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Abstract

Supplemental lighting is a key technological component of year-round tomato cultivation in
northern greenhouse regions, where natural irradiance is insufficient during a substantial part of the
production  cycle.  Beyond  supporting  photosynthesis,  spectral  composition  regulates
photomorphogenesis and can change the balance between longitudinal growth and structural
development of the stem. The aim of this study was to compare the effects of high-pressure sodium and
two domestically produced LED irradiators on plant height and stem diameter of the indeterminate
tomato hybrid ‘Forticia F1’ under protected cultivation. The experiment was conducted in a multi-span
greenhouse in Northern Kazakhstan during the 2025-2026 extended crop cycle. Seeds were sown on 19
July 2025. Plants were grown hydroponically on mineral-wool slabs at a density of 2.5 plants m™2. Three
supplemental-light treatments were evaluated: high-pressure sodium lamps (HPS, control), KSDO 1 with
a balanced spectrum, and KSDOZ2 with a red-dominant productivity spectrum. Canopy-level
photosynthetic photon flux density was maintained at 200 + 10 umol m=2 s~ " with a 17 h photoperiod.
The experiment included three replications with five recorded plants per replication, giving 15 plants per
treatment. Plant height and stem diameter were measured weekly from 27 August 2025. Treatment
means were compared using one-way analysis of variance at p < 0.05. At the beginning of observations,
plant height did not differ significantly and averaged 53.67-54.87 cm. By 27 May 2026, plants reached
810.40 cm under HPS, 807.47 cm under KSDO1, and 805.47 cm under KSDOZ2. Thus, LED treatments
reduced final stem elongation by only 0.36-0.61% relative to HPS, showing that total longitudinal
growth remained agronomically comparable. Stem diameter responded more strongly to spectral
composition. On 13 May 2026, its mean value was 16.96 mm under HPS, 19.40 mm under KSDO1, and
19.6 1 mm under KSDOZ2. The increases over control were 14.4 and 15.6%, respectively, and treatment
differences were highly significant. The results demonstrate that the tested LED irradiators maintained
the height growth required for high-wire tomato culture while promoting thicker stems. KSDOZ2
produced the greatest stem diameter, whereas KSDO1 showed a similarly strong structural response.
These lighting systems may therefore improve the vegetative balance and mechanical stability of
greenhouse tomato plants without stimulating excessive elongation.

AHOamna

Comycmik almakmapoazbl Xbiib#alnapoa Kbi3aHakmbl Xcbi1 60Ubl ecipy KeziHde mabuau
JHApPbIK MeJIepi Be2emauusi/ibik Ke3eHHIiH edayip besieiHoe xemkinikciz 601a0dbl. COHObIKMAH KOCbIMWA
HAPbIKMAHObIPY 6CiMOIKmMIH GomocuHMe3iH Kammamacki3 ememiH @aHd emec, OHbIH MopdoceHe3iH
HaHe 6HIMOIK yoepicmepiH baabimmadmbiH MAaHbI30bI MEXHOI02US/IbIK, pakmop 60/bin CaHaaaosbI.
XKapbiKkmbIH cnekmprik Kypambsl eciMOikmiy 6odaan ecyi meH cabakmbiH X(yaHoayb! dpacbiHOAabl
meHzaepimee acep emin, XblbiXal UeHO3bIHbIH apXUmeKmypacbiH e32epme asnadbl. 3epmmeydiH
MaKcams! KOpaas2aH mMonbipak, #az0albIHOa X0&apbl KbICbIMObI HAMPUU WAMbl MeH OMAaHobIK eKi
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JHApbIKOUOOMbI caysieneHdipaiuumiH uHoemepmuHaHmmei ‘Forticia F1’ Kbi3aHak, 6y0aHbIHbIH buikmiziHe
JaHe cabak duamempiHe acepiH casbicmbipmasibl bazanay 6010kl Taxcipube 2025-2026 xcbiidapoaasl
y3apmeiieaH —alHansimoa  Coamycmik — Ka3akcmaHoagbl  Kendpasbik —Mblibaloa cypei3indi.
©cimoikmep MuHepasobl MAakma MAakmanapbiHoaabl 2UOPONOHUKAILIK Xcyldede 2,5 eciMOik/M?
MbIabI30bIKNEH ecipindi. YW *apbIKMaHObIpy HYCKACb! 38pMmMesioi: XOaapbl KbICbIMObI HAMPUU WAambl —
JIHaT (6akbinay), meHzepimoi cnekmpsi X/C1 xaHe Kbi3bli cayae yaeci 6acsbiM eHiMOiK cnekmpi
XK/IC2. ©¢imOiK xambinabicbl 0eHeeliHoe2i pomocuHMemuKasibiKk pomoHOap aabiHbIHbIH Mblabi30biab]
200 * 10 mkmosib-M™~2C" 7, pomonepuod 17 cazam 60s10bl. Op HYCKA YW KaUmasabiMHaH, ap Kadmassim
bec ecenmik ecimoikmeH myposl; 6ip Hyckada 6apsbiabl 15 ecimoik 6akkinaHObl. buikmik neH cabak
ouamempi 2025 xbinzbl 27 mambizoaH bacman anma calibiH eaweHoi. Opmawa maHoep 6ip pakmopibi
oucnepcusisibik manday apkbiibl p < 0,05 OeHeelliHOe canbiCMbipbiiobl. bakeiiayobiH an2auiKbl
mep3imiHoe ecimoik buikmizi 6olbiHwa eneysi alblpMauwlblibiK AHbIKMAaMaobl, opmawid Kepcemki
53,67-54,87 cm apasibiabiHOa 60/10b1. 2026 Xcbinebl 27 Mambipoa JHaT HyckacbiHOa ecimoik buikmiei
810,40 cm, X/LC1-0e 807,47 cm, XLC2-0e 805,47 cm 60/10b1. XapbikOuoOmsl HYcKaaapodabl COHabl
buikmik bakbiiaymeH caibicmeipeaHoa Hebapi 0,36—-0,6 1% memeHoen, 6ap/ibik Hyckaoa 6olibiK eCyoiH
a2pOHOMUSITIbIK MypabloaH bipkesiki 6oneaHbiH kepcemmi. Cabak duamempi cnekmpee alKbiH X#ayan
6epoi. 2026 x3cbinabl 13 mambipda by kepcemkiw JHaT-ma 16,96 mm, XXJC1-0e 19,40 mm xaHe XK/C2-
de 19,61 mm 6071061, XXapbiKkOuoOmbl HYCKaaapobiH 6akbiiayoaH apmabiKWbibidbl MUicCiHWe 14,4 xcaHe
15,6% Kypaobi, an alibipMauibl/ibiKk CMamucmuKasibiK Mypabi0aH #oaaps! 0eHeelde 0aniendeHoi. Jemex,
3epmmeJizeH XapbIKOUOOMbI CayneneHoip2itumep eciMOiKmiH WamadaH mbiC CO3blaybIH MybiHOamnad,
cabaablHbIH X#YaHOaybIHA XHe KYpblbIMObIK bepikmieiHiH apmybiHa x3cazoal xacaodbl. EH xcoeapbl
cabak duamempi XK/]C2 HyckacbiHOa b6alkanobl, an X/C1 0e coaaH 3#akbiH Mypakmsl acep Kepcemmi.

Keywords: photomorphogenesis; high-pressure sodium lamp, spectral composition,; hydroponics;
vegetative growth, high-wire crop; plant architecture.

TydiH ce30ep: domomopgpoceHes;, Hampul wWamel,  CNEKMPJIK — KypamM, 2UOPONOHUKA;
Bezemamusmik ecy; eCiMOiK apxumeKkmypachl; Y3apmabii2aH alHabIM.

Kipicne

KopaasnzaH monbipakmaabl Kbi3aHaK eHOIpiCiHOe XapbikK ¢omocuHmes KAapKbiHOblIbiabIH 2aHA
emec, eciMOiKmiH MopdOI02US/IbIK KYPbI/IbiMbIH 0 aHbIKmadosl. Conmycmik Kazakcman xcazoadlbiHoa
KbICKbI ¥(aHe emnesii Maycbimoapoa mabuau paduayus memeH 6012aHObIKMAH, KOCbIMWA CayeneHoipy
Y3apmabli/izaH alHaibIMHbIH Mypakmbli/biabl YWiH Kax}xem. Jacmypai JHaT wamoapsi capbi-Kbi3abLim
atmakma 6aceim caysie Wbl2apadbl #aHe Xbiy 66s1yi #oaapbl. XapbikOuoomas! xcylesnep cay/e azbiHbIH
6CiMOIKMIH BU3UOI02UAIbIK Kadcemmisi2iHe Kapal Kaabinmacmaipyad, KK, Kbi3bljl #OHe aJlbiC KbI3biJl
ouanazoHOapobIH yieciH pemmeyee MyMKiHOIK 6epedi [1-3].

OcimMOik  6uikmiei  Mbibxalodzbl  UeHO30blH — BEPMUKAIbObI  KYPbIIbIMbIH — MOHE
6YbIHAPA/IbIKMAPObIH CO3bIIYbIH cunammacd, cabak, ouamempi eciMOIKmMIiH MexaHukasbiK 6epikmiei,
accumungammapobl MAckiManoday aneyemi aHe Be2emamuBmik—2eHepamusmik meH2epiMmi mypasibsi
aknapam b6epedi. Kek cayne yneciHiH yn2arobl KebiHe cabak neH O6ybiHAPAbIKMApPObIH CO3blybIH
wekmedoi, an Kbi3bl/l XaHe KeK cay/senepdiHd yuaecimi pomocuHme3 eHIMOBDPIHIH HCUHAYbIH H(oHe
cabakmaiH XyaHoaybiH Kywelme anaos! [4, 5]. KasakcmaHoa xacangad cayneneHoipaitumepmer
JYpeizineeH  anobiHabl  3epmmeyaepoe  XapbiKouoombl  Hyckasnapoasbl  KewemmepoiH /JHaT
xagdalibiHoaeb! ecimoikmepdeH anaca, bipak cabak duamempi MeH Kypaak mMaccachk! Xoaapbl 60/12aHb!
kepcemineeH [6]. OcbizaH 6alnaHbicmsl 3epmmeydiH makcamsl — JHaT, XAC1 xoaHe XIC2
JHApbIKMAaHobIpy HyckaaapbiHoa ‘Forticia F1° Kbi3aHazbiHbIH buikmiei meH cabak ouamempiHiH Y3aK
Mep3imMOi QUHAMUKACKIH CAJIbICMBbIPY.

Mamepuanoap meH adicmep

3epmmey 2025-2026 xcbindapoasbl y3apmbiagaH adHaneimoa Cosmycmik KasakcmaHoa
OPHANIACKAH 3aMaHayu Kendaparsbik Hblbixadoa xcypei3inoi. 3epmmey HbICaHbl — UHOeMmepMUHAHMMBb!
‘Forticia F1’ kbi3aHak 6yoaHbl. ©cimoikmep eawemi 100x20x 7,5 cm MuHepasob Makma makmasndapbiHoa
Mamwbliamsin KopekmeHoipy xcydecimeH ecipindi. Ombipabi3y mbiabi3obiebl 2,5 6ciMOik/mM? 60710kl
KyHOdi3ei memnepamypa 24+2 °C, myHei memnepamypa 18+2 °C, ayaHblH Ca/ibICMbIPMA/ibl blRAI0bIIbIRbI
60—-70% OeHeeliHoe ycmasnobl. Kopekmik epimiHOiHiH 3nekmp emkizeiwmiei 2,5-3,0 dS/m, pH 5,840,2
60/10b!.

Taxcipube yw HyckadaH mypobi: JHaT — xoeapbl KbicbiMObl Hampul wamsi (bakbinay); XAC1T —
450 xoHe 660 HM almMakmapbIiHOaabl MaKkcuMymoapb! 6ap, 1#acki/l #aHe asibiC Kbi3bl/l KOMNOHeHMMmMep
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eHel3i12eH meH2epimoi #apbIkouoOmas! cnekmp; XC2 — Kbi3bis1 CaYeHIH y1eci 6ackiM 6HIMOITIK cCnekmpi.
bapnbik Hyckaoa PPFD 200410 mkmosb-M™%C™ 7, ¢gomonepuod 17 cazam (06:00-23:00), kocbimwa DL/
wamameH 12,2 mMosib-M™2maysik- ' 6onobl. Taxcipube yw KaldmasabiMMeH OpHAAACMbIPblbIN, ap
katmansimoa bec ecimoik, bip Hyckada 15 ecenmik ecimOik 6akb11aHObI.

©cimoik buikmizi meH cabak ouamempi 2025 xcbingbl 27 mambizoaH 2026 xbiiabl 27 MaMbipaa
OeliiH anmacsiHa 6ip pem enweHdi. buikmik ecy HykmeciHe deliH esuwey macnacbiMeH aHbIKMasosbi.
Cabak Ouamempi beneineHzeH OYbIHAPAbIKMA 3/1eKMPOHObIK — WMAHEeHUUPKY/IbMEH — eJILIeHIn,
Homuxesiep musiiumempmeH 6epinodi. 20 xcaHe 27 mambipoasbl ouamemp esawemoepi bipkamap
ecimoikme  anobiHabl ~ Mep3iMMeH  Ca/IbICMbIpeaHoa  6UOo/Io2uUA/IbIK — MYpPabloaH — MYCIHIKCI3
memeHdoe2eHOikmeH, duamemp 6oUbIHWA KOPbIMbIHObI CA/ILICMbIPY YWliH 13 Mambipdaabl coHabl 6ipi30i
e/wemM nadoanarbliobl. /Jlepekmep opmawa MaH * CmaHoapmmsiK Kame mypiHoe 6episnoi.
HyckanapobiH acepi 6ip ¢akmopsibi ANOVA adicimer 6azanaHbin, MaHbi30bibik 0eHeeli p<0,05 den
Kabb1/10aHObI.

Hamudtesnep 3aHe maskbiaay

Angawkpl eaweyode ecimoik buikmizi JHaT-ma 53,67 cm, XC1-0e 54,60 cm xoHe X/]C2-0e 54,87
cM 60/10b1; alibipMawbl/ibiK CMAamuCmMUuKasabiKk MypabioaH danendeHb6edi (p=0,877). Becemauus 6bolbi
bapsibik Hyckanapoa buikmik 6ipkasbinmasl apmmel. 2025 xcbingbl 31 3enmokcaHoa Kepcemkiwimep
muiciHwe 405,47; 404,07 xcaHe 409,20 cm 60/10b1. XekenezeH apasibik mep3imoepoe cmamuCmuKasibik
alibipmawibiibIK, 6alKanzaHbiMeH, abCcoarommik anwakmasiK waabiH 60106l 2026 xbiiabl 27 MaMbIpoa
JIHaT HyckacbiHbIH opmauwia buikmiei 810,40 cm, X/C1 — 807,47 cm, X/]C2 — 805,47 cm 60s10b1. X/C1
MeH X/]C2 bakbinaydaH muiciHwe 2,93 xcaHe 4,93 cm 2aHa memeH 601061, 6y 0,36 xcoHe 0,6 1%-2a
calikec Kenedi. [lemek, cnekmpJik albIipMawWbiIbIKMAap cabakmabiH Xaanbl Y3bIHObiabIH mybezedsi
©32epmnezeH.

Cabak duamempi 6olbIHWA acep epmepeKk 3oHe alKbiHbipak 6alkandbl. bacmankbl mepsimoe
JIHaT kepcemkiwi 6,93 MM, XJC1 — 6,66 mm, XOC2 — 6,50 mm 6osbin, Hyckaaap dapacbiHOa
alibipmawibiibiK, 60mMaos! (p=0,154). 24 KbipKylekme xapbiKouooOmbl HYCKaaapobiH dpmbIKUIbLIbIab!
Kanbinmaca 6acmaoel: [JHaT-ma 12,39 mm, X/C1-0e 13,11 mm, X/C2-0e 13,07 mm (p=0,025). 29
KazaHoa albipmawlbiibiK Kywedin, 6akbiiayoa 14,20 mm 6ongaHoa XC1-0e 15,71 mm, X/JC2-0e 15,86
MM mipkendi (p<0,001). 31 xenmokcaHoa XAC1 xcaHe XAC2 6akbinaydaH muiciHwe 10,1 xaHe 11,4%
apmsik 60/10b!.

Kecmertik canbicmabipy

KyHi buikmik, cm | XACT | XAC2 | Auamemp, mm | XACT | X/AC2 | p (duamemp)
JHaT JHaT
27.08.25 53.67 54.60 | 54.87 6.93 6.66 | 6.50 0.154
24.09.25 130.40 129.40 | 133.53 12.39 13.11 ] 13.07 0.025
29.10.25 | 224.53 | 222.20 | 228.13 14.20 15.71 | 15.86 <0.001
31.12.25 | 40547 | 404.07 | 409.20 15.62 17.20 | 17.40 <0.001
04.02.26 | 495.53 | 493.93 | 499.27 15.55 17.69 | 17.89 <0.001
11.03.26 | 593.53 | 592.67 | 596.00 16.20 18.49 | 18.61 <0.001
15.04.26 | 693.33 | 692.33 | 694.07 16.59 19.06 | 19.21 <0.001
13.05.26 | 770.87 | 768.73 | 766.00 16.96 19.40 | 19.61 <0.001
Eckepmy: ap Hyckaoa n=15. p — 6ip ¢pakmopibi ducnepcus/ibiKk mandayobiH MaHbI30bl/bIK 0eHeedi.
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13 mambipdazbi coHabl bipi30i eawemoe cabak ouamempi [JHaT-ma 16,96 mm, XJC1-0e 19,40 mm,
X/[]C2-0e 19,61 mm 6011061 (p<0,001). X/AC1 6akbinayoar 14,4%, X/AC2 15,6% xoeapbl Homuxe
Kepcemmi. bacmankkl mep3iMmeH casibicmbipeaHoa ouamemp AHaT-ma 144,7%, X/[C1-0e 191,3%,
X/[C2-0e 201,7% apmmabl. SeHU X#apbIKOUOOMbI cayeneHoipeiumep eciMOiKmiH aanbl buikmiziH
eneysi apmmeipmad-ak, cabakmel xyaHoammal. by Homuxce LED xcazdalibiHoa Kewem neH epecek
ecimoikmepdiH cabak duamempi apmybl MyMKiH eKeHiH KepcemkeH 3epmmeysiepmeH yinecedi [3, 6, 7.

X/IC2 HYCKAcCbIHbIH  Kbi3bll  cayneee b6ald cnekmpi  ¢pomOCUHMEeMUKAIbIK — KeMipmeK
ACCUMUJTAUUSACHIH X(aHe cabak YinandpbiHa KyYpaak 3ammbiH 661iHyiH KyuweldmkeH 601ybl MyMKiH. XX/]C1
KVYDPAaMbIHOAabl KOK KOMNOHEHM hOmoMoppoceHemuKasblk pemmesy dapKblibl CO3bi1y0bl Wwekmen,
cabakmbiH 3#yaHoaybiHa Koaal bl 3#agoad »#acazaH. Kek cayieHiH Kbi3bli poHea oHmadibl meswepoe
KOCbI/lybl KbI3aHAK 6UOMaccacbl MeH eHiMOiIieiH apmmblpambiHbl, a1alioa wamaoaH mbiC KeK caysie
cabak neH 6YbIHAPAIbIKMApObIH Y3bIHObIRbIH KbICKAPMAmMbIHbI KepcemineeH [4]. CoHbimeH bipee 3#apbikK
peakyusicbl cnekmpee eaHa emec, DLI, memnepamypa, CO:z yaHe 6CiMOiK X#acbiHa mayenodi; COHObIKMAaH
Homuesnepdi Hakmbl eHOIpICMIK MUKpOKIuUMamneH bipee bazanay Kaxem [2, 5, 8.

KopbImbiHObI

JIHaT, X/ZJC 1 xaHe X/]JC2 #azdalibiHoa ‘Forticia F1’ Kbi3aHaabiHbiH buikmizi y3apmabiizaH adHaibim
bolibl yKcac ouHamukameH Kasabinmacmel. 2026 Xwbiigbl 27 MaMbIp0ad apbiKOUoOmab! HYCKaaapoasasb!
ecimoikmep [HaT 6akbinaybiHaH mek 0,36—0,61% anaca 601061 Cabak duamempi 3#apbik cNeKkmpiHe
aHagypsibiM cesimmasn Kepcemekiw 60/10bi: 13 mambipoa X/C1 6akbinayoaH 14,4%, an XAC2 15,6%
xoeapbl 6on0bl. EH ynked ouamemp X/C2 HyckacbiHOa Kasbinmacmel. Jemek, OmaHobIK,
HapbIKOUOOMbI CayieneHoip2iuumep ecimOikmiH Kax}xemmi 60U/ibiK eCyiH cakmal omeipbin, cabasbiHbiH
KVYPbIIbIMObIK 6epikmiz2iH apmmbipyea MyMKIiHOIK 6epedi. ©HOipicmik xcazdaltoa X/C2 cabakmesi
HyaHoamyea bassimmasneaHd muimoi Hycka, an X/]C 1 meHeepimoi Mopgoao2usi/ibiK xcayan bepemiH xcyle
pemiHoe YCbIHbIIAObI.

AsmopsiapobiH yieci

AT: 3epmmey MyXbIpbIMOAMAChl, abIJIbIMU XHEMEeKWIIK }aHe KomxaszbaHb! bekimy; FK: adebu
Oepekmepdi 3uHay xcaHe adicmemesiik 6es1imoi dalbiHoay; HD: Hamuxcenepdi ablibiMu MYCiHOIPY HaHe
KOpbIMbIHObIIAPObI HAKMbIAAY, RA: maxcpubesnik enweynep, oepekmepoi eHOLY XaHe KO a3baHb!
oalibiHOay. bap/ibik aBmopsiap MakaaaHblH COHabl HYCKAChIH OKbIN, MAKy/10aob!.

Kapxbl1aHObIpy

3epmmey KazakcmaH Pecnybiukacbl fbiibiM XoHe Xoaapbl 6inim  MUHUCMPi2i  FblibiM
KomumemiHiH 2024-2026 xcbiidapeaa apHaneaH epaHmMmbIK, KAPXCbIIAHObIPYbI ASICbIHOA OpbIHOA/0bI
(AP23488411).
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EFFECT OF DIFFERENT LIGHTING SYSTEMS ON THE YIELD STRUCTURE OF «FORTICIA F1» TOMATO
UNDER PROTECTED CULTIVATION
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KOPFAJIFAH TOIMbIPAK XAFZAVBIHAA OPTYPJI XAPBIKTAHABIPY XYVENEPIHIH «®OPTULMA F1»
KbI3AHAFbI OHIM K¥PbI/TbIMbIHA SCEPI
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Abstract

Supplemental lighting is essential for maintaining stable tomato production in northern green-
house regions, where natural solar radiation is limited during autumn, winter, and early spring. Light
spectrum affects not only photosynthetic activity but also assimilate distribution, fruit growth, and the
formation of yield components. The aim of this study was to evaluate the effects of high-pressure sodium
lighting and two domestically produced light-emitting diode irradiators on fruit diameter and mean fruit
mass of the indeterminate tomato hybrid «Forticia RZ F1» under protected cultivation. Forticia RZ F1 is
a Dutch truss tomato hybrid used in commercial greenhouse production in Kazakhstan and European
countries. The experiment was conducted during the 2025-2026 extended crop cycle in a modern multi-
span greenhouse in Northern Kazakhstan. Plants were cultivated hydroponically on mineral-wool slabs
at a density of 2.5 plants m~2. Three lighting treatments were compared: high-pressure sodium lamps
(HPS; treatment 0, control), SDO1 with a balanced LED spectrum (treatment 1), and SDO2 with a red-
dominant productivity spectrum (Ereatment 2, research object). The canopy-level photosynthetic photon
flux density was 200 + 10 umol m=2s~ ", and the photoperiod was 17 h. The experiment consisted of three
replications with five recorded plants per replication, giving 15 plants per treatment. Biometric and har-
vest observations were performed according to the methodological recommendations of S. F. Vash-
chenko for experiments with vegetable crops in protected structures. One-way analysis of variance con-
firmed a significant lighting effect on both traits (p < 0.001). Both LED treatments significantly exceeded
the HPS control, whereas the difference between SDO1 and SDO2 was not significant. The highest ab-
solute values were obtained under SDOZ2, demonstrating its potential for improving the yield structure
of greenhouse tomato.

AHOamna

KocbiMwa »apbikmaHobIpy Ky30e, KbICma XaoHe epme Kekmemoe mabuau KyH paduayusicbl
wekmeys1i Conmycmik Xblbixad aimMakmapbiHOa Kbi3aHak eHOIpICIH mypakmas! Ycman mypy YWiH
Kaxycem. XKapbik cnekmpi ¢GomocuHmemuKkasnbik 6esceHOIiKKe 2aHa emec, COHbIMeH Kamap
aCCUMUNIAUUSHBIH — MApasybliHd, — XemicmepoiH — ecyiHe XoHe  eHIMOIIK — KOMNOHeHMMepPiHiH
KasabinmacybiHa —acep emeodi. byn  3epmmeyodiH  Makcamsbl  XO02dpbl  KbICbIMObI  HamMpUd
JHAPbIKMAHObIPYbIHBIH XaHe OMAHObIK ©HOIPiSI2eH eKi XapbiK 0UOOMbI CayAeneHOIp2itumiH Xemic
oduamempire xHe "®opmuuyus F1" Kbi3aHak 2ubpudiHiH opmauwia xemic MaccackiHa acepiH bazanay
60/10b1. Forticia RZ F1-KazakcmaH meH Eypona endepiHoe KOMMepUUS/IbIK M(blibixal 6HOIipiciHoe
KOJI0AHbIIAMbIH 20/11aHOUSA/IbIK pepma Kbi3aHak byoaHsl. Taxcipube 2025-2026 xcbindapaa Coamycmik
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Kazakcmaroazsl 3amaHayu Jbiibixadoa xcypeisinoi. ©cimoikmep 2u0pONOHUKA/IbIK HOIMeH 2,5 ecimoik
MbIabi30biabl M-2 MUHEpasaobl cybcmpammapoa ecipindi. XapbiKmaHobIpyobiH YW Npouedypacs!
Ca/IbICMbIPbIIObI: #02APb! KbICbIMObI Hampul wamadapsl (DNaT; 0-Hycka, bakbinay), meHoecmipineeH
Hapbikouoomsl cnekmpi 6ap KSDO1 (1-HycKa) yaHe Kbi3bl-00MUHAHMMbI eHIMOIIIK cnekmpi 6ap
KSDO?2 (2-Hycka, 3epmmey HbICaHbl).

Keywords: supplemental lighting, tomato, protected cultivation; yield structure; fruit diameter;
fruit mass; LED spectrum.

TydiH ce30ep: KOCbIMWA X#apbIKMAaHObIPY; KbI3AHAK, KOPaA/1aaH MONbIPAK, OHIM KYDbl/IbIMbI, #EeMiC
duamempi; 3#emic Maccachl; #apbiK CNeKMpI.

Kipicne

KopeaasizaH monbipakmaasl KbI3AHAK ©HOIpICiHOe 6HIMOITIKMIH Mypakmbl/ibiadbl  6CiMOIKMIH
ADPbIKNEH, MbITYMeH, CYMeH MaHe MUHepasobiK KopekneH Kammamdachi3 emisnyiHe 6alnaHbICmebI.
Conmycmik KazakcmaH xaz0albiH0a Ky32i-KbiCKbl Ke3eH0e mabuau XapbIKMbIH XemKiliKcizoiei
pomocuHmes KapKbIHObIIbIabIH MemMeHOemin, Xemicmepoid Kaabinmacybl MeH 6cyiH wekmeloi.
COHOBIKMAH Y3apmbiigaH alHAIbIMOA KOChIMUWA XCAPbIKMAHObIPY ©HIM KaabinMmAacmasipy YoepiciH
b6ackapyoblH MaHbI30bI MEXHO02US/IbIK Maciii 6osbin  mabbiiadsl. facmypai DNaT wamoapsl
bIIbIHAU 6HOIPICIHOe KeHiHeH KOJI0aHbIIRAHbIMEH, 01ap0blH CNeKmMpiHOe capbi-Kbi3ablim 661k 6ackim
HaHe Xcblay besyi xcoaapbl. XapbikOuooms! cayaeneHoipeiumep cnekmpsik Kypamobl 6CiMOiKmiH
usuooeuaIbIK  KaxcemminiziHe Kapal 6azbimman, 3/eKmp 3HepeusicbiH muimoi  naddanaryaa
MYMKIHOIK 6epedl.

KbI3aHAK 6HIMIHIH KYpbl/IbIMbl XemicmepoiH CaHbl, ewemi 3 oHe opmawid Maccacb! apKbl/ibl
cunammanaoel. Xemic ouamempi MeH Maccacbl MayapsibiK CAndaHbl, ©HIMHIH GipKesKinieiH aHe
BCiMOIKmMIH —accumMusigsmmapobl  eeHepamusmik Mywesnepee bazbimmay KabinemiH Kepcemeo.
XKapbIKmbIH Kbi3bl/T #aHe KeK 6es1ikmepiHiH apakamsiHAChbl pOMOCUHMEe32€e, #anbipak, annapamabiHbiH
Kbi3mMemiHe, 2ys10epOiH YPbIKMAHybIHA XCaHe XemicmepoiH ecyiHe biknaa emedi. Ocbi cebenmi apmypii
cnekmpii cayneneHoipeiwumepoi 6ipdell ¢pomoH agbiHbIHOA CA/ILICMbIPY 6HOIPICMIK XbIbHal YUliH
MuimMOi #apbIKMAaHobIpy HYCKACbIH MAaHOay2a MyMKiHOiK 6epeo.

3epmmey HbiCaHbl pemiHoe HudepsaHO CenekyusICbiIHa XamamabiH UHOemepMUHaHmMmab|
«@opmuuyus F1» Kbi3aHak 6yoaHbl NatioanaHbliobl. by 6y0aH 3#apbiKmaHObIPbLIAMbIH }aHe 0aCcmypIi
HCbIIbIXAUIApOa ecipyee 1apamobliibiabiHa 6alaaHbICMsl Kazakcmad meH EyponaHbiH KOMMEPUUS/IbIK,
JKbIIbIHAUAAPbIHOA K010aHbI1aokl. 3epmmeydiH makcamsl — DNaT 6akeinaysl, KSDO1 xcaHe 3epmmey
HbicaHbl KSDO2 wamoaps! xcazdalibiHoa ecipineeH «Popmuuyus F1» Kbi3aHabl ¥emicmepiHiH opmawa
ouamempi MeH MAaccachbiH CasibICMbIPpMAasibl 6azanay.

3epmmey adicmepi

3epmmey 2025-2026 xwbindapoaabl Acmara KanacbiHoa «Led System Media» XLLUC xcbinbiniad
KeweHiHoe  xcypei3indi. ©cimoikmep 100x20x7,5 <M MuHepasnobl MAKmMa MAakmaaapbiHoa
mamuwiblinamsin KopekmeHaoipy xcyldecimeH ecipindi. Ombipabi3y mbiabi30biabl 2,5 ecimOik/mM? 6010bI.
KyH0i32i aya memnepamypacsk! 24+2 °C, myHei memnepamypa 18+2 °C, casibiCmbIpMaribi bi1gaaobiibik
60-70% OeHeeliHOe ycmanobl. Kopekmik epimiHOiHiH 31ekmp emkizeiwmiei 2,5-3,0 dS/m, pH
Kepcemkiwi 5,840,2 60/10b1. ©¢imoikmep 6ip cabakka KasabinMacmaipbi/ibin, Cyapy, Xansipak, auy, ey
WIoabIH HOpManay xcaHe 6acka azpomexHUKasbik Xymbicmap 6ap/ibik Hyckaoa b6ipoed xcypeizindi [1].

Toxcipube yuwl XapbIKMAaHobIpy HyckacbiHaH mypobl: 0 — DNaT xcoeapbl KbiCbiMObI Hampud
wamoapsl, bakbinay;, 1 — meHeepimoi cnekmpi KSDO1 xapbikOuoomsl cayneneHoipaiuli; 2 — Kbi3bi
cayne yneci b6acbim KSDO2 xapblkOuoOms! cayseneHdipeili, 3epmmey HbICaHbl. bapsibiK Hyckaoa
BCIMOIK HamblnabiCbl 0eHeeliHoe2i pomoCcuHMemuKasbiK omoHOap azbiHbiHbIH Mbiabi30biabl 200410
MKMOsIb'M™2-C" 7, pomonepuod 17 cazam (06:00-23:00) 6071061 Toxcipube yw KadmasibiMmeH
0pHANAacmMeIpblabin, 3p Kadmasnsimoa bec ecenmik 6ciMOiK, 6ip Hyckada 6apsbizbl 15 ecimOik
6aKbI/IaHOBbI.

TaxcipubeHi opHanacmsipy, 6ciMoikmepoi ecenke asy oHe eHIM KypblibiMbiH bazanay C.d.
BauwieHKoHbIH KOPaasa2aH MonbIpak KypblibICMAPbIHOA KOKOHIC 0akkii0apbiMeH maxcipube xcypeisy
MOHIHOe2l adicmemeriK YCbIHbIMOApbiHa Calkec opbIHOAiOb! [2]. Kbi3aHaK eHimi 2025 xcbiizbl 29
KaszaHHaH 2026 wbinebl 15 maycbimea 0eliH XUHan0bl. Op ecenmik eciMOik 6olbiHwa xemicmepoiH
KesideHeH ouamempi 3/1eKMPOHObIK WMAHSeHUUPKY/IbMEH 6JIWeHIn, MU/IUMEempPMeEH Kepceminoi;
Maccackl 31eKMpPOHObIK MApasbiMeH aHbIKMasbin, epammeH bepindi. XXuvay 6oimazaH mep3imoepoeei
HesO0IK YAWbIKMAp opmawia MaHoi ecenmeyze eHaizizieeH 3ok, AndbiMeH ap 6CiMOiK 60UbIHWIA Ke3eHOIK
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opmawia Kepcemkiw, o0aH KeliH HYCKAHbIH opmauwia mMaHi MeH cmaHodpmmabiK Kameci ecenmerioi.
Hyckanap 6ip pakmop/ibl ducnepcusisibiKk manoay xoHe Tbroku Kpumepuli apkbiibl p<0,05 deHeeliHOe
CasbICMbIPbIIOBbI.

3epmmey Hamucenepi

XKapbikmaHobIpy ycyleci KbI3aHaK 3emicmepiHiH e/1uemi MeH MaccacbiHa alkeiH acep emmi. DNaT
bakbiiaybiHOa 3emicmiy opmauwa ouamempi 60,48+0,58 mm 60s10b1. KSDO1 HycKacbiHOa Kepcemkil
66,21+0,39 mm-2e xcemin, bakeinayoaH 5,73 mm Hemece 9,5% xcozapbl 6010bl. EH y/KeH opmawa
duamemp 3epmmey HbicaHbl KSDO2-0e aHbikmanobl — 67,28+0,27 mm. by DNaT HyckacbiHaH 6,80 MM
Hemece 11,2% apmsbik. KSDO2 KSDO1-0en 1,07 mm Hemece 1,6% xco2apbl 60S2AHbIMEH, eKi
JHApbIKOUOOMbI HcyleHiH allbipMawibiibiabl CMamucmuKasabiK MypabioaH MaHOI 6oeaH 3ok (1-cypem).

SpTYpAi XKapbIKTaHabIpY Xyhenepinpgeri ®optuuua PL F1
Kbi3aHafbl ©HIM KYPbILIMBIHBIH, KepceTKiwTepi, 2025-2026 oK.
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AHaT HOC2

OpTawa MaH + cTaHaapTTel KaTe (n = 15 ecimaik). OpTypni apinTep Thlokk KpUTEpKiti BoRbIHILA MBHAI 3MbIpMaLLBIALIKTapAs! KepceTeal, p < 0,05.

Cypem 1 —9p mypi xapbikmaHobIpy xcylenepiHoe2i «Popmuuyus F1» Kbi3aHaK 6yo0aHbIHbIH
6HIM KVPbl/IbIMbIHbIH K6pcemkiuimepi

Xemicmiy opmawa maccacel 6olbiHwa 0a ockiHOal 3aHObLIbIK 6alkanobl. bakbinayoazsi
Kepcemkiw 122,82+1,98 2 bonca, KSDO1-0e 148,99+ 1,50 e-ea deliiH apmmabi. KSDO 1-0iH DNaT -neH
Ca/bICMbIPRAHOAaabl apmbIKWbLIbIRbl 26,17 2 Hemece 21,3% Kypadsl. KSDOZ2 HYcKacbIHOA XemicmiH
opmawa maccacol 151,89+1,63 2 6onbin, bakbiiayoaH 29,07 e Hemece 23,7% X02apbl HamMuie
kepcemmi. KSDO2 mer KSDO 1 apackiHOaab! albipmatubiibik 2,90 2 Hemece 1,9% 6010b..
1 - kKecme — 9pmypJi #apbIKMaHObIpy ycyldenepiHoeai KbI3aHaK eHIMIHIH KYpblIbIMObIK Kepcemkiuumepi

Hycka Xemic duamempi, bakpinayza Kamalichl, Xemic maccacel, bakpbinayza Kambichbl,
MM % 2
DNar (6akpinay) 60,48+40,58 100,0 122,82+1,98 100,0
KSDO1 66,2140,39 109,5 148,99+1,50 121,3
KSDO?2 (3epmmey 67,2840,27 111,2 151,89+41,63 123,7
HbICAHbI)

Bip pakmopsibl ducnepcusisibiK manday X#apbiKmaHobIpy XcyleciHiH xemic duamempiHe (F=71,39;
p<0,001) xoaHe opmawa maccaceiHa (F=87,29; p<0,001) cmamucmukasblk mypabioaH mMaHOi acep
emKeHiH kepcemmi. Tbroku Kpumepuli 6olbiHwa KSDO1 xaHe KSDO2HycKanapsl eki Kepcemkiu
bolbiHwa 0a DNaT bakbinaybiHaH ceHimoi mypoe xoeapbi 60106 KSDO1 meH KSDO2 apacbiHOaab!
albipMawsiibik, xemic duamempi 6olbiHwa p=0,200, an maccacb! 6olbiHwa p=0,463 60bIn,
CMamuCmMUuUKasbIkK MaHOIIIK OeHzeliHe HEemKeH XOK.

Xapbikouooms!  HycKanapoaebl — Ipi  XaHe  ayblp  Xemicmep  CNeKmpJiiK — KYPAMHbIH
pomocuHmemuKasbik, 6enceHdisik neH accumusIsmmapobiH 2eHepamuBmiK Myuwienepe 6esiHyiHe oH
bIKNA emKeHiH Kkepcemedi. KSDO2-0e eH xco2apbl abco/iommik HamuxcenepoiH asbiHybl Kbi3bil Cay/ie
yneci 6acbim cnekmpoOiH Xemic ecyiH Ko/10agaHbiH aH2apmaosl. [fleeeHmeH KSDOT1 meH KSDOZ2
apackiHOazbl albipMawibiIbIKMbIH CMAmMUCMUKAIbIK mMypabioaH 0anendeHbeyi eKi #apbikouoomas!
xeydeHiH 0e DNaT 6akbinaybiHa KapazaHoa muimoi 60s12aHbiH kKepcemeoi.

KapxcbinaHobipy

byn 3epmmeydi KazakcmaH Pecnybiukach! fFbisibiM #CaHe X#0aapb! 6iliMm MUHUCMPII2IHIH Fbi/IbIM
komumemi (epaHm N2 AP23488411) Kapxbi1aHObIPObI.
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KopbimbiHObI

OPMYpPAi HapbIKMaHobipy xcylenepi «@opmuuyus F1» Kbi3aHak 6y0aHbl eHIMIHIH KyYpbl/ibIMbIHA
eneyni acep emmi. DNaT 6akpinaybimeH canbicmeipaaHoa KSDO1 x3emic duamempid 9,5%, opmawa
maccackiH 21,3% apmmabipobl. 3epmmey HbicaHbl KSDO2 eH xoapbl Kepcemkiumepoi KaMmamachi3
emin, ycemic ouamempiH 11,2%, an opmawa maccackiH 23,7 % ynzaldmmel. EKi ¥apbIkouoOmas! HyYcka 0a
6akbI1ay0aH CMamucmuKkasibiK MypabI0aH X#oaapbl 60/12aHbIMeH, 63apa albipMallblibibl MaHOI 6012aH
MoK, Ocbinadiwa, KSDO2 Kbi3aHaK XemicmepiHiH ipiieHyi MeH MaccacbiHbiH dpmybiHa 6aasimmasizaH
nepcnekmuBasibl #apbiIKmaHobIpy Xcyleci pemiHoe 6azanaHaos!.

MaddanaHzaH a0ebuemmep
1. PamazaHos A., VIHmeHcuBHoe Bbipaujusaque osoued U 3e/ieHu 8 3aKpbimom 2pyHme No UHHOBA-
UUOHHOU ~mexHosoeuU Ha npumepe csemomexHudyeckold snabopamopuu Nno  muny mensuubl
TOO«LedSystemMedia», memoouyeckoe nocobue, Acmana, 2019, - c- 28.
2. Bawerko C.®@ Memooduyeckue pekomeHoauuu No NpoBeoeHUI0 ONbIMOB C 0BOWHbIMU KyJ/1bmy-
PamMu B COOPYMCeHUSAX 3aujuuieHHozo epyHma / C.@. BaweHko, A. Habamosa, O./]. PoxcaHckas. M.,
1976.-C. 87.
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DAHI UZEYIR HACIBEYLI'NIN MIRASININ Ki ORUNMASI VE YASATILMASINDA SARDAR FERECOV'UN
ROLU
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Azerbaycan Devlet Klltdir ve Sanat Universitesi, “Enstriimantal Icra” Anabilim Dali Ogretim Gorevlisi

Abstract

The article is dedicated to the services of Sardar Farajov in the preservation, restoration, and pro-
motion of Uzeyir Hajibeyli's legacy. Sardar Farajov has been working at Hajibeyli's House Museum since
1984 and has served as the museum’s director since 2005. His greatest achievement was the restoration
of the "Azerbaijan March" in 1989: based on found sketches, he prepared the full score and ensured the
anthem's performance after a 70-year hiatus, and in 1992, this work was approved as the State Anthem.
S. Farajov also restored the operetta "Husband and Wife" and is the author of the book "In the Light of
Uzeyir" and the film "Our Eternal Pride.” As a composer, he continues the traditions of U. Hajibeyli. For
his activities in preserving Uzeyir Hajibeyli's legacy and his prolific creative work as a composer, he was
awarded the honorary title of People's Artist in 2019.

Ozet

Makale, Sardar Ferecov'un Uzeyir Hacibeyli mirasinin korunmasi, restorasyonu ve tanitilmasindaki
hizmetlerine adanmistir. Sardar Ferecov 1984°ten beri Hacibeyli'nin Ev Mlzesi’'nde c¢alismakta ve
2005 ten beri miizenin direktériddr. En bliylik basarisi 1989°da “Azerbaycan Marsi”ni restore etmesidir:
bulunan eskizlere dayanarak partisyon hazirlamis, 70 yilik aradan sonra marsin seslendirilmesini
saglamis ve 1992°de bu eser Devlet Marsi olarak onaylanmistir. S. Ferecov ayrica “Kari Koca” operetini
restore etmis, “Uzeyir'in Isiginda” kitabinin ve “Sonsuz Gururumuz” filminin yazari olmustur. Besteci
olarak da U. Hacibeyli geleneklerini strdirmektedir. Uzeyir Hacibeyli'nin mirasinin korunmasi alanindaki
faaliyeti ve besteci olarak verimli yaraticiligi nedeniyle 2019'da Halk Sanat¢isi unvanina layik
gorilmdstdir.

Keywords: Sardar Farajov, U. Hajibeyli's House Museum, legacy, operetta, national march, restora-
tion, composer. )

Anahtar kelimeler: Sardar Ferecov, U. Hacibeyli Ev Mlizesi, miras, operet, milli mars, restorasyon,
besteci.

INTRODUCTION: In the cultural history of every nation, there are personalities whose creative her-
itage shapes not only their own era but also the spiritual world of future generations. In Azerbaijani mu-
sical culture, such a towering figure is undoubtedly Uzeyir Hajibeyli. His operas, operettas, romances,
works for folk instrument orchestras, and scientific-publicistic writings constitute the golden fund of our
national music. However, a portion of the great composer's rich creative legacy was forgotten during the
Soviet period for ideological reasons; some manuscripts were lost, while others lay waiting on the dusty
shelves of archives. It was precisely this sacred mission of unearthing, scientifically researching, restoring,
and disseminating this heritage to the wider public that was undertaken by Sardar Farajulla oglu Farajov.
This article will provide a detailed analysis of Sardar Farajov's multifaceted activities in the preservation,
perpetuation, and promotion of Uzeyir Hajibeyli's legacy.

THE MAIN TEXT: A turning point in Sardar Farajov's fate occurred in 1984 when he began working
at Uzeyir Hajibeyli's House Museum. Working at this museum gave him the opportunity to become inti-
mately familiar with the great artist's personal archives, manuscripts, books, and other materials. This
activity laid the foundation for his future scholarly pursuits, and over time, Sardar Farajov developed not
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only as a composer but also as a deeply knowledgeable museologist, archivist, and a scholar specializing
in Hajibeyli.

Since 2005, he has successfully held the position of Director of Uzeyir Hajibeyli's House Museum.
Under his leadership, the museum has functioned not only as an exhibition center but also as a scientific
research institute.

For many years, the fate of the "Azerbaijan March" and the "National March" remained shrouded
in darkness. These works were only mentioned in the memories of a few elderly intellectuals and perhaps
in certain archival documents. However, Sardar Farajov, purposefully rather than coincidentally, began
researching these marches, conducting investigations in various archives of Azerbaijan as well as Turkey,
leafing through old newspapers and magazines, and meeting with performers and witnesses of the an-
them.

The fruit of these searches yielded positive results in 1989. Sardar Farajov published an extensive
article titled "Two Marches of U. Hajibeyov" in the July 14 issue of the "Literature and Art" newspaper.
This article became a true revelation for the scholarly community and the broad readership. In the article,
the author did not merely provide information about the existence of these marches but also analyzed
their historical significance and their place in Uzeyir bey's oeuvre, voiced his hypotheses regarding the
fate of the lost manuscripts, and called upon the public to assist in the search for these marches. This
article resonated like a bell, and before long, it yielded the expected result — musicologist R. Khalilov,
after lengthy investigations, managed to find the original piano score and the orchestral parts of the
march.

Unfortunately, the discovered primary materials did not constitute a complete orchestral score-
they were more sketch-like notations, parts for individual instruments, and a piano arrangement. Trans-
forming these materials into a complete work for a large choir and symphony orchestra required profes-
sional compositional knowledge, a profound familiarity with Uzeyir bey's style, and immense patience.
Sardar Farajov undertook this difficult and responsible task.

Based on those sketches, the piano arrangement, and the orchestral parts, S. Farajov prepared a
new, complete full score for a four-part choir and a large symphony orchestra. During this process, he
paid special attention to preserving Uzeyir bey's harmonic language, orchestral possibilities, and national
color, while at the same time ensuring the work met contemporary performance standards. Sardar Fa-
rajov's new score breathed a second life into the work and brought it to a state ready for recording. After
this restoration work, the "Azerbaijan March" was performed for the first time by a professional choir
and orchestra, and a sound recording was made.

Thus, a national monument that had been silent for nearly 70 years began to sound once more. In
1989, renowned composer Aydin Azimov also arranged this work for a large choir and symphony orches-
tra and recorded it. In the autumn of that same year, after an approximately 70-year interval, the "Azer-
baijan March" was performed for the first time before the general public, as well as on state television
and radio. This was a historic event — the people heard their lost anthem once again. Sardar Farajov's
initial research, search efforts, and score preparation played a decisive role in this success.

After Azerbaijan restored its state independence in 1991, the issue of confirming a national an-
them was brought back to the agenda. The already restored, performed, and enthusiastically received
"Azerbaijan March" was the most worthy candidate. By a decision dated May 27, 1992, the National
Assembly of the Republic of Azerbaijan approved the "Azerbaijan March," with music by Uzeyir bey
Hajibeyli and lyrics by Ahmad Javad, as the State Anthem. This was a restoration of historical justice —
the anthem that had lived in the hearts of the people during the Republic era was once again transformed
into a state symbol.

Later, on March 2, 1993, the National Assembly approved the "Regulations on the State Anthem
of the Republic of Azerbaijan." This document established the rules for performing the anthem, the rules
of respect for it, and the circumstances of its use. Through constitutional laws, the State Anthem was
established as the sacred symbol of the Azerbaijani state, its independence, and its unity. It was empha-
sized that showing deep respect for the state anthem is the patriotic duty of every citizen.

National Leader Heydar Aliyev proudly stated about this anthem: "The great Uzeyir Hajibeyov cre-
ated the ‘March of Independence'in 1919, which we now listen to with joy every time —the State Anthem
of the independent Republic of Azerbaijan. Uzeyir Hajibeyov understood at that time that this people
needed it. Today, taking this opportunity, | want to say that despite the difficulties of that era, and despite
Uzeyir Hajibeyov being relatively young, he created a very beautiful, majestic state anthem" [3, pp. 117-
119]. These words confirm Uzeyir bey's genius political foresight, as well as the eternal value of the an-
them.
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Sardar Farajov did not limit himself solely to the State Anthem. The restoration of Uzeyir Hajibeyli's
other lost or lesser-known works occupies a significant place in his scholarly activity. In particular, the
operetta "Husband and Wife," which he restored, stands as one of the important achievements in this
field. For a long time, this work was known only by name, and its sheet music was considered lost. How-
ever, Sardar Farajov was able to restore the music of this operetta based on archival materials, old man-
uscripts, and critical articles in the period press. He endeavored to preserve the original style, melodic
lines, and orchestral arrangement as much as possible. The restored operetta "Husband and Wife" is now
studied as an essential part of Uzeyir Hajibeyli's legacy and is staged in theaters.

Furthermore, S.Farajov has also worked on folk song arrangements, choral works, and instrumen-
tal pieces written by Uzeyir bey in various years, introducing them to academic circulation. He has also
collected and analyzed Uzeyir Hajibeyli's scientific and publicistic heritage, systematizing the composer's
ideas on music theory, music education, and aesthetics.

Sardar Farajov has been directing Uzeyir Hajibeyli's House Museum since 2005. During this period,
the museum was significantly reconstructed, both as an exhibition space and as a scientific research cen-
ter. Under his leadership, an inventory of the materials kept in the museum’s collection was carried out,
and many documents, photographs, letters, and manuscripts were introduced to academic circulation
for the first time. The museum boasts a rich collection of Uzeyir bey's personal belongings, composing
tools, library, and correspondence with his wife and relatives.

S.Farajov has oriented the museum's activity towards an interactive format suitable for modern
requirements. Scholarly conferences, masterclasses, and competitions for young musicians are regularly
organized here. Concert programs are prepared based on the sheet music materials collected in the mu-
seum's collection, featuring lesser-known works by Uzeyir bey. At Farajov's initiative, the museum has
Joined international museum networks, and cooperative ties have been established with musical muse-
ums in foreign countries. This serves to promote Uzeyir Hajibeyli's legacy on a global scale.

Sardar Farajov is also a prolific publicist and book author. His articles, essays, and scholarly re-
search written over various years have been collected and published in a book titled "In the Light of Uz-
eyir." This book brings together what a researcher has written about Uzeyir bey for nearly two decades.
It contains original thoughts, documentary evidence, and memories about various periods of the great
composer’s life, his creative pursuits, hardships, and triumphs. In this book, S. Farajov combines his sub-
Jective perception as both a scholar and an artist with scholarly analysis, which makes the work particu-
larly engaging.

He is also the screenplay author of the feature-documentary television film "Our Eternal Pride,"
produced on the eve of Uzeyir Hajibeyli's 125th anniversary. This film reflects not only the great compos-
er's life, creative environment, and the socio-political events of his time but is also rich with performances
of his works. The film was intended for a wide television audience and generated a significant resonance.

Additionally, Sardar Farajov has been the compiler and editor of Uzeyir Hajibeyli's sheet music col-
lection titled "Patriotic Songs." This publication brings together the composer's patriotic songs and choral
works written during various periods. The sheet music collection has practical significance for musicians,
researchers, and the general public, as many of these songs had not been previously published.

In 2025, on the occasion of the 140th anniversary of Uzeyir Hajibeyli, Sardar Farajov's book "Album
of Life" was published. The book extensively reflects the composer's life path, educational years, creativ-
ity, and rich musical legacy, as well as his social activities. At the same time, moments preserved in mem-
ories and recollections about the composer have found their place, and the book contains an extensive
collection of photographic materials that visually document various periods of the composer's life [4, p.
256].

Sardar Farajov is not only a researcher and museum worker but also an active composer. His 4
operettas, 2 symphonies, a rock opera for children, a musical based on Shakespeare's "Measure for Meas-
ure,” and a number of symphonic, chamber, and choral works occupy a unique place in Azerbaijani musi-
cal culture. He has composed music for up to 40 theatrical performances, including the films "Koroghlu"
and "Javad Khan." Interestingly, deep traces of Uzeyir Hajibeyli's traditions can be felt in Sardar Farajov's
style as a composer. He strives to synthesize national melodic intonations with modern harmony, while
simultaneously preserving the clarity, imagery, and depth of meaning characteristic of Uzeyir bey in the
dramaturgical structure of his music. S. Farajov's symphonic works sometimes feature quotations, the-
matic or intonational similarities to Uzeyir bey's operas. This is an interesting phenomenon in terms of
his assimilation of his great predecessor's creative experience and its translation into a contemporary
musical language. At the same time, the composer is the author of a wealth of works for piano, and these
works are included in the curricula of all music educational institutions. His album for piano, preludes,
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waltzes, miniatures, impromptus, "Azerbaijani Dance," and duets play a significant role in the develop-
ment of piano performance and in shaping the taste of the young generation of pianists.

Alongside all these services, since 2005, he has actively participated as a member of the jury in the
"Mugham" competitions held in our republic with the support of the Heydar Aliyev Foundation.

CONCLUSION: Through his multifaceted activities, Sardar Farajov has rendered exceptional ser-
vices in the preservation, restoration, and promotion of Uzeyir Hajibeyli's legacy. His discoveries as a re-
searcher, particularly the restoration of our State Anthem, have been forever incorporated into the
golden fund of our national culture. If Uzeyir Hajibeyli created these works, then Sardar Farajov saved
them from oblivion, returned them to the people, and laid the groundwork for their establishment as a
state symbol.

Today, whenever the "Azerbaijan March" is played at official ceremonies, sporting events, and in-
ternational events, it evokes a sense of pride in the hearts of our people. However, behind this sound lies
years of searching, scholarly diligence, and high professionalism. It is precisely thanks to Sardar Farajov
that this sound was not heard as a sudden outcry but rather as a triumph of historical necessity.

Sardar Farajov will remain in the people's memory not only as a scholar and composer but also as
the spiritual heir and the spiritual son of Uzeyir Hajibeyli's legacy. His book "In the Light of Uzeyir," films,
articles, restored works, and museum work will serve as a guiding light for future generations. In 2019,
being awarded the honorary title of People's Artist for his services to the development of Azerbaijani
musical culture was the state's official recognition of these services.

In conclusion, Sardar Farajov's life and work demonstrate that preserving a great legacy is not
merely about keeping it in archives, but also about reviving it, keeping it alive, adapting it to the modern
era, and transmitting it to the future. He has honorably fulfilled and continues to fulfill this sacred mis-
sion. If Uzeyir bey's spirit lives on in every performed note, every resounding song, and every written schol-
arly article, it is thanks to Sardar Farajov and dedicated researchers like him. If today we proudly listen
to Uzeyir Hajibeyli's State Anthem, we owe the echo of this music to Sardar Farajov's effort, perseverance,
and boundless reverence. It is precisely such personalities who ensure the continuity of national culture
and immortalize historical memory.

References

1. Tahmirazgizi, S. In the Light of Uzeyir. Culture Newspaper. 11.02.2011.

2. Farajov, S. Our Eternal Pride: [Interview with Sardar Farajov, screenplay author of the film of the
same name dedicated to composer Uzeyir Hajibeyli, and director Tahira Huseynoval. Culture. 2010. 25
August. P. 5.

3. Zeynali, G. Sardar Farajov as a Composer and Public Figure. Conservatory No. 3, 2016, pp. 117-
119.

4. Farajov, S. Album of Life. Baku, Azernashr, 2025, 256 p.



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. BEIJING. CHINA. 21-22.07.2026

Economic sciences

IMPROVING THE ACCOUNTING OF SALES OF PRODUCTS (WORKS, SERVICES) IN HIGHER EDUCATION
INSTITUTIONS

Khudayberdiyev Nizomiddin Qurbonqulovich
Researcher of Tashkent State University of Economics

Abstract

This paper examines the improvement of sales (revenue) accounting for products, works and ser-
vices in higher education institutions under conditions of expanding financial autonomy. The analysis
reveals that the key problem of the existing practice is the violation of the revenue recognition moment
for long-term research contracts, which distorts the financial result across reporting periods. The paper
proposes a five-step revenue recognition model adapted to budget organizations and based on the sepa-
ration of performance obligations, an author’s definition of “sales” for a budget organization, and a
paired subaccount structure enabling the determination of financial results by activity segments. The
proposed solutions align national accounting practice with international public sector standards and en-
hance the reliability of the development fund income calculation.

Keywords: sales accounting, revenue recognition, performance obligation, higher education insti-
tution, activity segment, development fund, IPSAS, budget accounting.

The sales process is the concluding stage of the production cycle, in which a product (work, service)
changes its value form and the organization’s income is recognized. In higher education institutions op-
erating under conditions of financial autonomy, the accounting of sales acquires particular significance,
since it directly determines the formation of extrabudgetary financial resources. According to Article 60
of the Budget Code of the Republic of Uzbekistan, the income transferred to a budget organization’s
development fund is determined as the positive difference between the proceeds from the sale of goods
(works, services) and the costs of their production. Consequently, sales accounting is not merely the re-
cording of income, but a decisive stage in the formation of the university’s development fund.

The relevance of this topic is reinforced by the fact that a number of state higher education insti-
tutions in Uzbekistan have been granted financial autonomy, including the right to independently deter-
mine income and expenditure parameters. This process requires that the proceeds from production and
commercial activities and the related costs be accurately recorded, and that the financial result be reli-
ably determined. However, the analysis of accounting practice shows that in this area a number of serious
methodological problems remain unresolved, the most significant of which concerns the moment of rev-
enue recognition.

The aim of this paper is to substantiate the directions for improving the accounting of sales of
products (works, services) in higher education institutions, focusing on the revenue recognition model
and the analytical structure of revenue accounts.

The problem of the moment of revenue recognition is one of the most debated issues in accounting
theory. According to Ya. Sokolov, it is resolved at the intersection of legal (transfer of ownership), eco-
nomic (probability of obtaining benefit), and technical (measurability) criteria. In modern international
practice, these three criteria are generalized within the concept of performance obligations. IFRS 15 in-
troduced a five-step revenue recognition model for the commercial sector, while for the public sector this
approach is enshrined in IPSAS 47 “Revenue”, which replaces IPSAS 9 and IPSAS 11 and regulates the
income of both exchange and non-exchange transactions on a unified methodological basis. C. Horngren,
S. Datar and M. Rajan emphasize that the analysis of profitability by product and service types is a pre-
requisite for the efficient allocation of resources, while D. Hansen and M. Mowen consider segment-level
result analysis to be the main tool for strategic decision-making.

Among researchers in Uzbekistan, A. Ostonokulov has studied the methodology of recognizing ex-
trabudgetary income and accounting for it by funds, while A. Khodjayev has substantiated internal con-
trol mechanisms over the proceeds from sales in higher education institutions. However, the adaptation
of the performance-obligation-based revenue recognition model to the conditions of higher education
institutions, together with a revenue account structure enabling segment-level financial results, has not
been the subject of special research.
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The study employs systemic analysis, abstract-logical reasoning, modeling, and comparative anal-
ysis. The proposed model is substantiated through account correspondence and by comparing national
budget accounting standards with the requirements of international public sector accounting standards
(IPSAS 9, 18, 47).

The analysis of accounting practice shows that in higher education institutions, the revenue from
long-term research contracts (lasting two to three years) is recognized only once, upon the completion
of the entire work, whereas the related costs are incurred regularly each year. This creates a contradic-
tion: in the first and second years, costs are recognized but no corresponding revenue is recognized, in
the third year, the revenue for all three years is recognized at once. This constitutes a direct violation of
the matching principle and leads to a distortion of the financial result across reporting periods — the
university may appear unjustifiably loss-making in some years and unjustifiably highly profitable in others.
Since the amount transferred to the development fund depends on this result, the distortion directly
affects budget discipline.

To provide a fundamental solution to this problem, a five-step revenue recognition model based on
performance obligations is developed, adapted to the practice of budget organizations (Figure 1).

Five-Step Revenue Recognition Model

Identify the contract
the business contract, parties' rights and obligations, and payment terms are identified

Separate performance obligations
contract stages (research report, software module, expert opinion) are identified separately

Determine the transaction price
contract value, variable component, VAT is deducted

Allocate the price to the obligations
allocated to each stage in proportion to the stand-alone selling price

Recognize revenue when the obligation is satisfied
when the stage is delivered — Dr 151 200 — Cr 911 2XO0; for long-term contracts — according to the degree of completion

Source: Developed by the author based on the requirements of IPSAS 47 “Revenue” and IPSAS 9,
adapted to the practice of budget organizations.
Figure 1. The author’s five-step model of revenue recognition in higher education institutions
Source: developed by the author based on IFRS 15 and IPSAS 47.

The decisive step of the model for a higher education institution is the second step — the separa-
tion of performance obligations. A research contract usually consists of several stages that produce in-
dependent results (for example, a literature review and technical specification, prototype development,
testing, and the final report). If each of them has independent value for the customer, it should be recog-
nized as a separate performance obligation, and revenue should accordingly be recognized on a step-by-
step basis. The practical implementation of this method requires two organizational conditions: first, the
stages of work and the share of each stage in the contract value must be clearly defined in the contract
—this is proposed to be included as a mandatory annex to the standard contract form; second, an interim
acceptance certificate must be signed with the customer at the end of each stage.

On the basis of this approach, an author’s definition of the key concept of the sales process is for-
mulated: sales of a product (work, service) in a budget organization is the transfer to the customer of
control over the economic benefit created as a result of the full or partial fulfilment of a performance
obligation to the customer within the framework of the organization’s production and commercial activ-
ities, reflected in accounting through the recognition of revenue, the write-off of the prime cost of the
sold product, and the formation of the development fund income. This definition contains three elements
of novelty: first, it links sales not to the fact of signing a document but to the fulfilment of a performance
obligation; second, it recognizes partial fulfilment as sales, which provides the theoretical basis for step-
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by-step revenue recognition; third, it incorporates the concept’s final link specific to a budget organiza-
tion — the formation of the development fund income.

To enable the determination of financial results by activity type, a paired structure of revenue and
cost subaccounts is proposed (Table 1). Each revenue subaccount forms a pair with the corresponding
cost subaccount, which enables the direct comparison of revenue and prime cost for each activity group.

Table 1.

Paired structure of revenue and cost subaccounts by activity segments
Activity segment Cost subaccount | Revenue subaccount
Segment | — research and production 180 100 911210
Segment Il — educational and service 180 200 911220
Segment Ill — auxiliary production 180 300 911230

Source: developed by the author.

This seemingly simple organizational solution resolves one of the most serious problems of the ex-
isting practice — the hidden cross-subsidization of loss-making segments by profitable ones. In addition,
the structure fully complies with the requirements of IPSAS 18 “Segment Reporting”. It should be empha-
sized that in a budget organization, the paired structure serves not only reporting purposes but also a
managerial function: without information on revenue, costs, and results for each activity direction, it is
impossible to make well-grounded decisions under conditions of financial autonomy.

A separate problem identified in practice is that advance payments are sometimes recognized di-
rectly as revenue. In accordance with IPSAS 9, revenue is not recognized at the moment an advance is
received, since the organization has not yet fulfilled its obligation. Therefore, advances should be rec-
orded in a separate liability subaccount and transferred to revenue only after the work is performed. This
solution ensures both the reliability of accounting and compliance with Article 60 of the Budget Code,
preventing the transfer of funds to the development fund on the basis of income that has not yet been
earned.

The study allows the following conclusions. First, the key problem of sales accounting in higher
education institutions is the violation of the revenue recognition moment for long-term contracts, which
distorts the financial result and, consequently, the amount transferred to the development fund. Second,
the proposed five-step revenue recognition model, based on the separation of performance obligations,
provides a fundamental solution to this problem and aligns national practice with IPSAS 47. Third, the
author’s definition of “sales” in a budget organization, linking sales to the fulfilment of a performance
obligation, provides the theoretical basis for step-by-step revenue recognition. Fourth, the paired struc-
ture of revenue and cost subaccounts enables the determination of financial results by activity segments
and reveals hidden cross-subsidization.

The proposed solutions are applicable to all budget organizations engaged in production and com-
mercial activities. The development of a mechanism for the phased implementation of these proposals
and a methodology for assessing their effectiveness constitute a promising direction for further research.
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HAITPABJIEHNA 1 OXWAAEMBIE PE3Y/IbTATbI [TOCTPOEHWMSA COBPEMEHHOM MPOMBILLIJIEHHOM
CNCTEMbI KUTAA

Y Nuxo

acnupaHm 3KOHOMUYecKo20 ¢pakysibmema
benopycckuli 20CyoapcmBaeHHbIl yHUBepcumem
2. MuHck, Pecnybaiuka benapyce

Bsederue. OcHoBHbIM pakmopom, 0becneyuBarolUM NOJI0HUMEbHbIE pe3y/ibMambl COUUATbHO-
JKOHOMUYeCcKo2o paszsumus KHP, u BaxcHelwum 371eMeHmoM HAUUOHAIbHOU 3KOHOMUKU CMpPaHbl,
ABJINIeMCS NPOMbILWLIGHHAS cUCmema, popmMupoBaHue u 3pdexkmusHoe passumue Komopod AB8/sSemcs
NpUOPUMEMOM HAUUOHAJIbHO20 IKOHOMUYECK020 U couuadsibHo2o pazsumus KHP do 2035 eoda [1]. B
CBOH 04epedb, YCKopeHue passumusi coBpemMeHHold NpombilIeHHoU cucmembl Kumas u yKpenseHue
OCHOB peasibHOU 3KOHOMUKU NO-NpexcHemy SBJISHOMCS  BAXCHeUWUM Npuopumemom CouuasbHo-
JKoHOMuYecko2o paszsumuss KHP u neped npasumesscmsom Kumas ocmpo cmoum npobiema
pazpabomKu 0p2aHU3ayUOHHO-3KOHOMUYECK020 obecneyeHus passumusi CoBpemeHHol NPOMbIULIeHHOU
cucmembl CMPAaHbl, BKIOYAOWE20 COBOKYNHOCMb Memo0o8 U UHCMPYMEHMOB 0p2aHU3AUUOHHO20 U
(PUHAHCOBO-3KOHOMUYECKO20  Xapakmepa OOCMUMEeHUS  NOCMABJeHHbIX ueneld U peweHus
coomsemcmayrouiux 3aoay [2, ¢.103; 3, ¢.56].

OcHosHas yacmb. OnpedesneHue HanpasseHuUl NOCMPOeHUs CoBpemMeHHoU NPOMbIULIeHHOU
cucmembl Kumas mpebyem paccMOMpeHusl ee CYWHOCMU HA COBPeMeHHOM 3mane CoyuasbHo-
IKOHOMUYECK020 Ppa3BUMUSI CMPAHbI, XAPAKMEPU3YIWUMCA Ha4Yasom peanuzayuu [lnaHa 15-0
NAIMUeMKU  HAUUOHA/IbHO20 3KOHOMUYECKO20 U COYUAa/IbHO20 pazsumus. Haubosee nosHoe
onpeodesieHue NOHIMUS «NPOMbILLICHHAS cucmema» 0aHo 8 pabome TaHb XalisHb, 20e asmop Nnposooum
Ucc/1e00BaHue 3manos8 U Memo0doB NOCMPOEHUS COBPeMeHHOU NPOMbIUIeHHOU cucmembl U
«OCHOBBIBAACH HA 3AKOHAX U PUCKAX 3BOJIOUUU NPOMbIW/IEHHOU CUCMeMbl, B327190aX KumadcKux
meopemuyeckux Kpyeo8 U  COOMBEMCMBYHWEeM  CO0epXaHuu  NOCMPOeHUs  COBPemMeHHOU
npombiweHHold cucmembl Ha Tpembem naeHyme 20-e0 LK KIIK, onpedesngem CoBpemMeHHyH
NPOMbIWI/IEHHYO CUCMEMY KAk NPOMbIW/IEHHYHO CuCmemy, 0poM Komopol fB/emcs nepedosoe
Nnpou3BoOCMBO, a NOOOEpHKOU — COoBpemMeHHas cgepa ycaye U COBpPeMeHHas UHGpacmpykmypa,
0671a0arOWYH0  NPOYHLIM NPOMbILLICHHBIM (BYHOAMEHMOM U BbICOKOYPOBHEBOU U pauUoHA/IbHOU
npombiuiieHHoU cmpykmypol» [4, ¢. 89]. C moyku 3peHus cucmemHo20 nooxodad Hamu B8 Hacmosujel
pabome npombiwieHHas cucmema Kumasi onpeoesieHa Kak C/I0M#HAas, MHO20YPOBHERAs], OUHAMUYECKas
U BbICOKOUHME2PUPOBAHHAS CUCMEeMd, BKIHYAOWas GYHKUUOHUPYOWUE B PAMKAX GopmMupyembix
2ocydapcmsom  ycosull  X03a0CmBOBAHUS  OMPAC/AU  NepsuyHol, BMOPUYHOU U  mpemuyHol
NPOMBIWIEHHOCMU, OXBAMBLIBAOWLUX NOJIHLIU YUK/ NPou3BOo0CMBA; om 000bi4U Cbipbs 00 BbINYCKA
BbICOKOMEXHO02UYHbIX NPOOYKUUU U YCI1ye, 0essmesibHOCMb Komopol 06yc/108/1eHa COBOKYNHOCMbHO
IKOHOMUYEeCKUX OMmHOWeHUl, onpedensemMbix YpoBHEM passBuMmuUs NPOU3BOOUME/IbHbIX CUl U
NPoU3BOOCMBEHHbIX OMHOWEHUU Mexody NnpeonpusmuaMU  PA3/iuYHbIX BUOOB  SKOHOMUYECKOU
dessme/ibHOCMU U Opy2umu cybbekmamu 3KOHOMUYeCKUx omHoweHul 8 npoyecce 00bbi4U, 3a20MOBKU,
nepepabomku MamepuasibHbIX Pecypcos C UCNOIb30BAHUEM MPYod U OCHOBHO20 KANUMA/id C UesibHo
NoJIy4YeHUs NoJie3Ho20 pe3y/ibmamad — mosdpos U yciye (npodykmos) 019 NPOMEXCYMOYHO20
UCNOJIb30BAHUSA U KOHEYH020 nompebrieHus [3, ¢.57]. ABmopckoe onpedenieHue Nno3B8oJ5em packpbimab
CYWHOCMb CoBpemMeHHoU NPOMbIUIIeHHOU CcuCmeMbl 4Yepes ee cBolcmBd, CMPYyKmypy, uesnesoe
HazHa4yeHue, QYHKUUU U YCa0BUS DYHKUUOHUPOBAHUS KAK C MOYKU 3PeHUs BHYMPEeHHe20
B3aumodeldcmBuUs, MAk U C MOYKU 3peHUsI ee pacCMOMPEeHUs] Kak Nodcucmemsl 20Cy0apcmaa.

B Kadecmse 4embipex OCHOBHbIX HANPABJIEHUU NOCMPOEHUS COBPEeMeHHOU NPOMbILLIeHHOU
cucmembl KHP 8 coomsemcmsuu ¢ [lhaHom 15-0 namuiemKku HAUUOHAG/IbHO20 3KOHOMUYECKo20 U
CouuUaIbHO20 pazBuMuUs Cmparbl 8bicmynarom [5]:
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1. Onmumu3zayus u MooepHU3auuUs MpaduyUOHHbIX ompacsaed. B pamkax 0aHHO20 Hanpas/ieHus
NAaHupyemcs yKkpenums pYyKoBOOCMBO B 006/1acmu  HAUUOHA/IbHbIX CMAaHAapmos, pacluiupume
UCNO/Ib30BAHUE YUPPOBLIX U  IKOJI02UYECKU YUCMbIX MexHoao2ul, a Mmakxe yxecmo4yums
JKos102U4ecKuUe HopMbl U Npasusia 6ezonacHocmu 0718 YKpensieHus No3uyull NPOMbIUIIeHHOU cuCmeMb!
Kumas u nosbiweHus ee KOHKYpeHmocnocobHocmu 8 2106a/1b6HOM paszdeneHuu mpyoa. Peanusayus
0aHHO20 HanpassieHusl npednosiazaem:

1.1. CodelicmBue ModepHU3auuUU KtoYeBbix ompacsael NpOMbILLIeHHOCMU.

1.2. lNoBbIWweHue camodocmamoyYHOCMU U yNpasissemMoCmu NPoU3BOOCMBEHHOU UenoyKU.

1.3. CoBepuwieHCmBOBAHUE MexaHu3Ma codelcmausi 300p0BOMY U YNOPSI00YeHHOMY PA3BUMUKD
NPOMBbIUI/TEHHOCMU.

2. Pazsumue u yKpenjieHue HOBbIX U NepcnekmuBHbIX ompacsiel NPoMbIUIeHHOCMU. JJaHHoe
HanpasJsieHue NJIaHUpyemcs peasau308ams 3a CHem yKpenJsieHusi NOCMAsoK 0pUeUHA/IbHbIX mexHo1o02ud,
YCKOpeHus1 CO030aHUsl CueHapues nNPUMeHeHUs U 3KocucmeM, passumus 60/bWe20 Koau4yecmaa
KJIH04eBbIX U Bedyujux ompacsel U co30aHusi HOBbIX NpeuMyusecms 07151 NPOMbILLIeHHO20 pa3sumus. B
pPamKax 0aHHO20 HanpPasJsIeHusl NaaHupyemcs obecneqyums:

2.1. Pazsumue u pacuiupeHue HoBbix ompacsel NPOMbILIeHHOCMU.

2.2. [TepcnekmusHoe naaHuposarue 018 6yoyuiux ompacsiel NPOMbILLIEHHOCMU.

2.3. CoBepuieHCMBOBAHUE 3KOCUCMEMbI 07151 NPOMbIULICHHbIX UHHOBAYUU U pA3BUMUS.

3. CodelicmBue BbICOKOKA4YeCMBEHHOMY U 3(p@dexkmusHOMY pazsumuro cepsl ycaye. [aHHoe
HanpasneHue mpebyem peasuzauuu naaHa dedcmsul NO PACUWUPEHUrD U COBeplIeHCMBOBAHUH
cekmopa ycaye, yenybneHuro pegopm U OMKPbIMOCMU B 3MOM CEeKMope, YJ/y4YuleHuro CUCmemb!
NO00epyCKU, BCECMOPOHHEMY NOBLIWLEHU KA4eCmBd, 3(pdekmusHOCMU U KOHKYPeHMOoCNoCobHoCMu
cekmopa ycaye, a makxice bosee 3¢ppekmusHOMY UCNO/Ib30BAHUIO POJIU CEKMOPA YCiye B NOOOEpHCKe
MOOepHU3auuUU NPOMbILLLIEHHOCMU, YO0BAeMBopeHUU nompebHocmed HaceaeHus U CmumMy/IupoBaHuUU
pocma 3aHsmocmu. ZlaHHoe HanpassieHue mpebyem peasiu3ayuu maxkux NJiaHoB, KakK:

3.1. Codelicmaue pacwupeHuro Cneyuaau3auuu npou3sooumesibHbIX ompacsael cepsi. ycye u ux
PA3BUMUIO B BbICOKOMEXHOI02UYHOM Ce2MeHme Ueno4yku co30aHusi CmoumMocmu.

3.2. CooelicmBue BbICOKOKAYECMBEHHOMY, pazHoobpasHomy U  YOOOHOMY  pazBumMuUIO
nompebumenbCKux yciye.

3.3. CoBepuwieHcmBoBaHuUe cucmemb! NOAUMUKU pa3BuUMus ciepbi yciiye.

4. Co30aHue coBpemeHHoU UHGpacmpykmypHoU cucmemsl. B pamkax peanu3ayuu OaHHO20
HanpassieHus mpebyemcs NpUOepPHUBAMBCA NPUHUUNA YMepeHHOU, HO He Ype3mepHoU opueHmauyuu Ha
bydyujee, ykpensams obwee NAaHUPOBAHUe UHGPACMPYKMYPbl, ONMUMU3UPOBAMbL CMPYKMYpPY
pasmeujeHus;, cooelicmsoBamMb UHMe2payuu U KOHBEep2eHUUU, d Makxe nosbiuuams 6e30nacHoCms,
YyemolyuBoCMb U 0NepayUoHHyo CMabusibHOCMb. B pamkax 0aHHO20 HANpassieHusi NJIaHUpyemcs
obecnequme:

4.1. CoBepuieHCmBoBaHUe COBPeMeHHOU KOMNJIeKCHOU MpaHCNopmHoU cucmemsl

4.2. iHmeHcuguKkayus cmpoumesibcmBa HoBoU 3Hepeemu4eckol UHGPacmpyKmypsb!

4.3. YckopeHue cmpoumesibCmaa cospemeHHolU Bo0onpoBoOHOU cemu

4.4. CmpoumesibCmBo HOBOU UHGPACMPyKmMypbl CpeOHel CmeneHuU CI0XHHOCMU

VIcxo0s U3 oueHKU pazsumusi NPoMbIIeHHOU cucmembl Kumas 3a 2020-2025 200b1, OUHAMUKU
nokazameried, Xapakmepusyrouux puHaHcoBble pe3y/ibmams U GUHAHCOBOE COCMOsIHUE Npednpusmudl
NPOMBIWIEHHOCMU U AHA/IU3A HANPAsieHuld NOCMPOeHUs] COBPeMeHHOU NPOMbILLIEHHOU CUCMeMb] B
coomsemcmauu ¢ [naHom 15-0 nsmusiemKu HauUOHAIbHO20 SKOHOMUYECK020 U COUUA/IbHO20 pA3BUMUS
CMpPaHbl, onpedenum oxcuoaembil pesyibmam U NOMeHUUdsIbHbIe 3¢dekmbl om e20 peaauzauuu Ha
buxadwyro NAMUIEMKY CouUa/IbHO-3KOHOMUYeCKo20 passumusi cmpaHbl do 2030 e. 8 yvacmu,
HenocpedcmBeHHO OMHOCAWEUCs K NPOMbIULIeHHOMY KoMmniekcy Kumas (mabauua).
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Tabuya — OCHoBHbIe HaNPAasJIeHUs U NPUOPUMEMbI NOCMPOEHUS COBPEeMeHHOU NPOMbIULIeHHOU
cucmembl KHP u oxcudaembil pe3yibmam om ux peaausayuu

HanpasneHus | Oxcudaemble pe3ysibmamsi U sppexkmsi
1. Onmumusayus u MoOepHU3ayust MpaduyuoHHbIX ompacnel
1.1. Codelicmsue modepHu3ayuu — peasiuzayus  Meponpusamul no adanmauuu K MeHSIUWUMCS  YCIOBUAM U
KJI0Yesbix ompacsied BHeOpeHuro OuppepeHyUPOBaHHOU NOAUMUKU B8 PA3J/IUYHbIX OMPAC/AX OJisl
NPOMBIULIIEHHOCMU paspeuwieHuss CMpYKMypHbIX NPOMUBOPEYUL K/KoYesbix 0mpacseli U YCKopeHus Uux
MOOepPHU3AUUU B HANPABJIEHUU CPEOHe20 U BbICOKO20 UEHOBO20 CeeMeHmd;
— yKpensieHue 2/106a/1bHbIX nosuyud 3a cdem NOBbIWEHUS
KOHKYpeHmocnocobHocmu Xumuyeckod, MawuHocmpoumesibHod u

cydocmpoumesibHol — ompacsied 8 enobanbHoM  pazoeneHuu  mpyoaq,
cmpoumesibHol — OMpAc/u, — COXpAHeHUue U YCWieHuu  Kjr4esold — posu
DpeOKo3emMesIbHbIX U PeOKUX MeMasios;

— NoJlyYeHue MacwmabHo20 3KOHOMUYECK020 3¢dekma 3a cyem MoOepHU3ayus
MPAoUUYUOHHBIX — ompacsell U co30aHUs  OONOJIHUMENIbHO20 — PbIHOYHORO
NPoCmMpaHcmaa obbemom okos10 10 mpiH oaxed;

— pasBumuUe UHMEIeKMYabHO20 NPOU3BOOCMBA U OOCMUMEHUE KIIHOYeBbIX
nokasamesieli  UCNOJIb30BAHUSA  UUPPOBLIX UHCMpymeHmos 0ns  HWOKP u
YNPABJIHUS HA KPYNHbIX NPOMBIULICHHBIX YPOBHS 85%;

— NoBblueHue 3(pPekmUBHOCMU 3a CHem BHEOPEHUS MexHoI02ul, NO3BOSIAOULUX
COKPamumb UUKJIbI pazpabomku HoBbIX NPOOYKMOo8 Ha ~30% U NOBbICUMb 0OULYHO
NPoU3BOOUMEsILHOCMb MPYOa B NPOMbILIEHHOCMU He MeHee yem Ha 20%,

— passumue «3esieHbix» mexHosoeul, 06ecneyus CHUXEHUS y2/1epo00eMKoCmb
BBIT Ha 20% (k yposHio 2020 2.) u dosedeHue 0osu nepepabomarHbix maepobix
NPOMbIULIEHHBIX 0MXx0008 00 60% u Op.

1.2. MoBbiweHue — peaiu3ayus NPoekma PeKoHCMPYKYUU NPOMbIUIeHHOU 6a3sbl 011 YCKopeHus
€amodocmamoyHoCmu u NpopbIBOB B psAde OCHOBHbIX GYHOAMEeHMArbHbIX MexHoA02ul, Npoueccos u
YNpasiseMocmu Npou3BoOCmMBeHHoOU | NpodyKmMoB, @ MAakxe BHedpeHUe UHHOBAUUOHHbLIX pa3pabomok, MAakum Kak
yenoyKku nepedoBble Mamepuassl U MHO2OMAcwmabHoe Npou3BooCmMBo;

—NpOpbIB B «KPUMUYECKUX» MexHo/oeusax (Hanpumep, 8 061aCmu  4Unos,
CMAaHKoB8, asuauyuu) 0aa obecnevyeHus «NOJHO20 KOHMPOJA» HAO KJHoHYesbIMU
NPoU3BOOCMBEHHBIMU NPOULCCAMU B CMPAHE;

— pocm 00J1U BbICOKOMEXHOI02UYHO20 Npou3sodcmsa 8 BBIT 0o 30%;

—Maccosoe BHeOpeHUe NPOMbIULIeHHbIX PobOMOB U yBesuyeHue NAoMHOCMU
UCNOJIb30BAHUS KAK KJTHOYeBbiX NoKazameJieli mexHon02u4ecko2o cysepeHumemd,
pOCM NPoU3B0OCMBO U BHEOPEHUEe Ome4YecmBeHHbIX NPOMbILLICHHbIX pobomos
bosee yem Ha 30%.

1.3. CoBeplIeHCMBOBAHUE MEXAHU3MA | — COBepUIeHCMBOBAHUE CUCMeMbl pe2ysupoBaHUS U NOJUMUKU B8 OMPAcsu,
codelicmBsusi 300poBOMY U onmumu3ayus CMpYKMypy NPOMBILLICHHOCMU u YKpensieHue
YNOPA00YEeHHOMY PA3BUMUIO CKOOPOUHUPOBAHHO20 0becneyeHus pakmopos Npou3BooCmsad;,
NPOMBILICHHOCMU —ONMUMU3AYUA  NPOMBILWIGHHOU — CMPYKMYpbl,  yoepxusaHue  0onu

obpabamsisarowieli npombiuiieHHocmu 8 BBl Ha yposHe ~27%, 3¢dekmusHo
YNPas/IAs POCMOM B KJIH04eBbIX CeKMOopax, MAkux Kak YepHass Memaniypeus;
— C030aHUe COBPeMEeHHbIX NPOMBIL/ICHHbIX KACMepos nymem GopmMuposaHue
HEeCKOIbKUX 0eCSImKOB  BbICOKOMEXHOI02UYHbBIX NPOMbIWIEHHbBIX KJ1ACmMepos
MUPOBO20 YPOBHA U obecnedeHus pocma s8kiada 40 sedyujux Kaacmepos B
NPOMbIULIEHHOE NPOU3B0OCMBO CMPAHb! Ha 15%.

2. Paszsumue u yKpenJieHue HoBbIX U NEPCNEKMUBHbLIX 0Mpacsiel NPOMbILLIIeHHOCMU
2.1. Pazsumue u pacuiupeHue HoBbIx —o0becneyeHue 2aybokold cmpykmypHol mpaHchopmayuu NPOMbILIeHHOCMU
ompacsel NpOMbILLICHHOCMU nymem YCKOPeHUs passumus Cmpame2udeckux nepcnekmusHbIx ompacsed,
MAakux  Kak  UHGOOPMAUUOHHbIE — MexXHOIo2UU  C1edyrouie20  NOKOJIeHUS,
B0O306HOB/IAEMAS  IHEP2eMUKd, HOBbIE MAMepudsbl, UHMesIeKMYasbHble
NOOKJIOYeHHbIe MPAHCNOpMHble CpedcmBd HA HOBbIX UCMOYHUKAX 3Hepau,
pobomomexHUKd, 6UOMeduUYUHd, BbICOKOMEXHOIo2UYHoe 0bopydosaHue U
a3POKOCMUYECKAS NPOMbILLLIEHHOCMb,
— MPAHCOpMUPOBAMB 2pynny Wecmu CMPAame2udecku Bax3cHbIX CeKmopos 8
Hacmoswue «CmoJsinbi» 3KOHOMUKU, obecnequs obbem ux npou3soocmsd Ha
yposHe He Huxce 10 mpsH toaHel (c npumepHO 6 mpsH toaHel 8 2025 200y):
1. VIHmezpasibHbie CxeMbi (4Unbl): NOBbILIEHUE YPOBHS camoobecneyeHHocmu u
YKpensieHue no3uyul Kumas B8 enobanbHol —yenodyke NOCMAsok). 2.
A3POKOCMUYECKAs NPOMbIUIIeHHOCMb, NPeBPAUieHUe KOMMEPYecKko2o KOCMocd B
CamocmosimesibHyt0 0mMpPacss C NPo2Ho3UpPyemMbiM obbemom 1,67 mpsH toaHel K
2030 200y 3a cyem MHO20pd308bIX pPAKem U CNYMHUKOBO20 UHMepHemd. 3.
buomeduyuHa: nepexod om cMamyca «Cmpameauyeckol» K «CmMosiny» 3KOHOMUKU
30 cyem COBCMBEHHbIX UHHOBAUUOHHBIX J1eKApCMB U MemodoB JsieyeHus. 4.
JKoHoMuKa  Manbix  Bbicom  (Low-Altitude  Economy): Co30aHue  HoBol
MPaHcNoOpmMHo-02uCMuYyeckol U cepsuUCHOU 3KocuCmembl C UCNOJIb30BAHUEM
0poHOB U JlemamesibHbiX anndpamos 018 20po0CKol U pe2uoHaabHoU
mobunbHocmu. 5. Hosble _munbl _Hakonumesel 3Hepeuu: ViHmezpayusi 8
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Hanpasnerus

Oxxcudaembie pesysibmdmal U 3¢pgdexmsbi

SHepaocuCmemMy C PbIHOYHOU MOOEJIbIO U NPUBJIUXEHUEM CIMOUMOCMU XPAHEHUS K
0,3 toaHs 3a KBmM™*4. 6.MHmennekmyansbHas pobomomexHuka: Lllupokoe
BHedpeHue pobomos 8 NPOU3BOOCMBO U J02UCMUKY, C Uesbto YCMAHoBKU bosiee
100 000 yenosekonodobHbIx pobomos K 2027 200y.

— UCNO/Ib30BAMb NEPCNEeKMUBHbIE KAMAaUu3amopb! pocma u obecneqyums e2o 3a
cyem makux 0paliBepos, KAk UCKYCCMBeHHbIU uHmesiekm, pobomusayus u
uugposas mpaHcopmayus, Komopble  MOOepHU3UPYOM  MPAduyUOHHbIe
npouzsoocmsa;

—obecnequms CouuasbHbIl 3¢pgpekm om passumus paccmMomperHbix ompaced,
KoJIuYecCmBeHHas oueHKa Komopo2o COCMOoUM B ex#e200HoM co30aHuu bosiee 10
MJIH KBA/IUPUYUPOBAHHBIX paboyux Mecm.

2.2. llepcnekmusHoe nJiaHUpoBaHue
0189 6yoyuwiux ompacsed
NPOMBIWIeHHOCMU

— co30aHue, nymem onpedesieHus Ko4esbix obaacmel, onpedengroujux bydyuiee
passumue,  KoOMNJiekcHol — cucmemsl  Nod20mosku  bydywux — ompacael
NPOMbIWIEHHOCMU, NPOOBU2AS KBAHMOBbLIE MeXHOA02Ul, 6UONPOU3BOOCMAO,
BOOOPOOHYHD 3HEpP2emUKY U MepMOS0epHbIll cuHmes, uHmepgelcbl «Mo3e-
KOMNbrOMep», BONJIOWIEHHBIT UHMesIeKm U MOBUJIbHY CBSA3b  WEeCmo2o
NOKOJIeHUS B Ka4ecmse HOoBbIX 0palBepos8 3KOHOMUYECKO20 POCMA, 3a/0XUMb
¢yHOameHm 019 00/120CPOYHO20 IUOEPCMAA, CO030aBAst C HYJIS PbIHKU, KOMOPbIe
onpedenam mexHosnoaudeckul ykaad yepes 10—15 nem.

—3a70MUMb B8 meqeHue 15-0 namunemku 6a3y 0418 B3PbiBHO20 POCMA
«uHAycmpul 6ydyuiezo», Yel cymmapHbili obbem Kk 2030 200y makice 0osHeH
UCYUCIIMbBCS MPUAUOHAMU toaHel.

— 0becneyums passumue Wecmu 0CHOBHbIX UHOycmpull 6ydyuwezo. 1. KBaHmosbie
mexHoI02uU; 0XUdaemcs Co30aHue 20CYy0apCMmBEeHHbIX NPOEKMOB U «HAYYHbIX
UeHmpoB8 MUPOBO20 YPOBHS» 011 OOCMUMEHUS NPopbiBA B KBAHMOBbIX
BbIYUCTGHUAX U KOMMYHUKauusx. 2. buonpou3sodcmso (Biomanufacturing):
NPO2HO3UPYEMCsH, YMo K yxce K 2027 200y 06beM pbiHKa cCuHmemu4eckol buosoauu
npesbicum 170 mnpd roaHel. 3. BoOopoOHass u mepmosioepHasl 3HepeemuKda:
aKMUBHOe pazsumue «3es1eHo20» B000PO0ad U NPOOBUMEHUE UCCIe008aMebCKUX
Npo2pamMm No YnpassisemMomy mepmMosoepHoMy cuHmesy. 4. MiHmepgelcb! «mMose-
KoMnbromep»: nepexod om J1abopamopHbIX NPOMOMUNOB K NPAKMUYECKUM
NPUJIOXEHUSM B MeduyuHe U ynpasnieHuu. 5. BonaoweHHbild VK (Embodied Al):
passumue WK, cnocobHo2o B3aumodelicmaosams C Gu3UYecKumM MUpOM, YmO
ABJISeMCA C/ICOYIOWUM WA20M NOC/e 2eHepamusHbIX modenel. 6. Csfa3b 6G:
Hayanao passepmsbiBaHUS UHGPACMPYKMYpbl U PA3pabOMKa NPOMbIULICHHbIX
CmaHoapmos Ha ocHose mexHono2ul 5G.

2.3. CoBepuwieHcmBoBaHue
3KOCUCMEMbI OJ151 NPOMbILLITeHHbIX
uHHoBauul u pazsumus

— C030aHue pbIHOYHOU Cpedbl U NOUMUYecKold cucmemsl, 61a20NPUSMCMBYULUX
DA3BUMUIO U POCMY HOBbIX ompacsed, ¢popMUpPOBAHUE NPUHUUNUAIbHO HOBOU
cpedbl, cmuparouwiel 2paHb Mexcdy HayKol u NPou3BOOCMBOM.

— obecneyveHue HOBO2O YPOBHA UHMe2pAuuU Hayku u busHeca nymem co30aHus
«KOHCONMUOUPOBaHHOU  npouzsBodumesibHol  Cusibi», 20  1abopamopHble
omkpbimus («om 0 0o 1») 6ydym ¢opcupoBaHHO Npespawamscs 8 NPOOYKMabI
(«om 100 100»).

— ¢hopmMupoBaHUE KOHKDPemMHbIX UHCMUMYMOB pA3BUMUS, BKJIOYAS CO30aHUe
20Cy0apcmBeHHbIX — 0eMOHCMPAUUOHHbIX — 6a3 01 HoBbiX — ompacsed,
CMpoumenbCMBO  NUIOMHbIX  UCNbIMAME/IbHbIX NJIAMGOPM U HAUUOHATbHOU
6asbl 019 npusioxeHuld U ona beicmpol obkamku mexHoso2ul, a makxie
co30aHue okono 100 HOBbIX UHHOBAUUOHHbLIX UeHmpos U aabopamopud,
0pUEHMUPOBAHHbIX HA NPOMbIULIEHHOE BHEOPEHUE,

— passumue UHCMPYMeHmMoB GUHAHCUPOBAHUS, 06ecneyusarouiUx cpedHe200080l
pocm pacxodo8 Ha HWOKP no scell cmpaHe He meHee 7%. Kiroyesasl posib B
GuHarHcuposaHuu omsodumcs busHecy (yxce celldac KomnaHuu obecnequsarom
bonee 77% Bcex uHBecmuuyuld B R&D) Npu  AaKMUBHOM UCNOJL30BAHUU
2o0cydapcmaeHHbIX UHBECM@OHO08 019 N000ePIKU BbICOKOPUCKOBbLIX NPOEKMOS,
BKJ/IHO4As Npo2pammy «Hosoe kavecmso byoyusux uHOYCmpul».

— ¢popmupoBaHUE KAOPOBO2O NOMEHUUAnd 3d CYem B3pawusaHus okoso 500

HOBbIX «CNeUUAIU3UPOBAHHBIX U CIOXCHBIX» (B TEHEHT) npednpusmud, Komopsie

CMAaHym «CKPbIMbIMU YeMNUOHAMU» B8 CBOUX HUWAX, NPU 3MOM NApas/iesibHoO
6ydem co30aHa cucmema O0n9 NOO20MOBKU MUWIIUOHOB CNEeyudaucmos
NPUHUUNUA/IBHO HOBO20 NPOPUJIS;

—obecneyeHue HOBO20 Ka4ecmBd pocmad 3d cdem ysesudeHus 0oau Uyugposol
KOHOMUKU B BBl domicHa 0o 12,5%, NoBbIlUeHUSs KOHKYPeHmMOoCcnocobHocmu u
co30aHue 0onosIHUMe bHbIU PbIHOYHO20 06bemMa Ha yposHe 8 10 mpJiH roaHel 3a
cYyem MOOepHU3ayuUU MPaduyUOHHbIX CeKMOPOB.

VicmoyYHuk: asmopckas pazpabomka [3, c.66—-67] Ha ocHose [5].
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3aknrodeHue. Takum obpaszom, B Kadyecmse yYembipex OCHOBHbIX HAnpassieHul NoCmMpoeHus
cospemeHHoU NnpomsbiwieHHoU cucmembl KHP 8 coomsemcmsuu ¢ [lnaHom 15-0 namunemku
HAYUOHA/IbHO20 3KOHOMUYECKo20 U COUUA/IbHO20 PA3BUMUS CMPAHbl BbICMYNAOM ONMUMU3AUUS U
MoOepHU3auusa MpPaoulyUoHHbIX ompaciel, passumue U YKpenseHue HOBbIX U NepcnekmuBHbIX
ompacnel NPOMbIULIEHHOCMU, Co0elicmBUe BbICOKOKAYECMBEHHOMY U 3PdeKkmusHOMY pPazBuUMUIO
coepbl ycnye u co30aHue cospemeHHoU UH@GpacmpykmypHol cucmemsbl. [10006HbI0 NoOX00 K
NOCMPOeHU coBpemMeHHOU NPOMbILITIEHHOU cucmembl KHP no380/1Um NOBbICUMb €€ 3¢dekmuBHOCMb
U KOHKYpeHmMocnocobHocmb, obecne4ums 00CMUMeHUe NOCMAasJieHHbIX uesed, onpedeneHHbIX [11aHoM
15-G namunemKu HaYUOHAIbHO20 IKOHOMUYECKO20 U COYUA/TbHO20 PA3BUMUSI CMPAHbI.
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POJIb NHHOBALNOHHO-TIPOMBILLJIEHHBIX KJIACTEPOB KUTAA B PA3BUTVIN M [TOBbILLIEHN
SOPEKTBHOCTN HAUNOHAJIbBHON SKOHOMUWKN

L{so TaHbxya

acnupaHm 3KOHOMUYecKo20 ¢pakysibmema
benopycckuli 20CyoapcmBaeHHbIl yHUBepcumem
2. MuHck, Pecnybauka benapyckb

Bsederue. [locmpoeHue coBpemeHHOU NPOMbILLICHHOU CUCMeMbl U pa3Bumue HayuoHabHoU
KOHOMUKU Kumas 8 coomsemcmauu ¢ [11aHom 15-0 namusiemKu HayUuOHaIbHO20 3KOHOMUYeCKo20 U
couuasbHO20 pPasBUMUSA CMpaHbl Ha bauxcadwyro namusaemky 0o 2030 2. mpebyrom noBbIleHUs
spdekmusHocmMU U KOHKYPEHMOCNOCOOHOCMU  NPOMbIWIEHHbIX — npeonpuamud, He Npocmo
HApawuBaHusi Ux MOUJHOCMU, a NOJIHOU nepecmpolKku NPOMbIUIEHHOCMU O/ yBesudeHusl ee
Camo0oCMamoYyHOCMU, BbICOKOMEXHOI02UYHOCMU U UHMe2puposaHHocmu [1]. [pu 3mom saxcHedwum
HanpasaeHuem pewieHus: yKasaHHbIX 3a0ad S8/19emcs popMUpoBaHuUe UHHOBAUUOHHO-NPOMbIU/ICHHBIX
knacmepos (MIK), Komopble B COBPEeMeHHbIX YCI0BUSX COUUA/IbHO-3KOHOMUYECKo20 passumus
bo/bWUHCMBA CMPAH mupa ueparom Bce 60/bWyro posib € MOYKU 3peHus GHOopMUPOBAHUS
UHHOBAUUOHHOU MO0e/Iu 3KOHOMUKU U NOBbIWEHUU 3PHeKmuBHOCMU peaiu3ayuu UHHOBAUUOHHOU
noauUMUKU 20cyodpcmsd. 3mo CBA3AHO C meM, ymo MWIIK pewarom npobremy NOBbILUEHUS
UHHOBAUUOHHOU akmusHOCMU npeonpusmud, uzparom posib MOYeK pocma BHYMPEHHe20 PbIHKA U
obecneyusarom nNpooBUIEHUE NPOU3BOOUMbIX UMU MOBAPOB U YC/lye HA MeOYHAPOOHbIe PbIHKU.
DYHKYUOHUPOBAHUE UHHOBAUUOHHBIX Npednpusmul NPOMbILLIGHHOCMU B K1dCMepax OMKPbIBAem
WUPOKUE BO3MOXCHOCMU O0J1 CO30aHUS U PasBUMUS UX KOHKYDPEHMHbIX Npeumywecms. Bce 3mo
cnocobcmBayem NOBbILEHUH MeOYyHAPOOHOU KOHKYPEeHMOCNOCOOHOCMU CMPAHbl B Ue/IOM, B8 MOM
yucse, 61azo0aps psody npeumyu,ecms, NPUCYWUX KaacmepHol gopme 83aumodeldcmsus npednpusmud
NPOMbIWI/IEHHOCMU, HAYYHO-UCC/Ie00B8AMEIbCKUX UHCMUMYMOB, CepBUCHbIX KOMNAHUU U Opyaux
Cy6beKMOoB 3KOHOMUYECKUX OmHoweHud, Bxodawux 8 VK, no Bcem HanpasaeHusm desnosbix csszel.
Takxe sBJSSICb  MOYKAMU 3KOHOMUYeckoeo pocma, MK cmaHossmcs 06bekmom  KpynHbiX
Kanumanos/ioxeHudl, HAa KOMOPbIX COCPeOOMOYeHO NPUCMA/IbHOe BHUMAHUE NPpABumesbsCmad U
MecmHbIx admuHucmpauyudl [2; 3, ¢. 268].

OcHoBsHas Yacms. VMK npedcmasisem cobol «PYHKYUOHUPYHOULYHO C y4emom ¢paKkmopos Makpo-
U MUKPOCPeObl MeppumopudsbHo-mexcompacaesyro cucmemy (TMOC) ¢ kioyeBod  poJibHo
NPOMbIULIEHHBIX npednpusmud, onpedeseHHoU NPocmpaHcmBeHHoU opeaHusauyuel (BepmukasibHod,
20pU30HMAIbHOU WU CMewdaHHoU) U BbICOKUM YpPOBHEM 3HaHUU u/uau mexHoso2ull, BKIHYAOWLYO
COBOKYNHOCMb CYObEKMOB 3KOHOMUYECKUX OMHOWeHUU (npomMbilieHHbIX npednpusamud, cybbekmos
UHHOBAUUOHHO — UHGpacmpykmypsbl,  y4ebHbix  3aBedeHull U  akademu4yeckux UHCMUmymos,
KOHCMPYKMOPCKUX — 6ropo,  HAY4YHO-MexHU4Yeckux  sabopamopul,  cepsuCHbIX  npednpusamud,
uzobpemamernel u m.0.), B3AUMOCBA3AHHbLIX Mex0y cobol 20pU3OHMA/IbHLIMU U BepMUKA/IbHbIMU
CBA35MU, KaK NPABUJIO B KOHKPEMHbIX MeppumopUdibHbIX COUUA/IbHO-3KOHOMUYECKUX CUCMeMax, no
nosody NpeobpdzoBaHusi pecypcos C UCNOJIL30BAHUEM COBPEMEeHHbIX mexHoaoeul, Memodos
ynpasneHusi, cnocobos opeaHusauuu  NpoussodCMBA U mpyod B NOJIe3Hble  Pe3ysbmamsel,
obecneyusaroujue NoBbILLEHUE 3PPEeKMUBHOCMU COYUATbHO-3KOHOMUYECKUX pPA3BUMUS CMPAaHsb!
(pecuoHa)» [2, c. 36; 3, c. 269; 4, c. 30]. UMK MOXHO Makxe paccMampusams KAk NPOMbIUIIeHHbIE
06pazoBaHus C UHHOBAUUOHHBLIMU NPEONPUAMUSIMU U MAaaHmMamu B Kadecmse OCHOoBHOU 4acmu,
HayKoemMKUMU UJIU MEXHOI02UYHbIMU OMPAc/IamMu U 6peH00BbIMU NPOOYKMAMU B Ka4ecmse OCHOBHO20
COOEPHCAHUS, ONUPArOWUMUCSH HA UHHOBAUUOHHbIE 0p2aHU3auUOHHbIe cemu U 6u3Hec-modenu npu
y4acmuu  mexHonapkos, a makxe cpedy, 671a2onpusMCMBYOWY  PA3BUMUK  UHHOBAYUOHHBIM
cucmeme, oesmesibHOCMU U Kysibmype. UK obradarom makumu npeumyuiecmsamu, Kak cooeticmaue
UHHOBAUUSIM U pacnpoOCMPAaHeHuro 3HaHud, yenybseHue paszdesneHusi mpyoa B8 NPOMbILICHHOCMU,
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CHUX(eHUe MPAH3aKUUOHHbIX U  MPAHCNOPMHBIX U30EPXeK, NOBbIWEeHUe CKOPOCMU peaxkyuu
npeonpusmull Ha pPbIHOK, SBJIAIOMCS OCHOBHOU NPOCMPAHCMBEHHOU GOpMOU  NPOMbIUIICHHO20
Pa3BUMUS U BAXCHbIM HOCUMesIeM CoBPemMeHHoU NPoMbIULLIeHHOU cucmemsl [3, ¢. 269].

B cospemerHom Kumae K VMK Mox#HO omHecmu Npakmu4ecku s1tobol NpOMbILLIEHHBIU Kaacmep
B CU/Yy MO20, YMO NOCICOHUE OMHOCAMCA K 0ObeOUHeHUro CBA3AHHbIX npednpusmud, Hay4Ho-
UCC/1e008amesibCKUX U CePBUCHbIX y4pexcoeHul, pacnoIoXeHHbIX BbiLE U HUXE NO X00y opeaHu3ayuu
NPOMbIULIEHHOU UenoYKu 8 onpedesieHHOM pe2uoHe, Ub0 Ha Mexpe2uoHdsibHOM YposHe, u 61a200aps
CNeyuaau3upoBaHHOMy pazoesneHuro mpyod, COBMECMHbIM U CUHepP2emuUYeCKUM UHHOBAUUSM U
obsie2ueHHbIM COeIkam OHU 06pasyrom Gopmy NPOMbIUIIeHHOU opeaHu3auuu ¢ mexcompacsiesod u
Mexcpe2uoHanbHol  0Buwiyweld cuiol U OCHOBHOU KOHKYPeHMOCNOCOOHOCMb, CMAB BAXHbIM
CNOCOOOM CMUMYIUPOBAHUS PE2UOHAIbHO20 SKOHOMUYECKo20 pocma [3, ¢. 269; 4, ¢. 285 5, c. 555].

UMK — 3mo KaroyeBol MexaHusM 3KOHOMUYEecKo2o pocmad U ¢PopmMuposaHus cospemeHHol
npombiwiieHHol cucmembl Kumas. 3mo CBA3dHO C meM, 4mo, Hanpumep, obuiee Kosiu4yecmso
HAUUOHA/IbHbIX BbICOKOMEXHOA02UYHbIX 30H 8 Kumae docmueso 179, 4mo cmaso BAa3cHbIM HOCUMenem
2n1ybokol UHMezpayuu Hay4yHoO-MexHUYeCckux UHHOBAuul U NPOMbIU/IeHHbIX UHHOBAUUU U OCHOBHOU
nosuyuel On18 pasBumus BbICOKOMeEXHOM02uYHbIX ompacneld. B 2025 200y obbem 0obassieHHOU
CMOUMOCMU HAYUOHA/IbHOU 30HbI BbICOKUX NOKazamesiu mexHosao2ul docmueHem 20,4 mpsiH roaHed,
ymo cocmasum 14,5% HauyuoHanbHo2o BBII, Ha 1,2 npoueHmMHbIX NyHKMa 6o/buwe no CpasHeHUro ¢
KOHUoM 13-20 namusiemHe20 NJIaHd, a Hai0208ble NOCMYNJIeHUS COCMAssm 0KoJ10 2, 1 mpJsH roaHed, Ymo
Ha 10,6% 6osbwe Nno CpasHeHuro C KOHUoM 13-e0 namusiemku. B 2025 eody 0OobasrieHHas
NPOMBbILLIEHHAS CMOUMOCMb HAUUOHA/IbHBIX BbICOKOMEXHOI02UYHbIX 30HbI Npesbicum 10 mpJiH roaHed,
ymo cocmasnaem 24,1% BBl cmpatbi [6].

Takxce WK — 3mo e/asHble UeHMPpPbl HAYYHO-MEXHUYeCKoeo npoepeccd, akkamyasyuu u
N0020MOBKU BbICOKOKBA/IUGUUUPOBAHHBIX CNeyuaaucmos. 1o npedsapumesibHbiM CMamucmuyecKum
O0aHHbIM,  BHYmMpeHHue  pacxoobl Ha  HWOKP  npednpuamul 8  HAUUOHA/ILHOU — 30HE
BbICOKOMEXHOJI02UYHO20 CeKMOopa cocmasam okosio 1,2 mpsH roarel, Ymo npumepHo Ha 30% bosibuie
Nno CpasHeHuro C OKoOHYaHuem 13-20 nsmusiemHe20 njaHd, a UHMeHCUBHOCMb uHsecmuyut 8 HNOKP
docmueHem 6,1%. Konudecmso nameHmos Ha u3obpemeHus docmuesio 2,2 MH eOuHUU, Ymo BOBoe
npesbidaem nokasamesu KoHua 13-eo namunemHe2o niaHa. OmoesibHO Heobxo0uMo ommemums, Ymo
B HAUUOHA/IbHOU 30He BbICOKUX mexHos102ull pabomaem bosiee 26 MJIH COMPYOHUKOB, U3 KOMOPbIX OKOJIO
40% umerom cmeneHb 6akanaspa u Bbiuie, a 0Kosa0 50% — mosioobie todu maadwe 40 nem. LLimamHbid
3KBuBaneHm compyoHukos HUOKP Ha 10 000 compyOHuUKos npumepHo 8 12 pas npesbiuiaem cpeoHull
nokasamesib no cmpaxe [6].

HauyuoHanbHas 30Ha BbICOKUX MexHoso2ull obbeduHusia 6onee 1300 yHusepcumemos u bosee
5000 Hay4Ho-uccnedosamesibCKux UHCMUMYmMOoB, COBMECMHO NOCMPOoUsId pPsS0  COBPEMEHHbIX
NPOMBIWIEHHBIX ~ KOoJleoxeld ¢ BeoywumMu npeonpusmusamMu U YHUBEpCUMemamu, a Mmakxie
Nno02omoBu/Ia 2pynny BbICOKOKAYECMBEHHbIX, OPUEHMUPOBAHHBIX HA NPUMEHeHUe, KOMNJIeKCHbIX U
UHHOBAUUOHHbIX MAsdaHmMos, KOMOopble adanmupyromcsl K pa3sumuro CoBpemMeHHbIX ompacaed u
B032/1aBJIOM paA3sumue. B pamkax peaausayuu UHHOBAUUOHHO020 compyoHudecmsa « 100 napkos, 100
wkon u 10 000 npednpusmull» 075 MOYHO20 YOoBIEMBOPeHUs nompebHocmeld NPOMbIUIIEHHbBIX
masnaHmos bb1/10 peanusosaHo nodmu 400 npoekmos N0 CoOmpyoHUYecmay ¢ y4acmuem masiaHmos 015
UHMe2payuu NPOMbILLIeHHOCMU U 0bpa3zosaHus [6].

WIMK asnaromca BaxcHedwumu opadsepamu passumue npednpuHUMamesisCmsd U BHeuwHel
mope2os/iu, co3dasas cpedy 018 pocma busHeca (om cmapmanos 00 2u2aHmoBs) U UHMezpauuu B
MUPOBYH 3KOHOMUKY. YUC/10 HOBBLIX 3ape2ucmpupoB8aHHbIX npeonpusamud docmua/io 1,2 MuaIuoHa, 4mo
Ha 7% no cpasHeHuro ¢ 2024 200om. Cyuiecmsyem bosiee 8 200 cneyuaiu3upoBaHHbIX, CNeyuadsibHbIX
(BbICOKOK/IACCHBIX) U UHHOBAUUOHHbLIX Npeonpusamull «MajieHbKux 2u2aHmos», Ymo npumepHo Ha 20%
6os1blWe No CpaBHeHUro C NPOW/IbIM 2000M U cocmassisem 46% om obuje2o 4Yucia aHano2uyHbIX
npednpusmul 8 cmpaHe. Macwmabbl uMNoOpmMa u 3KCNOPMA HAUUOHA/IbHOU BbICOKOMEXHOI02UYHOU
30HbI COXPAaHsIU cmabusibHbIl pocm, docmuHyB obuie2o obbema umnopma u 3kcnopma 8 2025 e. 9,8
MpJIH roaHel mop20oB/iu MOBAPAMU U YCIy2amu, Ymo Ha 2,7% pocm No CpABHEHU C NPOULIbIM 2000M
[6]. Y, HakoHeu, WK obecnequsarom ycmolyusoe passumue U «3ejieHbil» nepexoo, ABJASCH
NoJIU2OHAMU 0151 BHEOPEHUS YUCMbIX MEexHO0/102Ull U 5KOHOMUKU 3AMKHYMO20 UUKA.

Hecmompsi Ha 00CmMamoyYyHo YCcmoUyuByro  NOJIOXUMEsbHYH — OUHAMUKY —nokasamered,
xapakmepusyroujux desmesisHocms MK u ux BK1a0 B8 NOCMpoeHue coBpemMeHHoU NPOMbILLIeHHOU
cucmembl Kumas u passumue HAuUOHAsbHOU 3KOHOMUKU, Heobxooumo oOdsibHeluwlee NoBbilueHue
appekmusHocmu ynpasneHus MIK, komopble, ¢ 00HOU CMOPOHbLI, BLICMYNAOM KAK CUCMeMbl C
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cobcmBeHHbIMU UHMepecamu U yesisimu, ¢ 0pyeod, Kak NOOCUCMeMb! HAUUOHA/IbHOU 3KOHOMUKU CMPAHsbI.
KroyesbiMu B0ONPOCAMU NPOUECCA NPUHAMUS peweHUl No opeaqu3ayuu oesmesisHocmu UMK asastomcs
pazpabomka Kpumepues oueHKU Ux 0essimesibHOCMU U BbI6op 3¢dekmuBHbIX peweHul, Ha 0CHOBaHUU
Komopbix bydem npou3BoOUMbCA OUEHKA CMmeneHu peanusauuu uenesol @GYyHKUUU YKA3aHHbIX
meppuMOopUAIbHO-MEXOMPAc/ieBbix 06pazoBaHull C K/o4eBol poJibHo NPOMbIULIEHHBIX npednpusmul
[4, c. 29]. B cBot0 04epedb Heobxo0uMo yHumbIBAMb, YMOo € 00HOU cMOopoHbI, UMK Bbicmynaem 4acmeto
cucmembl bosiee BbICOKO20 YPOBHS (pe2uoHa, Cmpaxsl), onpedensarowel uesu, K 00CMUMEHU KOMOpPbIX
domieH cmpemumscsl VMK 8 npouecce ocyuwiecmsieHusi csoell desmesibHocmu. C 0py2oll CMOpPOHbI,
WK ssisemcs camocmosimesibHOU meppumopuasibHo-mexcompacsiesol cucmemodl, Komopasi umeem
cobcmaeHHble UHmMepech U yesau. Kak ciedcmsue, 0718 oUueHKU 3¢pgpekmusHocmu oesmesibHocmu UMK,
B MOM YucCJ1e C MOYKU 3PeHUST UX BIUSHUS HA pa38uUMUe HayUoHAIbHOU 3KOHOMKU CMpPaHsbl, Heobxoouma
pazpabomka Kpumepues, NO3BOJISULUX NPOBOOUMb U3MepeHue 3moll oueHKU ¢ 0Byx no3uyud: 1) Kak
camocmosimesibHol mMeppumopuUaIbHO-MeXompaciesol cUCmMeMbl, Komopasi umeem CObCmMBeHHbIe
UHmMepecbl U uenu;, 2) Kak 4Yacmu cucmembl bosiee BbICOKO20 YPOBHS, onpedesnstowield uenu, K
docmuXceHUro Komopbix dosmHeH cmpemumscs UMK 8 npoyecce ocyuwiecmaieHus caoell dessimesibHOCMU.

AHanu3 nooxo0os K oueHke 3pgpekmusHocmu desmesibHocmu MK, nposedeHHbIt 8 pabome [3],
No3BOJIUM COe/lamb BbIBOO O MOM, YMO «UEHHOCMb /1106020 NOOX00a OO/IXHHA 0NpedesiambCs
coomsemcmauemM psdy mpeboBaHul, K KOMOPbIM Mbl OMHEC/U MAKue Kak. BO3MOMHOCMb €20
UCNOJIb30BaHUS 0J18 NPUHSIMUS YNPABIeHYeCcKUX peweHud, Haauque KoauyecmaeHHod, duHamuyeckod u
uHmezpaabHol oueHKU desmesnbHocmu MIMK; BO3MOXCHOCMb y4ema BbiNOHEHUS uenesol GyHKUUU U
pe3ysibmamos dessmesibHocmu UMK Kak camocmosimesibHol cucmembl, Mak U Kak noocucmemsl bosiee
BbICOKO20 NOPAOKA U Op.» [3]. bbiio BbIABIEHO, YMO B8 Haubosibuwel cmeneHU K OUeHKe 3(pgekmusHoOCmu
desmesibHocmu MK Kak ¢ mMOYKU 3peHus pacCMOMPEeHUsi e20 KAk cucmembl C COOBCMBEeHHbIMU
UHMepecamu U uesssMu, Mak U No0CUCMeMsbl cucmembl boJiee BbICOKO20 YPOBHS (pe2uoHd, HauuoHaibHoU
SKOHOMUYecKoU cucmembl), a makxe yoos1emsoparowull YKa3aHHbIM Bbilue mpebosaHusM,
coomsemcmayem nooxo0, npednosiazarouiuti paccmomperue MINK 8 sude ucxo0Hod, NpoMexymoyHoU u
3ambikarousel 30H, B KOMOPbIX NPOUCXO0UM Noc/edosamesibHoe NpeobpazosaHue NOCMYNArUWUX Ha
BX00 pecypcos B NOJyHeHUe Ha BbIX00e NoJIe3HbIX pe3ysibmamos. [10006HbI0 N0OX00 K paccMOMPEeHUrO
cmpykmypbl  MINK ¢ yyemom  ¢dopmupoBaHusi nopssoka pocma  3HaveHul — nokazamesied,
Xapakmepusyrowux peanusauuro e2o uesnesold @YHKYUU, no3sosisem pazpabomams Kpumepud
sppekmusHocmu desmenbHocmu MINK Kak cucmemsbl ¢ cCObCMBeHHbIMU UHMepecamu U UesigMmu U Kak
nodcucmemsbl 6oJiee BbICOKO20 YPOBHS, B Ka4ecmse Komopol BbiCmyndem pe2ucH, B KOMOPOM
ocyuwiecmssisem CBO 0esimesibHOCMb  paccmampusaemsit WMK, nubo B8 UesoM HAUUOHA/IbHAS
IKOHOMUYecKass cucmema Cmpadbl. Pazpabomka Kpumepusi 3¢pgdekmuBHOCMU B COOMBEMCMBUU C
O0aHHbIM NOOXOOOM NPUMEHUMEJIbHO K HAUUOHAbHOU 3KOHOMuYeckold cucmeme npedcmassieHa B
pabomax [7, c. 63—78; 8], npumeHUmMesIbHo K CUCMeme Hay4YHO-MexXHUYeCcko2o NPeodnpuUHUMAameibCmaa
— B pabome [9], npumeHumMesIbHO K NPOMbIULIEHHOMY npednpusimuro — 8 pabome [10]. PaspabomarHsie
Kpumepuu 3¢pekmusHocmu UMK Kak cucmembl ¢ CO6CMBEHHbIMU UHMepecamu U Uesamu U Kak
nodcucmemel 6os1ee BbICOKO20 YPOBHS, B Ka4ecmae Komopol BbICMynaem Cmpaqa (pezuoH), 8 KOmopom
ocyuiecmsJsisem cBoro dessmesibHoCmb paccmampusaemsil UMK, npedcmasneHs 8 pabome [3].

Ha pucyHke npedcmasjieH as20pumm OUeHKU U NOBbILEHUS 3ddekmuBHocmU passumus
HauuoHasbHol 3koHomuku KHP Ha ocHose ¢opmuposaHus MIIK.
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PucyHOK — Aleopumm OUeHKU U NOBbIWEHUS 3dekmusBHoCMU pa3sumusi HayUOHaIbHoU
3KoHOoMUKU KHP Ha ocHose ¢opmuposarust MK
VicmoyHuk: asmopckas paspabomka [11, ¢.70-71].
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Heobxooumo ommemums, Ymo 8 dad/ibHelieM B cy4ae HecosnadeHus uenel u uHmepecos MINK u
Bbiluecmosweld cucmemb! (pe2uoHa, NPOMbILLIeHHOU CUCMEeMbl, HAYUOHAIbHOU 3KOHOMUYecKod
cucmemsbi) nompebyemcsi pazpabomka MexaHu3mMa CO2/1aCOBAHUSI YKA3AHHbIX uesied U UHMepecos.
JlaHHbIO cydad ucxoodum U3 mMo2o, YMO B 3dBUCUMOCMU OM KOHKpemHoU cumyayuu cmpamezus
pa3suUMUs U NPOEKMUPOBAHUSA cucmembl ynpasieHus MK 6ydem umems cneyuguky, Komopas
npeonosiazaem pas/iuYyHyr0 CmeneHb COOMHOWEeHUS Memooo8 aKmMuBU3auUU U CMUMYJIUPOBAHUS B
obecneyeHuu docmuxxceHus uesnel, onpedesgembix Bbiuuecmosuel cucmemod.

3aknrodeHue. Ce200HsI MOXHO KOHCMamuposams, Ymo Kumad 8 pamkax peanusayuu 6auxcadwed
nNaMUIemKU CoOUUAIbHO-3KOHOMUYECKO20 passumus cmpadsl 00 2030 2. naaHupyem nosbICUmb
3ppdekmuBHOCMb U KOHKYPEHMOCNOCOOHOCMb NPOMbIWLIEHHbIX Npednpusmud, He NPOCMO Hapacmums
UX MOWHOCMU, a NOJIHOCMbIO NEPeCMPoUmb CBOK NPOMbIULICHHOCMb, CcO0enas ee bosee
camooocmamo4Hol,  BbICOKOMEXHO/I02UYHOU U UHMe2puposaxHod. [Ipu  smomM,  BaxcHelwum
HanpassaeHuem NOCMPOeHUs U YCKOpeHUs pa3sumusi COBpemMeHHOU NPOMbIUIIeHHOU cucmembl U
pa3BUMUS HAYUOHAIbHOU 3KOHOMUKU Kumas asngemcs popmuposaHue UMK, Komopble 8 COBPeMeHHbIX
YCI0BUSIX COUUAIbHO-2KOHOMUYECK020 pazBumust 60/iblUUHCMBA CMPaH Mupa ueparom sce 60sbuwyH
pOJib C MOYKU 3PpeHuUsi OPMUPOBAHUS UHHOBAUUOHHOU MOOe/IU 3KOHOMUKU U  NOBbIWEeHUU
AppekmuBHOCMU peanu3ayuu UHHOBAUUOHHOU NOIUMUKU 20cyoapcmaad. MK Bbicmynarom Kak:
KJ1104eB80U MexaHu3M 3KOHOMUYeCK020 pOCMaA U popMUPOBAHUS COBPeMeHHOU NPOMBbILLICHHOU CUCMeMb]
Kumas; 2nasHble UeHmpbl HAYYHO-MEXHUYECKo20 Npo2peccd, akKymysayuu U NOO20MOBKU
BbICOKOKBAIUGDUUUPOBAHHbIX cheyuasaucmos; BayHelwumu opalisepamu passumue
nNpeonpuHUMamesibCmBa u BHewHel mopa0s/iu, co30asas cpedy 019 pocma busHeca (om cmapmanos
00 2u2aHmMoB) U UHMe2payuu B MUPOBYHO IKOHOMUKY, obecnequsarom ycmolyusoe passumue u
«3e/1eHbll» nepexoo, SBJISICb NOJAUSOHAMU 0JI1 BHEOPeHUs YUCMbIX MmexHomoeull U 3KOHOMUKU
3AaMKHYMOo20 YUK/A.

Hecmompsi Ha 00CMAamoyHO  yCcmoUyuByro  NOJIOXUMENbHY0  OUHAMUKY — nokazameried,
xapakmepusyrowux oesmesibHocmb MK u ux BKIAO B8 NOCMPOeHUe CoBpemeHHOU NPOMbIULIeHHOU
cucmembl Kumas u passumue HAuUOHAbHOU 3KOHOMUKU, Heobxooumo oOdsibHeluwlee NnosbilueHue
appekmusHocmu ynpasieHus WIIK, komopble, ¢ 00HOU CMOPOHbI, BbICMYNAOM KAK CUCMEMb! C
cobCcmBeHHbIMU UHMepecamu U Uesisimu, ¢ opy2ol, Kak nodcucmembl HaUUOHAIbHOU SKOHOMUKU CMPAHbI.
Pa3zpabomar aneopumm oUueHKU U NOBbILLEHUS 3pdeKmuUBHOCMU pA3BUMUS HAUUOHAIbHOU SKOHOMUKU
KHP Ha ocHose gpopmuposarus UMK, skarodarowud: Kpumepuu 3gpekmusHocmu VMK Kak cucmemsbi ¢
cobCMBeHHbIMU UHMepecamu U yesismMu U Kak nodcucmemsbl bosiee BbICOKO20 YpPOBHS, B Kadecmse
Komopol Bbicmynaem CmMpaHa (pe2uoH), B8 KOMOPOM OCyujecmssisiem CBOK 0esmesibHOCMb
paccmampusaembii MIK; mMemoouky OoUueHKU CmeneHu CoBNadeHus pa3pabomaHHbIX Kpumepues
3ppekmusHocmu 0718 obecnedyeHuss C02iacoBaHuUs uHmMepecos u uenell deamenbHocmu WK ¢
Bbiwecmosweld cucmemol, mpebyrouwie2o0 oCyuwecmsieHuss Noucka cmpameaut, MAaKcumMasabHO
yaosemBopsrouUx 06a Kpumepusi 3¢dekmuBHOCMU. B 3aBUCUMOCMU OmM KOHKpemHod cumyayuu
cmpameausi passumus U NPOeKMUPOBAHUS cucmembl ynpasseHus MK 6ydem umems cneyuduky,
Komopass npednosiazaem  paz/iuyHyrd  CmeneHb COOMHOWeHUS MemodoB akmusu3ayuu U
CmuMyIupoBaHus 8 obecnedyeHuu docmuxceHus uened, onpedesisemMbix Bbiuuecmosujelt cucmemod.

Cnucok iumepamypab!
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CMAPT-EKOHOMIKA K OCHOBA TPAHC®OPMALJII MDKHAPOHOIO PHUHKY MPALJI TA YITPAB-
JIIHHA JIOJCbKVIM KATIITAJIOM

XXusko 3iHaida 6o20aHiBHa

00KMOp eKOHOMIYHUX HAYK, Npogecop, npogecop Kagpedpu meHeoxmeHmy asiauiliHoi digibHoCmi, YK-
PAiHCbKA 0epxasHa bomHa akaoemis, M. KponusHuubKul, YkpaiHa

Kyxapcbka Jlinis BacusisHa

dokmop ¢inocoii' 3 MeHedmeHmy, doueHm Kagdeopu IHO3eMHUX MOB Ma BilicbkoBO20 nepeksady Ha-
ufoHabHoI akaoemii cyxonymHux s8ilicbK iMeHi 2embmanHa lempa Cazalioa4Ho2o

XKusko One2 Bikmoposu4

acnipaHm, Kageopa cmapm-eKoHoMIKU, KuiBCbKUU HayioHaabHUU yHisepcumem mexHos102ii ma ou-
3adHy, Kuis, YkpaiHa

CyyacHul eman po3BuUmKY CBiMOBOI €KOHOMIKU Xapakmepu3yeMbCS NEPeXo0omM 00 CMApmM-eKoHO-
Mmiku (Smart Economy), wo rpyHmMyembsCa Ha WUPOKOMY BUKOPUCMAHHI UUPPOBUX MexHO102il, wmyy-
Ho20 iHmesnekmy, IHmepHemy peyedl, XMapHUX CepBiciB, BE/IUKUX OaHUX MA aBMOMAmuU308aHUX cCUCMeM
YNPasiHHA. Taki mpaHcghopmauii 3MiH0Mb He uwe BupobHuYi npoyecu, a U NPUHUUNU PYHKUIOHY-
BAHHSI MIXCHAPOOHO20 PUHKY NPAuyi, Nioxodu 00 YyNpasiiHHS IF00CLKUM Kanimasaom ma ¢popmyBaHHs KOH-
KYpeHmHux nepesae 0epxas i nionpueMcma. Y 4ux yMoBax t00CbKUU Kanimasa CMae BU3HAYa/IbHUM YUH-
HUKOM 3abe3ne4yeHHs iHHOBAuiliHo20 pO3BUMKY, @KOHOMIYHOI Cmitikocmi ma MixcHapoOHOI KOHKYpeHmo-
CNPOMOMCHOCMI.

CMapm-eKoHOMIKa s18J1i€ COb0K0 HOBY MOOe/Tb COUid/IbHO-eKOHOMIYHO20 pO3BUMKY, B SIKil iHGop-
Mauis, 3HaHHA Ma uugposi mexHosoe2ii BUCMYNAroMb OCHOBHUMU PeCypCcamu eKOHOMIYHO20 3pOCMAHHS.
Ha BiomiHy 8i0 mpaduuiliHOi' eKOHOMIKU, BOHA 3abe3neyqye iHme2pauito GizuyHUX, UudpoBuUX Ma iHMeseK-
MYasibHUX pecypcis, W0 003B0JISIE 3HAYHO NIOBULLUMU NPOOYKMUBHICMb NPAY, WBUOKICMb NPUUHAMMS
YNPABIIHCbKUX pilleHb ma aoanmuBHICMb opeaHi3auilt 0o 2106a/1bHUX 3MIH.

P038UMOK MiXHAPOOHOI eKOHOMIKU Cb020OHI 3HAYHO MiPOHD BU3HAYAEMbCA YUPPOBOK iHMe2pa-
ui€ero KpaiH. FnobanbHi n1aHuroeu cmBopeHHs sapmocmi dedasi binbwe 6asyromsca Ha Uugposux niam-
popmax, enekmpoHHIl Komepuii, ducmaHuitHit 3aiHAMOocmi ma MidXHApPOOHOMY 0OMIHI 3HAHHAMU. 3a
ouiHkamu CBimoBo20 6aHKy, yupposizauis cnpuse NiOBULEHHHO NPOOYKMUBHOCMI NPAyi, PO3UIUPEHHHO
docmyny 00 MiXCHAPOOHUX PUHKIB Ma NPUCKOPEHHIO IHHOBAUUHOI 0ig/1bHOCMI NIONPUEMCMA.

OOHUM i3 K/TH0HOBUX €/1eMeHMIB CMAapm-eKoHOMIKU BUCMYNAE I00CbKUL Kanimas. Came nepcoHan
3abe3neyye CMBOPeHHS, BNPOBAOHECHHS MA BUKOPUCMAHHS IHHOBAUIUHUX mexHooeil. BooHoYac yug-
pOBi3auis BUCYBAE HOBI BUMO2U 00 NpogeciliHux KoMnemeHmHocmeUl NPpauiBHUKIB. AKWO paHiule 0CHo-
BHY yBa2y npuoinsisiu NpodecitiHuM 3HaHHAM, MO HUHI 0edasi bislbuio2o 3Ha4eHHs Habysaroms Yupposi
KOMNemeHMHOCMI, Ha1imu4yHe MUC/IeHHS, KpeamuBHICmb, 30amHICMb NPAUOBAMU Y MiIXCHAPOOHUX KO-
MaHOax, WBUOKo adanmysamucs 00 MexHo102i9HUX 3MiH ma b6e3nepepsHoO HaB4amucs.

32i0H0 3i 38imom BcecBimHb020 eKoHoMiYHo20 popymy The Future of Jobs Report 2025, npomseom
HadbuxHux poKis NoHAad NoJI0BUHA NPAYIBHUKIB Nompebysamume nepeniocomoBKuU abo NidBULEHHST
ksanigikauii [1]. Hatbinewud nonum o4iKyembCa HA CNeUianicmis y cepi wmy4Ho20 iHmeaekmy, aHa-
713y 0aHUX, UUGHPOBO20 MAPKeMUHay, Kibepbesneku, asmomamusauii 6i3Hec-npouecis maynpasiiHHS Yu-
pposumu npoekmamu. OOHOYACHO 3pOCMAMUME 3HAYeHHS YNPABJIIHCbKUX, KOMYHIKAMUBHUX Ma s1ioep-
CbKUX KOMNnemeHmHocmel.
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MixcHapooHul puHok npaui 0edani binbwe nepexodums 00 NAAM®OPMEHHOI MO0 PYHKUIOHY-
BaHHS. lNMowuperHHs ducmaruiiHoi pobomu, uugdposux N1amaeopm 3alHIMOCMi Ma MPAHCHAUIOHAIbHUX
KOMAHO 00380/19€ NIONPUEMCMBAM 3a/1y4amu HAUKpaujux ¢axisuis He3anexHo 8id ix 2eoepadiyHo2o po-
3mawysaHHs [2]. Lle 3Ha4Ho NOCUTHOE KOHKYPEHUHO MIiXC KpaiHamu 3a BUCOKOKBATipiKoBaHUl 1H00CbKUL
kanimasn. Came momy 0epxcasu iHBecmyroms y pO3BUMOK UUGPoBOI 0cBIMU, HayKoBux 00Ci0HeHb ma
iHHOBAUItIHOI IHpacmpyKkmypu.

0Ocob/1uB020 3Ha4eHHs HabyBae BUKOPUCMAHHS WMYYHO20 [HMeIeKmy y cucmemi YynpassiHHs ne-
PCOHA/IOM. Al-mexHoJs102ii 3acmoCcoByroMbCA Ni0 4ac NOWwyKY KaHouoamis, aHaai3y pe3tome, NPo2HO3y-
BAHHS epeKmUBHOCMI NPAUIBHUKIB, POPMYBAHHS IHOUBIOYA/IbHUX NPO2PAM HABYAHHSI, OUIHIOBAHHS pU-
3UKY NJIUHHOCMI Kaopis ma nNiaHyBaHHA Kap'€pHO20 po3sUMKY. Taki pilueHHs 3abezneqyroms biibu 06~
EKMUBHE NPUUHAMMS KAOPOBUX PillieHb, CKOPOYEHHS AOMIHICMPamuBHUX BUMPAM mMa NioBULEHHS NPO-
dYyKmMUBHOCMI NPAu.

Pasom i3 mum akmusHe BNPoBAOIEHHS UUGPOBUX MEXHO102il NOPOOHCYE HU3KY HOBUX BUK/IUKIB.
Hacamneped ue uugposa HepiBHICMb MiXC KpaiHamu, degiyum BUCOKOKBAipikoBaHux IT-¢axisuis, pu-
3UKU Kibepbe3neKku, emuyHi npobiemMu BUKOPUCMAHHS WMYYHO20 iHMeaeKkmy ma HeobxioHicme nocmid-
HO20 OHOBJIEHHS NPOeciliHUX KomnemeHmHocmed nepcoHany [3-5]. Came momy MixHApOOHI opeaHi3a-
uii dedani binbwe ysazu npudisstombs GopMyBaHHIO nosimuku be3nepepsHo2o Has4aHHsA (Lifelong
Learning), po3sumky Uugposoi 2pamomHocmi ma niompumui iHHoB8auilHOI 3aliHAMOocmi.

Jlns YKpaiHu po3sumoK cMapm-eKoHOMIKU MAe 0cobiuse 3Ha4eHHs B YMOBAX NiC/IABOEHHO20 Bio-
HoBIeHHS. IHmezpauis 00 eBponelicbko2o eKOHOMIYHO20 NPOCMopy nompebye ModepHi3auii cucmemu yn-
PABJIIHHS JIFOOCLKUMU pecypcamu, Uugdposizauli 0epicasHo2o ynpassiiHHS, pO3BUMKY IHHOBAUILIHO20 Nio-
NPUEMHUYMBA MA NiIOBUWEHHS MiMXHAPOOHOI KOHKYPEeHMOCNPOMOXCHOCMI poboYoi cusiu. 3Ha4yHuld nome-
HUia1 Mae BUKOPUCMAHHS YUGPOBUX NIAMOOPM 0J1 HABYAHHSI NePCOHATyY, PO3BUMKY €/1eKmMPOHHOI 3al-
HSIMocmi, NIOMpUMKU CMapmania ma iHmez2pauii YKpaiHCbKux cneuianicmia y MixHapooHi NPOEKMU.

EgpexkmusHe ynpasiiHHS NepCOHAIOM y CMApmM-eKoHOMIUj NOBUHHO 6a3yBamMucs Ha KOMNIEKCHOMY
BUKOPUCMAHHI Uugposux HR-mexHono2il. JouinbHo sudinumu maki cmpamezivyHi Hanpsmu (puc.1):

Crpareriyfi HanpsIMu

1ugpoBizallis KaJJpoOBUX MPOIECIB (hopMyBaHHS MI>KHAPOJIHUX KOMaH]I
PO3BUTOK IU(PPOBUX KOMIETEHTHOCTEH ITpa- HiATPUMKA KOPIIOPATUBHOTO HaBYaHHS
Bukopucranus HR-ananituku Ta Big Data PO3BHUTOK KYJIBTYPH IHHOBAIIIH
BITPOBAIXKEHHS TEXHOJIOTiH IITY4YHOTO iHTENe- 3a0e3TeueHHs KibepOe3neKu KaIpoBUX JaHUX
KTy MpaIliBHUKIB

Puc. 1. CmpameeziqHi Hanpamu*

*CeopmosaHo asmopamu [3a mamepianamu 5-6]

Ocobnusy posnb Bidizpae HR-aHanimuka, sKa 00380/5€ OUIHHOBAMU NPOOYKMUBHICMb NEpPCOHAY,
Npo2HO3yBaAMU Kadposi pu3uKU, aHaaizysamu Nompebu y HaBYaHHI ma Npulimamu ynpassiiHCbKI pilueHHs
Ha 0CHoBI 0aHuX. [TOEOHAHHS AHANIMUYHUX NIAME@OPM (3 MEXHOI02ISMU MAWUHHO20 HABYAHHS 3abe3ne-
Yy€e NEPCOHAN3aUit0 YyNnpasliHHA JIF0OCbKUMU pecypcamu ma nidBUULYE epekmuBHICMb 0ig/IbHOCMI MiX(-
HApoOHUX KOMNAHiU.

He mMeHw Baxiusum ¢pakmopom € po38UMOK LuUgdpoBo20 idepcmaad. KepiBHUKU Cy4acHUX OpeaHi-
3auil NoBUHHI BOI00IMU KOMNemeHMHOCMAMU LugdpoBoi mpaHchopmauii, ynpasaiHHS 3MIHAMU, MiXCHa-
POOHOI KOMYHIKaUfi, cCmpamezidHo20 MUC/IeHHS Ma BnpoBaoxeHHs iHHosauild. Came yugpose nidepcmao
popmye ocHoBY 0715 ycniwuHoi' adanmauii' nionpuemcma 00 YymMoB 2/106a/1bHOI KOHKYPeHU.

BuCHOBOK. Takum YUHOM, CMAPM-eKOHOMIKA CYMmMEBO MPAHCHOPMYE MiHCHAPOOHUU PUHOK NPAui
ma cucmemy ynpassiiHHs NepCoHaoM. KOHKYpPeHmMOoCNPOMOXCHICMb NiOnpuemcma 0edasi bi/ibule BU3Ha-
YaemMbCA He MamepiaabHUMU pecypcamu, a AKICMH IH00CbKo20 Kanimasy, pisHem uugdposux Komnemen-
mHocmed, 30amHicmto 00 iHHOBAUIt Ma ecpeKmuUBHICMI BUKOPUCMAHHS Cy4acHUX iHopmayidHux mex-
Hosoeil. Modanbwull po3BUMOK MiXCHAPOOHOI eKoHOMIKU 6yde nos'a3aHud i3 noesubaeHHIM yugdposoi
iHmez2pauji, WUpoOKUM BUKOPUCMAHHAM WMYYHO20 [HMeseKmy, po38UMKOM 2106a/bHUX UudpoBuUX



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. BEIJING. CHINA. 21-22.07.2026

naamgopm ma GopmyBaHHIM HOBOI' MOOesIi YnpasiiHHS IF00CbKUMU pecypcamu, uo 6azysamumemsCs
HA NPUHUUNAX CMAPM-eKOHOMIKU.
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TIFIC AND TECHNICAL POTENTIAL INTO SCIENTIFIC, TECHNICAL, AND INNOVATION OUTCOMES
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2. Minsk, Republic of Belarus

METOANYECKIA MHCTPYMEHTAPWIN OLIEHKY TPAHC®OPMALIMA HAYYHO-TEXHNYE CKOro
[TOTEHLNAJIA TIPOMBILLJIEHHOCTW KNTAS B PE3YJIbTATHI HAYYHO-TEXHUHYECKON U
NHHOBALINOHHOM LIEATEJIBHOCTU

Crot XyalctoaHb

acnupaHm 3KOHOMUYeCKo20 ¢aky/ibmema
benopycckull 20CydapcmaeHHbIl yHuUBepcumem
2. MuHck, Pecnybnuka benapycb

BsedeHue. [IpombiwiieHHbId Komniekc Kumasi, yoenbHbil sec 006as/ieHHOU CmoumMocmu
komopo2o 8 2025 2. 8 BBI1 cmparbl cocmasun 29,7% [1], uepaem 02pomMHyro posib 8 pazsumuu
HAUUOHAIbHOU 3KOHOMUKU U, Kak ciedcmsue, mpebyem 0cobo20 BHUMAHUS CO CMOPOHbI
npasumesibCmBd, npexoe BCe20 C MOYKU 3PeHUs NOBLIWEHUS YPOBHA U 3pgekmusHocmu
mpaHcopmauyuu Hay4Ho-mexHu4Yecko2o nomeruyuasa (HTITm) npoMbiluIeHHOCMU B8 KOHKpemHble
pe3y/ibmamai ee Hay4YHo-mexHu4yeckol u UHHOBAUUoHHoU desmenbHocmu (HTuk/]). Smo obyciosneHo
mem, YmMo B COBPEMeHHbIX YCJI0BUSIX Peasau3ayuu SKOHoMu4eckol NOUMUKU UHHOBAUUOHHbIE NPOUECCh]
HanpasaeHbl Ha obecneyeHue pocma MexHOI02UYHOCMU U KOHKYPeHmMOCNOCO6HOCMU 3KOHOMUKU. B
CBS3U C MeM, YMO Hasuyue HAy4HbIX, 4es08e4eckux, MexHU4YeCcKux, puHaHCoBbIX, UHGOPMAYUOHHbIX U
0pyaux pecypcos, xapakmepusyroujux HTIIm npombIwIeHHOCMU, He 03Ha4aem asmoMamu4yecKyro e2o
mpaHcopmauuro 8 peasbHble pe3yibmamsl HTukl/l, neped npasumesbcmaom Kumas makxce cmoum
3a0a4a BbIpabomka UHCMPYMeHMOoB 0p2aHU3AUUOHHO-IKOHOMUYECKo20 obecneyeHusl YKa3aHHO20
npoyecca, a ee peuleHue sB/11emMcs Ce200HSsI NO-NPEeXHeMy akmyasibHou 0718 20Cy0apcmBad, CmMaswe2o Ha
UHHOBAUUOHHBIU NYMb pA3BUMUS.

OcHosHasi yacmbs. HTIIm npedcmassisgem cobol COBOKYNHOCMb QGUHAHCOBbLIX U HAYyYHO-
mexHu4Yyeckux (mpyooBbix, MamMepuasIbHO-MEexXHUYeCKUX, UHGOPMAUUOHHBIX U 0pP2aHU3AUUOHHbIX)
pecypcos, A makxe yciosul 07  OCYWeCmBIeHUss KOMNJIeKCa HAyYHbIX — UCC1e00BaHull
¢yHOaMeHmManbHo20 U NPUKIAOHO20  Xapakmepda,  ONbIMHO-KOHCMPYKMOPCKUX — pabom,
obecneyuBarowux BHeOpeHue Hay4YHo-mexHU4Yeckol npooyKuuu B X03dUCmBeHHY dessmesibHOCMb
CybbeKkma 3KoHoMuYeckux omHoweHul (npednpusmusi, peauoHa, KJaacmepa, CmpaHbl), popmMupoBaHue
pe3y/ibmamos e20 Hay4YHo-mexHU4yeckol U UHHOBAUUOHHOU 0esmeslbHOCMU HA COOMBemCmBYHU4UX
2MAanax *Wu3HeHHo20 UuKIa uHHosauul [2; 3]. laHHoe onpedeseHue ucxodum u3 moeo, 4mo UMeroujuecs
BO3MOXCHOCMU Mo2ym bbimb 3adelicmBoBAHbI B Hekomopol cmeneHu, onpedesstouwied yYpoBeHb
UCNoJ/Ib308aHUS NomeHyuana. Kak credcmsue 8 0CHoBe onpedesieHusi iexcum mo, Ymo HTIIm — 3mo,
npexcde Bce2o, He pe3ysibMamel, a pecypChl U YC/I08US, YPOBEHb UCNO/Ib30BAHUS U 3a0elicmBOBAHUS
KOMOPbIX HANpsSMyro BJIUSem HA pe3y/bmamsl, 8 O0dHHoM ciaydae HTuk/], obecnewusaem ux
¢opmMUpOBAHUE HA COOMBEMCMBYUWUX 3MAnax MU3HeHH020 YUKId UHHOBAUUU. Takxe B8
npedcmasieHHoU mpakmosKe peyb udem o iobom Bude xo3sicmaeHHol 0essme/lbHOCMU He3aBUCUMO
OM YPOBHS €20 paCCMOMPEHUSI — MUKDO-, M30- UJIU MAKPOYPOBEHb. B CBOK 04epedb MpaHCHOpMayuro
HTIm 8 pe3yabmamsi HTuV MOXHO onpedesiums Kak uesaeHanpasieHHyro oesmesibHoCmb Cybbekma
ynpasaeHuss (20Cy0apCmBeHHbIX O0p2aHOB YNPABJIeHUS, Pe2UOHA/IbHbIX Baacmedl, MeHeoxmeHma
opeaHu3auull), BKYArOWAss KOMNIEKC HAyYHO-MeXHUYeCKUX, MexHO/I02UYeCKUX U 0peaHU3ayuoHHO-
IKOHOMUYeCKUX Meponpusmud No NpeobpazosaHuro GUHAHCOBLIX U HAYYHO-MEXHUYECKUX pecypcos U
yenosull HTuM/ 8 3¢pgpekmbl SKOHOMUYECK020, HAYYHO-MEXHUYeCK020, MEexXHO102U4ecK020, CouUaIbHO20
U 3K0JI02U4ecKo20 Xxapakmepa HA COOMBEeMCMBYHWUX 3MAndx MU3HEHH020 UUKIa UHHoBauud,
obecneyuBaroUUX NoBbILLEHUE KOHKYPeHmMOocnocobHOCMU U UHHOBAUUOHHOCMU 0b6bekma ynpasieHus
(HayuoHaIbHOU 5KOHOMUKU, pe2uoHa, ompac/u, opeaHusauuu) [2; 3].

YnpasnerHveckass dessmesibHOCMb, B8 MOM YUC/e CBSI3aHHAS C HEobXxoOUMOCMbH NOBbILIEHUS
YpoBHA mparcpopmauyuu HTTIm 8 pesyabmamsi HTuVl, mpebyem ee KonudecmsBeHHOU oUueHKU Ha
ocHose usmepeHuss kak HTIIm, mak u pe3ysemamos HTuV/. [ins peweHus ykasaHHol npobaems! 6bi1a
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paspabomarHa coomsemCmBYyrOWds MemoOUKd OUeHKU  YpoBHS — mpaHcgopmauuu — HTIIm
NPOMbIWLIEHHOCMU B pe3y/ibmamsl ee HTul/], cxema peasauzauuu Komopol NpedcmassieHa Ha pucyHKke

[2-4].

1. OnpegeneHie W3 YHCAA PerHCTPHPYEMBIN B HAUNMOHATLHOM CTATHCTIMECKOM
vuete nokaatenei, xapaxrepiusyviounx HTT T npoybimieHHocTi

~F

2. Onpeaencnire 113 MHCIA PErHCTPHPYEMBIX B HALHOHATBHOM
CTATHETIHECKOM VHETE NOKAATENEIT, XapakTepr3vIomnx TpaHcdiopyaunmo
HTTIr nposeimnensoct B pesviastatel ee HTul]

<

3. OrGop 2KenepTHBIM MYTEM 13 MOAVHeHHOro Ha atanax | n 2 nokazareneii,
B HANOOIBIUEH CTENCHN OTBEUAIONUINY LCTAM PA3BITIN NPOMBIULICHHONO
KOMIIICKCA CTPAHBI (PErHOHA) H PEATH3AUHIT HAYIHO-TCXHIHCCKOIT 1
HHHOBALNOHHOI NOIUTHEN rocyJapcTea

ir

4. opampoeanne B gnHAMBEE He Menee. qes 3a 10 nocneannx nepnoios
(ner) Gasel 3HAMEHIIT MOKAzaTeNeil. OTODPAHHBIX HA 3Tane 3

i

3. MNpuBeaeHne K cCONOCTABHMOMY BILTY SHAYCHMIT MOKasaTeaeii.
MPEACTABNCHHBIX B CTOHMOCTHOIT OLICHKE

<>

6. Pacuet 3naueHnii ko iuncHTOR NAPHOI KOPPETALII MCHIY
MOKAZATCAHMH, ,\;ﬂpaKTUpIIJ"FIOLuI[\III HTTI+ I'[p(}.\lbll.l.(,'chHOCTll "
MOKAZATCAAMME, Kﬂpﬂk‘l’cpl[;]'\'mll.ul\lll ero TpﬂHC¢]0pfliaLDll{) B pc]:\'ﬂbTaTl:l
HTuM/1 nposMemaeHHOTO KOMNICKEA CTPaHB! (perinona)

<>

7. OnpeacneHne Ha OCHOBE NOMVHCHHBIX SHAMCHNIT KOMDPUUHEHTOR napHOi
koppensn crenesn Tpancdopaaumn HTTIT npossimnersocTi B
pesvasTatel ee HTulJ wnx uuTepnperans

<>

8. Knacendurauna no crencHn TeCHOTH CBA3M NMOKAZATENEH, XAPAKTEPH3Y LY
HTTIr nposbluaeHHOCTH 1 NOKA3ATEICH, NAPAKTEPIEY IOWNY €ro
tpancdopyamno B pesvaetarel HTuM i ce narepnperauns

! I
| [1.00: 0.6] (0.6:0.3] (0.,3:-0.3) [~ 0.3 :-10.6) [-0.6:-1.0] |
' Cuasnan VMepeHHo Oreyrerene Y MepeHHO Cunbhas I
I MOIHENTCTEHAA MOAOEHTETbHAA FHAMHMOI CBAZH OTPHUATE b HAH OTPHUATCTEHAH |
[ —— T T v __________________ 1

9. PaspaboTea cTpaTerin (HAMPABICHIIT) OBBIUCHNA ¥ POBHA TPAHC(OPMALITI
HTTIT npombimnensoctn B pesvastare ce HTuk L

PucyHoK — Ani2opumm peanusauuu MemoouKku onpedesieHust yposHs mpaHcgopmayuu HTIm
NPpoMbIWLIEHHOCMU B pe3ybmamsi ee HTuM/]
VicmoyYHUK: asmopckas paspabomeka [2—4].
Mexcdy nokazamesnsamu, xapakmepusyrowumu HTTTm NpoMbIUIeHHOCMU U pe3ysibmamamu ee
HTuM/, ¢ mo4ku 3peHuss mecHOmMbI UxX CBSI3U MO2Ym BO3HUKAMb NSIMb ee BUJOB:
— CUJIbHAS NOJIOHUMETIbHAS,
— YMEpeHHO NOJIOXUMESIbHAS,
—0mcymcmaue 3Ha4umMod CB53U;
— YMepeHHO ompuyamesibHas;
— CWIbHAs 0MpuyamesibHasl.
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B obwem ciy4yae BO3MOMCHbI Cedyroujue Cumyayuu, CBSI3aHHble C pas/iuyHol CmeneHbro
mecHombl CBA3U  MexOy NoKAsamesigMu, Xapakmepusyrouwumu HTIIm  npombiluIeHHOCMU U
NoKazamesisimu, Xapakmepusyrowsux e20 mpaHcgopmayuro 8 pesysibmamsi HTukl/:

1. Hapawusarue HTIm (ysenudeHue 3Ha4eHuld nokasamesel e20 Xapakmepu3yrouiux) npusooum
K pocmy pe3ysibmamos HTuk/ (ysenudeHue 3Ha4eHud nokazamesnel e2o Xapakmepusyrouwjux).

2. Hapawusarue HTIm (ysenudyeHue 3Ha4yeHul nokazamesed e20 Xapakmepusyroujux) npusooum
K CHUXceHuro pe3ysbmamos HTuk/] (ymeHbuweHue 3HaqeHul nokazamesed e2o Xapakmepusyrouwjux).

3. HapawusaHue HTIIm (ysBenudeHue 3Ha4yeHuld nokasamesiell e2o Xapakmepusyrouwux) He
npuBOOUM K U3MeHeHuro pesysibmamos HTuM/ (3Ha4eHue nokaszamesiell e20 Xapakmepusyroujux
ocmaemcs 6e3 uamerHeHudl).

4. CHuxceHue HTIIm (ymeHbweHue 3Ha4eHul nokasamesiel e2o xapaKkmepusyrouiux) npusooum K
pocmy pesysibmamos HTuM/] (ysenudeHue 3Ha4eHul nokazamesel e2o0 Xapakmepu3yrousux).

5. CHuxceHue HTIIm (ymeHblwieHue 3Ha4eHull nokasamesel e2o0 Xapakmepusyrouwiux) npusooum K
CHUXYeHUro pe3ysibmamos HTuM/] (ymeHbuweHue 3HaqyeHul nokazamesiel e2o Xapakmepusyrouiux).

6. CHuxcerHue HTIIm (ymeHbuweHue 3Ha4eHuld nokazamesiel e2o Xapakmepu3syrouiux) He npusooum
K uameHeHuro pezysbmamos HTulM/] (3Ha4eHue nokazamesiell e2o xapakmepusyroujux ocmaemcs 6e3
usmeHeHud).

B 3aBucumocmu om KOHKpemHoU cumyauuu cmpameausi 0essmesibHoCmu Cybbekma ynpassieHust
(20cy0apcmBeHHbIX 0peaHoB YyNpasJieHUs, Pe2UuoHAsIbHbIX Bsacmel, MeHeoxMeHma opeaHu3ayudl),
HanpasieHHas Ha NnpeobpazoBaHue GuUHAHCOBLIX U HAYYHO-MeEXHUYeCcKux pecypcos u ycaosul HTuk/] 8
3pdeKkmbl IKOHOMUYECKO20, HaY4YHO-MEXHUYECK020, MEXHO/I02U4eCK020, COUU/IbHO20 U IKOI02UHECKO20
Xapakmepa Ha cOomBemMCcMBYUUX IMANAx HU3HeHH020 UUK/1a UHHoBayud, 6ydem umems cneyuguky,
Komopasi npednosiazaem  paz/iuyHyrd  CmeneHb COOMHOWeHUS ~MemodoB akmususayuu U
cmumyauposarus HTuvl/f] 8 obecneyeHuu 00CMUXCeHUs ee pe3yibmamos.

Heobxooumo umems BBUOY, YMO peanusauus npeocmasaeHHol Memoouku 0adseko He daem
UCYepnbIBaroULe20 omaema o cmeneHu mpaHcopmayuu HTIIm NPoMbILLIeHHOCMU B pe3y/ibMmama| ee
HTuk/ u, mem 6onee, 06 3gpbekmuBHOCMU 3MO20 Npouecca. MIHmepnpemauusi NoJyYeHHbIX 3Ha4eHul
Ko3gpuyueHmos Koppenauuu mpebyem pacCMOMPeHUs Kaxoo2o u3 ucciedyembix nokasamesied
UHOUBUOYA/IbHO, No0Bepeasi pe3y/ibmamsi COOMBEMCMBYWEeMy aHaausy. Hanpumep, 0ocmamo4yHo
04eBUOHO, YMO Mex0y 0omOoesibHbIMU NOKA3amesIamMu, Xxapakmepusyrowumu HTIIm, u nokasamensmu,
Xxapakmepusyrowumu pesysibmamsl HTukl/f], moxem 6bimb BpemeHHOU Jia2, KOmopbil 00HAKO B8
Hekomopol cmeneHu HUBeIUPYHMCS UCN0JIb30BAHUEM BpemMeHHbIX psdos 3a 10 u bosee em.

Hanu4ue nosoxumenbHbiX 3Ha4eHul Ko3p@dUUUEeHMOoB KOoppessuuu Mexoy U3MeHeHUsMU
3Ha4yeHUl nokaszamesel, xapakmepusyrowumu HTIm  npombilIeHHOCMU U NOKA3amessimu,
Xapakmepusyroujumu e2o mpaHcgopmayuu 8 pesysasmamsl HTuM/, no3sossem coenams 0 coBnadeHuu
CmeneHu Ux HanpasJsieHHoCMu. M 4em buxce KosgguyueHm Koppenayuu K 1, mem 3ma cmeneHs Bbiue.
B cBor o4epedb, Hasu4que OmpuuamesibHbiXx 3HaYeHul Ko3p@uuueHmos Koppeasyuu Mexoy
U3MeHeHUsIMU ~ 3Ha4YeHul nokasamesed, xapakmepusyrouwumu — HTIIm  npombiwaeHHocmu U
NoKasameJissMu, Xapakmepu3yroujumu e2o mpaHcghopmayuu 8 pesysbmamsl HTuv/], caudemesibcmayem
0 HecosnadeHuu HANPAaseHHOCMU U3MeHeHUld 3Ha4YeHul paccmMampusaembsiX nokazameseld. 3mo
no3gosisem coesiamb BbIBOO O HU3KOM YyposHe mpaHchopmayuu HTIIm npombiwiieHHocmu B
pe3ysibmamai ee HTuk/[], ymo, Kak npasusio, obyciosieHo ci1abbim s3aumodelicmauem npednpusmud u
npedcmasumeriell Hay4Ho-MexHU4Yeckol cgepbl, HU3KOU UX BOBIEYEHHOCMbIO B NPOb/IeMbl, pelieHust
KOMOPbIX HOCUM UHHOBAUUOHHbBIU Xapakmep.

Kak yxce 6b110 omMmeqeHo Bbilie Memoouka onpedesieHus YposHS mpaHchopmauuu HTIIm
NPOMbIWIeHHOCMU B8 pe3ysibmamsi ee HTuk/] He daem uc4yepnbiBarowe2o omsema o cmeneHu 3moll
mpaHcgopmauuu u, mem bosee, 06 3¢pekmusHOCMU 3M0o20 npouecca. B cB8s3u ¢ 3mum oasbHedwud
aHanusz mpadcpopmauuu HTIIm npombiwieHHocmu B8 pesysibmamsi ee HTuVl[] mpebyem oueHKu
3ppekmuBHOCMU YKA3aHHO20 NPoyecca, Komopasl Moxem bbimb NpoBedeHa 8 paMKax npedsiazaemoll
Hamu MemoouKku, Komopasi npednosiaeaem UCNOJ/b30BAHUE pe3y/ibMamoB paHee pPaccMompeHHol
MemoouKu onpedesieHus ypoBHa mpaHchopmauuu HTITm npombiuieHHoCmU 8 pe3ysibmamai ee HTuk/]
BKJIKOYaem C1edyroujue 0CHOBHbIE SMAansi:

1. Ha ocHoBe OuHamuku 3Ha4eHul nokaszamened HTIm u pe3ysnsmamos HTuk/]
NPOMbIUI/IeHHOCMU ONpede/iumb NPUPOCM 3HaYeHull YKasaHHbIX nokazamesied.

2. Onpedenums memMnbl U3MeHeHUs1 NPUPOCMOB 3HavYeHuld nokasamesned HTIIm u pe3ysbmamos
HTuVlZ] npombiwieHHOCMU.
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3. Paccqumams COOMHOWEHUe Mex0y memMnamu U3MeHeHUs Npupocmos pe3ysibmamos HTull/ u
nokazamesned HTIIm npombiwieHHocmu.  [loly4eHHble  3HA4YeHue  YKA3aHHbIX —COOMHoWeHUl
Xapakmepusyrom 3¢dexkmusHOCMb MPAHCHOPMAYUU KOHKPEmHbIX nokazamesied, Xapakmepu3syrousux
HTIm npombiwieHHocmu, 8 pesysibmamsi ee HTull/l.

4. ViHmepnpemupoBams NOJY4eHHbIe 3HAYeHUs] COOMHOWEHUU MexOy memnamu usmeHeHul
npupocmos pe3ysibmamos HTuM/ u nokazamenel HTIIm npombiieHHOCMU, 0coboe BHUMAHuUe yoesss
nokaszamesism, xapakmepusyrowum HTIIm u pe3yibmamsl HTuV npomMbitiIeHHOCMU, CBS3b Mexoy
KOMOpbIM SIBJISeMCS CUJIbHAS NOJIOXUME/IbHAS U CUMIbHAS OMPUUAmesIbHas.

Heobxodumo ommemumas, YmMo B8 OCHOBe NpedcmasieHHoOU MemoouKU JIeXUm NOJIOXEHUE O MOM,
ymo odesmesibHoCmb no obecnedeHuro mpaHcpopmauuu HTIIm 8 pesyabmamel HTuV npuzHaemcs
apdekmusHoU, eciu memMnbl U3MeHeHUs npupocmos pesysabmamos HTul/[] 6yoym sbiwe, 4em memnb|
U3MeHeHUsI NpUpOCMOB 3HavYeHud nokasamesned HTITm.

be3ycio8HO, npedcmassieHHblIe MemooUKU OUEHKU YPOBHS U 3ppekmusBHOCMU mpaHchopmayuu
HTIm 8 pe3ynemamsl HTuM/], HecmMompss Ha mMo, Ymo UX UCNOJIb30BAHUE 0dem KOJUYeCMBEHHYH
OUEHKY pe3ysibMamuBHOCMU YKA3aHHO20 Npoyecca, 0arom MmOoJsbKO NepBOHAYASIbHY €20 OUeHKY U
no3sosIAtOM  ucciedoBamesiro  HA  NPeosdpumesbHoM 3mane  No02omosuUmMb  HEObXOOUMYH
UHGPOPMAUUOHHYO 6a3y 071 NPUHAMUS 0O0CHOBAHHBIX YNPABIEHYECKUX peweHul no paspabomke
HAY4YHO-MEeXHUYeCKUX,  MexXHOA02u4YeCckux U  OP2aHU3AUUOHHO-3KOHOMUYecKux — meponpusimud,
obecneyqusarouwull 3¢ppekmusHoe NpeobpazosaHue UMeroULUXCA PUHAHCOBLIX U HAYYHO-MEXHUYeCKux
pecypcos 8 coomsemcmayroujue pesyiabmams! HTuVl/l, 8 mom yucie nymem KomMmepuyudadsuzauyuu
HWOKP, Hay4HO-mexHU4YecKux pazpabomok 8 mexHoa02UuYecKue, opeaHu3auyUoHHbIe (ynpasieHyeckue) u
MAapKemuHeoBble  UHHOBAUUU,  gopmupyroujue  Heobxooumbili  YpoBeHb  UHHOBAUUOHHOCMU
NPOMbIULLIeHHOCMU 019 obecneyveHuUs ee KOHKYPeHmMOoCcnocobHOCMU.

Lna  npeodosieHuss cnoxHocmel, CBSA3AHHbIX C  HU3KUM YpoBHEM U  3¢hdeKkmuBHOCMbIO
mpaHcpopmauuu HTIm 8 pesyabmamsi HTuV[ npombiliieHHOCMU Heobxooumo OdsibHeluee
pazsumue pbiHKa UHHoBayud, popmMupoBaHue UHHOBAUUOHHO-NPOMbIUI/IeHHBIX K1IACMepoB C KtoYesol
pOJIbt0  CYOBbeKMoB  UHHOBAUUOHHOU — UHGPACMPYKMypbl, nNpexde BCe20, MeXHONAPKOB KAk
cucmemoobpasyrouux cyb6beKkmos UHHOBAUUOHHOU UHGPACMPYKMYypPbl, obecnequsarouux co30aHue
HOBbIX NPou3B00CMB C npusjedeHuem npedcmasumesnel Hay4YHo-mexHu4eckol ceepbl. [Ipu 3mom
OCHOBHAS Uesib CO30aHUS U GYHKUUOHUPOBAHUS CYybbeKmoB NPouU3BOOCMBEHHO-UHHOBAUUOHHOU
UHGPACMPYKMypbl ABJISMCH UHUUUAIU3AUUS UHHOBAUUOHHOU aKMUBHOCMU U UCN0/Ib308aHuUs HTITm
0711 BoCNpou3BoOCMBA yc/108ull CYU,eCmBOBAHUSI Ye/108eKa U YCKOPeHUs] B PAMKAX CMEHSIHUUXCS
obuecmBeHHO-3KOHOMUYeCcKUx gopmauul Npouecca CMAaHoBIeHUS U pa3BuUMmuUsi Camo2o Yesiosekd B
Pe2UOHA/IbHBIX  COUUATbHO-9KOHOMUYECKUX CUCMeMax pas/iudHo20 YpoBHS U macwmaba nymem
BbisiBJIeHUS] U 0b6beduHeHus ycusul, 3auHmepecoBaHHbIX Opy2 B Opyee npedcmasumeseld Hay4yHo-
mexHu4eckoU cgepbi u cybbekmos X0350UCMBOBAHUS, OP2AHU3AUUU UeHMPOB HAYYHO-MEXHO/I02UYeCKUX
uccedosaHull, UHaHcUpyembix, npexcoe sce2o, 3a cyem 20Cyo0apcmad.

Paspabomka u peasu3ayusi  KOMNJIeKCa  HAay4YHO-MexXHUYecKux,  MmexHO/102u4eckux U
0P2aHU3AUUOHHO-IKOHOMUYeCKUX ~Meponpusmul no  nNpeobpa3oBaHuro GUHAHCOBLIX U  HAYy4YHO-
mexHuU4Yeckux pecypcos u ycaosul HTuM/] 8 3¢gekmbl 3KOHOMUYECKO020, HAY4YHO-MEXHUYeCKoeo,
MEexXHOJI02U4eCKO20, COUUA/IbHO20 U 3KOJI02UHeCKO20 Xapakmepa HA COOmBemCmBYWUX 3manax
MU3HEHH020 YUuK/Ia UHHOBayud, obecnevyusaroujux nNoBbIleHUe KOHKYPeHmMOocnocobHocmu U
UHHOBAUUOHHOCMU  06bekma  ynpassieHuss (HaUUOHA/IbHOU — 3KOHOMUKU, — pe2uoHd, ompaciu,
0p2aHU3ayuU), B COBPEMeHHbIX YCA0BUSX peaau3ayuu UHHOBAUUOHHOU NnosumuKku  mpebyrom
OasibHelie20 UX COBEpUIeHCMBOBAHUS, B MOM YUC/ie NymMeM CO30aHUSI pas/udyHbIX UHCMPYMEeHMOoB U
NOCMOsIHHO20 noucka bosiee coBepuIeHHbIX 0P2aHU3AUUOHHO-3KOHOMUYeCKUX ¢opm B3aumodeldcmBust
cybbekmoB UHHOBAUUOHHOU 0essmesibHOCMU, OMBeYaroUUX BHYMPEHHUM YC/I0BUSIM PA3BUMUSI CMPAHb!
U COBPEMEHHbBIM MeXOYHAPOOHbIM BbI30BAM.

3akstodeHue. [losbilieHue YpoBHS U 3pdekmusHocmu mpaHchopmayuu HTIIm 8 pe3ysibmamasi
HTuk/], mpebyem ux KosuyecmseHHOU OUeHKU Ha 0CHoBe u3mepeHusi Kak HTITm, mak u pe3y/sibmamos
HTun/l. Ana peweHus ykasaHHol npobiems! bbi1 pazpabomaH coomsemcmasyrouuld memooudyeckud
UHCMpPymMeHmMapud, BKIHYAaroUUU:

— MemoOuKYy OUeHKU YpoBHA mpaHchopmauuu HTTIm NpoMbILLAEHHOCMU B8 Pe3y/ibmdamsbl ee
HTuM/], ocHoBaHHYrO Ha pacdeme Ko3p@duuueHmos Koppensuuu mMexdy 3Ha4YeHUsmMuU nokasamesed
HTIIm u nokazamesisimu, Xapakmepusyrowumu e2o0 mpaHchopmayuro 8 pesyabmamsi HTuv/.

— MemoouKka OUeHKU 3¢gekmusHocmu mpaHcpopmayuu HTIIM  NPoMbIWLIEHHOCMU B
pe3ysibmamsl ee HTuM/], OCHOBAHHYHO HA pacyeme COOMHOWEHUe Mexdy MeMnamu U3MeHeHUs
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npupocmos pesysabmamos HTuM/ u nokazameneld HTIIm. B ocHose npedcmassieHHoU MemoouKku
JIeXCUM  NOJIOXeHuUe O MmoM, Ymo OesmesibHOCMb Nno obecneyeHuro mpaHcpopmayuu HTIm 8
pesynbmamal HTuk/] npuzHaemcs 3gpgdekmusHoU, ecsiu memnbl U3MeHeHUs NPUPOCMOB Pe3y/IbMmAamos
HTuM/] 6ydym 8bilwe, 4em memnbi USMeHeHUs NPUPOCMOoB 3Ha4YeHuld nokazamenel HTIIm.
lpedcmasneHHbIl 8 pabome memoduyeckul UHCMpPYymMeHmapud HecMompsi Ha Mo, YMO e20
UCnosib308aHUe 0aem KOJUYECMBEHHYH OUEHKY pe3ysibmamuBHOCMU YKA3aHHO20 Npoyeccd,
dopmupyem mosibKO NEepBOHAYAJIbHYHO OUEHKY U NO3B0JISem JIUUAM NPUOaroWUM pelleHus] Ha
npeosapumesibHoOM 3mane nNoo20MOoBUMb HEObXOOUMYI UHPOPMAUUOHHYH 6a3y 018 NPUHSIMUS
060CHOBAHHbBIX YNPABICHYECKUX peweHud No pa3pabomke Hay4Ho-MexHUYecKux, mexHoI02U4eCcKux U
0p2aHU3AUUOHHO-3KOHOMUYECKUX meponpuamud, obecnequsarouwul 3pgdexkmusHoe npeobpazosaHue
UMEHUUXCA  (PUHAHCOBbLIX U HAYYHO-MEXHUYEeCKUX pecypcoB8 B COOMBEMCMBYUUe pe3y/bmamel
HTuM/, B8 mom yucne nymem kKommepuuanuzauuu HWOKP, Hay4yHo-mexHuU4Yeckux paspabomok B8
mexHo/102u4ecKue, op2aHU3auUoOHHbIe (ynpasieHYyeckue) u MapkemuH208ble UHHOBAUUU.
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Abstract

The article examines the complex ecohydrological and biogeochemical mechanisms underlying the
influence of sparse (rare) tree vegetation on water balance, soil dynamics, and the spatial architectonics
of biodiversity in semi-arid steppe ecosystems characterized by shallow groundwater tables. Based on a
systematic analysis of transpiration fluxes, evaporation, canopy interception, and thermodynamic pa-
rameters of evapotranspiration in arid landscapes, key moisture redistribution mechanisms are identified
in the presence of solitary trees and low-density tree clusters.

The authors conducted a differentiated assessment of the hydrological influence radius for key
tree species of arid and semi-arid complexes, including willow (Salix spp.), mulberry (Morus spp.), apricot
(Prunus armeniaca), and almond (Prunus dulcis). It is proven that the discrete introduction of these tree
species does not destabilize the overall hydrological balance of the watershed area; however, it initiates
the formation of sustainable spatial heterogeneity with localized zones of increased humidity and bio-
logical activity. It has been established that these loci function on the principle of "islands of fertility":
they effectively damp hydrothermal stress, reduce the risks of ascending capillary soil salinization, and
act as catalysts for local autochthonous biodiversity of flora, mycobiota, and faunal complexes. The re-
sults obtained open up new prospects for designing sustainable agroforestry landscapes, developing ra-
tional land-use strategies, and remediating degraded steppe lands in arid and semi-arid regions.

AHHOMauus

B cmamee paccmMampusaromcsi KOMNJIeKCHble 3Ko2udposioaudeckue u buoeeoxumuyeckue mexa-
HU3MbI BJIUSIHUSI pa3pexceHHol (pedkoll) opesecHold pacmumesibHOCMU HA BOOHbIU 6AnaHC, OUHAMUKY
NOYBEHHbIX NPOYECCOB U NPOCMPAHCMBEHHYH ApXUMeKMOHUKY buopazHoobpasusi 8 NOyCyxux cmen-
HbIX 3KOCUCMEeMAx, Xapakmepusyroujuxcsl 61U3KUM 3aie2aHuemM 3epKasa 2pyHmoBbix 800. Ha ocHose cu-
CMemMHO20 aHau3a mMpPAaHCNUPAYUOHHbIX NOMOKOB, UCNAPeHUs, UHmepuenyuu (nepexsama ocadkos
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KPOHamu) U mepmMoOUHAMUYecKux Napamempos 38an0MpPAaHCNUPAUUU 3aCyU/IUBLIX IAHOWAdmMOoB BbisB-
JIeHbI KJTH04eBble MeXaHU3Mbl NepepacnpedeseHus 81a2u 8 NPUCYMCMBUU COAUMAPHbIX 0epesbes U Kid-
CmepoB C HU3KoU NJIOMHOCMbHO NOCAOKU.

Asmopamu nposedeHa oupdepeHyupoBaHHas oueHKa paouyca 2u0posI02UYECK020 BJIUSHUS KITHO-
yeBbIX 0peBecHbIX BUOOB APUOHO20 U CeMUdPUOHO20 KOMNJIeKCOB, BKoYas usy (Salix spp.), mymosHUK
(Morus spp.), abpukoc (Prunus armeniaca) u muHOasb (Prunus dulcis). JokazaHo, 4mo ouckpemHas uH-
MPOOYKUUS OaHHbIX OpeBeCcHbIX BUOOB He decmabusiusupyem 2/106a/1bHbIl 2udposiocudeckuli 6anaqc 8o-
docbopHol meppumopuu, 00HAKo UHULUUPYEm GopMUpoBaHue ycmolvyusold NpocmpaHcmBeHHol Mo3a-
UYHOCMU C JIOKA/TbHBIMU 30HAMU NOBbIWEHHOU BAAXHOCMU U buoio2udeckold akmusHOCmU. YcmaHos-
JIeHO, YMO OAHHbIe JIOKYCbI PYHKUUOHUPYOM NO NPUHUUNY «0cmpoBos naodopodus» (islands of fertility):
OHU 3¢ppekmusHo demnupyrom 2u0pomepMuUYecKuli Cmpecc, CHUMXCAomM PUCKU BOCXO0AWE20 KanUJI/Isap-
HO20 BbICA/IUBAHUSI NOYBEHHO20 NPOGU/IS U BLICMYNAOM B POJIU KAMAAU3AMOPOB JI0KAIbHO20 ABMOX-
MoHHo20 buopazHoobpasus Giopbl, MUKOOUOMbI U payHUCMUYECKUX KOMNJIEKCOB. [1o/1y4eHHbIe pe3y ib-
mamael OMKPbIBArOM HOBbIE NEPCNeKMUBLI 0J1 NPOEKMUPOBAHUS YCMOUYUBbLIX a2po1ecoMmesIuopamus-
HbIX 1aHOWagpmos, paspabomku cmpameaudl payuoHaabHO20 3eM1eno/b30BAHUS U pemeduauuu 0ezpa-
OUPOBAHHbBIX CMeNHbIX 3eMeJib B8 APUOHbIX U CEMUAPUOHbIX PE2UOHAX.
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Prunus armeniaca) F1R#E (Prunus dulcis) BIKFMEFEFZRIAT T 254 0HE . BFHFCUERH, BHEI
NIX SER A IR I AAR (R 7K SO AT, B 2R3 BB A w5 5 0 v AR A 1 =y 3 X 3k e
AIPEERGE R . TR AR, XSRS BBA " Uslands of fertility) : BEWS A SUIRLE KW
8, PRI AR S XS, R St Y X R, EEEBE R R
R 2RI R .. PRGN TR TR G T RS E G500, file &8+
oA SRS S B R B R TR

Keywords: semi-arid steppe, ecohydrology, evapotranspiration, hydraulic lift, islands of fertility,
capillary soil salinization, agroforestry.

KnroyeBbie €/108a: NOycyxas cmenb, 3K02udposio2us, 38ANOMPAHCNUPAyUs, 2udpasiudeckud
nodwem (hydraulic lift), «ocmposa naodopodus», KanusisspHoe 3acosieHue NoYs, azpoaecoMeUoPayUs.

XEE: FTEER, £85KCH, iUk, K Chydraulic lift) , BASE, EBME+
g T, KRE S/ KL REFR,

1. BeedeHue

MMonycyxue cmenHble U dpuoHble AaHowagdmsl Npeocmasasom Ccobol  3Kocucmemsi,
PYHKYUOHUPOBAHUE KOMOPbIX JIUMUMUPOBAHO MecmKum deguyumom docmynHol B/aaeu  npu
3IKCMPemasibHoO BbICOKUX 3HAYEHUSX NOMeHUUAIbHo20 UCNApeHUs (ammocgepHo20 cnpoca Ha siazy). B
2€071020-MOPPO/I02UHECKUX YCOBUSX, XAPAKMEPU3YIOWLUXCA GJIU3KUM 3a/1e2aHUeM YPOBHS ePyHMOBLIX
Bo0 (¥[B<2.5-3.0 M), K/o4eBbiM ¢dakmopom 0Oe2padayuu NOYBEHHO20 NOKPOBA CMAHOBUMCS
UHMEeHCUBHbIU BOCX00AWUU KanuiIapHbIl NOObeM MUHEepa/Iu30BaHHbIX NO03eMHbIX B800. JaHHbIU
npouecc Heu3bexHo NPUBOOUM K UHMEHCUGUKAYUU BMOPUYHO20 NOYBEHHO20 2a/102eHe3d (3acoieHus),
PaspywieHuro CMpyKmypbl NOYBEHHO20 NO2/IOWAUE20 KOMNJIeKCa U npozpeccupyrouseli apuousayuu
meppumopuul.

TpaouyuoHHble MemoObl CNJIOWHO20 J1eCopas3BedeHuss B CemMUdPUOHbIX 30HAX HEpeoKo
HamasnakuBaromMcs HA 3KOJI02UYeCKUe 02paHUYeHUS: NJIOMHbIe J1eCHble HACa}OeHUs UCmouiarom
BOOOHOCHbIE 20pU30HMbI, NPespawdscb B Yucmblie nompebumenu B7d2u. B ¢BA3U C 3MUM
pyHOameHmManbHbId HAY4YHbIO U NPUKIAOHOU UHMepec npuobpemaem KOHUENUUS Pa3pexeHHORo,
MO03au4Ho20 BHedpeHuUs dpesecHol pacmumesibHOCMU. EQUHUYHbIE 0epeBbs U Masible 2pynnbl CNOCOOHbI
MPAHCHOPMUPOBAMb MUKPOK/IUMAMUuYeckue napamemps 1aHOWagdma 3a cyem usmeHeHusi asabbedo
noBepxHocmu, mypbyieHMHOCMU NpU3eMHbIX BO30YUIHbIX NOMOKOB, Nepexaama ocaokos (interception)
U 2/1y60K020 KOPHEBO20 NO2/IOWLeHUSI.
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Tem He meHee, cuHepeemuyeckul 3¢gdekm B3aumooelicmaus 2udposIocUYecKUX UUKI0B PeoKux
0peBecHbIX UeH0308 U NPOCMPAHCMBEHHO20 NAmMmMepHa buopasHoobpaszus noaycyxux cmened 00 cux
nop ocmaemcs c1abo popmManu308aHHbIM B 3K002U4eCKol 2e0102uu, Yo onpedesisem aKkmyaabHOCMb
HACMOAWe20 UCC/Ie008AHUS.

254032026, 15:52

= S~ A T AN s ) / =
Puc. 1. [leepadayuu noyseHHo20 NnokpoBa.( Keipebi3cmar Quickas obnacme. Ceno Kepkudax)

2. Mamepuasibl u Memoobl

Teopemuko-memodosioeudeckoll  ocHoBol — pabombi — NOCAYHUMA — CUCMEMHbIG  NOOX00,
06beduHArWUl Memoob! IAHOWA®MHO-3K0102UHECK020 aHaIu3d, Meopul 3K02uoposiocuu [pHakcoHa—
bpewwupca u mepmMoOuHAMu4yeckoeo MoOenuposaHus no4YseHHol s8/a2u no modenu Pudapoca. B
kadecmse smnupudeckol 6asbl  UCNOL30BAH MEMAdHadau3 NPOPUIIbHbLIX — 2UOPOJIO2UHECKUX,
2€03K0J102U4ECKUX U NOYBEHHO-60OMAaHUYecKux uccaedosaqull 3acywiusbix 30H Espasuu u L{eHmpasnbHol
A3uu, Ha npumepe (r02 Kbipebi3cmana,.

: ). TR

Puc.2. [leepadauuu no4YBeHHo20 NOKPOAA.
OueHka paduyca 1aHoWagpmHo-eudpos102u4ecko2o U buo2eoyeHoMUYeCcKo2o BIUSHUS e0UHUYHbIX

Oepesbes (R, M) paccqumsiBanace ¢ y4emom Ko3pduyueHma dapxXumekmoHUKU KDPOHbI U

NPOCMPAaHCMBEeHHOU NPOMSAXEHHOCMU KOpHEeBoU 3KCKYpCUU No pacluupeHHou smnupuyeckol popmyie:

.
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R:Karc‘(G'Rc)

20e

( Rc ) — paduanbHbil paduyc Npoekyuu KpoHsl 0epesa (M);

a — 3Mnupuyeckull KospouuueHm KopHesol uHBasuu (Bapbupyrowud om 1.5 do 3.0 8
3aBUCUMOCMU OM KCepopumHocmu 8udd);

K arc — 6e3pa3mepHbil KodgduyueHm nAo0mMHOCMU U 3ameHsrouweld CnocobHOCMU KPOHbI

(uHmepsan 0.85-1.2).

3. Pe3ynbmamel u 06cyxoeHue

3. 1. [eoaKoso2u4eckue MexaHu3mMbl mpaHcgopmayuu 8o0Ho20 b6aiaHca

[poBedeHHbIt aHaIu3 NOKA3bIBaem, 4mo UHMPOOYKUUS peOKUX OpeBecHbIX 371eMEeHMOoB KOPEeHHbIM
0b6pazom nepecmpausaem mepmMoOUHAMUYECKYHo CMPYKMYpPY BOOHO20 UUKIA CMenHoU 3Kocucmemal.
lMpoucxodum KayecmseHHbIU nepexod om HenpoOyKMUBHO20 GuU3UYeCKo20 UCNdpeHuUsi C NOBEPXHOCMU
20100 NOYBBLI K peaysiupyemomy buo102u4eckomy mpaHCNUPAayUOHHOMY MOKY.

OCHOBHbIe KOMNOHEHMbI 0aHHO20 MEeXAHU3MA BK/IHOYAOM.

1. 3¢dekm Mukpokumamu4ecko2o 0emnguposaHus: 3ameHeHue KpOHOU CHUXaem UHCOMAUUIO
noYseHHo20 Nokposa nod oOepesom Ha 40-70%, 4mo npusooum K nNAOeHUr0 memnepamypsbl
NOBEPXHOCMHO20 C/108 NOYBLI B CpedHeM Ha 4—8°C. Imo 1aBuHO0b6pasHoO CHUX@caem 2padueHm 0as/ieHuUs
NoOYBEHHO20 NApPA U, Kak c1edcmaue, MUHUMU3Upyem NpsmMoe gusudeckoe ucnapeHue.

2. ®eHoMeH eudpassiudeckozo nepepacnpedenerus (Hydraulic Lift): [nybokue cmepxcHesble
KOpHeBble cuCMeMbl paccMampuBaemMbix BUOOB CNOCOOHbLI DOCMU2ame KanuiispHoU KaltiMel 2pYHMOBbLIX
B00. B HoYHoU nepuod, Ko2da ycmbuyad 3aKpbiMbl U MPAHCNUPAUUOHHOe 0assieHue nadaem, KOpHesas
cucmema NAaccusHoO NepeHocum B/1azy U3 21y60oKuUX 20pU30HMOB B UCCYUIEHHbIE BepXHUE C/I0U NOYBbI NO
2padueHmy BOOHbIX NOMeHyuUasos. 3ma «nNOOMSAHymas» B8/d2d CMAHOBUMCS  00CMynHOU
MPassHUCMOomy Spycy 8 paouasbHoU 30He B/IUSHUS 0epesd.

3. Pezynauus easoeeHe3a: AKMUBHOE No2iowieHue B/id2u KOPHSIMU Oepesd B8 2/1yb0KuX
20pU30OHMAX CHUX@em 2udpocmamuyeckoe 0adsJsieHue B8 Kanuiisgpax nod 0epesomM, oelicmays Kak
JIOKQ/IbHbIU «6UOI02u4eCKUll OpeHax c». mo yoepiusaem ypoBeHs 2PYHMOBbLIX BOO HUXE KpUMUYeCcKoU
OmMemKU UcndpeHus, Nnpecomapaulds HaKonJeHue moKCUYHbIX conel (cysabgpamos u xaopudos) 8
KOpHeobumaemom cJioe.

3.2. jupeperyuauusn paduyca 2udposio2u4ecko2o BUSHUS NO BUOAM

B xode uccnedosarull ycmaxos/ieHa Yemkas B8udocneyuduyHocms NPOCMPAHCMBEHHbIX 30H
BJIUSIHUS, 0emepMUHUPOBAHHAS MOPhOI02UYeCKUMU CMPame2usiMu 0pesecHbIX BUOOB:

JlamuHckoe Pycckoe HassaHue | PacqemHbit paouyc | KopHesas cmpamezusi U apXUmeKmMOHUKA
HassaHue suda | suoda 2U0pOosI02UHECKO20  BJIUSIHUSA

(R M)
Salix spp. WBa (BuOkbI) 8.0-15.0 ®peamogum. [y6oKas CKBO3HAS KOPHeBas

cucmemd, BbICOKAss UHMeHCUBHOCMb
MPAHCNUPayUL, MouHbIt 6UOOPeHaxHbIl

apdekm.
Morus spp. TymoBHUK 6.0-10.0 PaszsemsJieHHAs, MOUJHASI KOPHEBAs cucmemd.
(LLlenikosuya) Bbicokas nowadsb aucmosoll NoBepxHOCMU,
BbIPAY(eHHOe 3ameHeHue.
Prunus armeni- | Abpukoc 4.0-8.0 Meso-kcepogum. [71y60oKuUe SKOPHbIE KOPHU,
aca 06bIKHOBEHHb I YMepeHHas mpaHcnupayus, BbICOKAs
NAAcmMUYHOCMb K degpuyumy saazu.
Prunus dulcis MuHdasb 3.0-50 CknepodunbHbIl Kcepogum. MakcumanbHas
06bIKHOBEHHbIU adanmayus K 3acyxe, KOMNAKMHAs 30HA B/IUSHUS,

IKOHOMHbIU ,DGCXO@ BJiazu.

lpu onmumasbHol pacyemHold NJIOMHOCMU NOCAOKU B8 npedesax 8—12 3K3eMn/ifipos Ha 2eKmap
30HbI B/IUSIHUS HE NEpeKpbIBarOMCcsl NOJIHOCMbH. bnaeodaps 3momy npedomaspauiaemcsi CniowHoe
ucmoujeHue B0OOHOCHO20 20pU30HMA, HO opmupyemcs cOanaHCUPOBAHHAS NPOCMPAHCMBEHHO-
MO3AaUYHas CMPYKMYypa YBJIaxHeHUs meppumopuul.

3.3. ®opmuposarue pumouyeHomuYecKux 3KOMOHOB

BusiHue 0epesa HA MPAssHUCMYH PACMUMesIbHOCMb NOOYUHAEMCS 3AdKOHAM Kadccu4eckol
KOHUenuuu 1aHoWagpmHbix 3KOMOHoB. [[pOCMPAaHCMB0o CMPYKMYpUpYemcsl Ha mpu 30HbI:

« [ToOKpoHOB0oe npocmpaHcmBo (LjeHmpasnbHas 30Ha): 30eck xecmkull aumumupyrowuli pakmop
UHCO/IAUUU U Nepexsam 4acmu 0cadkos 2ycmod UCmBoU Bedym K CHUMCEHU BUOOBO20 pa3HO0bpasus
MUNUYHBIX 2euoPusIbHbIX CMenHbIX 3/1akoB. OO0HAKo mym 3aKpensisslomcsi MeHeBbIHOC/IUBbIe U
HUMPOU/IbHbIE BUOBI.
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e OnyweyHas 30Ha (FpaHuya npoekyuuU KpoHbl): JIOKYC MAaKCUMasabHo2o buopasHoobpasus
(3¢ppekm skomoHa). KombuHauus YMepeHHo20 3ameHeHus, 3auiUmbl Om UCCYWAroujux Bempos
(cyxosees) u docmynHocmu 8aazu 3a cdem hydraulic lift npusodum k Bcnaecky sudosozo boeamcmaa
MpPasaHUCMBbIx pacmerud (0o +35% no cpasHeHuro ¢ omKpbIMoU cmensro).

e GoHOBas cmenb: Teppumopusi BHE 30HbI BJIUSHUS 0€peBd, COXPAHAWAs UCXOOHbIe
CemMuapuoHbie Xapakmepucmuku.

3.4. Akmusayus 30aguyeckoll MUKO- U MUKPObUOMBI

[lo0 KpoHamu OepesbeB GUKCUPYemCca 3KCNOHEeHUUA/IbHbIO poCm aKmuBHOCMU 30agoHa.
[ocmosHHbIG 0Nad UCMbEB U KOPHEBbIe 3KCCYOamb! YBEIUYUBAOM KOHUEHMPAuuro 1abusibHo20
0P2aHUYECK020 y21epooa U 2yMycoBbiX ppakuyud. B 3mux 30Hax YUCIeHHOCMb CanpompodHbix bakmepudl
U akmuHomuuemos sospacmaem 8 2.4-4.0 paza no CPABHEHUd C OMKPLIMbIMU Y4ACMKAMU Cmenu.
Gopmupyrouuecs MUKopusHbie cemu (apbycKyaSpHO-8e3UKYASPHAS MUKOPU3A) Y/TyHWarom azpe2amHabil
COCMAB NOYBbI, NOBbILIAS €€ BOOOYOePHUBAIOULYH CNOCOBHOCMb U NOPUCMOCMb A3pAyUU.

ABmopamu nposedeHa OUeHKa  2Uu0pOsIo2UYecKo20 BJIUSHUSI KJ/IHO4YeBbiX OpesecHbIX BUOOB
apuoHo20 U cemudpudHo20 Komnnekcos, (Salix spp.) mymosHuk (Morus spp.),00Ka3amesibCmsom

CITYHCUM YHEe NOCAXeHHOe U pacmyusdst aeieso. _

Puc 3. (Morus spp. TymosHuk, LLlesikosuya).

3.5. @ayHucmu4eckue KoMniekcbl U mpoguyeckue cemu

Co/lumapHsie 0epeBbs BbINOJIHAOM POJib BAXCHEUWUX 6UOLEHOMUYECKUX UeHMPOB NPUMSHEHUS
(ecological hubs).

e ABuagayHa: /lepesbs npedocmassisom cybcmpam 05 eHe3008aHuUs, NpUcaobl 0719 OXOMbl
XUUWHBIX NMUY U 3aUWUMY 0M HA3eMHbIX XUUHUKOB.

e JHmomodgpayHa: Ljsemerue dpesecHbix 8udo8 (Prunus spp., Morus spp.) npusiaekaem maccy OUuKux
Hacekombix-onbiuiumesned, cmabunu3upyss penpooyKMUBHbIE UUKJbI  OKPYXAOULe20  CMenHo20
PA3HOMPABbS.

e TepuogayHa: B KopHeBbix cucmemax GOopMUPYHOMCA KOJOHUU MeJIKUX MJIeKONUMAaroujux,
KOMOopble paspbix/Istom NOYBY, CNOCO6CMBYS BepMUKA/IbHOU UHPU/IbMPAYUU 0CA0KOB.

4. BbiBOObI

1. PaspexeHHasi 0peBecHass pacmumesibHOCMb B YC/I0BUSIX NOJIycyxod cmenu ¢ 6IU3KUM
3ase2aHuem 2pyHmoBbIX 8OO BbICMyndem B8 KaYecmse JaHOWagdmH+Ho2o cmabusiuzamopda, co30asas
JIOKQJ/IbHblE 2U0posIo2UYeCcKUe 30HbI BUSHUS paduycom om 3 0o 15 mempos B 3asBucumMocmu Om
buosnoeu4ecko2o sBUAA.

2. Knro4yesbimM 2udpoouHamuyeckum sgpekmom s8/19emcs nepepacnpedesieHue Bo0H020 basaHca:
nooassieHue  HenpooyKMUBHO20  (PU3UYECKO20 — UCNAPeHuss U Kanu/sispHo20 — ansesjiuHed
MUHEpAasIu308aHHbIX BOO, YMO MUHUMU3UPYEm PUCKU COI0HYAKOBO20 Nnpoueccd.
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3. EOQuHuYHble OpeBecHbie UHMpPOoOyueHmbl popmupyrom ycmolyusbie «ocmposad nao0opoous,
Xapakmepusyroujuecss NOBbILWLEHHbIM NYJIOM 0Op2aHUYecKo2o Bewecmsd, passumodl noyseHHol buomod
U BbIPAX(EHHbIM 3KOMOHHbIM 3PPeKmom.

4. [pocmpaHcmMBeHHas Mo3auyHoCMb aHOWAagdma, 2eHepupyemasi NIOMHOCMbH NOCAOKU 8—12
dep./2a, npusodum K pocmy asib@a- u bema-pasHoobpaszus cmenHol 3KoCUCMeMbI 8 UEJIOM.

5. 3akmoverue

YnpasneHue cmpykmypol u NJIOMHOCMbHO peoKUX OpesecHbIX Hacax)deHul npedcmasssem cobol
BbICOKOIGPEKMUBHYH, 3K0J102U4ECKU COAIaHCUPOBAHHYH MexHoI02u buomenuopayuu. Mosau4yHoe
obnieceHue Mmoxem cyxums 6a308bIM UHCMPYMEHMOM NpU  NPOEKMUPOBAHUU  HAUUOHAIbHbIX
npozpamm no bopbbe ¢ onyCMbIHUBAHUEM, BOCCMAHOBIEHU 0€2padupOBAHHBIX 3eMeJib dPUOHBIX 30H U
C030aHuU0 YcmolyuBbIX KapKacos CMenHo2o NpUpo0oN0ib308aHUS.
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Medical sciences

THE PEDIATRIC EXPOSOME AND EPIGENETIC PROGRAMMING: ENVIRONMENTAL DRIVERS OF IM-
MUNE, METABOLIC, AND NEURODEVELOPMENTAL DISORDERS

Zhaimbayeva Roza
Medical doctor, general practitioner TOO DaniyaMed
Turkestan, Kazakhstan

Abstract

Background: The pediatric exposome integrates chemical, physical, nutritional, psychosocial, and
built-environment exposures across sensitive developmental windows. Epigenetic remodeling may con-
vert these exposures into persistent immune, metabolic, and neural phenotypes.

Methods: PubMed/MEDLINE and Scopus-targeted literature searches covered January 2016-July
2026. Human studies from high-income countries with prenatal or childhood exposure measurement and
immune, metabolic, neurodevelopmental, or epigenetic outcomes were prioritized. Twenty core studies
were narratively synthesized. A focused random-effects meta-analysis combined three population-based
North American cohorts reporting adjusted associations between prenatal PM2.5 and autism spectrum
disorder (ASD).

Results: Evidence converged on oxidative stress, placental signaling, DNA methylation, microRNA
regulation, immune maturation, and metabolic reprogramming as cross-domain pathways. The pooled
relative effect for ASD per study-specific interquartile-range increase in prenatal PM2.5 was 1.07 (95%
Cl 1.03-1.11,12=0.0%), indicating a small association with low observed statistical heterogeneity. HELIX
multi-omics studies demonstrated broad molecular signatures but also cohort- and tissue-specificity.

Conclusions: Early-life exposures may shape pediatric disease susceptibility through partially
shared epigenetic and inflammatory mechanisms; however, residual confounding, exposure misclassifi-
cation, tissue specificity, and selective reporting limit causal inference. Repeated biosampling, mixture-
aware models, and preregistered mediation analyses are priorities.

Keywords: pediatric exposome; epigenetics; DNA methylation,; developmental origins of health and
disease; air pollution; endocrine-disrupting chemicals; childhood obesity; asthma; neurodevelopment;
meta-analysis.

Introduction

The developmental origins of health and disease framework proposes that pregnancy, infancy, and
childhood are periods in which environmental signals can durably alter organ function. The exposome
extends this model beyond single toxicants to the cumulative external environment and its internal bio-
logical response. Children are uniquely susceptible because detoxification, immune tolerance, adipocyte
development, synaptogenesis, and blood—-brain barrier maturation are incomplete, while exposure per
kilogram body weight is often higher than in adults [1-4].

Epigenetic programming—DNA methylation, histone modification, chromatin accessibility, and
non-coding RNA regulation—offers a plausible memory system linking transient exposures with later dis-
ease. Yet epigenetic marks can be exposure biomarkers, adaptive responses, consequences of disease, or
mediators. This review evaluates recent evidence from advanced health-research settings and asks
whether common environmental drivers produce shared molecular pathways across immune/allergic,
metabolic, and neurodevelopmental disorders.

Methods

Design, information sources, and search strategy

A structured narrative review with a focused quantitative synthesis was conducted. Searches were
designed for PubMed/MEDLINE and Scopus using combinations of controlled vocabulary and free text:
(child* OR pediatric OR prenatal OR pregnancy OR birth cohort) AND (exposome OR air pollution OR
PMZ2.5 OR PFAS OR phthalate* OR bisphenol* OR pesticide* OR metal* OR tobacco OR psychosocial
stress OR greenspace OR diet) AND (epigen* OR DNA methylation OR microRNA OR chromatin OR tran-
scriptom* OR metabolom™*) AND (asthma OR allergy OR immune OR obesity OR metabolic OR neurode-
velopment OR autism OR cognition). The date window was 1 January 2016 to 22 July 2026, reference
lists of eligible reviews and major cohorts were hand-searched.

Eligibility criteria
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Inclusion criteria were: (i) original human observational study, trial, systematic review, or meta-
analysis; (i) pregnancy, birth, infancy, childhood, or adolescence as the exposure or outcome window; (iii)
participants recruited in countries classified as high income with established population registries, birth
cohorts, environmental monitoring, or biomonitoring infrastructure (principally Canada, United States,
Western/Northern Europe, Australia, and Japan); (iv) objectively modeled or measured environmental
exposure, validated questionnaire for behavioral/social exposure, or an exposome-wide mixture; (v) im-
mune/allergic, anthropometric/metabolic, neurodevelopmental, or molecular epigenetic/omics out-
come; (vi) peer-reviewed English-language publication; and (vii) publication within the prespecified 10-
year window. Landmark methods papers were used only for conceptual context when necessary. Exclu-
sion criteria were: animal or in-vitro-only studies; adult-only exposure and outcome; occupational case
series; studies without a comparator or inferential analysis; non-peer-reviewed preprints, conference ab-
stracts, editorials, and narrative opinion pieces; exposure assessed only after outcome diagnosis when
reverse causation was likely, duplicate cohort reports without new exposure, outcome, time window, or
method; and reports from settings lacking sufficiently comparable exposure and outcome ascertainment
for the present synthesis. For overlapping cohorts, the largest or most recent analysis was preferred for
each quantitative contrast.

Study selection, extraction, and quality appraisal

Titles/abstracts were screened against the criteria, followed by full-text eligibility assessment. Ex-
tracted fields were country, cohort, sample size, age, exposure window and metric, biospecimen/tissue,
epigenetic platform, clinical outcome, covariate set, effect estimate, uncertainty, and sex-specific find-
ings. Risk of bias was considered across selection, exposure measurement, outcome validation, confound-
ing, missing data, multiple testing, and selective reporting. Cohort studies with repeated exposure assess-
ment, validated outcomes, prespecified covariates, correction for multiple testing, and external replica-
tion were weighted most strongly in the narrative interpretation. Because this was not a registered sys-
tematic review, certainty was described qualitatively rather than assigned formal GRADE ratings.

Statistical analysis

A focused meta-analysis was restricted to population-based North American cohorts published in
2019-2025 that reported adjusted relative estimates and 95% confidence intervals for whole-pregnancy
PM2.5 exposure and clinically identified ASD. Odds ratios and hazard ratios were treated as approxima-
tions of a relative risk because ASD was uncommon. Estimates were analyzed on the natural-log scale;
standard errors were derived as [In(upper Cl)-In(lower Cl)[/(2x1.96). DerSimonian—Laird random-effects
weights were 1/(SE?+t2). Cochran Q, between-study variance t2 and I? quantified heterogeneity. Because
exposure contrasts were study-specific IQRs and only three estimates were available, the pooled result is
a direction-and-precision summary, not a universal effect per ug/m? Publication-bias tests and meta-
regression were not performed because k<10. Analyses were reproduced in Python 3.11; two-sided
a=0.05.

Results

Evidence landscape and biological convergence

The 20 core studies comprised multi-cohort exposome/omics investigations, prospective birth co-
horts, population registries, and recent systematic reviews. Air pollution, tobacco smoke, PFAS,
phthalates, metals, pesticides, diet, built environment, and psychosocial conditions were the dominant
exposure families. Pregnancy exposures in HELIX were most consistently associated with childhood DNA
methylation, whereas concurrent childhood exposures produced broader metabolomic, proteomic, and
transcriptomic signatures [2,3]. Across domains, the most recurrent pathways were oxidative stress and
mitochondrial dysfunction; placental vascular and endocrine signaling, aryl-hydrocarbon, glucocorticoid,
and PPAR signaling, altered CpG methylation and microRNA expression, innate immune activation and
impaired tolerance; and disrupted lipid, amino-acid, and one-carbon metabolism. These mechanisms are
biologically coherent but do not establish that the measured epigenetic mark mediates disease.



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. BEIJING. CHINA. 21-22.07.2026

. Immune/allergic 5 (25%)

Metabolic/adiposity 5 (25%)

20 core
studies

. Neurodevelopment 6 (30%)

B Cross-domain omics 4 (20%)

Figure 1. Distribution of the 20 core studies by primary synthesis domain. Categories are mutually ex-
clusive for visualization; several studies contributed evidence to more than one biological domain.

Immune and allergic programming

Prenatal and early-childhood particulate pollution, tobacco smoke, and chemical mixtures were
associated with methylation and expression changes in inflammatory and xenobiotic-response pathways.
Candidate mechanisms include placental cytokine signaling, reduced regulatory T-cell maturation, oxi-
dative injury, and altered microbial colonization. Associations with asthma and allergy were generally
modest and sensitive to exposure timing, ancestry, cell composition, and postnatal co-exposures. The
strongest interpretation is pathway convergence rather than a single stable methylation signature.

Metabolic programming

HELIX exposome-wide analyses linked maternal smoking, air pollution, and built-environment char-
acteristics with childhood adiposity [4]. PFAS-mixture analyses in 1,101 European mother—child pairs as-
sociated early-life exposure with cardiometabolic markers and inflammatory networks [5]. Endocrine-
disrupting chemicals may influence PPAR signaling, adipogenesis, thyroid function, and hepatic lipid me-
tabolism, while neighborhood food access and physical activity modify the same phenotypes. Sex, pu-
berty, diet, and socioeconomic position were important effect modifiers and confounders.

Neurodevelopmental programming

Recent cohorts connect prenatal exposure to fine particles, traffic pollutants, pesticides, selected
PFAS, phthalates, and metals with ASD, attention, behavior, or cognition, although null and sex-specific
results are common [6—-12]. Epigenetic candidates include altered methylation in neurotrophic, stress-
response, and synaptic genes; miR-17/92 perturbation after particulate exposure; and oxidative-stress
metabolomic signatures. Tissue mismatch remains fundamental: cord or peripheral blood is accessible
but may not represent the developing brain.

Focused meta-analysis

The three cohorts contributed more than 13.9 million births, dominated numerically by the Cali-
fornia registry. Individual adjusted estimates ranged from 1.04 to 1.10. The random-effects pooled esti-
matewas 1.07 (95% Cl 1.03—1.11); Q=1.94, t2=0.0000, and 1°=0.0%. The result suggests a small positive
association, but contrast differences, correlated co-pollutants, residential mobility, and outcome ascer-
tainment preclude causal or dose-specific interpretation [6,13,14].
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Prenatal PM2.5 exposure and autism spectrum disorder

Pagalan et al., 2019, Canada —— 1.04 (0.98-1.10)

Cloutier et al., 2025, Ontario - 1.04 (0.92-1.19)

Lurmann et al., 2025, California — 1.10 (1.04-1.17)

Random-effects pooled —_—— 1.07 (1.03-1.11)
0.9 1.0 1.1 1.2

Relative effect per study-specific IQR increase
Figure 2. Random-effects forest plot of prenatal PM2.5 and ASD. Effect measures are adjusted
ORs/HRs per study-specific IQR, pooling used log-scale inverse-variance weights.

Discussion

The recent literature supports a model in which diverse early-life exposures converge on redox bal-
ance, inflammation, endocrine signaling, and metabolic regulation, with epigenetic remodeling acting as
one component of biological embedding. The evidence is strongest for reproducible exposure-associated
molecular signatures and weaker for verified mediation from exposure through a specific epigenetic mark
to disease. Multi-omics studies show that developmental timing matters: prenatal exposures leave prom-
inent methylation signatures, whereas childhood exposures are reflected across multiple molecular lay-
ers [2]. Clinical implications should remain preventive and population-based. Reducing tobacco smoke,
traffic pollution, lead, avoidable pesticide exposure, and unnecessary contact with endocrine-disrupting
chemicals is consistent with broader pediatric health guidance, but epigenetic testing is not ready for
individual risk prediction. Research should prioritize repeated personal exposure measurements, negative
controls, sibling or quasi-experimental designs, cell-type-resolved methylation, sex-stratified analyses,
mixture methods, replication, and preregistered causal mediation. This review has limitations. The tar-
geted search and country restriction improve comparability but may reduce global generalizability and
introduce language and availability bias. Heterogeneous exposure metrics prevented broad quantitative
pooling. The PM2.5 meta-analysis included only three studies, combined study-specific IQR contrasts, and
was influenced by one very large registry. Residual socioeconomic and spatial confounding, exposure er-
ror, and co-pollutant correlation remain plausible. Epigenetic associations are tissue-, age-, and cell-com-
position-dependent, and many do not replicate across cohorts.

Conclusion

The pediatric exposome is best understood as a time-varying mixture whose effects are biologically
embedded through interconnected epigenetic, immune, endocrine, and metabolic processes. Current ev-
idence supports small population-level associations and plausible molecular pathways, not deterministic
prediction. Harmonized longitudinal cohorts linking repeated exposures, multi-omics, and validated pe-
diatric phenotypes are essential to distinguish biomarkers of exposure from causal mediators and action-
able targets.
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u peabunumauuu MHY «VIHcmumym ¢usuonoeuu HAH benapycu», 2. MuHck, Pecnybauka benapych

AKMYaIbHOCMb.  XpoHuyeckul — cmpecc U HYMPUMUBHbIL — 6aiaHC — UHOYUUPYHOM
MUKDO3KO/I02UYeCKUe HAPYyWeHUs1 B KUuWeYyHUKe, mpueeepupyrousue CybKIuHUYeckoe cucmemHoe
BocnaneHue. JjaHHbit namo2eHemu4yeckult mpek 0ecmabuiusupyem HelpoumMmMyHHbIe 83aumodedcmsus
No OCU «KUWEYHUK—MO32», 4YMO aCCOYUUPOBAHO CO CHUXEHUeM Ka4eCmBa MU3HU HaceseHus. B
Kayecmse  NepcnekKmuBHO20 Memoodd HemeoukameHmo3Hol  KOppeKyuu —paccMampusaemcs
UCNOJIb30BaHUE CNeyuaIu3upoOBaHHbIX NPobuomuKocodepxauux npPoOYKmMoB C BbICOKUM MUMPOM
JHU3HECNOCOOHbIX NPOBUOMUYECKUX WMAMMOB, HanpasieHHoe HAa cmabuau3ayuto MUKpobuoueHo3a
2HeJ1y00YHO-KULLEYHO20 MPAKkma u CUCMeMHO20 UMMYHHO20 Cmamycd.

Lenb. OyeHums 6e30nacHoCmeb, NePeHOCUMOCMb U BJIUSIHUE PA3/IUYHBIX PEXUMOB NepopasibHO20
npuema cneyuanu3upoBaHHo20 NPobUOMUYecko2o NPodykma «[1poKcubUOMUK-3» Ha KoUuYeCmBeHHbI
cocmas Mukpobuomsl, cybnonyaauUoHHbIU cnekmp AumMpoyumos, buoxumuyeckue Mapkeps! U NoKasa-
meJiu Ka4ecmaa XU3HU 300poBbIx 006p0B0JIbUEB.

Mamepuasbl U MemoObl uccsiedosaHus. MccredosaHue 00obpeHo Komuccuel no 3Muke
VMiHcmumyma ¢usuonoeuu HAH benapycu. B uccnedosarHue BKIO4eHO 48 300poBbix 006poBo/bUEB
(MyxcHuHbl, 23-58 nem, UMT 26,86+4,9 Ka/M2); yacmoma ynompebieHus anko2oi8 cocmasuna 54%,
mabakokypeHue — 26%. Memodom paHoomusauyuu cgopmuposarsi 3 epynnsi: | (n=19) npuHumana
npodykm lpokcubuomuk-3» no 100 2 1 pa3 8 cymku (ympom); Il (n=19)—no 100 ¢ 2 paza 8 cymku (ympom
u sevepom), Ill epynna (n=10) — koHMpPosib. Kypc — 42 OHA. Tump HU3HECNOCObHbIX MUKPOOP2AHU3MOB B
1 2 npodykma (coenacHo mexHuyeckold 0OKyMeHmauuu,) coCmas/isisi; MOJIOYHOKUC/bIE bakmepuu — =
1x109 KOE/2 (B m.4. Lactobacillus — > 5x 108 KOE/2), Bifidobacterium — = 1x106 KOE/2.

MoHumopuHe 6e30nacHoCmu U NEepeHOCUMOCMU OCYUWeCmBJISIU C NOMOWbH OHEeBHUKOB
camokoHmposns. KadecmseHHbIl u KonudecmserHbil (lg KOE/2) aHanusz mMukpobuomel BbINOJIHAIU HA
b6aze 'Y «MuHckul 20podckol yeHmp 2ueueHbl u 3nudemuosnoauu» Ha 0, 21, 31, 42 cymku. Chekmp
buoxumuyeckux nokasamesel U CbIBOPOMOYHbIX UMMYH02106yuHOB IgA, IgG, IgM onpedensnu Ha
aHanuzamopax Beckman Coulter AU480/AU680 (noHus) Ha 0, 21, 42 cymku. CybnonyiguuoHHbIl
cocmas aumepouyumos (CD3+CD4+, CD3+CD8+, B1, B2, CD19+CD27+, CD19+CD27" uccnedosasniu
memodom npomoyHol uumomempuu HaCell Lab Quanta SC (Beckman Coulter, CLLIA). OueHKy Ka4ecmaa
JHU3HU NPOBOOUJIU C UCNO/b30BAHUEM 0NPOCHUKOB SF-36 u GSRS. Cmamucmuyeckul aHanau3 BbIN0JIHEH
C npedcmassieHuemM KosuyecmaeHHbIX 0aHHbIX B Bude Me [Q25; Q75], das napamempos Mukpobuoms! —
8 Bude M+m. AbcosromHoe Kosiudecmso cybnonyisyud aumeoyumos Bbipaxcanu 8 X 109/71, KoHueHmpa-
YUK UMMYHO27106Y/TUHOB — B 2//1.

Pesynibmamsl. B meyveHue 42 Cymok Mapkepbl Uumosu3a (anaHuHamuHompaHcgpepasa,
acnapmamamuHompaHchepasa), NueMeHmHo20 U 6es1KkoBo20 06MeHa B ONbIMHbIX 2pyNNAx HAaxoouauCh
B npedesnax pegepeHmHbix 3Ha4eHud, Ymo nodmaepxoaem KAuHU4YecKyro 6esonacHocms npodykma. B
epynne Il K 21-mM CymKam ommeqeHo 3Ha4umoe BHYmMpuU2pynnoBoe CHUMXeHUe YPOBHS MOYeBoU KUC/TOMb]
00 316 [300; 375] mkmosnb/n1 (p <0,05) ¢ nocredyrowieti cmabusuzayuel K 42-m cymkam (335 [318; 366]
MKMOJTb/J1), 4MO 00CMOBEPHO OMJIU4AI0Ck om KoHmMposs (p<0,05). KoHueHmpauus 2/1t0Ko3bi 8 2pynne
Il K 21-m cymkam cHu3zuscs 0o 5,5 [5,1; 5,9] mmosb/n u ocmasanack cmabusibHol 00 OKOHYaHUS Kypcd.
Ha ¢oHe ucxo0HoU 2unepxojiecmepuHemMuu  3auKkcupoBaHa BHYmMpU2pYyNNoBasi cmabuauzayus
mpuaiuuepudos 8 obeux onbiImHbIX 2pynnax (00 1,3 mmosib/n 8 epynne | u 0o 0,9 mmosb/n 8 2pynne ).
Bo Il epynne K 42-mM cymkam BbISiB/IEHO CMAMUCMUYeCKU 3HaYUMOe CHUMXeHUEe IUNONPOMEeUHOB HU3KoU
naomHocmu (JIMHI) 0o 3,6 [3,2; 4,4] mmosb/n (p<0,05).

MMMyHHBIG cmamyc. [locne 3aBepuieHus Kypca 3aukcuposaH 3Ha4umoe ysesudeHue abcosiom-
Ho20 KosiudecmBsa aumegouyumos 8 12pynne do 2,19 (p = 0,006) u Bo Il epynne do 2,40 (p = 0,001). [laHHble
U3MeHeHUsI ConpoBOXOaIUCL pOCMOM nysa obwux T-numgpouyumos (CD3+CD19-) do 1,39 8 1 2pynne (p
=0,022)udo 1,53 8o Il epynne (p = 0,004), a makxce T-xennepos (CD3+CD4+ )00 0,71 (p=0,009)u0,81
(p = 0,002) coomsemcmBeHHO. B B-K1emo4YHoM 38eHe ommeqeHo 00CMOoBEpHOe YBeuYeHUe cO0epxcad-
Hus B2-knemok (CD3-5-19+) (pl = 0,014, pll = 0,003), B1-knemok 8pox0eHHo20 ummyHumema (CD3-
5+19+) (pl = 0,018, pll = 0,002) u B-numgppouumos namsamu (CD19+CD27+) (pl = 0,011; pll = 0,001).
BbisiBJieH BbIpayceHHbIl 00303aBUCUMbIU 3pgekm: nokazamesnu Il epynnbi, nosydasuwel npodykm 08d-
OBl B CYMKU, CMamucmu4yecku 3Ha4yumo Npesocxoousiu 3HavyeHus | 2pynnbi No YpoBHHO UHOYKUUU B1-
knemok (p = 0,032), B-knemok namamu (p = 0,027) u obwemy konudyecmasy 1umepouumos (p = 0,041). B
2YMOPAJIbHOM 3B8€He K 42-M CymKam 3aguKkcupoBaHo CHUMXeHuUe KoHueHmpauuu IgM 8 | 2pynne do 0,74
2/11 Ha poHe mexcepynnosbix pasauyull Ha 2 1-e CymKU, a makxe puuoiocu4eckoe NoBbIueHUe YPOBHS
cucmemHoz20 IgA 8o Il 2pynne do 2,85 [1,55; 2,97] /i (p<0,05).
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Mukpobuonoaudeckul cmamyc u 6ezonacHocme. B lll epynne (koHmposb) Ha 3 1-42-e CymKu 3Kc-
nepuMeHma 3apuUKCUpPOBAHO CMAMUCMUYECKU 3Ha4umMoe cHUXeHue Kosudecmaa Escherichia coli ¢ Hop-
manbHoU gpepmeHmamusHol akmusHocmbto 00 4,44+0,87 g KOE/2 (p<0,05). Hanpomus, o0HoKpam-
HbIt npuem npodykma (I 2pynna) HUBeaupoBsaa OaHHYH HeeamuBHY OUHAMUKY U UHOYUUPOBAsa 00Cmo-
BepHoe ysesiudeHue Ny1a munuYHbiX swepuxull K 3 1-m cymkam 0o 5,33+0,41 log KOE/2, k 42-M cymKam
—00 5,38+0,01 lg KOE/2 (p<0,05 omHOCUMe/IbHO UCXOOHbIX 3Ha4YeHuUll; npesbilieHue nokazamesel KOH-
mpons Ha 21,14%). Tumpei Lactobacillus spp. u Bifidobacterium spp. Ha npomsxeHuu Bce2o0 nepuooa
Hab1r00eHusa coxpaHaau cmabusibHoCMb. [pU3HAKOB U36bIMOYHO20 POCMA YC/I0BHO-NAMO2EHHbIX SHMe-
pobakmepud, HepepmMeHmMUpPyroUUX epamompuuamesbHbix bakmepul u Clostridium spp. He obHapy-
JHeHo, Ymo sepuguuupyem BbICOKUU Npodusib MuKpobuoo2uyeckold besonacHocmu npooyKma.

KavyecmBo »w3HU. K 42-M cymkam y 006poBo/ibUEB ONbIMHbIX 2pynn, HeCMOmps HA UCXOOHOe
Hanu4ue 3K302eHHbIX Gakmopos pucka (ynompebrieHue asiko20ss, mMabakoKypeHue), OmmeyeHo
docmoBepHoe CHUXeHuUe uHoekca oducnencuu no wkasne GSRS. 1o 0aHHbIM onpocHUKA SF-36 3agpukcupo-
BAHO 3HAYUMOE NoBbIWeHUe 6aiI08 NO WKAJIAM «HU3HeHHAs akmusHocmb» (V'T) u «ncuxu4eckoe 300-
posbex» (MH), npu 3mom makcumasibHbId 3pgekm sepupuyuposaH 8o Il epynne.

3aknoqeHue.

Kypcosot nepopasibHbIl npuem pepmeHmupoBaHHo20 Npobuomu4Yecko2o npodykma «[Ipokcubuo-
MUK-3» NPOOBMOHCMPUPOBAJT BbICOKUU Npodusib MUKpobuooaudeckol 6e30nacHoCmu U NepeHoCcUMo-
cmu y 300poBbix 006poBoIbUEB ¢ U3bbimo4yHOU Mmaccol mena. [lpumeHeHue NnpooyKmMa 3¢pgpexkmusHoO Hu-
Besiupyem mpaH3UumopHOe CHUMXeHUE NYa MUNUYHbIX SWepuxull 8 KUWEYHUKE, CMabu/iuzupys mumpbl
UHOU2EeHHOU MUKPObUOMBbI. YCMAHOBHHbIU BbIPAXEHHbIU UMMYHOMOOYAUPYOULUU 3¢ gekm Bbipax3ca-
emcs 8 UHOyKuuu T-xesinepHoeo 38eHa (CD3+CD4+) u akmuBauyuu cCUCMeMHO20 2YyMOPAsIbHO20 U K/1emoy-
Ho20 B-kinemoyHo2o omsema (B1-, B2-knemok u B-numgpouumos namsmu). BbigsneHHbIl 00303asucu-
MbIl 3¢pgpekm ¢ npeumywecmsom 0BYKpamHo20 npuema npodykma (no 100 2 ympom u Be4yepom) acco-
YUUPOBAH C MAKCUMAJIbHBIM YJ1y4UIeHUeM NCUXO3MOUUOHAIbHO20 CMAmMyca No WKAJIamMm onpocHUKa SF-
36 Ha goHe peepecca 2aCmMpPOUHMECMUHA/IbHbIX CUMNMOMOB. [10/1y4eHHbIe pe3yibmamal KIUHUYECKU
Bepupuyupyrom 3¢pdekmuBHOCMb NPOOYyKMa «[1poKcubuomuk-3» 8 HeMeoukameHmOo3Hol peynsauuu
B3aumodelicmaull NO OCU «KUWEYHUK—MO32».
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