHC
1 28 31,25 — -
2 24 21,12 4 10,13 0,03

Ha puc. 3.13 npencraBiena TMHAMUKa CpeHEN BEIKHBAEMOCTH dMOPH-
OHOB W JINYMHOK PagyXHOU (opeiu iN Vitro B yCIOBHAX OTCYTCTBUSI KOPM-
JICHUs] B 3aBUCHMOCTH OT THIIa ONTHYECKOTO M3ITyYEHUS] U TPOIOJIKHUTEIb-
HOCTH rojoxaHus. Ha mpezacTaBieHHOM pHCyHKE HaOIIOJArOTCSl HE3HAUH-
TEJIbHBIE PA3IHYMA B JINHAAX Tpaduka MEXIy HCCIIEAyEMBIMH IPYIIIAMH.

OpnHako MpH MOCTPOCHUH JIMHUH JIOTUT-PETPecCcHu ¢ ydeToM Kodhdu-
LMEeHTa HaKJIOHA JUIS KaKAOH HCCIIeAyeMOW TIpynmbl MOXKHO HaONIoIaTh
MMEIOLINECS pa3Inyusl B HccienyeMbix rpynmnax (puc. 3.14). Tak, koapdu-
LIMEHT HAKJIOHA B KOHTPOJBHOU rpynne coctaBui 3,04, Torga Kak B OMBIT-
Heix rpymnax (LED, LD) on paBnsics 5,11 u 4,78 coOTBETCTBEHHO, UTO
MIPEBBIIANIO0 KOHTPOJIbHBIE 3HaYeHus Ha 68,09 (B 1,68 paza) u 57,24 % (B
1,57 paza) COOTBETCTBEHHO, T. €. B HCCIEAYEMBIX IPYyIIIaX CKOPOCTh Hapac-
TaHus 3¢dekra OblTa BHIIIE, O YEM CBHIACTEIBCTBYIOT 0OJIee KPYThIE THHUH
JIOTUT-PETPECCUH.
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Puc. 3.13. [lunamuka aexa HON CpeHEeH BBDKMBAEGMOCTH SMOPHOHOB H JIMIMHOK Py KHOM
thopenu in Vitro B yCIOBHSX OTCYTCTBUSI KOPMIICHHS B 3aBUCUMOCTH OT THITA ONITHYECKOTO
H3IIy9eHUs] U IPOAOKUTEILHOCTU TOJI0aHUs IPH TeMIlepaType HHKyOanuu 8 °C
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Puc. 3.14. Jluneiinble 3aBUCHMOCTH JIOTHT-3(deKTa rHOeny IMIHHOK pamgyXKHOil dopenn
in vitro ot sorapud)ma gHel OTCYTCTBHS KOPMa [UTsl Pa3IHYHbIX THIIOB ONITHYECKOTO
U3ITy9eHus IpH TeMIepatype HHKyOanuu 8 °C
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Cregyer OTMETHTh, 4TO 3HaueHHus LDS50 B OmBITHBIX rpymnmax ObLTH
TaKKe BBIIIE, YeM B KOHTpoJbHOW rpynme. Tak, 3Hauenue LD50 B xon-
TPOJIbHOI rpyme OblIo paBHO 54,16 CYTOK, TOT/Ia KaK B ONBITHBIX TPyIIax
(LED u LD) sror mokasatens coctaBwi 69,74 u 67,16 cyTok COOTBET-
CTBEHHO, 4TO NPEBHIIIATI0 KOHTPOJIbHOE 3HaueHue Ha 28,77 u 24,00 % co-
OTBETCTBeHHO. Kak Iokasan aeBHaHC-aHAIN3, YCTAaHOBIICHHBIC Pa3JIMyuus
6bun mocroBepubiMu [303, 310] (Tabmn. 3.23).

3.2.3. BiusiHHe ONTHYECKOT0 U3JIy4eHUs] HU3KO0il HHTEeHCHUBHOCTH
HA HHAUBHUIYaJIbHOE BPeMs KU3HH SMOPHOHOB 1 JIMYHHOK
panys;kHoi ¢opeu B 3aBUCMMOCTH OT TeMIIEPaTyPHOI0
peskuMa HHKYOanumn

Pe3ynbraThl MCCIeNOBaHMS BIHMSHUS ONTHYECKOTO HM3JIydeHHUsS Ha MpO-
JIOJDKUTENBHOCTD JKU3HH 2/3 HccieyeMbIX SMOPHOHOB U JIMUUHOK payiK-
HOW (openu mpu Temiepatype uHkybarmu 12 °C npuseeHs! B a0, 3.24,
npu temmneparype 11 °C — B tabm. 3.25, mpu temneparype 10 °C — B
tabn. 3.26, npu temneparype 9 °C — B tabin. 3.27 u npu temnepatype 8 °C —
B Tabm. 3.28.

Ta6nuna 3.24. Bausinue jgasepnoro (LD) u ceeronuognoro (LED) ontuyeckoro
H3JIyYeHHsl KPacHOi 00J1aCTH CIIEKTPa Ha NPOAOJKATEIbHOCTD KH3HH 2/3 McesenyeMbIxX
IMOPHOHOB M JHYHHOK PAXY:KHOi (hopesn iN Vitro B yCJI0BHAX OTCYTCTBHSI KOPMJICHHSI
npu Temnepartype unky6anuu 12 °C

Teer Tect Tect
mean, Ilamm-
I'pymma o sd se (mean) cv Jlusu- Trio-
0 po- Ha KHn
Yunka
LD 38,3 17,4 10,0 0,4 p>0,05
LED 36,6 10,4 6,0 0,2 p>0,05 p>0,05 | p>0,05
KonTpons 37,6 17,9 10,3 0,4 -

Tabnuua 3.25. Bausinue nazepuoro (LD) u cBeroquognoro (LED) ontuyeckoro
H3JIyYeHHs KPAcHOii 00,1aCTH CIIEKTPa Ha MPOJA0/LKHTEIbHOCTD KH3HH 2/3 HcesieayeMbIxX
IMOPHOHOB M JTHYHHOK PAXy:KHOi (hopesn iN Vitro B ycI0BHAX OTCYTCTBHSI KOPMJICHHSI
npu Temnepartype nHky6amuu 11 °C

mean Teer Tect
I'pymma % ! sd se (mean) cv Hlammpo — Hotonena
Yunka
LD 53,6 3,0 1,7 0,1 p>0,05
LED 52,3 8,0 4,6 0,1 p<0,05 p>0,05
KonTponb 55,6 2,3 1,3 0,1 -
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Ta6nuua 3.26. Bausinue nazepuoro (LD) u cBeroquognoro (LED) ontuyeckoro
H3JIyYeHHs] KPacHOi 00J1aCTH CIIEKTPa Ha NPOAOJKHTEIbHOCTD KH3HH 2/3 McesenyeMbIxX
IMOPHOHOB M JHYHHOK PAXY:KHOi (hopesn iN Vitro B ycJIOBHAX OTCYTCTBHS KOPMJICHHSI
npu Temnepartype naky6amun 10 °C

Tect Teer
I'pymma mean, % sd se (mean) cv Hlammpo — HbtoMena
Yunka
LD 55,3 16,8 9,7 0,3 p>0,05
LED 62,6 6,3 3,6 0,1 p<0,05 p>0,05
KonTpons 46,6 24,0 13,8 0,5 -

Ta6nuua 3.27. Bausinue nazepuoro (LD) u cBeroquognoro (LED) ontuyeckoro
U3JIyYeHHs] KPAcHOii 00J1aCTH CIIEKTPa Ha MPOAO/LKHTEIbHOCTD KH3HH 2/3 HceaeayeMbIX
IMOPHOHOB M JMYHHOK Pajy KHOii Gopesn in Vitro B yC;I0BHSIX OTCYTCTBHSI KOPMJIEHHUS
NpH TemnepaTtype HHKy6amun 9 °C

Tect Teer
I'pymma mean, % sd se (mean) cv lampo — HbfocHa
Yunka
LD 65,0 8,5 4,9 0,1 p>0,05
LED 68,0 6,0 34 0,1 p<0,05 p>0,05
Kontpons 53,6 28,3 16,3 0,5 -

Tab6nuna 3.28. Bausinue gasepnoro (LD) u ceeroquognoro (LED) onruyeckoro
H3JIyYeHHsI KPAacHOi 00J1aCTH CIIEKTPa Ha MPOAOJLKATEIbHOCTD KH3HH 2/3 MccienyeMbIxX
IMOPHOHOB M JIMYMHOK Pajy’KHOM (hopen in Vitro B yCI0BHSIX OTCYTCTBHSI KOPMJIEHHS
npu Temnepartype unky6anuu 8 °C

r o Teer Tect Tect

pyrma mean, % sd se (mean) cv Hlanupo — Tusmia | Toroxn
VYunka

LD 71,6 9,2 53 0,1 p>0,05

LED 71,3 6,1 3,5 0,1 p>0,05 p>0,05 | p>0,05

KonTpons 66,6 6,1 35 0,1 -

W3 npencrasieHHbIx B Tadid. 3.24-3.28 pe3ynbTaToB BUAHO, YTO OITH-
YeCKOe M3JIy4eHHE OKa3blBaeT CTUMYJIMPYIOLIEE BIHMSHUE Ha IPOJOIDKH-
TEJILHOCTD XKHM3HHU 2/3 MccieayeMbIX SMOPHOHOB M JINYWHOK pajyHOU (o-
penm B YCIOBHAX OTCYTCTBHS KOPMIICHHS TIPH TeMmepaType nakydarmn 10,
9 u 8 °C. OgHaKo CTaTUCTHYECKH JOCTOBEPHBIX PAa3MUUNil HE OBLIO BBISB-
neHo. CrexyeT OTMETHTh, YTO JAHHBI IOKa3aTelb SBISETCS JOCTATOYHO
TpyOBIM 1 000OIIAIOIIMM, HE TTO3BOJIIOIINM OTPEACITHTh HHANBAAYAIbHBIC
nposiBiieHus. [ ycTpaHeHHs yKa3aHHOTO IapaMeTpUYecKOro HelOCTaTKa
MBI M3y4HJIM HHIUBHAYAJIbHOE BPEeMs )KU3HH JINYMHOK M SMOPHOHOB B Te-
YeHHEe IKCIIEPUMEHTA.
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PesynbTaThl MCCIICAOBAHMS BIMSHUS HAa WHANBHAYAIBHOE BPEMS JKH3HH
SMOPHOHOB U JIMYMHOK Pay’KHOU (hOpeNu MpH TeMIeparype MHKyOauu
12 °C npencrasnensl B Tadi. 3.29.

Ta6nuua 3.29. Bausinue nazepuoro (LD) u cBeroquoanoro (LED) ontuueckoro
H3JIy4eHHs] KPAcHOH 00J1aCTH CIIEKTPa Ha NPOA0JIKATEIbHOCTh HHIANBHAYAIBLHOIO
BpeMeHH KH3HH IMOPHOHOB H JHYHHOK PaxyKHoii (hopesu in Vitro B yciioBusx
OTCYTCTBMSI KOPMJICHHs NIPU TeMNepaType uHKyO0anuu 12 °C

Tect
r a mean, sd se oV n Iamupo — Tect Tect
pyn TTHA (mean) Jlusuna | TeioKH
Yunka
LD 46,0 20,1 7,1 0,4 8,0 p>0,05
LED 46,3 9,9 4,0 0,2 6,0 p>0,05 p>0,05 | p>0,05
KonTponb 43,0 8,71 3,29 0,2 7,0 -

JIyist HaXOKAEHUS BO3JICHCTBHSI ONTHYECKOTO M3ITydCHHS! HA MHAWBUY-
aNbHOE BpeMsl JKM3HU JIMYMHOK U YMOPHOHOB pajay>KHOH (hopesu Mbl CTpo-
WIN MOJIeJIb TPONIOPIMOHANBHBIX pUCKOB Kokca, a Takke MOJAENN YCKO-
penHoro BpemeHu AFT c ucnonb3oBaHuMEeM YeThIpeX BHJOB paclpejerne-
Huii: exponential, weibull, lognorm u loglogistic. Camas mydmiass MoJenb
OoTBeYasa MaKCUMyMy OILICHKM IpaBaonogoouss wiam MmuHumymy AlC-
kputepus. PesynpTartel TectupoBaHus Mojenu Koxca um Mmoneneit AFT
npencrasieHsl B Tada. 3.30.

Ta6nuua 3.30. Pesyabrarbl TecTupoBanus Mmoaean Kokca u moneneit AFT Biansinus
sgasepHoro (LD) u ceeronuognoro (LED) onTinyeckoro uzjy4eHusi KpacHoii odiactu
CIEeKTPa HA HHIAHBHIYATHLHOE BPEeMsl KH3HH IMOPHOHOB M THYHHOK PaLyKHOii (opesn
in Vitro B ycJI0BHSIX OTCYTCTBHUSI KOPMJIEHHSI IPH TeMmepaType uHKyoauuu 12 °C

Cpasnenue (koutpons / LED) | Cpasuenue (koHTposs / LD)
Monems logLik AIC logLik AIC
Cox —22,54 47,09 —27,08 56,16
Exponential —62,34 130,68 —71,95 149,91
Weibull —45,69 99,38 —60,80 129,61
Lognorm —47,23 102,46 —62,44 132,88
Loglogistic —47,03 102,07 —62,82 133,64

Kak BuaHO W3 mpezacraBieHHBIX B TabOn. 3.30 maHHbIX, Mojaenb Kokca
nmena MuHUManbHell AIC-kpurepuit, u3z moneneit AFT MuHuUManbHbBIN
AIC-kpurepuit nmena mMonens BeiiOymna (weibull). Pesynbrarsl npumene-
Hus mozenu Kokca amst onenku BnustHus cBetoauoanoro (LED) u nasepHo-
ro (LD) onTuyeckoro m3iydeHHs: KpacHOH 00acTy CHEeKTpa Ha WHIUBHIY-
aJBbHOE BpeMs KI3HH NP TemIieparype HHKyOammu 12 °C mpeacTaBieHb B
Tabmn. 3.31.
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Ta6nuna 3.31. Xapakrepucruka mojesu Kokca npu onenke BIMSIHUSI CBETOIHOTHOIO
(LED) u nazepuoro (LD) onTH4ecKoro uiy4eHusi KPacHoii 00,1acTH CrieKTpa
HA HHIUBHAYaIbHOE BpeMs *KH3HH IPH TeMnepaType HHKyb6anuu 12 °C

Tokaszarenu momenu Kokca
Cpasrenue | Kosguuu- | Kospduuuent | TecT oTHOLIE- Tecr
DY Jlorpanro-
by CHT MOJICIIH JeTepMHHA- HES IpaBaono- | Bas- o
BBIH TECT
(p-ypoBens) Jaggess nobus a
Kori 0,009 (makcu-
N 0,04 MaJIbHO BO3- _ _ _
Tpoib / (p=0,043) MOAKHELH = p=0,94 p=0,94 p=0,94
LED 0,969)
0,103 (makcu-
Kon- . MaJbHO BO3- _ _ _
Tpoms / LD 0,77 (p=0,20) MOSKHBLH = p=0,20 p=0,20 p=0,19
0,976)

B pesynbrate nmpoBeJEHHOTO aHaIM3a Mbl MOCTPOMIA MOJEIbHbIE KpHU-
BbIe (DYHKITMI HHAMBHIYaJIHHOTO BPEMEHH JKM3HH, TIOITy4YEeHHBIE U3 pacipe-
neneHus BeiiOymna mis Kakgoro THIIa ONTHYECKOTO M3IYYEHHUS, KOTOpPBIE

coBMelIeHsI ¢ KpuBbiME Karian — Maiiepa (puc. 3.15).
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Puc. 3.15. Kpussie Kaman — Maiiepa ¢ ucnonb3oBaHieM perpeccun BeiiOyiia
WH/MBUyaJIbHOTO BPEMEHH JKM3HU SMOPHOHOB M JINYMHOK payKHOH dopenn
in Vitro B ycioBHsiX OTCYTCTBHSI KOPMIICHHS [IPH Temiieparype uHkybarmu 12 °C
0T BIIMSTHUEM CBETOJMOIHOTO (@) U JTa3epHOro (6) ONTHYECKOTO M3y ICHHS
KpacHo# 00acTn crieKTpa
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Ha ocHOBaHWMM pe3ynbTaToB, NpuBEIeHHBIX B Tabm. 3.29-3.31 u Ha
puc. 3.15, ycTaHOBIIEHO, YTO ONTHYECKOE M3JIy4eHHEe KPAacHOM 00J1acTy CIieK-
Tpa He OKa3bIBAET BBIPAYKEHHOT'O U JIOCTOBEPHOT'O BIIMSHMS HAa UHIMBHUIyallb-
HOE BpeMsl JKH3HH SMOPHOHOB U JIMYHUHOK PaxyXHOH (openu in Vitro B ycio-
BUSIX OTCYTCTBHSI KOPMIICHUS TIpH Temrieparype uukyoaruu 12 °C.

PesynbraThl Mccne0BaHUs BIAMSHUS Ha MHAWBUIYaIbHOE BPEMS KH3HU
SMOPHOHOB ¥ JIMYMHOK PamyXHOH Qopesn mpu Temmeparype HMHKyOaluu
11 °C npencrasinens! B Tadur. 3.32.

Ta6nuna 3.32. Bausnue gazepuoro (LD) u ceeroqnonnoro (LED) ontuyeckoro
H3JIy4eHHsI KPAcHOii 00/1aCTH CIIeKTPa Ha MPOAOJLKATEIbHOCTh HHANBHAYAJIHHOTO
BpeMeHH KU3HI IMOPHOHOB U JIMYHHOK PaIy:KHOi (hopesn in Vitro B ycroBusix
OTCYTCTBHSI KOPMJIeHHs IPH TeMIepaType uuky6anuu 11 °C

Tect Teer
I'pynna mean, sd se (mean) cv n Manm- |-y ove-
ITHH po-— Ha
VYunka
LD 54,8 4,1 1,7 0,1 6,0 p>0,05
LED 51,1 11,0 3,7 0,2 9,0 p<0,05 p>0,05
KonTponb 46,5 13,3 47 0,3 8,0 -

PesynbTarel TectupoBanus Mmoaenu Kokca m moxeneit AFT npuBemneHb
B Tab. 3.33.

Ta6nuna 3.33. Pesyabtarbl TecTupoBaHus Mojean Kokca u moneneiit AFT Bansinus
sgasepHoro (LD) u ceeronuoanoro (LED) onTinyeckoro uzjiy4eHusi KpacHoii odiacTu
CMEKTPa HA HHAMBHAYAJIbHOE BpeMsl ’KH3HH SMOPHOHOB M JIMYMHOK Pajxy:KkHoi dopen
in Vitro B ycJI0BHSIX OTCYTCTBHUSI KOPMJIEHHS IPH TeMmepaTtype nHKyoauuu 11 °C

Mozens CpasHenue (kouTpoinb / LED) | Cpasuenue (koHTpous / LD)
LogLik AlC LogLik AIC
Cox -32,42 66,85 —24,95 51,91
Exponential -83,12 172,24 —68,74 143,48
Weibull —64,36 136,72 —50,37 108,75
Lognorm —48,57 147,95 —57,22 122,45
Loglogistic —48,71 143,63 —53,51 115,03

Kak BumHO W3 mpeactaBiieHHBIX B TaOm. 3.33 gaHHbIX, Monmenb Kokca
nMena MuHUMabHBIH AIC-kputepuii, u3 moneneid AFT MuHMMAabHBIN
AIC-kpurepuii nmena jorHopMansHas Mozens (lognorm).

Pesynbrarhl npumeHeHns Mojenu Kokca Juisi OLIEHKH BIIMSIHUSI CBETO-
muosanoro (LED) u nazeproro (LD) onTudeckoro u3inydeHus: KpacHOH 00-
JIACTH CIIEKTpa Ha MHIMBHAYaJIbHOE BPEMsl )KU3HH IIPH TeMIepaType MHKY-
6anuu 11 °C npencrasnensl B Ta0u. 3.34.
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Ta6nuna 3.34. Xapakrepucruka Mojesu Kokca npu onenke BIMSIHUSI CBETOIHOTHOIO
(LED) u na3epuoro (LD) onTH4ecKoro uiy4eHusi KPacHoii 00,1acTH CrieKTpa
HA HHIUBHAYaIbHOE BpeMs *KH3HH IPH TeMnepaType uHkyoanuu 11 °C

Ilokazarenu monmenu Kokca

CpaBHeHHE Koadduuu- Koadpduuumenr | Tecrt oTHOMmIE- Tect
Jlorpanro-
rpymnn CHT MOJICIIH JeTepMHHA- HUS paBpomno- | Baib- L TeCT
(p-ypoBeHb) LUK Jo6us za
0,119 (makcu-
Kon- MaIBHO BO3-
T|PiOEH|;/ 0,81 (p=0,14) MOAKHELH = p=0,14 p=0,14 p=0,13
0,981)
0,033 (maxcu-
Kon- MaJIbHO BO3- _ _ _
Tpoms / LD 0,38 (0,49) MOSKHBLH = p=0,49 p=0,49 p=0,49
0,973)

B pesynbraTe npoBeEHHOTO aHalW3a Mbl OCTPOMIIM MOJIENIbHBIE KPH-
Bble (DYHKIMI MHAMBUIYaJbHOTO BPEMEHM JXM3HHU, TOJIyYeHHBIE W3 JIOT-
HOPMaJIbHOTO pacIpesieNIeHus Ul KaXIO0ro THIA ONITHYECKOTO M3JTyYeHUs,
KOTOpbIE COBMEIIECHBI ¢ KpuBbIMHU Kartan — Maiiepa (puc. 3.16).

1.0

0.8

00 02 04 06

% BBDKUBIIHX JTHYHHOK

=== KOHTpOIb

20 40 60

80

T
100 120

Bpewms, cyTtkn

a

% BBDKHBIINX JTHYUHOK

1.0

00 02 04 06 08

-— | D

== KOHTPOIb

T T
0 20

40

60 80

Bpewmsi, cytku

T
100 120

Puc. 3.16. Kpussie Kaman — Maiiepa ¢ UCHOJIB30BaHHEM JIOTHOPMAIbHOW perpeccuu
MH/IMBH/yaJIbHOTO BPEMEHH JKH3HH SMOPHOHOB H JIMUMHOK PalyXHOi dopenu in vitro
B YCJIOBHSIX OTCYTCTBHS KOPMIICHUS TIpH TeMreparype nHkyOauuu 11 °C nox BimsHIEM
CBETOIMOIHOTrO (a) U J1a3epHOro (6) ONTUYECKOTO U3IIy4EHHs KPAaCHOW 00JacTH CIIEKTpa

Ha ocHoBanuu pe3ysibTaToB, mHpuBeAeHHbIX B Tabm. 3.32-3.34 u Ha
puc. 3.16, ycTaHOBIEHO, YTO ONTHYECKOE W3IYUCHHE KpacHOH obmacth
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CIEKTPa HE OKa3bIBACT BBIPAXKEHHOTO M JIOCTOBEPHOTO BJIMSHMSA HA MHIW-
BU/IyaJIbHOE BpPEMs JKM3HM OMOPHOHOB M JIMYMHOK DaayXHOH openn
in vitro B ycioBusix 0TCYTCTBHS KOpMIIeHHsI ipu Temmepatype 11 °C.

PesynbraThl Mccne0BaHUs BIMSHUS Ha WHAWBUYaIbHOE BPEMS JKH3HU
SMOPHOHOB ¥ JIMYMHOK PaayXHOH Qopesnn mpu Temmeparype HMHKyOaluu
10 °C npexcrasiens B Tabn. 3.35.

Ta6nuna 3.35. Bausinue gasepuoro (LD) u ceeroquognoro (LED) ontuyeckoro
H3JIy4eHHs] KPAcHOH 00J1aCTH CIIEKTPa Ha NPOA0JIKATEIbHOCTh HHANBHAYAILHOTO
BpeMeHH KU3HH IMOPHOHOB H JHYHHOK PaLyKHOii (hopeu in Vitro B ycoBusx
OTCYTCTBHSI KOPMJIeHHs IPH TeMmepaType uuky6anuu 10 °C

Tecr Lla-
I'pynmna mean, sd se cv n PO — Tecr
TTHA (mean) Heromena
VYunka
LD 62,7 11,4 47 0,2 6,0 p<0,05
LED 62,6 9,9 3,3 0,2 9,0 p<0,05 p<0,05
KonTpons 51,7 13,0 46 0,2 8,0 -

Pesynberarel TectupoBanus monenu Kokca n moxmeneit AFT mpexncras-
J1eHsl B Taba. 3.36.

Ta6nuna 3.36. Pesyabrarbl TecTupoBanus Mojean Kokca n moneneiit AFT Bansinus
nazepHoro (LD) u ceeronuognoro (LED) onTinyeckoro uzjiyueHusi KpacHoii od1acTu
CMEKTPa Ha HHAMBHAYAJIbHOE BpeMsl ’KH3HH SMOPHOHOB M JIMYMHOK Pajxy:KHO dopean
in Vitro B ycJI0BHSIX OTCYTCTBHUSI KOPMJIEHHS P TeMmepaTtype uukyoauuu 10 °C

Moxers Cpasnenue (kontposs / LED) | Cpasuenue (koHTposs / LD)
LogLik AlC LogLik AIC
Cox -217,20 56,40 —20,92 43,84
Exponential —85,79 177,59 —70,39 146,79
Weibull —62,21 132,43 —51,79 111,59
Lognhorm —69,95 147,91 —58,46 124,93
Loglogistic —66,37 140,75 —55,82 119,65

Kak BuaHO W3 mpeacTaBlieHHBIX B TaOim. 3.36 jgaHHBIX, Monenb Kokca
nMena MuHUMabHBIH AIC-kputepuii, u3 momeneid AFT MuHMMAabHBIN
AIC-kpurepuii umena mozens Beitbymna (weibull).

PesynbraThl npumeHenust Monenu Kokca Juisi OLIEHKH BIIMSIHHUSI CBETO-
muonnoro (LED) u nazepuroro (LD) onTudeckoro u3inydeHus: KpacHOH 00-
JIACTH CIIEKTpa Ha MHIMBHAYaJIbHOE BpEMsl )KU3HH IPH TeMIepaType MHKY-
oanuu 10 °C npencrasnensl B Taou. 3.37.
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Ta6nuna 3.37. Xapakrepucruka Mojesu Kokca npu onenke BIMSIHUSL CBETOJHOTHOIO
(LED) u nazepuoro (LD) onTH4ecKoro uiy4eHusi KPacHoii 00,1acTH CrieKTpa
HA HHAUBHAYaIbHOE BpeMs *KH3HH IPH TemnepaType uHkyb6anuu 10 °C

ITokazatenn monenu Kokca
CpaBHeHne Koaddumu- Koaddunuent Tect oTHOMIE- Tect
Jlorpauro-
rpynn EHT MOJIEITH JleTepMHHa- HUS IPaBJIOIIO- Bainsb- 5
BBIN TECT
(p-ypoBens) U nobus a
0,52 (makcu-
Kon- 2,95 MaJIbHO BO3-
Tﬁ);ﬂs / (p=0,006) MOHELH = p=0,0003 p=0,006 p=0,0003
0,981)
0,456 makcu-
Kon- _ MaJbHO BO3- _ _ _
Tpoms / LD 2,49 (p=0,02) MOSKHBLH = p=0,003 p=0,02 p=0,005
0,973)

B pesynbraTe npoBeNeHHOTO aHalW3a MBI OCTPOMIIM MOJIEJILHBIE KPH-
Bble (DYHKIMH WHIMBH/YaIbHOTO BPEMEHH JKU3HH, TIOJIyYEHHBIE U3 pacipe-
neneHust BeiOyma uis KaXJoro THIA ONTHYECKOTO M3JIyYeHHUs, KOTOpbIe
COBMeIIEHbI ¢ KpuBbiMM Karuian — Maiiepa (puc. 3.17).

Ha ocHoBanmm pe3ynsTaTtoB, mpuBeneHHBIX B Tabnm. 3.35-3.37 u Ha
puc. 3.17, ycTaHOBIEHO, YTO ONTHYECKOE H3IMyUCHHE KpPacHOW o0iacTh
CIHEKTPa OKa3bIBaeT BBIPAXCHHOE M JOCTOBEPHOE BIMSHWEC Ha WHIUBHIY-
AIBHOE BPEMsI J)KM3HH SMOPHOHOB M JIMYMHOK paxyXHO# dopenu in Vitro B
YCJIOBHSIX OTCYTCTBHSI KOPMJICHUS ITpu Temneparype unkyoanuu 10 °C.
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Puc. 3.17. Kpussie Kamunan — Maifepa ¢ ucrons3oBanuem perpeccuu BeiiGyina
HHINBULYaJIbHOTO BPEMEHH XXH3HH SMOPHOHOB U JIMYNHOK PaIyKHOI (openu in Vitro
B YCJIOBHSIX OTCYTCTBHS KOPMIICHUS TIpH TeMneparype uHkyOauuu 10 °C nox BIusHHEM
CBETOMOTHOTO (@) ¥ JIa3epHOro (6) ONTHYECKOTO U3Ty4eHHUsI KPACHOM 006JIacTH CIIeKTpa
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PesynbraThl UCCIEIOBaHUS BIMSHHUS Ha WHAWBUIYaIbHOE BPEMS KH3HU
SMOPHOHOB U JIMYMHOK PayKHOU (hOpeNu MpH TeMIeparype MHKyOaluu
9 °C mpencrapnensl B a0, 3.38.

Ta6nuua 3.38. Bausinue nazepuoro (LD) u cBeroquognoro (LED) ontuyeckoro
H3JIy4eHHsI KPAcHOH 00J1aCTH CIIEKTPa Ha NPOA0JIKATEIbHOCTh HHANBHAYAILHOIO
BpeMeHH KH3HH IMOPHOHOB H JHYHHOK PaLyKHOii (hopeu in Vitro B ycoBusx
OTCYTCTBHSI KOPMJIEHHS PU TeMIepaType uHKyoanuu 9 °C

Tect
Tect
mean, lamu-
I'pymma sd se(mean) cv n Herome-
JHA po - Ha
Yunka
LD 72,1 6,4 2,4 0,1 7,0 p<0,05
LED 70,3 54 1,8 0,1 9,0 p<0,05 p<0,05
Kontponb 56,7 16,7 5,6 0,3 9,0 -

Pesynperarel TectupoBanus moxennu Kokca n moxeneit AFT npuBeneHs
B Tabu. 3.39.

Tabnuua 3.39. Pesyabrarbl TecTupoBanus moaean Kokca u moneneii AFT Biansinus
snazepHoro (LD) u ceeronuognoro (LED) onTiuyeckoro uzjiyueHusi KpacHoii od1acTu
CIEKTpPa HAa HHAMBHAYAJIbHOE BpeMs KH3HH YMOPHOHOB M JINYHHOK Pajxy:KHOi dopein
in Vitro B ycJIOBHSIX OTCYTCTBHUSI KOPMJIEHHSI IPH TeMIepaType nHKyoauuu 9 °C

CpaBHeHUe CpaBHeHUe
Monenb (xouTposs / LED) (xouTpOsB / LD)
LogLik AlIC LogLik AIC
Cox -34,22 70,45 -28,51 59,03
Exponential —91,54 189,09 -81,21 168,43
Weibull 76,87 161,75 —69,43 146,87
Lognhorm -81,73 171,46 -73,29 154,58
Loglogistic —81,02 170,04 —72,96 153,93

Kak BumHO W3 mpeactaBiieHHBIX B TaOm. 3.39 nmannbIX, Monmenb Kokca
nmena MuHUManbHell AIC-kpurepuit, u3z moneneit AFT MuHUMAanbHBIN
AIC-kpurepuii nmena mozens BeitOynna (weibull).

PesynbraThl npumeHenus Monenu Kokca Juisi OLIEHKH BIIMSIHHUSI CBETO-
muonnoro (LED) u nazepuoro (LD) onTudeckoro u3inydeHus: KpacHOH 00-
JIACTH CIIEKTpa Ha MHIMBHAYaJIbHOE BpeMsl )KU3HH IIPH TeMIepaType MHKY-
6anuu 9 °C mpencrasienst B Tabdm. 3.40.
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Ta6nuna 3.40. Xapakrepucruka Mojesu Kokca npu onenke BIMSIHUS CBETOJHOTHOIO
(LED) un n1a3epHoro (LD) onTu4eckoro uy4eHusi KPacHoii 06.1acTH crieKTpa
Ha MHAMBHIYaJIbHOE BpeMsl KU3HU NIPU TeMnepaType uHkyoauuu 9 °C

Iokaszarenu mozenn Kokca
CpaBHeHne Koaddumu- Koaddunuent Tect oTHOMIE- Tect
Jlorpanro-
rpynn €HT MOJICIH JieTepMHHa- HHA npaBjono- | Baib- BB TeCT
(p-ypoBeHb) LUK Jo6us Ja
0,214 (makcu-
Kor= 1 11011 1,1011 | mamsho sos-
Tpous / R o p=0,03 p=0,03 p=0,03
LED (p=0,03) MOKHBIN =
0,982)
0,236 (maxcu-
Kon- _ MaJbHO BO3- _ _ _
Tpoms / LD 1,20 (p=0,04) MOKHLI = p=0,03 p=0,04 p=0,03
0,978)

B pesynbTaTe NpOBEJCHHOTO aHAIM3a MBI OCTPOMIN MOJEJbHBIE KpHU-
Bble (DYHKIMH WHIMBH/YaIbHOTO BPEMEHH JKU3HH, TIOJyYEHHBIE U3 pacipe-
neneHust BeiOyia uis KaXJoro THIA ONTHYECKOTO M3JIyYeHHUs, KOTOpbIe
coBMellieHbI ¢ KpuBbiMu Kamnan — Maiiepa (puc. 3.18).
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Puc. 3.18. Kpusslie Kamian — Maiiepa ¢ ucnone3oBaHueM perpeccun BeliOyiuia
MH/IMBH/yaJIbHOTO BPEMEHH JKH3HH SMOPHOHOB M JIMNUMHOK PalyXHOi dopen in vitro
B YCIOBHSIX OTCYTCTBHSI KOPMJICHHS IIPU TeMIiepaType nHKybaruu 9 °C mox BIHSHEEM
CBETOAMOIHOTO () U J1a3epHOro (6) ONTHIECKOro H3ITy4YeHHUs] KPACHON 00JIACTH CIEKTpa

Ha ocnoBanum pesynbraroB, npuBeneHHbIX B Ta0n. 3.38-3.40 u Ha
puc. 3.18, ycraHOBIEHO, YTO ONTHYECKOE HW3JIyueHHE KpacHOW 00iacTH
CIEeKTpa OKa3blBaeT JOCTOBEPHOE BIIMSHHE Ha HMHIUBHAYaJbHOE BpEMs
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KU3HU SMOPHOHOB W JINYMHOK paayXHON dopernn in Vitro B yciaoBusx oT-
CYTCTBHSI KOPMJICHHS TIPU TeMIiepatype nakyoaruu 9 °C.

PesynbTathl Ucce0BaHMS BIHUSHUS HA WHAUBUIYAILHOE BPEMs KU3HU
SMOPHOHOB U JIMYMHOK Pally>KHOW (hOpeNu MpH TeMIeparype MHKyOaluu
8 °C mpencrapnens! B a0, 3.41.

Ta6nuua 3.41. Bausnue aazepuoro (LD) u ceeroqnonnoro (LED) ontuyeckoro
H3JIy4eHHs] KPAcHOH 00J1aCTH CIIEKTPa Ha NPOJ0JKATEIbHOCTh
HHIUBHUIYAJHLHOT0 BPEeMEHH KU3HH YMOPHOHOB M THYHHOK PaIyKHOii dopesn in vitro
B YCJOBHSIX OTCYTCTBHSI KOPMJIEHHS IPH TeMIiepaType HHKyOauuu 8 °C

Tect
I'pymmna mean, sd se cv n lammpo — Teer
TTHA (mean) Heromena
VYunka
LD 81,0 2,8 1,3 0,0 5,0 p<0,05
LED 78,9 1,1 0,4 0,0 7,0 p<0,05 p<0,05
KonTpons 63,9 17,9 6,3 0,3 8,0 -

Pesynbratsl TecTupoBanus moaenu Kokca u mozneneit AFT npuBeneHsl
B Tabu. 3.42.

Tabnuna 3.42. PesyabTaTbl TecTUpoBaHus Mojen Kokca n moaeneiit AFT Bansinus
sa3epHoro (LD) u ceetopuoanoro (LED) onTuyeckoro u3iyuyeHust KpacHoi 061acTu
CMEKTPa Ha HHAMBHAYAJIbHOE BpeMsl ’KH3HH SMOPHOHOB M JIMYMHOK Pajxy:KHOU dopesn
in Vitro B ycJI0BHSIX OTCYTCTBHUSI KOPMJIEHHS IPH TeMIepaType HHKy6auuu 8 °C

CpaBHeHue CpaBHeHue
Moguenb (konTpois / LED) (koHTpOIB / LD)
LogLik AlC LogLik AlC
Cox —24,29 50,59 18,64 39,29
Exponential 78,82 163,65 —68,22 142,45
Weibull -57,00 122,00 -50,83 109,66
Lognorm —65,78 139,56 -57,80 123,61
Loglogistic —60,75 129,50 —54,08 116,17

Kak BuaHO W3 mpeicTaBieHHBIX B TabOn. 3.42 nmaHHbBIX, Mojenb Kokca
nMena MuHUMabHBIH AIC-kputepuii, u3 momeneid AFT MuHMMAaIbHBIN
AlC-kputepuit umena monens Beitbymma (weibull).

Pesynpratel nmpuMenerns monenu Kokca Uis OEHKH BIUSHHS CBETO-
muogHoro (LED) u mazeproro (LD) onTtrdeckoro m3imydeHHUs] KpacHOH 00-
JIACTH CIIEKTPa Ha HHAMBHIYaJTbHOE BPeMs )KH3HHU IIPH TeMIIepaType WHKY-
6anuu 8 °C mpencrasieHs! B Tadm. 3.43.
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Ta6nuna 3.43. Xapakrepucruka Mojesu Kokca npu onenke BIMSIHUSI CBETOIHOTHOIO
(LED) u nazepuoro (LD) onTH4ecKoro uiy4eHusi KPacHoii 00,1acTH CrieKTpa
HA HHIUBHAYaJIbHOE BpeMs *KH3HH IPH TeMnepaType HHKy6anuu 8 °C

Ilokazarenu monmenu Kokca

CpaBHeHHE Koadduuu- Koadpduuumenr | Tecrt oTHOMmIE- Tect
Jlorpanro-
rpymmn CHT MOJICIIH JeTepMHHA- HUS paBpomno- | Baib- Lt TeCT
(p-ypoBeHb) LUK Jo6us za
0,381 (makcu-
Kon- 1,61 MaJIbHO BO3-
T|PiOEH|;/ (p=0,007) MOSKHLLH = p=0,007 p=0,007 p=0,004
0,976)
0,451 (maxcu-
Komn- 1,93 MAaJIbHO BO3- _ _ _
tpons / LD (p=0,008) MOKHBIH = p=0,005 p=0,008 p=0,004
0,969)

B pesynbraTe npoBeNeHHOrO aHaiu3a Mbl OCTPOMIIM MOJIENIBHBIE KPH-
Bble (DYHKIMI WHIMBH/YaIbHOTO BPEMEHH JKU3HH, TIOJyYEHHBIE U3 pacipe-
neneHus BeilOyiuia Ui KakIoro TUIa ONTHYECKOTO U3JIy4EeHHs, KOTOpHIE
coBMeIIeHbI ¢ KpuBbiME Karian — Maiiepa (puc. 3.19).
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Puc. 3.19. Kpussie Kamman — Maiiepa ¢ ucnons3oBaHueM perpeccun BeiiOyiuia
MH/IMBH/yaJIbHOTO BPEMEHH JKH3HH SMOPHOHOB M JIMUMHOK PalyXHOM dopein in vitro
B YCIOBHSIX OTCYTCTBHSI KOPMIICHHS IIPU TeMIiepaType uHKyOaruu 8 °C 1oz BIHSHEEM

CBETOIMOIHOTrO (a) U J1a3epHOro (6) ONTUYECKOTO U3IIy4EHHs KPAaCHOW 00JacTH CIIeKTpa

Ha ocHoBanuu pe3ysibTaToB, mNpuBeleHHbIX B Tadm. 3.41-3.43 u Ha
puc. 3.19, ycTaHOBJEHO, YTO ONTHYECKOE H3IIydeHHWE KpacHOW obnactu
CIEKTpa OKa3blBACT JOCTOBEPHOC BIUSHHE HA WHIMBUAYalbHOC BpeMs
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KU3HU SMOPHOHOB H JIMYMHOK PaxyXHOH (opemnu in Vitro B ycmoBusx ot-
CYTCTBHSI KOPMJICHHS TIPU TeMIiepaType nakyoarmm 8 °C.

Kak moka3zanu HamM Hcciie/I0BaHHs, TEMIIEPAaTYPHBIH PEXUM WHKyOa-
LIMH CIIOCOOEH OKa3bIBaTh BIMSHKE Ha BEJIMYHMHY CTUMYIHpYromero ¢dek-
Ta onrudeckoro m3nydeHnus (tabm. 3.44-3.49, puc. 3.20-3.23). Hampumep,
3HAUEHMsl MHIMBUAYaJHHOTO BPEMEHHM JXM3HHM B KOHTPOJILHOH Ipymme ¢
MOHIDKEHUEM TEeMIIepaTypbl yBeauuusaiuch (tadin. 3.44), omHako pocrto-
BEpHBIC pAa3NW4MsA OBUIM BBIABICHBI TOJNBKO B OIHOM CpaBHEHHH
(ta6u. 3.45). [ToHmxeHHE TeMIIEpaTyphbl BOJBI B OMBITHBIX TPYyINax, HA KO-
TOPBIX BO3/IEHCTBOBAIN ONTHYECKUM H3JTyYeHHEM, TPUBOJIUIO K OoJiee BbI-
COKHM pa3Nu4usIM MEXIy HCCIEIyeMbIMH TEMIEPAaTypHBIMH pPEXHMaMu
(taGu. 3.46, 3.48, puc. 3.21). Tak, Mpu CpaBHEHUH PE3yIbTATOB WHIHUBUILY-
aNbHOM BBIXXMBAEMOCTHU B OIBITHBIX I'PYMIAaX, HA KOTOPBIX BO3JeiiCTBOBANIU
LED u LD onTryeckuM H3IyYeHHEM HAOIIOAANOCh 10 ISTh JOCTOBEPHBIX
pa3iHumii B cpaBHUBAaeMBIX rpymmax (tadum. 3.49), a BenWdnHA CTUMYIHPY-
toriero 3¢dekra mmensiack ot 7,7 u 7,0 % mis LED u LD usnydenus
COOTBETCTBEHHO NpH Temneparype Boasl 12 °C, no 23,4 n 26,8 % — s
LED u LD wusnyuyeHuss COOTBETCTBEHHO Mpu Temmeparype Boasl 8 °C
(puc. 3.21).

Kak ormeuaer Hoeukoe [11], B mpenenax OonTHMaabHOrO AWAma3oHa
CYIIECTBYET CTpOTasi 3aBHCUMOCTh KOJMYECTBA HOPMAJIBHO PA3BUTHIX BBI-
JYMUBIINXCS 3apOABIIIEH OT TeMIepaTypsl, IPU 3TOM, KaK MOKa3aly HaIll
JTaHHbIE, B MpefesaX MCCIeIyeMOro ONTHMAJIbHOTO TeMIIEpaTypHOIro Jua-
ma3oHa, HanOoJiee ONTHMAaIbHOHN OKa3arack Temmepatypa 8 °C, o 4eM CBH-
JIETEJILCTBOBANIM PE3YNIbTaThl CPEAHEH BBDKHBAEMOCTH, MHAWBUIYAIHHOTO
BpeMeHu xku3Hu U T. 1. [303].

B mepron sMOpnoHanbHOTO pa3BUTHS PHIO JEHCTBHE TeMIIEpaTypHOTO
(axTopa BBIpaXKaeTCs IPEXKJIE BCETO B M3MEHEHHSX CKOPOCTH Pa3BUTHS.
[loBrIeHne TemmepaTrypbl WHKyOarMu B TpeAesiaX «HOPMBI» BBI3BIBAET
COKpalleH!e MPOI0DKUTEIBHOCTH SMOPHOHAIBHOTO TIEPHO/IA KaK B LIEJIOM,
TaK W OTAEIBHBIX ero 3TanoB. Hampumep, y ceMru npu MHKyOaIuy HKphI B
nuamna3zoHe temmeparyp oT 1 1o 12 °C B 3aBHCHUMOCTH OT BBIOpaHHOU TeM-
mepaTypsl CKOPOCTh 3MOPHOHANBHOTO Pa3BUTHA IMOBBIMAETCS B 2—4 pasza
[14, 11].

ITo mamubpiM B. lomoBanoBa u T. Banronena [3], nuHamuka rpaHuil
TEPMOYCTOHYNBOCTH IMOPHUOHOB U JINUUHOK Pay’KHOI (hopenu cocTaBisier
8-18 °C ¢ ontumymom 6—12 °C, T. e. TeMIepaTypHBIi ANUaNa3oH, UCIIOIb3Y-
eMBIif B Hamux ucciegoBanmsax (8—12 °C), Haxoauics B mepenenax OnTH-
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MaJbHOTO JHAaIa3oHa, a HaO0MaeMbIi CTUMYIUPYIOMHH 3P dekT He ObLT
pE3yJIbTATOM OTKJIOHEHHs YCJIOBHH BBIpAIIMBAHUS OT HOPMBL B 3amuty
TOTO, YTO HA BEIMYMHY CTHUMYJIHMPYIOIIETo 3P QeKTa Ja3epHOro U3IydeHHs
OKa3bIBAJIO BJIMSHHE TEMIlepaTypa BOJbL, a He ynydlleHue (yXyAILICHHE)
ONTHMAJIBHBIX YCJIIOBHH BBIPAIIBAHUs, CBUAETENLCTBYET (pakT mepecuera
pe3yIbTaTOB HHAMBUIYAIHHOTO BPEMEHH KU3HH B rpaxyco-aau [303].

Kax u3BecTHO [276], TepMUH «Tpagyco-IHI» LMIHPOKO HCIOJIB3YETCS B
MPAKTUKE UXTHOJOTHUH M aKBaKyJIbTYPHI A OLEHKH IPOJOIDKUTEILHOCTH
SMOPHOHAILHOTO Pa3BUTHS PHIO M OINperessieTcsl Kak NpOU3BEACHHE Cpeji-
Hell TeMIiepaTypbl BOABI Ha KonndecTBo auei [303].

Kak mokaszamm Hamm pacdersl (puc. 3.22), MHONBHIyaTbHOE BpEeMs
KWM3HU B KOHTPOJIBHOM TPYIIIE BO BCEX MCCIECAYEMbBIX TEMIIEPATYPHBIX pe-
XKHUMax HaXOIUTCS Ha OJHOM ypoBHe u BapeupyeT oT 511,0 no 516,0 rpany-
co-nHel. B ONBITHBIX HMcciIeoyeMbIX TpyNIax HaO0Aanoch yBETHUCHHE
WHJIMBHUIYaJIbHOTO BPEMEHH JKH3HHM, BBIPAXKa€MOE B IpajyCco-IHAX B 3aBH-
CHUMOCTH OT TeMIepaTypsl Bojibl. Tak, B ONBITHOW TPYyIIIE, HA KOTOPYIO BO3-
nerctBoBasin LED u3nydeHueM, NPOAOIKUTENBHOCTh WHAWBHIYAIBHOTO
BpEMEHU JKU3HM yBenuuuBaiach oT 556,0 rpamyco-aHel npu TeMieparype
12 °C o 633,0 u 630,8 rpagyco-aneit mpu Temmnepatype 9 u 8 °C cooTBeT-
CTBEHHO. B ONBITHOH rpymme, Ha KOTOPYIO Bo3aeicTBoBaiu LD usnydyenu-
€M, IIPOJOJDKUTENBHOCTh WHAMBHUIYATEHOTO BPEMEHH JKHU3HH YBEIMIHBA-
nack ot 552,0 rpanmyco-nHei npu temneparype 12 °C mo 649,28 u 648,0
rpaayco-anei npu tremmepatype 9 u 8 °C coorBerctsento [303].

Crenyer OTMETHTH, YTO BIHMSHHE TEMIEPaTypbl Ha CTHMYJIHpYIOIIEe
BIIMSHUE ONTHYECKOTO M3IydCHUs HaOIofanock npu aHamnse sddexra
uccieayeMoro Gaktopa Ha KO3(QQUIMEHT yria HAKJIOHA ASKaIHOU CpeaHen
BBDKMBAE€MOCTH 3MOPHOHOB M JHYMHOK panyxHoit ¢dopemu (puc. 3.23).
ITpu cHIDKEHNU TeMIepaTypbl WHKYOAIlMM M BBIPAIIMBAHUS SMOPHOHOB U
JUYMHOK payHOH (hOopen MPOUCXOAUT YBEIUUSHHE CTUMYJIUPYIOLIETO
3¢ deKTa ONTHIECKOT0 M3Iy4YeHUs Ha KO3()(UIMEHT yriia HakJIOHA JIMHUA
perpeccuu JIeKajHOH BBIKMBAEMOCTH, JIOCTHTass MAaKCHMAJIbHBIX 3HAYEHHH
npu temmepatype 9 °C, mpeBblmas KOHTpOJbHBIE 3HaUeHus Ha 124,13 %
st LED usnyuenuns u Ha 86 % — st LD usiyuenus [303].
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Ta6nuua 3.44. I3MeHeHHe HHANBHAYAIBHOTO BpeMEHH sKU3HN YMOPHOHOB M INYHHOK
paay:kHoii opesn in Vitro B KOHTPOJILHOIi IPyINe B YCJIOBHSIX OTCYTCTBUSI KOPMJIEHHSI
B 3aBHCHMOCTH OT TeMIIePATypPbl HHKYOAIUH

Tect anupo —
I'pymma mean, JTHH sd se (mean) cv n Vika
KonTpois, 12 °C 43,0 8,71 3,29 0,2 7,0
Kontpois, 11 °C 46,5 13,3 47 0,3 8,0
KonTpois, 10 °C 51,7 13,0 46 0,2 8,0 p<0,05
Konrpois, 9 °C 56,7 16,7 5,6 0,3 9,0
KonTpois, 8 °C 63,9 17,9 6,3 0,3 8,0

Tabnuua 3.45. Pe3yabTaThl OLEHKH CTATHCTHYECKOIi JOCTOBEPHOCTH PA3JIMYHIi
TectoM Hblomena — Keiiiica Meskay uccieayeMbIMH KOHTPOIbHBIMH IPYNIIAMU
NIPH Pa3JMYHBIX TEMIEPAaTYPHBIX PeKHMAX

KonTpois, KonTpois, KonTpois, KonTpois,
[pymmet 12130 1 1[‘)’c 10[‘)’c 9 ?c
KonTpois, 12 °C - - - -
KonTpois, 11 °C p>0,05 - - -
Konrpois, 10 °C p>0,05 p>0,05 - -
KonTpois, 9 °C p>0,05 p>0,05 p>0,05 -
Konrpous, 8 °C p<0,05 p>0,05 p>0,05 p>0,05

Ta6nuna 3.46. A3MeHeHHe HHANBHAYAIBHOTO BpeMEHH sKU3HA IMOPHOHOB M IHYHHOK
pany:kHoi dopesn in vitro, Ha KoTopbIx Bo3aeiicTBoBaan LED usayuyeHusiM B ycJ10BUsIX
OTCYTCTBHSI KOPMJIEHHS B 3aBHCHMOCTH OT TeMIePaTypbl HHKY0anuu

I'pymmst mean, JHI sd se (mean) cv n | Tecr llanmupo — Yunka
LED, 12°C 46,3 9,9 4,0 02 | 60
LED, 11 °C 51,1 11,0 3,7 0,2 |90
LED, 10°C 62,6 9,9 33 02 |90 p<0,05
LED, 9°C 70,3 54 18 01 |90
LED, 8 °C 78,9 11 04 00 |70

Ta6nuna 3.47. Pe3yabTaThl OLEHKH CTATHCTHYECKOH JOCTOBEPHOCTH Pa3Inynii
Tecrom Hbromena — Keiisica Meskay ncciieyeMbIMH rpyninaMH, Ha KOTOPBIX
Bo3eiicTBoBaan LED u3yvyeHneM npu pasin4HbIX TEeMIIEPATYPHBIX peKAMAaX

Tpynma LED, 12°C LED, 11°C LED, 10°C LED, 9°C
LED, 12°C = = = -
LED, 11°C p>0,05 = = =
LED, 10 °C p>0,05 p>0,05 - -
LED,9°C p<0,05 p<0,05 p>0,05 =
LED, 8°C p<0,05 p<0,05 p<0,05 p>0,05
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Tab6nuna 3.48. U3MeHeHHe HHAUBHIYAIBHOI0 BpeMEHH KH3HH YMOPHOHOB H THYHHOK
pany:kHoi ¢opesu in vitro, Ha KoTopbIX Bo3eiicrBoBain LD n3iiydeHneM B yCJI0BHIX
OTCYTCTBUSI KOPMJIEHHS B 3aBHCHMOCTH OT TeMIEPaTypbl HHKYOauuu

Tect

I'pynna mean, IHU sd se (mean) cv n | Mlamupo —

Yunka
LD, 12°C 46,0 20,1 71 0,4 8,0
LD, 11°C 54,8 4,1 1,7 01 6,0
LD, 10 °C 62,7 11,4 4,7 0,2 6,0 p<0,05
LD, 9°C 72,1 6,4 24 01 7,0
LD, 8 °C 81,0 2,8 1,3 0,0 5,0

Tabnuna 3.49. Pe3yabTaTbl OLEHKH CTATUCTUYECKOI JOCTOBEPHOCTH Pa3IMuMii
TectoM Hbromena — Kefisica Mexkay McceyeMbIMHU FpyNinaMM, Ha KOTOPBIX

Bo3zeiicTBoBau LD u3iryueHueM npu pasjiu4HbIX

TeMIepaTyPHbIX pe;KHMAX

['pynmna

LD, 12°C

LD, 11°C

LD, 10°C

LD, 9°C

LD, 12°C

LD, 11°C

p>0,05

LD, 10°C

p>0,05

p>0,05

LD, 9°C

p<0,05

p<0,05

p>0,05

LD, 8°C

p<0,05

p<0,05

p<0,05

p>0,05
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Puc. 3.20. /lunamMuka HHAUBHIYaIbHOIO BPEMEHHU XU3HHU (CYT) SMOPHOHOB U TUIHHOK
pamyxHoit hopenu in Vitro B yCIOBHSX OTCYTCTBHSI KOPMIICHHS B 3aBUCHMOCTH OT THIIA
ONTHYECKOTO M3JIy4CHHS U TEMIICPATYPhl BOJBI
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Puc. 3.21. lunamuka crumynupytoniero 3¢ dexra LED u LD ontudeckoro usmydeHus

Ha UHMBH/yalIbHOE BPEMS )KM3HH YMOPHOHOB M JIMYMHOK paayXHOi dopen in vitro
B YCJIOBHSIX OTCYTCTBHS KOPMJICHHUS B 3aBUCHMOCTH OT TEMIIEPATyPhl BOJIBI
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Puc. 3.22. JIlunamMuka MHANBUIYAILHOTO BPEMEHH KU3HH (Tpasyco-IHH) SMOPUOHOB
U JINYMHOK PaIy’XKHOM (opein in VItro B yCIIOBHUsAX OTCYTCTBHSI KOPMIICHHUSI B 3aBUCHMOCTH
OT THITA ONTHYECKOTO M3IyUEHHS ¥ TEMIIEPATYPHI BOJIBI
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Puc. 3.23. [lunamuka crumynupytouiero 3¢ dexra LED u LD ontrdeckoro uany4eHus
Ha K03 HIMEHT yria HAKIIOHA JINHUH JIOTUT-PErPECCUH IEKAIHOM CPeHEl BBDKHBAEMOCTH
9MOPHOHOB ¥ JINYHHOK PayKHOH (opei in Vitro B yCIOBHAX OTCYTCTBHS KOPMIICHHS
B 3aBHCHMOCTH OT TEMIIEPATYPbI BOJbI

Kax mokasamu nccienoanusi Hopukosa [11], moHmwKeHne TeMmeparypal
WHKYOAIMy MKpHI B TIpeieinax ONTUMAIbHBIX 3HAYEHWI MPHUBOAWIO K BBI-
JMYTUICHUIO JINYMHOK ¢ O0bIIei OeTKOBOH, a TakKe TMIHIHONW M YTIEBOA-
HOW Maccoi Tena. ITO MOXKET OOBSICHAThH MOMYYCHHBIC PE3YIIbTAThl HAIIIMX
UCCIICIOBAHMM, TAK KaK OJIMH U3 MEXaHU3MOB JICHCTBHUS ONTUYECKOTO H3ITy-
YeHUS Ha OMOJOTMYCCKHE CUCTEMBI 3aKIFOYAaeTCs B OPHCHTAIIMOHHOM JICHi-
CTBUH H3ITyYCHHS, UHIYIUPYIOIIEM U3MEHCHHE MPOCTPAHCTBEHHON CTPYK-
Typbl KOMIIOHCHTOB KJIETKH, OTBETCTBEHHBIX 3a PETyIIUI0 METaboInye-
ckux nporeccos [303].

PesynbraThl HaIWX WCCIIEAOBAHWHA COTJIACOBBIBAIOTCS C Pe3yiIbTaTaMH
Wen-hwa Kwain [291], B uccienoBanusi KOTOPBIX HaOirogaemMas cMepT-
HOCTBH AYMOPHOHOB H JIMYWHOK PagyXKHOH (opernn B TeMIepaTypHOM Juara-
30He 15-5 °C npu Bo3aeMCTBUM KUCIION Cpeibl CHUXKAJIACh IPU HOHUKEHUHI
TEMIEpaTyphl, T. €. BBDKHBAEMOCTb SMOPHOHOB M JIMYHWHOK IIOJ BO3ICH-
CTBHEM HEOIaronpuaTHOrO (hakTopa yBEIHMYUBAJIACH MTPH MOHWKCHUH TEM-

nepatypsi [303].
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3.3. 3aBHCHMOCTB CTHMYJIHpYIOLIero 3)(peKTa ONTHYECKOTO
U3JIy4YeHHs] KPACHOI 00JIaCTH cIIeKTPa HA SMOPHOHBI U TUYMHKH
panyxHoii (popean B ycoBHsX iN Vitr0 0T KOrepeHTHOCTH HCTOYHHKA
U3JIyYeHHs

C Tex nop Kak MOSIBUIMCh MEIUIIMHCKUE JIa3epbl, BO3POC UHTEPEC K Me-
xaHm3MaM QoTtoduzngeckoro 3ddexra TaHHBIX THIIOB W3MydeHns. OqHaKo
3HAQUYUMBIM CTaJl BOMPOC O PErucTpupyeMbix 3 ¢dexrax, T. €. 3aBUCIT JIn
Habmomaemble 3P QEKThl OT XapaKTEPUCTHK, IPUCYIIUX TOIBKO IS Jla3ep-
HOTO WCTOYHHMKA (HANpUMEpP, KOTEPEHTHOCTH), WU JaHHbIE 3(PQPEKTHI
HAOIOMAI0TCS Y JMIOOBIX APYTUX ONTHYECKUX MCTOYHHUKOB (B TOM YHCIE U
HenaszepHbix). [Tpu Hamuuuu OOJBIIOTO KOJMYESCTBA HAYUHBIX MyOIMKAIUN
[102, 146, 224, 285, 267, 277, 273, 164, 52, 49, 209, 242, 241, 127, 158, 108,
194, 25, 16] no maHHOI mpoOiIeMe JUCKYCCHH O 3HAUCHUH KOT€PEeHTHOCTH
u3ydeHus B Mexanusme horopusnueckoro 3ddexra ne ocnabdesarot [16].

B HexoTOpbIX IMyOJIMKANMSIX UMEIOTCS IaHHBIE JTM00 00 OTCYTCTBUU (-
(exTa I HelTa3epHBIX HCTOYHHUKOB [164, 52, 49, 16], mubo 06 mx MHUHH-
MmansHOM 3¢ dexre neiicteus [102, 209, 16].

AHanu3 JIUTEpPAaTYPHBIX MCTOYHUKOB HE TMO3BOJMI CHENATh BBIBOA 00
OCHOBHBIX TIPUYMHAX TAKUX Pa3HbIX MHEHHU B HaydyHOM coobiectse. [Ipu
9TOM HMEETCSl HEOOXOAUMOCTh MPOJIOJKEHHUSI HAYYHBIX SKCIEPHUMEHTOB B
9TOM HAIpPAaBJICHHH MPH CTPOrOM KOHTPOJIE 33 XapaKTEPUCTUKAMH ONTHYC-
ckux mpubopos [16].

I[aHHI)Ie O BJIMAHUU CTCTIEHU KOTCPCHTHOCTHU MOJJAPU30BAHHOI'O ONITUYC-
CKOTO M3JIy4YCHHUS Ha aKTHBHOCTH ()epPMEHTOB SMOPHOHOB pamyKHOU (ope-
JIM TIpe/ICTaBJIeHbI Ha puc. 3.24 n 3.25.

- Kourpont
120 4 e LED
- _LD

2 B
PR
L ]

Ealn/my

=

2

LY
[ 4

LDH,

404

0 20 40 60 &0 100 120
Bpems, uack

Puc. 3.24. I3MeHeHne aKTUBHOCTH JIaKTaTACTUAPOreHa3bl SMOPHOHOB pamyKHOM (openu
OJT BIMSIHHEM OITHYECKOTO U3IIyYCHHs] HU3KOH HHTCHCHBHOCTHU PA3INYHOIN KOrePEHTHOCTH
u KpaTHOCTH Bo3zaeicTBus. (I) — cranmapTHas ommbka
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Puc. 3.25. I3MeHeHHe aKTUBHOCTH KPEaTHHOBOI KHHA3bI SMOPHOHOB paIyXKHOi (hopenn
IO, BIMSTHHEM ONTHYECKOT0 U3ITydeHHsI HI3KOH HHTCHCHBHOCTH Pa3INYHOH KOTePEHTHOCTH
¥ KpaTHOCTH Bo3AelicTus. (I) — cranmapTHas ommoOka

Ha rpadukax, noka3zaHHsIx Ha puc. 3.24 u 3.25, npuBeIeHb! pe3yabTaThl
CPaBHHUTENILHBIX HKCIIEPUMEHTOB NP BO3AEHCTBUU HAa SMOPHOHBI M3Iyde-
HUSI TTOJYIPOBOIHUKOBOTO Jazepa (A = 650 um, L, ~ 211 MKM) 1 cBeToaM-
onHoro ucrounuka (A = 630 um, L, ~ 26 Mkm). M3 npencTaBIeHHBIX aH-
HBIX BHIHO, 4TO mnoj BiausHueM LED u LD npowucxonuno n3MeHenue ak-
TUBHOCTH (PEPMEHTOB y SMOPHOHOB PaIyKHOH (OpETH OTHOCUTEIHHO KOH-
TPOJBHOM rpynnbsl. AKTHBHOCTE LDH B IBYX OMBITHBIX TpyIIax JOCTOBEP-
HO oTnmyanack (P<0,05) oT KOHTPOJIBHOH NIPH PErHCTPALNN AKTHBHOCTU
mocie 24, 26, 48, 50 u 120 yacoB ¢ MOMEHTa HaJalla HKCIIepHUMEHTa. AK-
tuBHOCTE CK B IBYX OTBITHBIX IPyINax JOCTOBEpHO oTinyanack (P<0,05)
OT KOHTPOJIFHO! TIPH PETUCTPAINH aKTHBHOCTH Tociie 26, 48, u 50 gacos ¢
MOMEHTa Hayaja dKcrepuMenTa. Heo0XoMMo OTMETHTh, YTO JJ0CTOBEPHBIE
pas3uuus MeXLy IByMsl pa3HbIMHU MCTOYHHKAaMH U3JIy4eHUs! ObUTH OOHapY-
KEHBI TOJIKO IIpU peructpanuu aktupHoctd LDH wepes 96 wacoB ¢ mo-
MEHTa Hayajia SKCIIEpUMEHTa U 1pH perucrparuu aktusHocTH CK uepes 26
n 48 yacoB ¢ MOMEHTa Haualla KCcliepuMeHTa. Bo Bcex ocTalibHBIX BapUaH-
Tax CPaBHEHWs OCTOBEPHBIC Pa3IMYMs MEXIY UCCISIyeMBIMU TPYNIaMH
orcyrcTBoBaim [301].

Kak BumHO W3 MaHHBIX, MPEICTaBICHHBIX Ha puc. 3.24 u 3.25, akTuB-
HocTh LDH 1 CK B KOHTpOJIEHOM TpyIIIIe YBETUYUBACTCS, YTO MOKHO 00b-
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SICHUTh MHTCHCUBHBIMH IPOLECCAMH YHEPIETHYECKOTO0 METabonm3Ma B 3a-
Bepluarouii atan smOopuoHanbHoro passutus [301].

VYBenuueHne MHTCHCHUBHOCTH JHEPreTHYECKOro MeraboiM3Ma Ha paH-
HUX JTanax WHIUBHIYAILHOTO Pa3BUTHS U TOCJIEAYIOIIEe CHU)KEHHE Ha
Ooslee TO3JHUX CTaJUSAX MOXHO CUUTATh OOLIEH 3aKOHOMEPHOCTBIO IS
Bcex KuBOTHBIX [12]. Tak, mo cBepenusm H. JI. Osepuroka [12, 13], cko-
POCTh MOTPEOIEHUST KUCIOPOJa KaK MHTErPajbHOTO IT0Ka3aTels SHEpreTH-
YEeCKOro OOMEHa pPa3BHBAIOIIETO OpPraHM3Ma B IIEPHOJ] 3MOPHOHAIBEHOTO
pa3BUTHS paxyKHOU (openn yBearnauBaeTcs 6osee OBICTPHIMU TEMIIAMHA IO
CPaBHEHHUIO C IPUPOCTOM MAacChl TeJla, YTO NMPHUBOJIUT K YBEIWYECHHUIO MH-
TEHCHUBHOCTHU JibIxaHuA. Ha Gonee Mo3gHMUX CTaaMsAX, HAPOTHB, TEMIT IIPH-
poCTa Macchl Tella TPEBBINIAET TEMIT IIPUPOCTa CKOPOCTH IOTPEOJICHHS
KHCJIOPOZA, CIEACTBUEM YEro SBIISIETCS! CHIDKCHWE WHTEHCHBHOCTH JIbIXa-
HUSI Ha JaHHBIX CTaausax oHToreHesa [301].

Kak BHIHO M3 HaHHBIX, IPEACTaBICHHBIX Ha puc. 3.24 u 3.25, B ombIT-
HBIX TPYIIAaX MOCIe MPOSBICHUS BBIPAXXCHHOTO CTHUMYJIUpYIOIero 3dhdek-
Ta (IpH TPEXKPATHOM BO3/CHCTBUH), POUCXOIUIIO CHIKEHHE aKTHBHOCTU
(dhepMeHTOB (TpU YeThIpeX- U MATHUKPATHOM BO3JEHCTBHUMU), UTO CBHUJIETEIb-
CTBOBAJIO O TOM, YTO IPH YETHIPEX- W MATHKPATHOM BO3IEHCTBHU ObIcTpee
MPOUCXOWIO IOCTH)KEHHE IMKAa aKTMBHOCTH (DEPMEHTOB C JANbHEHUIINM
CHIDKEHHEM aKTUBHOCTH Hepell BhIKJIeBoM. Clie1oBaTeNIbHO, TIOCIIE BO3CH-
CTBHSI ONTHYCCKUM H3IYYEHHEM B UETBIPEX- U IATHKPATHOM PEXHUME 3M-
OpHOHBI payKHOM (Gopenu ObicTpee ocTUranu craanu Beikiaesa [301].

[pu ananuze aktuBHOCTH LDH myumme 3nauenus loglik maGmonamuch
y mozxemu Brain-Cousens ¢ mAThIO mapaMeTpamMy I BCEX HCCIETYyEeMBIX
rpyni. [Ipu ananuze akruBHoctr CK nyumme 3nauenus loglik naGumrona-
muce 'y mozenu Gompertz ¢ 4eThIpbMs TapaMeTpaMu (B KOHTPOJIBbHOU
rpymme) u 'y monenu Brain-Cousens ¢ msaThi0O mapaMeTpaMu (B OMBITHBIX
rpynnax). 3HadeHus] K03(QQGUIUEHTOB YKa3aHHBIX MOJIENCH MPUBEIACHBI B
tabn. 3.50. Bwusyamuzanuss OTOOpPaHHBIX MOJCICH MPEACTaBICHA Ha
puc. 3.26 u 3.27.

Monenb Brain-Cousens ¢ mAThIO MapaMeTpaMu UMEJa CICIYOIIUN BH
(DYHKIIH perpeccuu:

plx) =c+ ———=

+explbflog(x) —logrsid | )

Mopens Gompertz ¢ 4eThIpbMs HapaMeTpaMu UMesa CICAYIOIINil B[
(YHKINN perpeccuu:

¢(x) = ¢ + (d —c) {exp[exp(b(x —e))]}, 3)
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rje napamerpsl C U d SBJISIOTCS HIKHAM M BEPXHUM IPEIeIaMi OTKIINKA;
b, f, e — mapameTpsl 3anaBaemMoit HenuHeHOM QyHKIHHK [24].

Tabnuna 3.50. KodgpuuueHTsl HeJTMHEHHBIX MO/IeJieli 3aBUCMMOCTH AKTUBHOCTH
¢epMeHTOB IMOPHOHOB Paly:KHOIi (hopeu 0T KOTePEeHTHOCTH ONITHYECKOI0 U3JIy4eHHU s
H €ro KPaTHOCTH

I'pynma
Mopers Koutponpras | LED LD
LDH
Mooens Brain-Cousens
Koadpduumentsr:
b —4,4989 —-2,1465 -3,6954
c 7,9707 6,3402 7,7128
d 35,2514 124,9420 122,5044
e 21,8910 30,2266 26,3174
f 0,5325 —0,4289 —0,5716
CK
Mooenv Gompertz
Koaddunmentsr:
b 0,009348 - -
c 361,549472 - -
d —-14,598692 - -
e 208,907052 - -
Mooens Brain-Cousens
Koadpduumentsr:
b - —7,2285 8,855
c - 35,8058 36,882
d - 110,8516 201,112
e - 27,3383 27,7197
f - -0,4558 -1,226

TakuM 00pa3om, MOIYyYCHHBIE PE3YNBTAThl CBHICTENBCTBYIOT O BBICO-
KO OMOJIOTHYECKON aKTHBHOCTH M3ITydEeHUs] HU3KOH MHTEHCHBHOCTH Kpac-
HON 00JaCTH CHEKTpPa, BBIPAXKAIOIIEHCS B CIIOCOOHOCTH CBETA OKA3bIBATh
s dexT Ha IMOPHOHATIBHOE Pa3BUTHE JIOCOCEBBIX PHIO. DTO BBIpaXKaeTcs B
TOBBILIEHUH aKTHBHOCTH (DEPMEHTOB NpPH BHICOKOM YPOBHE JIOCTOBEPHO-
ctu. CpaBHEHHE pe3yJbTAaTOB, MOJYYEHHBIX C HCIIOJIb30BAaHUEM HCTOYHH-
KOB pa3HOil CTeleHH BPEMEHHOW KOTEPEeHTHOCTH, MOKa3allo, YTO0 OMOJIOTH-
yeckre 3GPeKThl (aKTUBHOCTh (DEPMEHTOB), BHI3bIBAEMbIE MOJISIPU30BAHHBIM
M3JTy9eHHEM MOIYIPOBOJHHUKOBOTO Jasepa (A = 650 mM, Lo~ 211 MxM) u
CBETOMOAHOTO ucTouHuKa (A = 630 HM, Lo ~ 26 MKM), IPAKTHYCCKH HE
pasnuuarorcst (npu n3ydenunu aktuBHoctd LDH) m oTnmvanucs Heznauu-
TenbHO (pu n3yvenun aktusHOcTH CK) [301].
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16p = KoHTporb
— LED

— LD

LDH, Eg/n/imr

Bpewmsi, yackl

Puc. 3.26. Monens (Brain-Cousens ¢ mATbI0 apaMeTpaMi) 3aBUCUMOCTH aKTUBHOCTH
JIAKTATACTHAPOreHa3bl SMOPHOHOB PaLy’KHOI (pOPEIH OT KOTEPEHTHOCTH OHTHYECKOTO
U3IIy4EHHUS ¥ €T0 KPaTHOCTH

16p
= KoHtpornks
— LED
- LD

14p

12p

CK, Ep/n/mr

16D

80

60

48

Bpewmsi, yacel

Puc. 3.27. Mogenu (Gompertz (KOHTpOJIb) ¢ YeThIPbMsI TapameTpamu 1 Brain-Cousens
(LED u LD) ¢ nsrthio mapaMeTpaMi) 3aBUCHUMOCTY aKTUBHOCTU KPEATHHOBOI KUHA3BI
9MOPHOHOB PamyXKHOH (hopenr 0T KOTepEeHTHOCTH ONTUYECKOTO H3IyUCHHS H €r0 KPaTHOCTH
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IToxoxxue pe3ynbTaThl O CXOKECTH 3PPEKTOB NPH CPAaBHEHUH JIA3EPHO-
IO M CBETOJMO/IHOTO UCTOYHUKA OBUIN IIPOAEMOHCTPUPOBAHbI B OApa3ielie
3.2, npu UccieI0BaHNM NIOKa3aTelel BBDKMBAEMOCTH. IIPH TEMIIEpaTypHOM
pexxuMe nHKyOanmu 8 °C Ko3(QUIUEHT HAKJIIOHA B TPYyIIE, HA KOTOPYIO
BO3/IeiiCTBOBANIN CBETOMUOAHBIM M3JIyuYeHHEM, cocTaBui 5,11, B rpymme, Ha
KOTOPYIO BO3/ICHCTBOBAJIM JIa3epHBIM M3TydeHueM, — 4,78. 3nauenns LD50
st LED u LD coctaBuno 69,74 u 67,16 cyTOK COOTBETCTBEHHO, a BEIHYHU-
Ha cTuMynupytomero 3¢ dekra ot Bo3neiicteus LED u LD cocrasuna 23,4
u 26,8 % COOTBETCTBEHHO.

OCHOBHO BBIBOA, KOTOPBII MOXKHO CAEJIATh U3 IOJyYCHHBIX JaHHBIX, a
TaKKe U3 JaHHBIX, U3JIO’KCHHBIX B MOJIpa3zesne 3.2, 3aKiII04aeTcs B TOM, 4TO
Oononorndyecknii 3((GEKT MOKET OKa3bIBaTh MOIAPH30BAHHOE W3ITyUCHHE
KakK MOJYHIpPOBOJHUKOBOI'O Jia3epa, TaK U CBETOJHOJHOIO MCTOYHMKA, 3HA-
YEHHSI BDEMEHHO# KOTepEeHTHOCTH KoToporo mouTu B 10 pa3 menbmre [301].

Ha ocHOBaHMHM pe3ynbTaToB, MONYYSHHBIX B HACTOsIIEH padoTe, a Tak-
JKe B HAIIUX MPeapIAynux uccnemosanusx [1, 7, 16, 15, 301] moxHo cae-
JaTh BBIBOJI, 9TO B OCHOBE ()OTO(PHU3UIECKOTO MEXaHU3Ma, ONPEIEIAIOIEro
Ouonornyeckoe JeHCTBHE ONTHYECKOTO U3ITYyUSHUS] HU3KOH MHTEHCUBHOCTH
IPU €ro BO3JEHCTBUM Ha SMOPHOHBI, KPOME JWIIOJNb-TUIIOJIBHBIX B3aUMO-
JEWCTBHH, JIKUT OPUEHTAMOHHBINA 3 (PeKT He(POTOXMMUIECKON MPUPOJIBI
[1, 7, 16, 15, 301].

3.4. UccaenoBanne BIMSHUS ONTUMAJIBHOTO Pe:KAMA ONTHYECKOTO
H3J1y4eHHMs] HU3KOH HHTEHCHBHOCTH KPACHOi 00/1aCTH CIeKTpa
HA PHIOONOCAT0YHBII MaTepHAaJI Paaxy:KHoii ¢ropeu B ycJaoBHsIX in Situ

Kaxk mokazanu Hamm uccienoBanus, Hanbosee ONTUMATBHBIM PEKUMOM
ONTHYECKOTO W3JTyYCHHUS SIBIAETCS BO3JCHCTBHE HA SMOPHOHBI PaIyKHON
(dbopenu Ha cTamuy riaa3ka, eKeCyTOYHO, B TeueHne 20 MUHYT Ha MPOTSIKe-
HUM 5 CYTOK, 0OpPH IUJIOTHOCTH MOIIHOCTH OINTHYECKOTO U3IIydeHUsI
3,0 MB1/cM?, nipu Temmepartype nuky6amun 8 °C [302, 306].

B Hammx JanbHEWIINX HCCIEAOBAHUSX Mbl M3YYWIN BIHSHUE OINTH-
MaJIHOTO Mapamerpa ONTHYECKOTO H3JTydeHHs HU3KOH MHTEHCHBHOCTH Ha
PBIOOTIOCATOYHBIN MaTepHall paay:kHoi (opernn B ycimoBusx in situ [302,
306].

Kak moka3anu Hallld UCCIICIOBAHMS, CBECTOJAMOMHOC MU3IYyUCHUE HU3KOM
MHTCHCUBHOCTH CIIOCOOHO OKAa3bIBaTh BIHMSHHC HAa M3MCHCHHE Pa3MEpPHO-
BECOBBIX MOKa3aTesieh THYUHOK panayxHo# dopenu. Tak, eciu yepe3 Hege-
JIFO TOCJIC BBIKJIEBA CPEHIHSS Macca JMYMHOK PalyKHOU (POperd MExKIY
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HCCIIeAyeMBIMH TPYIIIaMH JOCTOBEPHO HE pasiiMyanach M BapbHUpoOBajia OT
0,12+0,01 r go 0,134+0,01 r, To 4yepe3 31 meHp mocie BBIKIEBA 3HAUECHUS
cpenneit Maccol cocraBuin: 0,43+0,02 T B KOHTpOJIBHOH Tpymnme (pH OT-
CYTCTBHH BO3JIEHCTBUS onTUYecKuM uznydeHuem) u 0,57+0,02 r B onbITHOM
rpymnmne (TIpu BO3ACHCTBHU ONTUMAIBHOTO PEXUMa ONTHYCCKOTO H3Iyde-
uust). Pasmuaus cratuctudecku goctosepHsl (P<0,05) [302, 306].

OO0mas IMHA JIMYMHOK TPU BBIKJICBE JOCTOBEPHO HE pasinyaliach W
BapeupoBana ot 25,40+0,45 mm 1o 26,14+0,35 mm. YUepes 31 nenp mocne
BEIKJIEBA 3HaUCHUs 00MIel AMuHbI cocTaBmid: 37,74+0,89 MM B KOHTPOJIb-
Hoii rpymme u 40,98+1,05 MM B onbITHOH rpymme (puc. 3.28, a). Pazmmuans
craructuuecku gocroBepHsl (pP<0,05) [302, 306].

Jmmaa mo CMUTTY JTUYWHOK TMPH BBIKJIEBE JOCTOBEPHO HE pasIMyaliach
u BapbupoBaia oT 25,19+0,46 MM 1o 25,79+0,35 mMm. Uepes 31 neHs nocne
BBIKJIEBA 3HaueHUs UIMHBI Mo CMUTTY cocTaBuwin: 36,53+0,91 MM B KOH-
TposbHO# Tpymme u 39,60+0,95 MM B onbITHO# rpymme (puc. 3.28, 6). Pas-
uaus cTatucTrdecku poctoBeps (P<0,05) [302, 306].

IIpombiciioBasi AMHA JTUYMHOK TPH BBIKJIEBE JOCTOBEPHO HE pasimya-
nack ¥ BapbupoBana ot 22,76+0,41 mm mo 23,30+0,30 mm. Yepes 31 nenn
I0CJIE BBIKJIEBA 3HAYEHUS IPOMBICIOBON JUIMHBI cocTaBuin: 32,94+0,88 Mmm
B KOHTPOJIbHOH rpymiie u 35,45+0,85 MM B ombiTHO# rpymie (puc. 3.28, 6).
Paznuuns craructuvecku Hepocrosephsl (p>0,05) [302, 306].

JlMHA TOJNOBBI JIMYMHOK TPH BBIKJIEBE JOCTOBEPHO HE pa3inyaiach U
BapbupoBaia ot 5,88+0,14 mm mo 5,98+0,15 mm. Yepes 31 neHp mocie BbI-
KJIeBa 3HAYEHUs AJMHBI TOJOBBI cocTaBUiu: 8,99+0,16 MM B KOHTPOJBHOM
rpynie u 9,77+0,21 MM B onbiTHOM rpymne (puc. 3.28, 2). Paznuuus cratu-
crraecku goctoBepHsl (P<0,05) [302, 306].

JlMHa TyJIOBUINA JIMYMHOK IIPH BBIKJICBE JOCTOBEPHO HE Pa3iHyanach U
BappHpoBaia ot 16,79+0,33 mm mo 17,28+0,25 mm. Yepes 31 nmenp mocme
BBIKJICBA 3HAYCHHS JUIMHBI TYJOBUIIA cocTaBuiu: 23,99+0,79 MM B KOH-
TPOJBHOM Tpymme u 25,90+0,70 MM B onbITHO# rpyme (puc. 3.28, 0). Pas-
JIMYUS CTATHCTHYCCKH HemocToBepHsl (p>0,05) [302, 306].

BricoTa Tenma TMYMHOK MPH BBHIKJICBE JOCTOBEPHO HE pa3iindaiach U Ba-
peupoBana ot 3,28+0,05 mm mo 3,33+0,05 mm. Uepesz 31 neHp mocine BbI-
KJIeBa 3HAYEHUs] BBICOTHI Tena cocTaBwiu: 6,77+0,36 MM B KOHTPOJBLHOM
rpynne u 7,55+0,24 mm B onbITHOH Tpynne (puc. 3.28, e). Paznnuns cratu-
cTraecku HepocrosepHs (p>0,05) [302, 306].

AHTeopcallbHOE pacCTOSIHHE TIPH BBIKIEBE IOCTOBEPHO HE pas3iiida-
nock u BappupoBaiuo ot 11,70+0,20 mm mo 11,95+0,19 mm. Yepes 31 nens
Mocje BBIKIIEBA 3HAYCHUS AaHTEAOPCATBHOTO DPACCTOSHUS COCTABHIIN:
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16,9140,44 MM B KOHTpONBHOM rpymie u 18,46+0,48 MM B OIBITHOI TpyTIITe
(puc. 3.28, orc). Pasnuuus cratuctuyecku gocrosepHsl (pP<0,05) [302, 306].

AHTEBEHTpaJIbHOE PacCTOSHHUE NP BBIKJIEBE JOCTOBEPHO HE pasiMya-
Joch U BapbupoBaio ot 12,06+0,25 mm no 12,57+0,26 mm. YUepes 31 neHn
IOCJIe BBIKJICBA 3HAYECHUS AHTEBEHTPAIBHOTO DPACCTOSIHUS COCTABHIIM:
18,68+0,55 MM B KOoHTposbHOMU rpymnne u 19,65+0,57 MM B ONBITHOH Ipym-
ne (puc. 3.28, 3). Pasnuuus cratuctuuecku HempoctoBepusl (p>0,05) [302,
306].
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Puc. 3.28. CoBMelleHHast iparpaMMa OHOMEPHOT'O PACCEsIHHSA U Pa3MaxoB POCTa Pa3MEPHBIX
MOKa3aTeseil IMYMHOK PaJyKHOW (OpENr B KOHTPOJIBHOM U ONBITHOM rpynmax: o0uias JIuHa
(a), nmuna o CmutTy (6), TPOMBICIOBAs [UTHHA (8), [UTMHA TOJIOBSI (2), ATHHA TYJIOBHIIA (0),
BBICOTA TeJIa (€), AHTEAOPCAIBHOE PACCTOSIHUE (Jic), AHTEBEHTPAIbHOE paccTosiue (3). [Ipsmo-
YTOJBHUK TMarpaMMBbl pa3MaxoB 0003HayaeT Menuany, a Takxe 0,25 u 0,75 KBaHTWIIb.
N =10-20 (B 3aBUCHMOCTH OT THsI HAOITIOICHYIS)

AOCOIOTHBIN CpeHECYTOYHBIH MPUPOCT Macchl JIMYMHOK Cpasy Iocie
BhIKkJIeBa Bapbuposain oT 0,002 r go 0,008 r. Uepes 31 nens nocine BbIKIIEBa
a0CONIOTHBI CpeHecyTOUHBIH mpupocT Macchl coctaBmi 0,006 T B KOH-
TposipHOH rpynne u 0,04 T B omeiTHOU rpymme. OTHOCHTENBHAS CKOPOCTH
pocTta Macchl yepe3 31 meHp mocie BBIKJIEBA B KOHTPOJBHOW TPYyIIE CO-
crasisuia 6,59 %, B onbiTHOM Tpyme — 34,25 % (cm. puc. 3.29) [302, 306].
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Puc. 3.29. CronOukoBasi [uarpaMmMa M3MEHEHHsI CKOPOCTH POCTa MACChl IMIMHOK Py KHOM
(openu B KOHTPOIBHOM U OIBITHOM TPyINax: abCOMOTHBIN CPEIHECYTOUHBIH IPUPOCT (a),

OTHOCHTEIIbHAsI CKOPOCTH pocTa (6)

[Ipu ananuze TeMna U3MEHEHUs CPEAHEN MACChl B KOHTPOJIBHOM IpyIe
myqmue 3HadeHus loglik HaOmIOmamuch y JIOTUCTHYECKOH MOJIETH C dYe-
TBIPDbMSI IIapaMeTpaMH; B ONBITHOW rpymnme Jiydmie 3HadeHus logLik
HaOmonamucs 'y Log-noructuueckoil Moienu ¢ 4eThIpbMs apaMeTpamiu
[302, 306]. 3unaueHus KO3)HUIHCHTOB YKa3aHHBIX MOJENeil MPUBEICHBI B

Tadm.
puc. 3.30.

3.51. Busyanuzauus OTOOpaHHBIX MOJENICH IpeJcTaBleHa Ha

Ta6auna 3.51. KoaddunuenTs! HeTuHeHBIX Mo/IeJIell TeMIa pocTa (Macchl) JHYHHOK
panyskHoii (popesu B KOHTPOJILHOI U ONBLITHOM Ipynnax

Monens I'pynna
KonrponbHas OnbITHast
KoaddunpenTsr Jlorncruueckas Mojens Log-norncrimecias
MOJIEITh
b —0,18540 -1,8205
c 0,07383 0,1022
d 0,45071 4,6645
e 16,30119 105,2283

Jloructuueckas MOJCJIb C YEThIPpbMS IMapaMeTpaMu HUMeEJa CJIeIIyIOHII/Iﬁ

BU/1 DYHKIIMH PErpeCCHH:

o(x)=c+

d—c

1+expib(x—e)}

Q)

Log-ioructuueckast MOAENb C YETHIPHMS TapaMeTpaMy MMella CIIEayIo-
mui BUJ QYyHKIUH PErPECCUH:
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d—c
1+expib(log (x)—log {Q:D}: ®)

rie napameTpbl C u d ABJIAIOTCS HUKHUM M BEPXHUM TPEIETaMU OTKIIUKA;
b, e — mapameTpsI 3a1aBaemoit HenuHelHON QyHKIMHK [24].

p(x)=c+

= Kontpors
= OnbIT

040

0335

Macca, r

015

010

T
10

OHn

Puc. 3.30. Mozenu (jgoructuyeckas MOJENb € YEThIPbMS NapaMeTpamMu
(KOHTpOJIBHAS TPyMIa) 1 Log-IorucTHYecKast MOJEIb C YeTHIPEMS [TapaMeTPaMu
(ombITHAS TPYTIMA)) TEMITA POCTa (MACChI) INUMHOK PaIyKHOH (hopenn

Anamm3 k03()(UIMEHTOB KOPPEISIIMU MEXIy Pa3MEpHBIMH MOKa3aTe-
JSIMA JTMIMHOK Pajy’kKHOH (Opein Mo3BOIMII YCTAaHOBUTD, YTO B KOHTPOIIb-
HOH rpynne 4yepe3 31 jeHpb 1mocie BbIKJIEBa HAOIOAANACh ClIe/yIomas cuiia
CBSI3U: CPEIHSS TIOJIOKHUTENbHAS KOPPEISIIUS MEXAy BBICOTOM Tella M 00-
med JuHOW, mmuHON mo CMUTTY, JUIMHOW TYyJOBHIA, aHTEIOPCAIbHBIM
paccTosHUEM; CHUIIbHASL TTOJIOKUTENIbHAS KOPPEJSII MEXIY BCEMHU OCTaJb-
HBIMH pa3MEpHBIMH TOKa3aTelasMu. B onbITHO! rpynme yepe3 31 xens mo-
cJie BBIKJIeBa HaOJIo/1allach CHIIbHASL TIOJIOXKHTEIIbHAS KOPPEISIIIMOHHAS CBS3h
MEXIy BCeMH pasMepHbIMH Tokazarensimu [302, 306] (puc. 3.31).
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Puc. 3.31. KoppensunoHHas cBA3b MEXIY Pa3MEPHBIMHU TTOKa3aTEISIMU JIMYMHOK PaTy>KHOH
hopen B KOHTPOJIBHOM (g, 6) U ONBITHOIA (6, ¢) rpymmax (moce BeIkIeBa (a, 6) U Yepe3
31 menb mocine BeIKIeBa (6, 2). L{Bet miuHIM 0003HaYaeT COOTBETCTBYIOMIMIT TapamMeTp:
ab — obwas amuHa, ac — uuHa o CMuUTTy; ad — NPOMBICIIOBAsI JUIMHA, a0 — JJTHHA I'OJIOBBI,
od — juiMHa TyJIOBHILA, ¢h — BBICOTA Tela, aq — aHTEAOPCATILHOE PACCTOSHHUE,
aZ — aHTEeBEHTPaJIbHOE paccTosiHKE. TOMIINHA THHUH 3aBHCHT OT CUIIBI KOPPETSILIMOHHON CBS3H
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OKcTepbepHbIe WHAEKCH B MCCICTyEMBIX TPYIIax JOCTOBEPHO HE pa3-
JMYaINCh ¥ BapbUPOBAJM CIIEAYIONIMM 00pa3oM: cpasdy IIOCJe BBIKIIEBa
JIMYMHOK MHJEKC IPOTOHUCTOCTH COCTaBISLI OT 6,98 1o 7,04, uHaeKc BbICO-
KOCTTUHHOCTH — OT 14,27 no 14,39, uHaekc 00JbIIEro0BOCTH — OT 25,68 110
25,87. Uepes 31 neHs mociue BBIKIEBA B KOHTPOJIBHOM rpymIe cpeiHue 3Ha-
YEHHsI IKCTEPbEePHBIX UHAEKCOB cocTaBwin 4,97; 20,49; 27,39 nns uHaek-
COB MPOTOHHCTOCTH, BBICOKOCTIMHHOCTH M OOJBIIETOJIOBOCTH COOTBET-
ctBeHHO. Yepe3 31 neHp mocie BBIKIEBA B ONBITHOW TPYIIE CPEIHUE 3HA-
YeHHs IKCTEPBEPHBIX MHIACKCOB coctaBmid 4,72; 21,27; 27,63 mns nHAek-
COB IPOTOHHCTOCTH, BBICOKOCIIMHHOCTH M OOJIBIIETOJIOBOCTH COOTBET-
cTBeHHO. Pasnnuus craructuuecku HemocroBepwsl (P>0,05) [302, 306].

AHanmu3 Ko3(QPUINCHTOB KOPPEILIIHNA MEXKIY IKCTePhepHBIMU HHICK-
CaMH He BBISIBUJI JOCTOBEPHBIX Pa3IMUUi MEXAY HCCIIETyEMBIMH I'PYyIIAMU
(puc. 3.32).

[TpencraBneHHbIE BHIIE JaHHBIEC TO3BOJISIFOT 3aKIIOYUTh, YTO CBETOIH-
OJTHOE M3JIydeHHWE HH3KOH HMHTCHCHBHOCTH OKa3bIBaeT CTUMYJIHUPYIOUIMN
3¢ QeKkT Ha pa3MEepHO-BECOBBIC IMOKA3aTeNM JMYMHOK panyXHOU Qopenn
mocje BbIKIeBa. BenuuuHa crumysupyromero 3ddekra mo mokasaTeinto
cpemHeir Mmaccel kK 31 g0 HabmromeHus gocturana 33,3 %, mo pasMepHBIM
mokazareisiM k 31 aHro HaOmromeHus BapbpupoBaia ot 5,1 mo 11,0 % (B 3a-
BHCHUMOCTH OT Toka3areis). OOpamaeT Ha ceOs BHUMaHHE pE3KOe yBEJH-
YeHre aOCOJIOTHOTO CPETHECYTOYHOTO MPUPOCTa MACCHl U OTHOCHUTEIHHON
CKOPOCTH POCTa MAcCCHI B ONBITHOH TPYIIE B TEUEHUE TIOCIEIHETO MeproIa
HaOJIIOZICHUH, YTO CBUIETEIBCTBYET O OOJiee paHHEM Haualle dTara Mnepexo-
Jia M3 CTaJIN¥ JINYUHKY B cTaanio Majibka [302, 306].

Heo0Oxoanmo o0paTuTh BHUMaHUE Ha BBICOKHE 3HAYEHUS CHIIBI KOppe-
JISIITMOHHBIX CBsA3EH pa3MEpHBIX MOKa3aTeseH JMUYUHOK paryKHOU (openu B
OMBITHOH rpymIie, 4YT0 Ha (OHE BBHICOKMX 3HAYCHUI IKCTEPHEPHBIX MHACK-
COB TI0 CPAaBHEHUIO C KOHTPOJBHOW TIPYINIIONW CBUAETENLCTBYET O OoJee
rapMOHHYHOM pa3BuTuu Tuaunok [302, 306].

JlampHe i KOHTPOJIb 32 pa3MEpHO-BECOBBIMH TIOKA3aTEISIMH HCCIIe-
IyeMoW pamykHo# Qopenu mpoBommics Ha 120-#f neHb BBIpaOIMBaHUSA
(Tabm. 3.52). HamMu ObIIM BBIABICHBI JOCTOBEPHBIC Pa3lIUUUs MEXKIY KOH-
TPOJILHOW U ONBITHOM IPyHIIAMH.
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1 0.9-08-0.7-06-0.5-0.4-0.3-02-0.10 0.1 0203 0.4 0.5 0.6 0.7 0.8 0.9 1 1 09-08-0.7-06-0.5-0.4-0.3-02-010 010203 0405060708091
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e SESNEISES———

-1 -0.9-0.8-0.7-0.6-05-0.4-0.3-02-010 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1 0.9-0.8-0.70605-040302010 010203 0405060708091

Puc. 3.32. MybTHUKOUIMHEApHAs: MATPULA KOPPEISILIMOHHBIX CBSA3EH 3KCTEPbEPHBIX MHIECKCOB

JIMYMHOK Pajy’KHOH (openn B KOHTPOIBHOM (a, 6) ¥ OIBITHOM (0, 2) rpynmax (1ocie BHIKIeBa

(a, 6) u uepes 31 nennb mocne BbIKIEBA (6, 2). YcnoBHbIe 0003HaueHus: NIl — HHIEKC IPOrOHHU-
crocty, V16 — nHaeke GoubiieroaoBocTH, VB — HHAEKC BBICOKOCITHHHOCTH
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Tabnuua 3.52. BiusiHue ONTHMAJILHOTO PE:KUMA BO3/1eiiCTBUS CBETOIHOTHOTO
H3JTyYeHHs] HU3KO0l HHTeHCHBHOCTH HA pa3MepHO-BecoBble Moka3artean 120-cyTouHoro
PbIOONIOCA0YHOT0 MaTepuaJia paay:kHoii ¢opesn

Tect Tecr
[Hamu-
I'pymma mean, T se (mean) cv F-tect CrproneH-
po= Ta
Yunka
KonTponsHas 12,90 0,47 0,16 -
Onbrmhan 16,37 0,57 0,15 | P>005 | P>0.05 o550

Kak nokazanm Hamm uccieoBaHus, CBETOANOJHOE U3TydYeHHE HU3KOH
WHTEHCHBHOCTH CIIOCOOHO OKa3bIBAaTh BIMSHHE HAa M3MEHEHHUE YXM3HECTOM-
KOCTH pPBIOOIIOCAJOYHOTO MaTepualla pasy’KHoil ¢opesnu npu HcHoib30Ba-
HUM METOJOB (DYHKLIMOHAJIBHBIX HAarpy30K: TEPMOPE3UCTEHTHOCTH, HEHpO-
(hapMaKoJIOTHYECKOT0 TECTUPOBAHUS, a TAKXKe MPU UCIIOIb30BaHUH OLIEHKU
(OHOBBIX peakIuii MUrMeHTHBIX KieTok [302, 306].

Jnst onpeneneHUs. BIMSHUS ONTHYECKOTO M3IYYCHHS Ha TEPMOPE3H-
CTEHTHOCTb PHIOOIIOCAIOYHOI0 MaTepHalla paxykHOil (openn Mbl IpHMe-
HSJIM MOJIEJb MPOIIOPLUHOHANBHEIX pUcKoB Kokca, a Taxke MOJENH YCKO-
perHoro BpeMeHu AFT ¢ UCIIONB30BaHUEM YETHIPEX BHIOB paclpeeIeHH.
PesynbraTel TecTupoBaHus Monenn Kokca u moxmeneit AFT mpexacraBiieHsl

B Tabu. 3.53.

Tabnuna 3.53. PesyabTarsl TecTupoBanus moaesu Kokca u moaeneii AFT Biausinus
ONTHMAJILHOTO Pe;KHMA BO3/elCTBUS CBETOJHOTHOTO0 U3Ty4eHHs] HU3KOIi
WHTEHCHBHOCTH HAa TePMOPE3HCTEHTHOCTh PHIOONOCAJ0YHOI0 MaTepHaIa PATY KHOI

dopean
CpaBHeHue (KOHTPOJIB / OIIBIT)
Moneis LogLik AIC

Cox 40,74 83,48
Exponential -112,36 230,72
Weibull -92,33 192,66
Lognorm -91,31 190,62
Loglogistic -92,09 192,19

Kak BuaHO W3 mpezcraBieHHBIX B Tabn. 3.53 manHbIX, Mojaenb Kokca
nmena MuHuManbHbli AIC-kpurepuit, n3 mozxened AFT MHHUMAaIBHBINA

AIC-kpurepuit nmena orHopMansHas Mozens (lognorm).

Pe3yJ'H)TaTLI MNPpUMCHCHUA MOICIN Kokca JJId OLCHKH BJIMSHHSA OIITH-
MaJIBHOI'O peKrUMa BO3JCHUCTBHS CBETOAHUOIHOTO N3JIy4YCHUA HHM3KOI MHTEH-
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CHUBHOCTH Ha TEPMOPE3HCTEHTHOCTh PHIOOIIOCAJOYHOTO MaTeprana paayx-
HoOW (hopenu TpeicTaBieHsl B Ta0m. 3.54.

Tabnuna 3.54. Xapakrepucruka mojaeau Kokca npu oueHke BIUsiHUS ONITHMAJIbHOTO
peKuMa BO31€HCTBUS CBETOMHOHOr0 U3 TyYeHUs HU3KOH MHTEHCHBHOCTH
HA TEPMOPE3NCTEHTHOCTH PHIGOMOCAIOYHOT0 MaTepuaa paayKHoi gopean

Ilokazarenu monmenu Kokca

Cpasrenue [ Kosguuu- | Kospduuuent | TecT oTHOLIE- Tecr
IOVIII Jlorpauro-
Py SHT MOJICIH JIeTepMUHA- HHA npaBjono- | Baib- o
BBIH TeCT
(p-ypoBeHs) LUK Jo0ust Ja
Ko 0,147 (makcu-
0,628 MajJabHO BO3- _ _ _
Tpoib / (p=0,057) MONKHLL = p=0,05 p=0,05 p=0,05
OTIBIT ' 0,85)

Ha ocHOBaHMH MOTyYESHHBIX PE3YNIbTATOB ObLIN MOCTPOCHBI MOCIbHbBIC
KpuBble QYHKIMI TePMOPE3UCTEHTHOCTH, MOIYyIEHHBIC U3 JIOTHOPMATEHOTO
pacrpeeseHus, cOBMElLIeHHbIe ¢ KpuBbiMH Kamnan — Maiiepa as KOH-
TPONBHOM U OmbITHOM Tpymi (puc. 3.33).

e
=

% BBIKMBLUMX OK3EMNNIAPOB
0.2 04 0.6 0.8

0.0

@ KoHTpOmb
— === OnbIT

0

T
50

100 150

Bpems, MuHyTbI

Puc. 3.33. Kpussie Kaman — Maliepa ¢ CH0JIb30BaHHEM JIOTHOPMAJIbHONW MOJIEIH
TEPMOPE3UCTEHTHOCTH PHIOONIOCATOYHOr0 MaTepraa paayKHOH (HOpeH o ] BIUSHIEM
ONTHMAJIBHOTO PEXXHMa BO3ACHCTBHS CBETOAMOHOTO N3IYYCHUSI HU3KOW HHTCHCHBHOCTH

OO11ee BpeMst TEPMOPE3UCTEHTHOCTH B KOHTPOJILHOM IPYIIIIE COCTABUIIO

90 muH, B onbITHOM rpynmne — 114 Mun.
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TakuM 00pa3oMm, MoJ| BIMSTHUEM ONTHYECKOTO M3TY4EHHS MPOUCXOINIIO
YBEJIIMYCHUE YCTOWYHMBOCTU PHIOOMOCAIOUHOT0 MaTepHana pagyKHou ¢o-
pEeTH K 9KCTPEMATBHBIM TEMIIEpaTypam.

B xoje npoBeneHust HelipodapMaKkoIOrHueckoro TECTUPOBAHHUS MOJIOIH
paayXHOi (Goperrt OCHOBHBIM KPHUTEPUEM ISl HAC OBLIO BBISBICHHE 3aBHU-
CHMOCTH BPEMEHH HACTYIUICHHS AHECTE3MH U MOCIESIYIOIIEr0 BOCCTAHOB-
JICHUS OT KOHIICHTPAIMK aHEeCTEe3Upyroliero Bemectsa B Boje [302, 306].

JIJist OLIEHKH BIMSHHS ONTUMAIBHOTO PEKUMA BO3JCHCTBUSI CBETOINO/-
HOTO M3JTy4eHUs] HU3KOW MHTEHCUBHOCTH Ha PE3yJIbTaThl HEHpohapMaKoIo-
IHYECKOr0 TECTUPOBAHHS PHIOOMOCAI0UHOT0 MaTepHaa paayKHoi dopenu
B TEYEHHE IKCIIEPUMEHTA OCYIIECTBIISUIM NOCTPOCHHE 000OIICHHOMN JTMHEH-
"ol mojxenu GLM.

st BeIOOpa Tna Gpynkimun GLM-Moenu Mbl CpaBHHIM MEXIy coOoi
JIBE BO3MOJKHBIC MOJENH W OUeHWIH uX mo Benuuune AIC-kpurtepus. Pe-
3yJIbTATHI MPEICTABJICHBI B Ta0I. 3.55.

Ta6nuua 3.55. CpaBHenue MojeJeii HeiipogapMaKoJ0rn4ecKoro TeCTHPOBAHMS
PbIOOIIOCAI0YHOr0 MaTepUaJIa PaayKHOi (opeJi 0] BIHsIHAEM ONTHMAJIBLHOIO
pesKuMa BO3/IeiicTBHS CBETONOTHOTO H3JIy4eHHs] HU3KOii HHTEHCHBHOCTH
no AIC-kputepuio

Ipo6ur / In, Mmun | Jlorur / In, Mun
AHecTe3ust
38,52 | 39,05
BoccranoBiienue
40,42 | 41,09

Onenka mo AIC-kputepuio TOKa3ajga, 4YTO MPUMEHEHHE MpPOOHUT-
(GYHKIMH OKa)KeTCs JIydlle.

Jlist aHanM3a BIMSHUS ONTHMAJIBHOTO PEXHUMa BO3JICHCTBHSA CBETOIU-
OJTHOTO M3ITyYeHHs HW3KOM MHTCHCHBHOCTH Ha pE3YyJbTaThl HeWpodapma-
KOJIOTHIECKOTO TECTUPOBAHUS MBI IOCTPOWIIM NPOOUT-MOJENb IS KK O
ucciaenyemMoil rpynmsl. B pesynabpraTe pacueToB mOMydmiid KO3 QHUIUESHTHI
HaKJIOHa WHIMBUIyalbHOW perpeccuut (Tabn. 3.56), ypaBHEHHS JTHHEHHBIX
npoOuT-MozieNneil ¥ 3HAa4YeHUs! MONYI(PPEKTUBHON NPOJOIDKUTEILHOCTH
aHecTe3upoBaHus U BocctanoBienus (LDS0).

B kauectBe Kputepusi HelpodapMakoJOrn4ecKol YCTOHUMBOCTH MBI
HCIOJIb30Bay nokaszarenas LD50 npu aHecte3uu.

Jlist cpaBHEHHMS TIOCTPOCHHBIX MOJZIETIEH Ha MX KaueCTBO MBI MCIOJIB30-
BaJIN IEBUAHC-CTATUCTUKY, KOTOPasi OCHOBBIBAJIACH HA METOJIE OIICHOK MakK-
CHUMAJILHOTO TpaBaonoaoous (tabim. 3.57).
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Ta6nuna 3.56. XapakTepucTHKH NPOOUT-MO/IeIeii aHeCTe3UH H BOCCTAHOBJICHHS
PBIGOIOCAI0UHOr0 MaTepuaJia paay:kHol dopen B HelipodapMaKoI0rHIeCKOM
TeCTHPOBAHUH 0] BIMSIHHEM ONTHMAJILHOIO Pe;KHMA BO3/€iiCTBHS CBETOAHOTHBIM
H3JIyYeHHeM HH3KO0H HHTEeHCHBHOCTH

e T
AmHecre3ust
KonTpoms 3,84 Probit(P) = -3,77 + 3,84 In(D) 2,67
OrmbIT 2,48 Probit(P) = -3,26 + 2,48 In(D) 3,71
BoccraHoBiieHne
KonTpoms 591 Probit(P) = -3,45 + 5,91 In(D) 5,53
OrmbIT 4,66 Probit(P) = -3,21 + 4,66 In(D) 4,27

Ta6nuua 3.57. [leBHaHC-aHAIN3 NPOOUT-Mo/e/Ieli aHeCTe3HH U BOCCTAHOBJIEHHUS
PBIGONOCAI0UHOr0 MaTepuaJia paay:kHol dopen B HelipodapMaKoI0rHIeCKOM
TeCTHPOBAHUH O] BIMSIHHEM ONTHMAJILHOIO Pe;KHMA BO3/€iiCTBHS CBETOAHOIHBIM
U3JIyYeHHeM HU3KOH HHTEeHCHBHOCTH

Ne monenu Ocrarok Df g:;j;glc( Df JleBuanc p-kpuTepuit
AmHecTe3ust
1 12 17,44 - - -
2 10 4,95 2 12,49 0,001
Boccranosienne
1 14 15,49 - - -
2 12 6,73 2 8,76 0,0125

[Mpumenenne Gpynknuu anova() B mporpamme R Ha ocHOBaHWM CpaBHe-
HUS Ha pa3jnyusi OT HYJsl Pa3HOCTH JieBUaHca mpobut-monenu (Ne 2) ot
JieBUaHca Hylb-Mojienn 6e3 npenukropa (Ne 1) mokaszasno (tadmn. 3.57), uro
BBeJIcHHE (DaKTOpa ONTHYECKOTO M3ITYICHHUS B 3aBHCUMOCTH 7032 — 3 ekt
MMEeT CTaTUCTHYECKH JOCTOBEPHBIC Pa3THIHSL.

Ha puc. 3.34 npencrapnena qiHaMUKa HACTYIIICHAS 003 BIKUBAHIS B
pe3yJbTaTe BO3ACHCTBUS aHECTETHKA M BOCCTAHOBIICHHE ITOCIIE TIepeMerie-
HUS B TIPOTOYHYIO BOAY PHIOOIIOCAI0OYHOTO MaTepHaia paayKHo! (openn B
KOHTPOJIBHOH U ONBITHOM Ipymnmax.
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Puc. 3.34. Jlunamuka HaCTYIUICHUs 0O€3IBIKUBAHKS B PE3yJIbTaTe BO3ACHCTBHS aHECTETHKA
¥ BOCCTAHOBJICHUSI TIOCTIE TEPEMEIICHUSI B MPOTOYHYIO BOLY PHIOOIOCAI0THOTO MaTEpHAa
panyxHOH (Hopeny Mo/ BIUSHAEM ONTUMAIIBHOTO PEKHMa BO3ACHCTBUS
CBETOIMOJHOTO U3IIyYCHHUs] HU3KOWH HHTECHCUBHOCTH

Kaxk BuzmHO U3 npencrasiieHHOro puc. 3.34, B ONBITHOM IpyIe BO BpeMs
HEWpo(hapMaKoIOTHIECKOTO TECTUPOBAHUS BPEMsI HACTYIJICHUS 00€3IBH-
KMBaHWSA MO]] BIMSHUEM aHECTE3UH OBbLIO BBIIIE, YeM B KOHTPOJIBHOH Ipym-
T, @ BPEMsI BOCCTAHOBJICHHS MOCJIE aHECTE3UH OBIIIO HIDKE 10 CPABHEHHIO C
KOHTPOJIEM.

[Ipu mocTpoeHNN TUHUH TPOOUT-PETPECCHH C YyIETOM KO3 HUIHEHTa
HaKJIOHA MOKHO HaOJIIOaTh MMEIOMINECS PA3IHUMs B UCCIEAYEMbIX IPyII-
nax (puc. 3.35, 3.36). Tak, Bo BpeMs aHecTe3uH KOA(PGHUIIMECHT HAKIOHA B
KOHTPOJBbHOH TpyIine cocTaBui 3,84, Toraa Kak B ONBITHOW TPYIIIE OH ObLI
paBeH 2,48, T. e. B KOHTPOJILHOW T'pyIIe CKOPOCTb HapacTaHusi dddexTa
Oblla BBIIIE, O YEeM CBHAETEILCTBYET Oojiee KpyTas JIMHHS NPOOHT-
perpeccun. Cnenyer oTMeTuTh, 4TO 3HaueHue LDS0 B ombITHOW Tpymme
ObUIO Tark)ke BBIIE, YeM B KOHTpoJbHOW. Kak mokasan JeBHaHc-aHaIuU3,
YCTaHOBJICHHBIC Pa3iu4us ObLIH JOCTOBEPHBIMU (cM. Tabu. 3.57).

Bo Bpems BOCCTaHOBJIEHHS IOCIIE aHECTE3WH KOA(P(UIIMEHT HaKIOHA B
KOHTPOJBHOH TPyIITie COCTaBmI 5,91, Torna Kak B ONBITHOW TPpyIIIe OH OBLI
paBeH 4,66, T. €. B KOHTPOJIGHOW TPYIIIIE CKOPOCTh HapacTaHus 3ddekra
Obuta BBIIE, O YeM CBHICTENILCTBYEeT Oojee KpyTas JIHMHHS HpOOHT-
perpeccuu. Crenyer oTMeTuTh, 4TO 3HaueHHe LDS50 B ombITHOH Tpymme
OBLTO TaK)Ke HMXKE, YeM B KOHTPOJBHOH. DTO CBHUIETEIBCTBYET O TOM, UTO
BOCCTAHOBJICHHE PBHIOOMOCAJOYHOTO MaTepuana IOocie aHEeCTe3UH OCy-
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IIECTBIUIOCH 3a Ooyiee KOpoTKoe Bpems. Kak Iokasan aeBHaHC-aHAIM3,
YCTAHOBJICHHbIC Pa3INyusi ObLIM TOCTOBEPHBIMH (CM. Tadi. 3.57).

N _| == pce
e KOHTPOIb
=== OnbIT

TIpo6uT-nonu 06e3aBMKEHHBIX (opeeit
1

T T T T T
0.0 05 1.0 15 20

In(MuHyTb1)

Puc. 3.35. JIuneiinble 3aBUCHMOCTH NIPOOUT-3(exTa 00e3IBIKUBAHHS PHIOOIIOCAIOYHOTO
MaTepHala paayxHoi (Gopenu oT JorapudmMa MHHYT BO3ACHCTBHS aHECTETHKOM
JUIs1 KOHTPOJIBHOM U OIIBITHON TPYIIT

TIpoOuT-n01H BOCCTAaHOBIICHHBIX (hoperneit

- Bce

@ KOHTPOIb

== OnbIT

T T T T

0.0 05 1.0 15 20
In(MuHyTbI)

Puc. 3.36. JIuneiinble 3aBUCUMOCTH MPOOHUT-3((eKTa BOCCTAHOBIICHUS PHIOOIIOCJOUHOTO
MaTepHala paxyXKHOH ¢openu oT orapuMa MHHYT HAXOXKICHHUS B IPOTOTHOI BOzIE
JUIS KOHTPOJIBHOM U ONBITHOM I'pyII
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Takum 00pa3oMm, 1MoJ| BIUSTHUEM ONTHYECKOTO M3Iy4EHHS IPOUCXOANIIO
yIIy4dIIeHHEe Pe3yNbTaTOB MNPOXOXKICHUS HEHpo(hapMaKoIOTHUECKOTO Te-
CTHPOBaHUS PHIOOIIOCAIOYHBIM MAaTEPUAIOM payKHOU (openy.

B pesynpraTe mccienoBaHWE M3MEHEHMS OKPAacKH PHIOONOCaTOYHOTO
MaTtepHana paayxKHol (openu IpH NpoBeASHUN METOIUKH OLEHKH «(OHO-
BBIX» peaKkIuid NMUTMEHTHBIX KIETOK (MeTaHo(OpoB) B KOHTPOJBHOH H
OIBITHOH Ipylmax ObIO YCTAaHOBJIEHO, YTO HanOoJee akTHBHO peakuus Ha
u3MeHeHHs (oHa HPOSBIANACH Y PHIOONOCATOYHOTO MaTepuajia OIBITHOH
rpynnsl (cM. Tabn. 3.58), uro cBUmeTeNbCTBOBANIO O ee Oojee (HU3HOIIOTH-
YeCKOil alanTHBHOCTH K U3MEHSIOIINMCS mapaMerpam cpeast [302, 306].

Perncrpamyro peakiy MHUTMEHTHBIX KJIETOK OCYLIECTBIISUIM TIPH HC-
none3oBanuy nporpammsl FishGui Ha 6a3e MATLAB (puc. 3.37), ¢ nomo-
IIBI0 KOTOPOH PErucTPUPOBAINCH ITapaMeTphl OKpacku B (opmare 1BeTO-
BoIx Mojeneid RGB u HSV (puc. 3.38) u ompenensiachk JOMUHUPYIOIIAS
JUTHHA BOJIHBI OKPAcKH prIOsI (puc. 3.39).

Puc. 3.37. IIpumep 06paboTKy n300pakeHus (a — 10 00paboTKy; 6 — mociie 00paboTKH)
¢ pbIbOMOCaIOUHBIM MaTepHANIOM paxyxHoi dopenu B nporpamme FishGui s onenku
(OHOBBIX PEaKIHii MUTMEHTHBIX KIIETOK
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<-dark-light-»

Puc. 3.38. IIpumep rpaduka pacrnpenesaeHus OTACIbHBIX LIBETOB B BOCBMHOUTOBOM
n300paXKeHUH C PHIOONIOCAOYHBIM MAaTEepHAIOM pamyxHoii ¢openn B mporpamme FishGui
JUISL OLIEHKH (JOHOBBIX PEAKIHif TMTMEHTHBIX KJICTOK
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Puc. 3.39. Ilpumep rpaduka ¢ onpenesaeHueM JOMUHUPYIONICH ITTHHBI BOIHBI
n300paKeHNUsI C PHIOONIOCATOYHBIM MaTepHaIoM pangyxkHoi ¢openu B mporpamme FishGui
JUISL OLIEHKH (POHOBBIX PEAKIHil MIMTMEHTHBIX KJIETOK

Tabnuna 3.58. BausiHue ONTUMAJILHOIO Pe:KUMA BO3/1eiiCTBUS CBETOMOHOTO
H3JIy4YeHMs] HU3KO0I HHTEHCUBHOCTH HA M3MEeHeHHe NapaMeTpPoB 1iBeTOBbIX Mojeeii RGB
u HSV B okpacke pp160nocajoyHOro MaTepuaia paay:KHoii (popesu B TecTe OLeHKH
¢oHnoBoli peakuuu MeaaHopopos

Tect
I'pynna Tlokazarenu mean se (mean) cv MasuHa —
YutHu
1 2 3 4 5 6
KontponsHas R 81,3 2,85 0,11 -
OnbITHAs 85,6 2,44 0,09 p>0,05
KonTponbHas G 87,0 1,47 0,05 -
OmnbiTHAs 94,4 2,48 0,08 p<0,05
KonTponbHas B 46,0 2,59 0,17 -
OmneiTHAs 52,3 2,72 0,16 p>0,05
KonTponbHas 214,3 6,38 0,09 -
Onrhas R+G+B 2323 7,05 0,09 p<0,05
KonTponsHas H 46,3 1,06 0,07 -
OnbiTHAs 49,4 1,30 0,08 p>0,05
KonTponsHas S 119,8 5,70 0,15 -
OnbITHAs 1245 5,37 0,13 p>0,05
KontponsHas v 91,9 2,04 0,07 -
OmnbiTHAs 95,3 1,86 0,06 p>0,05
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OkoHvyanue Tabia. 3.58

1 2 3 4 5 6
KontponsHas 258,0 5,18 0,06 -
Onbrmnas H¥S+V 269,2 5,01 0,06 p<0,05
KonTposnbHas JloMuHaHTHAs 567,9 0,67 0,003 -
Onbithas H”““Z‘;"”“"" 572,1 0,31 0,001 p<0,05

Vcnosuele obosnauenus: R (red, kpacupiii), G (green, 3eseHsbli),
B (blue, rony6oii), H (hue, Ton), S (saturation, HackimennocTs), V (value,
3HAYEHUE TBETA).

TakuM 00pa3oM, 1MOJ| BIUSHUEM ONTHYECKOTO M3TYUEHHS MPOUCXOIUIIO
yAydIieHHe (U3HOIOrHIECKON aJalTHBHOCTH PhIOOMOCAIOYHOTO MaTepHa-
Ja K U3MEHSIoIMMes napameTpam cpezst [302, 306].

IMpu u3yueHUH MA3KOB KPOBH HCCIIEIYEMOTO PhIOOMOCA0YHOTO MATEPH-
ana paay)XHoi (hopesr CTaTUCTHYECKHE Pa3jIMuusl MEKIY KOHTPOIBHOM U
OMBITHOW TPYIITaMK BBISBJICHBI HE OBUTH, 32 UCKIIOYEHHEM 0K PUTPOIH-
TOB, KOTOPBIC JOCTOBEPHO MPEBBIMIATN JAAHHBIN [I0KA3aTellb B KOHTPOJILHOM
rpymnie. [Ipu 3tom dopMyna KpOBH CBHICTEIHCTBOBAJIA O HOPMAIBLHOM pas-
BUTHH PHIOOTIOCAI0OYHOTO MaTepHaa: KOJMIECTBO IPUTPOIIMTOB BaphHPOBa-
1o ot 90,77 mo 92,57 %, He3pensix mmumdornmros — ot 0,57 mo 0,76 %, 3pe-
TBIX TAMGOITOB — 0T 3,66 1m0 4,55 %, MmonommToB — oT 0,43 1o 0,55 %, rpa-
nynouuroB — ot 0,77 1o 0,86 %, TpombormToB — ot 2,00 o 2,51 % [302,
306] (rabm. 3.59).

Tabnuua 3.59. BiausiHue ONTHMAJILHOTO PE:KUMA BO3/1€iiCTBUS CBETOIHOTHOTO
H3JIy4eHHs] HU3KO0il HHTEHCHBHOCTH HA H3MEHeHHe (POPMYJIbI KPOBH PHIGONOCAT0YHOIO
MaTepHaJa paays:kHoi dopean

Tect Teer
I'pynna IokazaTtenn mean, % se cv IHanm- Mamnna -
(mean) po— S
Yunka

KonTponbHas 5 90,77 0,64 0,02 -
OnbITHan PHTPOHTHL 92,57 0,32 0,01 p<0,05
KontponsHas Hespensie 0,76 0,12 0,51 -
OmnbITHAs JTUMQOLIUTHI 0,57 0,08 0,44 p>0,05
KontponsHas 3pernbie TUM- 4,55 0,50 0,35 -
OmneiTHAs (douuTh 3,66 0,33 0,28 p<0,05 p>0,05
KonTposnbHas MorowTst 0,55 0,07 0,44 ! -
OmneiTHAs 0,43 0,06 0,49 p>0,05
KonTposnbHas r 0,86 0,12 0,47 -
OnbitHas PaHyJIOUHTHL 0,77 0,10 0,43 p>0,05
KontponsHas TpomGomTs: 2,51 0,31 0,40 -
OnbITHAs 2,00 0,18 0,29 p>0,05
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ITpu npoBeneHNH OHOXMMHYECKUX HCCICIOBAHMII JOCTOBEPHBIX pasiH-
YUH MEXJIy UCCIIEIyeMbIMU IPYyNIIaMH 10 TaKKM I1lapamMeTpaM, Kak KOHIIEH-
Tpauus Kajablys, X0JeCTepHHa, MOYCBHUHBI, KDEATHHHUHA, AKTHBHOCTb JIAKTAT-
JIETHAPOreHasbl, MeJI0uHoi (ocdarasbl, y-raoTaMunTpancdepassl, BhISBIIE-
HO He Obu10. OHAKO YCTAHOBIICHO, YTO B OINBITHOH TPYIIE MPOHCXOIHUIO
JIOCTOBEPHOE CHIDKEHHE aKTHBHOCTH acliapTaTaMUHOTpaHc(pepasbl U ajJaHu-
HamuHOTpaHc(epassl Ha 10,3 u 38,7 % cOOTBETCTBEHHO. DTO MOXHO 00b-
SCHHATH TEM, YTO ONTHYECKOE H3IYYCHHE B ONTHMAIBLHOM PEXHUME OKa3bl-
BaJIo remaTonporekTopHoe aeicteue [302, 306] (Tabdm. 3.60).

Tabnuua 3.60. BiusiHue ONTHMAJILHOTO PE:KUMA BO3/1eiiCTBUS CBETOIHOTHOTO
M3JIyYeHHs] HU3KOi HHTEHCHUBHOCTH HA N3MeHeHHe OHOXHMMHUYECKOI0 COCTaBa ChIBOPOTKH
KPOBH PHIGONOCAI0YHOT0 MaTepHuaja paay:kHoi (opean

Tect Teer
se ITamnu-
I'pynna ITokazaTenn mean cv Manna —
(mean) po - v
Yunka

KonrponbHas Kanpumii, 2,34 0,07 0,11 0<0,05 _
OrnbITHAs MMOJIB/JT 2,19 0,08 0,14 ! p>0,05
KonrponbHas XomnectepuH, 2,83 0,21 0,29 —
OrnbITHAs MMOJIB/JT 2,63 0,21 0,22 p>0,05
KonrtponbHas MoueBuHa, 141,26 14,58 0,39 —
OrnbITHas MMOJIB/JT 135,73 12,27 0,33 p>0,05
KonTponsHast Kpeatunus, 206,18 58,42 0,41 -
OnbITHAs MMOJIB/JT 203,83 39,84 0,47 p>0,05
KonTponsHast Jlaktatme- 779,26 55,84 0,27 -
OnbirHas e | 756,38 | 7009 | 036 p>0,05
KonTponsHast Illemounas 52,08 6,56 0,39 -
OnbrrHas ¢°‘§g}§3a’ 5822 | 747 | 046 p>0,05
KonTponsHast AnaHnHaMHU- 29,18 3,41 0,25 -
OnbrrHas ‘;‘;zgaﬁg’; 2103 | 316 | 016 p<0,05
KonTposnbHast Acnaprara- 281,33 13,12 0,18 -
OnerTHas (ﬁg:;’;p&ﬂg/'n 25500 | 11,91 | 0,16 p<0,05
KonTposnbHast Y-TIIIOTaMUJI- 2,45 0,41 0,53 -
OnerTHas P a*l’\f[‘iéjgm’ 1,30 016 | 046 p>0,05

[IpoBeneHHBIN aHATU3 XMMUYECKOTO COCTaBa MBIIICYHON TKaHU PHIOO-
MOCaI0YHOT0 MaTepHa paayKHOW (Gopesu He BhISBUI CTATUCTUYECKH 3HA-
YUMBIX PA3ITHIAN MEKY KOHTPOIBHON W OMBITHOM Tpymamu (tadm. 3.61).
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Tabnuna 3.61. BausiHue ONTUMAJILHOTO Pe:KUMA BO3/1€HCTBUS CBETOHOHOTO
M3JIyYeHUs] HU3KOi MHTEHCUBHOCTH HA XUMHYECKHii COCTAB MbILIEYHO! TKAHU
PbIOONIOCAT0UHOT0 MaTepuaJia paay:KHoii ¢popesin

Tect Tect
I'pynmna Tlokazarenu mean, % (mizn) cv pga;;_ Ma_HHa
Ka YutHu
KonTponbHas Kamii 0,31 0,003 0,01 -
OmnbiTHAs 0,30 0,006 0,03 p>0,05
KonTponbHas Docdop 1,26 0,07 0,10 -
OmneiTHAs 1,09 0,05 0,08 p>0,05
KounrponpHas 2,87 0,22 0,13 -
OHLITpHag Asor 2,58 015 | 010 P<0.05 3605
KonTponsHas Cyxoe 25,50 3,18 0,21 -
OnbITHAas BEIIIECTBO 22,48 1,21 0,09 p>0,05
KontponsHas CeIpoit 17,95 1,41 0,13 -
OnbITHAs MIPOTENH 16,14 0,97 0,10 p>0,05

TakuM 00pa3oM, pa3paboTaHHbIE HAMH ONTUMAJIbHBIE PEKUMBI BO3IEH-
CTBHS CBETOJUOJHBIM H3JyYeHHEM HU3KOW WHTEHCHBHOCTH HA HUKPY
(3MOpHOHBI) PHIO B MHKYOATOPE JIOTKOBOTO THIIA 0OSCICYMBAIN IOBHIIIIC-
HUe PPEKTUBHOCTH HCKYCCTBEHHOTO BOCIPOM3BOJCTBA U BBIPAIIMBAHUS
JIOCOCEBBIX PBHIO 3a CYET CTUMYJISIUH Pa3MEPHO-BECOBBIX IMOKA3aTeleH,
BBDKHBAaEMOCTH, KH3HECTOMKOCTH M APYIUX (DU3HOJIOTHUYECKHUX MOKa3aTe-
Jel, a TaKkKe ONTUMH3ALUH TEXHOJOTHH TOBAPHOH aKBaKYJIbTYphI IMpU
HU3KOM CTOMMOCTH 000pyIoBanus uis ee peanusanuu [302, 306].

3.5. IIpou3BOACTBEeHHbIE HCIILITAHUS Pe3yJIbTATOB HCCIe0BAHMIT

B xopie mpou3BOICTBEHHBIX HCHBITAHUI ObLIa MOJATBEPIKICHA CIIOCO0-
HOCTh ONTHYECKOTO H3JIyUYeHHUs] HU3KONH HMHTEHCUBHOCTH B ONTHUMAJIbHOM
JIO3UPOBKE JUIsl OJJHOTIONIONO PHIOONOCAIOYHOTO MaTepralla paaykHoi do-
penu OKa3bplBaTh CTHUMYJHpPYIOIIee BIUSHUE HAa 3((PEKTUBHOCTH MOJpaIy-
BaHUS B YCTAHOBKE 3aMKHYTOI'O BOJOCHA0XEHUS.

B pesynbraTe NpOM3BOACTBEHHOH NPOBEPKHM B KOHTPOJIBHOM TpyTIie
6buT0 TOMydeHo 3 525 mTyk JHMYMHOK cpexHed HaBeckoit 0,42 T (70,5 %
BBDKMBAaEMOCTH), @ B TpYyIIE, HA KOTOPYIO BO3/EHCTBOBAIN ONTHYECKHM
W3IYYCHHEM KpacHO# oOnacTu crekTpa, Obuto moiydeHo 4 060 mrTyk Ju-
YHHOK cpenHeit HaBeckoit 0,57 1 (81,2 % BeDKHBaeMOCTH). DKOHOMUYECKHN
3pQGeKT OT WUCIONB30BaHUA pe3yIbTaTOB cocTaBui 395,9 pybmeir Ha
10 000 sk3eMIUIsIpOB ~ JIMYMHOK  paayKHOH ¢openn (B 1eHAX Ha
30.05.2017 r.) (Tabmn. 3.62).
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Tabnuua 3.62. BausiHue ONTUMAJILHOTO PE:KUMA BO3/1€HCTBUS CBETOHOHOTO
M3JIyYeHUs] HU3KOi MHTEHCHUBHOCTH HA XUMHYECKHIi COCTAB MbILIEYHOI TKAHU
PbIOONIOCAT0UHOT0 MaTepuaJia paay:KHoii ¢popesin

IMokazarenu 3HaucHue
KosunuectBo ppid (IMOPHOHOB) Ha HAYAJIO UCIIBITAHUS B KOHTPOJIBHOM TPYII- 5000
e, IT.
KonnuectBo pbid (3MOPHOHOB) Ha HAyalo MCIBITAHHUS B ONBITHOM IpyriIe, 5000
IIT.
KomnudectBo ppi0 (TMYMHOK) B KOHIIC HCIBITAHHUS B KOHTPOJIBHOM IpymIe, 3505
IIT.
KomnuecTBo peI0 (IMIMHOK) B KOHIE HCOBITAHNUS B OIBITHOM TPyMITE, IIT. 4 060
BBDKHBAaEMOCTB JIMIMHOK B KOHTPOJIBHOI rpymie, Y% 70,5
BBDKHBAaEeMOCTB JIMIMHOK B ONBITHOH rpymie, % 81,2
CTOMMOCTH ITOCaTOYHOTrO MaTepuana, pyo/mr. 0,38
CebecToMMOCTh BBIPALIMBAHKS T0CAJOYHOT0 MaTepraa, pyo/ImT. 0,18
CronmocTs pubopa na3epHO-onTHIecKoro npubopa «CTponray, pyo. 12 840
Cpox ciyx0bl 1a3epHO-onTHYecKoro npudopa «CtpoHray, et 5
KosnuecTBO HKpBI, HHKYOHPYEMOii 3a rof, IIT. 2 400 000
KomnuecTBo HHKyOHpyeMOl HKpHI 3a 5 JeT, IIT. 12 000 000
3aTpaThl OT HCIOJIB30BAHNUS JIA3EPHO-ONTHYECKOTO prbopa «CTpoHTay, 000107
Py0 / 9K3. HKpBI '
3aTpaThl OT HMCIIONB30BAHMS J1a3epPHO-ONTHYECKOro npubopa «CTpoHra» 3a 535
HIePUOJ] IPOU3BOJICTBEHHBIX HCIIBITAHNUI, PYO. '
Uucras npu0sLIs, pyo. 1975
Yucras npudbLb, pyo / 10 000 k3. 395,9

PesynbTaThl Mccie0BaHM HAIUTM MPAaKTHIECKOE NMPUMEHEHHE B IPO-
W3BOACTBEHHOM M yueOHOM mpornecce (mpun. A—E).

BoiBoabL.

1. IIpoBeneHHbBIE HCCIIENOBAHUS TTO3BOJIMIIA YCTAHOBHUTD, YTO KPATHOCTh
ONTHYECKOTO WH3Iy4EHHs CIIOCOOHA PETyNHpOBaTh CTUMYJIUPYIOUIMH 3¢-
(exT m3mydeHHs JazepHo-onTHyeckoro npubopa «Crponra». [Ipu omHo-
KpPaTHOM BO3JICHCTBHH ONTHYECKOTO H3ITyYEHHUS] MaKCHMaJIbHBIA CTUMYIIH-
pytommuii 3 hexT Ha HHANBUYaIbHOE BPEMSI )KU3HU HAOIIOAAJICS IPH BO3-
JeHcTBUU B TeueHne | MUHYTHI U coctaBuia 13,5 %. [Ipu nBykpaTHOM BO3-
JICWCTBUN ONTHYECKOTO M3ITYYEHHS MAaKCUMAaJbHBIH CTUMYIHPYIOMIHUI 3¢-
(eKT Ha MHAMBUAYaJIbHOE BPEMs KU3HHM HAOJIONAICS MPH BO3/CHCTBUM B
teyeHue 20 MUHYT U cocTaBull 7,3 %. IIpu TpexkpaTHOM BO3AEHCTBUU OII-
THUYECKOT'0 M3JIyYeHHs] MAaKCUMaJbHBIN CTUMYIHUpYIOIui 3¢ dext Ha uHau-
BU/IyaJIbHOE BpeMs >KM3HM HaOMIofancs NpH BO3JACHCTBHM B TEUCHHE
20 munyT U coctaBun 12,9 %. [Ipu ueThipexKpaTHOM BO3ACHCTBUU ONTHYE-
CKOTO M3Ty4eHHS MAaKCHMAIbHBIN CTUMYIMPYIOMNH 3 GEeKT Ha HHIANBHUIY-
aNbHOE BpeMsl )KU3HU HAOJIIOAIICS [TPU BO3JCHCTBUU B TeueHHe 15 MUHYT U
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cocraBuia 18,8 %. Ilpu nsATUKpAaTHOM BO3IEHCTBUM ONTHYECKOTO W3IIy4EHHMS
MaKCHUMaJIbHbIA CTUMYIHUPYIOUMI 3G GEKT Ha MHANBHIYATIBHOE BPEMS KH3-
HU HaOJrOTaNICsI IPU BO3ACHCTBIY B TeueHue 20 MuHYT U coctaBmi 24,6 %.

2. Kak moka3zanu Hamy WCCIIENOBaHM, TeMIepaTypa BOJBI CIIOCOOHA
OKa3bIBaTh BIMSHNE HA BEJIMYMHY CTUMYJIMPYIOIIETo 3 deKTa ONTHIECKOTro
n3nyuenus. Hanpumep, 3HaueHHs WHIMBHIYAJbHOTO BpPEMEHH XH3HU B
KOHTPOJILHOM TpYyIIE ¢ MOHWKEHUEM TeMIIepaTyphl YBEINUUBAINCh, OJTHA-
KO JIOCTOBEPHBIC Pa3iH4Hsi ObUIM BBISBJICHBI TOJBKO B OJHOM CPaBHEHHH.
[MonmkeHne TemMmeparypbl BOABI B ONBITHBIX I'PYIINAx, Ha KOTOPBIX BO3JEH-
CTBOBAJIM ONTHYECKUM H3Iy4CHHEM, IPUBOIIIO K Ooee BBICOKUM pasiIH-
YUAM MEXAY HCCIENyeMbIMH TEMIIEpaTypHBIMH pexnMmamu. Tak, mpu
CPaBHEHUM pE3yJIbTAaTOB HWHIMBHUAYAJIbHOW BBDKMBAEMOCTH B OMBITHBIX
rpynnax, Ha Kotopsix BozaeictsoBanu LED u LD ontuueckum u3nyyeHu-
€M, HaOJI0JAJIOCh M0 MATh JOCTOBEPHBIX Pa3IMYMil B CPABHUBAEMBIX IPYII-
Iax, a BeJIMYMHA CTUMYJHUpyomero sddexra m3mensuiack ot 7,7 u 7,0 %
st LED u LD uzny4yeHust COOTBETCTBEHHO Tpu TemrepaType Bojasl 12 °C,
10 23,4 1 26,8 % mna LED u LD n3ny4eHns COOTBETCTBEHHO IIPH TEMIIEPA-
Type Bozs! 8 °C.

3. [NomyueHHBIE pe3yIbTaThl CBUAETEIBCTBYIOT O BHICOKOW OHMoOOrHIe-
CKOW aKTUBHOCTH M3JIydeHUs HU3KOW WHTEHCUBHOCTHM KpPAcHOW 00JacTé
CIIeKTpa, BEIpaKalomIecss B CITIOCOOHOCTH CBeTa OKa3bIBaTh d(PPeKT Ha M-
OpHOHANBHOE Pa3BUTHE JIOCOCEBBIX PHIO. DTO BBIPAXKAETCS B IOBBILICHUU
AaKTHBHOCTH ()EPMEHTOB IPU BBICOKOM YPOBHE JI0CTOBepHOCTH. CpaBHEHNE
Pe3yNbTaToB, MOIYYEHHBIX C HUCIOJIb30BAHHMEM MCTOYHUKOB PAa3HOW cTeme-
HU BPEMEHHOW KOTEPEHTHOCTH, TOKa3ajo, 4To Ouosormueckue 3(PpQeKTs
(akTUBHOCTH (DEPMEHTOB), BBI3BIBAEMBIC MNOJISIPU3OBAHHBIM H3ITyUYCHHEM
MOJTYTIPOBOTHIKOBOTO J1azepa (A = 650 M, L, ~ 211 MKM) B CBETOHOTHO-
ro uctounuka (A = 630 HM, L, ~ 26 MKM), MPAKTUYECKH HE PA3THYAIOTCS TIPH
n3ydeHun aktuBHOCTH LDH 1 oTnmuanuce HE3HAYMTENBHO TPH M3YyUCHHU
aktrBHOCTH CK. OCHOBHOHW BBIBOZ, KOTOPBIH MOXKHO CJI€JIaTh U3 TIOJy4YCH-
HBIX JIAHHBIX, 3aKITFOYAETCS B TOM, YTO OHOJIOTHUECKHUN dPPEKT MOKET OKa3bI-
BaTh TOJIPU30BAHHOE M3Ty4YCHHE KaK IOJIYIPOBOJHHKOBOIO Jia3epa, Tak W
CBETOJIUOAHOTO MCTOYHUKA, 3HAUEHHUS BPEMEHHOH KOT'€PEHTHOCTH KOTOPO-
ro noutu B 10 pa3 MeHb11IE.

4. Kak mokasaiy HaIlli MCCIIeIOBaHMSA, HanOojee ONTHMAJIbHBIM PEeXKH-
MOM OITHYECKOTO M3JIy4eHHS SBISIETCS BO3IAEHCTBHE HA YMOPHUOHBI paIyX-
HOW ¢openu B TeueHue S gHelt (5-kpaTHOe Bo3aelcTue) mo 20 MHUHYT B
JieHb mpu Temmneparype 8 °C.

5. DxoHomu4eckuit 3pdekT OT MCHONB30BaHUS PE3yJIbTATOB COCTABHII
395,9 py6neit ma 10 000 5K3eMIDISIPOB JIMYWHOK pamyXHOH (openu (B 1e-
Hax Ha 30.05.2017 1.).
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3AK/IIOYEHHUE

1. JIazepHo-onTryeckuii mpubop «Ctponray (kpacHas o0JacTh CIIEKTpa,
A =630 HM, mMHA KOTepeHTHOCTH L. ~ 26 MKM), pa3pabotanHblii B bemo-
PYCCKOH rocyJapCTBEHHOM CENbCKOXO35UCTBEHHONW akaigemMuu u B MHCTH-
tyre ¢m3uku M. b. Y. Cremanosa HAH bexapycu s cBeToBOro BO3eii-
CTBHS Ha AIMOPHOHBI paxykKHOH (opern peid B HHKyOaTope JIOTKOBOTO THIIA,
obecrieunBaeT MOBHIMICHHE Y(P(PEKTUBHOCTH MCKYCCTBEHHOTO BOCIIPOM3BO-
CTBa W BBIPAIMBAHMS JIOCOCEBBIX PBIO 33 CUET PETYJIHUPOBAHUS PHIOOBOIHO-
OMOJIOTMYECKHUX TIOKa3aTeNell 0caloqHOro MaTepHalia, a TakKe ONTHMH3a-
LIMIO TEXHOJIOTUH aKBaKyJIbTYpPhI IPU HU3KOH CTOMMOCTH O0OPYIOBaHUS JUIs
ee peaymmzaruu [300, 311, 312, 313].

2. YCTaHOBJIEHO, 4TO BpEMs U KPaTHOCTb BO3JEUCTBHS ONITUUECKHM W3-
JIy4eHHEM CHOCOOHBI PEryjlMpOoBaTh CTUMYJMPYIOUMN dGGEeKT Ha paryx-
Hyto ¢openb. [Ipyu n3ydyeHWH BIMSHUS ONTHYECKOTO HM3JIyYSHHUS] HHU3KOW
WHTEHCHBHOCTH Ja3epHO-ONTHYECKOro mnpubopa «CTpoHra» Ha 3MOpHo-
HaJlbHOE W NOCT3MOPHOHAIBHOE pa3BUTHE paly>KHOH (openn B yCIOBHIX
in Vitro ycTaHOBJIEHO, YTO IPH OXHOKPATHOM BO3ACHCTBHM ONTHYECKUM
N3ITyYCHHEM MaKCUMAaJIbHBIA CTUMYNHpPYIOUNi 3 (exT Ha WHANBHIyalTb-
HOE BpeMs XKHU3HU SMOPHOHOB W JIMYMHOK HAOJIIOAAICS MIPU BO3ACHCTBUM B
TedeHue 1 MuHyThl M coctaBun 13,5 %. Ilpu ABykpaTHOM BO3AEHCTBHU
ONTHYECKUM H3JIyYC€HHEM MaKCUMAaJbHBIH CTUMYJIUpYOUMH 3(hQeKT Ha
WHIMBHyaJIbHOE BPEMsl JKH3HU HaOJIIOAAJICs NPU BO3JECHCTBUM B TEUSHUE
20 mun u cocraBuia 7,3 %. [Ipu TpexkpaTHOM BO3JIEHCTBHM ONTHYECKUM
M3JIyYeHHEM MaKCHMAIIbHBIA CTUMYIHUPYIOUHA 3 deKT Ha WHAWBHIYyaNb-
HOE BpeMs XHU3HH HaOmronancs npu BO3AECHCTBHH B TedeHue 20 MUHYT U
coctaBua 12,9 %. [Ipu yeThIpeXKpaTHOM BO3ACHCTBHHM ONTHYECKHM H3ITY-
YEHHEM MaKCHUMAJIBHBIH CTUMYNUPYIOUIMH 3(GQEeKT HAa HWHIUBHIYAILHOE
BpeMs1 )KN3HHU HAOJII0AJICS TIPH BO3JAEHCTBUYU B T€UEHHE 15 MUHYT M cocTa-
Bun 18,8 %. Ilpu nmATHKpaTHOM BO3AEHCTBHM ONTHUECKUM H3ITydeHHEM
MaKCHMaJIbHBIH CTUMYNUpYIOMUHA 3((eKT Ha HWHIUBHIYyallbHOE BpEMs
JKM3HM HaONofajcs Npu Bo3JeHcTBUM B TedeHne 20 MHUHYT M COCTaBHII
24,6 % [300, 306, 307].

3. YcTaHOBIEHO, YTO TeMIEpaTypHBIH PEKUM HWHKYOAIIMH dMOpPHOHOB
panyxHOH (openu maxe B mepenenax ONTHMANbHBIX 3HAUEHHH CIIOCOOCH
OKa3bIBaTh () (EeKT Ha BENIMUYHHY CTHMYIUpPYIOMEro 3ddexra onTHIecKoro
n3mydeHns. Tak, Ipu CpaBHEHWN BBDKMBAEMOCTH B OTBITHBIX Tpynmax (Ha
9MOpPHOHBI KOTOPBIX BO3/AEHCTBOBAIH IOJISIPU30BAHHBIM H3IyYEHHEM CBE-
TOJIMOJIHOTO MCTOYHHKA) HAOIIOaI0Ch YBEIHICHHE CKOPOCTH HapacTaHUs
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s dexra (kodpdunmenta yria HakJIOHA JIMHEHHOW 3aBHCHMOCTH THOEIH
TM4YrHOK) B 1,3-3,2 pasa 1o cpaBHEHHIO C KOHTPOJIBHOW IPYIION NPH CHU-
KEHUH TeMIIepaTypHOTo pexuma nHKyOaruu. [Ipu cpaBHEHHN pe3yIbTaTOB
WHJIMBHU/YaJIbHOTO BPEMEHHM JXM3HM SMOPHOHOB M JIMYMHOK B OIIBITHBIX
rpyIIax, Ha KOTOPBIX BO3/EHCTBOBAIN MOJSIPU30BAaHHBIM M3JTyYEHHUEM CBE-
TOJMO/IHOTO MCTOYHUKA, HAOIIONANIOCh TI0 TATh JTOCTOBEPHBIX PAa3IH4YUid B
CpaBHHMBaEMbIX IPYIIAX NPU PA3IMYHON TEMIepaType MHKyOaluu, a Beiau-
YMHA CTUMYNHpYomero 3¢ dexra m3MeHsuace ot 7,7 % (mpu temmepaType
Boabl 12 °C) mo 23,4 % (mpu temnepatype Boasl 8 °C) [303, 304, 305, 308,
309, 310].

4. Pe3ynbTaThl, TIOyYEeHHBIE B HACTOsIIEH padoTe, CBUICTEIHCTBYIOT O
TOM, 9TO OHoJorHIeckuid 3h(HeKT Ha SMOPHOHBI U TMYUHKHU PaxyKHOH (o-
penr MOXKET OKa3bIBaTh MOJSIPU30BAHHOE M3ITYUeHHE KaK MOJIYIPOBOJHUKO-
BOTO JIa3epa, TaKk ¥ MOJISIPHU30BAHHOE U3JIyYEHHE CBETOAUOJHOTO MCTOYHH-
Ka, CTeTeHb KOIepeHTHOCTH KoToporo moutu B 10 pa3 mensiie. CpaBHeHHE
Pe3yJIbTaTOB UCCIEJOBAHHMN, BHIITOJHEHHBIX C HUCIIOJIb30BAaHUEM H3JTyUCHHS
Pa3JIMuHOM CTENEHW BPEMEHHOW KOI'€PEHTHOCTH, MOKa3ajo, 4TO OHOJIOrH-
yeckue d3QPeKTl (aKTUBHOCTh ()ePMEHTOB SMOPHOHOB PaayXHOU (openy,
WHAWBUIYaIbHOE BpEMs JKU3HU JHYUHOK, CKOPOCTh HapacTaHus 3¢ ¢ekra
Ha BBDKHUBAEMOCTD), HHIYIAPYEMBbIC TOJIPU30BAHHBIM H3IIyUYECHHEM IIOITY-
MIPOBOJHUKOBOTO J1azepa (A = 650 HM, Lo ~ 211 MKM) U noONApU30BaHHBIM
W3ITYYECHHEM CBETOAMOAHOTO HCToYHMKA (A = 630 HM, Lo ~ 26 MKM), IPaKTH-
YeCKH HEe pa3iuyaroTcs WIM pa3luvaroTcs HesHadutensHo [301, 311, 312,
313].

5. Ha ocHOBaHWHW TIPOBEJCHHBIX HCCIIEIOBAHUN pa3pabOTaHbl mapameT-
PBI JOCTOBEPHOT'O CTUMYJIMPOBaHHS PHIOOBOAHO-OMOJIOTMYECKUX MTOKa3aTe-
Jiel BBIpAIMBaHMS MOCAIOYHOTO MaTepHana paaykHoil ¢openu, nosbima-
IOIIHME CPEIHIOK Maccy PhIOOMOCaoYHOro MaTepuana Ha 26,9-32,6 % (B
3aBUCHMOCTH OT BO3pacTa), HXTHOJIOTHYECKHE IpoMepsl — Ha 5,2—11,5 % (B
3aBUCHMOCTH OT MapaMeTpa), OTHOCUTEIBbHYIO CKOPOCTh POCTa Macchl — Ha
27,7 1. 1., TepPMOPE3UCTCHTHOCTh — Ha 26,7 %, HelpohapMaKOJIOTHICCKYIO
ycToiuuBOCTh — Ha 38,9 %, GoHOBYIO peaknuto MenaHohopos — 10 8,5 %,
KOJMYECTBO JPUTPOUUTOB — Ha 1,8 1. 1., CHMXKAIOUIME AaKTUBHOCTH
acnaptatamMmuHOTpaHcdepassl Ha 10,3 % u anannHaMHHOTpaHC]Epas3sl — Ha
38,7 %, OCHOBaHHBIE Ha €KEIHEBHOM BO3JACHCTBUM ONTHYECKUM HU3JIy4E€HU-
€M HHU3KOM MHTEHCHBHOCTH KpacHOH oOmactu cmekrpa (A = 630 HM), 1H-
HO# KorepeHTHOCTH (Lyo) ~ 26 MKM, execyTouHO, B TeueHue 20 MUHYT Ha
MPOTSDKEHUH 5 CYTOK, IPU IDIOTHOCTH MOITHOCTH ONITHYECKOTO M3ITY4ECHHUS
3,0 MBT1/cM?, ipr Temniepatype nuky6aruu 8 °C [304, 306].
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6. Oxonommueckuit dpdext (B menax Ha 30.05.2017 1.) OT MpUMEHEHUS
ONTHYECKOTO M3JIyYEHUS] HU3KOW MHTEHCHBHOCTH B TEXHOJIOTMH BBIPAILH-
BaHUS [I0CAJOYHOTO MaTepHana paay>KHoi (opelu B aKBaKyJIbType COCTaBUII
395,9 py6ueii Ha 10 000 5K3eMIUIAPOB JIHUMHOK parykHOi (operu [306].

PexoMeHanuu MO NMPAKTHYECKOMY HCHOJb30BAHUIO Pe3yJHLTATOB
HCCJIeI0BAHMIA.

Jist moBbIeHnst 3)(HEKTUBHOCTH TEXHOJIOTHH aKBaKyJIbTYPhl PIOOIIO-
CaIoYHOT0 MaTepHana pamgyXKHOH (Operar peKOMEHAYETCsl HCIONb30BaHNE
ONTHYECKOTO M3IY4YEHHS HU3KOH MHTEHCHBHOCTH CBETOIHUOAHOTO UCTOYHH-
Ka TIPH €XECyTOYHOM BO3JEHCTBHM HA OJHOIOJbIE 3MOPHOHBI Ha CTaIAHU
riaska B TeueHue 20 MUHYT Ha POTSDKEHUH 5 CYTOK, NIPH TUIOTHOCTH MOIII-
HOCTH ONTHYECKOro m3myuenus 3,0 MBT/cM?, mpu TemmepaType HHKyOaium
8 °C ([314], Boinucka u3 npotokoia Ne 1 ot 09.01.2017 r. 3acenanus cex-
LIMM JKMBOTHOBOJICTBA HAYYHO-TEXHUYECKOI'O cOBeTa MUHHCTEPCTBA CElb-
CKOTO XO3SIHCTBAa W IpOJOBOJILCTBUSI PecnyOnuku benapyck, cnpaBka o
MPaKTHYECKOM HCIOJIb30BaHUN PE3YJIbTATOB MCCIIEJ0BAHUMI B hepMepckoM
xo3aicTBe «Bacunex» Jl3epxunckoro paifona ot 23.02.2017 r., cnpaBka o
MPaKTHYECKOM HUCIIOJIb30BAaHUU pe3ynbTaTtoB uccienoBanuii B OO0 «Dup-
ma Pemona» r. Mormiesa ot 04.03.2017 r., ciipaBka 0 IPakTHYECKOM HC-
MOJTb30BAHNHU PE3YJITATOB MCCICNOBAHUM B y4YacTKE II0 BBIPAIIUBAHUIO
pri6 menHBIX mopox Ne 3 «Bricokoe» KoctiokoBuuckoro paiiona KITYII
«DopeneBoe xo03s1iicTBO «JIoXBay, aKT O MPAKTHYECKOM HCIOIb30BaHUU
PE3yNbTaTOB HCCIEIOBAaHUH B PHIOOBOJHOM HMHAYCTPHAILHOM KOMILIEKCE
YO BI'CXA r. T'opku ot 31.05.2017 1.).

Couuanbublii 3pPeKxT pe3ybTaTOB HCCIAETOBAHUI.

PesynbraThl nccnenoBaHuil BHEAPEHBI B 00pa3oBaTeIbHBINA MPOIECC 10
cneuuanbHoctd 1-74 03 03 IIpombliieHHOE PHIOOBOICTBO B paMKax JiHC-
numuinH «MCKycCTBEHHOE BOCTIPOM3BOJICTBO PBIO» M «AKBaKyJIbTypa IeH-
HBIX BHOB PBIO M pecypcocOeperaromue TeXHOJIOTHU» (aKT O BHEAPCHHUU
HAyYHO-MCCIEIOBATEILCKON pa3paboTku B 00pa30oBaTEeNbHBIN MpoOLECC OT
09.03.2017 1.).
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IMPUJIOKEHHUSA

Ipunoxenue A

YTBEPXKJIAIO

I'naBa depmepckoro xossiicTea
«Bacunex»

0 BO3MOKHOM NPAKTHYCCKOM HCNIOIL30BAHIN PE3y IbTATOB HCCIETOBAHMS
B cipepe cenbekoro xosgiictsa (prGHoe X03siicTBo 1 AKBAKYILTYPa)

Hactoammm noareepkaalo, 470 peiGHOM nexy (epmeperkoro  xosgiictsa  «Bacunex»
TpOBE/ICHA  OUCHKA ~BOIMOKHOCTH  HMCIOIb3OBAHHA PEKOMCHNAUMH MO  RLIPALIHBAHHIC
PhIOONOCAZOYHOTO  MaTepHana  paayxuoii  (openn B prIGOBOIHBIX HH/TYCTPHAIBHBI>
KOMITICKCAX, a8 HMEHHO!

1. Pexomenatuii no ruipoXHMHYECKOMY KOHTPOITIO 34 NapaMeTpaMu BOAHOM cpeibl.

2. PexomeHIaumii 10 TEXHOIOTHH 3anyeKa GHOIOIHYECKOTo (uneTpa

3. PexoMenauuii 1o pemieHHIo BO3MOKHLIX MpobieM Tpn paboTe B YCTAHOBKAX 3aMKHYTOIQ
BOJIOCHADKEHHS.

4. Pexomenpammii 10  COGMIONEHMIO  CAHHTAPHO-THIHEHHUECKHX TpeboBanuii  npu
akcnmyarauun Y 3B-cuctem

5. Pexomenjanuii no npoBeseHHIo MepoOLpHATHII o KOPPEKIHH HMMYHO-(DH3HOMOT HYECKOr O
COCTOSHUSA H MOBBIICHHIO BLIKHBAEMOCTH MOMOIH pID.

noiyyennpix bapymuueim HB., Jlumanom M.C., Hoeuxosoit E.I'., Iymexnm KL,
Arpomienko JL.O., Porosuosem C.B., Cyposen H.A., Hexpsiosoim A.B., [Tnasckiy B.1O. npu
sbinonHennd Tembl HHMP: Paspaborka oduumanbnex phiGoBOAHO-GHOTOTHUECKHX HOPM H
TEXHOOTHYECKON IOKYMEHTALMH 10 BHIPAUHBAHHIO PRIGOIIOCAIOMHOTO MATEPHANA PAILYIKHOIT
(open B yCnoBHSX  PHIGOBOIHBIX HHAYCTPHAIBHEIX  KoMillekcoB bLemapycn  (Ne
rocygaperseHHoit perucrpamun 201502635).

JU15 YNPaB/ICHHS TEXHOTOTHYECKHM MPOLECCOM BLIPAUIMBAHHA PBIO B YCTAHOBKE 3aMKHYTOrO
BojocHalbxenus epMepekoro xozsiictsa «Bacunexy.

Ha ocuoBanuu 4ero, BUUENEPEUNCICHHBIC PEKOMEHJAUMH OyIYT PCKOMCHIOBAHBI B
TEXHOJIOMHYECKOM ITpoLecce.

3aMecTHTeNb IHpEKTOpa e AN Jlamkesuy
"r on oA - | {noz_m_umr)‘ (MHAUHANLL, (avuTma)
e 3 {._(/',f)..—{/ e

(nara) J

134



IIpunoxenue b

CIIPABKA
0 BO3MOZKHOM NPAKTHYECKOM HCMOJIL30BAHHH PE3YILTATOB HCC/ICI0BAHNA

B cihepe cenbckoro XossicTra (priGHoe XO3AHCTBO M AKBAKYIBTYPA)

Hacrosumm noarsepiaio, uro B peidHom nexy 00O «dupma «Pemona, MpoBeaeHa
OLCHKA BOMOMHOCTH MCMONB30BAHHA PEKOMEHIALMI MO BRIPALMBAHHIO PHIGOTIOCATOUHOIO
mareprasia paty#Hoit openn B prICOBOIHBIX HILYCTPHAIEHBIX KOMITTEKCAX, 4 HMEHHO:

1. Pexomennanmii no rujipox HMHUECKOMY KOHTPOIIO 3a mapaMeTpaMH BoHO CpeIbl.

2. PexoMeHIaLui 110 TEXHOIOTHH 3alycka GHOTOrMUecKoro unsrpa

3. Pexomennaunii no pementio BOIMOKHBIX TIPoGiiem mpu paboTe B YCTAHOBKAX 3AMKHYTOIO
BOIOCHADMEHHA,

4. PexomeHnauuit 10 COOMONEHHIO  CAHMTAPHO-TMIHEHHYECKHX Tpebosauuii  npu
akciyataiun Y 3B-cuerem

5. PekoMeniauuit no npoBeeHHIO MEPONPHATHI 110 KOPPeKIHK HMMYHO-(JHIHOIOTHIECKOTO
COCTOSHHS H NOBLIIEHHIO BEIKHBACMOCTH MOJIOIH Phib.

noyueHueix  bapyauueivm H.B.. Jlumanwom M.C., Hosukosoit E.I', Ilymckum K.JL,
Atpomenko JLO., Porosuosei C.B., Cyposert H.A., Ilnasckum B.IO. npu Beinonnenun Temb
HHP: Paspabotka oQHUHATBHEIX pPhIGOBOIHO-OHONOrHYECKHX HOPM M TEXHONOTHYeCKOi
AOKYMCHTALHH 110 BHIPAUIHBAHHIO PHIOONOCAIOMHOTO MaTepuana pamykHoii  dopern B
YCTOBHAX pPBIOOBOJHBIX  MHIYCTPHATBHBIX Kommiexcop bemapycu (Ne rocyIapeTBeHHOMN
peructpauny 20150265).

AU YIIPABIICHHA TEXHOIOTHYECKHM NPOIECCOM BBIPAIMBAHHSA PLIG B YCTAHOBKE 3AMKHYTOIO
BozocHab#enua B peiGHoM exy OO0 «dupma «Pemouan.

Ha ocnomanmu wero, BrienepevMclenibie peKOMEHIAIMH Oy/IIYT PEKOMEH/I0BaHBl B
TEXHOJIOTHYECKOM Mpoiiecce.

Jupextop B.B. Tumommn
- (Mmmuman, dammnna)
o4, 03 T
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IIpunoxenue B

CITPABKA

O BOIMOEKHOM NPAKTHYECKOM HCNOIB30BAHHA PEIYALTATOR HCCICAI0BAHHA
B chepe ceNbekoro xossiicTsa (peibHOE X034HCTBO 1 aKBAKYILTYpa)

Hacrosumy noareepikaaio, uto Ha yuactke Ne 3 «Bpicokoen ['TI «openeroe X03aiCTBO
«Jloxsay, npoBe/icHa OlCHKA BOIMOKHOCTH HCHONB3OBAHHA PEKOMEHIAIMI 110 BHIPALIHBAHHIO
peidonocaiouHoro  mMarepHana  pamyxHol  dopenn B pHIGOBOAHBIX  MHAYCTPHANBHEIX
KOMIUIEKCAX, 8 HMEHHO!

1. PexoMeHIaLHi 10 rHAPOXMMHYECKOMY KOHTPOIIIO 3a [APAMETPAMH BOJIHOMH CPe/Ibl.

2. Pekomentanuii o TexHonorin 3anycka GHOI0rHYecKoro (uibTpa

3. PexoMennaumii no pemenHio BOIMOKILIX MpodiieM IIpH pafoTe B YCTAHOBKAX 3aMKHYTOTO
BOJIOCHAOKEHHS,

4. PexoMmenpaumii no  COOMIOACHWIO  CANHTAPHO-IHIMEHMUECKHX  TpeBoBaHMl  HpH
sxciuiyaranun Y3B-cucrem

5. Pexomentatiuii mo nposeieHHio MEPONPHATHIT 110 KOPPEKIUMH HMMYHO-(DH3HOMIOIHYECKOTo
COCTOHHMA H MOBLILIEHNIO BEDKHBAEMOCTH MO0 PhIG.

nonyueHubX  bapymuneiv HB., Jlamanom M.C.. Hoeuxosoit ET. Ilvmernm KJL.
Arpomenxo J1.O., Porosuose C.B., Cyposen H.A., ITaasekum B.IO. npu seimonnennn tembl
HUP: Paspabotka ofuuuatbnpix  priGOBOAHO-GHONOMHYCCKHX HOPM H  TeXHOIOTHHCCKOT
JAOKYMEHTAIIHH 110 BLIPAUTHBAHWIO prﬁOﬂOCMO“HOI'O MarepHana pa.uy::xnuﬁ (tl{lpc‘.’[il B
YCOBHAX pBIOOBOIHBIX  HHIAYCTPHATBHBIX KOMIUcKcoB Benapyen (Ne rocymapersennoii
perucrpaiun 20150265).

AUt YIIPaBACHUA TEXHOIOTHYECKHM IPOLIECCOM BLIPAIMBAHASA PEI0 B YCTAHOBKE 3AMKHYTOIO
Boj0cHabwenns yactke No 3 «Bricokoes I'TI «openepoe xossiictso «Jloxpay.

Ha ocnosamuu wero, BeINENEPeuHCTICHHBIE PEKOMEHIALHH OyayT PEKOMEHI0BAHbI B
TEXHOJIOTHYECKOM Mpoliecce.

Hauanehuk yuactka

FNLETRTY #. im0 A.B. Hekpbutos
uacIoN fJIC'.&!‘I_II_th)_\ (MHEUHATBL, hamusins)

C6.05 20 ¢ pRaAkIE phib )

)

\ i ot M

INTRE NI
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IIpunoxenue I'

AKT
0 NPpAKTHYECKOM HCIMOJIB30BAHHH Pe3y/IbTATOB HCCICI0BAHHA

B chepe cenbekoro xossiiersa (ppibHoe X03aHCTRO H AKBAKYIETYPA)

Komuccns B cocTape: 3aBefyiomero Kadeapoil umxtvonormm u puiGosoactea YO BICXA

bapyauna H.B., senviero prifososa peiboBofHOTO HHAYCTpHANLHOTO KoMiekea YO BI'CXA
Bonemma  A.B., pmifiososa  pmifoBogHOrO MHAYCTpHAILHOrO _koMinekca YO BICXA

Porornogra C.B., acnupanTa kahenpsl HxTHONOTHE H priforoscrea YO BICXA JTumana M.C.

HACTOALIHM MoATBepskAaeT, yTo kadenpoi uxTHONOrHH W ppibosoacTea YO BICXA

OCYIIECTBIICHO BHEJPEHHE B TeXHOJOIMYecKMii npouecc prIfOBOAHONO HHAYCTPHAIBHOTO
komitexca YO BICXA cnocofa Bo3feHCTBHA ONTHYECKHM M3NYYeHHEM Ha IMGPHOHBI
panyxuoii dopenu

paspabotaHioro acmupantoM kagempei mxtHonormu u  peibosoxera M.C. Jlumamom u

saseayiomnym katdeapoit uxtuonoruu u peibosoncrea H.B. Bapynunsm

B paMKax KaHJHJIATCKHX [JHCCEPTAITHOHHEBIX HCCeN0BaHAH M.C. Jlnmana nmoj HayYHRIM

pykosoacteom H.B. Bapynnna: «Poct u pa3uTHe 0/HOIOIOr0 pHIBONOCALOMHOIO MATEPHATA

JKHOT OpEeM _NPH  PA3IHYHEIX HMAX T[IEPHOJHYHOCTH CBETOBOTO BOZJEHCTBHA B
YCTAHOBKAX 3aMKHYTOTO BDEDCHEIG)KCHHS?L

1 OCYIIECTRAEHHS BRIDANIHBAHHA PRIDONOCAI0UHOTO MATEPHANA HOit hopenu.

-B peaymirate npou3BOACTEEHHO NPOBEPKH B KOHTPONBHOI rpynie Obuio noaygeno 3525 wryk -
JTHYHHOK cpeaneit naseckoii 0,42 r (70,5 % BbDEMBacMOCTH), a B IPYNNE, HA KOTOPYHO
BO3/1efiCTBOBAIH ONTHYECKHM H3JIVYeHHEM Kpacuoli obnacteio cnektpa Geuno nomyueno 4060
WTYK nH4HHOK cpeanell naseckod 0,57 r (81,2 % eeokuBaemoctH). Ommgaemerii
SKOHOMHYECKHH d(()EKT OT MCIOIL3I0BAHNA PE3YIETATOB MOKET COCTABMTL 395.9 py6rmeii na
10 000 wrryk nuunHOK panykHoil dopenn.

SL. iy

/:, 7 ; —— (g e anA
ikt

Unensl KOMHCCHH:

CL. S

_&:\,d‘-@/ﬁ /éé( Jddu“‘“

(nara)
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IIpunoxenune J{

.A.CackeBny
O3 20/

Pernerpausonnstii nomep -

0 BHEAPEHHH HAYYHO-HCCIe10BATE ILCKOI pa3paboTKH
B 00pa3oBaTebLNLIi nponece

B pesynsrare Bhinonnenus nayusno-ncenesoparensekoi paGoTe
Paspaborka 1 BHe/peHtE HOBBIX NPHBGOPOB /LIS MOBLILEHH 5 EKTHBHOCTH BOC-

NPOU3BOJCTEA H BRIPAIHBAHNA LICHHBIX BHIOB PHIG B VCIOBHIY PBIGOBOIHBIX MHITY-
CTPHATBHBIX KOMILIEKCOB Ha OCHOBE JIa3€PHO-ONTHYECKHX TEXHONOIHIT (No rocyaap-

CTBeHHOH peructpanuu 20131832)

BhinoHeHHol bapyaunsiv HB., Jnmanom M.C., bapynunoi A.C., [[nasckam
B.10.

TOJIYHEHBI CIICNYIOLINE OCHOBHBIE Pe3yIILTATHI:
1. Pazpaboranbl MeToanKH, crnocoGel 1 NPUGOPLI NOBBILICHHS 3PEKTHEHOCTH Tex-
HOJOIHI BOCTIPOH3BO/CTBA H BLIPALIMBAHHS PHIGOTOCAIOMHONO Marepuaja oceTpo-
BBIX PbIO B YCIOBHAX aKBaKyIbTYPhl H MOBBILCHHS PENpONYKTHBHBIX MoOKazateneit
OCETPOBBIX PLI® HA OCHOBE MPUMEHEHHS ONTHYECKOrD H3NYUEHHS HU3KOH HHTEHCHB-
HOCTH.
2. PaspaGoTan nazepHo-onTHYecKuit npubop «Sturgeon» ang uukyGauun HEPEI 0CeT-
POBBIX phif.
3. PaspaGoran nasepro-ontrueckuii npuGop «Crponran ans HHKyGaimuu MKPBI JIOCO-
CERBIX pbIO.
KOTOphIC BHe/peHbl B 00pa3oBaTeNbublil npouece no creuraibHocTH «llpomeii-
JEHHOE PLIOOBO/ICTROY KabeIPphl HXTHOJIOMHH H PLIGOBOICTEA AKYJILTET DHOTEX-
HOJIOTHH W aKBAKYJILTYPBI 110 Jucuninbe «McKyceTBeHHOE BOCIPOH3BOACTEO PbIGH
3 Kypea 5 cemectpa u 1o JcLMIIHHE «AKBAKY/ILTYDA LEHHBIX BHJIOB peI® M pecyp-
codeperalomue TEXHOIOrHIY 3 Kypea 6 cemect
lpotokon sacenanms kadenpui Ne ¥ or & 2 02 20/F 0 BHE/PEHUH HayHHO-
HCCIe0BaTeNbCKOl paspaGoTky B 06pasoBaTeabHbIii npoiiece.
Ipy BHenpenun B 0BpazoaTenbHbiii NpOLEeCe BHECEHB] H3MEHCHUS (IONOIHEHHS) B

uebuble nporpammel YBO no aucunniuse «MekyeeTsentoe BOCHPOH3BO/ICTBO

bI0» B pasieibl «lcKvecTBEHHOE BOCTIPOH3BOICTRO oceTpoBbIX puiby 1 «Mekyeet-
BEHHOE BOCNPOH3BO/ICTBO JIOCOCEBLIX PHIO» M N0 AHCHUHILTHHE «AKBAKYIh eH-
HBIX BHJIOB pbIO 1 pecypcobeperaioiume TexHOIOr IS B pasjebl «OceTpoBoACTEON
u «@openesoacTron
3apenyrommii kagenpoii
HXTHOIOTHH H peIfOBOICTEA

Ipesncenarens Metonnueckoii
KOMHCCHH thakyabreTa

Havansuuk YMY
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IIpunoxenue E

PeructpannonHsiii Homep

B
0 BHE/IPEHHH HAY'THO-HCCIE10BATeILCKOT pazpaloTkH
B 00pazoBaTe/bHBII Npouece

B pesynbTate Bhinonnenus HayuHO-HCCNEI0BATENBCKOI PaGOTHE

Paspaborka oduunansHbix peioBOHO-GHONOrHYECKHX HOPM M TE€XHOJIOrHYECKOH

OKYMEHTAUHH MO Bkl HBAHHIO PLIOONOCAT0YHOTO MaTepHana HO# H

B YCIOBHSAX PLIGOBOIHBIX HH/YCTPHANBHBIX KOMIUIEKCOB benapycu (Ne rocyaaper-
BeHHOH peructpannu 20150265)

BhINONIHeHHOH bapyanueim H.B., Jlumanom M.C.. Hosnkosoii E.T.. ITvmcknm K.JL.,
Arpoueriko JI.O., Porosuoseim C.B.. Cvposen H.A.. Hekpbuiossim A.B., [nasckum
B.IO.

TIOJIYHEHBI CAEYIONIHE OCHOBHBIE PE3VIILTATHI:

I. PaspaGotatbl priGOBONHO-TEXHONOTHYECKHE HOPMATHELI BHIPALIMBAHHA peiGorno-
Ca04HOTO MaTepHaNa Pany Hoi GOpein B HHAYCTPHANBLHEIX YCIOBHAX

2. PaspaGoTtanel peKOMEHIAUHH 10 BHIPALIHBAHMIO PHIGONOCAI0HOIO MaTepuana
panyxHoil hopenu B poIGOBOLHBIX HHIYCTPHANBHEIX KOMILIEKCAX

KOTOphle BHeApeHbl B obpaszosatenbHblii_npouece no cneunansiocts «llpompiu-

NIeHHOe puI00BOICTBO» Ka bl HXTHOIOTHH W peiboBOICTBA (hAKVILTET2 OHOTEX-
HOJNOHH H aKBaKYIIE' bl MO JHCUHILNIHHE ¢« AKBAKYIILTV] EHHbIX BHJIOB PbID H -
cypcofeperaionme TEXHOTOTHH» 3 a 6 cemecTpa

[Iporokon sacenanns kadenps Ne F ords ol _2!11&1 , O BHEJIPEHHH HAYMHO-
HCCIe0BaTeIbCKOI pa3paboTKK B 00pazoBaTenbHLLi Npolece.

[pu Brenpernn B 0GpasoBaTeNbHbI NPOLECC BHECEHB! H3MEHEHHS (10NONHEHNS ) B
yueGuyio n ammy YBO no aucumunnnte « AKBaky/IsTYpa LIEHHBIX BH/0B Dbl H
codeperaioniue TeXHONOrHK» B pasnen «PopenesoicTson

3asenyrowmii kadenpoii
HXTHOIOTHH H PRIOOBOICTRA o e VO

Jexan dakyisrera

OHMOTEXHOIOTHH H aKBAKYTBTYphI ' /’ 7,
/ W ki
r _mfa,a._ ( ’// f.‘/“;‘./t( )

Ipencenarens MeTonnyeckoi ﬁ k . \\
KoMHccHH bakybTeTa _ \ l_‘“b\ “ )
~ B B ToE .
Hauaneunk YMVY C ;%ZM% . /‘{‘gjﬁgqfu(}
(moamece) y mO ) X
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3.2.1. BiusiHAE ONTHYECKOTO M3TyYESHHS HU3KOH HHTEHCUBHOCTH Ha CPEIHIO
BBEDKHBAEMOCTb SMOPHOHOB H JINIMHOK PaTy)KHOH (opein B 3aBUCHMOCTH
OT TEMIIEPATYPHOTO PEKUMA HHKYOAIMH .....vvvvenvinreniiaresieeireseeste st e e nne s 50
3.2.2. BiiisiHEE ONTHYECKOTO M3IyYESHUs HU3KOI HHTEHCUBHOCTH Ha JIeKaTHYIO
CPEIHIOI0 BEDKUBAEMOCTh SMOPHOHOB U JIMYUHOK pagyKHOU dopenn
B 3aBUCHMOCTH OT TEMIIEPATYPHOTO PEKUMA MHKYOAIMY ......vevvenriiireinienreneenresiesneennens 52
3.2.3. BiusiHEe ONTHYECKOTO M3TyYESHHUS HU3KOH HHTEHCHBHOCTH
Ha WHAWBHIYaJILHOE BPeMs )KU3HI IMOPHUOHOB ¥ JINYMHOK PamgyXKHOIT (openn
B 3aBUCHMOCTH OT TEMIICPATYPHOTO PEKUMA HHKYOALIHH .....o.veevveeereeresreensennesesienenens 66
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B YCJIOBHSX IN Vitr0 OT KOTEPEHTHOCTH HCTOYHUKA HBIYUCHMS «.vvvvvrvrerereresesescsesesessssessnenenens 84
3.4. VccnenoBanue BIMSHUS ONTHMAIEHOTO PEXKUMa ONTHIECKOTO H3ITyIeHUS
HHU3KOH HHTEHCHBHOCTH KPacHOH 00IacTH CIieKTpa Ha ppI00IIOCaIOYHBIH MaTepHa
DALY KHOU (DOPEIH B YCIHOBUSIX 1N SHU...veviriiiiniiieieiinieisiei et
3.5. TIpou3BoCTBEHHBIC NCIIBITAHUS PE3YIIbTATOB HCCIEAOBAHUH.
BAKITHOUEHUE........coititiiiiiiiiiii ettt
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