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OCOBEHHOCTH METABOJIN3MA OKCUJA A30TA B SMBPNOHAX
PASHBIX BUTOB IITULl KAK TEHETUYECKU OBYCJIOBJIEHHBIN
ITPU3HAK, CBA3AHHBIN C MACHOMU IMTPOAYKTUBHOCTBIO*

B.I0. TUTOB! 2= A M. IOJTOPYKOBAL, U.W. KOYUIIIZ, O.B. MICHUKOBAZ,
N.H. HUKOHOB?

B HacTosimee BpeMsl B HAYYHOIi JUTepaType MUPOKO o0CYKaaercs poyb okcuaa azora (NO) B
aMOpHoreHe3e, B YACTHOCTH B MHOreHe3e. Panee Mbl 0TMeYa/M, YTO OCHOBHAS YaCThb OKCHIA a30Ta,
CHHTE3MPYEMOro B NTHYLEM SMOPHOHE, MOXKET HAKAIUIMBATHLCHA B TKAHSAX B COCTABE TAK HA3bIBAEMbIX
coenunennii — n0HOpoB NO 00 okucaATbesA 10 HUTpaTa. CreneHb 3TOr0 OKUCJIEHHS KOppeupyer ¢
MSICHOIl TIPOAYKTHMBHOCTBIO B3DOC/BIX 0co0eii. B HacTosieM cOOOIIEHHH MOKA3aHO, YTO B 3MOPHOHAX
opoiiiepoB NO okucasercs no Hutpata Ha 90 % um Oosee, Torza Kak B SMOPHOHAX SIMYHBIX MOPOI
okucienne NO He3nauurensHoe. To ects crenens okuciaennss NO onpeaesiercs 0CO0EHHOCTIMHI TKaHE
aMOpuoHa, a He NO omnpenenser Takue 0COOEHHOCTH, KAK CYMTAIOCH 10 cux mop. ClenoBareabHo, cTe-
nenb okuciennss NO B aMOpuoreHese — nokasartelib, CB3aHHbI CO CBOWCTBAMH TKaHeil, KOppeJaupyro-
HIMMH C MSICHO# NMPOXYKTUBHOCTBIO. TaK Kak 3TOT NPH3HAK HACJELYETCS, MOXKHO MPEANOJ0KHTh, YTO OH
JnerepMuHupoBan reneruyecku. Ileab npeacrasisieMoii paGoThl — OXapakTepH30BaTh NMpPOSIBJIEHHE H
HAcJIe0BaHHEe MHTEHCHBHOCTH OKHCJIEHHS OKCHIIA 230TA M CBA3AHHBIX C 3THM (PU3MOJIOTHYECKHX 0COOEH-
HOCTEil SMOPHOHOB Y NITHI Pa3HBIX BUIOB. DKCIIEPUMEHTHI NMPoBoauM B yciaosusax susapus (PI'BY CI'l]
«3aropckoe», DIIX BHUTHUII, r. Ceprues ITocan, Mockosckas 00.., 2015-2021 roapi). Bbuio nmoka-
3aHO, YTO Y NTHIBI PA3HBIX MOPOJ, XapPAKTEPU3YIOIIMXCS OJMHAKOBOIi cTeneHblo okucienns NO, KuBas
Macca MOXKeT pa3inyatbes B pasbl. Oco0eHHo 3To nposBiasiercs y Kyp. oas okuciennoro NO B aMopu-
OHe 0Ka3aj1ach Bbille y JIMHHUIA, OPOJ U KPOCCOB, MOJYYEHHBIX B Pe3yJIbTaTe CEJIEKIHH HA MOBbILIEHHE
MsACHO# mpoaykTuBHOCTH. Tak, B SMOpHOHAX OpOiiIepoB M MACHBIX MeEpeneyioB K 7-M CYT OKHMCJISETCH
oosee 90 % smopuonanbioro NO, y ssH4HbIX (JOPM OKHCJIEHHE ObLIO HE3HAYUTEJIbHBIM (HECKOJBKO Mpo-
IEHTOB), OOJBUIMHCTBO MSCOSIMYHBIX (DOPM 3AHMMAIIM MO ITOMY MOKA3ATEJI0 NMPOMEKYTOYHOE TOJIOKe-
HUe. AHAIM3 HAcJieoBaHus B NMOKoJeHun F1 Ha mpumepax HeCKOJBKMX BHIOB NTHI MO3BOJISET MpeNno-
JIOXKHTb, YTO 3TOT NPU3HAK (POPMUPYETCS BCJIEACTBHE IKCIPECCHH PA3INYHBIX T€HOB, KOTOPbIE MOTYT KaK
CIOCOOCTBOBATh, TAK M MPOTHBOEICTBOBATD ero nposiiaeHno. Okucienne NO 10 HUTpaTa B IMOPHOHAX
KaK MSCHbIX, TaK M AMYHBIX (OpM MOXKeT ObITh MHAYHMPOBAHO CBETOM B Hayajie MHKyOauuu. Y smMOpuo-
HOB siMuHbIX GopM nox aeiicTBueM cBeta o okuciaeHHoro NO moxeT noBbicuThes 10 60 %. Caeno-
BaTeJIbHO, CYIIECTBYET BO3MOKHOCTh OKHcJIeHHss NO B 3MOPHOHAX KAK MSCHBIX, TAK U SMYHBIX (HOPM.
Hacaenyercs, mo-BHANMOMY, MeXaHH3M AKTHBAIMH JTOro Mpouecca, KOTOPbIi MOXKET ObITh TAKKE 4Ya-
CTHYHO WHAYHMPOBAH NMPH NMOMOMU CTOPOHHMX (hakTopoB (cBeta). /lanbHeilmmii aHAIN3 HACTEIOBAHUS
HMHTEHCHMBHOCTH OKHCJIEHHs1 IMOpHoHaabHOro NO B psily MOKOJIEHHIl MOKAXKET, KAKHe IeHbl aCCONUHPO-
BaHbl C MHTEHCHBHOCTBIO OKHCjIeHHss NO, YTO MO3BOJIUT MCIOJIb30BATh 3TOT MOKA3aTedb KaK BBICOKO-
YyBCTBUTEJIbHDBIIA MapKep i COOTBETCTBYIOMIMX IE€HOB.

KnoueBbie ciioBa: okcua a3ora, aoHopsl NO, okuciaenue NO, Hac/ie0BaHHe MPU3HAKA, HUT-
par, muorene3, Gallus gallus domesticus L., Kypbl, Coturnix coturnix L., nepenena, Numida meleagris L.,
uecapku, Struthio camelus L., cTpaychl.

B Hacrosiiiee BpeMsi B HAyYHOUW JTUTEpaType MIMPOKO 0OCYXKIaeTcsl posib
okcuna azoTta (NO) B aMOpuoreHese, B 4aCTHOCTU B MUOTeHe3e. CuMuTaeTCsl, UTO
NO onocpenyet npoaudepannio MuouutoB (1-5), popmuUpoBaHUE MbILLIEUHBIX
BOJIOKOH (3, 4), mponmdepanuio Kietok-careuintoB (6). CormacHO coBpeMeH-
HBIM MpeacTaBieHusM, dusnonaornyeckuii appexr NO o0yClIoBIeH HUTPO3UPO-
BaHMeM (hepMEHTOB — IyaHuIaTuuKiIasbl (7, 8), kKacnassl (9-11), a Takxke cTpyK-
Typ, ONpenesIolnX 3Kcnpeccuto reHoB (12, 13).

CunTaercs, YTO CHHTE3MPYEMBbIil OKCHII a30Ta BKITIOYACTCS B COCTaB MO-
Jiekyn-goHopoB NO — HUTpo30THO0J0B (RSNO), IMHUTPO3UILHBIX KOMILJIEKCOB
xkene3a (JIHK2K), BeicokomosekyasspHbix HuTpocoeauHeHuit (RNO2). DTtu co-
eIMHEHUsI UTPAIOT POJb A0 OKCUIA a30Ta, MpojieBast (hU3MOJIOTUUECKOE BpeMst
ero xusHnu (7, 14, 15). Ix cogepxaHue B KJIETKaxX, COIJIACHO JAaHHBIM HEKOTOPHIX

* McenenoBanue BBIMOIHEHO Tpu (hmHaHCOBOM momaepxke PODU B pamkax HaydHoro rpoekra 20-016-00204-a.
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HCCIIeIoBaTelIei, MOXET JOCTUTATh AeCITKOB MUKpomodeil (16, 17). To ecth ux
KOHIICHTpAIIAsl MOXET OBITh CPaBHMMA C KOHIIEHTpAIIMel HUTpaTa — KOHEYHOTO
npoaykra metabonauama NO. CienoBaTeabHoO, Wi onpeaeneHus: poju NO B ToM
VI WHOM TIpoliecce HEeOOXOMMMO KOHTPOJIMPOBATH MPOUCXOMSAIINE TIPH STOM
M3MEHEHMS colepKaHus aernoHupoBaHHOT0o NO 1 MpOayKTOB €ro MeTadou3Ma.

Ho nmo cux mop omnpeneneHue KoauyecTBa Becex MeTaboiuToB NO B XKU-
BBIX TKAHSX BBI3bIBAET 3aTPYIHEHUE B CBS3U C OTCYTCTBHEM METOMOB, MO3BOJISI-
IOIIMX OITEPaTUBHO aHAJIM3UPOBATh BECh CIIEKTP HUTPO- U HUTPO30COECTMHEHMI
U er0 M3MEHEeHHEe B Xoae (PU3MOIOTNIECKIX TTPOIIECCOB.

Pa3paboranHblii HamMu coBMeCTHO ¢ DenepaabHBIM UCCIENOBATEIbCKUM
LeHTpoM xumuueckoit pusuku PAH ¢depMeHTHBINI CEHCOPHBI METOJ OCHOBaH
Ha 00paTMMOM WHTHOMPOBAHWM KaTajla3bl BCEMM HHMTPO30COCAMHEHUSIMH, WC-
XomHO uMeronmMu NOT-rpyrmny uin mpruoopeTaoIIMU e€ IO AECTBUEM psIa
(hakTopoB. T'asoua-voOHBI yBeIUUUBalOT 3¢ (GEeKTUBHOCTL MHTMOMPOBAaHUS Ha JiBa
ropsiaka. HuTposocoemnHeHUsT TepSIOT WHTUOUPYIOIINE CBOWCTBA ITOA, BIIMSI-
HUEM psifia BELIECTB, creuubUIecKuX Uil Kaxaod ux rpynmnbl. Takoi moaxon
MO3BOJISIET OIpeAesaTh KOHLEHTpaluio S-HuTpo3otnojoB (RSNO), JHKIK,
HUTPUTA U HUTPO30AMUHOB ¢ TOYHOCThIO 50 HM (17).

ITpu nmomonu pa3paboTaHHOrO ceHcopa ObLIO MOKa3aHo, YTO 3MOpHore-
He3 Y NTHUll, KaK M Yy IPYTUX KUBOTHBIX, COMPSKEH C YCUJICHHOU MPOMyKIIUeit
NO, KoTophIit TM60 HAaKAITUBAeTCS B SMOPHMOHE B COCTaBe COCAMHEHUM-IOHO-
poB, MO0 OKUCHsAETCS 10 HUTpata. [1py 3ToM MHTeHCUBHOCTH cuHTe3a NO Tpn-
MEpHO OJMHAKOBa B Ipejaesiax OMHOTO BUAA, TOrAa KaK MHTEHCUBHOCTb OKUCIIE-
HUs OKCHUJA a30Ta J0 HUTpaTa pasiauyaetcs. IlociaenHuii mokasareab Y MSICHBIX
¢GopM CeabCKOXO3SICTBEHHOM IMTHULILI MHOTOKPATHO BEILIE, YeM y SU4YHbIX (17,
18). IlociaegHuii mokazaTeiab y MSICHBIX (POPM CEIbCKOXO3SIICTBEHHOM MTHUIIBI
MHOTOKPAaTHO BBIIIIE, YeM Y STMYHBIX.

Panee (18-20) MBI onipene i MTHTEHCUBHOCTh OKMCIICHHUST SMOPHUOHAJIb-
Horo NO B o01ie#t cioxXHOCTU y 42 MOpoJ, JUHUNM U KPOCCOB 5 BUAOB MTUIIHL.
Bce 25 gauuHbIX (OpM XapakTepu30BAIMCh HU3KOM MHTEHCUBHOCTBIO OKHUCJIE-
HUsT a3MOpuoHaibHoro NO — He 6osee 5 % oT Bcero cuHTe3upoBaHHOro NO
Ha 14-e cyT. Y 19 mopon, KpoccoB U JMHMI, KOTOpble O(GUIIMATBLHO XapaKTepu-
3YIOTCI KaK MSICHBIE, MHTEHCHUBHOCTh okucieHnss NO Obuta Beicokoit (90 % u
Oosiee), y MSICOSIMUHBIX ITOKa3aTejlb MMeJ MPOMeXyTouHble 3HaueHus (18-20).
Takue maHHBIE MO3BOJISTIOT MPEIAITONIOXNTh, YTO MHTEHCUBHOCTE OKMCIeHNST NO
KaK-TO CBsI3aHa C MSICHOM TTPOIYKTUBHOCTHIO, TeM OoJiee UTO, KaK OBUIO TTOKa-
3aHO, okuciaeHrue NO mpoucXoaUT MPEeuMyLIECTBEHHO B MblllieuHOM TKaHu (20).
Taxk KaKk MHTEHCUBHOCTb okuciaeHuss NO — mpu3Hak, KOTOpbIi Hacjaeayercs, a
pa3dpoc COOTBETCTBYIOIINX KOJTMYECTBEHHBIX IMOKa3aTesleil B Mpeneaax JUHUU U
Kpocca He npebiinaeT 10 % (18-20), 1omycTUMO IIPEAIIONIOXUTh, YTO U3y4aeMOe
CBOMCTBO OOYCJIOBIIEHO T€HETUICCKMN.

[ToaTBepanTh WM OMPOBEPTHYTH 3TY TMIOTE3y U BO3MOXKHOCTb MCIOJb-
30BaHMSI MHTEHCHUBHOCTU okKucieHuss NO B KayecTBe CeJIeKIIMOHHOro Mapkepa
MOIJIY Obl JaHHBIE O IPOSIBJIEHUMU 3TOTO MpHM3HaKa B AMOPMOHAX IMTUL pa3HbIX
BMIIOB M PA3HOTO HampaBJeHUs MPOAYKTUBHOCTU. B mocTymHoil HayuyHOil uTe-
paType MblI TaKMX TaHHBIX HEe OOHAPYKWIIH.

B Hacrosiueir pabote Mbl BiepBble U3YYWIN B3aUMOCBS3b MEXIy MHTEH-
CUBHOCTBIO okuclieHus1 NO 10 HuUTpaTa B SMOPHUOHE M CKOPOCThIO TTOCTAIMOPHUO-
HAJIBHOTO POCTa Yy TEepenesioB, Kyp M CTpaycoB. Takxke BIIEpBBIE TTPOAHATIU3UPO-
BaH MEXaHW3M HaCJIeIyeMOCTH 3TOTO Mpu3Haka B F1 Mpu cKpellvMBaHUU pa3inyd-
HBIX JIMHUN U mopon. biaromapst mpeanoxeHHOMY HaMU METOIUYECKOMY TIOA-
XOJly YCTAHOBJIEH BbICOKOUYYBCTBUTEJIbHBIN MTapaMeTp, CBI3aHHbBIN C MSICHOM Mpo-
QYKTUBHOCTBIO. JIJIST €ro YCITeIIHOTO WCIOJb30BAaHUSI B CEJEKIIMOHHONW paboTe
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HEeoOXOIMMO Jajee U3yYNUTh MEXaHU3M TaKOW B3aMMOCBSI3U.

Ienb npeacTapasieMoil paboTbl — OINpPeAeTUTb OCOOEHHOCTU MPOSIBJIECHUS
W HacJIeMOBaHWS MHTCHCUBHOCTHM OKUCJIEHUS OKCHIA a30Ta M CBSI3aHHBIX C HUM
(pM3MONIOrNYeCKX 0COOEHHOCTEN B SMOPHOHAX TITUI PAa3IMYHBIX BUIOB.

Memoouxa. DKciepuMeHTBHI TPOBOOWIN B ycioBusx BuBapust (PI'BY
CI'I «3aropckoe», DITX BHUTMHII, r. Ceprues ITocag, MockoBckast 00:1., 2015-
2021 ropapr).

B skcnepumeHTax MCHONB30BaIM OILUIOOOTBOPEeHHBIE siiia Kyp (Gallus
gallus domprsticus L..) mopoJ KOXMHXMHBI Oejible, Opama mnajeBasi, aHaany3cKas ro-
ny6as, kopauin guanit b5, b6, b56, mmumytpok nuaunit b7, B9, B79, kynanru;
KkpoccoB Xaiicekc Oenblii (Hisex White) u ero nuuuii X1, X2, X12, X3, X34,
Xaiicekc opayH (Hisex Brown), Cmena 8, Cobb 500, Ross 308, MuHU-Kyp (TUHMIA
B77 u A77 tpyrim Ne 1 1 Ne 2) a takke nepenenoB (Coturnix coturnix L.) mopon
BCTOHCKAsT MSICOSIMIHAs, SIMTOHCKas cepasi, MAaHBWXKypCcKast 30JI0TUCTasA, dapaoH,
Oenas TsKenas; uecapok (Numida meleagris L.) nuuuit 3b1 u 3B2 moponaes! 3a-
ropckast 6enorpynasi, noayyeHHble B OO0 «I'enodonn» (Poccus). fitua crpay-
coB (Struthio camelus 1..) 4yepHollleero U rojyoolleero MoABUMAOB MOJY4YeHbI B
napke ntul «Bopobbu» (Kamyxkckast 06:1.). ITubpuasl F1 nopon simoHckas cepas,
BCTOHCKAS MSCOSAMYHAs, MAHBYWKYPCKasl 30JI0OTUCTAs TTONYyJaad B pa3HbIX Bapu-
aHTax CKpeIIMBaHUS.

Hcnonb3oBanu nakyodatopsl Ctumyn MHk-1000 (Poccus). Temneparypa
B MHKyOaLMOHHbIN Tepuon — 37,6 °C, B BeIBogHOM Tiepuon — 37,2 °C B cooT-
BeTCcTBUU ¢ peKoMmeHmauusMu («Pekomengauvun BHUTHUI». M., 2014).

B 3kcrnepyMeHTe ¢ MCIOJB30BAaHMEM 3€JIEHOTO CBeTa MPU MHKYOALUM
KOHTPOJIBHYIO TPYIITY COAEPXKaJIW B TEMHOTE, ONBITHYIO — C KPYIJIOCYTOUYHBIM
ocBellleHUueM (aHeprocoeperatoiias Jammna Navigator NCL-SH10 MoiiHocTbhi0
15 Bt ¢ 3eneHbIM cBeTO(UIBTPOM, CBETOBOI MoToK 975 nm). Ilepuoa ocseliie-
HUs — oT 4 1o 14 cyt. [1oBTOpHOCTb OMnbITa 4-KpaTHasi, MOBTOPHI BHIMOJHSIIN CO
cMeHOl mHKybaTtopoB. Pexum mukyOaumu — 37,6 °C, B BBIBOAHOM Iepuom —
37,2 °C B cootBeTcTBUU ¢ onucaHueM («PekomeHmaiiun BHUTUII». M., 2014).

Hdns onpeneneHust noau okucieHHoro NO Ha 2-e, 3-u (¢hopMupoBaHue
AMHUOTUYECKON 000JI0UYKM, 3apOAblll OTACJEH OT COAEPXKUMOro siua), 7-e, 8-,
10-e u 15-e cyt (mocne moaHoro (opMUPOBaAHUSI alllaHTOUCA), Y CTpayca — Ha
24-e cyT U3 MHKYOMpPYyeMbIX maptuii otoupany nmo 20-40 guil KaxXmaoil Mopoisl,
JuHuM u kpocca. Comepxxanue MetabonutoB NO B oOpasuax (romoreHaT co-
JIEepKMMOTO STiIIa, COIep:KMMOe aMHWOHA, COACPXMMOE ajiyIaHTOMCA) OIperac-
JISJIM He To3mHee, yeM depe3 30 MUH mociie oToopa mpo0.

s mosydeHUs TOMOTeHAaTOB COACPKMMOE SIiilla, JIUILIEHHOTO CKOPJIYIIbI,
obpabartbiBau (8 MuH, 6 °C, 40 Gpukimii/MUH) B CTEKISTHHOM T'OMOTEHU3aTOPE
(«<DWK Life Sciences GmbH», I'epmanust), mocne 11-x cyT MHKyOauu rpume-
Hsun u3MenbunTensd («Osters, Mekcuka).

KoHneHTpalnio HUTPO- M HUTPO3OCOSAMHEHUM U3MEPSUTA TIPHU TTOMOIIM
BBICOKOUYBCTBUTEIILHOTO KajmopuMeTpa «Dithermanal» (BeHrpus) ¢ ncrmoiab3o-
BaHMEM pa3paboTaHHOTO ceHcopa (21). YuuThiBaiu CyMMapHyl KOHLEHTpa-
1o coeanHeHuii-goHopoB NO (memno): S-HutpozotrojoB (RSNO), nuHuUTpO-
3UJIbHBIX KoMILieKcoB xenesa (JIHKIK), BICOKOMONEKYISIpHBIX HUTPOCOEIM -
HeHMi, crmocobHbIX TpaHchopmupoBathest B JHKIXK (RNO2), a Takke KOHIIEH-
Tpaluio HUTPUTA U HUTpo3aMUHOB, HUTpaTa (NO3~) (17). ComepxxaHue HUTpaTa
OLIEHUWBAJIM TOCJIE BOCCTAHOBJIEHUS TPEXXJOPUCTHIM BaHAAWEM IO HUTPUTA C
MOCJEAYIOIIUM KOJUUYECTBEHHBIM onpeaeneHueM (21, 22). Toato NO, okuciieH-
HOTO IO HHUTpAaTa, OMPEACNISIIN TT0 COOTHOIICHWIO KOHIICHTpAlMii HUTpaT/(mo-
Hopel NO + nHutpar) X 100 %.
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MsicHYI0 IPOAYKTUBHOCTh OLICHUBAJIM T10 KMBOI Macce MTHUIIBI B BEIOOP-
kax no 20-40 ocobeit nocie BbiBoga U B Bo3pacte 28 cyt (23). ConepxaHue MO-
JIOJHSIKA — KJIETOYHOE, KOpMJIEHUE, YCJIOBUSI COIePKaHUSI, COOTHOILLIEHKE T10JIOB
MpU COAEpP>XaHUM COOTBETCTBOBAIM OOIIeNpUHITHIM («Pekomenmauum BHU-
THUII». M., 2014).

Jist craTucTUYecKoil 00pabOTKM MPUMEHSIIM MakeT nporpamMm BioStat
(https://www.softsalad.ru/software/znaniya/matematika-i-nauka,/biostat-2008). Pac-
CUMTBHIBAIM CpeaHME 3HAUeHUs mokaszaTeneil (M), cTaHmapTHbIE OLIMOKU Cpen-
Hero (£SEM) ¢ noBepUTeIbHBIM MHTEPBAIOM IIpU 95 % H0BEpUTETHLHOM YPOBHE
(10,05 X SEM). Paznuuusi Mexay BapMaHTaMUu OLIEHUMBAJIM METOIaMU MapaMeTpu-
YeCKOM CTaTUCTHKM (f-Kputepuii CThIOAEHTA) U CUNTAIIA MX CTATUCTUYECKA 3Ha-
ynMmbiMu Tipu p < 0,05.

Pesyasvmamer. 1na aHanusza coaepxkaHus aenoHupoBaHHoro NO u npo-
JIYKTa €ro OKUCJEHMSI — HUTpaTa MCIIOJb30BaJICS pa3pabOTaHHbII HaMM dep-
MEHTHBII CEHCOp, OCHOBAHHBIM Ha CBOMCTBE HUTpUTA, HUTPo30aMUHOB (RNNO),
HUTpo30THOoN0B (RSNO), ITMHUTPO3UIBHBIX KOMIUTEKCOB 3kese3a (JJHKIXK) u Hut-
POIPOU3BOAHBIX BbICOKOMOJEKYISIpHbIX coeanHeHuit (RNO2) nHrubuposatb Ka-
Tajasy B MPUCYTCTBUU TAJIOUI-UOHOB U Ha yTpaTe 3TOM CITOCOOHOCTH IIOf Ieii-
cTBUEeM (haKTOPOB, PAa3IMUHBIX U KaxKIOM TPYMITEl coeqnHeHnil. Tak Kak KaTa-
Jla3Hasi peakliMsl BICOKOIK30TepMuueckas (47,2 KKajl/MOJIb BbIAEIUBLLIETOCS KUC-
Jlopoja), ee KMHETUKY MOXHO aHaJIM3MpOBaThb HA OCHOBAaHWUM KWHETHUKE TEIUIO-
MNPOAYKLUU, conpoBoxaatoleit mpouecc (17, 21). MeTon mo3BoJsIeT OLIEHUTb CO-
nepxxaHue Tpou3BomHbIx NO 6e3 IpeaBapuTeNbHON MOATOTOBKM oOpaslia, Tak
KaKk HeT HEeOOXOOMMOCTM OUYMCTKM OT OKpallleHHBIX NMpUMeceil M MYTHOCTU, U
XapakTepu3syeTcs 4yBcTBUTeabHOCTBIO 50 HM (17, 21).

1. Konnenrpauus nonopoB NO u HuTpata (MKMOJIb/J1) B TOMOT€HaTe CONEPKUMOrO
fiia, B aMHAOHE W AJJIAHTOMCE 3MOPHOHOB Pa3HBIX MOPOJ, JHHHUIA M KPOCCOB KYp
(Gallus gallus domesticus 1.) B pa3ubie cpokun unkyoamuu (n = 40, M*(70,05 X SEM),
puBapuii, ®I'BY CI'll «3aropckoe», DIIX BHUTMUII, r. Ceprues ITocan, Moc-
KOBCKasl 00J1.)

2-e cyT 3-u cyt 10-e cyt 15-e cyt
Obpasen zto;(g)bl HUTpAT z[o;(g)bl HUTpAT I[o]g(())pbl HUTpAT HOI}\I]%)H HUTpAT
JJunusa kopHum b56
T'omorenar 37,1£2,9 <0,1 134,5+8,9 8,1£3,2 5,7£1,6 146,6+8,8 18,725 465,5+19,9
AMHHOH 19500,3145,5 <0,1 23,747,6 <0,1 19,847.4 <0,1
AJTaHTOMC 6,1£3,5 12,3134 59+1,4 138,4+8,8 4,2+1,7 448,7+20,5
JJunusa nanumyrtpok Bb79

Tomorenar 458+3,1 <0,1 148,449.9 <0,1 158,5+10,1 <0,1 437,3+19,4 16,43,5
AMHHOH 12125,0+169,5 <0,1 5500,0£150,0 <0,1  5340,0+180,0 <0,1
AJjtaHTonC 10,5+3,3 <0,1 10,2+3,9 <0,1 8,912,9 13,944,1

Kpocc Cmena 8
T'omorenar 25,8+4,4 4,1+3,2 7,6£1,8 133,6+10,1 5,8+1,8 153,648,2 12,844,8  569,8+16,4
Kpocc Xaiticexc Oenblii

lomorenar 40,4+6,2 <0,1 142,418,1 <0,1 160,4+8,7 <0,1 466,4115,4 12,5+2,8
IMMpumeuyanue. Ha 3-u cyr B BUIy Majoro pasmepa aMHHUOHA MCIIOJb30BAJIM TOMOTE€HATHI TPEX MOKPBITHIX
aMHUOTHYECKOi1 000/10uKOi1 3apoabiiieii B 1,5 ma 40 MM K-docdarHoro 6ydepa, pH 7,4. 1o 15-x cyT (10 mojsHOro
3aMbIKaHMS ajulaHTouca Ha 12-13-e cyT) u3Mepsiiu KOHLEHTPALIMIO B KUIKOM cpesie BHe aMHMOHA. KoHlleHTpanus
HUTPUTA U HUTPO30AMHHOB BO Bcex obpasuax < 0,1 MKMOJIb/JI.

B tabauiie 1 npuBeaeHbl JaHHBIE 11O COAEPXKAHUIO JeMOHUpoBaHHOTO NO
¥ TIPOIYKTA €T0 OKUCJICHNST — HUTpATa B TOMOTeHATaX MTUILUX SMOPHOHOB M9~
HOro Kpocca Xalicekc Oebiii, oOpoiiyiepa CMeHa 8, ero oTLHOBCKOM (OPMBI KOp-
Hui b56 u matepuHckoit mmMyTpok b79. Coenunennst — moHopsl NO Hakari-
JINBAOTCA ¢ 1-X 1Mo 3-u CcyT B aMHUOTUYECKO# XuakocTu. B Bo3pacte 2-3 cyT B
aMmbproHax kpocca CmeHa 8 u auHuM KopHMIl B56 MX KOHLIEHTpalus CHIXKa-
ercs. Ha nmpumepe nuHuu Kopuuiin b56 Mbl BUIUM, YTO MPOUCXOOUT YMEHBIIIE-
Hue coaepxaHusi 1oHOpoB NO B aMHMOTMYECKON XXUAKOCTU U OJHOBPEMEHHOE
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yBeJMYeHe KOHIIEHTPAIIMM HUTpAaTa 3a IpeaesiaMyu aMHUOHa. B aMHMOHe HUTpaT
W HUTPUT TPUCYTCTBYIOT B CJICHOBBIX KOHIIEHTpamusax. CymMMapHOe copepkaHue
HUTpaTa U HoHOpoB NO B ToMoreHartax BCeX SMOPHMOHOB pa3IMYaNoch HECYIIe-
cTBeHHO (cM. Tab6ua. 1): 140-160 mxmomb/1 Ha 10-e cyt u 450-570 MKMOJIb/1 —
Ha 15-e cyTr. Ho nosst okvciaeHHOro AenoHUpOBaHHOro B JoHopax NO 1o HUT-
paTa pa3iImyanach KojoccaabHo: oT 6onee yeM 90 % B sMOpHOHaX y JTMHUU KOP-
Hui b56 u kpocca CMeHa 8 mo MeHee yeM 5 % B aMOpHoOHax Kpocca Xancekc
Oenblil ¥ TMHUU TIUMYTpoK b79 (cMm. 1abn. 1). CremoBaTe1bHO, MHTEHCUBHOCTD
okuciaeHuss NO B aMOpuoHe ompeaessaeTcss KaKUMU-TO OCOOEHHOCTSIMM TKaHei
ambpuoHa. He nonopsl NO CIIOHTaHHO AUCCOLUMPYIOT C BhICBOOOXAeHEM NO,
a (pusmoNornyeckrue MMUIIEHW B TKAHSIX OIMPEHCNISIOT JeCTPYKINIO COeAMHEHMIA-
JIOHOPOB U mpucoenrHeHue NO, KOTOpBI ObICTPO OKUCISIETCS IO HUTpaTta v
BBIHOCUTCS 3a TpeAesibl aMHMOHA. DTO MOATBEPXKIAIOT MTaHHbIE MO OKUCIECHMIO
9K30TeHHbIX JoHOpoB NO, BBeACHHbIX B i110. OHY MOJHOCTbIO OKUCISIVCH B
SMOpHOHAX OpOIIEpOB M MPAKTUYECKU HE OKUCISUIMCH B OMOPUOHAX Y SIMYHBIX
nopox (18, 20).

Oxkucneane NO TTpOMCXOAUT B T€UYSCHHUE BCETO SMOPMOHAILHOTO TIepHOA.
Ilepen BEIBOMOM cyMMapHasi KOHIICHTpaIds HUTpaTa U JoHOPoB NO MOXeT J0-
CTUTaTh HECKOJIBKUX COTEH MUKpoMoJieit (cM. Tab. 1).

2. Okucienne NO 10 HUTpaTa B rOMOreHATAX CONEPKHMMOrO fiila HA 7-e CyT y Kyp,
TepenesioB W 1ecapoK B CPaBHEHNH C TMHAMMKON yBeJIMYEHNs KUBOH MACChI ITEH-
1oB nocie BoiBoaa (M=(7,05 X SEM), BuBapuit, ®TBY CI'l] «3aropckoe», DITX
BHUWTMUII, r. Ceprues Ilocan, MockoBckasi 001.)

HanpasneHue M Macca nreHua, r Jonst NO,
acca
Ilopona, nuHMsI, Kpocc IPOLYKTUB- o 28 cyt OKHCJIEHHOTO
saiua, r | 1 cyr
HOoCTU g 1 9 no Hutpara, %
Ky p st (Gallus gallus domesticus L.)
Xaiicekc 6emnblii (n = 40) SunuHoe 63,8+0,8 41,8421 230,1+4,5 2,4+1,3
OpnoBckast cutiesas (n = 20) SAnunoe 51,7+£0,5 35,5+0,9 167,848,7 2,1+1,3
TOpnosckast romocucrast (n = 20) Msicosiuunoe  63,840,7 40,6+0,9 253,9+7,7 3,8+1,8
TTnmumyTpok B79 (n = 40) MesicHoe (cenek-
LIMOHMPOBaHA
Ha SIMYHYIO TIPO-
IlyKTUBHOCTb) 63,9+0,8 47,1+0,7 1044,6+34,3 2,6£1,5
Anpnanysckas ronyb6ast (n = 30) AnyHoe 48,5+0,6 38,2+1,0 218,6%5,6 2,1+1,3
Tony6ast mscostmunast (n = 30) Msicosiuunoe  49,91+0,6 40,1+1,0 231,8%5,5 61,8429
Bpama nmanesas (n = 20) Msicosimunoe  52,1+0,5 38,2+0,3 254,844 .4 82,2431
Cwmena 8 (n = 40) MsicHoe 64,910,6 48,1+0,7 1188,4£53,2 98,1 £2,5
Kopuwuir B56 (n = 40) MsicHoe 65,4£0,6 47,9+0,7 1299,7£54,6 96,9+3,1
Kynauru (n = 20) BoiitioBoe 57,1£0,6  39,9+0,9 234,419,1 96,6+2,9
Cobb 500 (n = 40) MsicHoe 63,1£0,7 48,3+0,7 1214,2+44,2 97,842,6
Ross 308 (n = 40) MsicHoe 63,8+0,7 45,8+0,5 1177,5£31,6 97,4%2,5
HOecapku (Numida meleagris 1.)
3B2 (n = 20) SlnaHoe 46,8+0,5 31,4+0,6 376,4+5,4 2,2+1,4
3B1 (n = 20) MsicHoe 6,7+0,5 31,3%0,5 395,5+8,5 97,84+2,6
MMepenena (Coturnix coturnix L.)
Manbwxypekast 3ootuctast (n = 40) SluuHoe 12,940,2 10,0+£0,2 181,1+3,6 163,4%1,9 2,3+1,3
Snonckast cepast (n = 40) SunuHoe 12,7+£0,2 10,840,2 173,4+3,0 161,243,1 2,4+1.4
OcroHckas msicosnuHas (n = 40) Mscosuynoe  13,11£0,2 11,21£0,2 198,439  182,112.4 95,513,6
A slmoHcKast cepast X Q3CTOHCKast
MsicosimuHast (n = 20) 12,240,2 10,3+£0,2 178,3%2,5 171,6%£2,3 98,8%3,4
A MaHbUXYpCKas 30JI0TUC-
Tast X QsimoHcKas cepasi (n = 20) 12,4£0,2 10,2+0,2 176,9+2,9 163,7£2,5 2,2+1,4
®apaon (n = 30) MsicHoe 13,3£0,2 11,0+0,2 208,8+3,5 196,5+4,1 98,4+3,6
Benas tsexenast (n = 20) MsicHoe 13,94£0,2 11,5+0,2 289,1+3,5 274,0+3,9 97,1£3,3

®opMBI ¢ BHICOKOW MHTEHCHMBHOCTBIO okucieHuss NO (tabi. 2) oka3za-
JINCh MSICHBIMU JIUOO OOMIIOBBIMU. Y 3TUX MOPOJI, JUMHUK U KPOCCOB LILITLISATA HA
28-e CyT B CpeHEM MPEBOCXOAUIN MO Macce (OPMbI C HU3KOM A0Jel OKUCTIEH-
Horo NO, KOTOpbl€ CUMTAIOTCSI SUYHBIMUA WU MCXOAHBIMU.

Ho, xak cineayeT u3 maHHBIX, NPEACTaBAEHHbIX B TaOJULE 2, Y NTULILI
pPa3HbBIX MOPOI, XapaKTePU3YIOIIMXCS ONMHAKOBON MHTEHCHBHOCTBIO MPOLIECCOB

347



okucieHus NO, xuBas Macca pasinuyaercs B pa3bl. OCOOEHHO 3TO BUIHO Y KYP.
CriemoBaTeIbHO, UMEET CMBICI OTIPEIEISATh He KOPPEISIIINIO MEXIY T0JIei OKUC-
JIeHHOro aMbOpuoHajibHOro NO U XHMBOI Maccoii, a OLleHUBaTh, KaK B Ipeaesax
OIHOI MOPOIBI U3MEHSIETCS NOJIs OKMCJIEHHOro sMmopuoHanbHoro NO mpu ce-
JISKIIMM HA MSICHYIO MPOAYKTUBHOCTD.

HNmerolvecss naHHbIe MO3BOJISIIOT IpeArioaraTb, YTO CeJeKUUs Ha I0-
BBIIIIEHUE MSCHOM IMPOAYKTUBHOCTU B IIpelesiax OZHOM MOPOAbl UMEET Clel-
CTBUEM MOBHILICHUE MHTCHCUBHOCTU oKucJieHUsT NO, CUHTe3upyeMoro B IIpO-
mecce aMmOpuoreHe3a. ['omybass MsIcostMuHAasI IOpoJa MPEACTaBIIeT COOOM IIpo-
JIYKT CeJIEKLIMU MOPOJbl Kyp aHaaly3cKasl rojiydbast Ha MSICHYIO TTPOAYKTUBHOCTb.
B sMmOpuoHax roayObIX MSCOSIMYHBIX Kyp A0Jisi okucieHHoro NO cocTaBiseT
okosio 60 %, B To BpeMs KakK y aHOATy3CKO# MOPOIHI, KaK M Y BCEX SMYHBIX,
BTOT MOKa3aTeslb He3HauuTeseH (cM. Tabj. 2, 3). B To ke BpeMsi CKOpOCTb pocTa
y rojiyooit MsicossmuHoii mopoabl moctoBepHo (p < 0,05) Bhille, yeM y aHaa-
Jy3ckoii ronyboit. Tak, Ha 14-e cyT pa3Huua 1o XuBoit Macce gocturaet 10 %,
Ha 21-e cyr — 7 % (cMm. Tabin. 2).

3. loas NO, 0KHCJIEHHOTO 10 HUTPATa, B TOMOT€HATAX COJAEP:KUMOro SIALA Y Pa3HbIX
nopona, JuHuii u KpoccoB Kyp (Gallus gallus domesticus L.) na 10-e cyt uHKy0amuu
U ee Hacaenoanue B F1 npu ckpemmBanusax (M=(70,05 X SEM), BuBapuii, ®I'BY
CI'LL «3aropckoe», DI1X BHUTMUII, r. Ceprues Ilocan, MockoBckast 00J1.)

Hamnpasnenue |donss NO, okucieH-
IMopona, nmuHMSsI, Kpocc OnucaHue
MPOAYKTUBHOCTH |HOTO 0 HUTpaTta, %

X1 (n = 20) OTL0BCKast IMHUST OTLOBCKOI (hopMBI

Kkpocca Xaiicekce Oesblit 44,2139
X2 (n = 20) MarepuHcKast JIMHUST OTLIOBCKOM

dopmbl Kpocca Xaiiceke Oeblit 1,9£+1,3
X12 (n = 20) OtwuoBckast hopma kpocca Xaiiceke

Genbiit 3X1 X X2 2,1+1,4
X3 (n = 20) OTLIOBCKasl JIMHUSI MATEPUHCKO#M

dopMbl Kpocca XaiiceKc Oeblit 2,2+1,4
X34 (n = 20) Marepunckas popma 3X3 X X4 2,4+1,4
Xaiicekc 6emblit (n = 30) DuHanbHBI THOpU FX12 X 9X34 SuanHoe 2,3%1,4
Amnpanysckas romybas (n = 30) Sluanoe 2,3%£1,6
Tony6as msicosimunas (n = 30) [TpomykT cenekimy aHIaTy3cKOn

TOJTy0OIl Ha yBeJMUEHHE XXUBOI Macchl  MsicostmuHOe 59,9+2,7
Kopuuwr BS (n = 30) JIuHust oTHOBCKO# (hOpMBI Kpocca

CwmeHa 8 98,2+2,7
Kopuuu b6 (n = 30) JIuHust oTHOBCKO# (hopMBI Kpocca

CwMmeHna 8 97,9+2,8
Kopuuur B56 (n = 30) OtuoBckast hopma kpocca CMeHa 8

dB5 x 2b6 96,913,1
ITnumyTpok B7 (n = 30) JIuHUs MaTepuHCKOI (hopMbI Kpocca

CwMmeHa 8 3,3t1,4
TTnumyTpok B9 (n = 30) JIunust MaTepuHCKOi hOpMBI Kpocca

CwmeHa 8 2,9+1,5
TTnumyTpok B79 (n = 30) Marepunckast popma kpocca CmeHa 8

dB7 x B9 2,6+1,5
Cwmena 8 (n = 30) ®unanpHblit kpoce, B56 X 2B78 MsicHoe 98,4+2,4
B77(1) (n = 20) MuHM-Kypbl uHun B77 rpymmer 1 MuHu-ssnunas 81,413,1
B77(2) (n = 20) MuHU-Kypbl TuHUM B77 rpymsl 2 MuHu-siuuHast 90,7£3,5
A77(1) (n = 20) MuHu-Kypsl 1uHUM A77 rpynmsl 1 MuHu-msicHast 98,8+3,4
A77(12) (n = 20) MWuHU-KYpbl TUHUU A77 Tpymnbl 2 MuHu-msicHast 99,3%+3,5

Mpumeuanue. Joras NO, OKUCICHHOTO A0 HUTpATa, OMPEIESIETCs MO COOTHOLIEHUIO KOHLIEHTPALIUNA HUT-
pat/(moropsl NO + nutpat) X 100 %. I'pynmbl 1 1 2 — NpPOAYKTHI CEeJEKIIMM COOTBETCTBYIOLIMX JTMHUNA Ha yBe-
JINYEHUE XKMBOM MacChl.

MUHM-KYpbI XapaKTePU3YIOTCs MOBBIILIEHHON MHTEHCUBHOCTBIO OKMCIIE-
Husg NO 1o cpaBHEHMIO C OOBIYHBIMU KypaMu. Ho M B ciiyyae MUHU-KYp CeleK-
LIS Ha YBEJIMYEHHE CKOPOCTH POCTa BedeT K MHTEHCU(PUKALIMU OKUCICHUS OK-
cuna azora (cM. Tabi. 3). Tak, >kuBast Macca 2-i rpymnnbl JuHuu B77 yepes 8 Hex
IocJie BBIBOAA TPEBOCXOIUT 3TOT ToKasaredb B 1-i1 rpymme Ha 17 % (23) mipu
nokazatenssx okuciaeHuss NO Ha 10-e cyr muky6aunu 81,4 u 90,7 % (p < 0,05)
(cM. Tab6n. 3). B nunum A77 2-g rpynna Ha 8-i1 Hel Takke mpeBocxoauia 1-1o
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IpyIIy 10 XuBoii Macce Ha 17 % (23). Tak Kak BBbIXOA HOTPOILEHON TYLUIKU Y
OpOoIJIEpPOB U Yy SIMYHBIX Kyp pa3ivyaetcss Ha 5 %, Mbl pacCMaTpUBajId XKUBYIO
Maccy B KauyecTBe IoKaszaTesiss MSICHON MmpoayKTuBHOCTU. M3BecTeH (akT, uTo
YyeM BBbILIE XUBasi Macca, TEM BBIIIE BbIXOA MOTPOILIEHOU TyLIKU (23).

JImavm 3B1 n 3B2 npencTaBiasioT coboil MPOAYKTHI CEIEKIUHA TTOPOIBI
necapok 3aropckast 6enorpynas (3b) Ha mschHyto (3B1) u suunyio (3b2) npo-
IyKTUBHOCTb. B ciiyuyae 3b1 uMeetr MecTo mpakThuecku nosHoe okuciaeHue NO,
CUHTE3UPYEMOIo B 3MOpHOHE, a B ciyyae 3b2 OKMCIEHO JiMIlb HECKOJbKO TMpo-
LIEHTOB. XOTs CKOpocTh pocTa y 3b1 He3HAUMTebHO MPEBbILIAET COOTBETCTBYIO-
wuit mokaszateib 362 (cm. Taba. 2). CiaenoBaTeabHO, CKOPOCTh POCTa OMpPeAes-
€TCS MHOTMMU (hbaKTOpaMHu M HE BCE U3 HUX CBSI3aHbI C aKTMBALIMEN OKUCICHUS
NO. Ho cenekuust Ha yBeJMYEHUE CKOPOCTU POCTA COMPOBOXKIAETCS WHTEHCH-
(ukaimeit OKMCIeHUsI OKCHIA a30Ta.

MOXHO TIPeaIoNOXUTh, YTO CYIIECTBYET TeH, KOTOPBI Y UCXOMHBIX (hOpM
JIMOO He TpeAcTaBiieH (M IMpolecC CeNeKUMU YIaBIMBaeT KaKhe-TO MYyTaHTHbIE
(opMbl), TMOO ATOT reH UJIX TeHbI IPUCYTCTBYIOT BE3/IEe, HO €ro (MX) 3KCIpeccust
MOXET OBbITh MOAaBieHa IPYTMMU reHaMu. B CBS3M ¢ 9TMM MpeacTaBisio UHTE-
pec omnpeneauTh HacjleAoBaHKWE 3TOrO MPU3HAKa MPU CKPEIMBAHUW Pa3HBIX MO-
poxn. Bpoiinepsl kpocca CMeHa 8 ObUIM TOJydeHbl B pe3yJibTaTe CKpelMBaHUS
MaTepUHCKO U OTLOBCKON (POpM, KOTOphIE, B CBOIO OUepelb, TAKXKE SIBJSIOTCS
pPE3yIBTaTOM CKPEIIMBAHMUS OMPENEICHHBIX JIMHUI MOPOI KOPHMII U TUIMMYTPOK.
M3 maHHBIX, MpeAcTaBAeHHBIX B Tabiuie 3, BUAHO, 4To Kpocc CmeHa 8 u ero
OTLIOBCKME JTuHMHU U popmbl (KopHuiu b5, b6, B56) xapakrepusyoTcst npakT-
YyeCcKHU TMoJHbIM okucieHrueM NO B amOpuoHe. HaobGopoT, y MaTepUHCKUX JIMHUI
u ¢opmM (mumytpok b7, b9, b79) okucnsercs auiib HecKoabKo npoieHToB NO.

CxkopocTtb pocTa y Kpocca CMeHa 8 HECKOJIbKO HUXE, YeEM Y JJUHUU KOp-
Hui b56, HO BhIllle, YeM y TMHUM TUIMMYTpPoK B79 (cMm. Tabi. 3).

4. JJona NO, OKMCJIEHHOTO 10 HATPaTa, B T'OMOTEHATAX CONEPKHUMOro sifua y pa3s-
HbIX nopon nepenenoB ( Coturnix coturnix L.) Ha 8-e cyT MHKyDauuu u ee HacJje-
nosanne B F1 mpu ckpemmBanun (M= (70,05 X SEM), BuBapuit, ®T'BY CI'Ll «3a-
ropckoe», DI1X BHUTMUII, r. Ceprues Ilocan, MockoBckas 00J1.)

TTopona HamnpapieHue nmpoayKTUBHOCTHA Honst NO, oxucyiesHoro
10 HUTpara, %
Manpuxypckas 3omotuctas (M) (n = 40) SAnuHoe 2,6+1,4
Anonckas cepas (5) (n = 40) Sluanoe 2,5+1,5
DcroHckas msicosinuHas (D) (n = 40) Msicossuunoe 93,8+4,1
Tubpun (34 x 23) (n = 20) 97,9+3,5
Tubpun (39% 25) (n = 20) 99,1+£3,1
Tubpun (39 x M) (n = 20) 2,4+1,5

IMMpumeuvanwue. oas NO, OKUCIEHHOTo 0 HUTpATa, OMPENeNseTCsl MO0 COOTHOIIECHWIO KOHIICHTPALMii HUT-
pat/(moHopbl NO + Hutpat) X 100 %.

B ciyyae meperesioB TakKe OTMEUaId, YTO TsKeIble (hOPMBI (TTOPOIEI
(hapaoH, Oenas TsKesasi, 3CTOHCKas) XapaKTepU3YIOTCS MPaKTUYECKU TTOJTHBIM
okucieHueM sMmOpuoHanbHOro NO, sinuHble (opmbl (MaHBYXKYpPCKasi 30JI0TH-
crasi, SINOHCKasl cepasi Mopojbl) — HE3HAUMUTENbHbIM. Y TMOPUAOB 3CTOHCKOM
MSICOSIMYHOM U SITOHCKOM cepoii mopoj amMopruoHanbHblii NO okucasieTcsl mpak-
TUYECKU MOJHOCTHIO (Tabj1. 4). CKopocTh pocTa THOPUIOB O0Ka3ajlach IIPOMEXY-
TOYHOM MEXIY 3TUM IOKA3aTeJIeM Y 3CTOHCKOU MICOSMYHOMN U SIIIOHCKOM Cepoit
MOPOJ BHE 3aBUCHUMOCTH OT TOr0, KaKOi MOPObl ObUIM CaMIibl, 8 KAKOH — CaMKH
(cM. Taba. 2). B amOpuoHax ruOpuIoB SIMTOHCKOW CEpO U MaHBYXKYPCKOI 30J10-
TUCTON Topoj okucieHue NO He3HAuUTeIbHO, KaK U B 9MOPUOHAX POAUTENb-
ckux mnopoa (cM. Tabj. 4). ITo ckopocTu pocta 3T TMOPUABLI TAKXKE HE OTIMYa-
I0TCS OT poauTesieit (cM. Tadn. 2).

Kpowme ciydaeB, Korma MOXHO MPEANoOJOXWUTh HaJuyKde reHa JIM0o ero
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JTOMUHAHTHOTO aJUIefIsI, C KOTOPBIM CBSI3aHO MHTEHCUBHOE okuciieHue NO, 13-
BECTHBI IIPUMEPHI TOTO, YTO TIOTOMCTBO OT CKPEIIMBAHUS JUHUU Kyp CO 3HAUM-
TebHBIM (44,213,9 %) okucienuemM NO B aMOpuoHe (X1 — OTLOBCKAS JTUHUS
OTLIOBCKOI (hOopMbI Kpocca Xaiicekc Oesblii, cM. Tabia. 3) ¢ JMHUEU, B KOTOPOit
3TO OKHMCJICHHE He3HauuTedbHO (~ 2 %) (p < 0,05) (X2 — MaTrepuHCKasl JIMHUS
OTLOBCKOI (hOopMBbI Kpocca Xaiiceke Oesblit, cM. TabJl. 3) XxapaKTepu30BaJIoCh Ta-
KAM K¢ He3HAYUTeNbHBIM (~ 2 %) okucimenmeM NO B smOpmoHe (cM. Tabi. 3,
JuHuA X12, a Takke puHanbHbIi Tuopun). JIuausa X1, ucnosjib3yemasi Kak OTLOB-
cKasl JIMHUSI OTUOBCKOW (popMbl Kpocca, — Haubosee TsKeaas U oOsagarolnast
Kpenkum ckejetoM ¢popma. OHa Ha 28-e CyT PeBOCXOIUT IO XXUBOI Macce pu-
HaJIbHBIN THOpUA U Bce Mpoune ero JuHuu Ha 11-12 % (23). X1 — TakKe equH-
CTBEHHas U3 JIMHUI Kpocca XaliceKc Oeliblii, y KOTOPO 3MOPUOHbBI XapaKTepu-
3yI0TCsl 3HAYNTEIbHBIM (44,2 %) okucneHneM 3mMopuoHanbHoro NO (cMm. TabiI.
3). Ho 310 cBOIiCTBO HE HacaeoOBaJIOCh B AadbHeMIINX cKpenmuBaHusx. Ciaeno-
BaTeJbHO, Halla TUIOTe3a O JOMUHAHTHOM ajUlesisl TeHa, ONpenessioliero MH-
TeHCUBHOe okuciaeHrue NO, He MOonTBepKIaeTcs.

Ecrtb ellie onvH nmpuMep, OMpoOBEPramIuii TaKyo TUIIOTe3y, — MOJyYeH-
HbIe HaMW Pe3yJIbTaThl CKPEIIUBAHMS YEePHOIIEeTO M TOJyOOIleero IMOABUIOB
CTpaycoB. DTO MTOTOMCTBO xapakrepusyercst okuciaenrnem 90 % NO B smOproHe
JI0 HUTpaTa (TabJI. 5) ¥ 3HAYMTETEHO OOJIBIIEH CKOPOCTBIO POCTa, YeM POIUTETh-
ckue dopmel (19, 24). IIpu 3TOM B 9MOpPHUOHAX POAUTENLCKUX (DOPM OKUCIEHUE
NO He3zHauuTelbHO (CM. Tabn. 5).

5. Honst NO, OKMCJIEHHOTO 0 HUTPATa, B FOMOTreHATaX COAEP:KUMOro fidia y pas-
HBIX MOABUAOB cTpaycoB (Struthio camelus L.) Ha 24-e cyT MHKYOaUuM U ee HacJe-
noanne B F1 mpu ckpemmBanuu (n = 20, M=*(70,05 X SEM), BuBapuii, PI'BY
CI'll «3aropckoe», BI1X BHUTUII, r. Ceprues Ilocan, MockoBckasi 00J1.)

Ilopona, mogBuUL | OnucaHue | Jons NO, okucieHHOro 10 Hurtpara, %
Yepnortuewnii () 1,610,8
Tony6oruenit (I') 1,5+0,8

Tubpun (349 x QT) XapaktepusyeTcs 3HAUUTEIbHO GOJIbLIEH

CKOPOCTBIO MMOCTAIMOPUOHAIBHOTO POCTa,

4yeM poauTesbekue (popmbl 90,7+3,8
Tubpun (3Tx QY)  XapakTepusyeTcs 3HAUUTENLHO OONbLIEH

CKOPOCTBIO TTOCTAIMOPHOHAIBHOTO POCTA,

4yeM poAUTeNbCKUe hopMBbI 91,2+3,8
Mpumeuyanue. Jorst NO, OKUCIEHHOTO 10 HUTpATa, OMPEIESIETCS IO COOTHOIIEHUIO KOHIIEHTPALUNA HUT-
par/(moropst NO + Hutpar) X 100 %.

Bce monydeHHBIe TaHHBIE, C OMHOM CTOPOHBI, YKA3bIBAIOT HA TO, YTO MH-
TEHCUBHOCTh OKHCJICHUs 3MOpHoHaIbHOTO NO neTepMHMHUPYETCS TeHETHUSCKHI
¥ HacjlemyeTcs B Ipeleax JIMHUM, Kpocca W MOPOALI P pa3dpoce MmoKaszaTes
He Oonee 10 % (18-20). C apyroii CTOPOHBI, pPACCMOTPEHHbIE HAMU MPUMEPHI
MO3BOJISIIOT MPEANOJ0XKNUTh, YTO UHTEHCUBHOCTb okuciaeHuss NO oOyciioBiuBa-
€TCSl He KAaKUMM-TO KOHKPETHBIM I€HOM, a, IO-BUIMMOMY, COBOKYIIHBIM JIeii-
CTBHEM pa3HBIX TeHOB. BO3MOXHO, OHM MOTYT KaK CITOCOOCTBOBATh, TaK M CHU-
XaTh TPOSBIIEHNE paccMaTpUBAEMOTO TTPHU3HAKA.

Panee MBI TToKa3anu, YTO MHTEHCUBHOCTb OKUCJICHUSI SMOPHOHAIBLHOIO
NO He 3aBUCUT OT BO3pacTa, YCIOBUM COAep:KaHUs HECYIIeK 1 TToja SMOproHa
(18, 19). OnHako M3BECTHO, UTO MCIIOJb30BaHME 3€JICHOTO CBETa MIPU MHKYOAIIUKN
CTUMYJIPYET TOCTIMOPHOHANBHEINA pocT (25, 26). MBI TToKa3anu, 4To 3eJICHBIN
CBET CIHOCOOCTBYeT MHTeHCUpUKauuu sMOpuoHaiabHOro oxucieHus NO. Ilpu
3TOM MMeeT MecTo He akTuBalMs cuHTe3a NO, MOCKOJIbKY cyMMapHash KOHIEH-
Tpalusi HUTpaTta U JoHOpoB NO He M3MeHsach, ocTaBasich B mpeneiax 150-
160 mxmoib/1 Ha 10-¢ cyt u 470-490 MxMob/1 — Ha 15-e cyT, a uHTeHCUDU-
kauus okuciaeHuss NO, Tak KaK KOHIIEHTpallisl HUTpaTa yBeJIMYMBaiIach, a KOH-
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neHTpauus 1oHopoB NO yMeHbIagach (Tabi. 6). XapakTepHbIMU OKAa3aJIUCh Clie-
nyiolye 3akoHoMepHocTd. CorjlacHO HammM AaHHbIM 3a 7, 10 m 15 cyr, nipn
OCBELLIEHUHU SIMILI Kyp Kpocca Xaiicekc Oeblii Kak ¢ 1-X 1o 6-e cyT, Tak U ¢ 1-x 110
15-e ¢yt nHKyGauuu MHAyLUpyeTcs okuciaeHue g0 60 % cunresupyemoro NO 1o
HuTparta (cM. Tabi. 6). JlanbHeiillee yBelMueHUe MHTEHCUBHOCTH CBETA HE IMpU-
BOAWJIO K YBEJIMYEHUIO AOJIU OKUCIeHHOro NO. DTOT MPOLIEHT COXpaHsIeTCs B Te-
YeHHE BCEro IOCNIEAYIOIIEro 3MOpHOreHes3a maxe IPU OTMEHE CBeTa ¢ 6-X CYT.
IMpryeM HUTpaT HaKaIUIMBAJICI 3a IIpelaejaMi aMHMOHA, KaK M B CJIydae dM-
OPMOHOB C UCXOAHO BBICOKOM cTerneHbio okuciaeHus NO (cM. Tabn. 1, 6). B to
XK€ BpeMsT HavyaJlo OCBEIIeHMS Ha 6-¢ CyT yXe He TMPUBOIMIIO K MHTeHCU(PUKaA-
LMY OKUCJIEHUST OKCHIIA a30Ta, XOTS COeAMHEHMUSI-TOHOPHI TaKXKe IMTPUCYTCTBYIOT
B 95MOpuroHe. CienoBaTebHO, CBET BO3AEUCTBYET HE HA COCAMHEHUST — JOHOPBI
NO, a Ha 0cOOEHHOCTH TKaHEN PMOpMOHA, 00YCIOBIMBAIOIINE OKUCICHUE (CM.
Tabma. 6).

6. Bansinue pe:kuMOB OCBellleHNs 3eJIeHbIM CBETOM B Tpoliecce MHKYOAIMM HA COCTAB
HUTPO- W HUTPO30COEIMHEHHIT B TOMOTeHATe COAEPKUMOrO siilia, B AMHHOHE M JI-
JanTounce aMOpuoHoB Kyp (Gallus gallus domesticus L.) Kpocca Xaiicekc 0eJiblii Ha
15-e cyr mukybammm (N = 4, n = 20, M*(10,05 X SEM), BuBapuii, ®I'BY CI'L]
«3aropckoe», DI1X BHUTMUII, r. Ceprues Ilocam, MockoBckas 00J1.)

5-e cyT 7-e cyT 10-e cyt 15-e cyt
Obpasen HO;II(S)M HUTpAT HO;II%)M HUTpAT HO;II%)M HUTpAT HO;II(S)M HUTpAT
KoHTpoab (TeMHOTa)
lomorenar  139,8+7,7 <0,1 148,518,2 <0,1 155,8£8,9 <0,1 465,5£19,9 18,6+1,9
AMHUOH 5230,0£170,0 <0,1
AJtaHTOUC 11,2422 12,7429
OcBemenue ¢ l-x mo 15-e cyr
TomoreHat 141,1£7,5 <0,1 59,8%£3,6 90,344  64,1£10,1 96,1+4,5 164,3+10,2 316,4+15,5
AMHHOH 1870,0£+90,0 <0,1
AJlTaHTOMC 12,6124 278,6+£12,1
OcBemenue ¢ 1-x mo 4-e cyr
Tomorenar  147,8+7,4 <0,1 151,44£7,8 <0,1 158,848,1 <0, 478,3+£17,9  22,3£1,9
OcBemenue ¢ 1-x mo 6-e cyr
Tomorenar  146,6+7,9 <0,1 79,4+8,6  74,6+7,9 82,7482 81,9+7,9 217,4+£10,4 261,5£12,2
OcBemeHnue ¢ 6-x mo l4-e cyr
Tomorenar  145,5+7,2 <0,1 150,2+7,6 <0,1 154,9£7,8 <0,1 469,7£18,1 20,8+2,0

Mpumeuanwue. JJo 15-X cyT U3Mepsuii KOHLIEHTPALIMIO B XHUIKOW cpelie BHE aMHMOHA. KOHIIEHTpaLust HUT-
puTa U HUTPO30AMUHOB BO Bcex oOpasiax < 0,1 MKMOJIb/JI.

Hcxonst U3 MoaydeHHBIX TaHHBIX, MBI MOXeM 3aKJIIOUUTh, YTO B 3MOPHO-
reHe3e MTULl OKCHUJ a30Ta BOBJEUYEH B CHelM(UUecKUid mpolecc, B KOTOPOM OH
HE YyJacTByeT (MJIM y4yacTBYeT, HO HE TaK aKTMBHO) mocJjie BbiBoja. TOT dakT, 4To
B 3MOpHOHax OpoiiiepoB 6oJblas yacTh aenonupoBanHoro NO (90 %) okucis-
€TCs O HUTpaTa, yKa3bIBaeT Ha TO, YTO BHICOKME KOHIEHTpALIMU IEeTIOHNPOBaH-
Horo NO (6o1nee 90 %), KOTOpble MBI Ha0/IIOJAeM B aMHUOHE SIMYHBIX opM (CM.
Taba. 1), He SIBISIOTCI HEOOXOAMMbIMU (MO KpaliHEW Mepe Ml TOro, UTOObI
obecrneunBaTh XXKU3HEHHO BaxkHbie NO-3aBUcHUMBIE TIpoliecchl). Kak ObLIO mo-
KazaHo paHee, okuciieHue NO 10 HUTpaTa NPOMCXOAUT B TKaHSIX 3apojbllia,
MpUYEM B OCHOBHOM B MbIILIEYHOI TKaHU. B meyeHu U KulleyHUKe OKUCIEeHUE
npakruyecku orcyreTByeT (18, 20). CiegoBaTeNbHO, €CTh OCHOBAHUE TIPEAIIOa-
raTb, 4YTO 3TO OKHMCJEHHUE KaK-TO CBSI3aHO C Pa3BUTHEM MBILLIEUHON TKAHMU.

Hdnsa oueHku posu NO B MOBBILIEHUM CKOPOCTU POCTa XKUBOM MaccChl
BO3MOXHBI ABa moaxona. [lepBblil — MOMbBITAThCSI UCKYCCTBEHHO MUHUMU3UPO-
BaTh okuciaeHue NO B aMOpHOHE, HapuUMep UCMOJNb3ys Osokatopbl NO-cHUH-
Ta3bl. Bropoit — ncnoyib3oBaTh 3k30reHHbIe JOHOPHI NO. CoriacHO HalllUM JaH-
HBIM, CHIDKeHME MHTeHcnBHOCTH cHTe3a NO maxe Ha 80 % OT M3HAYAILHOTO B
Hayvajie MHKyOalluy TOCTOBEPHO He CKa3bIBAJIOCh HA CKOPOCTU MOCTIMOPHUOHATb-
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Horo pocta (18, 20), kak He uMeso nocToBepHOro addexrTa BBeneHUE B SO
coenrHeHUT — HOoHOPOB NO B KOJMYECTBE, pABHOM TOMY, UTO MMEJIO MECTO Ha
3-u cyr (18, 20).

BosMoxHo, NO B 3MOpHOHE CUHTE3UPYyeTCsl B U30BITKE AJIS1 00ecrieueHust
JOObIX (DU3UOJIOTMYECKMX MpolieccoB. To eCcTh MHTEpEeC MpeacTaBasieT He KOJIU-
yecTBO okuciaeHHOro NO, a 0ocOOEHHOCTM TKaHel 3aponblilia, WHAYLUPYIOIINe
3TO oKucieHue. M3 maHHBIX, TIpeacTaBIeHHBIX B Tabauie 1, ciaeayer, 4YTo B M-
OprOHE M3HauyaJlbHO HakKaruiMBaloTcs coeauHeHuss — aoHopbl NO. HaunHas c
OIpeJeIeHHOIO BpeMeH! (Co 2-3-X CyT), 3T COSAMHEHUS] HAUMHAIOT OKUCIISITHCS
10 HUTpaTa. B aMOpuoHax siMuHbIX (POPM OKMCIIEHUE MPAKTUIECKU OTCYTCTBYET
(cM. Taba. 1-5). Yo ke 3TO 3a Mepuoa U ¢ HayaJIoM KaKoro Mpoiecca OH CBsI3aH?
B sMmOpuoHe B Bo3pacTe 2-3 CyT 3aKjaablBalOTCsI MUOTOMBI. IIponaudepanus
muobaactoB mutcs 1o 14 cyr. Ho npouecc okuciaenuss NO B aMOproHax Msic-
HBIX (DOPM TIPOMCXOANT Ha TIPOTSDKEHUM Bcero aMOproreHesa. ['mcroigormueckme
HCCIIENOBAaHUST HE BBISIBUIM KaKUX-TO KAUECTBEHHBIX Pa3IMUMUil B pa3BUTUU MbI-
LIEYHOM TKaHU B 3MOpHOHAX OpoiliepoB U SIMUHBIX (OPM Kyp, a TaKKe B DM-
OprOHaXx SIMYHBIX M MSICHBIX (hOPM MeperesioB, XapaKTepU3YIOLIUXCSI BICOKON U
HU3KOW MHTEHCUBHOCTBIO 3MOpHUOHaibHOro okuciaeHus NO (18). MoxHo npen-
ITOJIOXKUTh, YTO Ha 2-5-¢ CYT MOSABIISIIOTCSI KAKME-TO CTPYKTYPHI, JaTbHEHIIee pas-
BUTHE KOTOPHIX cBsI3aHO ¢ okuciaeHrneM NO. @opMupoBaHUe 3THX CTPYKTYp, MO~
BUIAMMOMY, O0YCJIOBJIEHO F€HETUYECKHU, TTOCKOJIbKY MOKa3aTejlb MHTEHCUBHOCTHU
OKMUCJIEHUST HaclleayeTcsl B mpeaesiax JuHuii, KpoccoB (18). BoamoxHo, o aeii-
CTBMEM TEHETHMYECKHM OOYCIOBICHHBIX (PAKTOPOB 3aKJIaAbIBACTCS TOIMYJISINS Ka-
KHUX-TO KJIETOK, C POCTOM KOTOPOI CBSI3aH MPOLECC OKUCIEHMSI.

Ho xakoBa npupoaa 3TMX FeHETUYECKU OOYCIOBIEHHBIX (DAKTOPOB U C
KakKuMM reHaMu cBsizaHo ux nossiaeHue? D. Cazzato ¢ coaBT. (27) usyyanau 3KC-
MPEeCCUIO0 CEMU TEHOB, OINPENSISIONIMX X0 MUOIeHe3a Ha CaMbIX PAHHUX CTaAMSIX
sMmbpuoreresa. Ha skcripeccuio Biaustiin muHrnonTop NO-cuHTa3bl 1 1oHOpHI NO.
He otpuiiasg 3Tmx JaHHBIX, 3aMETUM, YTO OHM OTHOCSTCS K Hadajly sMOpuore-
He3a. Ha ocobeHHOCTH MOCTAMOPUOHAIBHOTO Pa3BUTUSI U3YyYEHHbIE (DAKTOPHI HE
pmusum (18, 20).

OMOpuoHanbHoe okuciaeHrue NO 4aCTUYHO MOXET ObITb OOYCJIOBJIEHO U
JEVCTBUEM BHEIIHUX (PAKTOpOB — cBeTa (CM. Tabi. 6). DToT 3¢hdeKT nmokasaH
HaMu U B psige aApyrux padot (20, 28). ITokazaHo, UTO CBeT MHAYLIMPOBAJ OKUC-
neane NO B 3MOpPMOHAX M MSICHBIX, M SSIMYHBIX Kyp, YTO BEI3BIBAJIO HEOOIBIIIOE
(Ha HECKOJIbKO MPOLEHTOB) YBEJIMYEHHE CKOPOCTU MOCTIMOPHOHAILHOIO pOCTa
(20). IMocnemHee cornmacyercs ¢ JaHHBIMU IPYTHX HMccienoBateneit (26, 29).

Takum 06pa3oM, aHAJIU3 HACENOBAHNUS MHTEHCUBHOCTH OKHCJIEHUST dM-
o6puonaarHoro NO B mokojieHnr F1 Ha mpuMepax HECKOJIbKUX BUIOB MTHIL ITO3-
BOJISIET TIPEATIONOXUTD, YTO 3TOT MPU3HAK — Pe3yIbTaT SKCIPECCUU Pa3TUYHBIX
TeHOB, KOTOPBIE MOTYT KaK CITOCOOCTBOBATH €0 IMPOSBICHUIO, TaK M TTOAABIATh
ero. OkuciieHrne NO 10 HUTpaTa BO BCEX NTUUYBUX S3MOPHUOHAX MOXET ObITh WH-
OYLIMPOBAaHO CBETOM B Hayajle MHKYyOalMu, MOCJIe Yero Mpolecc WUAET AaXe B
TeMHOTE. Y 3MOPUOHOB SIMYHBIX (DOPM IIOJ IeHCTBUEM CBETaA AOJISI OKUCICHHOTO
NO moxeT noBeicuThest 10 60 %. CiaenoBaTeabHO, SMOPHOHBI KaK MSICHBIX, TaK
U SIMYHBbIX (hOpM 00J1aal0T MeXxaHu3MaMu, obecrnieurBaroiiuMu okucieHue NO.
Hacnenyercsi, mo-BUAMMOMY, CITIOCOOHOCTb aKTMBUPOBATh 3TOT MPOLECC, KOTO-
pBIl TAKXKE MOKET OBITh YACTMYHO WHIYIIMPOBAH CTOPOHHUMM (paKTOpaMu (CBe-
ToM). JlanbHeliiliee 3ydyeHue HacleA0BaHUSI MHTEHCUBHOCTU OKUCJIEHUST IMOPU-
oHasibHOTO NO B psinmy MOKOJEHMI TTO3BOJUT BBISIBUTH, MAPKEPOM KaKUX TeHOB
CITyKUT 3TOT TOKa3aTeIb U KaK OH MOXET OBbITh MCIIOJIb30BaH B TEOPUH U IpaK-
THKE CEJIEKIIMOHHBIX McciaemoBanmii. Mexaauam okuciaeHust NO B aMOpHoHe U
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KOHKpeTHasi (U3UOJIOTUYECKasT POJIb 3TOTO IpoIlecca 10 CUX MOp He SICHBI.
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Abstract

At present, the role of nitric oxide (NO) in embryogenesis, in particular in myogenesis, is
widely discussed. Earlier we noted that the main part of nitric oxide synthesized in the avian embryo
can accumulate in tissues as part of the so-called NO donor compounds or be oxidized to nitrate. The
degree of this oxidation correlates with the meat productivity of adults. This report shows that in broiler
embryos, NO is oxidized to nitrate by 90% or more, while in embryos of egg poultry NO oxidation is
negligible. That is, the degree of NO oxidation is determined by some features of the embryo tissues
rather than NO itself determines these features. Consequently, the degree of NO oxidation in bird
embryogenesis is an indicator associated with tissue properties correlating with meat productivity. Since
this sign is inherited, it is assumed to be genetically determined. The purpose of this work is to char-
acterize the manifestation and inheritance of the intensity of nitric oxide oxidation and the associated
physiological characteristics of embryos in birds of different species.The purpose of this work is to
characterize the manifestation and inheritance of the intensity of nitric oxide oxidation and the asso-
ciated physiological characteristics of bird embryos of different species. The experiments were carried
out in a vivarium (Zagorskoye, Sergiev Posad, Moscow Province, 2015-2021). It was shown that in
poultry of different breeds characterized by the same degree of NO oxidation the live weight can vary
significantly. This is especially evident in hens. The proportion of oxidized NO in the embryo was
higher in lines, breeds and crosses obtained as a result of breeding to increase meat productivity. Thus,
in the embryos of broilers and meat quails, by the day 7th, more than 90% of embryonic NO is
oxidized, in egg forms oxidation was insignificant (several percent), most meat-egg forms occupied an
intermediate position according to this index. The analysis of inheritance of the index in the Fi gen-
eration in several bird species suggests that this trait is formed due to the expression of various genes
that can both promote and counteract its manifestation. Oxidation of NO to nitrate in embryos of both
meat and egg forms can be induced by light at the beginning of incubation. In embryos of egg forms,
the proportion of oxidized NO can increase up to 60 % under the action of light. Consequently, there
is a possibility of oxidation of NO in embryos of both meat and egg forms. Apparently, the mechanism
of activation of this process is inherited, which can also be partially induced by light. Further analysis
of the inheritance of the intensity of oxidation of embryonic NO in a number of generations will show
which genes are associated with the intensity of oxidation of NO. This will allow using this indicator
as a highly sensitive marker for the corresponding genes.
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