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HaHoTexHoiormm - peasibHas Wi MHMMas yrposa
6unoiormyeckom 6e3onacHoOCTu?

N.B. Aapmos™’, C.H. AHoB, U.B. MapakyauH, AA.A. Kubupes, A.A. Cycnonapos

®dunuan ¢pedepanbHO20 20cy0apPCMeeHH020 6100MeMHO20 yupeicoeHuUs

«48 LleHmpanbHblli HayyHo-uccedosamenbckuli uUHcmumym (2. Kupoe)»
Munucmepcmea o6opoHbl Poccutickoli ®edepayuu

610000, Poccutickas ®edepauus, 2. Kupos, OkmabpbcKuli npocnekm, 0. 119
b e-mail: 23527@mil.ru

OcHOBHbIE MOMEHTBI

- HanorexHomornu, obecriednBaoliye Co3faHIe MaTepranos pasmepoM oT 1 1o 100 HM, TOPOXKFAIOT IPUHIMINATD-
HO HOBBIIT K/IACC yTPO3 61OIOrNIecKoit 6e30IIacCHOCTI.

- JIOCTYIIHOCTD «3€JIeHOTO CUHTe3a» (C MCIIO/Ib30BaHeM MUKPOOPIaHNM3MOB I paCTeHNII) II03BOJIAET IIOy4aTh TOK-
CMYHble HAHOYACTUIIBL B IIOJIEBBIX YC/IOBUAX, a uX koMOuHanmsa ¢ CRISPR-Cas-TeXHOMOruAMM co3fjaeT MOTEeHIA
17151 pa3paboTKyM OPYXKIsI ABOJHOTO Ha3HAYEHNS — OT CPECTB JOCTABKIM TOKCHHOB [JO HAHOTEHETUYECKIX [TOPaXKato-
IIUX areHTOB.

Axmyanvrnocmo. B HayuHOII MMTepaType OTCYTCTBYeT eiiHasA TOYKa 3PEHNA Ha OMOMIOrMYecKye PUCKY HaHOTeXHO-
JIOTMI1 ¥ He JaH ITPOTHO3 MX BO3MOKHOTO MICITO/Ib30BAaHM A IPOTUBHMUKOM C Y4ETOM COBPEMEHHOTO TEXHOIOTMYECKOTO
PasBUTHA, YTO TPebOYeT CUCTEMHOTO aHa/IM3a YIPo3 Ajst 000POHHOI cepsl.

Llenv uccnedoéanus — Ha OCHOBe aHA/IN3A MUTEPATYPbI OL[EHUTD IIOTEHIMA/TbHbIE YTPO3bI OMOIOrIecKoll He3omac-
HOCTY CO CTOPOHbBI HAHOTE€XHO/IOTMIA U MIX 3HAYMMOCTb /14 3a/ia4 PXDB samuTel.

Hcmounuxosas 6asa uccnedosanus. CraTbyl U3 IIOTHOTEKCTOBBIX aHIVIOA3BIYHBIX HAyYHBIX >KypPHAJIOB, JJOCTYIIHBIX
4yepe3 ceTb VIHTepHeT, a Tak)Ke 0630PbI 110 BOCHHO-IIPUK/IAfHBIM aCIIeKTaM HaHOTEXHOIOTHIL.

Memoo. AnamuTaecknit 0630p 1 CUCTeMATM3aINs JaHHDIX C 97IeMEHTaMI IPOTHOCTIYECKOTO aHaIN3a.
O6cysnoenue. YCTaHOBIIEHBI OCHOBHbIE MEXaHM3MbI TOKCUYHOCTH: TeHEpalysi aKTUBHBIX (OPM KUCIOPOZa, IO-
Bpexenue MeMbpan un JHK, anonrtos, HapyleHns KIeTOYHBIX CUTHAAbHBIX nyTeil. Kputndeckumu daxropamu,
OIIpefe/SIOIMIA TIOpajkalolliee IeiiCTBIe, SBIIAIOTC pasMep, 3apsif MOBEPXHOCTH, GpopMa U XMMUYECKUI COCTaB
qacTnL]. BBIABIEHO, YTO TEXHOMOTHMS «3€7IEHOTO CHMHTe3a» (C MCIOMb30BaHMeM OaKTepuii, TpuOOB, PACTEHMIT) HeaeT
IPOM3BOJICTBO HAHOYACTHI] JOCTYIIHBIM /LA TePPOPUCTUYECKUX VM JUBEPCUOHHBIX rpymi. OO0CHOBAHO, YTO HaM-
OO0JIBIIYIO OIIACHOCTD IIpefcTaB/sAeT KoMOuHalysa HaHotexHomoruii ¢ CRISPR-Cas-pefakTipoBaHyeM reHOMOB, I10-
3BOJIAIONIAS CO3[JABATh CPEICTBA AfPECHOI JOCTABKY TOKCMHOB M TeHeTUIeCKy Moguduiupyomye areHTsl. Ilpone-
MOHCTPMPOBAHO, YTO HAHOYACTHUIIbI HAKATUTMBAIOTCS B MIMIIEBBIX L[EMAX U 00bEKTaX OKPYIKAIOIIEN CPe/Ibl, BBI3bIBasI
OT/IaJIEHHbIE 9KOJIOTMYECKYe TTIOCTIe/[CTBUA.

3axmouenue. HaHOTeXHONIOTUY NIPEACTAB/IAIOT PealbHYIO YIPO3y OMONIOrNYeckoii 6e30IacHOCTY, TPeOYIOIyIo pas-
paboTKy MEeTOZOB MHAMKALIMY HAHOYACTULL B OM0Cpeax, OleHKM 3 GeKTUBHOCTH CYIeCTBYIOMMX CPEACTB 3aIIThI
M CO3JaHMsI aHTULOTOB. TeXHOMOTMYECKMIT PIBOK MOCTIEHNX JIET CIIOCOOEH MIPEeBPATUTDh TUIIOTETUYECKIE CETONHS
CL€HapUM B pea/IbHOCTb 3aBTPALIHErO [JHS.

IIpaxmuueckas snauumocmov pabomot. CyCTeMaTU3UPOBAHDI JAHHBIE O JOCTYITHOCTY TeXHOJIOTMII CHTe3a HaHOYa-
CTHI] ¥ MeXaHM3MaX X TOKCUYHOCTH, YTO IO3BOJIAET 06OCHOBATh TPeOOBAHNUA K MOlepHM3ALIMYU CPEACTB MH/MKA-
LMY, UHAVBUAYAIbHOM 3alUTHI ¥ Tepaluy IPUMEHNUTENbHO K 3a/jauaM Boiick PXDb sammntsol.

Kntouegvie c106a: HAHOMEXHONM02UY; HAHOYACMULbL; 001ACMU NPUMEHEHUST; CBOTICMEBA; CNOCOObL CUNHME3a; YepOo3bl
6uonozu1eckoil 6e30nacHocmu

s yumuposanus: Japmos WU.B., Anos C.H., Mapaxynun V.B., Kubupes .A., Cycnonapos A.A. HanomexHono-
2UU — peanvHAs UL MHUMAS yepo3a buonozuyeckoli 6esonacHocmu? Becmuuxk otick PXbB sawumuot. 2026;10(1):5-24.
EDN:ctiobz.

https://doi.org/10.35825/2587-5728-2026-10-1-5-24

IIpospaunocmv Punancosoil desmenvHOCIU: ABMOPbL He UMEIOM PUHAHCOB0TI 3AUHMEPECOBAHHOCINU 8 NPedCas-
JIEHHbIX MAMEPUANAx Uiy memooax.
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BIOLOGICAL SECURITY AND PROTECTION AGAINST BIOLOGICAL THREATS

Hapwmoe U.B., Avos C.H., Mapakynun U.B., Knbnpes A.A., Cycnonapos A.A.
Darmov L.V., Yanov S.N., Maraculin LV,, Kibirev Y.A., Susloparov A.A.

Kougnuxm unmepecos: VI.B. Jlapmos siensemcst uneHom peokonnezuu xypuana «Becmnuk sotick PXB 3auumoi»
(c 2017 2.). dmo He NOBAUANIO HA NPOUECC PeLeH3UPOBAHUS U OKOHUATNENbHOE PelieHie.

Vlcnonv3osanue uckyccmeenno20 uHmeniekma: asmopol He UCNONb306anu. B npoyecce nodzomosku pyKonucu K ny-
onuxayuu pedaKmopcKoil pynnoii NpumMeHsAnAcy s3vikosas modenv DeepSeek-V3.2 (paspabomuuk — komnanusi Deep
Seek) ons nepepabomru asmopckozo mexkcma: CMpyKmypuposanus Mamepuand, NpusedeHuUs ezo 6 COOMeemcrneue ¢
mpe6o6aHUAMU HYPHANLA N0 00BeMY U JI02UKe USTI0NEHUA, a makice 07 TUH28UCMUYeckoti 06pabomiu. Bee paxmu-
yeckue 0anHovle, 6UbnUOpaPUTecKie CCOIKU U KTI0HeBble 8b1800bl ObLIU NPOBepeHbl U Bepuduuuposanvi pedakmopa-
mu. OmeemcmeeHHOCMYb 3a COOePHAHUE CIAMbY HECYM ABMOPDL.

Dunancuposanue: Gunuan $edepanvrozo eocydapcmeennozo 0w00nemnozo yupesxnoenus «48 Llenmpanvhuiil
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Nanotechnology is a real or imaginary threat
to biological safety?

llya V. Darmov™’, Sergei N. Yanov, Igor V. Maraculin, Yaroslav A. Kibirev,
Aleksey A. Susloparov

Branch of the 48 Central Research Institute (Kirov) of the Ministry of Defence of the Russian Federation
Oktyabrsky Prospect, 119, Kirov 610000, Russian Federation
><1 e-mail: 23527@mil.ru

Highlights

- Nanotechnologies enabling the creation of materials sized 1100 nm generate a fundamentally new class of biological
security threats.

- The accessibility of "green synthesis" (using microorganisms and plants) allows toxic nanoparticles to be produced
under field conditions, and their combination with CRISPR-Cas technologies creates potential for developing dual-use
weapons — from toxin delivery systems to nanogenetic agents.

Relevance. The scientific literature lacks a unified perspective on the biological risks of nanotechnologies and provides
no forecast of their potential adversary use considering current technological development, necessitating a systematic
threat analysis for the defense sector.

Purpose of the study is to assess potential biological security threats posed by nanotechnologies and their significance
for CBRN defense tasks based on literature analysis.

Study base sources. Articles from full-text English-language scientific journals available via the Internet.

Method. Analytical review and data systematization with elements of predictive analysis.

Discussion. Nanoparticles are classified by dimensionality (0 D to 3 D) and composition (organic, carbon-based,
inorganic). Key toxicity mechanisms are established: reactive oxygen species generation, membrane and DNA damage,
apoptosis, and disruption of cellular signaling pathways. Critical factors determining harmful effects include particle
size, surface charge, shape, and chemical composition. "Green synthesis" technology (using bacteria, fungi, plants)
makes nanoparticle production accessible to terrorist and sabotage groups. The greatest danger is posed by combining
nanotechnologies with CRISPR-Cas genome editing, enabling targeted toxin delivery systems and genetically
modifying agents. Nanoparticles accumulate in food chains and environmental objects, causing long-term ecological
consequences.

Conclusion. Nanotechnologies represent a real biological security threat requiring development of nanoparticle
detection methods in biological media, assessment of existing protective measures effectiveness, and creation of
antidotes. The technological breakthrough of recent years (analogous to unmanned systems development) can
transform today's hypothetical scenarios into tomorrow's reality.

Practical significance of the work. This work systematizes data on nanoparticle synthesis accessibility and toxicity
mechanisms, substantiating requirements for modernizing detection means, personal protective equipment, and
therapeutic approaches relevant to CBRN defense tasks.

Journal of NBC Protection Corps. 2026. V. 10. No 1
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BBEIJEHUE

HaHorexHonoruyu, omnepupymouue o6bek-
TamMu pasmepoMm orT 1 mo 100 HM, 3a mocnegHue
HeCATUIeTUs IIPEeBPATUINCh U3 Cyrybo ¢yHzma-
MEHTA/IbHON AUCHMUIUINHBI B MOIHBI TEXHO-
JIOTMYECKUIT JipaliBep, NPOHMKAINI BO BCe
cepsl YemOBEUYECKOI [esATeTbHOCTY, BKIIOYAs
obopony [1-3]. VIx cocTaBHas 4acTb HaHOOMO-
TeXHOJIOT s, M3y4alolasi HAaHOpa3MepHble 00b-
eKTbl OMOTOrMYecKOro IPOUCXOXKAeHUus (BU-
PYCHBIE YacTHUIBI, CYOKIeTOYHBIE CTPYKTYPBI,
¢yHKumnoHanbHBIe OMOMOIEKy/bl) [3], mpep-
CTaB/IsIeT OCOOBIT MHTEpPeC B KOHTEKCTE OMOMTO-
rM4ecKoil 6e30IaCHOCTH, IIOCKOTBKY OTKPBIBAET
HalleMy HPOTUBHUKY BO3MOXXHOCTU JIsI KOH-
CTPyMpOBaHNUs NPUHINUIINATBHO HOBBIX IHOpa-
JKAIOUIMX aT€HTOB 1 CPECTB UX TOCTABKI.

IJenv uccnedoséaHuss — Ha OCHOBe aHaIU3a
HaHHBIX JIMTEPAaTypPbl BBIABUTH U CUCTEMATHU-
3MpOBaTh IOTEHI[MAbHbIe YTPO3bl OUOIOrMYe-
CKOJT 6€30IIaCHOCT, UCXOAAIINE OT HAHOTEXHO-
JIOTWIA, ¥ ONIpeeINThb VX 3HAYMMOCTD J/IA 3a/ja4,
pemraembIx Boyickamu PXb samursl.

Hcmounukosas 6aza uccnedosanus. CraTbu
Y3 IOTHOTEKCTOBBIX AHINOA3BIYHBIX HAayYHBIX
JKyPHA/IOB, JOCTYIIHBIX 4epe3 ceTb VIHTepHer,
a Tak)Xe 0030pbl 10 BOEHHO-NIPUKIATHBIM
acrneKTaM HaHOTEXHOOTMIA.

Memoo. AHanuTudeckuit 0630p u cucrema-
TU3aLVsA JAHHBIX C 9JIeMEHTaMU NPOTHOCTHMYe-
CKOTO aHa/Nun3a.

3amaunm MccimegoBaHms:

- KmaccupuuupoBaTh HAHOMATEPUABI II0
pa3MepHOCTM ¥ COCTaBy, BBIeNNB Hambornee
3HaYMMBble [ 6mobesomacHOCTM THUIIBI (Opra-

HUYeCKIe, YIIepO/iHble, HeOPTaHNYeCKe HaHO-
YaCTUILLbI);

- ommcath (PU3MKO-XMMUIECKME CBOJCTBA
HaHO4YacTUI] (KBaHTOBbIe 3¢ ¢eKTh, OOobIIas
MOBEPXHOCTD, CAMOCOOPKa) M TOKa3aTh UX CBA3b
C MMOTEHIMaIbHBIM ITOPAXKAIOIUM JeliCTBUEM;

- IpOoaHAIM3MPOBATh OCHOBHBbIE 00/aCTU
HpUMeHeHU s HAHOTeXHONMOTUI (MeguIHa, 9K0-
JIOT¥ A, IPOMBIIIIEHHOCTD, CeTbCKOE X03AMCTBO)
C TOYKM 3peHUs IBOJIHOTO Ha3HAUYeHMs U BO3-
MOXXHBIX YI'PO3;

- CUCTeMaTU3UPOBATh [aHHbIe O TOKCUY-
HOCTY HaHOYACTUI] — IYTSAX HPOHUKHOBEHNS,
MeXaHU3MaxX IOpakeHMs, ¢aKTopax, oIpefe-
NAAIOUIMX TOKCUYIHOCTH (pasmep, 3apsp, ¢popma,
COCTaB);

- OIIEHUTb MOCTYHHOCTb TEXHOJIOTUI CUH-
Te3a IS HOTEHIIAIbHOTO IIPOTUBHMKA;

- IpOaHATU3NPOBATh TUIIOTETUYECKME Clie-
HapuM MCIIONb30BaHUS HAHOTEXHOJIOTUII B BO-
eHHBIX IeNsAX (HAaHOOOTHI, HAHOTeHeTUYeCKOe
opyXxue, HelipouHTepdelichl), OT[eNUB pe-
a7pHbIe YTPO3bI OT GAHTACTUYECKUX;

- NPeANIOKUTb IepBOOYEPeNHbIe Mephl 3a-
IV THL.

OCHOBHA YACTbH

1. IIpegmeTr paccMoTpeHusa um Kiaaccudu-
Kamusa HaHOYaCTII]

HanovacTuipl onpemensior Kak 06beKThI, He
BBIXOJ[sIIie BO BCeX TPeX M3MepeHMsX 3a Ipe-
menbl HaHomKkanel (ot 1 go 100 HMm). IIpn aTom
COOTHOIIIEHVEe JAMHBI U HIMPUHBI YaCTUIBI He
JOKHO OBITH CyleCTBEHHBIM. B 3aBucumocTn
OT YJIC/Ia M3MEePeHNIl, BBIXOASAIMX 32 HAHOAMA-
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BNOJTOIMYECKAA BE3OMNACHOCTb U 3ALLNTA OT BUOJTIOTMYECKNX YITPO3
BIOLOGICAL SECURITY AND PROTECTION AGAINST BIOLOGICAL THREATS

Hapmos W.B., AHos C.H., Mapakynud U.B., Kubupes A.A., Cycnonapos A.A.
Darmov LV., Yanov S.N., Maraculin L.V, Kibirev Y.A., Susloparov A.A.

Ia30H, Pa3/INYaOT YeThIpe KJIacca HaHOMAaTepu-
anos (pucynox 1) [1, 2].

Ora kmaccuduKanyms uMMeeT MpsIMOe NMpak-
TUYeCKOe 3HaueHMe A OLIEHKM IOopa’kalollei
CIIOCOOHOCTY TAKMX areHTOB:

- Hynv-meprnvie (0-D) mamepuanvt (kBaH-
TOBBIE TOYKW, (QYy/IIepeHbl, WU30INPOBAHHbIE
HaHOYACTUIIBI) — Hamboree ONMACHBI BBUJY BBI-
COKOJI MPOHMKAOIIE CIOCOOHOCTH Yepe3 O61o-
JIOTMYecKye MeMOpPaHbI ¥ (PUIBTPBI CPEACTB MH-
AVBUAYATbHOI 3alUTBHI;

- oo0HomepHvie (I-D) cmpykmypu (HaHO-
TPyOKY, HAHOBOJIOKHA) — MOTYT MMMUTUPOBATH
¢dopmy 1 cBolIcTBa GUOPUTIIAPHBIX OEIKOB NN
BUPYCHBIX CTPYKTYP, 3aTPY/AHs HeTEKIINIO;

- 0symepHvle (2-D) mamepuanv: (HAHOMUCTBHI,
HAHOIIEHKM) — CIIOCOOHBI CO3[JaBaTh IOKPBITHS,
MacKMpyoouye OMOTOrMYecKye areHTbl OT CU-
CTeM MHJVMKAL[M;

- mpexmephole (3-D) cmpykmypvl (HAaHOKpPU-
CTaJ/IM4YeCcKye MaTepuasbl, AMCIEPCUNM HAHO-
YaCTUI) — C/Iy)KAaT KOHTeTHepaMM VIM HOCUTe-
JISIMM /151 ZOCTABKY TOKCUHOB U ITATOT€HOB.

Knaccudpukanus HaHOMaTepuanoB MO pas-
MEPHOCTM — OCHOBA JI/IS1 IPOTHO3MPOBAHNA CIle-
HapyeB UX BO3MOXXHOTO IPVMEHEHUS B JUBEP-
CHOHHBIX VI/IM TEPPOPUCTUUECKUX I[eTISAX.

B xonTekcrte 3agau PXDbB samuThl mepso-
OYepelHOT0 BHMMAaHUA 3aCIyXXUBAIOT VIMEHHO
HaHouacmuyvl. ITO 0OYCTOBIEHO OTHOCUTENIb-
HOJI TOCTYITHOCTBIO ¥ OTPAabOTaHHOCTBIO TEXHO-
JIOTHIT MX CUHTe3a, UIMPOKUM CHEKTPOM Tpax-
JAHCKOTO M IBOJHOTO IIPMMEHEeHN, a T/TaBHOE —
CYyULecmeeHHol HeonpeoesieHHOCMb0 6 OueHKe
ux Ouonoeuveckozo Oelicmeuss N OTCYTCTBUEM
Hafle)XHbIX METOJ0B MHJMKAIMM B IOTEBBIX
yCIOBUAX.

O6beKThI MeHbIIIe ] HM KOppeKTHee Ha3bIBaTh
«Ma/nbIMU MOJIEKYIaMM» MM «aTOMHBIMU KJIa-

PucyHok 1. Knaccugukayuss HaHomamepuanoe, OCHOB8AH-
HAsi Ha COomHoweHuUu pasmMmepoes 06vekmoe 6 3 usmepeHu-
ax (pucyHok adanmuposeaH asmopamu u3s [1])

Figure 1. Nanomaterials classifcation based on
dimensionality (the figure adapted by the authors from [1])

Journal of NBC Protection Corps. 2026. V. 10. No 1

cTepaMm», KpynHee 100 HM — «06beMHBIMM Ya-
cruamm» [4]. imensno guamasod ot 1 ;o 100 M
MpefCcTaBnsAeT HauMOONBIINIT MHTEPeC C TOYKMU
3peHusI MPOHUKHOBEHUS UYepe3 OMOMoTnuvIecKue
O6apbepbl U LITaTHbIe QUIBTPYIOIINE 37IeMEHTHI
CPeACTB NHAMBUAYATbHON 3aIATHI.

bonee 3Ha4MMOIT AASA OLEHKU IOTEHIIN-
QJIbHOJI OIIACHOCTM IpPefCTABIACTCA KAACCUPU-
Kauusi no Xumuueckomy cocrmasy, BBIIESIoNas
OpraHM4YecKue, yIJIepOACOfep)Kalmye M Heop-
rannveckme HaHodactuusl [1]. Kaxgpiin xmacc
ob6nanaet crenudnIecCKNMU CBOMCTBAMU, OTIpe-
[eNAIOUMMY er0 BO3MOXKHO€e IpUMeHeHue B I1-
BEPCUOHHBIX IIeNISIX U XapaKTep MOpa’kalollero
IenCTBUAL.

Opzanuueckue HAHOUACMULDL

K aToMy K/maccy OTHOCAT CTPYKTYypBl, 0Opa-
30BaHHBIEe OelKaMu, yITeBOfaMM, NUIVAAMMU,
CUHTETUYECKVMU MONMMEPAMU U MHBIMU Opra-
HUYECKVMU COeAuHeHnAMN [5] (pucyHoxk 2).

TunuyHble MpeACcTaBUTENN — EeHJPUMEPHI,
JIUIIOCOMBI, MMIIE/IBI, IPUPOIHbIE OeTKOBbIE
KOMIIJIEKCBI (Hanpumep, GeppuTHH):

- IpeuMYIIeCTBEHHO HeMmoKCUYHbL U TIOfBEP-
JKeHbI buoperpapmanun (1, 5];

- YyBCTBUTEIbHBI K TEPMUIECKOMY U CBETO-
BOMY BO3JIEIICTBIIO, YTO HeaeT UX YA3BUMBIMU
npu merasaiuu/me3nH}eKInm;

- YacTO MMEIT IOy CTPYKTypy (numo-
COMBI, MULIEJIJIBI), YTO MIO3BOJIAET UCIIONb30BaTh
UX KaK KOHTeHepbl /s HaIpaBIeHHON [o-
CTaBKIU TOKCUMHOB, ITATOT€HOB MJIM UX reHeTu4e-
ckoro marepuaina [1, 7];

- 00pa3yloTcs 3a CYeT HEKOBAJICHTHBIX B3a-
MIMOJIEVICTBMIT, YTO OOYC/IOBIMBAET X OTHOCH-
TeIbHYI0 HECTOMKOCTb ¥ CHOCOOHOCTH oOpra-
HJ3Ma K CAaMOIIPOM3BOTbHOMY OYMIIEHNIO [6].

B03MOXHO UX MCIIONIb30BaHME [/ AfipECHO
HOCTaBKM OMONIOTMYECKUX IMOPakKaWUIUX areH-
TOB U TPAaHCTeHHBIX KOHCTpyKuuit. Takke oHu
CIOCOOHBI 3aMaCKMPOBATh TOKCMHBI OT PACIO3-
HaHUs B MMMYHOXpOMAaTorpapmyecKux TecT-
CHUCTEMaX.

PucyHok 2. Tunel opzaHuyeckux HaHoyacmuu. A - 0eHOpu-
Mepol; B - aunocomesl; B - muuensnsl; I - peppumuH (pucy-
HOK adanmupoeaH asmopamu u3s [1])

Figure 2. Types of organic nanoparticles. A, dendrimers;
B, liposomes; B, micelles; T, ferritin (the figure adapted by
the authors from [1])
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Yenepoo-codepyucaujue HaHouacmuyvl

YacTumpl 9TOro Kjaacca COCTOAT WMCKITIO-
YUTETBPHO M3 aTOMOB yriaepoga. KiioueBble
npefcTaBUTeNy (ynnepeHsl, TEXHUYECKUI yI-
nepop (caxka), yriepogHble KBaHTOBble TOYKM
(pucymnox 3).

Oco6eHHOCTM TaKMX HaHOYACTMUIL,
yuMbIX 111 PXDB samuTsr:

- ¢ynnepenst (C60, C70, C540) - monsle
CUMMeTpPUYHbIE CTPYKTYPBI, CIIOCOOHbIE 3aXBa-
TBIBAaTh ¥ y[ep>KMBAaThb aTOMBI VIV MOJIEKYIIBI
Apyrux BeujecTB [8, 9]. DTo co3paeT puUCK co3-
JaHUs MHKAICYIMPOBAHHBIX (GOPM OTpaBIs-
OImuX 1 BeICOKOTOKCHMYHBIX Bemects (OBTB),
YCTOMYUBBIX K Aerasaluy U TPYZHO paclO3Ha-
BaeMbIX HITATHBIMU CPEACTBAMU MHIAUKAI[UN;

- TEXHUYECKUIl yIiepoy obpasyeT IpOYHbBIE
arperarsl, HalloMKuHaomue rposngbs [10], 4ro
MOXXE€T MMUTHPOBATH CIOPOBbIe (GOPMBI OaK-
TEepUil IpY IEePBUYHON MHIAMKAL VN,

- yIZIepojHble KBaHTOBble TOYKM (MeHee
10 HM)' - pa3paboTaHbI [/is1 OMOMEeRUIIMHCKOM
Busyanmusanun [11, 14]. Ho ¢ Tem >xe ycmexom
OHY MOTYT MCIHOJIb30BaTbCS J/Is CKPBITON Map-
KM POBKY OMOTOTMYECKIX aTeHTOB, east UX He-
BUAVIMBIMMY /IS IUTaTHBIX CPEACTB MHAMKAI M.

Muxancynauua OBTB cHuxaer BepoAT-
HOCTb MX OOHapy>XeHN s MTaTHBIMY CPefiCTBAMU
U TIOBBIIIAeT BO3MOXXHOCTbh MCIIONH30BAHUSA B
CUCTeMaX CKPBITON JOCTaBKIU U MapKUPOBKIL.

Heopzanuueckue nanouacmuyol

dToT KiIacc o0O0bBegUHAET HAHOYACTUIIBI,
cocTosilye M3 HEOPraHMYEeCKMX BeLlecTB: Me-
TAJIJIOB, MX OKCUJOB, KepaMMYECKUX MaTepu-
aJI0B, Oy IPOBOJHUKOB.

Memannuueckue Hawowacmuyv, — o6pasy-
I0TCS U3 NMPEeKypCcOpOB Ha OCHOBE OJHOTIO VN
HECKONbKUX MeTamnoB [1-3, 16]. ObnaparwT
YHUKQJTbHBIMI ONTHUKO-3/IeKTPUYECKUMM CBOII-
ctBaMy (MMOBEPXHOCTHBIN IIIAa3MOHHBIN Pe3o-

3Ha-

PucyHok 3. Tunwl yznepo0d-codepxcauux HaHouacmuy,.
A - C,, dynnepen; b - mexHuueckuli y2nepo0; B - keaH-
moeble MouKuU (pucyHok adanmupoeaH asmopamu u3 [1])

Figure 3. Different types of carbon-based nanopatrticles.
A, C,, fullerene; b, carbon black nanoparticles; B, carbon
quantum dots (the figure adapted by the authors from [1])
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HAHC), OIpefe/NsAINMN UX MUPOKUI CHEKTP
IOITIOUleHNsT B BUAMMON obmactu [17]. Moryt
CITY)XUTb HOCUTEIAMM [/ afipeCHON TOCTaBKI,
a TaK>Ke VICIIO/Ib30BAThCsI B COCTaBe HOBBIX TUIIOB
6oenpunacos (Hampumep, Jjis IMOpPakeHUs pa-
AVO9TEKTPOHHBIX CUCTEM MIN CO3IaHUSA YCTOI-
YUBBIX A9PO30JIeNN).

Kepamuueckue Hanouacmuuyb, - TBepable
MaTepuanbl, IOTydaeMble TePMUYECKOl 00-
paboTkoit kapboHaTOB, Kapbupos, ¢ocdaros,
OKCUZOB MeTannoB [16, 18]. Boicokas Tepmo- n
XUMMYecKas CTabUIBHOCTD [JeNalT MX YCTOI-
YUBBIMU K ferazanuu. AMOpdHOCTb HO3BOIsET
CO3laBaTb KOHTENHEPhI-HOCUTENN, YCTONYMBBIE
K BHEIIHNMM BO3JeliCTBUAM. Bbicokas Harpy-
304YHasi eMKOCTb IO3BOJIAET VMCIIONb30BATh 1A
TpaHCIIOPTUPOBKYU Oonpmnux Konudects OBTB
VIV MHBIX areHToB [18].

IlonynposooHukosvie Hanouacmuypl (KBaH-
TOBbIE TOYKM) 3aHMMAIOT IPOMEXYTOYHOE IIO-
JIOXKeHVe MEeX/y MeTa/yIaMU Y AU3IeKTPUKaMI.
VIx yHUKa/nbHbIe CBOMICTBA OOYC/IOB/IEHBI KBaH-
TOBO-pa3MepHbIMU 3¢ deKTaMmu: ¢ yMeHblle-
HUeM pa3Mepa YacTUI] MIVpPYHA 3allpelieHHO
30HBI U3MEHSAETCS, YTO MPUBOJUT K MOSABIEHNIO
pasMepHO-3aBUCUMBIX OITUYECKUX ¥ IMEKTPO-
$M3MYECKNX XapaKTePUCTUK, OTCYTCTBYIOLIUX Y
00'beMHBIX ITONTYIIPOBOAHMUKOB [17]. DTM 0cobeH-
HOCTY OTKPBIBAIOT BO3MOXXHOCTb MX MCIIONb30-
BaHMUs B KayeCTBe MapKepoOB [/IsI MeyeHus 61o-
JIOTMYEeCKUX areHTOB UM CPeCTB JOCTaBKM, a
Tak)Xe B CHCTeMaX AVCTAHIMOHHOTO IOAPbIBA
VTV aKTUBAIUN.

2. DusuKO-XMMMIECKIe CBOIICTBA HAHOYA-
CTHI} KaK OCHOBA UX MOPAXKaI0Iero JeiiCTBIS

YHukanpHble (QU3NKO-XMMUYECKNE CBOJI-
CTBa HAHOYACTUII, OT/IMYAIOLIME X OT MUKPO- U
MaKpO4acTHUI], CO3AI0T He TOIbKO HOBBIE TeX-
HOJIOTMYECKME BO3MOXHOCTM, HO M TNIPUHI[M-
HMaJbHO HOBBIE BU/bI OMONIOTMYECKUX YTPO3.
KnroueBbiMu CBOCTBAMM, 3HAYMMBIMU IS
PXDB samuTel, ABISIOTCS KBaHTOBBIE 3(PdeKTHI,
9KCTpeMajIbHO 0O/IbIIas y/e/bHAsA IOBEPXHOCTD
" CIOCOOHOCTH K camocHopke [19].

Keanmoswvie agppexmui. IIpu nepexone pas-
MepoB 4YacTul, B HaHojgmana3oH (1-100 M) 3a-
KOHBI KJIACCUMYEeCKOW (U3UKMU YCTYHAIOT MECTO
3aKOHaM KBAaHTOBON MexaHUKHU. [paButanu-
OHHbBIE CUJIBI IIEPECTAIOT UTPATh CYI[eCTBEHHYIO
ponb, ycTymas NOMMHUPOBaHNE 3IeKTpOMar-
HUTHBIM B3aMMOJENCTBUAM. YacTULbl TaKoOii
MaJIoji MacChl IPUOOPETAIOT BOMTHOBYIO IIPUPOAY,
a MX TOJI0OXKeHVe B MPOCTPAHCTBE OMMCHIBACTCS
BepoATHOCTHBIMU ¢yHKIMAMU. Ocoboe 3Ha-

Yenepoonuie keanmosvie mouxu (carbon quantum dots, CQDs) — 3TO HOBBIII KJIacC yIbTPAMabIX YIIEePOTHBIX

HaHo4acTuUI pasMepoM MeHee 10 HM (0ObI4HO 1-5 HM), 0ONTafAIOMIVX YHUKAJIBHBIMY JTIOMUHECIIEHTHBIMU

CBOJICTBAMM.

BecTHuK Borick PXB 3awmTbl. 2026. Tom 10. N2 1
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Hapmos W.B., AHos C.H., Mapakynud U.B., Kubupes A.A., Cycnonapos A.A.
Darmov LV., Yanov S.N., Maraculin LV., Kibirev Y.A., Susloparov A.A.

4YeHNe M/ MPEeOfOIeHMs 3AIUTHBIX OapbepoB
uMeeT 9P (PeKT TYHHeTMPOBAHUA — CIIOCOOHOCTD
YacTUI[ C HU3KOIl 9Heprueil MPOXOAUTH depe3
BBICOKOOHEepreTu4yeckue 6apbepsnr [19].

KBanToBble 3¢ dekTsl 00yCTOBINBAIT IO-
BBIIICHHYI0 IPOHMKAIOIIYIO CIIOCOOHOCTD HAHO-
qacTuIl 4epe3 GUIbTPYIOLIVie STIeMEeHThI CPEICTB
VHMBUJYaAbHON  3aIMUThl, OUOTOTMYeCKIe
MeMOpaHBl U reMarosHuedannieckuit 6apoep,
4TO fe/laeT UX MOTEHLNA/JIbHO ONMACHBIMU IIPU
VIHTQJISMIOHHOM M IIEpKYTaHHOM IIOCTYIIJIEHN M.

IKkcmpemanvHo  00MLUAA  NOBEPXHOCHD.
[Ipn yMmeHbLIeHMM pasMepa YacTHUI, IIOLIAJb
VX IOBEPXHOCTU BO3PAacTaeT B FeOMETPUIECKOI
nporpeccun (Ipu COXpaHeHMM OOIIeil MacChl).
Bornee mooBMHBI aTOMOB HaHOYACTUI[BI PACIIO-
JIOKeHBI Ha IOBEPXHOCTY, UTO OIpeRenseT UX
BBICOKYIO PEaKIMOHHYI0 M KaTaJTUTUYEeCKYIO
aKTUBHOCTD, a TAK>Ke Ha/mn4yue 6OIbIIOro Yncia
aKTUBHBIX LIEHTPOB B3aMMOMENCTBUs. Bpicokas
IIOBEPXHOCTHAs aKTUBHOCTb O3HAYAET:

- CIIOCOOHOCTb HAHOYACTUL, COPOUPOBATH U

IIEPEHOCUTDb TOKCUYHDbIE BEIIECTBA, IMAaTOTIE€HbI
NN NX KOMIIOHEHTHDI;
-  BO3MOXHOCTb KaTaJan3mpoBaTb o6pa-

30BaHMe TOKCMYHBIX COEIMHEHUIl Helmocpe[-
CTBEHHO B OpPTaHU3ME;

- BbIpa)K€HHOE IIMTOTOKCUYECKoe [lelicCTBIe
3a CYeT TreHepalyy AKTUBHBIX GOPM KUCIOPOAA.

Cnocob6Hocmv Kk camoc6opke KOMIIOHEHTOB
HAaHOYACTHI, 3aJaeT CTPOrO OIpefleIEHHYI0
CTPYKTYpYy, KOTOpasd CaMONIpPOU3BOIBHO BOC-
HPOU3BOJUTCA IPYU B3aMMOMEICTBUY C BHEIHE
cpepoit [20], 4TO MO3BOJISIET CO3/1aBATh:

- YCTOWYMBbIE a9PO307bHbIE KOMIO3ULIUN C
3aJJaHHBIMMU pa3MepaMy JacTUIL;

- CTPYKTYypbl, UMUTUPYIOLIVE BUPYCHBIE Ya-
CTUIIbI MJIV MHbIE TTaTOTeHbl;

- MHOTOCJIOMHBIE «KAIICYJIbl», YCTOMYMBBIE K
merazauun u coxpanswomyue OBTB go momenTa
BOCTVKEHUA LIeN.

COBOKYIIHOCTb 3TUX CBOJCTB OIIpefieiseT
JABOJVICTBEHHDIN XapaKTep HaHOYACTUI]: C OJHON
CTOPOHBI, OHU ABIAIOTCA OCHOBOI [/ CO3MaHN A
HOBBIX JIe4eOHbIX U AMAaTHOCTUYECKNUX CPEACTB, C
Apyroit — GOpMMUPYIOT MPUHIUIINATIBHO HOBBI
K/IacC MOTEHIIMATbHBIX NOPa’KalIUX areHTOB,
TpeOyomMUX pa3paboTKy CIeIMaTbHBIX METOIOB
MHAMKAIVUU U 3aIIUTHI.

3. O6nacTu nmpuMeHeHUs HAHOYACTHUL U
BO3HUKAKOI[ME PUCKN

Huxe paccmaTpmBaioTcsi o6mactu mpume-
HEeHWsI HAaHOYACTUL, MPEeCTABIAIONINE HaN-
0OMBIINIT MHTEPEC C TOYKM 3PEHMS BO3MOX-
HOTO MCIIO/Ib30BaHUSI B [UBEPCUOHHBIX WK
TEPPOPUCTUYECKUX L[EIAX, & TAK)KE C MO3UITUN
OLIEHKV PMCKOB MJIsI IMYHOTO COCTaBa BONCK U
HaceeHusI.
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MeaunuuHa KaK MCTOYHNUK YIPO3 ABOIIHOTO
npuMeHeHns. TexHonmoruy, paspaboTaHHbIe A1
TepaneBTUYECKHUX IleJIeil, MOT'YT ObITh UCIIONTbH30-
BaHBI /I CO3MaHNA CpeicTB mopaxkeHnsa. Han-
60J1ee omacHbI CIeAYIOIJe HATIPABICHU .

Cucmemor docmasku. VIHKancynsanus Tepa-
HeBTUYECKUX areHTOB B HAHOYACTUIIBI 3HAUM-
TeJIbHO MOBbBIMAeT 3(PPeKTUBHOCTD JIeYeHNA,
cHMKas mobounsle a¢pdextsl [21]. [Ins focTraBku
PHK-npemaparos (MPHK, mMnPHK) ncnonbsy-
I0TCSI HAHOYACTHIIBI 30710Ta M JIMIMU/HO-TIONN-
STUIEHTIMKOJIEeBble 060moukny [22].

Ho Te ke TeXHOMOTrMM MOTYT OBITH MCIIONb-
3oBaHbl 1A pocrtaBku OBTB, 6momormyeckmx
TOKCMHOB, IIATOT€HOB VI/IM Te€HETUYECKUX KOH-
CTPYKIIMIT HEIIOCPE/ICTBEHHO B K/IeTKU-MUIIIEH.
JMHKancynAanus mo3Boiser:

- MacKUpOBaTh areHT OT MMMYHHOIl Cu-
CTEeMBI;

- obecrmeuynBaTh €ro COXPaHHOCTh NPU Xpa-
HEHVU M PacIbUICHNM;

- OCYIIeCTB/IATH HAIIPAaBIEHHYIO JOCTABKY K
OIIpefie/IeHHBIM OpPraHaM U TKaHAM.

Tepanus onko3aboneséanuti. VIHKancynsanns
HPOTUBOPAKOBBIX COCAVHEHNII B HAHOYACTUIIBI
(HampuMep, TUIIOCOMBI € TIaTUHOMN) (23] U do-
TOAVHAMUYeCKas Tepamnus C UCIOTb30BaHNEM
HAaHOYAaCTUI] 30710Ta [24] XEeMOHCTPUPYIOT BBI-
COKYI0 93¢ PeKTUBHOCTD N30 PaTEILHOTO MOpa-
JKEHMA KIIeTOK.

[IpyHUMOB ¥M36MPAaTENTbHOTO IOPaKEeHM
KJIETOK MOTYT OBITh IIPMMEHEHBI [/Is1 CO3LaHU:

- areHToB, M30MpaTeTbHO MNOPAXKAMIINX
KJIETKY MMMYHHOJ CUCTEMBI;

- BEII[eCTB, BHI3bIBAIOIINX AIIOITO3 B ONIpefie-
JIEHHBIX TKaHAX (HepBHOI, SHXOKPUHHOI, KPO-
BETBOPHOIN);

- CEHCUOMNIN3ATOPOB, AENAIIINX OPTaHNU3M
YSA3BUMBIM K IHOC/TEAYIOIIeMY OOTyYeHUI0 VIIN
XMMUYIECKOMY BO3/e/ICTBUIO.

Hanpaenennas oOocmaexka (mapeemuposa-
Hue). AKTUBHO M3y4YaeTcsi MOCOOHOCTh HAaHOYA-
CTUI] HAaKaIUIMBAaTbCA B OIpPeAe/IeHHBIX TKaHAX
(307moTo B omyxonAX [25], okcup IMHKA — Cellek-
TUBHOE CBA3bIBAaHME C OIYXOJEBBIMU KIeTKaMMU
[26]). OngHOBpeMeHHO HAaKOIIJIEHHble 3HAHUSA
OTKPBIBAIOT BO3MOXXHOCTb [JIs aJ[peCcHOil H0-
CTaBKY IOPa)XAIOUIMX areHTOB K KPUTUYECKMU
BaxHbIM opraHam (IJHC, sHpokpuHHBIE Xe-
7e3bl, KOCTHBINI MO3T) 0e3 MOpa>keHMs IPYTUX
TKaHeIl.

IIpeodonenue cemamosruyedpanuyeckozo 6a-
pvepa. Menee 4 % neKapCTBEHHBIX CPENCTB CII0-
COOHBI IPOHUKATD Yepe3 aToT bapbep. VIHKamcy-
TMpOBaHMe B HAaHOYACTUIHI (TpadeH, MeTasIbl
Y UX OKCUABI, YITIepO/JHble HAHOTPYOKM) 3HAUM-
Te/IbHO MOBBINIAeT 3P (PEeKTUBHOCTH [OCTABKMU
(28], 4TO WMCHONB3yeTCs HpU JIeYeHUM Hepo-
JleTeHepaTUBHBIX 3abomeBaHMil. B Toxxe Bpems
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OTKPBIBAIOTCSI BO3MOXXHOCTU ¥ JIsI JOCTaBKMU
HEPOTOKCUYHBIX areHTOB HEINOCPENCTBEHHO
B ITHC, MuHys ecTecTBeHHBIe 3alUTHBbIe Oa-
ppepbl. HaHOYACTUIIBI CTAHOBATCS «TPOSTHCKUM
KOHeM» [/Is Bell[eCTB, KOTOpble B CBOOOZHOM
BIJle Yepe3 rematrosHuedannyecknit 6appep He
HPOHUKAIOT (pucyHox 4).

Juaenocmuka. HaHoYacTULIBI yCIIEIIHO MC-
HONB3YIOTCSI B KadyeCTBe KOHTPACTUPYIOIINX
areHTOB /I BU3Yya/AM3aLNUyM OPTaHOB U IIATO-
normyeckux ovyaro. Hampumep, HaHOYACTUILBI
okcupa xenesa (Fe,O,) mpennoxennl ana mar-
HUTHO-pe30HaHCHON Tomorpadum [30], a Ha-
HOYACTUILBI 30710Ta, Onaromaps CIOCOOHOCTHU
HAKaIl/IMBAaTbCA B ONYXONAX, HIPUMEHSIOTCA B
OMATHOCTUYECKUX UCCAeJOBaHUAX [25].

Te >xe cBOJICTBa MOTYT OBITH MICIIOTIb30BAHBI
I MapKUpOBKM Jwofeil (CKpbiToe Habmio-
meHue, uAeHTUGUKALUSA) MIM OIS CO3TAHMS
«MasTYKOB», TIO3BOMSIOUINX OTC/IEXXUBATh Tepe-
MellleHe HocuTend. HaHoyacTuipl ¢ MarHur-
HBIMM CBOMCTBAMM IIOTE€HI[MA/IbHO CIOCOOHBI

PucyHok 4. [locmaeka nekapcmeeHHbIX cpedcme C ho-
MOWbI0 HAHOYACMUU hpu seyeHUU HelipodezeHepamue-
HbIX paccmpolicme; z2emamo3sHuedanuyeckuli 6apvep
HenpoHuyaem 0745 MpPadUUYUOHHbLIX hpenapamos, 00HAKO
/leKapcmeeHHble cpedcmed, UHKANCY/AupoeaHHble 8 HaHO-
yacmuupl, npeodosesarom smom 6apvep u docmuzarom
ueHmMpanbHol HepeHoli cucmeMbl (pUCYHOK adanmupoeaH
asmopamu u3 [3])

Figure 4. Nano-based drug delivery in the therapies of
neurodegenerative disorders: bloodbrain barrier (BBB) is a
noticeable obstacle for conventional medicines; however,
drugs encapsulated within nanoparticles efficiently
penetrate through the BBB and reach the central nervous
system (figure adapted by the authors from [3])

B3aJMOJIEe/ICTBOBATh C BHEIIHMMM MarHUTHBIMHI
HOJISIMU, YTO OTKPBIBAET BO3MOXKHOCTM J/IsI IVIC-
TAHIIMOHHOTO BO3JIEIICTBUS.

Aumumuxpobras mepanus. HaHouacTuUIbl
cepebpa u Menu, obnamaroujye BbIpa>keHHbIMU
AHTUMUKPOOHBIMM CBOWICTBAMU, BKIHOYAITCS
B COCTaB IEPEBSA30YHBIX MATEPUAIOB U MEMN-
IUHCKUX npubopos [31]. [Ipyras cropoHa Tex-
HOJIOTUM — PUCK KOHTaMMHALMYU OKPY’>KaloIei
cpenbl GaKTePULMHBIMY HAHOYACTULIAMU, UTO
MOXXET HapyUIUTb eCTeCTBEHHble MUKPOOIO-
IleHO3bl. TeXHOomornym MMMOOMIM3ALUM AHTU-
MUKPOOHBIX areHTOB Ha HAHOHOCUTE/ISAX MOTYT
ObITh MCIIOZIB30OBAHBI MJISI CO3JGAHUS YCTOM-
YYBBIX MOKPBITHIA, 3aTPY/FHAIOIMX JleTasal[ 10 U
ne3uHdeKInIo.

OKo/mornyecKne pUCKM NPUMEHEHUs Ha-
HOYACTUI I/II OYUCTKU OKPY’>Kalomiel cpejbl.
HaHowacTuipl crocoOHbl MPOHUKATH B 30HBI,
HeJOCTYIHbIe /151 00beMHBIX MaTepuanos. s
IpefoTBpaleHNs peXAeBPEeMEHHBIX PeaKIiuil
YIX MOTYT ITIOKPBIBATh 3aIUTHBIMU 00OTIOYKAMM.
Haubomnee nsBecTHbIT NpuMep, HAaHOPa3MepHOe
Hy/Ib-BaJIeHTHOe Xene3o (nZVI), ucnonssyemoe
ISl OYMCTKM TPYHTOBBIX BOJ OT XJIOpPCOfep-
JKALIUX PAacTBOPUTENIEN ¥ TSXKETBIX MeTalIoB.
TexHonorum HaHOOMOpeMenManuy, CovYeTa-
IOIJi€ MCIO/Ib30BaHME >XMBBIX OPraHM3MOB U
HaHOMAaTepUasIoB, MO3BONAIOT OYNIIATH IIOYBY U
BOJly OT 3arpsA3HEHUI C BBICOKON 3P PeKTUBHO-
cTbio [32-34]. Ho u 3mecp ecTh pucku:

- CaMU HaHOYACTHI[bI, IPUMeHsIEMBbIE JIJISI pe-
MefiMal Ny, CTAHOBSATCS HOBBIM K/IaCCOM 3arpss-
HUTeNell, MOBefjeHe KOTOPhIX B 3KOCUCTEMaXx
M3y4EeHO HeJ[OCTaTOYHO;

- Cyl[eCTBYeT BO3MOXXHOCTb IjeJIeHaIpaB-
JIEeHHOV KOHTaMMHAIUV VICTOYHMKOB BOJBI MU
HOYBBI HAHOYACTUI[AMY, HECYLIMMU TOKCUIHBIE
VJIY TIATOT€HHbIE AT€HTHI;

- HAHOYACTHUIBI C 3aI[UTHBIMU 000TOYKAMMU
MOTYT C/IY>XKUTb MOJIe/IbIO J/IsI CO3/JaHVsI CPEJICTB
moctaBky OBTB, ycToluMBBIX K BO3[EVICTBUIO
($aKTOpPOB OKpYy>KaloLleil CPesl.

[Ipyrue mnpuMepsl: HAHOYACTUI[BI OKCHJA
MapraHia ypansioT u3 Boabl moHbl Zn(II) n
Co(II) [37]; nanouactunsl cynbépupa Fe(Il) mpu-
MeHATCS mua ounuctky moussl or Cr(VI) [38];
CO3/IaHbl HAHOKOMIIO3UTHI JI/ISI OYUCTKU OT BMU-
pycos [39].

V3buparenpHoe yHaneHue OZHUX MOHOB
Y BUPYCOB IIPM COXpPaHEHMM JPYIUX CO3/AeT
PUCK CeeKTUBHOTO [aBlIeHUs u (GOPMUPO-
BaHUSA YCTONYMBBIX (POPM MUKPOOPIaHU3MOB.
Kpome TOro, camm HaHOKOMIIO3UTBI MOTYT CIy-
XUTb CPeICTBOM CKPBITOI JOCTaBKU BUPYCHBIX
qaCcTHI.

IIpuMeHeHMe HAHOYACTUI[ B MPOMBIIIIEH-
HOCTM — MCTOYHMKY HEKOHTPOIUPYeMOI KOH-
ramuHanuu. Cos3gaeT BBICOKYIO BePOATHOCTD
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UX HEKOHTPONMPYEMBIX W/IM aBAPUITHBIX BBI-
OpPOCOB B OKPYXAIOLIYIO CPERY.

IIpoussodcmeo 6uoousens NCHONb3yeT Ka-
TAJIUTUYECKYI0 aKTMBHOCTb HAHOYACTUI] IjIa-
TUHBI /IS KOHBepcuy O6MOMacchl B TOIJIMBO
[40]. Ho mpomplIiieHHbIe BBIOPOCH HAHOYACTUI]
co3pmaoT U (OHOBOe 3arpsi3HEHMe, 3aTPYHHs-
folllee MHAMKAIUIO CIEIManbHO TPUMEHEHHDBIX
areHTOB.

Iuwesans npomvinenrocms. HaHOTexHO-
JOTUM 00eCrednBaOT yBeNNYeHe CPOKOB T'Ofi-
HOCTY IPOAYKTOB 3 CYET 3LV THBIX HOKPBITHUII
Ha OCHOBe HaHOMaTepuanoB [41, 42]. B cocraB
TaKUX MOKPBITUII BXOAAT HAHOYACTULBI Ag, Zn,
TiO, [43, 44]. HaHoyacTulbl MeTanaoB M JU-
OCOMbBI PACCMAaTPUBAITCA KaK CPENCTBa I0-
CTaBK)M HYTPUEHTOB (BUTAMMHOB, MUHEPAJIOB)
B HPOAYKTHI, GOPMUPYS MOHATUE «HAHOINILA»
[41]. TexHONMOrMM MHKANCYIALNUM U HOCTABKI,
oTpaboTaHHBIE B MUIIEBOIl M KOCMETUYECKOI
HPOMBILJIEHHOCTH, MOTYT OBITh MCIOIb30BaHBI
IJIsI CKPBITHOTO BBEIEHNU S B IPOJAYKThI MUTAHNA
OBTB.

IIpoussodcmeo kocmemuueckux cpedcma. Ha-
HOYACTUIIBI 00eCIeYNBAIOT JOCTABKY aKTUBHBIX
VHIPENVIEHTOB B ITTy0OKMe CIouM KOXU. XUTO-
3aHOBbIE U JAUIMIHbIE HAHOYACTUIIBI 00/IaJaroT
BBICOKOIl TPOHMKaIOIel CIOCOOHOCThIO [45],
HAaHOYAaCTUIIBI Au U Ag CHUXXAIOT MUKPOOHYIO
KoHTaMuHauuio [3], Hanowactuusr TiO, B KoM-
6unanun ¢ Y,0, obecneunsaror Y®-3amury ¢
MeHbIIeN IUTOTOKCUYHOCTHIO [46]. Ho atu ke
TeXHO/JIOTUYM MOTYT OBITH MCIIONB30BAHBI [JIA
BBEJICHM A B OPraHM3M Ye/loBeKa 4epe3 KOXY He-
pactBopuMbix B xxupax OBTB, 6uonormyecknx
TOKCHHOB U TPAHCT€HHBIX KOHCTPYKIIMIL.

IIpuMeHeHMe HAHOMATEPUATOB B CETbCKOM
X03AMCTBe. B cenbCckOoM X0351ICTBe HaHOMAaTe-
puabl IPUMEHSIOTCS B BYX OCHOBHBIX pOopMax:
HaHOy#OOpeHUs M HaHomecTunupasl [47]. Ha-
HOyoOpeHMs (Ha OCHOBe S§i0,, ZnO, CuO, Fe,
Mg) [48-50] ncmonb3yTCss B MEHBUINX KOIN-
4eCcTBaX, 4eM TPaJUIVOHHBbIE, 00eCrnedYnBaioT
HAaIMpaB/lIeHHOE BBICBOOOXK/IEHME MMUTATETbHbIX
KOMIIOHEHTOB, IIPeJOTBPALlIAlOT yTEYKY B I'PYH-
TOBBIE BOJbI, YCUINBAIOT a3oTdukcanuo, ¢o-
TOCMHTE3, BCXOXECTb, 3aCyXOYCTONYMBOCTD.
Hanomectunugst [51], BKI0Yasad HaHOYACTUIIBI
CuO ¢ MHCEKTUIMIHO aKTUBHOCTHIO [52] u Ha-
HovyacTULbl Ag ¢ HeMaTuUUAHON [47], paccma-
TPUBAIOTCA Kak Oojee [emieBasi ajbTepHATUBA
XMMUYECKUM IeCTUIUAM.

Ona Boiick PXDb s3amuThl Ba)>XHO, YTO Ha-
HOYACTHUIBI, MONagas B HOYBY M BOAY, MOTYT
HaKaIlJIMBaTbCA B  CEIbCKOXO3AICTBEHHBIX
Ky/IbTypax M [jajiee — B OpraHM3Me >XMBOTHBIX
U 4eloBeKa, CO3[aBas OTIOXKEHHBI TOKCUYe-
ckuit 3¢ dexkT. AHTUMUKPOOHBIE ¥ MHCEKTH-
IUIHbIe HAHOYACTUIBI CIOCOOHBI HapyIIaTh
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MUKPOOMOI[€HO3bI TOYBBI M KMIIEYHVKA, CHU-
JKaThb €CTeCTBEHHYI0 Pe3MCTeHTHOCTb. IIpumme-
HeHJe HAaHOIeCTUILIM/IOB CO3/IaeT PUCK CeleKI[ NN
YCTOMYMBBIX (POpPM IIATOTeHOB U BpeRuTenel,
4TO B IIEPCIIEKTUBE MOXeT MOTpe6OBaTh pas-
pabOTKM CIlelMaTbHBIX METO[OB MHAMKALUU U
3amuThl. TeXHOIOrMYM HANpPaBIEHHOTO BBICBO-
60XaeHus YROOpeHUiI MOTYT OBITh MCIIONTb30-
BaHBI J/Is1 CKPBITHOT'O BHECEHNsI TOKCUKAHTOB B
arpoIeHO3bI.

4. ToCTynHOCTh cIOCO0OB NMONy4YeHUs Ha-
HOYACTIIL

VI3BeCTHBI TpM IPYIIIBI TEXHOIOTUI CMHTE3a
HaHOYACTUL], IPUHIUINATBHO Pa3INvaoiecs
M0 CA0KHOCTU, CTOMMOCTM U BO3MOXXHOCTU
CKPBITHOTO IIPYMEHEHM .

dusnvecKme TEXHOMOTUN («CBEPXY BHU3»).
OcHoBaHbI Ha OPOOIEeHNY, U3MeNbYeHNU Ooee
KPYIIHBIX 4YacTHUI] [0 HaHOpasMepoB [2, 53].
MeToapl BKIIOYAIOT MeXaHMYECKUI IMOMOJ, aa-
3epHOe UCIapeHye, MIOHHOe U3MenbueHue, K-
TPOHHBII B3PbIB, YAIbTPAa3BYK, JYTOBOI paspApm,
nurorpaguio [53]. O™ TexHOMOrMM TpeOyIOT
CJIIO)KHOTO  JTOPOTOCTOSILIEr0o  000pyJOBaHMA
(masepbl, yCKOpUTENU, BaKyyMHbIe YCTaHOBKIN),
9HEPrOeMKU ¥ MaJOIPUTONHBI IS CKPBITHOTO
npuMeHeHnsA. BeposSTHOCTh UX MCTONb30BAHMS
B JMBEPCUOHHBIX Ie/IsIX HU3Kas, XOTSA HeIb3s
UCK/II0YAaTh aBapuiiHble BBIOPOCHI Ha IIPOMBINI-
JIEHHBIX 00'bEKTAX.

XuMuYecKkne TeXHONOTUN («<CHU3Y BBEPX»).
OcHOBaHBI Ha YKPYIHEHNUY aTOMOB M MOJIEKYI
B HaHovacTuusl [2]. Ha paHHux sramax uc-
MMONb30BAINCh TOKCUYHBIE BOCCTAHOBUTENN,
COBpeMeHHbIe MeTO/[bl (OCa’K/leHNe 13 MapoBOit
¢$asbl, 30/1b-TeNIb, CO-TPENUNUTALNA, TULPOTEP-
Mudeckuin cuHres) [53, 54] 6omee 6e30macHBHI,
HO TpeOyIOT CIeluanu3upoBaHHOTO Jabopa-
TOPHOTO 00OpYy/OBaHWA U KBaaUQPUIVPOBAH-
HOTO IepcoHana. Takye TeXHOMOTUY JOCTYIIHBI
B YCJIOBUAX XOPOILIO OCHAIlEHHOJM XMMMYECKOI
nMabopaTopuy U MOTYT OBITh peann30OBaHbl B
TOCY/JapCTBEHHBIX VIV IIOTYTOCYAapCTBEHHBIX
CTPYKTypax. 1A [MBEPCUOHHBIX TPYNI OHMU
OTPAaHMYEHHO JOCTYITHBI, HO BO3MOXXHBI IIPU Ha-
MUYUU CTIEI[NATUCTOB.

Buonornmyeckme TtexHomorum («3emeHBIN
cuHTe3»). Paspaboransl B XXI B. CyTs: ucnosnb-
30BaHMe XXMBBIX OPTaHM3MOB (O6akTepmii, Ipu-
60B, aKTMHOMUIIETOB, BOJOPOC/IEiT) WMIM pac-
TUTENBHBIX 3KCTPAKTOB /I BOCCTAHOBJIEHMS
JIOHOB MEeTAaJI/IOB B HAHOYACTULBI (PUCyHOK 5).

[TpeumyijecTBa C TOYKM 3peHUs MOTEHIN-
aJIbHOTO IPOTUBHMKA [55]:

- OTHOCHUTEJIbHASl IIPOCTOTA M JJOCTYITHOCTH
TEXHOJIOT U

- OTCYTCTBME HEOOXOZVMOCTYU B CIOXXHOM
JOPOroCTOsAIEeM 000PYLOBAHNM;



HaHoTexHos10rnmn - peasibHasi UJIM MHUMas yrposa 6Mosiormyeckomn 6esonacHocTu?
Nanotechnology is a real or imaginary threat to biological safety?

PucyHok 5. Cxema «3esneH020» cuHmesa HaHoyacmuy,
(pucyHok adanmuposaH asmopamu u3 [16])

Figure 5. Schematic diagram for biosynthesis of
nanoparticles (the figure adapted by the authors from [16])

- He TpeOyOTCA TOKCUYHbIE XVMUKATHI
(merde CKpBITh OT KOHTPOJIS);

- 9KOo/orn4eckas 4ncTora (croxxHee o6Hapy-
JKUTh HeCAaHKIVIOHVPOBAaHHOE NTPOU3BOJICTBO);

- BBICOKAs NMPOM3BOAUTETbHOCTD ¥ BO3MOX-
HOCTb MacUITaOMPOBaHM;

- BO3MOXHOCTb IIONIy4eHMsI BBICOKOCTa-
OVIbHBIX HAHOYACTHUIL;

- 6pIcTpOTA IpoIecca.

TexHONMOIMA TpefCTaBIAIT HAUOONBUIYIO
HOTEHI[MAJIBHYI0 YTPO3y C TOYKU 3peHUs Jo-
CTYIHOCTY JJIs1 TEPPOPUCTUYECKUX M AUBEPCU-
OHHBIX Tpyn [55].

TexHOMOrMA MOXeT OBITH peann3oBaHa B I10-
JIEBBIX YCTIOBMSX, B IOABAIbHBIX 1a60PaTOPUIX,
Ha 6a3e OMOTEXHOMOTMYECKX MK (papMaleBTH-
4eCKMX POU3BOACTB. PacTuTeNbHbBIE SKCTPAKTBI
M MUKPOOHBIE KY/IBTYpPBl JIETKOZOCTYIIHBI, UX
npuobpeTeHue He BHI3BIBAET IIO03PEHNUIL.

CuHTe3 C WCIONTH30BaHMEM MUKpPOOpra-
HI3MOB OCHOBAaH Ha CIIOCOOHOCTM IIMPOKOTO
Kpyra 6aktepuit (KMIIedHas Haj04Ka, IHTEPO-
KOKKM, JIecynrb}oBMOpNO) BOCCTaHABINBATD
noHbl MeTannoB (Ag, Au) c obpasoBaHueM Ha-
HouacTui [2, 56-58]. Tpubsl U aKTMHOMMUIIETHI
UMEIOT IpeMMYILIeCTBO 61arofgaps MHOXXECTBY
penyuupymomux ¢GpepMeHTOB Ha IOBEPXHOCTU

K/IETOK, 4TO IMOBBbIMaeT 3()PeKTUBHOCTb CUH-
Te3a [59-61]. Bogopocnyu mo3BonIAOT MONTydYaTh
HAaHOYACTUIIBI He TOJBKO OIarOPORHBIX, HO U
TSDKE/IBIX META/IoB, a Cofep)Kalymecs B 9KC-
TpPaKTaX BOJOPOCHIENl MHOTUMEpPbl COpOUPYIOT
VIOHBI META/I/IOB, @ aHTUOKCUJAHTBI CTAOMIN3M-
PYIOT pacTyuiyue 9acTuIsbl [62].

HOna PXDB samurhl 3Ha4MMO, YTO IIMPOKasd
pacIpoCTpaHeHHOCTh MPOAYLEHTOB (baKkTepuu,
rpubbI, BOZTOPOCIN HOCTYIIHBI B JI000II reorpa-
¢duyeckoit TouKe) B COYeTAaHUM C BO3MOXXHOCTBIO
KY/IbTUBYPOBAHUA B IPOCTHIX YCIOBUAX (Tep-
MOCTAaTbl, HOABAJbHble IOMEIIEHMS) CO3JAIOT
CUTyallMIo, KOTJja JIETUTUMHOE MMKPOOUOTIO-
TMYecKoe MPOM3BOACTBO IPAKTUYECKM HEBO3-
MOXXHO OT/IMYUTDH OT He/leTabHOro.

CuHTe3 ¢ MCIONb30BaHUEM PaCTUTETbHBIX
9KCTPAKTOB — Hambosee JOCTYNHass U TPYZHO
KOHTponupyemasi TexHonorus. OH OCHOBaH Ha
B3aMMOJEICTBUI PACTUTENBHBIX 9KCTPAKTOB
c consamu MeraanoBs [63]. Kpuruueckue mapa-
MeTPbI: COCTaB ¥ KOHIIEHTPaLMsA 9KCTPAKTa, CO-
mep>kaHue conu, pH, Temmeparypa, IpPOROIKN-
Te/IbHOCTh peakiuu. Vicrmonb3yemble pacTeHUs
(akanms, xode, puockopes, GUKyc, HApKus u
MHoOrMe apyrue [16]) mupoKo pacpocTpaHeHbl,
BK/TI0YAs JIeKapCTBeHHBbIe. PacTUTeIbHOE ChIPbe
Jlerko mpuobpectu 6e3 IMOFO3PEHMIT, IPOILecC
He TpeOyeT cIlelMaTbHbIX HaBBIKOB (Ha ypOBHE
IPUTOTOB/ICHNA OTBapa), a IOJTydYeHHBbIE IIpe-
Hapatel He TPeOYIOT OYMCTKY 1 00/1aJaloT KOM-
I/IEKCOM CBOJICTB, IZie ede6HOe [ielicTBIe pac-
TeHVA MaCKMPyeT Halu4yue HaHOYaCTUL.

Takum o6pasoMm, B oTnmuye oT GU3NIECKUX
Yl XUMMYECKUX METOJ0B, TEXHOTIOTUY «3€/IEHOTO
CUHTe3a» He TPeOYIOT CJI0XKHOTr0 060py/fOBaHNA,
MOTYT peann30BbIBATHCA B IOJNEBBIX YCIOBMAX,
VICTIO/Ib3YIOT JIETKOJOCTYIIHBbIE OMOIOrMYecKe
areHTbl ¥ KpajilHe C/IOKHBI IS BBIABIEHUS U
KOHTPOJIA.

5. TOKCMKONIOTMA HAaHOYACTUIL — IPOOeNbl B
3HAHMAX U PUCKHU /I YeTOBeKa

HecmoTps Ha mumpokoe IpuMeHeHUe Ha-
HOYACTHUI] B KOMMepPYeCKMX NMPOAYKTAX, CUCTe-
MaTu4yecKye MCCIeJOBaHNA UX TOKCUYHOCTU U
KJIMHUYeCKNe VCIBITAaHNA IPOBeleHbl B Orpa-
HUYeHHOM oO0beMe. OCHOBHOJ MacCUB JTaHHBIX
NONy4eH Ha KJIETOYHBIX KyJIbTypaX M HU3KO-
OpraHM30BAaHHBIX >KMBOTHBIX (madHMM, aKBa-
puyMHble pbIOKM) [64-66]. DTH Mopenu IUIIb
YaCTMYHO BOCHPOM3BOAAT MeEXaHU3MBI Jeli-
CTBUS HAHOYACTUI] HA OPTaHNU3M uenoBeka. s
PXB 3amuTel 9T0O co3xaeT npobieMy OTCy TCTBISA
HaJle>KHBIX JJAHHBIX O IIOPOTOBBIX 03aX U MeXa-
HU3MaX IOpPa’KeH)A, HeBO3MOXHOCTb 00OCHO-
BaHHOTO HOPMMPOBAHMA 1 pa3pabOTKM METOIOB
MHAVUKALWY, PUCK HEJOOLIEHKM OT[aTeHHbIX
MOCTEeNCTBUIA.
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MexaHU3Mbl TPOHNKHOBEHUA U MOpa-
>KeHusa. HaHowacTuipl CrOCOOHBI NMPOHMKATH
B OpPraHM3M 4Ye/ll0OBeKa BCeMU M3BECTHBIMU ITYy-
TAMM: UHTAISIUOHHBIM, TEPOPaNbHbIM, Yepes
CIM3UCTBIE TI71a3, 4Yepe3 KOXY, NpU BHYTPU-
BEHHOM IOCTYIUIeHNU (pucyHok 6) [64-66]. 1o
CO3/IaeT MHOXECTBEHHOCTD YA3BUMOCTEN 1 Tpe-
OyeT KOMIIJIEKCHOJI 3aLIUTHI.

VIHTanAMoHHbI My Th — Hanboee OACHbII
[64, 65]. B3pemeHHbIe B BO3JyXe HAHOYACTUIIBI
HAaKaIl/IMBAIOTCA B JIETKUX, BBI3BIBAIOT OKVC/IM-
TeNbHBIIT CTPEeCC U Bocmanenue (0CTpoe uan xpo-
HUYeCKoe), Yepe3 KaNWUISIPHYIO CeTh JIeTKUX
IOIIa/Ial0T B KPOBOTOK U Pa3HOCATCSA IO BCEMY
OpraHM3MYy, BK/II04as MO3T [66].

CucteMHOe [eiicTBUE BKJIIOYAaeT TPaHCIO-
KaIMi0 Y3 MecCTa NMPOHMKHOBEHNS B KPOBSHOE
PYC/I0, pacupefjeneHye MO OopraHaM ¥ TKaHAM,
HAKOIJIEHNEe B OpPTaHaX-MUIIEHSX, BO3[ENCTBIE
Ha IHC (npeomonenue remarosHiedanude-
ckoro 6apbepa). OCHOBHbIE MEXaHU3MBI TOKCH Y-
HocTu [1, 67-69]:

- reHepauus akTUBHBIX (HOPM KUCIOPOZA
(oKMCTUTENBHBIN CTPECC);

- IOBpeX/IeHMe K/IeTOUHBIX MeMOpaH;

- HapylleHue QyHKINIT MUTOXOH/ | PUIL;

- MHAYKIMS aIIONITO3a Y HEKPO3a;

- reHOTOKCHYecKIe 3¢pdeKThl (MOBpeKIeHMe
ITHK);

- UMMYHOTOKCUYHOCTD (AKTMBAL[V VTN T1O-
HaBJIeHNe UMMYHHOTO OTBETA).

benkosas koporna. Ilpyu monaganuy B 610mo-
TMYECKYI0 CpeJy HAaHOYAaCTMUIBI afcopOupyoT

PucyHok 6. Cxemamuueckoe npedcmaesneHue no6ou-
Hoz20 Odelicmeusi (MoOKcuYHoCmMu) HaHouyacmuu (PUCYHOK
adanmuposaH asmopamu u3 [4])

Figure 6. Schematic representation of nanoparticle adverse
effects and nanotoxicity (figure adapted by the authors
from [4])
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Ha CBO€il NOBEPXHOCTU Oenky, 00pasys «Ko-
poHYy» [67-70]. 9TO MeHAET UX XMMUIO ¥ MOXET
YCUIMBATh TOKCMYHOCTD Yepe3 aKTUBALMIO KIIe-
TOYHBIX CHUTHA/JIbHBIX IIyTel, MHTUOMpPOBaHMe
dbepMeHTOB, arperanui 4YacTul, QGopMupo-
BaHJe HOBbIX AaHTUTE€HHDBIX CaliTOB.

OxucnumenvHolLli cmpecc — KI0YeBOI MeXa-
HU3M ITOpa)kalolero AeiicTBYA HaHodacTuly [71].
Bpicokas peaklMOHHasg AaKTMBHOCTb HaHO4Ya-
CTUIL TeHEePUPYeT aKTUBHbIe (POPMBI KICIOPOAia
(CMHITIETHBINI KUC/IOPOX, CYNEPOKCUH, IepOK-
CUMIbI, TUAPOKCUIbHBIE pafMKasbl), BBI3BIBA-
omne fectpykuuio opranemnn, JHK, mem6pan,
MOHHBIX KaHAJIOB, PELIENITOPOB.

Buiceoboxoenue moxcuunvix uoxos. Ha-
HOYACTHULBI MeTa/IOB MOTYT Ppa3pyllaTbcs
BHYTPH KJIeTOK, 0ocBoOOXast mons! (Ag', Cu** n
ip.), kotopble noBpexxaaot JHK u Mmem6paHbI,
ycunmpaoT o0pasoBaHNMe AKTUBHBIX (OpM
kucnopona [71].

Hapyumenue curHanbHbIX IyTeil. AKTUBHbBIE
(dbopMBI KMCTOpPOAA M MOHBI METAJIZIOB BO3Teli-
crByloT Ha NF-kB, MAPK u pgpyrne kmroueBbre
PerynsTopel, 4TO NPUBOAUT K AIONTO3y U IU-
6eny K/IeTOK, NMOBPEX/JEHNIO OPraHOB, BOCIA-
JIEHUI0, CUCTEMHOMY IMMYHHOMY OTBeTY.

ToKkCMYHOCTD ~ HAHOYACTUI,  OIpefensd-
eTCs YeTBHIpbMA K/IIOYEBBIMIU IIapaMeTpaMmu
(mabnuya 1).

TOKCMYHOCTD HAHOYACTUIL, HOATBEpXKJeHa
9KCIIepUMeHTaIbHbIMMU paboTamu [73-80]: yrie-
pOnHBIe HAHOTPYOKY BBI3BIBAIOT I'MOE/Tb KIETOK
U HapyWaWT KJIETOYHBIN LMKI [77]; OKCUABI
BUCMYTa, Mell U OKCHMAAa Megy MHIYLUPYIOT
OKICIUTENbHBIN cTpecc u nospexpaenue JTHK
[78, 79]; TiO,, SiO,, Ag NpoABNAIT HePOTOK-
CUYHOCTb, O0Opa3soBaHMe aKTUBHBIX POpPM KIC-
nopoja, moBpexaeHne memopan [80].

Kpurndeckoe mporumpopedne 3aKmao04aeTcs
B TOM, YTO MCIO/b30BaHMe HAHOYACTHUI] B Me-
OULVIHE M KOCMETOJIOTMM pacTeT 3KCIOHEeHIIN-
a7IbHO, HECMOTPsSI Ha 3KCIepUMMEHTajbHble [O-
KasaTelbCcTBa uX TOoKcum4HOcTu [81]. Ocobyio
TPeBOTY BBI3bIBAeT IIPAKTNIECKI IIOTHOE OTCYT-
CTBUE NAaHHBIX 00 OTHAa/NeHHBIX IOCIECTBUAX
IpUMeHeHUsA TaKUX CPeJCTB Ha moaaXx. na
PXDb 3ammuTel 3TO O3HaYaeT OTCYTCTBME HOP-
MAaTUBHOI 6as3pl [/Ig OLEHKM PUCKOB, HEBO3-
MOXXHOCTb O0OCHOBAHHOTO IIPOTHO3MPOBAHMNA
MOC/IEeJCTBUI U MOTEHIJMATbHYI0 YIPO3Y «OT/IO-
>KEHHOT0» IOpakeH M 1.

Oxonoeuveckue pucku. VIsydeHBl 3Ha4YM-
TeJIbHO cabee, YeM TOKCMYHOCTD [/ YeloBeKa
[82]. M3 117 muccnemoBaHMiI HAHOTOKCUYHOCTU
(2021) mums 5 mocBAmeHsl 9Komornu. Iyt mo-
CTYIUJIEHNA: IIPOU3BOACTBO, IpUMEHEeHNUe, YTU-
nusanus [83], mpuyeM oCHOBHBIE TIOTEPY HPONC-
XO[AT IpY IPUMEHEHUN U yTUIM3auuy (Iuib
2 % yreuek M3 mpomsBopacTsa). Ha pasnmyHbIx
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Ta6nuua 1. Qakmopel, onpedensaoujue MoOKCUYHOCMb HAHOYAcMuy,

Table 1. Factors determining nanoparticle toxicity

Size

COBHOCTb M TOKCUYHOCTD /
Smaller size higher penetration capacity and toxicity

MapameTp / BavsiHMe Ha TOKCUYHOCTD / Mpumep /
Parameter Effect on toxicity Example
CocTaB/ OnpepenseT 6a30BYH XMMUYECKYH aKTUBHOCTb / [HaHoYacTULbI AM3ENbHOrO TOMJIMBa Bbi3blBa-
Composition Determines baseline chemical activity 0T COCYAMCTYH peakuMmio, YUCTbIA yraepos -
HeT [72] /
Diesel fuel nanoparticles induce a vascular reaction,
pure carbon does not [72]
Pasmep / MeHblwnin pasmep - Bbilwe NpoHuKatowas cno-|{Au 1,4 HM - BbICOKOTOKCMYHbI, Au 15 HM -

HeT [73] /
Au 1.4 nm highly toxic, Au 15 nm not toxic [73]

3apsag noBepxHOCTU /

MonoXKnTenbHbIN 3apag YCUAUBAET NPUTAXKEHUE

MonoxxutenbHo 3apsa>KeHHble Au TOKCU4YHee OT-

Surface charge K KneTkam /

Positive charge enhances attraction to cells

pULaTesIbHbIX U HEUTPanbHbIX [74, 75] /
Positively charged Au are more toxic than negative
and neutral ones [74, 75]

Ta6nuua cocmasneHa asmopamu no pabomam [4, 72-76].
Note.
The table is compiled by the authors based on [4, 72-76].

Popma / OnpegenseT MexaHU4eckoe Bo3gencTeme / MrosibyaTble YacTULbl TOKCUYHEE ChepUYHECKUX
Shape Determines mechanical impact (noBpexkpatoT MembpaHsbl) [76] /
Needle-shaped particles are more toxic than
spherical ones (damage membranes) [76]
MpumeyaHme.

Mojensax (mouBa, pacTeHus, pbiObI, gadHMM)
[84] mopTBepkpeHB 3(deKTh: HAHOYACTUILBI
MeTa/lJIOB MPOHUKAIOT B PaCTUTENbHbIE KIETKU
(85, 86]; ZnO u Al MHrUOMPYIOT POCT KOpHEIL;
HAaKOIJIEHME B BOJHBIX >XMBOTHBIX BbI3bIBaeT
Mopdonorndeckre M3MeHeHUs, OTKIOHEHUsS B
noBeneHnu, nospexxaenus JTHK [87].

OJKonormyeckass KOHTAaMMHAIMI CO3[aeT
IIUTENbHO [eMICTBYIOI[ME OYaru IMOpakeHus,
a HAaKOIJIeHVe B INUILIEBbIX LeNAX IpefcTaB-
€T PUCK [ BOJICK, UCHONb3YIOINX MECTHBIE
pecypcbl. OTCyTCTBME CUCTEM MOHUTOPMHIA
CO3/IaeT [OMOMTHUTENbHYI YSI3BUMOCTb IS
OUBEPCUI.

6. HanorexHomormu u OMOIOruYecKoe
opyxmue

Vpes co3fgaHus OpyXus Ha OCHOBe HaHO-
TeXHOJIOTMJI BO3HUK/Ia OJHOBPEMEHHO C IOSB-
JIeHMeM CaMOit HAHOOTPaCIIN.

«Cepas cnmu3b». Hambonee msBecteH cie-
Hapuit «cepoit cnusn» («Gray Goo») — caMoBOC-
HPOM3BOASAIIMXCSA HAHOOOTOB, MOXMPAWIINX
o6nocoepy (pucynok 7).

ABTOpOM TepMMHA CYMTAETCS HUOHEP Ha-
HOTeXHO/Morun Opuk Jlpexciep, OMMCaBUINIL
3TOT ClieHapuil B KHUTe «MallnHbl CO3[aHMUA»
(1989) (uurt. mo [89]). CornacHo OpUTHHATBHOIT
ujiee, CaMOBOCIPOM3BOAALINECS HAHOOOTHI-
acceMOiepsl, 3alporpaMMMpPOBAHHbIE Ha IIe-
pepabOTKy OpraHMYecKoil MaTepuy, BBIXOHAT
M3-T10] KOHTPOJIS I YHUYTOXAIOT BCE XMBOE Ha
mwraHere. [lo MHEHMIO APYTMX aBTOPOB, TaKasi
CIIOCOOHOCTb MOXKET BO3HMKHYTb CIIOHTaHHO B

pesybTaTe MyTaIuil MU OUIMOOK IPOrPpaMMMU-
poBaHus [88].

OTOT CLeHapuil ChpITpajl BaXHYI poOIb B
dbopMupoBaHUM OOIECTBEHHOTO ¥ HAy4YHOTO
BOCIPUATHUA HAHOYI'PO3, 3a/0)KMB OCHOBY I
MOHMMAaHNMA IPUHINIINAIBHO HOBBIX PUCKOB:
caMOpeIlIMKaluys, HeBUAUMOCTb, Heusbupa-
TebHOCTb. OJlHAKO CerofHsA OH paccMaTpuBa-
eTcs KaK MajOBepOSATHBIN 1M3-32 KOJIOCCATbHBIX
9HepreTMYeCKMX U MaTepuaabHbIX 3aTPaT, HEO0O-
XOIZMMBIX Ji1s1 camoperukanun. [Tpaktnaecknin
BBIBOJI: YyIPO3a He B CAMOBOCHPOM3BOAAIINXCSA
HaHOOOTaX, a B HANpPaBJIeHHOM IIPUMEHEHUN
HAaHOTEXHO/NOTMII  [I/IA  CO3NaHUA  CPEeJNCTB
MOopa>keHn.

Hanorenermyeckoe opyxkme. Jlpyras pe-
CTPYKTUBHas upes, oOCyXjaemas B JIHUTepa-
Type, — CO3/laHMe Ha CThIKe TeHHOJ MHKEeHEePUH,
HAaHOTEXHO/NIOTUII M POOOTOTEXHNMKM HaHOTEHe-
tyeckoro opyxus [90]. Ilpegnonaraercs, 4To
HaHOOOTBI CIIOCOOHBI MPOHMKATD Yepe3 KPOBb B
K/IeTKY, BHOCUTD 33JJaHHbIE I3MEHEHN I B TeHOM
4ye/l0BeKa, JeliCTBOBAaTbh M30MpaTeNbHO - Ha
TI07iell ONpee/leHHO pachl MIM 3THOCA (ITHU-
yecKoe HAaHOOpYXKMe). XOTsA ITHUIECKOe OPYKIe
CErofHsA — TUNOTETNIECKAs YTPO3a, TEXHOIOTUN
OOCTAaBKM M peJaKTMPOBaHUA Te€HOMa pa3BU-
BalOTCA cTpeMuTenbHOo. KomMOMHanmsa HaHoda-
ctur (kak konreitHepoB) u CRISPR/Cas-cucrem
(kak WMHCTPYMEHTa peJaKTUPOBAHUA TeHOMaA
Ye/I0BeKa) CO3/laeT IOTEHLVATbHYI0 BO3MOX-
HOCTb CO3[JaHNsA TeHeTHdecku Moauduiupy-
IOIMX areHToB. Takme areHTbl MOTYT OBITb
HaIlpaBJ/IeHbI ¥ Ha JipyTye QyHKIMOHATbHO 3Ha-
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PucyHok 7. «Cepas causb» «HOYHOU KowMap HAaHomex-
Honozauu». 1 - [lepebili HAaHo6om. Céopuwuk cozdaemcs,
umob6bl npeepauwjams OpzaHUYecKyrw Mamepuk 6 dpyzue
mMamepuansl. 2 - Kaxcowlli c60pujuk 3anpozpammuposaH
Ha co30aHuUe HoebiX, UDEHMUYHbIX eMy HaHo6omose. 3 -
Kancowlli Hoebili cbopuuk csedyem mem e caMmbiM hpo-
2pamMMam, HanpaesieHHbIM Ha hompebaeHue U pasmMHoxice-
Hue. 4 - CKopocmb U320moeseHus HaHobomoe pacmem no
3KCnoHeHme, obecneyusads hpou3eo0cmeo ece 6osbwezo
yucsna HaHobomos. 5- B KoHUe KoHU08 HaHO6oMbl no2/10-
warm eci opzaHu4yecKylo mMamepuio Ha 3emse, ocmae-
/198 N03a0du cebsi MHOMeCcmao HAHOMAWIUH «Cepyr C/U3b»
(pucyHok a0anmupoeaH aemopamu u3 [88])

Figure 7. Gray Goo - the “nightmare scenario” of
nanotechnology. 1, the first assembler is created to convert
organic matter into other materials; 2, each assembler is
programmed to create new units identical to itself; 3, each
new unit follows the same programming instructions to
consume and multiply; 4, the manufacturing rate becomes
exponential, producing greater and greater numbers of
assemblers; 5, eventually, the assemblers would strip the
Earth of all organic matter, leaving only nanomachines
behind - the “gray goo” (the figure adapted by the authors
from [88])

YyMble TeHbl (MMMYHHBI OTBET, PEIPORYKIVS,
HepBHAs CUCTEMa), 4TO IIPEACTABIAET PeaNbHYI0
omacHocTb. [ToaTomMy TpebyeTcs paspaboTka Me-
TOJOB MHAMKALMY TaAKUX ar€HTOB.

Vrpo3bl Ha CThIKE HAHOTEXHOTOTUI 1 610-
morun. OT IUMOTETNYECKNUX CIleHapHeB CaefiyeT
HepeiiTy K peajbHBIM, yKe CYI[eCTBYIOIIM VN
OMVDKaIuM yrpos3am:

- HaHOYACTUIBI KaK KOHTeNHepsl s [O-
CTaBKM (MacKMpOBKa TOKCMHOB ¥ IaTOT€HOB
OT UMMYHHOJ CUCTeMBI, IIPeO0NIeHNe TUCTOre-
MaTU4YecKux 6apbepoB, YCTONYMBOCTb K fera-
3aLn);

- HAHOYACTULBI KaK YCUINUTEIN TOKCUY-
HOCTU (agbIoBaHTHBIE 3PEKTH, CUHEPTUM C
usBectHoiMu OBTB, karanutumyeckoe ob6paso-
BaHMe TOKCUYHDBIX COeNMHEHNI in Situ);
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- HAaHOYACTMIIBI KaK MapKepbl M CpencTBa
CKPBITOTO HaOMIofeHMUsA (TIOMMHECIeHTHBbIE U
MarHUTHBIE METKMU [I/11 MapKMPOBKU JTI0flel VTN
00 BEKTOB);

- HAHOYACTUIIBI KaK OCHOBAa HOBBIX TUIIOB
6oenpumnacos (a9p0o30/u ¢ 3alaHHBIM pa3MepoM
4acTUI, KOMOWHUpPOBaHHBIE IOpa’kalolne
areHThl).

OcHoOBHas yrposa UCXOLUT He OT PpaHTaCTU-
YeCKUX CaMOBOCIPOM3BOAALIVIXCA HAaHOOOTOB,
a OT Ie/lleHallpaB/JI€HHOIO MCIO/Nb30BaHUA Ha-
HOTEXHOJIOTUII [I/I1 COBEpPLIEHCTBOBAHUA U3-
BeCTHBIX Cpe[CTB IOpPakeHUs U CO3TaHU:A
HOBBIX, Oonee 35(]QPeKTUBHBIX CIOCO60B [O-
CTaBKM M MAacCKMPOBKM IOpakaloIMX areHTOB
HOBOTO THIIA.

Heiipountepdeiicet 1 HaHOPOO6OTHI. B T10-
ClleflHNE TOMBI B HAY4YHOI nuTeparype u ¢yry-
pONIOTMYECKNX NIPOTHO3aX O00CyXXjaeTca BO3-
MOXXHOCTb CO3JjaHMs HAaHOOOTOB ISl MMIIJIaH-
TalMM B MO3T 4YeJlOBeKa C IIe/Ibl0 yIpaBlIeHU
mOBefleHNMeM dYepe3 OOayHble XPAHMININA
[91]. CormacHO 3TOI KOHIENIINU, HAHOOOTHI,
noctpoenusle n3 Hureir JHK, 6yayr mocto-
AHHO HaXOJMUTbCA B KanuusApax TOJIOBHOTO
Mo3ra M obecleuMBaTh BHEIIHee YIIpaBJIeHNe
(pucymox 8).

g KOppeKTHON OLEeHKM 5TOM yrpo3bl He-
00XOMMO pasfenuTbh HAyYHYI OCHOBY, TeX-
HMYECKYI0 peann3yeMoCTb ¥ IOTeHIMalbHOe
BoeHHoe npumeHeHue. [IHK-HaHOTexHOMOrUM
HeICTBUTENIbHO CYIIECTBYIOT ¥ aKTUBHO pa3BU-
Barorcs (3 Huteit [JHK cobupaoT HaHOCTPYK-
Typbl 3agaHHON ¢opmel) [92]. CymecTByloT
9KCIepUMeHTaTbHble PabOTHI IO JJOCTaBKe Ha-
HOCTPYKTYP B MO3I 4epe3 KpoBOTOK [93]. Pa3pa-
6aTbIBalOTCSI MHTEpP(]eichl «MO3T-KOMIIBIOTEP»,
MO3BOJIAKIME CYUTBIBATH AKTUBHOCTb MO3ra

PucyHok 8. HaHo6om 015 uMnaaHmayuu e Kanuaaspbl 20-
/108H020 M032a (pucyHoK adanmupoeaH asmopamu u3 [88])
Figure 8. Nanorobots used for a human brain (the figure
adapted by the authors from [88])
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! B OIPaHMYEHHBIX IpefielaX CTUMYIMPOBATh
HelipoHbl [94]. OpHako KiaoYeBble MPOOTEMBI
OCTAIOTCSl HepelleHHBIMU: dHeproobecnedyeHne
(HaHOOOT B Kamm/isApe He UMeeT MCTOYHUKA
9HEepIuim), CeTeKTUBHOCTh (HEBO3MOXKHO yIIpaB-
JATHh OTHETbHBIM HepOHOM 6e3 BO3JeliCTBMA
Ha COCeIHNe), CTIOKHOCTb MO3ra (IIOBefieHMe Je-
JIOBEKa OIpeJeNnsAeTca CIOKHBIMU CETAMU, a He
OTHENbHBIMY HeMpPOHAMM), MMMYHHBI OTBET
(MHOpOAHDBIE CTPYKTYpPbl OBICTPO YHUYTOXKA-
I0TCA).

Yro yKe peanbHO:

- HAHOYACTULIBI MOI'YT UCIIONb30BATbCA [
MOCTAaBKM BeIleCTB B MO3T (IIpeofo/IeHNe reMa-
TosHLedannIeckoro 6apbepa);

- pa3pabaTbIBalOTCA HellpoMHTepeiiChl s
BOCCTAHOBJICHM S YTPauyeHHBIX QyHKIINIL;

- BeyTCA UCCIeJOBAHNU IO ONITOTeHEeTHKE —
yIpaBIeHUI0 HellpoHaMy cBeToM (Tpebyer
TeHHOU MoAauM(UKanuy ¥ MMIUIAHTALUU OITO-
BOJIOKHA).

YTO BO3MOXKHO B CpPelHECPOYHOIl IepCIeK-
tuse (15-25 ner):

- CcO3[JaHMe HAaHOCTPYKTYpP, CIIOCOOHBIX pe-
TUCTPUPOBATh AKTUBHOCTb HEJIPOHOB U Ilepefa-
BaTb CUT'HAJI BOBHE;

- paspaboTka 6110COBMECTUMBIX ICTOUHNKOB
9HepIUu;

- LlefieBasi JOCTaBKa B OIpefle/IeHHbIe OTHebI
MoO3Ta.

Yto ocraHeTcs PaHTACTUKON B 0603puMOM
Oynmyuem:

- MAacCOBO€ yIIpaBJ/IeHNe TIOIbMU;

- YTeHJe MbIC/Iell M HaMepeHUI1 YeloBeKa;

- IpOrpaMMNpOBaHIe NOBeJleHNA Ye0BeKa
yepe3 0071aKO.

HecMoTps Ha HU3KYIO pealMCTUYHOCTD Clie-
Hapus «yIpaBlIeHNsA 4yepe3 0671ako», Boiicka PXB
3alIMTHl [O/KHBI YYUTHIBATH peajbHble TeH-
mennuu. PasButne HeilponHTepdeiicoB co3maeT
MOTEHIIMAIbHYI0 BO3MOXXHOCTb [JId CO3JaHUA
CpefiCTB HeMIpOXMMMYECKOTO IIOpakeHus Ind-
HOTO COCTaBa — BeIleCTB, 301 paTeIbHO BO3el-
CTBYOIIMX Ha OIpefie/ieHHbIe CTPYKTYPbl MO3ra
BOEHHOCNTY)KalllMX; TEXHOJIOTUM JOCTaBKM B
MO3T MOTYT OBITh VICIIO/Ib30BAHBI [/ afipeCcHOI
HOCTaBKM HEHPOTOKCMHOB; MMIUIAHTHPYeMbIe
yCTPOWCTBA MOTYT CTaTh CPeJCTBOM CKPBITOTO
HAOMIOMEeHNA WIM JUCTAHIMOHHOTO BO3JeN-
CTBUSA; KOMOMHANVsAg HAaHOYACTUI[ M ONTOTEHe-
TUKY TeOopeTNdecKy I03BOJIsAeT CO3[aBaTh ANC-
TAHIMIOHHO yIIPaB/IsAeMbIX JIIOHeN U >KUBOTHBIX.

O6c¢cyxpaenne

Eme HefaBHO Ufien CO3/laHN A HAHOTEHEe T de-
CKOTO OPY>KMS WIN YIIPaBIeHUs TIOfbMI depe3
HaHOOGOTBI pacCMATPUBANNUCh CIHELMANTNCTAMMI
Kak 00pasipl HeHayuHOI ¢aHTacTuku. OgHAKO
3a IOC/Ie[{HMEe TOMIbl Hay4YHO-TEXHOIOTUYeCKNIl

YPOBEHb BeAYLIVX CTPAH BBIPOC HACTONBKO, YTO
HeCOBITOUHDIE NpeX/ie IPOEKTHl HAUMHAIT 00-
peTaTh peanbHbIE YEPTHI.

Hamnbonee HarmAmHblil IpuMep — pasBUTHE
OeciunoTHol aBmanuu B Poccunm. 3a Bpems
CIlel[Ma/IbHOI BOCHHOII Ollepaluy 3TOT CETMEHT
Ipouleq MNyTh OT PefKOr0 VCIO/Nb30BAHMSA OT-
IeTbHBIX O0pPasloB MO CO3NAHUA HPUHIUIMN-
alIbHO HOBOTO BuAa BoopyxeHubix Cun u obe-
CIIeYNBAIOLIETO €ro MOTPeOHOCTU IepesoBOro
HpPOMBILIIEHHOTO KmacTepa. To, 4TO elje BYepa
Ka3a710Chb 3KCIEePUMEHTATbHBIM, CETONHA CTAI0
MacCOBBIM M OIpeeAIomuM X0 60eBbIX Jeli-
CTBUI. AHaJIOTMYHBI PPIBOK MOXKET IIPOU30NTHI
U B cepe HAHOOMOTEXHOIOT UIA.

Haubonpuryio TpeBory BbI3bIBaeT o00Obe-
AVHEHMe JBYX IIPOPBIBHBIX TEXHOJOTWIl: CM-
crembl pepmaktupoBaHusa reHoma CRISPR-Cas,
IO3BOJISAIONIE)l BHOCUTD 3aJaHHbIe M3MEHEHMs
B TeHOM KJIeTKM [92], 1 HAaHOYACTUI] KaK Cpef-
CTBa JOCTaBKM, 00eCIeYVBAMIINX TPAHCIOPT
komnoHeHTOoB CRISPR-Cas HenmocpeficTBeHHO B
KJIeTKU-Muiienu [92, 93]. 9tor cum6mo3 yxe ce-
TOZIHA IpeJlaraeTcs AJIsA Tepanyuy oHKo3abore-
BaHMIT, KOPPEKL MY HAC/IeCTBEHHBIX aHOMAJINIT,
IpeofoNIeHNsA  aHTUOMOTUKOPE3UCTEHTHOCTHU
6axrtepnit. Ho 04eBUIHO, YTO TEXHOTOT S MMEET
IBOITHOe Ha3HAYeHIe U MOXeT ObITh afalTIpPO-
BaHa IPOTMBHUKOM JJIsi pa3spaboOTKM NMPUHIMN-
IaTbHO HOBBIX BUIOB OPY KMA.

HaHovyacTuipl MOryT OBITH CaMOCTOSATENb-
HBIMM CpefcTBaMy mopaxeHus. Hekoropsre
BUJBI HAHOYACTHI] CaMy 110 cebe 06/1alafoT TOK-
CUYHOCTBIO, M 9TO CBOVICTBO MOXET OBITD IlejIe-
HaIlpaB/IEHHO YCWIEHO CHEeIaTNCTaMy IIPOTHUB-
HUKa IyTeM MOAMGUKAINU COCTaBa, Pa3MepoOB,
dopmbl U xuMuu nosepxHoctu. O HOTEHLM-
aJIbHOJ OIACHOCTY HAHOYaCTUI] KaK areHTOB
XMMUYECKOTO ¥ OMOTOTMYECKOTO OpPYXXUs He-
maBHO coobOmman du Jlakora [19].

HaHoyacTuipl MOTYT WCIONb30BAaThCA B
KayecTBe IUIATGOPMBI HNA JOCTaBKU [JPYIUX
OMOIOrNYeCKUX MOPa’KAIOUIMX areHTOB — TOK-
CUHOB, (epMeHTOB, PeryasaTOPHBIX MENTUIOB,
TOPMOHOB. MeToan4ecKoil OCHOBOM TaKUX pas-
paboOTOK MOTYT CIY>XUTb NyOIMKanum o 3a-
KOHOMEPHOCTAX (QopMMUpOBaHMA «OEIKOBOII
KOPOHBI» BOKPYI MeTa//IM4eCKUX HAHOYACTII]
u crnocobax ee crabmnmsanum [94]. Vukamncy-
JALMA B HAHOYACTULBI TIO3BO/IAET MACKMPOBATh
areHT OT MMMYHHOIl CHUCTeMBbl, 00eclie4nBaTh
€ro COXpaHHOCTb [PV XpaHEHUMN ¥ PACTIBIIEHUN,
IpeofloNieBaTh TVUCTOTeMaTu4eckyue Oapbepsl,
OCYIIeCTB/IATh HAIPaBIEHHYIO TOCTaBKY K Op-
raHaM-MULIEH M.

BeimensnoxeHHOe [JOKa3biBaeT IIOTEHIU-
QIbHYI0O OIIACHOCTb IPSAMOTrO MCIIONTb30BaHMA
HaHOTEXHOJIOTUII JI/IA CO3JaHMUA HPOTUBHUKOM
OMONIOTMYECKOTO M XMMUYECKOTO OPY>KUA.
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CnexTp yrpo3 mMMpOK: OT IMpPUMEHEHMs CaMUX
TOKCMYHBIX HAHOYACTUL, [O WCIONb30BAHUA
X Kak mr1atdopMbl Jas [OCTaBKU M3BECTHBIX
MOpa’kawIIUX areHTOB U CO3JaHUA TNPUHIM-
MMAJIbHO HOBBIX BUJOB OPYXMs Ha CTbIKE Ha-
HOTEXHOJIOTMII, TeHHOJl MHXXeHepuu ¥ nHOp-
MaIMOHHBIX T€XHOIOTUIL.

3AKJ/IIOYEHME

ITpoBemeHHbIIT aHAIN3 HAYYHBIX JAaHHBIX 1O-
3BONAET CHOPMYNINPOBATH C/IEAYIOLIVIE BHIBOIBI
O peanbHOCTU YIpo3 OMONIOrMYeckoir 6esomac-
HOCT) CO CTOPOHBI HAHOTEXHOJIOTUII M HeobXo-
OUMBIX Mepax NPOTUBOAEIICTBIA:

1. HanoTexHOMOruym NpemcTaBasIIOT COOOI
UCTOYHUK YIpo3 [BOIIHOTO HasHaueHu:A. Kac-
cupukanys HaHOMATepUaroOB IO COCTaBY U
pPa3MepHOCTU II03BOJIAET BBIJAETUTh Hambolee
OIIacHBIE TUIBI (MeTa/UIMYecKye HaHOYaCTUIIbI,
yITIepOfHbIE CTPYKTYPBI), CHOCOOHBIe HAKAIIIN-
BaTbhCsA B OPraHM3Me U T€HePUPOBATh TOKCUYHBIE
apdexTsr.

2. ToxcMyHOCTD HAaHOYACTHI] JOKasaHa
SKCIePUMEHTAa/JIbHO Ha KJIETOYHBIX M >KU-
BOTHBIX MOJIENIAX. YCTaHOBJIEHBI OCHOBHBIE Me-
XaHM3MbI NTIOPA’KeHUA: OKMCIUTENbHBIN CTpecc,
nospexaenne mem6pan u JHK, anmonros. K-
4yeBble (PAKTOPBI TOKCUYHOCTYU — pasMmep, 3apsf
IOBEPXHOCTY, popMa M XMMMUYECKMUIT COCTaB
yactuy,. IIpyu aToM nepeHoc 3TUX JaHHBIX Ha Ye-
JIOBeKa TpeOyeT OCTOPOXXHOCTM M3-3a HELOCTa-
TOYHOJ M3Y4YEeHHOCTY HONITOCPOYHBIX 3(pPeKTOoB,
4TO ABNAETCA OO BEKTUBHBIM OTPaHMYEHUEM CO-
BPEMEHHOI HayKN.

3. JJoCTymHOCTb «3€I€HOTO CHHTe3a» CO3-
maeT NPMHLNUINMATbHO HOBBIe puUCKU. TexHo-
JOTUM TIONYy4YeHMSA HAHOYACTUI C MUCIIONb30-
BaHMEM MMIKPOOPTaHM3MOB U PaCTUTEIbHbBIX
9KCTPAaKTOB MO3BONAKT MPOU3BOAUTDH UX B IO-
JIeBBIX YC/IOBUAX, YTO fleJlaeT HaHOTEXHOJIOTUU
BOCTYIHBIMU [ TEPPOPUCTUYECKUX U AUBEP-
CHOHHBIX I'pyHI. To TpebyeT mepecMoTpa MOA-

XOZIOB K KOHTPOJIIO 3a IIOTEHIMa/IbHO OIIACHBIMU
TeXHOJIOTUAMMU.

4. Hawub6onpimymo OIIACHOCTD npep-
CTaBlsAeT KOMOMHAIVWA HAHOTEXHONOTMIT C
CRISPR-Cas-pegakTupoBaHueM reHoMoB. O6b-
el HEeHMe 3TUX TeXHOJIOTUII CO3aeT IOoTeH 1Al
I IPUHINIINAIBHO HOBBIX BUJIOB OPYXMNA
ABOJHOTO HasHayeHMsA. HaHoyacTuipr MoryT
UCIIO/Ib30BAaThCsA KaK CaMOCTOSTEIbHOE Cpef-
CTBO MOpa)kKeHUs (TOKCMYHbIE HAHOYACTUIIBI),
Kak Iatgopma [ JOCTaBKM TOKCUHOB, dep-
MEHTOB, PEryIsATOPHBIX NENTHU/IOB M KaK KOM-
IOHEHT HaHOTEHeTNYeCKOTO Opy>Xus (JocTaBKa
CRISPR-Cas).

5. JIna HayYHO-MCCIeloBAaTeIbCKUX Opra-
Husanuit Boitck PXB 3anuter Heo6xomqumo mep-
BOOYepe/lHOE Pa3sBUTHE IO CIe/lYIOUI MM HallpaB-
TeHUAM:

- MHAUKAnuA — paspaboTka MeTOmOB OOHa-
PY’KeHMs HaHOYACTUI B 6Mocpenax u o0’beKTax
OKpY>Kamllel cpejbl;

- CcpejcTBa 3aIIUTHl — OLeHKa 9GQeKTuB-
HOCTU cymecTBylomux ¢uibrpos CH3 mpoTtus
HaHOpPa3MepPHBIX YaCTUII;

- mpoduIaKTUKa MOpPa’XeHUil — WU3ydeHNe
BO3MOXXHOCTM KyMYJIALMM HaHOYACTUL] B Opra-
HM3Me IPY XPOHNYECKOM BO3IelICTBU;

- Tepammus IOpaXeHMUII — IONCK CPeACTB,
HeMTpann3yoIINX TOKCHYecKoe AeiicTBMe (aH-
TUOKCUJAHTHI, XeTaTOPBI);

- MOHUTOPUHT — OTC/IeXKUBaHMe Iy OIMKanni
IO /IBOJIHOMY IIpMMEHEHMI0 HAHOTEXHO/IOTUIl B
BOEHHBIX LIe/AX.

IIpakTuYeckas 3HAYMMOCTD PaboOTHI

Pabora cucremaTusupyer JaHHBIE O JO-
CTYIIHOCTY TEXHOJOTMII CHHTe3a HaHOYacCTUI]
M MeXaHU3MaX MX TOKCUYHOCTU, YTO II03BO-
nsieT 060CHOBATh TPeOOBAHMS K MOJZEPHMU3ALUN
CpencTB MHAMKALMN, MHAVBULYaAbHO 321U ThI
U Tepanmuy MPUMEHUTETbHO K 3afadaM BOJICK
PXD 3amuTel.

Ozpanuuenus uccnedosanus / Limitations of the study

VccnepoBaHue BBIONHEHO Ha OCHOBE OTKPBITHIX HAyYHBIX IYOMMKALMil 6e3 UCIIONb30BaHMUA MaTepua-
JIOB OTPaHMYEHHOTO JOCTYIa. B mccrefoBaHnm TakXe He IPOBOAMIOCH COOCTBEHHBIX 9KCIIEPUMEHTOB, YTO Xa-
pakTepHO A 0030PHO-AHAMUTUYECKUX PAabOT, Le/IbI0 KOTOPBIX SIB/SIETCS CHUCTEMATM3ALMsI y>Ke MMEOIINX-
cs1 3HaHMIT. MEeXIUCHVIUIMHAPHOCTD MCCIEJOBaHNs HOTpe6oBama 0000IIeHNs] pPa3HOPOSHBIX [JAaHHBIX, 4TO
MUHMMM3MPOBAHO 3a CYET €JUHOI KOHUENTYa/JbHOIl PaMKM, OPUEHTMPOBAHHON HA 3ajady OMONOrMYECKOI
6e3omacHoCTH. BpIcTpOe pasBUTIE HAHOTEXHOMOTMIT O3HAYAET, UTO 32 BpPeMs MOATOTOBKM 0630pa MOIIN IOSI-
BUTHCsI HOBbIE JJAHHBIE, YTO MOJYEPKUBAET HEOOXOAMMOCTD PEry/IsIPHOTO OOHOB/IEHNMsI MTOKOOHBIX aHANMNTIIE-
CKUX paboT. 3HauMTeNbHAS YaCTh LUTUPYEMBIX 9KCIIEPUMEHTAIbHBIX MICCIEOBAHNII BBIIIO/THEHA HA KIIETOYHBIX
KYJABTypax WIN Ja6OpPaTOPHBIX >KMBOTHBIX, YTO TPebYyeT OCTOPOXXHOCTU HpPU HEepeHOCe MaHHBIX HAa 4YelOBeKa.
Ilonrocpounsie 3 QeKTh BO3MENCTBISA HAHOYACTUL] M3ydYeHBI HEZOCTATOYHO — 3TO OOBEKTMBHOE COCTOSIHUE
HAy4YHOTO 3HAHII, OIpefesIsiolee IPYOPUTETHbIE HAIIPABIEHNs OYAyLINX NCCIeAOBaHMIT. BpIsiBlIeHHbIE Orpa-
HUYEHVSI OIPEe/sIIoT ePCIeKTUBbI IPOODKEHMsT pabOTHI: SKCIIEPUMMEHTATIBHOE M3YYeHIe TOKCUIHOCTY Ha-
HOYACTUI] Ha MJIEKOIIUTAKMINX, Pa3paboTKa METONOB MHAMKALMY, MOHUTOPUHT HATEHTHON aKTMBHOCTH IIO
IBOITHOMY IIPMMEHEHMIO, OlfeHKa addekTuBHOCTH cyifecTBylomux CH3, nouck anTngoTos. IIpeacraBieHHbIe
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OTpaHMYeHMsI OYepPUNBAOT KOHTYPHI HpobaeMHOro momisi. PaboTy ciefyer paccMaTpuBaTh Kak IEpBBIN 9Tall
CHCTEMHOTO aHanM3a IpoOIeMBbl, 3a[AONINIT BEKTODP [/IsI HAJbHEMIINX MCCAEHOBAHMII M MPAKTUIECKUX pas-
paborok. / This study is based on an analysis of open scientific publications without the use of restricted-access
materials. The study also did not conduct original experiments, which is characteristic of review-analytical works
aimed at systematizing existing knowledge. The interdisciplinary nature of the research required the synthesis of
heterogeneous data, which was minimized through a unified conceptual framework oriented toward biological
security objectives. The rapid development of nanotechnology implies that new data may have emerged during the
preparation of this review, underscoring the need for regular updates of such analytical work. A significant portion
of the cited research was conducted on cell cultures or laboratory animals, requiring caution when extrapolating data
to humans. The long-term effects of nanoparticle exposure remain insufficiently studied - this reflects the current
state of scientific knowledge and defines priority directions for future research. Some of the threats considered
currently belong to the realm of science fiction. These identified limitations outline the contours of the problem field
and determine prospects for further work: experimental study of nanoparticle toxicity in mammals, development
of detection methods, monitoring of patent activity related to dual-use applications, assessment of existing personal
protective equipment effectiveness, and search for antidotes. This work should be regarded as the first stage of a
systematic analysis of the problem, setting the vector for further research and practical developments.
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Highlights

- Military use of persistent organic pollutants (POPs) triggers irreversible, multigenerational crises.

- The primary agent is dioxin TCDD, an extraordinarily persistent and bioaccumulative toxicant with no known
antidote, shifting the CBRN defense paradigm toward robust prophylaxis and force protection.

Relevance. The historical case of Agent Orange provides a critical precedent for understanding long-term threats from
POPs, which create persistent contaminated areas (“hotspots”) challenging force health protection, logistics, and post-
conflict site remediation.

Purpose of the study is to perform a systematic analysis of Agent Orange's composition, the toxicological mechanisms
of TCDD, and its long-term health and ecological impacts to derive actionable implications for modern CBRN defense
doctrine, training, and operational protocols.

Study base sources. Analysis relies on peer-reviewed scientific literature, reports from authoritative bodies (U.S. Institute
of Medicine, National Academies), U.S. Department of Veterans Affairs archives, data from victim organizations (e.g.,
VAVA), and historical records of Operation Ranch Hand.

Method. Employed a critical review and synthesis of data from toxicological, epidemiological, molecular-biological,
and clinical studies using comparative analysis and causal relationship assessment to build a unified operational model.
Discussion. TCDD toxicity is mediated via the aryl hydrocarbon receptor (AhR), causing systemic gene dysregulation.
This results in a wide disease spectrum, from acute chloracne to long-term oncological, neurological, endocrine, and
reproductive disorders, including transgenerational birth defects. Environmental damage is severe and persistent.
Conclusions. 1) POPs use yields strategic-level consequences for health and ecosystems. 2) The lack of an antidote
elevates the primacy of prevention, strict CBRN protocols, and area isolation. 3) Medical strategy must pivot to
long-term health surveillance. 4) Effective response requires a sustained complex of measures: hazard identification,
contamination control, external logistics, and specialized engineering remediation (e.g., thermal desorption).
Practical significance of the work. The study provides a scientific basis for CBRN defense: 1) Threat assessment
(identifying TCDD hazard and critical exposure routes). 2) Force protection (mandating full IPE use, immediate
decontamination, banning local resources). 3) Medical support (recognizing chloracne as a key marker, planning long-
term screening). 4) CBRN operations (reconnaissance of hotspots, establishing long-term restricted zones). It directly
informs the development of manuals, SOPs, and training programs for specialists.

Keywords: Agent Orange; Aryl hydrocarbon receptor (AhR); Dioxin toxicity; Epidemiology; Environmental disaster;
Long-term health effects; Military herbicides; Molecular mechanisms; TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin);
Vietnam War
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OcHOBHBIE MOMEHTBI

- BoenHoe mmpuMeHeHne CTOIKUX opranndeckux sarpsisunrerneit (CO3) mposonupyer HeoOpaTiMble MHOTOIIOKO/IEH-
YeCKye KPU3UCHL.

- OCHOBHBIM areHTOM siBysgeTcs AuoKcuH TXIJT — upesBBIYAIHO CTOVKMIT U OMOAKKYMYIUPYIOIIMIICA TOKCUKAHT,
He MMEIOINIT M3BECTHOTO aHTU/IOTA, YTO cMelllaeT mapagurmMy PXb 3aiuTsl B CTOPOHY aKTUBHOI IPOGUIAKTUKA 1
3allMThI INYHOTO COCTABA.

Axmyanvnocmo. Vicropudecknit cnydait ¢ «AreHtoM OpaH>XX» CTY>KUT KPUTUYECKM Ba>KHBIM IIpelefeHTOM [
MOHMMAHMA JONTOCPOYHBIX Yrpos, ucxopAmux or CO3, KOTOpble CO3/IAl0T YCTONMYMBBEIE 3arpsI3HEHHbIE PailOHbI
(contaminated areas, «<XOTCIIOTBI»). ITO CO3HAET MPOOTEMBI /I MEAUIIMHCKOTO 0becredeHnst BOJCK, IOTUCTUKU U
BOCCTaHOBJIEHVSI TEPPUTOPUU II0CIIE 3aBepIIeHNsI 00EeBbIX IEVICTBMIL.

IJenv uccnedosanusi — IpoOBECTV CUCTEMHBIN aHaMU3 coctaBa «AreHTa OpaH)X», TOKCUKOIOIMYECKMX MEXaHM3MOB
TXJ ][I, ero JOIrOCPOYHBIX TOCTEICTBIUI /ISt 30POBbS ¥ 9KOIOTMY, YTOOBI BHIBECTI IIPAKTUYECKIE PEKOMEHAALINN
IUI1 COBPEMEHHOI IOKTPUHBI, IOJIOTOBKM 1 OIlepaTUBHbBIX IPOTOK0/10B PXDb 3ammTsl.

Hcmounuxoeas 6a3a uccnedoéanus. AHaIN3 ONUPAETCs Ha PeLieH3UPyeMyI0 Hay9HYIO INTepaTypy, OTYEThl aBTOPU-
TeTHbIX opranusanuit (VMucturyt mepununsl CIIA, HanyonanbHble akafieMun), apxuBbl MMHUCTEPCTBA IO JielaM
BetepaHoB ClIIIA, faHHble opranmsanuit nocrpagasumx (Hamp., VAVA) u ncropnyeckue samicyu Onepanyn «Ranch
Hand».

Memoo uccnedosanus. Kpurudaeckuit 0630p U CUHTe3 JaHHBIX TOKCUKOIOTMYIECKIX, STIN/EMIOTIOTTIECKIIX, MOJIEKY-
JISIPHO-OMOTOrMYeCKUX Vi KIIMHUYECKUX VCCTIEIOBAHMIT C ICIIONb30BaHMEM CPaBHUTE/IBHOTO aHa/I3a 1 OLleHKM IIPH-
YMHHO-C/Ie[ICTBEHHBIX CBA3EI /I TOCTPOEHN S eAMHOI OIlepaljMOHHON MOJETN.

O6cyncoenue. Toxcrunocts TX]IT onocpenoBana apuayrieBogoposubiM perenitopoM (AhR), BbI3pIBatolnM cu-
CTeMHOEe HapyIIeHIe PeTy/IsILuy FeHOB. DTO MPUBOAUT K LMIMPOKOMY CIIEKTPY 3a00/IeBaHUIl: OT OCTPOIl XTTOpaKHe
(chloracne) 5o ;ONMTOCPOYHBIX OHKOIOIMYECKIX, HEBPOJIOTMYECKIX, SHTOKPMHHBIX U PEIIPORYKTUBHBIX PACCTPOICTB,
BKJ/II0Yasl TPaHCTeHePAL[MOHHbIE IIOPOKM PasBUTHA. DKOMOIMIECKMII yiepO ABATCS TAXKEIbIM M YCTONYMBBIM.
Bwisoowt. 1) ITpumenenne CO3 BeveT MOCTENCTBIUS CTPATEINIECKOTO YPOBHS /s 3OPOBbs U 3KocucTeM. 2) Ot-
CYTCTBIUE QHTHOTA TIOBBIIIAET BAXXHOCTD IPOMIIAKTUKY, CTPOruX NPoToKoa0B PXB 3amnTsl 1 M30/L11MH palioHa
nopaxernst CO3. 3) MeanumHcKasi cTparerys JO/DKHA ObITh IIepeOPUEeHTNPOBaHA Ha JOTOCPOYHOE MEINIIMHCKOE
HabmonieHne. 4) J¢ddeKTUBHDI OTBET TpebyeT YCTONYMBOIO KOMIIEKCA Mep: BBIABJICHNUE ONACHOCTH, KOHTPOJIb
3apakeHsl, BHEIIHsIs JIOTUCTYKA, MHAMBUAYaTbHAas JeTasaliyisi i CIelianu3MpOBaHHas NHKeHepHasl peabumnTanns
(engineering remediation), HarrpuMep, TepMuYecKast fecopOLusL.

IIpaxkmuueckan snauumocmo pabomot. Viccnenosanye obecrieduBaeT HayuHyto ocHoBY i PXDb samurer ot CO3:
1) Ouenka yrposs! (npentuduxanus onacHoctu TXJJT 1 KpUTHYeCKUX Iy Telt BO3AecTBIA). 2) 3aimmTa BOlick (0051-
3aTenpHOe mpuMeHeHue VIC3, HeMenieHHas ferasalis, 3alpeT Ha MeCTHbIe Pecypchl). 3) MenuumHckoe obecrede-
Hue (IIpU3HaHMe XIOpPAaKHe KIII0YeBbIM MapKepoM, IJIaHMPOBaHMe JOITOCPOYHOro CKpyHMHIa). 4) Onepanun PXB3
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(pasBefKa IpaHNIl XOTCIOTOB, YCTAaHOBJIEHME NONTOCPOYHBIX OTPaHMYEHHBIX 30H). OHO HAIpsAMYI MHPOPMIU-
pyeT paspabOTKy PYKOBOACTB, CTaHAAPTHBIX OllepaunnoHHbIX mpouenyp (SOPs) m mporpamm IMOATOTOBKY IS
CIIelMaINCTOB.

Kniwouesvie cnosa: «Azenm Opanc»; apunyznesodopodruiii peuenmop (AhR); soentvie eepbuyudvl; 8oiina 60 Bvem-
HaMme; MONeKyNAPHble MEXAHUIMYL; 0MOdneHHble NOCTIe0CmeUs 0N 300p06bs; mokcuuHocmy ouokcunos; TXT]T
(2,3,7,8-mempaxnopduben3o-n-0uoKkcun); aKonozuueckas kamacmpoga

Hns yumuposanus: Jlakoma A. Ilocnedcmeusi npumenenus «Azenma Opauxu»: MOKCUKONOZUS, KAUHUUe-
CKue nposenenus, omoaneHHvie NOCIEOCMBUS U mepanesmuyeckue no0xodvl. Becmuux eoiick PXB 3aujumol.
2026;10(1):25-43. EDN:gveauo.

https://doi.org/10.35825/2587-5728-2026-10-1-25-43

IIpospaunocmo dunarncosoii OesmenvHocmu: aémop He umeem GUHAHCOB0I 3aUHMEPECOBAHHOCU 8 NPedCctnas-
JIeHHBLX MAMEPUATAX UTU MEMO00aX.

Kougnuxkm unmepecos: A. Jlakoma s6nsemcss 4ieHoM pPeOaKUUOHHOL Konmeeuu xypHana «Becmuuk eoiick
PXB sawumot» (c 2023 2.), HO He uMeem HUKAK020 OMHOMWEHUS K peuleHUI0 onyOnukosamp smy cmamoio. Cmamos
Npowna NPUHAMY10 6 HypHase npouedypy pevensuposanus. O0 uHbLX KOHGAUKMAX UHINEPECO8 ABMOP He 3A6TATL.

JIcnonv3osanue ucKyccmeeHH020 UHmMeneKma: aémop KoOHYenmyanu3uposan uccnedosanue u chopmynuposan
OCHOBHbLE HAYUHDbLE 6bL800bL. [151 CPABHUMENbHO20 aHANU3a, npedcmasnentozo 6 Tabnuue 1, ucnonv3osanace Heii-
pocemv DeepSeek V3.2 (paspabomxa Depth-Search) onsi cmpyxkmypuposanusi u npedcmasnenusi uHPopmMayuy u3
yumupyemolx ucmounuxos (27, 29, 30]. Ha saxniouumenvHom smane nod20mosKku pykonucu k nybnuxkayuu peoax-
mopckas epynna ucnonvdosana VIV ons nuxeeéucmudeckoil 06pabomxu mexcma, yCmparHeHus Craumtucmu1eckux
Hecoomeemcmauti 1 obecneueHus: MepMmuHoI02U1ecK020 e0UH000PAZUSL.

Dunancuposanue: UCHOUHUKOE PUHAHCUPOSAHUS 0TI 0eKAAPUPOBAHUS HETN.

IMoctynmma 01.12.2025 r. ITocne gopaborku 20.01.2026 1. IlpunsTa k my6nukanun 27.03.2026 .

INTRODUCTION derive actionable implications for modern CBRN

Theissue of Agent Orange remainsacute more
than 50 years after the war's end, implicating
critical questions of environmental security,
public health, and social justice. The deliberate,
large-scale military use of this chemical agent
resulted in a profound and enduring man-
made catastrophe, demonstrating that the long-
term consequences of such actions can span
generations. This historical precedent serves as a
stark warning, indicating that similar ecological
and humanitarian crises could potentially befall
any other nation subjected to the wartime use of
persistent toxic substances. A deep understanding
of the established toxicological mechanisms and
epidemiological patterns is therefore essential
not only for providing aid to current victims and
rehabilitating contaminated territories but also
for developing robust preventive measures and
international frameworks to avert such disasters
in the future.

Purpose of the study is to perform a systematic
analysis of Agent Orange's composition, the
toxicological mechanisms of TCDD, and its
long-term health and ecological impacts to

defense doctrine, training, and operational
protocols.

Study base sources. Analysis relies on peer-
reviewed scientific literature, reports from
authoritative bodies (U.S. Institute of Medicine,
National Academies), U.S. Department of
Veterans Affairs archives, data from victim
organizations (e.g., VAVA), and historical records
of Operation Ranch Hand.

Method. Employed a critical review
and synthesis of data from toxicological,
epidemiological, = molecular-biological, and
clinical studies using comparative analysis and
causal relationship assessment to build a unified
operational model.

Research tasks:

To  synthesize  dispersed  historical,
epidemiological, and clinical data to establish
a comprehensive picture of the long-term
consequences of Agent Orange exposure.

To analyze and elucidate the molecular
mechanism of TCDD toxicity, focusing on the
role of the aryl hydrocarbon receptor (AhR)
signaling pathway.
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To evaluate the current approaches to medical
management and socio-legal remediation,
identifying critical gaps and future directions.

MAIN PART

Historical Context'. On August 10, 1961,
U.S. aircraft first released chemical herbicides
over the Vietnamese countryside as part of
Operation Ranch Hand. The primary objective
was to deny enemy forces jungle cover and
food by deliberately destroying forests and
crops. Among the substances used, one in
particular- Agent Orange - gained notoriety.
It contained the highly toxic contaminant
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin),
which  extensively  poisoned ecosystems,
infiltrated water supplies, and is known to
cause DNA damage. Consequently, generations
of Vietnamese civilians and foreign veterans
have suffered from cancers and other chronic
illnesses. Although the war ended in 1975, the
legacy of Agent Orange persists. It remains in the
soil and the food chain, stubbornly accumulating
in the bodies of millions.

During the war, the U.S. military deployed a
group of defoliants collectivelyknown as "rainbow
herbicides," each identified by colored stripes on
their storage drums®. Agent Orange, the most
extensively used, was a 1:1 mixture of 2,4-D and
2,4,5-T. Crucially, the production of the 2,4,5-T
component resulted in contamination with
TCDD, a dioxin compound of severe biological
toxicity. The World Health Organization classifies
TCDD as a Group 1 carcinogen (carcinogenic to
humans), with an estimated half-life in human
adipose tissue of 7-11 years, though some studies
suggest persistence for up to two decades. The
rushed and poorly regulated manufacturing
process failed to control the formation of this
contaminant. Between 1961 and 1971, American
forces sprayed over 80 million liters of herbicides
across Vietnam, approximately 43 million liters
of which were Agent Orange. Aircraft such as the
C-123 Provider conducted high-concentration
spraying, particularly in regions with Viet

Cong activity. More than 19,000 such missions
were carried out under Operation Ranch Hand.
Although the nickname "Operation Hades"
was considered during planning, it was never
officially adopted. The planning and execution
of herbicide spraying missions during Operation
Ranch Hand were strict; spray missions did not
occur with friendly forces in the area and were
often deep in hostile territory. Antipersonnel
ordinance from escort aircraft was used in
targeted areas to suppress hostile ground fire,
and friendly units were prohibited from entering
areas immediately after spraying due to possible
unexploded ordinance. Multiple safeguards
and strict adherence to protocols made direct
spraying of United States and Allied forces, or
their passage through recently sprayed areas,
very unlikely.

Additionally, helicopters, trucks, and
riverboats sprayed herbicides around bases
and along key roads, often with little regard
for the long-term effects on civilians and local
ecosystems. Heavily affected areas included
Quang Tri Province, the A Luoi Valley, and the
vicinities of Bien Hoa and Da Nang airbases,
where the storage and handling of herbicides
caused severe secondary contamination.
Repeated spraying in some regions led to
persistent environmental pollution.

Dioxin entered the soil, where it persisted for
years, particularly in clay-rich or waterlogged
areas. Its slow degradation meant that
populations continued to be exposed long after
spraying ceased. Military personnel involved in
the missions, especially those handling chemicals
without adequate protective gear, received heavy
exposure. Civilians in affected areas consumed
contaminated food and water, leading to a range
of symptoms that were difficult to diagnose at
the time.

Following exposure, a pattern of symptoms
emerged. Civilians in sprayed areas reported
unexplained skin rashes, abdominal pain,
miscarriages, and respiratory issues. American
and allied veterans developed illnesses years after

! This introductory section is adapted from the following source. URL: History Skills. Agent Orange: The Devastating
Legacy of a Chemical Weapon [Internet]. 2023 [cited 2024 Dec]. URL: https://www.historyskills.com/classroom/

year-10/agent-orange/ (date: 12.11.2025)

> A Brief Overview of Rainbow Herbicides: “Agent Orange” — a mixture of butyl esters of 2,4 D and 2,4,5 T - was
employed for defoliation of broadleaf plants and destruction of hardwood forests, including banana, rubber, breadfruit,
and coconut trees, as well as for crop denial targeting rice, cassava, and potato fields. “Agent White” - a combination
of the triisopropanolamine salts of picloram and 2,4 D - was used primarily for defoliation. “Agent Blue” — consisting
of cacodylic acid and its salts (cacodylates) — was a desiccant intended for the destruction of grassy vegetation and, in

Vietnam, specifically for rice—crop denial.

The concentrations of agents applied in Vietnam typically exceeded the rates recommended by the U.S. Department
of Agriculture for domestic herbicide use by a factor of 10 to 13 (Vietnam. Chemical Warfare: Documents of the
International Scientific Conference on Chemical Warfare in Vietnam [Vetnam. Khimicheskaia voina: Dokumenty
mezhdunarodnoi nauchnoi konferentsii po khimicheskoi voine vo Vetname]. Hanoi: Foreign Languages Publ. House;

1972. P. 42, 53, 94, 100, 113).
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returning home, often without an identifiable
cause. Dioxin accumulates in adipose tissue,
can cross the placental barrier, and disrupts
endocrine function. It can persist in the body
for decades. Research has established clear links
between dioxin exposure and a growing list of
serious diseases. The U.S. National Academy of
Sciences and the Department of Veterans Affairs
recognize associations between Agent Orange
exposure and conditions such as non-Hodgkin
lymphoma, chronic lymphocytic leukemia,
soft-tissue sarcoma, Parkinson's disease, type
2 diabetes, and others. Consequently, the VA
established a list of "presumptive conditions" for
affected Vietnam veterans. The Agent Orange Act
of 1991 formalized this recognition, mandating
ongoing reviews of health effects by the National
Academy of Sciences.

In Vietnam, the public health crisis reached
devastating proportions. Hospitals recorded
significant increases in congenital anomalies
and neurological impairments. Children were
born with limb deformities (such as syndactyly),
severe craniofacial malformations, and profound
neurological damage. Many were stillborn or
died in infancy. Institutions like Tu Du Hospital
in Ho Chi Minh City have amassed extensive
archives of such cases and provided care to
thousands of affected children. The Vietnamese
Red Cross estimates that over three million
people suffer from health problems linked
to Agent Orange, including at least 150,000
children with major birth defects. The Vietnam
Association for Victims of Agent Orange (VAVA)
posits that up to 4.8 million Vietnamese were
exposed, although this figure is debated and
lacks independent verification.

The defoliation campaign caused profound
ecological damage beyond military targets.
Agent Orange decimated entire ecosystems and
destroyed the agricultural base of many rural
communities. Over three million hectares of
forest were sprayed, with natural regeneration
often failing in poisoned soils. Dioxin entered
aquatic systems, contaminating sediments, fish,
and livestock. Coastal mangrove forests, such
as those in the U Minh and Can Gio regions,
were particularly devastated, leading to erosion,
collapse of local fisheries, and loss of critical
habitat for endangered species. Remediation
and replanting efforts have faced significant
challenges, with original biodiversity rarely fully
restored. Farmers found their land infertile, crops
failed, and livestock fell ill. The contamination of
rice paddies and fisheries led to ongoing dietary
exposure, creating a cycle of poisoning.

As the chronic health effects on veterans
and civilians became increasingly apparent,
efforts to seek accountability intensified. In

the United States, veteran advocacy groups
pushed for recognition and government action.
A landmark class-action lawsuit filed in 1979
against several chemical manufacturers,
including Dow Chemical and Monsanto, resulted
in a $180 million out-of-court settlement in 1984,
providing some compensation to U.S. veterans
but excluding Vietnamese victims. Since 2007,
the U.S. government has funded environmental
remediation and limited health programs in
Vietnam, notably at dioxin "hotspots" like Da
Nang Air Base, using methods such as thermal
desorption. However, the U.S. has avoided
accepting direct legal liability for health
damages. Legal attempts by Vietnamese victims
in U.S. courts (2004-2008) were dismissed. A
civil case brought in France in 2014 by activist
Tran To Nga against the manufacturers has kept
the international legal struggle in focus.

The intergenerational toll of Agent Orange
continues to burden families in multiple
countries. In Vietnam, birth defects are observed
insecond and third generations in heavily sprayed
areas, overwhelming family resources and often
lacking adequate specialized care. Similar health
concerns among veterans from the United States,
Australia, South Korea, and New Zealand have
led to expanded, though sometimes inconsistent,
lists of compensable conditions by their respective
governments. Many victims face protracted
battles for recognition and support. In rural
Vietnam, children with severe disabilities often
cannot access education or employment, leading
to social stigma, family isolation, and entrenched
poverty without sustained state intervention.

Victims in  Vietnam:  Epidemiology
and Challenges in Estimation. Accurate
quantification of Agent Orange victims remains
challenging, with no definitive consensus on
the numbers. According to a report by Phan [1],
Vietnamese authorities estimate that up to 4.8
million people may have been exposed to dioxin,
with approximately 3 million experiencing
adverse health effects or disabilities. Earlier
estimates, such as the 2000 assessment by
Hoang Pinh Ciu (then chairman of the National
Committee for Investigation of the Consequences
of Chemicals Used in the Vietnam War),
suggested approximately 1 million surviving
victims, including 150,000 children born with
birth defects. The Vietnam Association for
Victims of Agent Orange (VAVA) has published
incomplete estimates indicating 150,000 second-
generation, 35,000 third generation, and 2,000
fourth-generation victims in the country.

It was not until 1969 that Agent Orange and
most other herbicide mixtures were discovered
to be inadvertently contaminated with the
most toxic form of dioxin, TCDD. By the time
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Operation Ranch Hand concluded in 1971 - two
years after this contamination was identified -
at least 20 million gallons of herbicides had been
sprayed. A definitive 2003 analysis by Stellman
et al. estimated that this exposure affected
between 2.1 million and 4.8 million villagers
(Figure 1) [2, 3]°.

It is crucial to note that TCDD concentrations
in Agent Orange varied significantly. Samples
drawn from barrels selected as representative of
the manufacturers in the USAF stockpile showed

a range of 6.2 to 14.3 parts per million (p.p.m.),
with an average of 13.25 p.p.m. [2]. However,
broader analyses have calculated a wider range,
from <0.05 to 17.0 p.p.m., with a substantially
lower arithmetic mean of 2.99 p.p.m. [2].
Applying this lower mean concentration
of 3 p.p.m. (associated with the 'low dioxin’
series) to revised estimates of the total herbicide
volume leads to a new calculation for the total
amount of TCDD sprayed. This estimate grows
to approximately 221 kg, up from the 106-163 kg

Figure 1. Volumes of herbicide sprayed. a, b, c, Known volumes of Agents Orange, White, and Blue, respectively, sprayed
by U.S. military forces in the Republic of Vietham (1961-1971). Volumes are calculated per grid cell (1.2 km?) within a
geographic information system developed for this analysis. Colors correspond to volumes as shown in the key. Arrows in
a and c point to missions in Laos and the Parrot's Beak region of Cambodia. d, Grids sprayed with volumes greater than
4,800 L (representing ~10% of the total). Marker size is proportional to volume, and colors correspond to herbicide
codenames; orange markers represent all herbicides containing 2,4,5-T. Adapted from J.M. Stellman et al. [2]

PucyHok 1. O6wvembl pacnvineHHbix 2zepbuyudos. a, b, ¢ - useecmHvle 06veMbl «AzeHma Opanic», «AzeHma Yalim» u
«AzeHma Bs1t0» coomeemcmeeHHo, pachblsieHHbIX 8oeHHbIMU cusaamu CLLIA e Pecnybauke Bbemuam e 1961-1971 22. O6v-
eMbl paccyumanol 0718 omoesbHbIX AYyeek cemku ¢ wazom 0,01 zpadyca (1,2 km?), Ha komopule pa3deseH BoemHam e
2e0UH(opMayuoHHoli cucmeme, paspabomaHHoli asmopamu. Lleema Ha a, b u c coomeemcmeytom 06veMaM, YKA3aHHbIM
6 siezeHOe. CmpesiKu HA a U ¢ yKkasvlearom Ha mMuccuu e Jlaoce u 8 pezuoHe «[llonyzaliHbili Kntoe» 8 Kambooice coomeem-
cmeeHHo. D - aueliku cemku, 8 Komopbix 6b170 pachblsieHo 6osee 4800 n zepbuyudos (okosno 10 % om o6wezo 06vema).
Pazmep mapkepa yeenuuueaemcs nponopyuoHasnbHo ob6veMy, a ueema coomeemcmeyom Ko008bIM HA38aHUSM 2epbuuu-
008. Bce zepbuyuoel, codeprucawue 2,4,5-T, 0603HauYeHbl opaHycesbiMu Mapkepamu. PucyHok adanmupoedH u3 pabomeol
J.M. Stellman c coaem. [2]

* The Use of Agent Orange and Other Herbicides Was Only One Component of the Chemical Warfare in Vietnam.
From the outset of the conflict, irritants were extensively used by the U.S. armed forces, in particular the compound
CS (2 chlorobenzalmalononitrile) - a synthetic solid substance that acts as the active component of tear gas mixtures.
Over the course of the war, improved formulations CS1 and CS2 were introduced, either replacing or supplementing
the basic CS. According to an analysis of captured munitions carried out by Vietnamese chemists, standard CS
contained about 40 % of the active ingredient (o chlorobenzylidene malononitrile), with the remainder consisting
of smoke generating products and impurities. CSI was a highly purified composition (up to 95 % active ingredient)
adsorbed onto silica gel for better dispersion. CS2, also containing silica gel, was further modified to enhance its
resistance to moisture and, consequently, to prolong its persistence in the air as an aerosol. It was precisely the CS2
formulation, with its prolonged toxic effect, that was actively employed by U.S. troops in 1969-1970. Evidence of
its persistence comes from an incident in the western part of Thiia Thién Province: CS2, sprayed from aircraft in
July 1970, remained toxic until October of that year. Examinations of victims in T4y Ninh, Quang Pa, Thiia Thién
and other areas showed that exposure to CS1 and CS2 leads not only to severe irritation of the eyes and lungs, but
also to such serious consequences as chemical burns of the skin, fainting, coma, and paralysis (Vietnam. Chemical
Warfare. P. 44).
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range presented in the NAS-1974 report.
Furthermore, by applying the average TCDD
concentrations of 32.8 p.p.m. and 65.5 p.p.m.
for Agents Purple and Pink, respectively, an
additional 165 kg of TCDD can be estimated.
This brings the total to approximately 366 kg for
these three agents alone [2].

This figure does not account for herbicides
applied by the forces of the Republic of Vietnam,
potential applications by U.S. Army and Navy
units using ground and riverine equipment, or
the more than 400,000 liters of Agent Pink that
were also deployed [2].

Figures 2-4: Descriptions of Agent Orange
Victims*. Figure 5. U.S. Air Force UC-123 aircraft
spray Agent Orange in South Vietnam.

Chemistry. Agent Orange consists of
equal parts of the chlorophenoxy herbicides
2,4-dichlorophenoxyacetic acid (2,4-D) and
2,4,5-trichlorophenoxyacetic acid  (2,4,5-T).
The six herbicides used in Vietnam from 1961
to 1971 were collectively termed the "Rainbow
Herbicides." Among these, Agent Blue was the
only one that did not contain 2,4,5-T. While
evidence suggests multiple chemicals were used
for various purposes, military records document
the use of four primary herbicides. Consequently,
toxicological assessments have focused on 2,4-D,
2,4,5-T, picloram, and cacodylic acid.

An obligatory byproduct of 2,4,5-T
production is  2,3,7,8-tetrachlorodibenzo-p-

Figure 2. Nguyen The Hong Van, a 13-year-old girl born
with skin disorders and an intellectual disability. She grew
up near a site where the military stored Agent Orange
PucyHok 2. HzyeH Txe XoHz BaH, 13-nemHss 0esouka, po-
oduewascs ¢ Ko#cHbIMU 3a60/1e8aHUSMU U yMCmeeHHol om-
cmasnocmoto. OHa 8bIpoc/aa psOOM C MECMOM, 20€e 80eHHble
XxpaHunu Agent Orange

dioxin (TCDD), a highly toxic carcinogen (see
Figure 6). TCDD contaminated many herbicides
containing 2,4,5-T°.

Figure 3. Hundreds of thousands of children and
grandchildren of individuals exposed to Agent Orange suffer
from birth defects. This individual exhibits phocomelia (a
shortened arm) and dolichocephaly

PucyHok 3. ComHu mvicsau Oemeli U 6HyKoe sauuy, noo-
eepauwiuxcs eosdelicmeuro Agent Orange, cmpadarom om
8pONCOEHHbIX NOpoKose pazsumus. ¥ 0aHHO20 UHOUBUOYY-
Ma Habooaemcs pokoMenus (yKopoueHHasi pyka) u 0oau-
Xxouecpanus

Figure 4. An individual begging outside a cathedral. He
was born with a deformed arm attributed to Agent Orange,
which severely limits his employment opportunities
PucyHok 4. Yenosek, npocawuii MusocmeiHio y cobopa.
OH poduscs ¢ decpopmuposaHHoli pykoli, Umo cesiviearom
c Agent Orange, umo severely ozpaHuyueaem ezo 803MOHc-
Hocmu mpydoycmpolicmea

* A collection of historical and contemporary photographs related to Agent Orange is available in the Getty Images
archive at: URL: https://www.gettyimages.com/search/2/image?phrase=agent+orange (date: 12.11.2025).

* Institute of Medicine (US) Committee to Review the Health Effects in Vietnam Veterans of Exposure to Herbicides.
Veterans and Agent Orange: Health Effects of Herbicides Used in Vietnam. Washington (DC): National Academies
Press (US); 1994, PMID: 25144022 https://doi.org/10.17226/2141 (date: 12.11.2025).
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Figure 5. Three U.S. Air Force UC-123 aircraft spray Agent
Orange in South Vietnam [2]

PucyHok 5. Tpu camonema UC-123 BBC CLLA pacnvins-
tom Agent Orange & KOxcHom BbemHame [2]

TCDD forms as a byproduct during the
manufacture of 2,4,5-T. Its molecules contain
carbon, hydrogen, oxygen, and chlorine. TCDD
is highly lipophilic (soluble in fats and oils) but
not in water, leading to its persistence in the
environment. The primary environmental source
of TCDD is combustion and industrial processes,
but human exposure occurs predominantly
through the food chain. Both 2,4-D and 2,4,5-T
are chlorophenoxy acids with similar elemental
composition. They are water-soluble and
structurally mimic natural auxin-class plant
hormones. This mimicry disrupts plant growth
regulation, which is the basis of their herbicidal
action. Cacodylic acid (containing arsenic) was
known as Agent Blue. Picloram (containing
nitrogen) was combined with 2,4-D to form
Agent White.

In its pure form, 2,4-D is an odorless white
crystalline powder, though it may appear yellow
due to phenolic impurities. It has a melting point
of 138°C, and the free acid is corrosive to metals.
It is soluble in water and various organic solvents.
2,4,5-T is an odorless, white to light-tan solid
with a melting point of 158°C. It is non-corrosive

Figure 6. The chemical structures of the herbicides:
2,4-D (2,4-dichlorophenoxyacetic acid), 2,4,5-T
(2,4,5-trichlorophenoxyacetic acid), picloram (4-amino-
3,5,6-trichloropicolinic  acid), and cacodylic acid
(dimethylarsinic acid), as well as of the contaminant TCDD
(2,3,7,8-tetrachlorodibenzo-p-dioxin)

PucyHok 6. Xumuueckue cmpykmypbl 2epbuyudos:
2,4-01 (2,4-0uxnopeHoKcuyKkcycHasa kucsaoma), 2,4,5-T
(2,4,5-mpuxnopgeHoKcuyKcycHas Kucsaoma), nukao0pam
(4-amuHo-3,5,6-mpuxanopnuKoanuHO8as Kucsoma), Kako-
dun060l Kucaomol (QUMemuaMbIWbAKOBOU Kucaomol), d
makxe KoHmamuuauma TXA4 (2,3,7,8-mempaxaopou-
6€eH300UOKCUH)

and soluble in alcohol and water, reacting with
bases to form salts and with alcohols to form
esters®.

2,4-D has been used commercially since
World War II to control broadleaf weeds on
range lands, lawns, forests, and agricultural
land; it remains a widely used herbicide approved
by regulatory bodies. Formulations include
amine salts, alkali salts, and esters, which are
mobile in soil and readily absorbed by plants.
Like 2,4-D, 2,4,5-T was developed as a herbicide
during World War II. However, its registration
was canceled in 1978 when its contamination
with TCDD during manufacturing became clear.
While 2,4-D production can also generate dioxin-
like contaminants, the proportion of highly toxic
TCDD is comparatively minimal.

The herbicidal properties of 2,4-D and
2,4,5-T are related to their ability to mimic the

¢ National Academies of Sciences, Engineering, and Medicine; Health and Medicine Division; Board on Population
Health and Public Health Practice; Committee to Review the Health Effects in Vietnam Veterans of Exposure to
Herbicides (Eleventh Biennial Update). Veterans and Agent Orange: Update 11 (2018). Washington (DC): National
Academies Press (US); 2018 Nov 15. PMID: 30629395. https://doi.org/10.17226/25137 (date: 12.11.2025).
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plant growth hormone indole-3-acetic acid (an
auxin). They are selective, affecting broadleaf
dicots (most weeds) but not monocots like
wheat and corn. The toxicity database for 2,4-D
is extensive. In contrast, data on the toxicity
of purified 2,4,5-T, independent of TCDD
contamination, are sparse. TCDD is significantly
more toxic than 2,4,5-T, and much of the toxicity
initially attributed to 2,4,5-T was later shown to
be caused by TCDD contamination. 2,4-D is not
metabolized to reactive intermediates capable of
interacting with DNA, and evidence supports the
conclusion that it is not a genotoxic carcinogen.
However, Sandal and Yilmaz [4] found that
lymphocytes from smokers show genotoxic
damage after exposure to 2,4-D, whereas
lymphocytes from non-smokers do not.

2,3,7,8-tetrachlorodibenzodioxin  (TCDD)
belongs to the family of dioxins. Dioxins and
dioxin-like compounds (DLCs) are persistent
organic pollutants (POPs). They are primarily by-
products of combustion or industrial processes
or, in the case of dioxin-like PCBs and PBBs,
unwanted minor components of manufactured
mixtures. Their toxicity varies up to 30,000-
fold, but they are grouped due to a common
mechanism of action: activation of the aryl
hydrocarbon receptor (AhR), albeit with vastly
different binding affinities leading to diverse
toxic potencies [5].

This family includes (see Figure 7):

o Polychlorinated dibenzo-p-dioxins
(PCDDs): Often called dioxins. There are
75 congeners, with 7 being specifically toxic.
TCDD is the most toxic.

o Polychlorinated dibenzofurans (PCDFs):
Often called furans. Of 135 isomers, 10 have
dioxin-like properties.

o Polychlorinated biphenyls (PCBs):
Polychlorinated biphenyls (PCBs): A class of
compounds consisting of a biphenyl backbone
with varying degrees of chlorine substitution,
12 PCBs have dioxin-like properties and can
form PCDFs under certain conditions.

o Polybrominated analogs of the above
classes may have similar effects.

o Note: The term “dioxin” can also refer to
1,4-dioxin, a simple chemical unit without the
toxicity of PCDDs.

Dioxins are virtually insoluble in water
but highly soluble in lipids. Therefore, they
bioaccumulate in organic matter like plankton,
plant leaves, and animal fat, and adsorb
inorganic particles like ash and soil [6]. They
are extremely stable and accumulate in the food
chain. Elimination in animals is very slow; for
example, TCDD has an estimated half-life of 7 to
9 years in humans [7, 8].

Figure 7. Major classes of dioxins and dioxin-like
compounds [5]

PucyHok 7. OcHo8Hble Kaaccbl OUOKCUHO8 U OUOKCUHNO-
006HbIX coeduHeHul [5]

Molecular Biology. As noted, dioxins and
DLCs activate the aryl hydrocarbon receptor
(AhR). The AhR is an ancient protein present in
all vertebrates, with homologs in invertebrates.
It is a member of the basic helix-loop-helix/Per-
Arnt-Sim (bHLH/PAS) family of transcription
factors and functions to modify the transcription
of numerous genes (see Figure 8) [9-14].

AhR activity is essential for normal
development and physiology. Mice lacking the
functional AhR protein (Ahr/- knockouts)
exhibit a range of pathologies, including hepatic
fibrosis, impaired vascular remodeling, and
immune system defects [5]. Crucially, these Ahr /-
mice are completely resistant to the acute lethal
and wasting effects of TCDD, demonstrating that
the AhR protein itself is the obligatory mediator
of TCDD toxicity [11]. Subsequent research has
confirmed that AhR-knockout rats and mice
show distinct hepatic and renal phenotypes and,
as expected, are insensitive to TCDD-induced
changes in gene expression [13].

The AhR is toxicologically relevant for
two primary reasons. First, it induces several
xenobiotic-metabolizing enzymes (e.g., CYP1Al,
CYPI1B1, GSTs, UGTs), a generally protective
function that can, under some conditions,
produce reactive metabolites. Second, and
more critically in this context, AhR activation
by high doses of ligands like TCDD leads to
widespread transcriptional dysregulation, which

BecTHuK Borick PXB 3awmTbl. 2026. Tom 10. N2 1

S1JITdNOD ANV SY4VM NI SNOdVIM TVIID901019 ANV TVIINIHD

XVIANLUOHON N XVYHUOAC 9 INPKAJO FOHIIRNIOLONT N FOHITRNINNX

33



XNUMUNYECKOE U BUOJTOTMYECKOE OPY>XUE B BOMHAX N KOH®JTMKTAX
CHEMICAL AND BIOLOGICAL WEAPONS IN WARS AND CONFLICTS

34

Lakota J.
A.lakoTa

Figure 8. A schematic diagram of salient signaling pathways mediated by the aryl hydrocarbon receptor (AhR). The
canonical (genomic) pathway is indicated by solid black arrows, and non-canonical (non-genomic) or alternative
pathways are indicated by dashed black arrows. Intersections between these routes are marked with a solid red arrow.
Protein representations: AhR (blue bars), ARNT (light red bars), ARA9 (green bars), HSP90 (yellowish brown bars), p23
(bright red ovals). Pathway description: Canonical pathway: Binding of dioxin to the cytosolic AhR complex (1) triggers
nuclear translocation (2), heterodimerization with ARNT, and binding to dioxin response elements (DREs) in target gene
promoters, ultimately modulating their expression (3). One induced gene product, the AhR repressor (AHRR), forms a
negative feedback loop by inhibiting AhR activity. Following activation, the AhR is degraded via the ubiquitin-proteasome
system (4). Non canonical and intersecting pathways: AhR activation can rapidly elevate intracellular Ca?* levels (5).
Increased Ca?* activates Ca®*/calmodulin dependent protein kinases (CaMKs), which can modulate the efficiency of AhR
nuclear translocation. The rise in Ca** may also (through intermediate steps not shown) lead to increased expression of the
Cox2 gene. AhR can also suppress the expression of acute phase proteins (APP) via mechanisms independent of DRE binding
(6). Abbreviations: AhR - aryl hydrocarbon receptor; ARNT - AhR nuclear translocator; HSP90 - heat shock protein 90;
DRE - dioxin response element (also known as xenobiotic response element or AhR response element); AHRR - AhR
repressor; Cox2 - cyclooxygenase 2 (prostaglandin endoperoxide synthase 2); APP - acute phase proteins; CaMKs - Ca?*/
calmodulin dependent protein kinases. The figure is adapted from Lindén et al. [12]

PucyHok 8. CxemMa Kstouesbix cuzHasbHbiX nymeli, onocpedyeMblix apusyzsneeo000po0HbiM peuyenmopom (AhR). KaHoHu-
yeckuli (2eHOMHbIU) nymb 0603HAYEH CN/IOWHbLIMU YepHbLIMU CMpesaKamu, a HeKaHoOHU4YecKue (HezeHoMHble) uau asbmep-
HAmMueHble Nymu - NYHKMUpHbIMU YepHbIMU cmpesikamu. lNepeceyeHuss Mexdy smumMu nymsmu ommeueHbl chaouwHol
KpacHoli cmpeskoli. YcnoeHbie 0603HayeHus 6eakos: AhR (cuHue nonocsl), ARNT (ceemsno-kpacHslie nonocsl), ARA9 (3ene-
Hble nosocbl), HSP90 (scenmo-KkopuuHesbie nosocel), p23 (apKo-KpacHble 08anbl). OnucaHue nymeli: KaHoHuueckul nyme:
Ces3vbleaHue OUOKCUHA € Yumo30s1bHbIM KoMnsekcomM AhR (1) 3anyckaem mpaHcaokayuro peuenmopa e a0po (2), zemepo-
dumepusayuto ¢ ARNT u ceszbieaHue ¢ OUOKCUH-omeemcmeeHHbIMU 3nemeHmamu (DRE) e npomomopax zeHoe-MuwieHel,
umo 8 KOHeYHOM umoze Modysupyem ux s3kcnpeccuio (3). OduH u3 uHOyyupyembix npodykmoe - penpeccop AhR (AHRR) -
¢dopmupyem nemsaio ompuuyamesbHoli 06pamHoli ceasu, uHzubupysa akmusHocmb AhR. Mocne akmusayuu AhR Oezpa-
dupyem yepe3 ybukeumuH-npomeacomHyo cucmemy (4). HekaHoHuueckue u nepecekaroujuecss nymu: Akmueayus AhR
Mo3cem 6bIcCmpo NoebIamb 6HympuKaemouHslli ypoeeHb uoHoe Ca?* (5). MoeviweHue koHUueHmpayuu Ca?* akmusupyem
Ca**/KaneModynuH-3asucuMblie hpomeuHkuHasbl (CaMK), komopblie Mo2ym Modyaupoeamb 3¢pekmusHocmb S0epHol
mpaHcaokayuu AhR. MoebiweHue ypoeHs Ca?* makice Moxicem (Uepe3 He NOKA3AHHble NPOMeEXCYmouUHble smansl) hpu-
800UMb K ycuseHur skcnpeccuu 2eHa Cox2. AhR moxcem makie nodaensme sKkchpeccuro beskoe ocmpoli ¢pasel (APP)
nocpedcmeom MexaHu3mos, He 3asucaujux om cesasvieaHus ¢ DRE (6). Cnucok cokpaweHuli: AhR - apunyzneeodopo0dHbviii
peuenmop; ARNT - s0epHbili mpaHcaokamop AhR; HSP90 - 6enok mensaoeozo woka 90; DRE - OuokcuH-omeemcmeeH-
HbIl 31eMeHm (Mmakxce u3eecmHbIl KaK KceHobuomuk-omeemcmeeHHblli 3nemeHm usau AhR-omeemcmeeHHblIl 3n1eMeHm);
AHRR - penpeccop AhR; Cox2 - yuknookcuzeHasa-2 (npocmazaaHouH-3HOonepoKcud cuimasa 2); APP - 6esaku ocmpoli
¢aswi; CaMK - Ca?*/kanbmodynuH-3asucumMble NpomeuHKUHassbl. PucyHok adanmupoeaH us pabomol Lindén ¢ coaem. [12]
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underlies the compound's systemic toxicity [5,
Tuomisto, 2019]. The specific genes crucial for
the myriad toxic effects of dioxins are not fully
understood [17].

One concrete example of such toxicity-
related dysregulation, demonstrated by Fu et
al. [18], shows that TCDD impairs mesoderm
gene expression and cardiac differentiation in
human embryonic stem cells, indicating that
AhR activation interferes with normal cellular
differentiation programs (Figure 9).

This interference likely occurs, at least in
part, through AhR's interaction with the NuRD
(nucleosome remodeling and deacetylation)
chromatin-remodeling complex [19]. A review
by Rejano-Gordillo et al. [20] provides a
comprehensive overview of the AhR's myriad
functions in organ homeostasis (see Figure 10).

Toxicology. Dioxins are eliminated very
slowly from the human body; TCDD has a
biological half-life of approximately 7-9 years.
Consequently, it takes about 70-90 years (10 half-
lives) for the body burden to decline to roughly
0.1% of the original level, assuming no further
exposure occurs.

Exposure to Agent Orange is associated with
long-term health effects, primarily linked to its
TCDD contaminant. The current understanding
is heavily reliant on epidemiological and
retrospective studies. It is important to note
that data originating from Vietnam [21, 22] are
sometimes subject to methodological scrutiny
in the broader scientific literature and may not
be universally accepted without independent
validation.

Figure 9. Modeling dioxin toxicity using human embryonic
stem cells (hESCs). Abbreviations: AhR, aryl hydrocarbon
receptor; DRE, dioxin response elements. Adapted from Fu
etal. [18]

PucyHok 9. MooenuposaHue mokcuyHocmu OUOKCUHO8 Ha
OCHOBe ues108e4YecKux 3MOPUOHAsbHBLIX CME0/0BbIX Kile-
mok (YI3CK). CokpaweHus: AhR, apusnyzneeodopodHbil
peuenmop; DRE, OuoKcuH-omeemcmeeHHble 3/1eMeHMmbl.
PucyHok adanmupoeaH u3 pabomel Fu ¢ coaem. [18]

Figure 10. Role of the Aryl Hydrocarbon Receptor (AhR)
in the Regulation of Organ Homeostasis. Adapted from
Rejano-Gordillo et al. [20]

PucyHok 10. Yuacmue apunyzneeo0opo0dH0z20 peuenmopa
(AhR) 6 zoMeocmamuueckoli pezynayuu opzaHos. PucyHok
adanmupoeaH u3 pabomel Rejano-Gordillo ¢ coaem. [20]

The toxicity of dioxins is clinically
determined by dose, route of entry into the
human body, and duration of exposure. To
illustrate this principle, the key differences
between mass chronic poisoning resulting
from an environmental disaster (exemplified
by Agent Orange) and isolated acute poisoning
are presented in Table 1. This analysis
underscores that the same toxicant can produce
distinct patterns of disease depending on the

exposure context—a critical consideration
for epidemiological studies and impact
assessment.

Clinical Presentation of Acute Poisoning
in a TCDD Contamination Zone. From the
moment the chemical fog appears, the following
symptoms develop. A sharp, chlorine-like odor
causes throat irritation. The eyes experience
a burning sensation with profuse lacrimation
and nasal discharge. A burning heat, as if from
pepper, is felt in the nasal passages. The affected
person experiences nausea, followed by vomiting.
Uncontrollable sneezing. Severe headaches and
rapidly developing weakness (asthenia). These
symptoms were noted in almost all individuals
interviewed.

Within 24 hours, these symptoms begin to
subside. Some affected individuals complained
of eyelid swelling, dizziness, and a burning
sensation on the skin with blister formation.
Only after 3-4 days did they feel an improvement
in their condition. Asthenia can persist for 3 or
4 months with continuous tearing, remaining
the dominant symptom of acute Agent Orange
poisoning. In addition to asthenia, victims
suffered from insomnia, headaches, sexual
dysfunction, and, in women, menstrual
disorders. A milder form, ocular asthenia,
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Table 1. Comparison of mass chronic exposure to “Agent Orange” and acute dioxin poisoning

(on the example of V. Yushchenko)

Ta6nuua 1. CpasHeHue Maccoso20 xpoHuU4Yeckozo 8o3delicmaus “Agent Orange” u ocmpozo ompasseHus
ouokcuHamu (Ha npumepe B. lOweHKo)

Mass Chronic Exposure (“Agent Orange”,

Acute Oral Poisoning (on the example of
V. Yushchenko, poisoned on September 5,
2004 during dinner in a suburb of Kyiv) /

TexHuyeckas zepbuyudHas cmeck: 2,4-11 + 2,4,5-T +
TXA/[ (kak npumecs)

Parameter / Vietnam) /
. Ocmpoe nepopasnbHoe ompaeseHue
Mapamemp Maccoeoe xpoHuueckoe go3delicmaue («AzeHm
(Ha npumepe B. FOweHKo, ompasaneHH020
OpaHxc», BbemHam)
5 ceHmsbpsa 2004 2. 8o epeMs yiucuHa e
npuzopode Kueea)
Toxicant / Technical herbicide mixture: 2,4-D + 2,4,5-T +|Pure 2,3,7,8-TCDD (dioxin) /
TokcukaHm TCDD (as a contaminant) / Yucmuiti 2,3,7,8-TX[ (OuokcuH)

Route of Exposure /
INymb 8030elicmeus

Long-term (years) low-dose exposure via
contaminated environment: air (during spraying),
soil, water, food chain /

JaumenvHoe (200b1) 8030elicmeue HU3KUX 003 uepe3
3aeps3HEHHY cpedy: 8030yx (npu pacnblieHuu),
nousy, 800y, huwesyo uenb

Intentional single oral poisoning /
YMblwneHHoe 00HOKpamHoe
ompasseHue

nepopasbHoe

Epidemiology /
Snudemuosozus

Mass exposure: millions of people across vast
territories. High-risk groups: personnel directly
handling herbicides and local population /
Maccoeoe: MuanuoHol  AwOeli Ha  0OWUPHbIX
meppumopusix. [pynnel 8biCOKO20 pucka: auyad,
HenocpedcmeeHHO pabomaswue ¢ zepbuyuoamu, u
MecmHoe HaceseHue

Isolated, intentional case (political assassination
attempt) /

EOuHuyYHbIl, npedHamepeHHbIl
(noaumuyeckoe nokyweHue)

cayyat

Laboratory Marker /
JlabopamopHbili
mapkep

Complex profile: may include various dioxins and
furans. Serum TCDD levels in most veterans were
comparable to background /

KomnnaekcHass  kapmuHa:  Moxcem  eK/al4dmb
passnuyHble OUOKCUHbI U ¢ypaHbl. YpoeeHb TX//
8 cbigopomke Yy 60/bWUHCMBA 6emepdHos Obis
conocmasum ¢ (poHO8bIM

Extremely high level of only TCDD in blood
(thousands of times above normal) /
SKkcmpemasnvHo ebicoKuli yposeHb mosvko TXO/ e
Kpoeu (8 mbiCs4U pa3 ebluie HOPMbl)

Clinical Presentation /
KnauHuueckas kapmuHa

Long-term sequelae: wide spectrum of diseases
(cancer, diabetes, birth defects, etc.) associated
with chronic exposure. Due to the cumulative
effect of low doses, chloracne could develop at high
doses within 2 weeks to several months (sometimes
even after cessation of contact with TCDD) /
JlonzocpouHvie nocsedcmeus: wWuUpoKuli cnekmp
3a6onesaHuli (pak, Oouabem, hopoku pdseumus U
m.0.), CBH3dHHbIX C XPOHUYeCKUM eo30elicmauem.
W3-3a HakonumenvHozo 3cphekma HU3KUX 003
X/10pAKHe MO02/10 803HUKAMb NpuU 8bICOKUX 003ax
8 meyeHue om 2 Heleslb 00 HECKO/bKUX Mecsues
(uHo20a U nocsie npekpauwjeHus KoHmakma ¢ TX/A /)

Acute onset with systemic manifestations
(epigastric pain, nausea) and severe chloracne - a
specific marker of acute TCDD poisoning. The rash
appeared 2-3 weeks after poisoning, covering up to
40% of the body surface /

Ocmpoe Ha4yasno ¢ cucmeMHbIMU PosieaeHUsAMU (60/1b
6 anuzacmpasvHoli 06s1acmu, mowHoma) u msaxcenas
opma xnopakHe -cneyucpuyeckuli Mapkep ocmpozo
ompasneHus TXA[M. Ceinb noseunacb yepe3 2-3
Hedesiu nocsae ompasseHus, oxeamue 0o 40 %
noeepxHocmu mena

Context /
Konmekcm

Environmental disaster and war crime /
Jkonozuueckas kamacmpoda u
npecmynseHue

B80€HHOoe

A unique documented case of intentional acute
human poisoning with pure TCDD /
YHuKaneHbil 3a00KYMeHMUpPOBaHHbIl
YMblW/EHHO20 0CMpPOo20  ompadsseHus
yucmoim TXA

cayyat
uesioeeKka

Note.

lMpumeuaHue.

The table was generated using the DeepSeek V3.2 neural network based on information provided in sources [27, 29, 30].

Tabauua czeHepuposaHa Helipocembto DeepSeek V3.2. Ha ocHoge uHopmauuu, npusedeHHol 8 ucmouHukax [27, 29, 30].
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was also observed (81% of victims of chemical
attacks). The study was conducted as follows:
patients were asked to read. Initially, they could
read easily, but after some time, they complained
of poor visibility, lines merging together, then
fatigue in both eyes and an inability to continue
reading. If they attempted to read longer, they
experienced lacrimation, increased intraocular
pressure, and headaches’.

Skin manifestations (primarily chloracne)
are among the earliest consequences of Agent
Orange exposure (see Table I1).

Chloracne is a skin disease caused by
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) and other diaromatic chlorinated
organic compounds. It manifests soon after
exposure to the chemicals, rather than after a
long latent period. The interval between dioxin
poisoning and the appearance of chloracne
varies significantly and depends primarily on
the dose and duration of exposure. Dioxins
accumulate in adipose tissue and are slowly
released, sustaining inflammation in the
sebaceous hair follicles. The key pathological
mechanism is hyperkeratinization of the ducts
and the formation of retention cysts. It is, in
essence, an acneiform dermatosis caused by
exposure to halogenated aromatic compounds
and serves as a characteristic cutaneous
manifestation of systemic toxicity. The most
commonly affected areas are the cheeks,
periorbital skin, ears, neck, behind the ears,
axillae, and groin. The severity of the disease
corresponds to a typical dose-response curve.
Chloracne is the only skin disease consistently
associated with exposure to Agent Orange and
TCDD. It is highly resistant to therapy and
can persist for decades after a single poisoning
event. Chloracne resolves as the serum dioxin
concentration decreases. The prognosis is
variable: in some patients, lesions may disappear
within 2 years, while in others, they remain for
life (Figures 11, 12).

The following clinical conditions have
demonstrated a  statistically  significant
association with exposure to Agent Orange or
dioxin-like compounds [23]:

Neurological: Parkinson's disease, peripheral
neuropathy, stroke.

Respiratory: Idiopathic pulmonary fibrosis.

Cardiovascular:  Hypertension, ischemic
heart disease.

Hepatobiliary: Liver disease and cirrhosis.

7 Vietnam. Chemical Warfare. P. 59-63.

Figure 11. Nguyén Ngoc Ngdn. Clinical presentation of
chloracne (“acneform dermatitis induced by chlorinated
hydrocarbons”): pustules (visible foci of acute inflammation
with pus formation) and comedones (blackheads on the
face - the visible portion of open comedones where sebum
oxidizes and darkens upon exposure to air) (Image source:
Red(dit (r/PoppingPimples.

URL: https:/www.reddit.com/.../nguy%E1%BB%85n_ng%
E1%BB%8Dc_ng%C3%A2n_chloracne...;date: 25.11.2025)
PucyHok 11. HzyeH Hzok HzaH. lMposieneHus xnopakHe
(«y2pesudHbili depmamum, 6bI36aHHbIU XA0PUPOBAHHLIMU
yz2neeodopodamu»): nycmysel (6UdUMble o4Yazu 0CMPO20
eochaseHus ¢ 06pa3oeaHueM 2HOs) U KOMeOOHb! (UepHule
MOUKU Ha Auue - 8UOUMAs 4YaCMb OMKPbIMbIX KOMeOOHO8,
20e KoJCHOe €as10 OKUCASiemcs U meMHeem npu KOHmMakme
¢ 8030yxom) (McmouHuk u3obpaxmceHus: Reddit (coobuwe-
cmeo r/PoppingPimples.

URL: https:/www.reddit.com/.../nguy%E1%BB%85n_ng%
E1%BB%8Dc_ng%C3%A2n_chloracne...; 0ama o6pawe-
Hus: 25.11.2025)

Hematological: Chronic
leukemia, Hodgkin's and
lymphoma, multiple myeloma.

Immunological: Rheumatoid arthritis.

Endocrine: Type 2 diabetes mellitus,
hypothyroidism.

Reproductive: Reduced sperm quality and
female infertility.

Oncological: Soft tissue sarcoma, laryngeal
and lung cancer, thyroid cancer, prostate cancer,
bladder cancer.

Dermatological: Chloracne (see Figures 11, 12),
Porphyria cutanea tarda®.

lymphocytic
non-Hodgkin's

8 Committee to Review the Health Effects in Vietnam Veterans of Exposure to Herbicides (Ninth Biennial Update);
Board on the Health of Select Populations; Institute of Medicine. Veterans and Agent Orange: Update 2012. Washington
(DC): National Academies Press (US); 2014 Mar 6. Appendix B, Short-Term Adverse Health Responses. URL:
https://www.ncbi.nlm.nih.gov/books/NBK195079/ (data: 25.11.20250.
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Figure 12. Chloracne and hyperpigmentation in a child from
Seveso, Italy, exposed to 2,3,7,8-TCDD. Clinical description:
Chloracne (“acneform dermatitis induced by chlorinated
hydrocarbons”), presenting with comedones and pustules.
Hyperpigmentation is a pathological darkening of skin
areas due to increased deposition of the pigment melanin,
often associated with chronic inflammation (Image source:
Schecteret al. [27])

PucyHok 12. XnopakHe u 2unepnuzmeHmayus y pebeH-
ka u3 Ceese3o (Mmasnus), nodsepzwezocs eo30elicmeuto
2,3,7,8-TX . KnuHuyeckoe onucaHue: XsopakHe («yzpe-
BUOHbILI OepmMamum, 6bi38aHHbIU XA0PUPOBAHHLIMU Yya/e-
8000p00amu»), nposieasoujeecs KomedoOHAaMu U nycmyna-
mu. flunepnuzmeHmayusi - namosio2u4yeckoe homemHeHue
yuacmkoe Koxcu 6 pe3ysibmame NoebleHHO20 omsoxce-
HUSl NU2MeHMa MesIaHUHd, Ydcmo Cés3AHHO20 C XpOoHUue-
CKUM eochasieHueM (UCMOYHUK u3o6paxceHus: Schecter ¢
coasm. [27])

Developmental: Congenital abnormalities
(heart, thyroid). The association with
developmental disorders is supported by meta-
analyses. Ngo et al. [24] reported a summary
relative risk (RR) of 1.95 for birth defects
associated with Agent Orange exposure, noting
significant heterogeneity. Vietnamese studies
showed a higher RR (3.00) than non-Vietnamese
studies (1.29). The authors also observed a dose-
responserelationship. From the perspective of this
article's author, international (non-Vietnamese)
data sometimes underestimate the scale of the
"Agent Orange catastrophe” in Southeast Asia.
Contrary views exist, with some researchers
criticizing the conclusions of such meta-analyses
as methodologically unacceptable [25]. The
issue of responsibility remains contentious,
as illustrated by corporate statements shifting
liability to the U.S. government as the specifying
and controlling entity [26].

Journal of NBC Protection Corps. 2026. V. 10. No 1

Treatment. Currently, there is no specific
antidote for dioxin poisoning. Management
focuses on symptomatic therapy and preventing
further exposure. This includes avoiding
consumption of potentially contaminated
products and wusing personal protective
equipment in high-risk areas. Methods to
accelerate elimination (e.g., activated charcoal)
may be used in some acute cases. Treatment
aims to manage symptoms and restore function,
potentially  involving  immunostimulants,
endocrine regulators, and dermatological
agents. A diet rich in antioxidants may help
reduce oxidative stress. An experimental study
in rats suggested that the flavonoid rutin may
facilitate dioxin elimination and attenuate
toxicity. Regular medical monitoring is
crucial for early detection and management of
complications [27, 28].

Chronic dioxin poisoning manifesting as
porphyria cutanea tarda is challenging to treat.
One reported regimen involves administering
chloroquine in a carefully titrated schedule (e.g.,
starting at 0.125 g twice daily for two weeks,
with gradual increases over several months).
Chloroquine is contraindicated in patients
with severe cardiac, renal, or hepatic disease.
Some protocols combine it with methocarbamol
(27, 28].

Skin Decontamination. The removal of
contaminated clothing can prevent further
exposure to TCDD. In an experiment, treatment
with mineral oil followed by wiping with
acetone, as well as washing with soap and water,
effectively reduced (approximately by half) the
amount of TCDD in the stratum corneum of
intact skin. This method may potentially be used
for personnel decontamination directly at the
site of Agent Orange contamination [31].

Soil Decontamination. Numerous methods
have been proposed for the remediation
of dioxin-contaminated soil, including
physical, chemical, thermal, and biological
treatments. Bioremediation is considered a
promising alternative for soil cleanup. This
approach employs microorganisms to degrade
persistent organic pollutants in contaminated
soil through anaerobic or aerobic decomposition.
Several studies have demonstrated that
microorganisms  isolated  from  dioxin-
contaminated sites are capable of degrading
these compounds. Microorganisms can utilize
dioxins as a carbon and energy source, achieving
effective dechlorination under both anaerobic
and aerobic conditions. In addition to microbial
remediation, phytoremediation - particularly
using high-biomass plants—has proven effective
and is widely applied. Laboratory and field
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experiments have shown that such plants can
adsorb dioxins [32, 33].

CONCLUSION

The analysis of the Agent Orange issue leads
to a number of critical conclusions that form a
comprehensive understanding of the long-term
consequences of using persistent toxic chemicals
for military purposes.

Scale and Persistence of the Ecotoxicological
Threat. Agent Orange serves as an example of
the transformation of a tactical asset (a defoliant)
into a strategic factor of long-term impact. Its
key toxic component - 2,3,7,8-TCDD - possesses
exceptional environmental persistence (years
to decades) and a capacity for bioaccumulation
in food chains. This leads to the formation of
persistent Contaminated Areas (CAs), often
referred to as "dioxin hotspots,” which pose a
health hazard for generations, even after a single
application.

Specificity of  Toxicodynamics and
Polymorphism of Clinical Manifestations. The
toxicity of TCDD is mediated by the activation of
the aryl hydrocarbon receptor (AhR), leading to
profound dysregulation of genes controlling the
cell cycle, differentiation, and immune response.
This explains the extremely wide spectrum
of long-term effects: from specific markers of
acute poisoning (chloracne) to the development
of oncological, neurological, endocrine, and
reproductive diseases, as well as congenital birth
defects in offspring. The clinical picture directly
depends on the nature of exposure (acute/
chronic, dose, route of intake), necessitating a
differentiated approach to diagnosis.

Lack of a Specific Antidote and the Priority
of Prophylaxis. At present, there are no effective
methods for direct detoxification or antidote
therapy for dioxin poisoning. Treatment remains
symptomatic and supportive. Under these
conditions, absolute priority must be given to
Collective and Individual Protection measures
aimed at preventing personnel contact with
contaminated objects.

Socio-Ecological Damage as a Component of
Casualty Infliction. The consequences of Agent
Orange use extend far beyond direct health
damage. They include long-term degradation of
ecosystems (forest die-off, water pollution, loss
of biodiversity), undermining of food security
and socio-economic stability in the region,
and a severe humanitarian burden in the form
of intergenerational diseases. This makes such
substances a tool of not only tactical but also
strategic environmental impact.

The historical experience of Operation
Ranch Hand is a stark warning that the use of
persistent organic pollutants in conflicts creates

irreversible consequences comparable to a large-
scale technological disaster. Understanding the
mechanisms of this catastrophe is the basis for
developing adequate Counter-CBRN measures,
protection, and recovery.

The  experience of Agent Orange
demonstrates that countering the consequences
of persistent organic pollutant use is not a one-
time Decontamination operation, but a complex
of long-term measures involving strict isolation
of the area, organization of troop Logistics based
on external resources, medical monitoring, and
complex engineering work for Site Remediation.

Practical Significance for CBRN Defense
Personnel

This analysis has direct applied significance
for the planning and execution of tasks by
CBRN defense wunits under conditions of
potential use or detection of persistent toxic
dioxin-like chemicals. Key aspects of practical
significance:

Threat Assessment and Hazard Identification:
The work provides a clear understanding that
the primary hazard stems not from the herbicide
itself, but from its by-product - TCDD, which
possesses extreme persistence and toxicity.
Critical Exposure Routes are identified:
inhalation (aerosol during spraying), oral
(contaminated water and food), and percutaneous
(contact with soil, vegetation, equipment). The
main long-term risk is secondary contamination
through food chains. Indicators of a potentially
contaminated area are highlighted: areas of mass
die-off of broadleaf vegetation with preserved
grasses, signs of chemical treatments (yellowing,
defoliation), and locations of former storage
sites and airfields where agents may have been
handled.

Organization of Protection and Control
Measures: Justification for the necessity of the
earliest and full use of Individual Protection
Equipment (IPE), including protective masks
(either filtering or insulating) and special
protective suits against Chemical Warfare Agents
(CWAs) and gloves, during any operations in
a suspected contaminated zone. TCDD can
penetrate the skin.

Algorithm for Immediate Decontamination:
prompt removal of contaminated clothing
followed by treatment of exposed skin with
soap and water or, if available, special solvents
(analogous to the methodology described using
mineral oil and acetone). This is critical within
the first hours after contact.

Prohibition on the use of local resources:
a categorical ban on the consumption of water
from open sources, locally produced food (meat,
fish, milk), and the use of local wood for fires

BecTHuK Borick PXB 3awmTbl. 2026. Tom 10. N2 1

S1JITdNOD ANV SY4VM NI SNOdVIM TVIID01019 ANV TVIINIHD

XVIANLUOHON N XVYHUOAC 9 INPKAJO FOHIIRNIOLONT N FOHDITRNINNX

39



XNUMUNYECKOE U BUOJTOTMYECKOE OPY>XUE B BOMHAX N KOH®JTMKTAX
CHEMICAL AND BIOLOGICAL WEAPONS IN WARS AND CONFLICTS

40

Lakota J.
A.lakoTa

in potentially contaminated areas to prevent
alimentary and inhalation intake of dioxins.

Medical Support and Surveillance: Knowledge
of specific symptom-markers: chloracne
(persistent acneiform eruptions on the face and
body) should be considered a probable indicator
of acute or subacute TCDD poisoning and serve
as grounds for in-depth examination.

Understanding the logic of long-term
consequences: allows medical services to plan
long-term dynamic Health Surveillance for
personnel at risk of exposure, with an emphasis
on screening for oncological, neurological, and
endocrine diseases.

Awareness of the impossibility of emergency
detoxification: the emphasis in personnel
briefings should be not on searching for an
"antidote," but on strict adherence to Prophylactic
Measures.

Engineering, Technical, and Reconnaissance
Tasks: Priority reconnaissance objects: chemical

storage sites, airfields, aircraft refueling and
washing areas, where the probability of "hotspot”
formation is highest. For their identification,
biological indicators (vegetation condition) and,
potentially, portable analytical methods may be
used.

Establishment of  quarantine  zones:
justification for the necessity of setting up
long-term Restricted Areas around identified
contamination foci, as the natural degradation
of TCDD takes years.

Evaluation of Decontamination methods:
knowledge of the application of thermal
desorption  technology  (high-temperature
incineration) for soil cleanup at Da Nang Air Base
provides a reference for selecting consequence
management technologies for similar objects.

This work provides a scientific and
toxicological basis for developing appropriate
manuals, instructions, and training programs
for CBRN defense specialists.

Limitations of the study / Ozpanuuenus uccnedo6anus

This study should be regarded as the first stage of a systematic analysis of the problem, setting the vector
for further scientific and practical activities in this area. The primary limitation of this article is that it is based
on the analysis of a specific historical precedent (Agent Orange) and not on contemporary adversary plans. This
limits its direct operational applicability for CBRN defense troops but simultaneously defines key directions for
their practical training. The absence of precise Threshold Toxicity Values for dioxins under combat conditions is a
notable gap. The article details the mechanisms of TCDD action but does not define precise operational parameters
critical for real-time threat assessment, such as LCt_, (median lethal concentration) or ICt,  (median incapacitating
concentration) for TCDD via inhalation or dermal routes under conditions of combat load. The toxicology of
Agent Orange was determined by a mixture of herbicides and TCDD. In a real operational environment, forces
may encounter a combination of chemical agents, Toxic Industrial Chemicals (TICs), and other factors (as seen
in Gulf War veterans), creating an unpredictable synergistic effect not studied within this work. For organizing
effective Chemical Monitoring, it is necessary to know which specific markers (metabolic intermediates, specific
proteins) and by what means can be operationally detected in the field. The article does not provide such practical
methodologies. Understanding the molecular mechanism via the AhR receptor does not answer the question of
how field detection systems, Individual Protection Equipment (IPE), or Decontamination procedures should be
modernized to effectively counter dioxins specifically. The work does not translate the acquired data into concrete
amendments to CBRN Defense Doctrine, medical support regulations, or guidelines for situation assessment in
contaminated areas. This is a fundamental problem that complicates both current threat assessment and subsequent
medical surveillance. The article does not propose mechanisms to solve this problem for future conflicts. Knowledge
of the clinical picture of chloracne does not replace regular and realistic training of personnel in operating in areas
contaminated with persistent toxic substances, including special reconnaissance procedures, extended duration
missions in IPE, and equipment decontamination. / IIpoBeeHHOe MCCIeOBaHNe CIIeflyeT pacCMaTPUBATh KaK Iep-
BBIIT 9TAIl CUCTEMHOTO aHa/IM3a MPOoOIeMbl, 3a/JalOL[UIl BEKTOP /IS Ja/bHENIIell HayTHOI U IPAKTUIECKOI [es-
TENBHOCTH B AaHHON o6mactu. OCHOBHOE OrpaHMYeHEe CTAaThbl 3aK/II0YAEeTCsI B TOM, YTO OHA IIOCTPOEHA Ha aHa-
Nn3e KOHKPETHOTO MICTOPMYECKOro mpeleneHTa («AreHtT OpaHX»), a He Ha COBPEMEHHBIX IUIAHAX IPOTUBHIUKA.
9TO OrpaHMYMBAET ee IPsIMOe OIlepaTUBHOE IpUMeHeHe [/ Boiick PXDB 3ammTel, HO OffHOBPEMEHHO OIIpefiensieT
K/II0UeBble HAIIPaB/ICHNUs [/Is UX IIPAKTUIECKOI MOArOTOBKU. OTCYTCTBIE TOYHBIX IOPOTOBBIX 3HAUEHNUIT TOKCUY-
HOCTH Ji/ISI [YIOKCUHOB B YC/IOBVSIX OO€BBIX [IeVICTBIII SIB/ISIETCS CYIeCTBEHHBIM ITPOOeIoM. B crarbe meTanpHO onu-
caHbl MexaHu3MbI ferictBusa TX]I/I, omHAaKO He OIpefe/ieHbl TOYHbIE ONlepaTUBHbIE TapaMeTPhl, KPUTUIECKN BasK-
Hble /171 OLEHKM YTPO3bI B peaibHOM BpeMen, Takue kKak LCt, (cpennss cmepTenbHas KonuenTpanus) mmu ICt, |
(cpenHsist BeIBOAsIAs U3 CTposi KoHIeHTpauysy) mast TXJ] npy MHIa/ISAIMOHHOM WIN KOXXHOM IOCTYIUIEHNH B
YCIO0BUSIX 60€BOIT HATPY3KY IMYHOrO cocTaBa. Tokcukomorns «Arenta Opamx» 06yC/IOB/IeHa CMeChIO TepONIIIOB
u TX]I]I. B peasipHOI OLlePaTUBHOI 06CTAHOBKE BOICKA MOTYT CTOJIKHYTHCS C KOMOMHAIIVE X UMIYeCKIX areHTOB,
TOKCHYHBIX NpOMbIlITeHHbIX XxuMykaToB (TTIX) u gpyrux daxkTopos (kak 9T0 HabM0OAANIOCh y BeTepaHOB BOJI-
HbI B [TepcujickoM 3a/nBe), 4TO CO3/IaeT HelpefjCKasyeMblil CuHepreTudecKuii apQexT, He M3YUIEHHBI B paMKax
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TaHHOIT paboTel. [l opranusanuy 3¢ QeKTUBHOIO XMMUYeCKOTO MOHUTOPIMHIA HEOOXO[MMO 3HATh, KaKle VIMEeH-
HO MapKepsl (IIPOMe>KyTOYHbIE IIPORAYKTHI MeTaboMM3Ma, criennuiecke 6eIKi) U C IOMOIIbI0 KAKUX CPEICTB MO-
I'yT OBITH OIIEPATUBHO BBIABJIEHBI B II0JIEBBIX YCIOBUAX. CTaTbsd He NIPEJOCTAB/IACT TAKUX IPAKTUYECKIX METOVK.
[ToHMMaHMe MONEKYIAPHOTO MeXaHn3Ma deped AhR-pelentop He oTBeyaeT Ha BOIIPOC O TOM, KaK JIOMKHBI OBITH
MOJIepHM3VPOBAHbI IIOJIEBbIe CUCTEMBI OOHAPYKEHI, CpeficTBa MHAMBMAYaabHOI 3amnThl (CV3) nnu mpouexypsl
merasauun Ajsi 9¢p¢GeKTUBHOTO NPOTUBOAENICTBUS MEHHO AUOKCHHAM. PaboTa He IepeBOAUT MOy YeHHbIe JaH-
Hble B KOHKpeTHBIe NOIIOMHEeHNA K JoKTpyHe PXD 3amyTsl, HacTaB/IeHUAM 110 MEAVIIVTHCKOMY 00eCIedeHUIO VN
PYKOBOJICTBaM IIO OIleHKe 00CTaHOBKY Ha 3apa>keHHOI MeCTHOCTU. DT0 GyHaMeHTanbHas IpobeMa, KoTopasd 3a-
TPYAHSAET KaK TeKYIYI0 OLIeHKY YT PO3BI, TaK I MOCTIeyIollee MeIUI[MHCKOe Hab oieH e. B cTaThe He IIpe/Io)KeHbl
MeXaHN3MbI PellleH st JAHHOII IPO6/IeMBl /st Oy Ay MX KOHPIMKTOB. 3HaHMe KIMHNIECKOI KaPTHUHBI XIOPAKHE He
3aMeHsAeT Pery/IsApHON U peanyiCTUIHON HOATOTOBKM TMYHOTO COCTABA K IEeMICTBIAM B 30HAX 3apaKeHMA CTOMKIMU
TOKCMYHBIMM BellleCTBaMU, BK/II0Yas 0coOble PeXKMMBI pasBeiKlL, AIuTenbHoe npebbianne B CY3 n fesaxTmba-
I[MI0 TEXHUKI.
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OCHOBHbIE MOMEHTBI

- TexHO/IOTMsT IMMYHOYUIIOB O6eCIIeunBaeT My/IbTUIIIEKCHYIO (OTHOBPEMEHHYIO) NIeHTU(IUKALVIO IIMPOKOTO CIIeK-
Tpa [aTOI€HOB U TOKCMHOB C BBICOKOII YYBCTBUTEIbHOCTBIO M CKOPOCTBIO aHanu3a (1,5-2,0 yaca).

- KiroueBble ImpenmyIiecTBa TEXHOMIOIMM — BO3MOXXHOCTb MMHUATIOPM3ALIMY Y aBTOMATU3ALMIA — OIPefe/AoT 10-
TeHIIMAI JyIs CO3/IaHMs HOBOTO IIOKOJIEHNS CPeJICTB TI0IeBOI OMOIOTIYeCKOl Pa3BeKIL.

Axmyanvrnocmop. OliepaTVBHOE BBIB/ICHNE U MAHTU(UKALMA OMONTOINYeCKIX YTPO3 AB/IAETCS] KPUTUIECKOIT 3a/a-
geit st obecredeHnst 6esomacHoCTH BoiicK. CylecTByoLIye METOIBI ITOIEBOIT MHAVKALIMMN He 00/IafaloT Heo6Xoam-
MOJI MY/IBTUIIEKCHOCTBIO VI CKOPOCTBIO, YTO 3aJePXKIBaeT OLeHKY 0OCTaHOBKM VI IIPUHATIE PEIIeHNI.

Llenv uccnedosanus — aHanmu3 COBpEeMEHHbIX TEXHOJIOTHII MY/IbTYaHATUTHBIX UMMYHOUYMIIOB U OL[eHKA ITePCIIeKTUBbI
MX a[falITalyi M IpUMeHEHVS /I OCHAIIIeHVSI BOVICK pafiMaliiOHHOM, XuMmdeckoit u 6uonorndeckoit (PXB) samutor
B aCIIeKTe MOBBIIIEeHNsT 3¢ HeKTUBHOCTI OMOIOTIIECKOI Pa3BeKIL.

Hcmounuxosas 6asa uccnedosanus. JJaHHbIe 3 OTKPBITBIX MEeX/JYHaPOLHBIX Hay4HBIX 6a3 (Scopus, PubMed), my-
61uKanuit B pelleH3MpyeMBbIX XX ypHaIaX, MaTepUaIoB KOH(EpeHIil X MaTeHTHBIX JJOKYMEHTOB.

Memoo uccnedosanus. CucteMaTU4IeCKNit aHan3 1 060011eHIe HaYYHO-TeXHIIeCKOiT MH(OPMALINY 10 Pas/INIHbIM
wiat¢popMaM MMMYHOYMIIOB (IUIaHapHbBIE, CYCIIeH3MOHHBIe, MUKPOQIIONHbIE) Y IPUHIUIIBL JeTeKuyuu (onTude-
CKIIe, 9IeKTPOXMUMIYECKHE).

Pesynvmamut. CricTeMaTU3MpOBaHbI XapaKTEPUCTIKIA COBPEMEHHBIX IMMYHOUMIIOBBIX CUCTEM, CIIOCOOHBIX 0OHApY-
JKMBATb BO30OyAUTENell CHOMPCKOIL SI3BBL, YyMBbI, TY/IsIpeMun, 60TYIMHIIECKIe TOKCHHBI, PULIVH U APYTIe areHTbl C
BBICOKOIT 4yBCTBUTENBHOCTBIO (0 10° KOE/M1 15t 6aKTepnii, eMHIUIIBI HT/MIT AJIsI TOKCIHOB).

3axmouenue. TeXHOMOTMA IMMYHOYUIIOB JOCTUIVIA YPOBHS, IIPUTOJHOTO LA CO3[JaHMA HOBOTO IIOKO/IEHNA CPECTB
HoJIeBoIt 6uonornyeckoit passenku. Ee BHeIpeHNe MO3BOMUT OCYLIECTBUTD HEPEXOf K ONePATVBHOMY MYIbTHUIIIEKC-
HOMY CKPMHUHTY YTPO3, YTO Kap/{MHAIbHO MOBBICUT 3¢ deKTUBHOCTb 060poHbl Boiick PXB samursr. ITepcrexTus-
HBIM HAIIPABJIEHNEM SIB/IIETCS PAa3paboTKa YHUGUIMPOBAHHBIX U [JAIITHBHBIX IUTAT(HOPM.

IIpaxmuueckan snauumocmo pabomot. Pe3ynpraTbl paboThl GOPMUPYIOT OCHOBY JyIA Pa3pabOTKM NEePCIEKTUBHBIX
06pas1ioB BoopyskeHus Boiick PXB 3amuTsr: 1) MOOMIbHBIX MHOTOKOMIIOHEHTHBIX aHa/IM3aTOPOB /A Taboparopuit
Ha 6a3e KOMIUIEKCOB Tuia «Cblu»; 2) IOPTATUBHBIX ZETEKTOPOB /ISl HEIITATHBIX pasBelbIBATENbHBIX IPYIIIL; 3) cTa-
[[IOHAPHBIX aBTOMATU3MPOBAHHBIX IIOCTOB /IsI MOHUTOPIHTA BO3/[yXa Ha KPUTUIECKU BaXXHBIX 0ObeKTax. BHenpe-
HIe TIOJOOHBIX CUCTeM II03BOINT PajuKaIbHO COKPATUTDb BpeMs 0TO0pa 1 aHaIu3a Ipoo, IOBBICUB OIEPATUBHOCTD
u 060CHOBAaHHOCTD PEIIeHNIT TT0 OYOTIOTMIeCKON 3allITe BOJICK.

Kniouesvie cnosa: 6u04un; uMMyHOAHANU3; UMMYHOPEPMEHINHDLE AHATIU3; UMMYHOUUN; UMMYHOXpOMMmazpagdue-
CKUTL AHATIUS; MYTIbMUNIEKCHOCb; NAMO2eHHbLTE 6107I02U1eCKUl d2eHm; cneyuduuecKas UHOUKAUUS

Hns yumuposanus: Sueanuun 3.P., Kuummanos A.A., Ileuenxun JI.B., Ky3neyosckuii A.B., Bopobves A.A. Mmmyno-
YUNbL - CO8peMeHHble CPeOCNEa cneyuPu1eckoti UHOUKAUUYU NATNO2EHHBIX OUO0NI02UYeCKUX d2eHmO06. Becmuuk 8otick
PXb sawgumu. 2026;10(1):44-63. EDN:evqazf.
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Highlights

- Immunochip technology provides multiplex (simultaneous) identification of a wide spectrum of pathogens and
toxins with high sensitivity and rapid analysis time (15-30 minutes).

- Its key advantages — the potential for miniaturization and automation - determine its suitability for creating a new
generation of field biological reconnaissance tools.

Relevance. The rapid detection and identification of biological threats is a critical task for ensuring troop safety. Existing
field detection methods lack the necessary multiplexing capability and speed, which delays situational assessment and
decision-making.

Purpose of the study is to analyze modern multianalyte immunochip technologies and assess the prospects for their
adaptation and application in equipping Nuclear, Biological, and Chemical (NBC) defense troops to enhance the
effectiveness of biological reconnaissance.

Study base sources. An analysis of data from open international scientific databases (Scopus, PubMed), publications
in peer-reviewed journals, conference materials, and patent documents related to the development and application of
immunochips for the detection of pathogenic biological agents was conducted.

Research method. Methods of systematic analysis and synthesis of scientific and technical information were applied.
Various immunochip platforms (planar, suspension, microfluidic) and detection principles (optical, electrochemical)
were reviewed.

Results. The characteristics of modern immunochip systems capable of detecting the causative agents of anthrax,
plague, tularemia, botulinum toxins, ricin, and other agents with high sensitivity (up to 10° CFU/ml for bacteria, single
ng/ml for toxins) have been systematized.

Conclusion. Immuno-chip technology has reached a level suitable for creating a new generation of field biological
reconnaissance tools. Its implementation will allow for the transition to operational multiplex threat screening, which
will significantly improve the effectiveness of CBRN defense forces. The development of unified and adaptive platforms
is a promising area.

Practical significance of the work. The results of the work form the basis for the development of prospective equipment
models for RCB Defense troops: 1) mobile multi-component analyzers for laboratories based on complexes like "Sych";
2) portable detectors for non-standard reconnaissance groups; 3) stationary automated posts for air monitoring at
critical facilities. The implementation of such systems will drastically reduce sample collection and analysis time,
increasing the timeliness and validity of decisions regarding the biological protection of troops.

Keywords: biochip; enzyme-linked immunosorbent assay (ELISA); immunoassay; immunochip; multiplexing;
pathogenic biological agent (PBA); specific detection
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BBEJEHUE

B Hacrosilee BpeMsi MMMYHONOTUMYECKUE U
MOJIEKY/IAAPHO-T€HeTUYeCKMe MeTOMbl aHanIu3a
SABJISAIOTCSA OCHOBHBIMM VIHCTPYMEHTAMM CIIILIV-
¢ndeckoit MHAEHTUUKALUN TATOTEHHBIX O01O0-
JIOTMYeCKNX areHTOB B Boopykenubix Cuiaax
Poccniickoit Pepepanun (BC P®). Obnapgas
KaK He[OCTaTKaMM, TaK M IIPEeUMYIIeCTBAMIMI,
B 1IeJIOM OHY NOIONHAKIT APYT fApyra, obecie-
4yBas TeM CaMbIM pellleHNe 3afad IO MpemHa-
3HayeHNo0. OTJenbHble HANpaBIeHMA TaKUX
paboT NpeAcTaBAAT NMPAKTUYECKUII MHTEpeC,
IOCKO/IBKY MOTYT KauyeCTBEHHO IOBBICUTDH 3(-
($eKTUBHOCTD MePONpUATHUI OMOTOTMIeCKOI 3a-
muThl. K 4Mc1y TakoBBIX, IO HallleMy MHEHMIO,
MOYXHO OTHECTU MCCIIeJOBAaHUA B 00/IACTU MYJIb-
TUAHATUTHBIX UMMYHOUYNIIOB — MUHMATIOPHBIX
YCTPOIICTB, 00ecrmedynBaINX BO3MOXHOCTD
IpOBeJeHNsA aHaIN3a OJHON IPOOBI OJHOBpE-
MeHHO Ha Hajauuyme Bo30OyguTeneit OGakTepm-
QJIBHBIX U BUPYCHBIX MHQEKLMIL, a TaKXKe SA[0B
OMOTOTNYECKOTO TPOMCXOXKAEHMS, IPefCTaB-
JIEHHBIX Pa3HOOOPa3HBIMM OPTaHMYECKIMU COe-
AVHEeHUsAMMU Oe/IKOBOIL ¥ HeOeTKOBOI IIPUPOHL.

Lenv uccnedosanus — aHaIU3 COBPEMEHHBIX
TEXHOJIOTUI MyJIbTHAHATUTHBIX UMMYHOUYUIIOB
U OIIeHKA MePCIeKTHBBI MX afalTal Uy ¥ IpUMe-
HeHUSA 11 oCHameHus Boiick PXDb samurel B
acrexTe MOBBILIEHN A 3P (PEKTUBHOCTY OMOTOTK-
YECKOV pasBefKu.

Vcmounukosas 6asa uccnedosanus. JJaHHbBIe
U3 OTKPBITBIX MEX/YHapONHBIX Hay4YHbIX 0a3
(Scopus, PubMed), nybnuxanuit B pereHsupy-
eMBIX JKYpHa/laX, MaTepuanoB KoHpepeHUuil u
INATEHTHBIX JOKYMEHTOB, KacalolMXcA paspa-
00TKM U NpUMEHEHMSA MMMYHOUYMIIOB IS Je-
TeKI[MJ MTATOTE€HHBIX OMOTOTNYEeCKUX aTeHTOB.

Memoo uccnedosanus. CucreMaTUyecKui
aHanmu3 M 0006uIeHNe HayYHO-TEXHUYECKO
nHpopManyuu. Bplim paccMOTpeHBI pa3IudyHbIe
m1aTpopMbl MMMYHOYNIIOB (IJIaHApHBIE, CY-
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CHEeH3VMOHHbIe, MUKPO(IIONIHbIE) Y IIPVHIAIIBI
feTeKuu (ONTUYECKNe, IMeKTPOXUMUYECKHe).

1 moCTVM>KeHUA MOCTABIEHHO Leny penia-
JTUCH CTAeAyIoI/e 3aJaui:

- CHUCTeMaTU3alusA XapaKTepUCTUK COBpe-
MEHHBIX VIMMYHOUYMIIOBBIX CHCTEM, CIIOCOOHBIX
0OHapy>XuBaTh BO30yauTeNeil CUOMPCKOIL SI3BBI,
YyMBI, Ty/IspeMuy, O0TYIMHNYEeCKIe TOKCUHBI,
PULVH ¥ APyTUe areHTbl C BBICOKOV YyBCTBIU-
tenbHOCTBIO (10 10° KOE/Mn gns 6akrepunii, emqu-
HUILBI HI/MJI I711 TOKCYIHOB);

- OLIeHKA TeXHOJOIMU Ha IIpegMeT NOCTU-
JKeH!S yPOBHSA, IO3BO/IAIIIETO MCHOIb30BATh
ee JI/Is1 IOJIeBOTO NIPYMEHEHN;

- paccMOoTpeHUe BO3MOXXHOCTU IIpaKTHU4de-
CKOTO IIpUMeHeHNUs TEeXHOJIOTMM Ml paspa-
OOTKM KOHKpEeTHBIX 00pas3IoB BOOPY>KEHMNA
Bovick PXD 3ammrel.

OCHOBHAA YACTDb

IIpegpicTOpyss MMMYHONIOTrMYeCKUX OMoO-
yumnoB. TeopeTuyeckme MHPEANOCBIIKM K CO3-
[aHUI0 MMMYHOJIOTMYECKUX OMOYNUIIOB OTpa-
»keHpI B padorax T.W. Chang [1] n R.P. Ekins [2],
KOTOPBIE TPEeI0XKUIN A1 BBIABIECHNA MTOBEPX-
HOCTHBIX KJIE€TOYHBIX aHTUTE€HOB MMMOOMIN3I-
poBaTh aHTUTENa Pa3NUIHON CHEUPUIHOCTH
Ha TBeppoil muatdopmMe — MOKPOBHBIX CTEK/IAX.
OpnospemenHo R. Drmanac ¢ coaBT. mpepjo-
sxunu upen rubpupusanuu JTHK ¢ komnnemen-
TapHBIMM OJIMTOHYK/IEOTUAHBIMM 30HJaMM Ha
TBEpPJIOJl TIOBEPXHOCTH, KOTOPbIE JIEI/IN B OCHOBY
cosganus JHK-uunos [3]. B Hameit crpane Ha-
YaJjio MCCAefOBaHMAM B JIaHHOM HalpaBIeHUU
651710 TONMOXKeHO B 90-€ rompr XX Beka A.Jl. Mup-
3a0eKOBbIM B JVIHCTUTyTe MOJIEKYIsIpHON OMO-
norunm mM. B.A. Durensrapara PAH. Ilopg ero
PYKOBOACTBOM OBI/IM CO3ZaHbI TEXHOIOT MY IIPO-
U3BOJICTBA ONUTOHYK/ICOTUAHBIX UM O€TKOBBIX
0MOYUIIOB, COePKALIUX KO HECKONBKUX THICAY
97IEMEHTOB, CKOHCTPYMPOBAHBI NPUOOPBI s
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peructpauuu (GayopecleHTHOrO CHUrHaja Ha
Onounmnax (B TOM 4YMC/Ie B peXUMe peanbHOro
BpeMeHN), pa3paboTaHO MpOrpaMMHOe obecrie-
YeHJMe U OPraHM30BaH BBINYCK KOMMepPYeCKUX
OMOYNIIOB /ISl AUATHOCTUKY BUPYCHBIX U Oak-
TepyaTbHbIX MHPEKI NI

buouynnsl

B nHayyHOII nuTepaType BCTpeYalTCA pas-
JIVYHBIE OIIpefie/ieHUsI TepMUHA «Ouodum» [5-7].
Hanbonmee ypmauHO clefymoliee OIpefeNeHMe:
O6uonmornvecKie MUKpOYNTIbl (OMOYNIIBI) — Mac-
CUBBI 3]IEMEHTOB, COeprKalle B KaXK/I011 A4eiiKe
VMMMOOW/IN30BAaHHBII WHAVIBUAYAJIbHBI 30H[
(OHK, 6enkmn, onurocaxapupspl, KIeTKU U Ip.) U
3aKpelIeHHble Ha MOBEPXHOCTU MOMIOXKKNU. B
KayecTBe OMOIOTMYECKOTO KOMIIOHEHTa MOIYT
MCIO/Ib30BATbCSI MUKPOOPTAHM3MBI, aHTUTENA,
aQHTUTEHBI, HYK/IEMHOBBIE KMUCIOTHI, ()ePMEHTHI,
K/IETOYHBIE PeLeNnTOpbl n Ap. Buounimsl, B KO-
TOPBIX B KayecTBe 30HIOB VIMMOOWM/IN30BaHBI
O6enky (ONMUTOMENnTU/bI, IMOMUIIENTU/bI), HA3bI-
BAIOTCS 6€TKOBBIMU YMIIaMU; 0Opas3I[bl TKAHEI —
TKaHeBbIMu wunamu; ¢parmentser THK wman
PHK - JHK- mnu PHK-yumamum m 1.1 Co-
IJTACHO MMEKIMMCS JTUTEPAaTYPHBIM HaHHBIM,
ocHOBHas ponsa (go 90 %) cepuitHO HPOU3BO-
AUMBIX B MUPE KOMMEPYECKUX OUMOMOTMIECKUX
Mukpounnos npuxopgurcsa Ha JHK-ummer, co-
mepxxamue ¢pparmentsl JHK mgnunoit ot 10 po
1000 mykneorupos. Ha aHTHTenbHbBIE, aHTH-
reHHble, pepMeHTHBIe I pyTue O6enKoBble O610-
YUIBI TPUXOAUTCS HpuMepHO 7 %. OcTaBuinecs
3 % OMOYMIIOB COCTaBIAIT TKaHEBbIE U Kile-
TO4YHble OMountbl [4]. Bce 6MOUNIIBI KOHCTPYK-
TUBHO [e/sATCS Ha [[BAa TUIA: He COflepKalue
npeobpasoBaTeNb CUTHAJIa ¥ COfepKaliue B
CBOEeM cocTaBe TpaHcabiocep (pucynox I). Ilo-
C/Ief{HYe U TPefCTABISIIOT CO001T 61OCEHCOPBI.

B cnydae, xorga 6Mo4YuII He COREPKUT IIpe-
obpasoBaTenb CUTHaAa, CHOCOO perucTpanun
MEXMOJIEKYISAPHBIX B3aUMOJENICTBUII He OIIpe-
IelleH ero KOHCTPYKIIMeN, U y4eT pe3y/lIbTaToB
MOXeT OBITh BBINONIHEH Ha YHUBEPCATbHOM
yCTpoIICTBe (YHUBEPCANbHBIN YNI-PU/Ep, T/IaH-
IIETHBIT pUjep, TPAHCUIIIIOMUHATOP, MUKPO-
cko1, GoTo- MU BugeokaMepa, KOMIIbIOTEPHBIIT
cKaHep U Ap.) mub6o Boobuie 6e3 Hero. CoBpe-
MeHHbIe YMII-pUJePbl MOTYT BK/IIOYaThb B ce0s
HEeCKOJIbKO BapMAaHTOB perucTpaium Mmetok. Ilo-
nydeHHas MHpopManusa obpabaTeiBaeTCs U Ie-
peBOANUTCS B LM(POBbIe 3HAYEHU I COOTBETCTBY-
IOIIMM NPOrPaMMHBIM obecriedeHmeM [5].

Brounnel, KOTOpsle B CBOEM COCTaBe CO-
Iep>KaT TpaHCAbloCcep, Mpeobpasyroumuit n3Me-
psieMble MapaMeTpbl B 3MEKTPUIECKUIT CUTHAT,
ABNAOTCA OmoceHcopamu. Ilo Tumy TtpaHc-
ABIOCEPOB OMOCEHCOPBI MOXKHO pasfeuTh Ha

PucyHok 1. Cxema knaccudukayuu ycmpolicme, co-
Oepycawux 6uosozuyeckuli KOMNOHEHM nNO  HA/AUYUID
npeobpasoeamens (cxema cocmaeseHa dAemopamu)
Figure 1. Classification chart of devices containing a
biological component, based on the presence of a transducer
(chart compiled by the authors)

3NIeKTPOXMMMYECKIE, ONTUYECKUE U TPaBUMET-
puueckue [6].

DNeKTpoXuMMUYecKme OMOCEHCOPBI OTCIIe-
KUBAIOT J/I00ble WM3MEHEHMSA JNIeKTPUYECKUX
CBOJICTB, BeJIMYNHBI, GOPMBI U paclpeneneHns
3apsja, HalpyMep, BO BpeMs 00pa3oBaHUsI KOM-
I/IeKCa «aHTUTENO-aHTUTEH» Ha IOBEPXHOCTU
anektpoga. Ilo cmocoby m3aMepeHMs aHANIUTH-
YeCKOTO CUTHAJA 3/eKTPOXMMMYECKMe OMOCeH-
COpBI pasfe/nsA0OT Ha aMIlepOMeTpUYecKue, I0-
TEHIMOMEeTPUYeCKIe, KOHAYKTOMeTpUYecKue
Y MMIleflaHcOMeTpudeckue ceHcopsl [7]. Takne
OMOCEeHCOphl HPUMEHSIT /s OOHApYXKeHMUs
00/MbLUIOr0 4YMCAa OMONOTMYECKMX MIUIIEHelt,
BK/IIOYasi Oenky, OmoMapKepbl, HYKJIEVHOBBIE
KNUCIOTHI U T.1. [6, 8].

[lInpoko pacnpocTpaHeHbI ONTUYECKUe 61o-
CEHCOpBI, Jalolye BO3MOXXHOCTb IIPSIMOro 06-
Hapy>XeHUs1 OMOMOJIEKYT B PeXMMe peanbHOro
BpeMeHM. ONTHYECKMEe CUCTeMbl 0OHApPy>XKeHMA
VICTIO/IB3YIOT ~ B3aMMOJEICTBME  ONTUYECKOTO
IO/ C 97IeMEHTOM OMOTIOrMYeCKOTo paclo3Ha-
BaHNs, YTO IO3BOJsIET IPOBOAUTH AHAIU3 Ma-
KPOMOJIEKY/I C BBICOKOJ YYBCTBUTEIbHOCTHIO
HeIoCpeACTBeHHO B opraHusMe. Cpenm mpen-
MYIECTB ONTHYECKNX OMOCEHCOPOB Iepef Apy-
TMMM THUIAMU MOXKHO BBIIEINTh UX BBICOKYIO
cnenuPUIHOCTb, YYBCTBUTEIBHOCTDb, pEHTa-
6enpHOCTD U HebonbmMe pasMmepsl. K Hepmo-
CTaTKaM OITHYECKOTO TpaHCAbIOCEpa CIefyeT
OTHECTU €ro YYBCTBUTEIBHOCTb K PasIMYHBIM
ImapaMeTpaM Cpefbl, B TOM YMC/Ie K TOKaJIbHBIM
M3MeHEeHMAM TeMIlepatypsl [6, 9, 10].

[Ipe3oamexkTpuyeckue OuMOCeHCOpHl (IpaBu-
MeTpUYecKle) OTCIeXUBAIOT 3MeHEeHMe MaCcChl
Ha MOBEPXHOCTU (PU3MIECKOrO HOCUTENs (mbe-
309/IEKTPUYECKOTO KPUCTA/Ia — PEe30HATOpa),
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IVIOTHOCTM, BA3KOCTY CPeJbl M YaCTOTBI KOJIe-
0aHMIT aKyCTUYeCKUX BOMH. Takue 6110CeHCOPBI
Hanbonmee 9¢d¢eKTUBHB AN OOHApY>KeHMs
KPYIIHBIX MOJIEKYN U YacTUI — TOPMOHOB, 6ak-
Tepuii, KIeToK u T.1. [10-14].

BuoceHcoppl  XapaKTepu3yITCs  OBICTpO-
meiicTBUeM (BpeMs OTK/IMKA COCTaBIseT OT He-
CKOTBKMX MUHYT 70 1 4), B TO BpeMs Kak cIle-
nupnuyeckas MHAMKALMA MUKPOOPTAaHU3MOB C
JICTIIO/Ib30BaHMEM WMMMYHO(pEPMEHTHOTO aHa-
nmu3a 3aHuMaer 3-4 4. '7maBHOI wacTpio 6MO-
CeHcopa ABIAETCA OMONTOTMYECKMIT MaTepuasn
(bepmMeHTBI, KIETKM, aHTUTeNa, AHTUTEHBHI,
¢parmentsr THK u np.), ¢ koTopbiM npu pabore
ceHcopa B3aumMopelicTByeT aHanuT. CurHan
00 3TOil peakuyuy C MOMOUIBIO PAa3MTNYHBIX Pu-
3MKO-XMMUYECKUX METOJOB (3/MeKTPUYECKUX,
ONTUYECKNX U Ap.) mpeobpasyercss B ¢dopmy,
HOCTYNIHYIO0 A/ M3MEPEeHUs, M BBIBOAUTCA Ha
3KkpaH npubopa [6].

Cy1iecTBYIOT IIpMMepBl CO3/JaHMA MaTpPUILHL,
Ka>K/IblJl 97IeMEHT KOTOPOII IpefiCTaB/IsAeT COO0II
OZHOBPEMEHHO U MeCTO IPOBEJEeHNs aHANTUTU-
4eCKOJl peakIuu, U IpeoOpasoBaTenb, TO €CTh
ABIAETCA  CaMOCTOATETbHBIM  OUOCEHCOPOM.
TakuM IpUMepoOM CIYXXUT MeKTPOXUMMYECKa s
OMoCeHCOpHas CUCTeMa, pejHa3HAYeHHAs I
obHapyxeHMs 6uonartoreHoB — pBDi (ot aHrm.
portable BioDetector integrated) KoMmaHuu
Bruker Optik GmbH, I'epmanus' [15, 16].

Marpuny O6moumma Has3bpiBalOT Ippeem (OT
aHIJI. array — «pelleTKa», «MacCuUB»). Dppeu
MOTYT MMeTb paslIN4Hy0 GopMy, AU3alH, IPO-
CTPAHCTBEHHOE PACIIOIOKeHNe, a TaKXKe OTIN-
4aThCs MeTOAUKOI ¢popMupoBanusa. OyHKUIMO-
HA/TbHBIMI e[V HUIIAMU 3ppesi ABIAITCSA CHOTHI
(oT aHII. spot — «uATHO»; pucyHox 2). Kakppii
CIIOT IIpeAcTaBiIsAeT co00Il MeCTO pa3MeIleHUs
JIUTAHJOB VIV PELeNTOPOB, KOMIJIEMEeHTapPHBIX
(cmenUYHBIX) K KOHKPETHON OMOIOTNYecKOoit
VIM HeOMOIOTMYEeCKOIl MOJIeKyIe uinu ee ¢par-
MeHTYy. Vcnonb3oBaHMe B OHOM 3ppee CIOTOB
pas3INYHO KOMIIJIEMEHTAPHOCTU OIpefesser
MYJIBTUIITIEKCHOCTh aHa/NN3a, BBINOMHIEMOTO C
JCIIONb30BaHMeM Omounna [5].

Buounmnsel, B KOTOPBIX B Ka4eCTBE 30H/0B UM-
MOOU/IN30BaHbBl MMMYHO/NTOTMYECKN aKTUBHBIE
MOJIEKY/IBI, HA3bIBAIOTCA MMMYyHOUMIamu [5, 17].

MMMyHOYMIIBI

PaspabarbiBaeMble VIMMYHOYNIBI YCIOBHO
pasmendAnT 1o cnocoby nposedeHus UMMYHO-
aHanu3a U no MNpocmpaHcmeeHHoMy pPacnono-
wenur mampuyst. Ha pucynxe 3 npeacraBieHbl
OCHOBHBIE  CIIOCOOBI  MMMYHOXMMUYECKOTO
aHajM3a MAaTOTEHHBIX OMOIOTMYECKMX areHTOB
(mamee - IIBA):

1
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PucyHok 2. Cxema 6uoyuna, 8binosHEHH020 8 hopMame
npedMemH020 cmeksd (cxemMd cocmaesneHa Aemopamu)
Figure 2. A schematic diagram of a biochip designed in a
standard microscope slide format (source: authors’ own work)

A. «CaHIBMY»-BapUAHT C MEYEHBIMM BTOPUY-
HBIMI aHTUTETAMMU.

B. Vcnonp3oBaHMe MEYEHBIX TPETUYHBIX
BUJO-CIEINUIHBIX aHTUTE]L.

C. Cssa3piBaHMEe OMOTMHMIMPOBAHHBIX aH-
TUTET C MEYEHBIM CTPENTaBUAMHOBBIM KOHBIO-
raToM.

D. OkxpammpaHue CTpenTaBUANH-PUKO-
spurpurom (SAPE), ycuneHHOe OMOTMHUINPO-
BaHHBIMM aHTU-SAPE-aHTHUTenTaMM M BTOPBIM
cnoem SAPE.

E, F, G, H. BapuaHTH ucnonb3oBaHus (bep-
MEHTHOII MeTKU (IepoKcupaasa, menoyHas Gpoc-
¢daTtasza) u CcyOCTpaTHO-MHAMKATOPHBIX CUCTEM
I peTUCTPalMy U YCUIEHU A CUTHAA.

I. Ummyno-IIIP.

J. IlpuMeHeHMe KO/UIOMAHBIX HAHOYACTUI]
[18].

Ilo TMmamM NpOCTPaHCTBEHHOTO PacIONO-
JKeHMA aHaIUTUYECKMX MATPUL, MMMYHOYMIIBI
HeNAT Ha TPU TPYIIIBL: CYyCIIEeH3MOHHBIE, MUKPO-
¢bmounHbIe U ITTAHAPHBIE.

Cycnensuonnvie ummyHouunvt. B ycTpoii-
CTBaX STOTO TMUIIA MaTpulia IpeJcTaBlIeHa
MHOXKECTBOM MUKPOHOCKTeNeil (J4alje Bcero
chepuvyecKMX NOAMMEPHBIX WIM MAaTrHUTHBIX
MUKpocdep AuaMeTpoM 5-7 MKM), KOTOpbIe Ha-
XOJATCA BO B3BEHIEHHOM COCTOAHUM B pPacTBOpe
B Xofle aHanu3a. Kaxxawplit Tun cep kogupyercs
YHUKa/IbHOJ KOMOVMHaIVell BCTPOEHHBIX (Iyo-
PECLIEeHTHBIX KpacuTenel, YTO IO3BONAET UEH-
TUPUIMPOBATh CBA3AHHBIN C Heil aHAIUT. DTO

Bruker Detection. Products. URL: http://www.bruker.com (gara obpammenns: 10.11.2024).
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PucyHok 3. Bo3amoxcHble apuaHmbl 8bINOAHEHUSI UMMYHO-
XUMUYeCK020 aHAsu3a C Uchosb30e8aHuemM UMMobuu308ed-
HbIX NepeuYHbIX aHmumes (nosicHeHus1 8 mekcme) [18]
Figure 3. Possible variants of performing animmunochemical
assay using immobilized primary antibodies (explanations in
the text) [18]

obecre4ynBaeT BBICOKYIO CTEIEHb MYIbTUIIIEK-
CUPOBAaHUA — OJJHOBPEMEHHOTO OIIpefie/IeHU s [0
100, a B coBpeMeHHBIX cucremax u jgo 500 pas-
JIVYHBIX MUIIEHel B OfHOM o6pasiie. B kauecTse
npuMepa MOXXHO pPacCMOTPeTb TEeXHOIOTHIO
xMAP (ot anrn. - multiple analyte profiling -
MHO>KeCTBEHHOe NpoPUINpoBaHUEe aHA/INTOB)
(pucynox 4).

CyTb TeXHONIOTMM 3aK/IHYaeTcs B MMMOOU-
AU3anuy MOHOK/IOHAJIbHBIX aHTUTET Ha Kap-
OOKCIIMPOBAaHHBIX MUKpocdepax, KOTOpbIe
B3aMMOJIE/ICTBYIOT C aHTUTeHOM (pucyHox 4A).
Muxkpocdeps! comepxxar aBa ¢nyopodopa B
pPas3IMYHBIX KOHIIEHTPALUAX, COOTHOIIEHNe
KOTOPBIX IIO3BOJISAET CO3[aBaTh pasHble CIEK-
Tpa/bHble XapaKTePUCTUKM Y Pa3HBIX MIU-
kpochep (mo 100 BO3MOXHBIX BapMaHTOB). Y
Ka)XIOTO TUINIAa MMUKpochep ecTb CBON CIIeK-
TPa/NbHBIIL afipec (CHeKTpanbHO-KOAMPOBAHHbIE
MKpocdepsl), KOTOPBII paclo3HAeTCs MY/IbTH-
IJIEKCHBIM aHanusatopoM. IIpm kmaccmyeckom
MY/IBTUIUIEKCHOM aHajanu3e TaKye KOMIIIEKCHI
aHAMM3UPYIOTCA METOfaMM IMPOTOYHOI (Iyo-
puUMeTpuM — oOIydeHNeM KPAaCHBIM U 3e/IeHbIM
JazepaMy B IPOTOYHON sAuelike (pucyHok 45). B
KOMMEpPYeCKOM JIOCTyIle VMMEKITCA IIOTHOCTHIO
TOTOBBIE K MCIIOJIb30BAHUIO TECT-CUCTEMBI 3a-
pPyOe>KHOTO NpPOM3BOACTBA, I[e INPUMEHAETCS
JNaHHAs TEXHO/NIOTU, HAIIpUMep, TAKUX IIPOU3-
BopuTeneil kak Luminex, Bender Med Systems,
Biorad, Biosource, Linco, Miraibio, Qiagen,
Upstate n BD Biosciences, n gp. Kpome toro, go-
CTYIIHBI peareHTsl U Habopbl MUKpocdep, CBO-

PucyHok 4. Cxemamuueckoe u3obpaxceHue mexHos02uu
XMAP (cnekmpasbHO-KOOUpOBAHHbLIX MUKpocgep): A -
¢hopMuposaHue UMMYHOKOMN/IEKCO8 Ha ho8epXHOCMU Mu-
Kpocep; b - uMMyHoaHanu3 Ha ocHoae (hayopecuyeHMHbIX
MazHUMHbIx Mukpocegep [19]

Figure 4. Schematic representation of the xMAP (spectrally-
coded microspheres) technology: A, Formation of immune
complexes on the surface of microspheres; b, Inmunoassay
based on fluorescent magnetic microspheres [19]

0O/ HbIe OT al€HTOB 3aXBaTa, IPUTOJHBIE /IS Ca-
MOCTOSITE/IBHOTO M3TOTOBJIEHMSI HEOOXOAMMOTO
tecta (Luminex, Miraibio n Qiagen) [18].

OcHoBHble npeumymectsa XMAP pna npu-
00pOB OMONIOrMYeCKOl pasBeAKM — BO3MOXK-
HOCTb CO3[JaHMsA MOOV/IBHBIX AHAIN3aTOPOB
(manpumep, cuctema MAGPIX) u BpicOKasi CKO-
pPOCTh HONy4YeHUsl pe3ynbraToB (aHanus 96-my-
HOYHOTO IVIAHIIEeTa 3aHMMaeT 0Ko0 20 MUHYT).
OpHaKO MM NMPUCYLIY HEZOCTATKM: OHU IO BEP-
YKEHBI IePeKPeCTHOI peaKTUBHOCTY MEXAY be-
KaMM B IIpollecce UVPKYIAUNM MUKPOYACTHUL] B
XUJKOCTY, IIPOBeeHe aHaIN3a 3aTPYAHAETCA
3TaaMiu NPOOOIOATOTOBKY 1 HEOOXOMMOCTHIO
yHOaleHNsA He CBA3ABIIMXCA C YaCTUIIAMU Mare-
puanoB u3 mpo6sl, Hecrmenupuueckoi apcop-
O1yy MUKpocdep K pasIMIHbBIM HOBEPXHOCTAM
B IIpoliecce aHATUTNIeCKIX OMePalyil.

Muxkpognioonvie uunvt B 00IeM MOXXHO
HpeAcTaBUTh cebe B BUIE CeTHM KAaIUIAPOB,
BBIIIOJTHEHHBIX B 00'beMe OJHOPOJJHOTO M/IN He-
OZHOPOJZHOTO MaTepuasna, Hampumep, B popme
IpefiMeTHOrO cTeKna (pucyHox 5) [20].

Ha creHkax KaX/[oTO KammuisAapa MMMoOu-
JTM30BaHbl HEOOXONMMBIE VICCIeNOBaTeNo 6uo-
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PucyHok 5. BHewHuti eud (A) u cxema (b) mukpognaoudHo-
20 yuna [20]

Figure 5. External view (A) and layout/design schematic (b)
of the microfluidic chip [20]

JOrM4ecKue 3JeMEeHTBI, HallpuMep, aHTUTeNa.
B mpouecce aHanm3a B KaMWIAPHYIO CETh MOIa-
I0TCSI paCTBOPBI MICCIEAyeMOro obpasia u cIen-
(pNIEeCKUX PeareHTOB C METKOIJI, TO eCThb peasn-
3yeTcsl OJVH U3 a/JITOPUTMOB MMMYyHOAaHaNu3a,
HalpuMep, «COH[BUY» BapUaHT. Perucrpanms
METKM HPOMCXOAUT MO0 BHEIIHUM PEruCTpU-
PYIOLIUM YCTPOICTBOM, 1160 HEMOCPECTBEHHO
B KamwinApe (B caydae MUKPOQIOUIHOTO
O6nocencopa). B Hacrtosimee Bpemsi Hambonee
HONYIAPHBIM MaTepMaNoOM IS CO3[JaHNUA MIU-
KPOKaNV/IAPHBIX YUIIOB ABIAETCS HMOMUIVMeE-
TUICUTOKCAaH, MOAMMeTUIMeTaKpuaaT, CTeKIo,
KBapi u rugporenn (21, 22].

Mukpodnonabple YNIObl TaK)Xe Ha3bIBAIOT
CUCTEMOJI MMKpOaHanmsa uam jaabopartopueit
Ha uyune. Yum-mabopaTopum OTIMYATCA OT
0MOYNIIOB, KOTOpBIE BBINOMHAIT IpeNMylle-
CTBEHHO OJHY peakuuio (rmbpuamsannusa HyKie-
VMHOBBIX KIJCJIOT, B3aMMOJEICTBJe QaHTHUTEHa C
aHTUTEIOM MU [ip.), BO3MOXKHOCTDBIO OCYIeCT-
B/IATH NOC/IeOBaTeNbHbIe XMMIYECKIE NTpeBpa-
I[eHV s UCXOZHBIX 00pa31ioB, B TOM YMCIIe ITAIIbI
pasje/neHNs, KOHIEHTPUPOBAHNU S, CMEIIVBAHNA
IPOMEXYTOUYHBIX BellleCTB, MepeMellieHne UX B
pasnMyYHble peaKIMOHHble MUKPOKaMepbl, CUM-
TBIBaHME pe3y/lbTaToB. B uymmn-maboparopmsax
OCYILIEeCTB/IACTCA IOMHBIM 3aMKHYTBINI MHOTO-
CTaJUIHBIA MK aHanu3a 6e3 BMellaTenbCTBa
oIepaTopa U MOCIe/0BaTe/IbHBIN aHA/IN3 3HAYM-
Te/IbHOrO Ynciaa npob [17].
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Mukpodnongasle 4unsl 061aJal0T MHO-
TMMI HpeuMyllecTBaMM, TaKUMM KaK TOYHBIN
KOHTPONb JKMAKOCTeil (TeKymuX OOBIYHO B
JTaMMHApHOM peXMMe), Majblii 00beM II0-
Tpeb/eHUsI peareHTOB M 00pPaslOB, KOPOTKOE
BpeMs peaKIMM BbICOKOIApa/yIe/IbHBIN Y MY/Ib-
TUIUIEKCHBIVI aHaIu3, MUHMATIOPHBIN pasMep
U HM3Kasg CTOMMOCTb NPOM3BOJCTBA IO CpPaB-
HEeHMI0 ¢ 60jIee TPOMO3KVIMYU aHATUTIIeCKIMU
npubopamu [21, 22].

K HemocraTkaM MUKpPOQIOUAHBIX MMMY-
HOYNMIIOB  CJelyeT OTHEeCTM 06A3aTeNbHbIN
9TANbBl MeXaHMYeCKol U (PpU3NKO-XMMMUYECKO
HOATOTOBKM IIpo0, TaK KaK Majelillee MeXxa-
HUYeCKOe MIM >KMPOBOE 3arpsA3HeHMe KaIlul-
NAPOB IPUBOAUT K BBIXOAY uX u3 crpos. Cie-
AyeT OTMETUTD, YTO pellleHNe JAHHBIX IpobaeM
OTKpbIBAaeT IIMPOKMI CHeKTP IpUMEHEHNs
MUKPOQIIONAHBIX YUIIOB, B TOM YHUCIE M
pelleHus 3agad crenupuyecKonl MHAMKALUU
TIBA [23, 24].

IInanapuvie ummyHnouunvr - aHaIUTUYe-
CKasd MaTpulja B TaKUX YCTPONCTBAaX Hpef-
cTaBsgeT co00Jl ABYMEpHBII MaccuB (appeir) ¢
VIMMOOW/IN30BAaHHBIMI B OIpefie/IeHHBIX IO3M-
OUAX pelelNTOpaMl, HAHECEHHBIN Ha IIOCKYIO
HOBEPXHOCTb (CTEK/IO, CUIMKOH, IIONIMMeED).
AHanu3 NpouCXoAUT Ha HOBEPXHOCTY YNIIA, YTO
TpebyeT TOYHOTO [O3MPOBAHUA NIPOOBI U He-
CKOJIBKMX 3TAIlOB PYYHON VM IOTyaBTOMAaTMU-
4eCKOJ NpOMBIBKM. OCHOBHOE IpPeNMYIIeCTBO
ITAaHAPHBIX YUIIOB — MCKJIIOYNMTE/TbHO BBICOKAS
IIOTHOCTb pa3MellleHNs aHaMUTUIeCKUX TOYeK
(Do HeCKONbKMX THICAY Ha CM?), 4TO IIO3BOJISAET
CO3/1aBaTh MAHEeIN J/IA CBEPXMY/IbTUIIEKCHOTO
ckpuHuHra. OfHaKoO [/ TO/NeBBIX YCIOBUII
OHU MOTYT OBITH MeHee yAOOHBI u3-3a Oonee
CJIOXKHOJI pOLeAyphl aHaMM3a U TpeOOBAHMIT K
TOYHOCTM CUYMTBHIBAIOLIENl ammapaTypsl. B xave-
CTBe HOCUTe/S IJIAHAPHOW MaTpPUIbI MOTYT BBI-
CTyNIaTh pa3lMyYHbIe NOPUCTHIE U He IOPUCThIE
HONMMMEpHble MaTepManbl: HUTPOILE/IIN03a,
HONUCTUPOI, TONUAVMETUICUIOKCAH, IOJINU-
BUHUJIX/IOPUJ, HEW/IOH, JaBCaH, MOMNITUIECH
u ap. Kpome TOoro mMoryr 6bITh MCIONTH30BAHBI
HeopraHM4YecKyue IMOBEPXHOCTU (Hampumep,
CTeK/10), MopuduUUMpoBaHHbIe (AKTUBUPOBAH-
Hble) ITyTeM HaHeCEeHMsS Pas3INYHBIX CMOJ WU
HONMEpPOB.

Vmmynouunsl and seiasineans IIBA. B Vn-
CTUTyTe MOJNEKYNApHOI 6uomoruyu uM. B.A. OH-
renprapara PAH paspaboransl naHapHbIe M-
MYHOYNIIBI, IpefCTaBIAnIINe c000il MaTpuIly
Y3 TUJPOTe/IeBBIX KaleNb (PUCYHOK 6).

lemeBas cTpyKTypa B KaXK[IOif U3 KaIlelab CO-
HepXUT crenuduyeckue MMMOOMIN30BaHHBIE
3oHAbl. OOpasoBaHNMe KOMIIEKCOB «aHTUTEH-
aHTUTE/NIO» IPOUCXOAUT BO BceM oObeMme re-
JeBBIX 97I€MEHTOB MMKpPOYNMIIA, YTO CylIle-
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PucyHok 6. BHewHul 6ud uMMyHo4yuna 015 onpeoesieHus
6uosozuyeckux mokcuHoe (MMB um. B.A.3Hzenvbzapdma
PAH, Poccus) [25]

Figure 6. Photograph of an immunochip for the detection of
biological toxins (Engelhardt Institute of Molecular Biology,
Russian Academy of Sciences, Russia) [25]

CTBEHHO IIOBBILIAET YyBCTBUTENIBHOCTD aHAIN3a
(pucynox 7).

Ha ocHOBe yka3aHHOJ TeXHOJIOTUMN CO3/IaHBI
06pasipl UMMYHOYKIIOB [/Is BBISABIEHUS psfa
pacTUTeTbHBIX U OAKTepUaTbHBIX TOKCHHOB: JIe-
TaJbHOTO (paKTOpPa U MPOTEKTUBHOTO AHTUTEHA
CUOUpes3sBEHHOT0 MUKpo6a, CTOMOHAYHOTO,
XOMepHOTo U AUbTEPUITHOTO TOKCUHOB, TEPMO-
nabunbHOoro TOKCMHa Escherichia coli. Takxe
paspaboTaHbl CHUCTEMBI IS [eTEeKIUN CeMu
TUIOB  CTaQUIOKOKKOBBIX IHTEPOTOKCHHOB,
ABYX TUIIOB OOTYIMHUYECKUX HENPOTOKCUHOB,
punuHa u BUcCKyMuHa. IIpesmen o6HapykeHMs
ISl TepevYMCIeHHBIX aHAIUTOB COCTABsIET OT
0,1 mo 2 Hr/mMn. B paMKax faHHBIX pa3paboTOK
ObI/1a MPOJXEMOHCTPUPOBaHA BO3MOXXHOCTD pe-
anu3anuy pasNIMYHBIX AJTOPUTMOB aHaIM3a
(TpsiMOJI, KOHKYPEHTHBIN, «COHABNY»-BapUAHT)
C MCIO/Tb30BAHMEM PAa3HOOOpPA3HBIX CIOCOOOB
perucTpanum CuUrHamga, BKIo4Yas dayopec-
IleHTHbIe KPaCUTe/I!, IePOKCHUAa3y XpeHa 1 61o-
THHUIVPOBAaHHbIE aHTHUTeNA [25].

PucyHok 7. Cmpykmypa 2udpozenesozo cnoma [26]
Figure 7. Schematic representation / cross-sectional view
of a hydrogel spot structure [26]

Bo OI'YII «I[ocHMMBII» ®MDBA Poccun co-
BMecTHO ¢ 3AO «VIMMyHOCKpMH» Ha OCHOBE
texHomoruu ®OCDOAH™ 611 pagpaboTan muan-
HIEeTHBINI BapMaHT MMMYHouumna. JJlaHHas cn-
CcTeMa Ipe[jHa3HauYeHa [jIs BbIABIEHUs BO30y-
purteneit TORCH-undexuuit (Tokcomnasmosa,
KpacHyX¥, LMTOMeTajJoBUpPYCa, BUPYCOB IPO-
CTOrO repreca 1 u 2 TUIIOB), IATU BUOB O6M0IIO-
I'MYeCKUX TOKCMHOB, a TaK)Ke BUPYca KIeleBOro
sHuedanuta [17] (pucyrox 8).

CyTb TeXHONOTMM 3aK/II0OYaeTcd B MIMMOOM-
AM3anyuM Ha JHe JTYHOK MMKpOIUIaHIIeTa IIep-
BUYHBIX Ouocnenndniecknx MoneKkya (aHTUTen
VIV QHTUTE€HOB) K Pa3/INYHBIM aHAJIUTAM U IO-
CleflyolleM NpOSBIEHNM peaKuuyu crenndu-
YeCKOTO CBSA3BIBAHUSA C MOMOIIBI0 BTOPUYHBIX
crnenudrIecKUX peareHTOB, MapKUPOBAHHBIX
dbocdopecrieHTHBIMU MeTKaMu - Pt-kompo- n
Pt-yponopdupunamu (pucyrox 9) [27].

OKCIepUMEHTaNbHasA MOMieIb MMKPOIIIaH-
IIETHOTO MIMMYHOYMIIA 151 UATHOCTUKM cUPU-
nuca Ha ocHoBe TexHonoruu ®OCDOAH™ 6bira
paspaboTaHa B MOCKOBCKOM HayYHO-IIPaKTHIde-
CKOM I[eHTpe IepMaTOBEHEPONOTUN U KOCMEeTO-
norumu JlemapraMeHTa 3[paBOOXpaHEHNA rOpofa
MockBbl coBMecTHO ¢ ['ocymapcTBeHHBIM Hayd-
HO-MCCIe0BATeIbCKUM MHCTUTYTOM OMOIOTH-
YeCKOT0 MprbOpOCTpoeH M .

B PoccuitckoM Hay4YHO-MCCIEL0BATEIbCKOM
HPOTUBOYYMHOM MHCTUTYyTe «Mmuxpo6» Poc-
norpebHag3opa Obta pa3paboTaHa MYIbTHU-
IVIeKCHasg TecT-cucTeMa B (opmaTe MMMYHO-
YU JIs BBISABIEHMSA CelpUIecCKUX aHTUTeN
K aHTHUIeHaM BO30y[quTe/neil YyMBbl, XOJIEepBI,
tynsapemun u Opyuennesa. Ilpm KoHCTpym-
POBAaHMM WMMYHOYNMIIA VCHOJAb30BAIN UM-
MYHOJOMVHAHTHbIE AHTUTEHbl Yersinia pestis

PucyHok 8. MUMMyHouun e nyHke nnaHwema. A - naax-

wem; b - omoenvHas nyHka; B - Mukpogomozpacus
appes 8 siyHKe [17]
Figure 8. An immunochip in a microplate well.

(A) Microplate; (B) Individual well; (B) Micrograph of the
array within the well [17]

> JKpanosuyu AB, Mappannet CI, ®puro HB, imutpues I'A, Cmeprosa MA, ITomenosa BI' u np. [lnarnocrtuxa cudu-
JIVCa Ha OCHOBE TEXHO/IOT MY NMMYHO(OCHOPeCIIeHTHOTO aHa/IN3a C BpeMeHHbIM paspetneryeM. B ku.: Mapgaust C,
Kucenepoii BA, Ilomaszanosa BB, pep. IlepcniekTiBbI BHepeHM I MHHOBALVIOHHBIX TEXHOIOTMII B MefuiuHe 1 dap-
Manuu: cOopHMK MaTepuanoB XI Beepoccuiickolt HayYHO-IIPaKTUIECKON KOHpepeHIMM ¢ MeX/YHApPOJHBIM y4a-
cruem. Anexrporopck: AO «9KOmab», Opexoso-3yeso; 2025. 174 c.
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PucyHok 9. CxemMa KOHKYpeHMH020 UUMYHOAHA/U3Ad HA
UMMYyHouYune ¢ homouwbto mexHonozuu ®OCPAH™: 1 -
/AIYHKa MUKponsaaHwema; 2 - ns0cKocmb, Ha Komopol
cgpopmupoeaH sppeli; 3-10 - cnomel pasauyHoli cheyu-
¢uuHocmu; 11 - uccnedyemvlie aHanumel; 12 - MeyeHHble
6uomuHom aimumena; 13 - KoHwv02am ¢ memkoli [28]
Figure 9. Schematic of a competitive immunoassay on
an immunochip using the ®OC®AHt™ (PHOSPHAN™)
technology: 1, microplate well; 2, substrate surface with
the formed array; 3-10, spots with different specificities;
11, target analytes; 12, biotin-labeled antibodies;
13, labeled conjugate (e.g., streptavidin-enzyme) [28]

(F1-xancy/nbHBIT AaHTUTEH, JUIOIONMCAXAPUT,
(JITIC), OCHOBHOM COMATUYECKMUII aHTUTEH
(OCA)), rynapemuiitnbiii JITIC u 6enkoBo-mnonu-
caxapupnHblit kommiekc (BIIK), kotopsie muMmo-
OunnsoBany B Buje MaTpuusl’ (pucyHok 10).

Ha ocnoBe mexnonoeuu xMAP B Poccuiickoi
Depepanyy 661U pa3paboOTaHbI CyCIIEH3MOHHBIE
OHK-uunsr pas vHAMKanuu u 1abopaTopHOIt
AVArHOCTUKM BO30yaureneit 0co60 ONMACHBIX
BUPYCHBIX MHPeKuuit — BUpycoB Db6omna, Map-
Oypr, JIacca, Xynun u Mavymo [29].

Eme ogHMM IpuMepOM MCHONb30BAHUA CY-
CIeH3MOHHOTO (opMaTa fABIAETCA paspabdoTka
MY/IbTUIUIEKCHOTO MMMYHOAHanu3a Aas OfHO-
BPEMEHHOTO KOIMYECTBEHHOTO OIpefe/leHNs
oAt 6aKTepuaabHBIX M PACTUTENBHBIX TOK-
CUHOB B CJIOKHBIX Marpuijax. PaspaboraHHas
CUICTEMa peajiu3yeT «COHABUY»-BapUAHT MUMMY-
HOAHa/NN3a JiIs1 BBISIBICHUS TOKCMHOB pUIIVHA,
abpuHa, OOTYIMHMYECKNX HENPOTOKCUHOB
tunoB A u B, a TakXe cTapUIOKOKKOBOTO 3H-
tepoTokcuHa Tuna B (SEB). UyBcTBUTENTBHOCTD
MeTOMa COCTaBasgeT oT 2 mo 546 nr/ma. Mu-
HUMAJbHBII 00beM HCCIeayeMoro obpasuma —
50 mxn (0,05 mm). Merop OB yCHEIIHO Ipu-
MeHeH [JIsI OJHOBPeMeHHON uaeHTUuUKaAIUN
LleJIeBbIX TOKCMHOB B CIOKHBIX IUIIEBBIX 06-
pasmax (MOJIOKO, ZeTCKOe MITaHMe, itorypr) [30].

PucyHok 10. Cxema pasmeuwjeHus aHmuzeHoe 6 3ppee
(A) u payopecueHmHbIli hpocuab 3ppes ¢ UMMYHO2/10-
6y/UHaMu OUAzZHOCMUYECKUMU YYMHbIMU 6 pda3eedeHuu
1:50 (B), uuppamu Ha cxeme 0603HAYeHbl AHMUZEHBbI:
1 - F1Y. pestis; 2 - JIMNCYY. pestis; 3 - OCAY. pestis; 4 -
JIMC Francisella tularensis; 5 - BIMK Brucella spp. (pucyHok
aoanmupoeaH u3 pabomel: YmkuH [1B. CosepweHcmeosa-
Hue nabopamopHoli OuazHOCMUKU 0co60 onacHbix 6akme-
puanbHLIX UHGEKUUOHHbIX 60s1e3Heli C npuMeHeHUeM 6uo-
CEHCOPHbIX, NPOMEOMHbIX U HaHOmexHosozul. Juc. ... 0-pa
6uon. Hayk. Capamos; 2021)

Figure 10. Antigen layout in the microarray (A) and
fluorescent profile of the microarray incubated with
diagnostic plague immunoglobulins at a 1:50 dilution (B).
Numbers on the scheme denote antigens: 1, Y. pestis F1
antigen; 2, Y. pestis LPS; 3, Y. pestis OCA; 4, Francisella
tularensis LPS; 5, Brucella spp. BPK antigen (the figure is
adapted from the following work: Utkin DV. Improvement
of Laboratory Diagnostics of Particularly Dangerous
Bacterial Infectious Diseases Using Biosensor, Proteomic,
and Nanotechnology. Dissertation. Dr Sci. (Biol.)
Saratov; 2021)

B AxajgeMum BOEHHO-MEZMIIMHCKMX HayK
B I. Ilexun (Kutait) 6bI1 yCIEIIHO CO3[aH MMU-
KPOODMIOUIHBI YUI-CEHCOP C KamWISPHOI
CUCTEMOJI Ha OCHOBe CTPYKTYpbl «HaHO/Ieca»
(pucynox 11).

CTpyKTypa «HaHO/Ieca» MpeAcTaBasgeT coboil
MacCUB BEpPTUKANbHBIX KPEMHUEBBIX HAHOBO-
JIOKOH, oO6majaroiuii BbIPpaKEHHbBIMM KaTIUJI-

PucyHok 11. Cmpykmypa «HaHoneca»: A - zpacuyeckas
cxema; B - anekmpoHHas mukpogomozpacus [31]

Figure 11. Structure of the “nanoleaf”. A, Graphical scheme;
B, Electron micrograph [31]

* VrxuH [IB. CoBepleHCTBOBaHNMe TabOPATOPHOI AMATHOCTUKY 0CO6O OMACHBIX GaKTepualbHBIX MHEKIU-

OHHBIX 0OJIe3HEN C IIpMMEHECHNIEM 6I/IOCCHCOPHI)IX, IIPOTEOMHBIX N HaHOTEeXHOJ/IOTUIA. HI/IC. ..

Capatos; 2021.
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MMMyHOuUMMNbI - COBPEMEHHbIE CPeACTBa cneunduyeckon MHAMKALMN NaTOreHHbIX 6M0I0OMMYECKUX areHTOB
Immunochips - modern devices for specific indication of biological pathogens

JIAPHBIMY CBOJICTBaMM. 3a CYeT MaccuBa KpeM-
HIUEBBIX BBICTYIIOB (HAHONMKOB) CYI[eCTBEHHO
yBennuuBaeTcs 3¢p¢deKTUBHAs IIOLARb COIPH-
KOCHOBeHM:A ¢a3. [laHHAA 0COOEHHOCTb MO3BO-
nsieT GUKCUPOBATH OOJIbIIEe YMCIO MMMYHHBIX
KOMIIIEKCOB «aHTUT€H—-aHTUTEIO» II0 CpaB-
HEHWIO C TPAAMIMOHHBIMM ITAHAPHBIMU CHU-
CTeMaMM, YTO HANPAMYI IOBBIIIAET YyBCTBU-
Te/IbHOCTDh AeTeKuuu. KoHCTpyKTMBHasA cxema
MUKPOQIIONIHOTO YUII-CEHCOpPa NMpeACcTaBIeHa
Ha pucyHke 12.

Mukpounn-ceHcop obecrmed4nBaeT [JOCTO-
BepHOe BBIsIBI€HME (PUTOTOKCUMHOB (PULMH U
abpyH) B IONIEBBIX YC/IOBUAX B TedyeHue 15 mu-
HyT. IIpesen ob6Hapy)XeHMs /sl JAHHBIX aHa-
JAUTOB cocTaBngeT oT 10 o 6250 nr/mn [31].

Muxkpognioudnas mexnonozus LightDeck”®,
paspaboranHas kommanmeit MBio Diagnostics
(CHIA),ocHoBaHa Ha GIyOpeCLeHTHOM BeTeKI[ U
CHUTHaJIa, MIONTYYeHHOTO Ha MUKPOMATpuUIe C JC-
IOTb30BaHNEM IUIAHAPHOTO BomMHOBoxa. Op-
HOpPA30BbIM JIMTOM NJNACTUKOBBIA KapTPUIX
COZIEP>KUT BCTPOEHHYIO INH3Y, KOTOpasi HaIpaB-
NsieT Ma3epHBIl CBeT (J/IMHa BOMHBI 639 HM) O
I/IaCTUKOBOI MOAMIOXKKe. BoMHOBOJ, reHepupyer
3aTyxawllee 9BaHECIIeHTHOE II0/Ie, OCBellaoliee
IOBEPXHOCTh MUKpoMaTpuiiel. [Ipu TakoM mop-
Xo/ile MUHUMM3UPYETCsT (OHOBBIN CUTHAN OT
He CBA3aBIIMXCA KIETOK mMau ¢pryopodopos B
o06'beMe IIPOOBI, UTO MO3BO/IAET UCKIIOUNTD ITAI
IPOMBIBKY IIPM BBITIOTHEHNY aHanu3a [32].

C npumenennem Ttexuomorun LightDeck®
Bickvan ¢ coaBT. mpofeMOHCTPUpPOBANU BO3-
MOXXHOCTb OOHAapy>KeHU HU3KOMOJIEKY/IAPHBIX
TOKCUHOB — MUKPOUUCMUHA VI UUTUHOpOCHEp-
moncuna. CUNTBIBAaHME Pe3y/NIbTaTOB C Of-
HOpPa30BOTO KapTPUXKa OCYILIeCTBIAETCA C
IOMOIIbIO IIOPTATMBHOTO AaBTOHOMHOTO CYVITBI-
Barensa MBio MQ. Bpems aHanusa cocTaBiseT
10 munyT. Ilpemen obHapykeHusA [ad MUKPO-

PucyHok 12. KoHcmpyKyusi MUKpogoudHO20 yund-
CeHcopa €o CmMpyKmypol «HAaHosec»: nodsnoucka obpas-
ua (a); nodnomka KoHwsozama (b); aHanumuueckas 30Ha,
codepxicawds «HaHosaec» C UMMOBUAU308AHHBLIMU AHMU-
menamu (c); nodnoxmka abcopbeHm (d); ocHoea (e) [31]

Figure 12. Design of a microfluidic sensor chip with a
“nanoleaf” structure: sample pad (a); conjugate pad (b);
detection zone containing the “nanoleaf” with immobilized
antibodies (c); absorbent pad (d); backing layer (e) [31]

nuctuHa - 0,4 HI/MJI, AnA UMIMHIPOCIEPMO-
ncuHa - 0,7 Hr/mn (pucyrox 13) [32].

Cnymoboii  Agricultural — Research  Service
(ARS, CIIIA) 6bInM cO3JaHBl MMMYHOYMIIBI B
dbopMaTe MUKpOIIaHIIETA /I KOIUYECTBEH-
HOTO BBISIBJIEHUsI B OfHOM oOpasie Salmonella
Typhimurium (cepoBap enterica), Escherichia coli
0O157:H7 u muranogo0Horo ToOKCcuHa 1-ro tuma
(Stx1). IIpemensr o6HapyXeHUs COCTaBIISIN
5,8x10° KOE/mnpnsa 6axrepuit u 110 Hr/Mn mns
TOKCUHA, BpeMs aHanu3a — 75 MUHYT [33].

AXTMBHO pa3pabaTbhIBalOTCA MMMYHOYM-
IOBbIE CUCTEMBI JIsi OOHApy>XKeHUS MMUKOTOK-
cuHoB. Hampumep, Soares ¢ coaBT. mpepcra-
BU/IM MUKPOQIIOUIHBI YU, 00beaVH 0Lt
MOAY/Th BOAHON [BYyX(asHON IKCTPAKIuUu
C MOAy/lIeM KOHKYPEHTHOro (IyOpecIeHT-
HOoro mmMmyHodepmentHoro anammsa (ELISA).
[Ipegen obHapyxeHus oxpamoxcuna A (OTA)
C MCMONIb30BaHMEM JJAHHOJ CUCTEMbI COCTaBUII
0,26 ur/mn [34]. Hu ¢ coaBrt. paspaboranu Mu-
KpOoQIIOUAHBI YKl A1 OpicTpOro ¢gayopume-
TPUYECKOTO KONMYECTBEHHOTO OIpeeeHN s
apnamoxcuna B, (AFB,) B KyKypy3e ¢ TipefieioM
obHapyxeHMs 6,09 MKI/Kr [35].

PucyHok 13. BHewHuli 8u0 nopmamugHo20 cuumoléamess
MBio MQ (A), ooHopas3osbiii Kapmpudxic (B) u cxemamuue-
CKoe u30bpaxceHue mexHos102uu LightDeck® (B) [32]
Figure 13. Portable MBio MQ reader (A), disposable
cartridge (B), and schematic of the LightDeck®
technology (B) [32]
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Komnanmueit BioMensio Ltd. (Punmianmus)
Ha OCHOBE MY/IBTUIUIEKCHOTO MMMYHOaHalIn3a
6b11 co3maH 6muocencop Mass Sensitive Micro-
Array (MSMA) s ogHOBpeMeHHOTO O0OHapy-
JKEHUsI TPpeX MUKOTOKCUMHOB: T2-mokcuna (T2),
seapanenona (ZEA) n pymonusuna B, (FB). Uys-
CTBUTETBHOCTD MeToAa (mpefen oOHapy>KeHUA)
cocrasmia 6,1 ur/mn, 3,6 ur/mn u 2,4 Hr/M1 co-
OTBeTCTBEHHO. broceHcop mpepcrasiser co6oit
MuKpoMmarpuuny MSMA pasmepom 4x16 nuk-
ceneil. Macc-4yBCTBUTENbHBINL Tpeobpa3oBa-
Te/Ib B €0 OCHOBE UCIIONb3yeT TEXHONIOTHIO aKy-
cTudeckoro pesoHatopa (SMR) u muHTerpanbuyo
mukpocxemy (ASIC) (pucyrox 14).

B uccnedosamenvckom yenmpe InfectoGnostics
COBMeCTHO ¢ Ilenmpom npuxnaouvix uccredo-
sanuii (2. Mena, Tepmanus) 6pin paspaboTan
VMMYHOYUII [jIi OIpefie/iecHUs] CepOBapoB
Ca/IbMOHEJ/I, IAaTOT€HHBIX [/ 4Ye/loBeKa, —
Salmonella enteritidis u Salmonella typhimurium
(pucynox 15).

B Tamnmanpge 6bu1 pa3paboTaH MeTOJ MYJIb-
TUIJIEKCHOTO OOHAapy>KeHMsI IUINEBbIX IAaTO-
TeHHBbIX OakTepuit, BKmwvawumuii Escherichia
coli, Salmonella spp., Listeria spp., Shigella spp.,
Campylobacter spp., Clostridium spp. u Vibrio
spp. [lnsa aHanmMsa MCHONTB30BAHBI ME30NOPMU-
CThle HaHOYACTULbl JUOKCULA KpeMHUA (SiOz),
KOHBIOTPOBaHHbIE C (PIyopecleMHOM, CTpell-
TaBUJUHOM M CHenVPUIeCKUMU aHTUTETAMMU,
410 OpMUPYeT TaK HasbiBaeMylo 7FP-6moun-
cucremy (pucyHox 16).

[Ipemen o6Hapy>keHus ceMM ILieleBbIX Ia-
TOT€HOB C IOMOINbI0 BM3YaJbHOT'O CKPMHMHIA
B o0pasiax NMIEeBBIX NPOJYKTOB COCTaBUII
10> KOE/mn. Ilpum ucnonb3oBanuu ¢ryopume-
TPUYECKOTO METOJA YYBCTBUTENBHOCTDb yBE/IN-
yyBanach 1o 20-34 KOE/mn. O61iee Bpems aHa-
JAMU3a cocTaBmIo 2 Jaca [38].

B xommanuu Merieux Nutri Sciences (Kurtaii)
COBMECTHO ¢ MUHUCMEPCME0M CelbCK020 X031 -
cmea CIITA (USDA) 6b11 co3gan 61MoceHCOp Ha
OCHOBe IIOBEPXHOCTHOIO IIJITA3MOHHOIO pe30-
HaHca (SPR) an1s o6HapyXeHUs MNUTanomgoO6HbIX

PucyHok 14. Cxema ycmpolicmea 6uoceHcopa Mass
Sensitive Micro-Array [36]

Figure 14. Schematic diagram of the Mass Sensitive Micro-
Array biosensor device [36]
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PucyHok 15. MimmyHouun Infecto Gnostics 0aa udeHmu-
¢ukayuu ceposapoe Salmonella enterica nodsud enterica:
A - eHewHuli U0 3ppess Mukpoyuna; B - cxema uMmyHo-
aHanusa (puonemoeviM UsemomMm 0603HAYeHbl aHmume-
na k O-aHmuezHy, 3eseHbiM - K H-aHmuzeny, 201y6bim -
K 06WUM 3nUMonam casnbMoHess1, MedeHHble nepoKcuda-
30l xpeHa) [37]

Figure 15. Infecto Gnostics immunochip for Salmonella
enterica subsp. Enterica serotyping: A, microarray layout; B,
assay principle (antibody color code: purple, anti-O-antigen;
green, anti-H-antigen; light blue, anti-pan-Salmonella
epitopes; HRP-conjugated) [37]

TOKCUHOB 1-ro u 2-ro tunos (Stx1 u Stx2). Insa
yCUIeHUsT aHaIUTUYeCKOTO CUTHAIa MUCIOJb-
30Ba/miuch 301n0Tble HaHodacTuLbl (AuNPs), uro
IO3BONIM/IO JOCTUYb Ipefesa OOHApYXXeHUs B
OMKOTPAMMOBOM [uamnasoHe (Ir/Mi) B TedeHUe
20 munyT (pucynok 17) [39].

B Hay4HO-uCCIegoBaTeNbCKOI TabopaTopun
Boenno-Bo3aymnbix cun CIIA 6511 paspabotan
MUKPOGDITIOUIHBIN OMOCEHCOP IS BBIABIEHUS
HAaTOTeHHbIX MMKPOOPTaHU3MOB B INUTbHEBOII

PucyHok 16. 7FP-ummyHouun 0718 o6Hapy»ceHuUs 3Hme-
ponamozeHHbix 6bakmeputi: A - eHewHul 6ud mMampuypl
7FP-6uouuna; B - popmuposaHue komnaexkcoe MSNs-Flu-
SA-Abs; C - cxema npoeeOeHUs dHAAU3A C UChO0/b308aHU-
em 7FP-6uoyuna; D - yuem pe3synbmamos aHanusa [38]
Figure 16. 7FP-immunochip for detecting enteropathogenic
bacteria: A, appearance of the 7FP-biopatch matrix;
B, formation of MSNs-Flu-SA-Abs complexes; C, analysis
scheme using the 7FP-biopatch; D, analysis results [38]
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PucyHok 17. lNpuHyun pabomel 6uoceHcopa HA OCHoee
Nnoe8epXHOCMHO20 N/Ad3MOHHO20 pe30HAHcd. A - cxema Mu-
Kpomampuupl codepycawjeli mpu aHaaumuyeckue 30Hbl;
B - u3o6paxceHue mukpomampuubl SPR e peasbHoM epe-
MeHu; C1 - cxema e3aumodelicmeuli HA MUKpomMampuue,
C2 - cuzHan 00 eHeceHUs KOHbH2AMA ¢ Yacmuuamu 30/10-
ma, C3 - cuzHan nocsie eHeceHUs1 KOHbO2AMA € Yacmuya-
Mu 3010ma [39]

Figure 17. Operating principle of a surface plasmon
resonance (SPR)-based biosensor: A, Schematic of a
microarray containing three analytical zones; B, Real-time
SPR image of the microarray; C1, Schematic representation
of interactions on the microarray, C2, Sensor signal
before introduction of the gold nanoparticle conjugate,
C3, Sensor signal after introduction of the gold nanoparticle
conjugate [39]

BOfle. YCTPOJICTBO WHTErpPUpPYyeT JBe He3aBU-
CUIMBbIe OIITUYECKNE CUCTEMBI IeTeKI UL,

IlepBas cucrtema mpefcTaBnseT coboil Io-
BEPXHOCTD 13 30/I0TBIX HaHOCTepKHel (AuNRs,
or aHrn. Au Nano Rods), 3aKpenjIeHHYIO Ha
CTEK/ITHHOJ TOMNIOXKe ¥ (PYHKLIVOHANTU3UPO-
BAaHHYI0 MMMOOMIN30BAaHHBIMM IONVMKIOHAb-
HbIMU aHTUTenaMu K Escherichia coli. Jannas
HOBEPXHOCTb MHTETPUPOBAaHa B MUKpOQio-
VITHBIN KaHAI U CIIYXXUT CEHCOPOM ITOBEPXHOCT-
HOTO IJTa3MOHHOTO pe3oHaHca (SPR), 4To mo3Bo-
NsieT BBIABIATH HU3KMe KOHLeHTpauu E. coli B
MajnoM ob6beMe IpoOBbI.

Bropas onTmdyeckas cucreMa IpefcTaBIeHa
IEeTEeKTOPOM Ha OCHOBE HeMaTMYeCKMX >KUIKUX
kpucramnoB (NLC, ot aurn. Nematic Liquid
Crystals). JlaHHas cucTeMa HpPUMEHSAETCA A
BBIABJICHUS BBICOKMX KOHIeHTpauuit E. coli B
BOJle 10 M3MEHEHNI0 MHTEHCUBHOCTY J1a3€PHOTO
Jy4a, IOIJIOIMIaeMOro OaKTepuaJlbHBIMU KIeT-
Kamu (pucyHox 18).

Inanason obHapyxenus E. coli cocrtaBnser:
st HUu3KuX KoHuenTpauuit (meroq AuNR-SPR):
or 10 go 10° KOE/mm; mast BHICOKMX KOHIIEH-
tpanuit (Merox NLC): ot 10° mo 10° KOE/mn
[40, 41].

Komnauns Bruker Optik GmbH (I'epmanus)
paspaboTranma 9NMEKTPOXMMUYECKYIO OuOCeH-

PucyHok 18. Ycmpolicmeo MukpogawoudHozo buoceHco-
pa: A - cxema pasmeujeHuUsi He3asUCUMbIX ONMUYeCKUX cu-
cmem (AuNR u NLS); B - npuHyun paéomui [40]

Figure 18. Design of a microfluidic biosensor: A, Layout of
independent optical systems (AuNR and NLS); b, Operating
principle [40]

copuywo cucremy pBDi (portable BioDetector
integrated), mpemHasHaYeHHYI0 /1A OOHapy-
KeHMsT U uAeHTUPUKAUM OMONMATOTEHOB Oak-
TepPUanTbHOTO, BUPYCHOTO M  TOKCUYECKOTO
npoucxoxjenns (15, 16]. YcrpoiicTBO MCIONb-
3yeT 3/MeKTPOXVMUYECKYI0 TEeXHOJOTMI0, OCHO-
BaHHYI0 Ha IPUHIUIE MMMYHO(pEPMEHTHOTO
aHanusa (ELISA), u mo3BonsieT My/1bTUIITIEKCHOE
ompefeneHue [0 uectu aHaauto. Crenudny-
HOCTb obeclleunBaeTcs aHTUTETaMM, UMMOOU-
NM30BaHHBIMU Ha 30/0THIX 3MeKTpofax. s
JeTeKIMY MCIIONb3YITCS BTOPUYHBIE JeTeKTU-
pyMoolye aHTUTeIa, KOHBIOTUPOBaHHbIE C 610-
THOM. KoMInekc «OMOTUH-CTpenTaBULUH»
CBSI3BIBAETCSI C KOHBIOTATOM CTPeNTaBUINHA C
¢depmenToM P-ramakrosupasoit. PepmeHT Kara-
NTU3UPYeT IpeBpalleHue cybcTpaTa B 3JeKTPO-
aKTUBHBIN IIPOAYKT, M3MeHeHNe KOHI[EHTPaluu
KOTOPOTO ¥ PETUCTPUPYETCA INeKTPOXUMU-
yecku (pucyHnox 19).

PucyHok 19. lNpuHyun delicmeus 6uoceHcopHoUl cucmeMbl
pBDi (onucaHue 6 mekcme) [15]
Figure 19. Functional principle of the pBDi biosensing
system (for details, see text) [15]
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Takum o6pa3om, B pe3ynbraTe KacKaja UM-
MYHOXMMMYECKMX peaKIMUIl aMIUIUTYyJA peru-
CTPUPYEMOTO 3MeKTPUYECKOTO CHUTHala JMMeeT
NpAMYI0 3aBUCHMMOCTb OT KOHIEHTpalMy aHa-
JINTA, CBA3ABIIETOCA CO CHENUPUIECKUMN aH-
TUTeTaMJ Ha NMOBEPXHOCTU 3MEKTPOAOB. Bpemsa
aHanusa gnasa cucteMbl pBDi nmpu atom He mpe-
Bbimaer 20 MuHyT [15]. 3asgBIeHHbIe IPOU3BO-
AUTeIeM IIpeenbl OOHapy>KeHNU s TaTOTeHOB 1A
JaHHOI CHCTeMBI IIPeACTaB/IeHbl B mabnuue 1.

AHaJIOTMYHBI NPMHOWI MMMYHOXUMNYe-
CKOJI fleTeKuuy ObII peanms3oBaH Ha Kadenpe
BeTePMHAPHBIX HayK (aKy/IbTeTa BeTepUHAPHOI
MenuuuHbl MioHxeHckoeo yHusepcumema (Lep-
MaHNA) IpU pa3paboTKe 3MEKTPOXUMNIYECKOTO
6mouuma s 6BICTPOro OTHOBPEMEHHOI0 OOHa-

Ta6nuua 1 - Ipedesibi 06HApPYXeHUsA NAMo2eHo8
c ucnosnb3oeaHuem cucmemol pBDi
Table 1. Detection Limits for Pathogens Using the

pBDi System
MaToreHHbIN
6uoioruyeckun YyBcTBUTENBHOCTL /
areHT / Sensitivity
Pathogen

Bacillus anthracis
(cnopoBsas popma) /
(spore form)

Yersinia pestis

1,0x10%-1,0x10° cnop/mn /
spore/ml

1,0x10°-1,0x10° KOE/mn / CFU/ml
1,0x10°-1,0x10° KOE/mn / CFU/ml
1,0x10°-1,0x10° KOE/mn / CFU/ml
1,0x10°-1,0x10° KOE/mn / CFU/ml

Francisella tularensis

Brucella species

Burkholderia mallei

Variola virus 1,0x104-1,0x10° BOE/mn / PFU/ml
BoTynnHuyeckme 1-100 nr/mn / pg/ml
ToKcuHbI TUNoB A, B, C,
D,E,F/

Botulinum toxins of types
A,B,C D, E and F

SEB, SEA 1-100 nr/mn / pg/ml
PuuuH / Ricin 1-100 nr/mn / pg/ml
A6pwuH / Abrin 1-100 nr/mn / pg/ml

MukpouncTun-LR /
Microcystin-LR

1,5 Hr/mMn / ng/ml

T-2 MUKOTOKCUH /
T-2 mycotoxin

0,4 vr/mn / pg/ml

Popuann A / Roridin A 0,5 He/mn / pg/ml
AdnaTtokcuH B1/ 0,6 Hr/mn / pg/ml
Aflatoxin B1

CaKcUTOKCUH / Saxitoxin

1,2 vr/mn / pg/ml

MpumeyaHme.

KOE - konoHueobpasyouwas eanHuua, BOE - 6nawkoobpa-
3yloLas eguHuLa.

TabMua cocTaB/ieHa No AaHHbIM 13 paboT [15, 16].

Note.

CFU, colony-forming unit, PFU, plaque-forming unit.

The table is based on data from [15, 16].
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PY>XeHUsI HU3KOMOJIEKY/ISIPHBIX TOKCMHOB: CaK-
curokcuHa (STX), T-2 rokcuna (T-2) u admarok-
cuna M, (AFM,) (pucynox 20).

ONeKTPOXUMUIECKUIT OUOYUTT HA OCHOBE
AHTUUIUOTUIIMYECKUX aHTUTEN MTO3BONSAET 00-
Hapy>XMBaTb HM3KOMOJIEKY/IAPHBIE TOKCUHBI C
npenenoM o6HapyxeHus ot 0,1 go 1 Hr/mi.

OpHOIT U3 K/TI0YEBBIX 3aj1ay, pelIaeMbIX C I10-
MOIIBI0 VIMMYHOYMIIOB, SIBISETCS BBISIBIICHNE
U ugeHTHUKALUs TaNTeHOB - HU3KOMOJIe-
KY/JIAPHBIX TOKCHHOB, BBICTYHAIOIUX B POIU
MOTEHI[MA/IbHbIX IMMaTOT€HHBIX OMOTOTHIECKUX
arentos (ITBA).

B 2014 ropy A. Szkola, E.M. Linares, S. Worbs
ONyO/MIMKOBAIN pPe3y/NbTaThl OXHOBPEMEHHOTO
BBIABICHNSI OMOMOJIEKY/ Pa3IM4YHON MOJIEKY-
JIIPHOJ MacChI C MICIO/Ib30BaHYEM IMMYHOUYMIIA
Ha OCHOBE AQHTUUOAMOTUIINYECKNX aHTUTEN.
IHaHHBI IOAXOM IO3BOAMI OOBEIUHUTH Ha
eMHOI TIIATPOPME «CIHOBUU»-UMMYHOAHANU3
U KOHKypeHmHbulli ummyHoananrus. C IOMOILbIO
CO3IaHHOTO MMKPOYMIA YCIEIIHO BBIABIAIN
nBa 0eTKOBBIX TOKCUHA — punuH (60 k[Ja) u cra-
¢dunoxkoxkkoBeiit sHTepoTokcuH B (SEB, 30 k][]a),
a Tak)Xe HU3KOMOJIEKYISAPHBI CaKCUTOKCUH
(0,3 x/[Ta). Cxema COBMeILI[eHHOTO aHaMN3a IMpef-
CTaBjIeHa Ha pucyHke 21.

IIpu o6buapyxenunm cakcutokcuHa (STX,
CM. pucyHox 2I) Ha 4YMIle IMPOMCXOAUT KOHKY-
PeHTHOE B3aMO/IeIICTBIE MeX/TY €Tr0 Me4eHbIMU

PucyHok 20. lMpuHyun pabomsl 31eKMpPOXUMUYECKO20
UMMYyHoYuna 08 6bIcmpoz2o 06HApy#eHUs HUSKOMOsEKY-
/ISIPHBIX MOKCUHO8, C030aHH020 8 MIOHXeHCKOM yHueepcu-
meme [42]

Figure 20. Operating principle of an electrochemical
immunochip for rapid detection of low-molecular-weight
toxins, developed at the University of Munich [42]
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PucyHok 21. CoemeuweHue «caHO8UY» U KOHKYPEHMHO020 UMMYHOAHAAU3d, Ha npubope MCR3. A - «caHO8uu»-eapudaHm e
coYemaHuu ¢ KOHKypeHmMHbIM UMMYHOAHA/AU30M Ha UMMYHo4une; b - npouedypa aHanusa [43]

Figure 21. Integration of sandwich and competitive immunoassays on the MCR3 platform. A, Combined sandwich and
competitive inmunoassay formats on an immunochip; b, Assay procedure [43]

QaHTUTEIAaMM ¥ UMMOOV/IN30BaHHBIMU AaHTUN M-
OTUNMYECKMMM aHTHUTenaMmu. JicnonbsoBaHue
AHTUUJMOTUNINYECKUX AHTUTET ITO3BOINIO MU3-
0exaTb HeOOXOAVIMOCTM KOHBIOTAIMU HU3KO-
MOJIEKY/ISIPHOTO aQHANUTa ¢ OEIKOM-HOCHUTEIEM.
Perucrpanua XxeMUIIOMUHECIIEHIIMM OCYIIeCT-
BJIETCSI HAa NMPOTOYHOM MUKPOYMIIOBOIN IIJIaT-
¢dopme «Munich Chip Reader» (MCR3). O61ee
BpeMs: aHanu3a coctabisdeT 18 munuyT. Ilpemenst
0OHapy>XeHMA COCTABMIIN: 3 HI/MJI [/ PULMHA,
0,1 ur/min gns SEB u 2 ur/mn gna STX. JlanHas
TEXHOJIOTHA JEeMOHCTPUPYET NMOTEHIIMAN aHTU-
UIMOTUINYECKNX AHTUTEN [N OJHOBPEMEH-
HOTO OOHAapy>KeHUS HM3KO- M BBICOKOMOJIEKY-
JIAAPHBIX COeJVHEHNII HA €MHOV MUKPOYUIIOBOI
nnatdopme [43].

lanmTeHaMu TaK>Ke ABASAIOTCA MUKOTOKCHHBI —
TOKCHYHBIE TPOAYKTHI BTOPUYHOTO MeTabo-
NM3Ma IJIeCHEeBBIX Tpu6OB. [l UX BBIABICHUA
B MMMYHOYMIIAX, KaK IPaBUJIO, NPUMEHIETCSA
KOHKYPEHTHBIII (opMaT aHaams3a C UCHONIb30-
BaHMEM KOHDIOTaTa MUKOTOKCHMHA C OeTKOM-
HocuTeseM [44].

B HaumonanbHOM IeHTpe TE€HHON WHXe-
Hepuu u 6morexnonoruu (BIOTEC) Tammanpa
Ob1 paspaboTaH MUKPOQIIOMIHBIN MYIbTU-
IJIEKCHBII MMMYHOYMII [/ OJHOBPEMEHHOIO

ompejeneHnss MTATU MUKOTOKCMHOB B pIHCe:
adnatoxcuna B, (AFB,), T-2 Tokcuna (T-2), sea-
panenona (ZEN), nesokcunuBanenona (DON) u
dbymonusuna B, (FB,) (pucyrnox 22).

Inst obHapy>KeHUsT MUKOTOKCHHOB MCIIOJIb-
30Baly NPsIMOJI KOHKYpPEHTHBbINI (opmaT aHa-
nu3a. MexaHM3M 3aK/II0YaeTCs B CIEeYIOLieM:
UCCTIelyeMblil TOKCUH (CBOOOZHBINI aHAINUT) B
npobe CBA3BIBAETCSA CO CrenUPUIECKUMU MO-
HOK/JIOHAaAbHBIMU aHTUTenamu (mAb-1). O6-
Pa3oOBaBIIMIICS  KOMIUIEKC «TOKCMH-mADb-1»
B3aMMOJEICTBYeT C BTOPUYHBIMU KO3bMMU aH-
TUMBIIIMHBIMU aHTUTenaMu (Ab-2), KOHBIOTHK-
POBAaHHBIMU C (PIyOpecCIeHTHBIM KpacuTeneMm
M424. B TecToBOI 30He MUKOTOKCUH, BXO AN
B COCTaB 9TOTO TPOJHOTO KOMIIIEKCA, KOHKY PU-
pyeT ¢ MUKOTOKCHHOM, MMMOOV/IN30BAaHHBIM B
CIIOTAX, 3a CBA3bIBAHNME C OTPAHUYEHHBIM KO-
YeCTBOM MMMOOWM/IN30BAHHBIX aHTUTEN. TaKuM
00pa3oM, MHTEHCUBHOCTb PErUCTPUPYEMOIL
¢nyopecueHnuy B cioTax o6paTHO IMPOHMOPIHU-
OHAaJTbHAa KOHI[EHTPAIMU CBOOOJHOTO TOKCUHA
B aHanusupyemom obpasie. Ilpemensr ob6Hapy-
JKEHUs JIIsI Pa3IMYHBIX MUKOTOKCHMHOB COCTa-
Bunu ot 0,56 go 1,89 mxr/kr [44].

Knrajicko-aBcTpanniickoit Hay4Hol nabopa-
TOpMet ObUT pa3paboTaH MUMMYHOYMNII 151 OFHO-

BecTHuK Borick PXbB 3awutbl. 2026. Tom 10. N2 1

SdOOYL NOILD310dd 29N 40 SNVINW ANV SNOdVIM

19LNTTIVE 9Xd HOMN04 Va12T3dD U BUHIXKAAOO4d

57



BOOPY>XXEHNA U CPEOCTBA BOUCK PXB 3ALLATDI

58

WEAPONS AND MEANS OF NBC PROTECTION TROOPS

3uraHwuH 3.P., KbitmMaHoB A.A., lNMeuyeHkunH [.B., KysHeyoBckuit A.B., Bopobbes A.A.
Ziganshin E.R., Kytmanov A.A., Pechenkin D.V., Kuznetsovskiy A.V., Vorobiev A.A.

PucyHok 22. Cxema nposedeHUS MUKPOMAMpPUUYHO20 UM-
MYHOAHAAU3a HA UMMMYyHouYune 045 My/ibmunaeKkcHo20
06HapyxceHuUs mokcuHos (acgpnamoxcuHa B1 (AFB1), mok-
cuHa T-2 (T2), 3eapaneHoHa (ZEA), O0e3okcuHueasieHosa
(DON) u ¢pymoHu3suHa B1 (FB1)) [44]

Figure 22. Schematic of the microarray immunoassay
procedure on an immunochip for multiplex detection of
toxins: aflatoxin B1 (AFB1), T-2 toxin (T2), zearalenone
(ZEA), deoxynivalenol (DON), and fumonisin B1 (FB1) [44]

BPeMEHHOTO KO/MNYeCTBEHHOTO BBISBIEHUS dUe-
THIPEX MUKOTOKCUHOB: adnmarokcuna B, (AFB),
oxpatokcuHa A (OTA), 3eapaneHoHa tZEA) u
bymonusuna B (FB). Habop mnpencrapnser
co00Jl HUTPOIENIIONO3HYI0 MeMOpaHy C UM-
MOOV/IM30BAaHHBIMU B TECTOBBIX 30HAX CIICLM-
¢uYecKMMM MOHOK/IOHA/JIBHBIMU aHTUTETAMU
(cxema aHanu3sa — pucyHok 23). Ilpepenst o6Hapy-
JKEHUsI C MICTIO/Ib30BaHMEM JJAHHO CUCTEMBI CO-

crapunn: AFB, - 5,25 Mxr/kr, OTA - 4,75 MKT/KT,
ZEA - 2,25 mKr/kT, FB - 6 MKT/KT [45].

TakuMm o06pa3oM, MHOTOYNIC/IEHHBbIe ITyO/MN-
Kal[Uu, TOCBsI[eHHble COBEPIIEHCTBOBAHIIO
CYLIECTBYIOIMX U CO3[JaHMI0O HOBBIX MMMYHO-
YUIOB [/ BBIABIEHNS MUKOTOKCUHOB CBUeE-
Te/bCTBYIOT O BO3MOXXHOCTM MCIIOTb30BaHMSA
VMMYHOYMIIOBOJ TEXHONOTMM He TOIBKO s
BBISIBJICHVSI BBICOKOMOJIEKY/IIPHBIX aHTUTE€HOB,
HO ¥l HN3KOMOJIEKY/IAAPHBIX XMMIYECKNX COeIU-
HeHui [44, 45].

3AK/IIOYEHUE

IIpoBemeHHbIit aHANMM3 JIUTEPATypbl CBU-
HeTe/bCTBYeT, YTO COBpPeMEeHHbIe TEeXHOTIOTUMN
KOHCTPYMPOBAHNUS MMMYHOYUIIOB IIO3BOAIOT
CO3/1aBaTh BBHICOKO((eKTUBHBIE MHCTPYMEHTHI
IS WMCCIeOBaTeNbCKUX M JMAaTHOCTUYIECKUX
3agad. IlokasaTenu 4yBCTBUTENIBHOCTH, CIIELIN-
bUYIHOCTM ¥ BOCHPOU3BOAUMOCTHU Ppas3pado-
TAaHHBIX OMOYMIIOB MOATBEPKJAIT WUX Ha-
DEe>KHOCTb IS HeTeKIUY IIMPOKOTO CIEeKTpa
QHaMUTOB MH(QEKUMOHHOM M TOKCUYECKOIT
MPUPOJBI.

IOns Boiick PXb 3amuter MO P® sTa TexHoO-
JIOTHsI MMeeT KIIo4eBoe 3HaueHme, obecrnednBas
Iepexoy; OT IOC/IeOBaTeTbHON MHAMKAINU K
OJJHOBPEMEHHOMY MY/IbTUIIIEKCHOMY CKpMU-
HUHTY yTPO3 B peXXume, OIM3KOM K peabHOMY
BpeMeHN. JTO KapAMHAJIbHO IIOBBIIIAET OIllepa-
TUBHOCTH OL[€HKM OMOIOTMYECKOI 0OCTaHOBKY,
YTO SIBISIETCS KIIOUYEeBBIM (PAKTOPOM [jisl MPU-
HATYSA pelleHNII 110 3al)Te INIHOTO COCTaBa I
00BEKTOB.

OmnucaHHbIe METOAMYECKNE TO/IXO/BI 3aK/Ia-
OBIBAIOT OCHOBY [JI YHUBEPCAJIBHBIX MYJIb-

PucyHok 23. CxeMa npouecca xeMuAlOMUHUCUEHMHO020 UMMYHOAHAAU3a MUKOMOKCUHO8 [45]
Figure 23. Schematic of the chemiluminescent immunoassay process for mycotoxins [45]
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TMAaHAIUTHBIX CHUCTEM, HIPUMEHUMBIX KaK B
CTAaIlMIOHAPHBIX YCIOBMAX, TaK M B IONEBBIX —
HEIITATHBIMY JUATHOCTMYECKMMMU TIPyIIaMMU.
Mx wmHTerpauuma B MOOMIbHBIE KOMIIJIEKCHI
(nampumep, xommaekc MKA TIBA «Cbru») obe-
CIEYNT MO ePKKY IPUHATUA PelIeHNII B YCIIO-
BuUsAX 6uonornueckux YC.

Takum o6pa3oM, BHeipeHUE WUMMYHOYH-
HOBbIX TEXHOJNOIUI IIO3BOMUT CO3JATh KOM-
MaKTHBIE, BBICOKONIPOU3BOJSUTEIbHbBIE M aBTO-
HOMHbBIE CpPeACTBa KOHTPO/ A, YTO Ka4eCTBEHHO
YCUINT MOTEHLMAN OMOTOTMYecKOil pa3BeKI.
VHTerpannsa TakUX CUCTeM O0eCHeYMuT Helpe-
PBIBHBINI MOHUTOPUHT ¥ HOBBIN YPOBEHD 3alIM-
IMIeHHOCTY BOJICK.

Ha ocHoBe aHanmsa MOXHO copmMynupo-
BaTb K/II0YeBble HAIpaBIeHUsA [/ pa3paboTKu
Hpu6OpoB OMONTOTNYECKONl pa3BeKu HOBOTO
MOKOTI€HMA:

1. CospgaHue yHMPUIMPOBAHHON MY/IbTU-
IVIEKCHOJ IIaTOpMBl [IA OZHOBPEMEHHOIO
BBIsAB/ICHN A OaKTepUaTbHBIX, BUPYCHBIX aT€HTOB
U TOKCUHOB.

2. Pa3paboTka MOTHOCTHIO aBTOHOMHBIX II0-
JIeBbIX 00pasloB ¢ MUKPOQIIOUIHBIM yIpaB-
JeHreM Npo6aMu ¥ BCTPOEHHON IIPOOOIOJ-
TOTOBKOIA.

3. AmanTanusa TeXHONIOTUMU /s MHTerpanum
C CYLIeCTBYIOIMMM MOOMIBHBIMM KOMIIIEK-
camu PXD pasBegku u cuctreMaMu NOJAJEP>KKHU
OPUHATHUSA peuieHuit. [lepcreKTMBHBIM Hampas-
JIeHueM SABIAETCS CO3JaHMe ajalTUBHBIX (ca-
MOOOYYAIOmNXCA) JUATHOCTUYECKUX CUCTEM,
rae KOHQUrypanus MMMYHOUMIIA MOXET OIle-
PaTUBHO MEHATHCS B COOTBETCTBUU C BINUJe-
MMOJIOTMYECKOIl 00CTaHOBKOJ B pajloHe OTBET-
CTBEHHOCTU BOJICK.

ITpakTHYecKas 3HAYNMOCTh Pa6oOTHI

Pesynbrarsl paboThl GOPMUPYIOT OCHOBY /IS
pa3paboTKy MepPCIeKTUBHBIX 00pasl0OB BOOPY-
>keHna Bovick PXDb samuTer:

1) MOOMIBHBIX MHOTOKOMITIOHEHTHBIX aHaJIN-
3aTOpOB is 1abopaTopuit Ha 6a3e KOMIIIEKCOB
Tuna «Cbru»;

2) IOPTaTMBHBIX [eTEKTOPOB /151 HEIITATHBIX
pa3Be/pIBaTEeIbHBIX IPYIIIT;

3) CTalMOHApPHBIX AaBTOMAaTU3MPOBAHHBIX I10-
CTOB /I MOHUTOPVMHTA BO3/lyXa Ha KPUTUYECKN
Ba)KHBIX 00beKTaX. BHefpeHMe MOJOOHBIX CU-
CTeM IO03BOJIUT PaJMKaNTbHO COKPATUTH BpeMs
orbopa M aHanu3a MpoO, IOBBICUB OIEPATHB-
HOCTh U 00OCHOBAHHOCTD peIleHNt o OMoIo-
TUYECKOMN 3alTe BOJCK.

Ozpanuuenus uccneoosanus / Limitations of the study

Hacroamuit 0630p nMeer clefyioliye KIOUeBble OTTPAHUYCHIN: meopemuyeckuii xapakmep — aHalIU3NU-
PYeTCsl TeXHOJOTMYeCKMil MOTEHIal IMMYHOYNIIOB, @ He KOHKpeTHble 00pasibl Boopy)keHns. PakTudecke
TAKTUKO-TeXHNYECKMEe XapaKTePUCTUKM OyAyLWIMX CPeACTB 3aIfuTbl OYAYT OIpefe/ieHbl Ha CTafyuM OIBITHO-
KOHCTPYKTOPCKUX paboT. VIcTouHMKOBast 6asa MCCIeROBaHMsi OCHOBaHA MCK/IIOYNTEIBHO HA OTKPBITHIX JAHHBIX
(Hay4HbIE CTATbHU, IIATEHTDL); 8ANUOAUUSL — 0000IIEHBI Ta6OPATOPHBIE XaPAKTEPUCTUKM TexHONIOruit. Vix addex-
TUBHOCTb B PeaJIbHBIX [OJIEBBIX YC/IOBVSIX TPV BO3JENCTBIUM 1eCTabumm3npyoiux Gpakropos Tpebyer OT/ienbHOM
9KCIIEPUMEHTAIBHOI IPOBEPKY; IKOHOMUUECKUL dCHeKm — He aHATU3UPYIOTCS BOIPOCHI CTOMMOCTY Pa3paboTKu,
MaCCOBOTO IIPOM3BOJCTBA, IOTVICTUKI ¥ XM3HEHHOTO L{MKJIA IePCIIEKTYBHBIX CPESICTB, YTO KPUTIYECKI Ba>KHO 15
IPAKTUYECKOTO BHEAPEHIST; CPAGHUMENbHIT AHANU3 — VICCIIEAOBAHE He SIB/ISIETCS IPSIMbIM CPaBHITEIBHBIM JC-
IBITAHMEM IMMYHOYMIIOB IPOTYB APYIUX METOLOB NHAMKanyy (Hanpumep, [TIP). Ber6op onTuManbHOTO MHCTPY-
MEHTa 3aBUCUT OT KOHKPETHOII oneparusHoii 3afgaun. / This review has the following key limitations. Theoretical
focus: The analysis addresses the technological potential of immunochips, not specific hardware prototypes. The
actual tactical and technical characteristics of future protective equipment will be determined during the research
and development stage. Source base: The study is based exclusively on open-source data (scientific articles, patents).
Validation: The summarized performance characteristics are derived from laboratory settings. The effectiveness of
these technologies under real field conditions and destabilizing factors requires separate experimental verification.
Economic aspect: The analysis does not address the critical issues of development cost, mass production, logistics,
and the lifecycle of prospective systems, which are essential for practical implementation. Comparative analysis: The
study is not a direct comparative test of immunochips against other detection methods (e.g., PCR). The choice of the
optimal tool depends on the specific operational task.
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OCHOBHBIE MOMEHTBI

- Bonee 95 % HykIeOTHHBIX OCHOBaHUI, IIONy4eHHBIX Ha IiatdopMe «Hanopop CIIC», nMmeroT oKkasareb Kade-
ctBa Phred (Q)>30, 4T0 COOTBETCTBYeT TOYHOCTH ONpeneeHNsI OCHOBaHMs >99,9 %.

- YenemrHo BeinonHeHa de 10vo cOOpKa MOTHOIO TeHOMA BUPYCA, PEKOHCTPYMPOBAHHOTO B BIJE €IUHOIO KOHTHUIA
mHOoM 160-711 1m.H. co cpepHuM nokpbitieM 300%.

- YcTaHOB/IeHa 3HAYMMO O0JIee HM3KasA CTOMMOCTD OJJHOTO IIVIK/Ia CeKBEHMPOBAHNA U OLlePaLIMIOHHBIX 3aTPaT II0 CPaB-
HeHu ¢ wiardopmoit MiSeq.

Axmyanvrnocmv. O6ycnoBneHa HeoOXOANMOCTIO PasBUTHsI OTEYECTBEHHbIX, 9KOHOMUYECKN 9((HEeKTUBHBIX IIIAT-
(dhopM 11 CeKBEeHUPOBAaHUA [€HOMOB B ONACHBIX IIATOI€HOB, O3BOJLAIOIINX 00eCIeYNTDh OllepaTUBHbIN TeHOMHBDII
MOHMTOPMHT OY0JIOTMYECKUX YIPO3 CMIAMM BOJICK pajualiOHHOM, XuMmdeckoit u 6uonorndeckoii (PXB) samuTsl.
Ilenv pabomvr — IPOBECTM KOMIUIEKCHYIO OLIEHKY 9KCIUTyaTaIlVIOHHBIX XapPaKTePUCTUK OTEYeCTBEHHON CHCTEMBI
nonHoreHoMHoro cekBennposanust «Hanodop CIIC» (OO0 «HII® Cunromn», Poccns) B cpaBHEHNUN € 3apyOeXXHBIM
anHasiorom MiSeq (Illumina, CIIIA).

Mamepuanvt u Mmemoobt. [1)11 BbIABIEHNA JOCTUIHYTOrO YPOBHS JaHHOI TEXHOJIOTMY YICIIO/Ib30Ba/IaCh Hay4Hast JIU-
Teparypa, JOCTyIHas Yepe3 OTKPbITble OTeUeCTBEHHbIE 1 aHITIOA3bIUHbIE pecypchbl cetu VIHTepHeT. B KayecTBe Te-
cToBOro 06beKTa mcronb3oBanu JTHK-comepxaumit BUpyc ¢ MPOTSDKEHHBIM TeHOMOM — BUPYC BakuuHsl (Vaccinia
virus), mramMm b-51. KommekcHas oneHka Bkimodata soifenenne JHK, mogrorosky 610O/IMOTEK, IOTHOTEHOMHOE
CeKBEHMPOBaHIe Ha 00enx m1aTdopMax 1 IOCTe YOI CpaBHUTEIbHBIN 6MOMHPOPMaTUIeCKIIT aHAIIU3.
Pesynvmamupt. DKcrepuMeHTaIbHas anpobarys mokasana, yto «Hanodpop CIIC» ornmyaeTcss BBICOKOI IPOK3BO-
IUTENbHOCTBIO M HaJeKHOCTHIO, obecreunBast CONOCTaBuUMble ¢ 3apybexxubiMu cekBenatopamyu (Illumina, CIITA)
Ppe3y/IbTaThl.

Buv1600. OteuectBenHas mwratdopma «Hanopop CIIC» moagTBepamia cTaTyc NpoU3BOSUTEIBHO, HaJIeXHOI 11 9KO-
HoMI4YecKy 3¢ (eKTMBHOI CUCTeMBl, 0becrednBaoliell KauecTBO JAHHBIX VM aHAIUTUYECKUe BO3MOXKHOCTH, CO-
[IOCTaBMMBIe C 3apyOeXHBIMM aHAJIOTaMy, I PEeKOMEHIOBAHA [ BHEApPEHMs B TaOOPATOPHYI IPAKTHUKY BOJCK
PXDb 3amurer.

IIpaxmuueckan 3nauumocmo pabomvt. OnupenendeTcs clegyoolumy acrekramn. CucrteMa IpefocTaB/saeT 3aKas-
4yiKy (Boyickam PXDB 3ammuTbl) KOMIITIEKCHBIE PAaOOThI ¥ BepUpUIMpOBaHHbIe JaHHBIE U1 000CHOBAaHHOTO BbIOOpa 1
3aKYIKJ OTeYeCTBEHHOII ITTATPOPMBI CEKBEHMPOBAHNS, CHIDKASI TEXHOTIOTMYECKYIO 3aBUCUMOCTD 0T 3amazga. Coop-
MUPOBaH rOTOBBI IIPOTOKOT U pedepeHCHbIe MOKasaTenu st ucronb3oBanus cuctems! «Hanodop CIIC» B cneru-
¢dunueckux 3agagax Boiick PXb 3ammntsr.

© A.A.MeTpos, B.E. KypoukuH, A.U. Anekcees, [1.A. KeoH, M.}O. Naentokos, A.B. KazaHues, M.U. ConpaTteHKoBa,
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Highlights

- More than 95% of nucleotide bases generated by the Nanophor SPS platform have a Phred quality score (Q) > 30,
corresponding to a base-call accuracy of >99.9%.

- Successful de novo assembly of the complete viral genome was achieved, reconstructed as a single contig of 160,711
bp with a mean coverage of 300x.

- A significantly lower cost per sequencing run and operational expenses were confirmed compared to the MiSeq
platform.

Relevance. Relevance is driven by the need to develop domestic, cost-effective sequencing platforms for the genomes
of dangerous pathogens, enabling rapid genomic surveillance of biological threats by the Nuclear, Biological, and
Chemical (NBC) defense troops.

Purpose of the study is to conduct a comprehensive performance assessment of the domestic whole-genome sequencing
system "Nanophor SPS" (Sintol, Russia) in comparison with the foreign counterpart MiSeq (Illumina, USA).

BecTHuK Borick PXbB 3awutbl. 2026. Tom 10. N2 1

SdOOY1l NOILD310dd D9N 40 SNVIW ANV SNOdVIM
19LNTTIVE 9Xd HOMN04 VI12T3dD U BUHIXKAIOO4d

65



BOOPY>XXEHNA U CPEOCTBA BOUCK PXB 3ALLUTDI

66

WEAPONS AND MEANS OF NBC PROTECTION TROOPS

MeTpos A.A., KypoukuH B.E., Anekcees A.W., KsoH [J.A., NMasatokos M.KO., KazaHues A.B. n gp.
Petrov A.A., Kurochkin V.E., Alekseev Ya.l., Kwon D.A., Pavlyukov M.Yu., Kazantsev A.V,, et al.

Materials and Methods. A large DNA virus, Vaccinia virus strain B-51, was used as the test object. The methodology
included DNA extraction, library preparation, whole-genome sequencing on both platforms, and subsequent
comparative bioinformatic analysis.

Results. The experimental validation demonstrated that the Nanophor SPS platform exhibits high performance and
reliability, providing data quality comparable to the foreign sequencer (MiSeq, Illumina, USA).

Conclusion. The domestic Nanophor SPS platform has confirmed its status as a productive, reliable, and cost-effective
system that delivers data quality and analytical capabilities comparable to foreign analogues. It is recommended for
implementation into the laboratory practice of the NBC defense troops.

Practical significance of the work. The study provides the customer (NBC defense troops) with comprehensive, verified
data to support an informed selection and procurement of a domestic sequencing platform, thereby contributing to
reduced technological dependence. A ready-to-use protocol and reference benchmarks have been established for
employing the Nanophor SPS system in the specific tasks of military laboratory diagnostics and biomonitoring.

Keywords: biological threats; vaccine virus; genomic monitoring; diagnostics; Nanophor SPS; pathogenic biological
agent; platform; whole genome sequencing; next-generation sequencing; system.; Illumina
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BBEIEHWE

PacminpenHas cetp Omomabopartopuit, pas-
BepHyTad BpHonb rpanul, Poccuiickoit Pepe-
pauuu u KHP, Tpebyer npmHsATUS CBOeBpe-
MEeHHBIX U 3((PeKTUBHBIX Mep OMOIOrM4ecKoi
3aIATHI.

Boticka pagmanmoHHON, XUMUIECKON 1 610-
norudyeckoit (PXB) samurer BC P® B Hacro-
Alee BpeMs OCHaUleHbl AMAarHOCTUYeCKUMU
HabopaMy peareHTOB Ha OCHOBE METOIOB aM-
mueuKanuym HykaenmHoBeIx kucnotr (MAHK)
IUISL TIpOBefileHUsI OMOIOTUYECKOTO KOHTPOJIS U
crenndrIecKoil MHAMKALUN TaTOTEHHBIX OMO-
normyecknx areHTos (IIBA), akTyanpHBIX A/IA
BC P®. Ognako coxpaHseTcss HEOOXOMUMOCTD
B CpeAcTBaxX OIEpaTUBHOTO pearupoBaHMs Ha
HOBBIe OMOTIOTMYeCcK1e YTPO3bl, 00YCIOBIEHHbIE
nosiBieHueM HeusBecTHbIX [IBA B paitoHax guc-
JIOKAIIMU POCCUTICKUX BOTICK [1].

I[TosBuBImIasici  HeTaBHO  OTeYyeCTBEHHas
mnarpopma «Hanopop CIIC» 3aHMMaeT yHM-
Ka/IbBHYI0 HUIIY Cpeiyl IpUOOPOB J/I1 MaCCOBOTO
mapannenbHoro cekBeHuposauus (MIIC, NGS),
MO3UIIMOHUPYACH KaK IpaKTUYHas CICTeMa BTO-
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poro mokonenusa. OHa npegHa3HayeHa J/IA Te-
HOMHOTIO aHa/INM3a U pellleHNs LIMPOKOro Kpyra
3ajjla4y B o6macTu QyHKIMOHAIbHOI T'€HOMMUKM,
TOKCUKOJIOTUHM, WMMYHONOruu, ¢usnonornmu,
9BOMIOLMIOHHON U TMONYAALMOHHON 6nomnornu, a
Tak>Ke /IS AMATHOCTUKY MHPEKIMOHHBIX 3200-
JIeBaHUII HA OCHOBE TEHOTUIIMPOBAHN .
CexBeHMpPOBaHJe HOBOTO ITOKOJIEHUS CTAJIO
KpaeyrolbHbIM KaMHEM COBPEMEHHOIl TIeHO-
muku. Cpenum MHOXecTBa mmaatopMm cucrtema
«Hanogop CIIC», npegcraBnenHas B 2023 ropny,
COCTaBNIsIeT [OCTOMHYI0 KOHKYPEHIMIO 3a-
pybexxubiM aHamoram. OHa codeTaeT IIpOBe-
PEHHYIO TEXHO/IOIMI0 CEeKBEHNPOBAHUA IyTeM
cunresa (CIIC, SBS) ¢ OTHOCUTEIbHO KOM-
HAaKTHBIM [AU3alHOM U 3aKpPBITBIM pabodum
HPOCTPAHCTBOM, 4YTO MMHUMU3UPYET Py4UHBbIE
omepanuu. HecmoTpsa Ha Hamumume Takux 3a-
pyb6exxHbIx cucrteM, kak MiSeq, iSeq 100 u
NextSeq 550 (Illumina, CIITA), «<Hanodop CIIC»
SIBISIETCSI ONTMMAIbHBIM BBIOOPOM [JIsI MIMPO-
KOTO CHEeKTpa IPUJIOXKEHWUIl — OT aHanms3a MU-
KpoOmoMa [0 CeKBEHMPOBAHUS AaMIIIMKOHOB
B0o30OyuTeneit MHpexumit. ITo 0COOEHHO ak-
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TyYaJbHO B YC/IOBUAX CAaHKIMOHHOT'O JaB/ICHUS
U HeOOXOMUMOCTH OOecledeHus TeXHOIOTUYe-
ckolt HesaBucuMmoctu Poccuiickoit Pepepanun
OT MMIOPTHOTO O0Opy[JOBaHMUSA M IIPOTPaMM-
HOTO OOecrevyeHms.

Llenv uccnedosaHus — TMPOBECTU KOMIITEKC-
HYI0 OLIEHKY OKCIIYaTalMOHHBIX XapaKTepu-
CTUK OT€YeCTBEHHOJ CYCTEMBbI IOTHOT€HOMHOTI'0
cexBenuposanusa «Hanogpop CIIC» (OO0 «HIID
Cunron», Poccusa) B cpaBHeHUN ¢ 3apy6eXHBIM
anamoroMm MiSeq (Illumina, CIIA).

3adauamu FaHHOTO MCCIEeTOBAHMS ABIAIOCH:

- TeopeTuM4yecKoe 0OOCHOBaHUE IKOHOMMYE-
cKoil 3¢pPeKTUBHOCTY UM MPUMEHUMOCTH II/IaT-
¢opmbr «<Hanopop CIICx;

- ampobanns OTe4eCTBEHHOI CUCTEMBI IMOJ-
HOT€HOMHOT'O CEKBEHVPOBAHMA BTOPOIO IIOKO-
nenus «<Hanogpop CIIC»;

- oIIpefe/ieHNe KITI0UeBbIX MIPENMYIeCTB CH-
crembl «Hanodop CIIC» u OlleHKU MepCIeKTUB
ee BHeJjpeHMA B NpaKTUKy Bolick PXDb samursr
BC P®.

OCHOBHAA YACTb

TeopeTnyecKkue OCHOBBI ¥ NPUHIMIbBI pa-
60TBI TEXHONOTUH

JanHaa mmardopMa peannsyeT TeXHOTIOTUIO
CeKBEHMpOBaHMA mnyTeM cuHTe3a (SBS —
Sequencing by Synthesis). 9ToT MeTox ocHOBaH
Ha JeTeKI[M) B peaJlbHOM BpeMeHMU HOC/Ie0Ba-
Te/IbBHOTO BK/TIOUEHMS KOMIIJIEMEHTAPHBIX HY-
K/1eoTunoB B pactymyio nenb JTHK ¢pepmentTom
IOHK-nnonnmepasoit, MMMOOUIM30BAHHO Ha
HOBEPXHOCTU IPOTOYHOMN sAYeiiky [2, 3].

KitoueBble KOMIIOHEHTHI Te€XHOIOTMN:

- ¢nyopecyenmHo-meueHvle  00pAMUMO-
mepMuHUposantvie  HyKneo3uompugpocpameol:
Kaxpasiir Tun Hykneorupa (A, T, C, G) metutcs
YHUKATbHBIM G1yopodOpOM U COREPIKUT XMMU-
4eCKMit OMOKMpyomMil rpynmny (TepMUHATOP)
y 3'-KOHIIa, YTO NO3BOJAET JOOABIATH TONBKO
OIVIH HYK/IEOTH/] 32 IIVKJI;

- obpamumvie MePMUHAMOPDL: XUMUYECKUE
epynnvi, BpeMEHHO OCTaHAB/IMBAIOLIVe CHHTE3
nocne po06aBlIeHMA OFHOTO HykKmeoTupa. JIx
ynanenue («cHsATHMe 6/10Ka») B KOHIIE KaXX[OTO
VKA JelaeT MPoLecc UMKINIeCKIM;

- npomouHas Auetika: MUKpoQIIONIHAA Ka-
Mepa, Ha BHYTPEHHeil IOBEPXHOCTM KOTOPOIl
3aKperieHbl ¢pparMeHTs aHanusupyemoit JTHK
(OIHK-6ubnmorexa);

- ONMuU4ecKAas Cucmema: BBICOKOTOYHAA iIy-
OpeCIIeHTHasA MUKPOCKOIMSA A BO3OYKITEHMA
VI pEeTUCTpALMM CUTHAIA OT KaXX/[OTO BK/IIOYEH-
HOTO MEYEHOTO HYK/IeOTH/IA.

1

[TpuHUMIMATbHAS CXeMa TEeXHOTOTMYeCKOTO
nporuecca (OCHOBHbBIE 3TAIIBI):

1. lobasneHnue Hyk1eomuoos u cuHmes: B Ipo-
TOYHYIO SIYEVIKY ITOfIaeTCsl CMeCh YeThIPeX TUTIOB
¢dnyopeclieHTHO-Me4eHBbIX, obpaTumo-Tep-
MMHVPOBaHHBIX HyK1eo3uaTpudocdaros.
IOHK-nmonnmepasa mocnefoBaTelbHO IpuUCOe-
AVHSAET K KaXKJ0J pacTyliell ieny KOMIIJIeMeH-
TapHBIII HYKJIEOTHS,.

2. Cuumwvieanue cueHana: TOCIE KaXXZOTO
IMK/Ia BK/TIOYEHN S ONTUYeCKask CUCTeMa CKaHU-
pyeT siueliKy, ompepenss 1BeT GayopeciueHInn
(1, crmemoBaTenbHO, TUII) HYKIEOTUAA, H00OaB-
JIEHHOTO B Ka)XKAylo nosunuio knacrepa JTHK.

3. Cuamue 6n0xa u yoanexue Memku: B X0fe
IOCTIeAYIONell XMMUYECKOIl cTaguu obparnmas
3'-6nokupyromas rpynma u QuyopecieHTHas
MeTKa YHAIATCA ¢ JOOABIeHHOTO HYK/IeOTU/IA,
HOATOTABNINMBAas I[eNb K BK/IYEHUIO CIeAyIo-
1[eT0 HYK/IeOTH/ja B HOBOM I[MKIJI€.

4. Ilosmop: uukn mnoBTOpsercA. Kaxapii
HOBBII MK JOOABIISIET ¥ CYUTHIBAET ellje OfUH
HYKJIEOTUJ,.

ITocrme 3aBeplieHMsT BCeX IMKIOB CEKBEHU-
pOBaHMsA CIlelManu3MpOBaHHOE IPOTPAaMMHOE
obecreyeHne BBINONHsET OuonHpoOpMaTIde-
CKMIT aHanmu3, mpeobpasys MoCae0BaTeIbHOCTD
3aperuCTPUPOBAHHBIX (PIYyOpeCIeHTHBIX CUT-
HalmoB 1A Kaxporo knacrepa JJHK B cooTBet-
CTBYIOIIYIO CTPOKY HYKJICOTH[OB — KOPOTKOE
npouteHue (pun)' [4, 5].

Inss mpoBefeHUsT KOMIIIEKCHOV OLIEHKU
9KCII/IyaTallJMOHHBIX  XapaKTepPUCTUK  OTede-
crBeHHO cucteMbl «Hanodop CIIC» 6bi1a BbI-
IIOTTHEeHa 3KCIepUMeHTanbHasA ampobanus. Pa-
6oTa BK/IIOYana Ciaefylollye KIHYeBble STAIBI:
BbienneHne reHoMHolt JTHK Bupyca BaKIUHBI
(Vaccinia virus), mOATOTOBKY OMOTMOTEK [s
IOTHOTEHOMHOTO  CeKBEHUPOBAHMs, IIPOBe-
lieHMe COOCTBEHHO CEKBEHMPOBAHMUs Ha 06eux
mnatdopmax, OmomHbDOpMaTHUECKUIT aHAMU3
HaHHBIX M CPaBHUTEJBHYIO OLIEHKY pe3y/b-
TATOB, ITOJIy4eHHBIX HAa OT€YeCTBEHHOII CCTeMe
u ee 3apybexHoM aHanore (mratdpopma MiSeq
kommauuu Illumina, CIITA).

MaTepuanbl U METObI

Marepuanpl. Hayynasa nwuTeparypa, po-
CTyIHasg dYepe3 OTKPBITbIe OTEeYeCTBEHHBIE N
AQHI/IOA3BIYHbIE WHTEPHET-PECYPCHl; CUCTEMBI
IOJIHOTEHOMHOTO cekBeHupoBaHusa «HaHodop
CIIC» (Cunrton, Poccus) m MiSeq (Illumina,
CIIIA). Ins ampobaunum cucteM OblT BBIOpaH
IOHK-cogepxamuit BUpPYC C MHPOTAXKEHHBIM
reHoMoM - Bupyc BakuuHbl (Vaccinia virus),

IIpoumenue (pup); mpoYTeHHAs TIOCTIE[OBATENBHOCTD (read, sequence read): HyKIeOTH/IHAS IOCTIELOBATENBHOCTD,

reepupyemas ycrpoiictBoM cekBeHnpoBanua (IOCT P VICO 20397-2-2023. buoTexHonorus. MaccoBoe Iapasieinb-
Hoe cekBeHMpoBaHue. Yactp 2. OLjeHKa KayecTBa JaHHBIX ceKBeHMpoBaHyA. M.: Craugaptundopm; 2023. 24 c.).
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mraMM b-51, nenmoHMpOBaHHBINI B KOJJIEKIUU
®OI'BY «48 THUVI» Muno6opoust Poccun.

Metoabl. B pabore mpumeHsnicsa skcmepu-
MEHTAJIbHBIIl METOJ ITOTHOT€HOMHOTO CeKBEHM-
poBaHusA. IIpoBopunoch BblJje/IeHNE€ BUPYCHOM
IOHK KOTOHOYHBIM METOIOM, ITOATOTOBKA Ou-
OMMOTEeK, CeKBEHUPOBaHME U IOCIEAYIOIas
6uonHdpopmaruveckas ob6paboTka maHHBIX. Pe-
3y/IBTATHI, IIONy4YeHHbIe Ha cucteMax «Hanodop
CIIC» m MiSeq, 6bIiM MOABEPTHYTHI CpaBHU-
Te/IbHOMY aHa/IN3y.

1. Boigenenne JHK. I'enomuyio [JHK BbI-
HensimuM M3 TOMOTEHM3MPOBAHHON  XOPUO-
QJVIAHTOMCHON 000/I0YKM KYPUHBIX 9MOpu-
OHOB, MH(UIVPOBAHHBIX BYPYCOM BaKIIVHbI
mtamMmm B-51 (genonupoBan B konmnekinuu ®I'BY
«48 ITHNWM» Munnob6opounst Poccun). Ins BbI-
JelleHNsI UCIONb30Baau KOMMepUYecKuit Habop
Magen HiPure Pathogen DNA/RNA Kit (Magen,
Knraii) B cTporomM cooTBeTCTBUM C IIPOTOKOIOM
npoussogutens. KoHieHTpanuio u cTeneHb 4u-
crorel (cooTHomenme A, /A ) TOMTydYeHHOI
JHK ompepensanu ¢ momompbo ¢ryopumerpa
Qubit 4 (Thermo Fisher Scientific, CIITA). O6-
pasibl C KOHIIEHTpalieil He MeHee 1 HI/MKI u
ONTUMAJBHBIMK  CHEKTPOPOTOMETPUIECKNMU
MOKAa3aTe/MAMM CYUTAIN IPUTOAHBIMU A/ IO-
C/IelYIOIIVX 9TANOB PaboThI’.

2. IlogroroBka O6MONMOTEK M IOIHOTIeE-
HOMHOE CeKBeHMpoBaHMe. bubnmorexkum mis
MOMTHOTeHOMHOTO  cekBeHupoBanus (WGS)
ObUIM TIOATOTOBJIEHBI C MCHOJAb30BaHWEM 1 HT
BbIflefieHHON reHoMmHolt [JHK wu xommepue-
ckoro Habopa SyntEra Library Preparation Kit
(OO0 «HII® Cunron», Poccus) B crporom co-
OTBETCTBUYM C IIPOTOKOJIIOM IIPOM3BORVTENI.
VHpexcupoBanue u ammaudukanus O6mo6mu-
oTek ocyuecTsnAanuch B xoje II1IP c BBegennem
YHUKAQJbHBIX MapHBIX WHAEKCHBIX IIOCTIENO-
BarenbHocTeil (dual index) mma kaxpgoro 06-
pasia. KagectBo c6opku 6mubnmoTex un pacmpe-
IeneHue pasMepoB GparMeHTOB (C OXKUTAEMBIM

nukoMm ~300-400 1m.H.)> KOHTpOIMpOBanM Me-
TOAOM (pParMeHTHOrO aHa/nM3a Ha TeHeTude-
ckoMm aHanusatope «Hano-dop 05» (000 «HIID
Cunton», Poccus) cornmacHo pyKoBOJCTBY IO/b-
30BaTes.

OKBUMOJIAAPHbIE MyJIbl WHAEKCHPOBAHHBIX
O61M6/MMOTeK 3arpy>kaliu B NPOTOYHYIO SYEHKY
(MiSeq Reagent Kit v2, 300 cycles) u npoBopunu
CeKBEHUpPOBaHMe II0 CXeMe IapHBIX KOHI[OB
(2x150 m.H., paired-end) Ha cucreme «Hanodop
CIIC» (Cunrton, Poccus) B COOTBETCTBUM CO
CTaHJAPTHBIM IPOTOKONOM. [Ina obecmeyeHus
HOCTOBEPHOTO aHa/nM3a Ije/leBOe IOKPBITHE
(sequencing depth) renoma Bupyca 6b110 ycTa-
HOBJIEHO Ha YpOBHe He MeHee 50x*.

3. buoumndpopmarmyeckmit anamus. Ilep-
BMYHas1 o00paboTka HaHHBIX (KOHBepTaIlus
CUTHAJIOB M JeMY/IbTUIIIEKCUPOBaHME IO WH-
JEeKCHBIM ITOC/IeJOBATETbHOCTSIM) BBIIIOTTHSANIACH
aBTOMAaTMYeCK) BCTPOEHHBIM IPOrPAMMHBIM
obecreuenneM cexkBeHatopa «Hanodop CIIC»
C HOCTEeAYIIINM 3KCIOPTOM HAaHHBIX B CTaH-
maptHOM ¢dopmare FASTQ.

Ilpemo6paborka mamHbIX. KauecTBO momy-
YeHHBIX «CBIPBIX»’ PUOB OI[eHMBAIV C IOMOII IO
nporpammbl  FastQC  (v.0.11.9). ApantepHble
IIOCTeOBATEIBHOCTU® ¥ HU3KOKauyeCTBEHHBIE
ygacTkyu (c oneHkoit kadectBa Q<20) Obuin
o6pe3aHbl C MCHONb30BaHMEM YTUINTHL fastp
(v.0.23.2) c mapamMeTpaMy IO YMONTYaHUIO'.

Coéopxkarenoma (de novo). OuuiieHHbIE PUIBI
VICIIONIb30BAJIN A1 COOpPKM reHoMa de novo ¢ mo-
mouibio coopuimka SPAdes (v.3.15.4). Kouturu?®,
COOTBETCTBYIOLIYIE TEHOMY IIeJIeBOTO BUpYCa,
upeHTUPUIMpPOBaNTM IyTeM IOMCKAa TOMOJIO-
TMYHBIX [OCTeI0BaTe/IbHOCTEIl B 6ase MaHHBIX
NCBI Nucleotide (nt) ¢ ucronb3oBaHMEM anro-
purma BLASTN? [7, 8].

OCHOBHbIEe TIapaMeTPbl MOTHOT€HOMHOTO
cekBenatopa «Hanodop CIIC» cormacHo Tex-
HUYECKON  JOKYMEHTal Uy  IIPOU3BOAUTENS
HpefCcTaB/IeHbl B mabnuye 1.

? 1VD6672 MagPure Pathogen DNA/RNA Kit. Protocol. URL: https://www.magen-tec.com/uploadfiles/2023%E8%
AF%B4%E6%98%8E%E4%B9%A6RNA/IVD6672%20MagPure%20Pathogen%20DNARNA%20Kit.pdf (zata obpa-

menns: 25.06.2025).
’ II.H. - map HyKJICOTHUJIOB.

* Nextera XT DNA Library Preparation Kit. Protocol. URL: https://www.illumina.com/products/by-type/sequencing-
kits/library-prep-kits/nextera-xt-dna.html (gara o6pamenmnsi: 25.06.2025).

5

«Coipvie» pudvl — IPOYTEHNS, IONTyYeHHbIE ¢ Iprbopa 1 He mpolenine 610NHPOPMATHIECKYI0 00PabOTKY.

¢ ITocnedosamenvrocmo adanmepa; adanmep (adapter sequence, adapter): CHHTeTHIeCKIIT OTUTOHYK/IEO T/ N3BECT-
HOI1 ITOC/IeOBATENbHOCTH, KOTOPBII MOXKeT ObITh J06aB/IeH K 3' - mnu 5' -KoHI[aM ¢pparMeHTa HyKIeMHOBOI KICIIO-
toL. (TOCT P MICO 20397-2-2023. BuoTtexHonorus. MaccoBoe IapanjenbHoe cekBeHupoBaHnye. Jactp 2. Ouenka ka-
yecTBa JaHHBIX ceKBeHMpoBaHus. M.: Crangaptundopm; 2023. 24 c.).

7 Bioinformatics. 2018;34(17):1884-1890. URL: https://doi.org/10.1093/bioinformatics/bty560 (zata obpaiteHns:
25.06.2025)

8 Koumue (0T aHII. contiguous) mpefcTasiseT coboit Habop mepekpoiBaouiuxcs cermeHTos [JHK, koTopsIe B co-
BOKYITHOCTY IIPEACTAaBAAIT COO0I KOHCeHCyCcHYI0 obmacTs JTHK [6].

® NCBI BLAST. URL: https://blast.ncbi.nlm.nih.gov (zata o6pamenns: 25.06.2025).
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Results of testing the whole genome sequenator Nanophor SPS

Ta6bnuua 1. OcHogHbie napamempeol
NnoJsIHo2eHOMHO20 cekeeHamopa «Hanogop CIMC»
Table 1. Main parameters of the Nanophor SPS

whole genome sequencer
MapameTp / 3HauyeHue /
Parameter Value
KoanyecTBo 04HOKOHLLEBbIX >15 mMnn /
npoyTtexuin (OM) / >15min
Number of single-end reads (SE)
PF(Post Filter)-knacTteps! / 99 %
PF(Post Filter) clusters
MakcuManbHas AsivHa YyTeHuin / 2x250
Maximum length of reads
Bpems paboTbl / Lo 60 yacos /
Working time Up to 60 hours
dopMaT BbIXOAHbIX AaHHbIX / bcl, fastq /
Output data format bcl, fastq
MakcuMaribHbIN Bbixos, / >15 z2uzabatim /
Maximum output >15 gigabyte
MpumMeyaHue.
Tabnnua cocTaBsieHa MO AaHHbIM - MPOU3BOAUTENS

(MywknH AA. OTevyecTBeHHbIe pa3paboTKKM B 061aCTU ceKBe-|
HupoBaHus [HK. Hay4yHo-npakTuyeckas KoHdepeHums
«MoneKynsapHas AuarHocTuka B OHKosornmy; 2025. URL;
https://kld-service.ru/wp-content/uploads/2025/03/
MywknH-AA_HHMO2025_CuHTon.pdf; pata obpaleHus:
25.06.2025).

Note.

The table is compiled based on the manufacturer's data
(Pushkin AA. Domestic developments in the field of DNA
sequencing. Scientific and practical conference «Molecula
diagnostics in oncology»; 2025. URL: https://kld-service.ru/wp-
content/uploads/2025/03/MywkuH-AA_HHMO2025_CuHmon.

pdf; accessed: 25.06.2025).

Kpurepun onenku nnargpopmsr

Onenka mrardpopmbr «Hanopop CIIC» mpo-
BOJM/IACH ITO TPEM K/TI0YEBBIM KPUTEPUAM: IIPO-
M3BOAVITEIBHOCTD, HAJJe)KHOCTb M SKOHOMMYe-
ckas 9¢PpeKTUBHOCTD.

- IIpou3BOAUTENBHOCTD OIpefieNsinach Kak
06 beM BBIXOMHBIX JaHHBIX (rUrabaiiThl UIU KO-
JINYECTBO PUMIOB), TEHEPUPYEMBIX IIATHPOPMOII
3a Of[MH IOTHBIN UK paboTsl (run).

- HagexxHOCTB OlleHMBanach Ha OCHOBE CTa-
OMIBbHOCTM PpabOThl, YacCTOTBI TEXHMYECKMUX
c60€B M CIIO>)KHOCTYU CTAHJAPTHBIX OIEPaLINII 10
00CTy>)XMBaHNIO U YCTPAHEHUIO HEMOTA/IOK.

- OKOHOMIYecKad 3P PeKTUBHOCTD PacCum-
TBIBA/IAaCh C YYETOM CIEeAYIOIINX ITapaMeTPOB:

CTOMMOCTD 3a 3aIlycK (cost per run): Kiwo-
4eBOJl IOKas3aTelb M CPAaBHUTEIBHOTO aHa-
N13a, BKIIOYAIOUINII CTOUMOCTb BCEX peareHTOB
Y PacXOlHBIX MaTepMasnoB, HEOOXOAMMBIX I
OJHOTO IIMKJ/Ia CEKBEHUPOBAHNU;

KanmuTaabHble 3arparsl (capital expenditure,
CAPEX): mepBoHaya/jpHasg CTOMMOCTb IIPHUOO-
peTeHMsA 060pyOBaHNUS;

olnepaluoHHbIE 3aTpaThl (operational
expenditure, OPEX): perynspHble pacxomsl Ha

TeXHUYECKOe OOCTy)XMBaHUe, CEPBUCHBIE KOH-
TPaKThl, HOTpeb/IeHNe 3IeKTPOIHEPTUN U 00y-
JyeHe epCcoHara.

Pe3ynbTaThl HOTHOT€HOMHOIO CeKBEHHPO-
BaHUA U cCOOPKH

B pesynbraTe mOTHOTEHOMHOIO CEKBEHUPO-
Banus [JHK Bupyca Bakuunusl (uramm b-51) Ha
mnarpopme «Hanopop CIIC» 6b10 monmydeHo
5183 774 mapHbIX pupos (2x150 n.H.). KorTponb
kayecTBa ¢ nomouibio FastQC mopTBepaun Bbl-
COKO€e KauyecTBO JaHHbIX: 601ee 95 % oCHOBaHMII
uUMesN TMoKasaTenb KadecTBa Q>30. ITocne mpo-
Lefypbl 00pe3Ky afanTepoB U GUIBTPALUNU IO
KayecTBY C IoMouibio fastp misa mocnegyrouiero
aHanu3a 6110 coxpaneno 4 960 271 pup (95,7 %
OT UCXOJJHBIX TaHHBIX).

De novo c6opka 04nIeHHbIX PULOB C KCIIONb-
sopaHyueM SPAdes mo3Bonmiaa peKOHCTPYMPO-
BaTh IOMHYI0 T€HOMHYIO IIOC/TIel0BaTeNbHOCTD.
Cb6opka Obla IpefcTaBlIeHa efMHCTBEHHBIM
JVHEMHBIM KOHTUIOM panauuHoun 160 711 map oc-
HOBaHMII co cpegHuM nokpbitueMm (depth of
coverage) 300x. OleHka CTaTUCTUKMU cOOpKMU
¢ nomoinpbio QUAST mokasama ee BBICOKOE Ka-
4eCTBO M IIOJHOTY: 3HadeHMe N50 cocTaBmio
160 711 m.H., YTO COOTBETCTBYET IIOJTHON [IIMHE
PEKOHCTPYMPOBaHHOTO reHoMa (mabnuya 2).

Tabnuua 2. Pesynemamesl c6opku 2zeHomMa supyca
8AKYUHbI
Table 2. Results of assembling the genome
of a DNA-containing virus

MapameTp / 3HauyeHue /
Parameter Value
ObLee KONYECTBO NPOUTEHUN 10367548
nocne o6paboTku /
Total number of reads after processing
O6wwas annHa cbopku / 160711
Total assembly length
KonnyectBo KOHTUroOB / 1
Number of contigs
Pasmep HanboibLero KoHTura (n.H.) 160711
Largest contig size (bp)
CpepnHee nokpbiTue (x) / 300
Average coverage (x)
% GC / 54,2
% GC

[MpumeyaHue.

Tabanua cocTaBsieHa Ha OCHOBAaHUU [aHHbIX aBTOPOB C WUC
nosb3oBaHnem FOCT P MMCO 20397-2-2023. buoTtexHo1orus,
MaccoBoe napannensHoe cekBeHupoBaHue. HacTb 2. OueH-
Ka KayecTBa [aHHbIX CeKBeHMpoBaHus. M.: CTaHOapTMH-
dopm; 2023. 24 c.

Note.

The table is based on the authors' data using GOST R ISO 20397-
2-2023. Biotechnology. Massively parallel sequencing. Part 2.

Sequencing data quality assessment. Moscow: Standartinform;
2023. 24 p.
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Pesynbprarel 6MOMHQPOPMATNIECKOTO aHa-
N3a ¥ CPAaBHEHU

KauecTBO MaHHBIX CEKBEHMPOBAHMS OLIEHMU-
BalM MO TPeM KIYEeBBIM MapaMeTpaM, CTaH-
DapTHBIM A1 aHanusda NGS-JaHHBIX:

- pacmpefeneHue moKasaTreyneil KauecTBa OC-
HoBaHMII (per base sequence quality): gons ocHo-
Bauni ¢ nokasarenem Phred (Q)>30 B mpsambIx
(R1) m obpaTHbIX (R2) pupax (pucynox 1);

- obmee kayecTBO pupoB (per sequence
quality scores): MHTerpanbHas OIjeHKa KayecTBa
I KaXkzporo puja B mapax R1 u R2 (pucynox 2);

- Cofep)XKaHNe Heolpee/leHHbIX OCHOBAaHUII
(per base N content): nponeHT HeugeHTUPUIIU-
POBaHHBIX HYK/IeOTH[0B (0603HavaeMbIX «N»)
B Kaxpgoy mnosuuum pnaa pupos R1 m R2
(pucynox 3).

PesynbraThl, IHpefCTaBlIeHHble HAa pPUCYH-
kax 1-3, [eMOHCTPUPYIOT, YTO OCHOBHAs Macca
HYKJIEOTUIHBIX OcHOBaHUIl (per-base quality)
uMeeT mokKasarenb KadecrBa Phred (Q) Bhime
30, co cpegHMMM 3HAaYEHUAMU B Juana3oHe 34—
36. JlaHHBII YpOBEHb KayeCTBa COOTBETCTBYET
TOYHOCTH OIlpefie/ieHusA OCHOBaHUA >99.9 %

PucyHok 1. Kauecmeo HyKsneomudHbiX 0OCHO8AHULI 8 NpsMbIX U 06paAmMHbIX pudax no pesysibmamam hosiH02eHOMHO020
cekeeHuposaHus. A - PacnpedesieHue nokazamesel kayuecmea (Q-score > 30) no nosuyusm 8 npsmelx pudax (R1). b - Pac-
npeoesieHue nokazameseti kayecmea (Q-score > 30) no no3uyusm e obpamusix pudax (R2). JaHHvie asmopoe

Figure 1. Per-base sequence quality scores for forward and reverse reads from whole-genome sequencing. A, Distribution of
per-base quality scores with Phred quality Q>30 for forward reads (R1). b, Distribution of per-base quality scores with Phred

quality Q>30 for reverse reads (R2). Author's data

PucyHok 2. PacnpedeneHue cpedHezo Kayecmea pudos (per-sequence quality scores). A - Mpamvie pudsl (R1). b - O6pam-

Hble pudsl (R2). JaHHbie asmopos

Figure 2. Distribution of per-sequence mean quality scores. A, Forward reads (R1). b, Reverse reads (R2). Source:

author's data
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PucyHok 3. CodepimaHue HeonpedenéHHbix ocHosaHuli (N) e npambix u obpamHuix pudax. A - lpsmeie pudsl (R1).

B - O6pamHbie pudsi (R2). laHHbie asmopos

Figure 3. Per-base content of ambiguous nucleotides (N). A, Forward reads (R1). B, Reverse reads (R2). Source:

author's data

(BeposTHOCTh ommbku < 0.1%, unu 1 x 1000),
YTO SABMSAETCSI MHAUKATOPOM BBICOKOTO KayecTBa
IIO/IYYEHHBIX JJAHHBIX CEKBEHUPOBAHM .

CpaBHUTE/NbHBINI aHANIU3 [ONM OCHOBAHUIA
¢ Q>20 n Q>30 mna cucrem «Hanodop CIIC»
(Poccusr) u MiSeq (Illumina, CIIA) mpen-
CTaBJIeH Ha pucyHKe 4.

O6cy:xeHNe pe3yIbTATOB
IIpoBenenHas ampobaius OTe4eCTBEHHOI
CHCTEMBl TIOTHOTEHOMHOTO CEKBEHUPOBAHMUS

Broporo mokoneHusi «Hanopop CIIC» mo3Bo-
NUIa BBIABUTH ee KII0YeBble KOHKYpPEHTHbIe
IpeuMylecTBa.

1. YHuBepcanbHOCTh M rubkocth. Cucrema
HOJA/ep>KMBaeT WIVPOKMUII CIEKTP MPOTOKOIOB
HOATOTOBKM OMONMOTEK ¥ [IMH HPOYTeHUs,
4TO fenaeT ee 3 PeKTUBHON NIaTHOPMON A
HE3aBJCHMOTO U OIEPATUBHOTO T€eHOMHOTO MO-
HUTOPUHTA OMONIOTMYECKUX yIpo3. DTO MMeeT
KJII0UYeBOe 3Ha4yeHMe [/Is COBEPIIeHCTBOBAHMS
71a60paTOPHOI AMATHOCTUKM NMATOTeHHBIX 01O-

PucyHok 4. CpasHeHue naameopm «HaHogop CI1C» u MiSeq no 0ose ebicokokayecmeeHHbiX 0CHosaHul. Ha ouazpamme
npedcmaesieHa 0015 HyKAeoMUuOHbIX 0CHo8aHuli ¢ nokasamesem kayecmea Phred svitue nopozos Q>20 u Q>30 0515 6ocb-
MU NPOAHAU3UPoeaHHbix 06pasyoe (S1-S8), nosnyyeHHvix Npu napasnnesnbHOM CeKéeHUpPoedaHuu Ha cucmemax «HaHogop
CIIC» (Poccus) u MiSeq (lllumina, CLLIA). PucyHok nodzomoesieH asmopamu

Figure 4. Comparison of the Nanophor SPS and MiSeq platforms based on the proportion of high-quality bases. The chart
displays the percentage of nucleotide bases with a Phred quality score above the thresholds of Q>20 and Q>30 for eight
analyzed samples (51-S8). The data were obtained from parallel sequencing runs on the Nanophor SPS (Russia) and MiSeq
(Illumina, USA) systems. Figure created by the authors
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norndeckux areHToB (IIBA) B pamkax cucTemsl
Borick PXb samutser BC PO.

2. HapeXHOCTP M BOCHPOU3BOAMMOCTb.
Crabu/nbHO BBICOKME TIIOKa3aTeay KadecTBa
maHHBIX (mons ocHoBaHmit ¢ Q>30) (pucynox 1)
U IIpeACcKa3yeMblil BBIXOJ HaHHBIX MEX/Y 3amy-
cKaMyu 00ecHeuyrBalOT TOYHOE IIAHMPOBAHMNeE
9KCIIEPUMEHTOB ¥ 3(PeKTUBHOE MYIbTUIIEK-
cupoBaHMe 06pasIoB.

3. Oxonomuueckas spdexruBHoctb. Cron-
MOCTb BJIaJIleHV s U 9KCIUTyaTanuu cuctemsl «Ha-
HOodop CIIC» ABnsAeTCS KOHKYPEHTOCIOCOOHOI
10 CPaBHEHMUIO C 3apyOEe>KHBIMY aHAJIOTAMM, Ta-
kumn kak MiSeq, MiniSeq, iSeq 100 (Illumina,
CIIA) 1 DNBSEQ-G50 (MGI, Kuraii).

B pesynbraTte NpoBeleHHBIX 9KCIIEPUMEHTOB
OBUIV IIOJTy YEeHBI e Ta/IbHbIE 9KCIITyaTallIOHHbIe
XapaKTepUCTUKM cucteMmsl (mabnuuya 3). Ycra-
HOBJIeHO, uTo mnaTdopma «Hanodop CIIC» obe-
CIeuMBaeT KOPPEKTHYIO de novo cOOPKy reHOMOB
3HAYMTEIbHOTO pasMepa. B xome paboTsl ObIn
PEKOHCTPYMPOBAH IIONHBIN ['€HOM BUPYCa BakK-
UHBI IINHO 6omee 160 ThIC. map OCHOBAHMIL,
4YTO MOATBEPK/JaeT JOCTATOYHYIO ITTyOMHY IIO-
KPBITUS U BBICOKYIO TOYHOCTb CEKBEHVPOBAHMA.
I maorux JJHK-cogepskamux BUpycoB Xapak-
TepHBI NPOTSKEHHbIe T'€HOMBI, Tpebyoiue oT
maaTopMbl CTabUIBHOI PabOTHl HA JTMHHBIX
UKIaX U MOAJEeP>KKM HaJeXXHbIX aJITOPUTMOB
coopku [3]. IlonmydyeHHBIe pe3ynbTaThl TEMOH-

Ta6nuua 3. Peaynomamel anpobayuu npubopa

«HaHogop Cl1C»
Table 3. Results of approbation
the Nanophor SPS device
MapameTp / 3HauyeHue /
Parameter Value
Obuliee KO/INYECTBO MPOYTEHNN 10367548
nocsie o6paboTku /
Total number of reads after processing
O6uas AnvHa cbopku / 160711
Total assembly length
Pasmep Han6obLLero KoHTura (n.H.) 160711
Largest contig size (bp)
Q>30 32-34
CpepHee nokpbiTue (x) / 300
Average coverage (x)

MpumeyaHme.

Tabnumua cocTaBsieHa Ha OCHOBAHWU AaHHbIX aBTOPOB C UC-
nosib3oBaHnMemM FOCT P MMCO 20397-2-2023. buoTtexHosiorus.
MaccoBoe napansiesibHoe cekBeHuMpoBaHue. YacTb 2. OueH-
Ka KayecTBa [JaHHbIX cekBeHuWpoBaHus. M.: CTaHOapTUH-
dopm; 2023. 24 c.

Note.

The table is based on the authors' data using GOST R ISO 20397-
2-2023. Biotechnology. Massively parallel sequencing. Part 2.
Sequencing data quality assessment. Moscow: Standartinform;

2023. 24 p.
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CTPUPYIOT YHUBEPCalIbHOCTb cuctembl «Ha-
Hodop CIIC» u ee MpMMEHMMOCTD KaK /I/ISI aHa-
32 aMIVIMKOHOB U GaKTepuanbHBIX T€HOMOB,
TaK U IS TOTHOTEHOMHOTO CEKBEHMPOBAHMA
KPYIHBIX BUPYCHBIX TeHOMOB [3], 4T0 obecrie-
4yBaeT (PYHKIMOHAIBHYIO CONOCTaBUMOCTb C
BeAYLIVIMY 3aPYOEXKHBIMU aHATOTAMIL.

YcnemHbIl 3alyCcK CHCTEMBI, COOTBETCTBIE
BBIXOZHBIX JJaHHBIX YCTAQHOBJIIEHHBIM CTaH-
JapTaM KayeCcTBa M JOCTM>KEHNE ITOCTaBIeHHBIX
9KCHEePUMEHTATbHBIX IleJIeil  IOJTBEPXKAAIOT
HafIe)KHOCTD aINIapaTHO-NPOTPAMMHOTO KOM-
nnekca «Hanogop CIIC» u ycreumHoe mpoxox-
IeHMe UM KOMIIIEKCHOI apobanuu [3].

IlepcneKTNBBI Pa3BUTUA U AKTYaTbHOCTb
npuMeHeHns:A B Boiicka PXDb 3amursel

IIpoBeneHHass ampobanus HOATBEPXKJaeT,
yto cucrema «Hanogop CIIC» coorBeTcTByeT
K/IIOUYeBbIM COBPEMEHHBIM TpeHAaM B 06/1acTu
CeKBeHUpoOBaHMs HoBoro mnokonexus (NGS),
4TO OIpefie/isieT ee BBICOKYI aKTYaJTbHOCTb
Y TEepCHeKTUBBI [/Is NpPUMEHEHNUs B BOJICKaX
PXDb 3amursel.

1. MaccoBblii CKpUHVMHT Y PeHTa6€eTbHOCTD.
NGS-nnaTdopMbpl BTOPOro IOKONEHUS, K KO-
topbiMm oTHOocuTcst «Hanodop CIIC», ocrarorcs
ONTMMAa/NbHBIM pelleHyeM [ MacUITaOHbIX
3afja4, TAKMX KaK 3MMUAeMMOMTOTUYECKUIT MOHMN-
TOPUHT WMIU CKPVHUHI OKPY>Kalolleil Cpeibl Ha
Hajan4ye IMaTOreHoB. JKOoHOMUYecKass 3ddek-
TUBHOCTh Npubopa MOATBEp)KAeHA ero Cpas-
HEHMEeM C aHAJOTMYHBIMM XapaKTepUCTUKAMU
cucrteMm 3apy6exnoro npoussopctsa (Illumina,
CIIA) mo mapameTpaM, NPUBEIEHHBIM B Mal-
nuye 4. CocoOHOCTb TeHepupoBaTh OoONbIIVe
00'beMbI TOYHBIX JaHHBIX IIPU HU3KOI Y/Ie/TbHON
CTOMMOCTM Ha 00pasel| ie/laeT 3Ty TeXHONOTUI0
MfleaJbHOL J/Is aHa/lIM3a ThICAY Hpo6 B paMKax
nporpaMm 6106e30MacHOCTI.

2. BpicokaA TOYHOCTDh KaK «30/10TOI CTaH-
mapT». [InA 3agady TOYHON MAeHTUPUKALUU
n puddepennnmanpuoit amarnoctukn IIBA, a
TaK)Xe [ BaluAalNy pe3y/NbTaTOB, IIONY-
YeHHBIX ApyruMu Meromamu, NGS-nmardopmbl
BTOPOTO IIOKOJEHUS CIY>XaT OCHOBHBIM WU
HOATBEPXKJAIOIMM METOJO0M, obecrednBas He-
00XOVIMYI0 HaJIe>KHOCTD B IIPUHATHUY PeLIeHUIL.

3. VIHTerpanusa ¢ MCKYCCTBEHHBIM WHTeN-
neKToM. PasBurtme MeTonoB 6GmomHdpopmMaTuKu
Y BHeJpeHNe aITOPUTMOB VICKYCCTBEHHOTO UH-
temnekta (JIV) v MammHHOro 00y4eHN s OTKPBI-
BAIOT IEPCIEKTUBbI A aBTOMATU3MPOBAHHON
VIHTepIIpeTalluy JAaHHBIX CEKBEHUPOBAHMA. DTO
IO3BOJIAT OIEPATVBHO OL|€HMBATh MATOTEHETHU-
YeCKUIl IOTeHI[MaJI, HpefCKasbIBaTh YCTONYN-
BOCTb K CPeACTBaM jledeHUsl (Hampumep, aHTU-
OMOTMKAM) ¥ BBISAB/IATH TeHeTUYeCKIie MapKepbl
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Ta6nuua 4. Pesynemamel anpo6ayuu npubopa «Havogop CIMC»
Table 4. Results of approbation the Nanophor SPS device

«HaHodop CIC» MiSeq
MapameTp / (CunToOR, Poccus) / (lumina, CLLA) /
Parameter Nanophor SPS MiSeq
(Syntol, Russia) (Illumina, USA)
CTOMMOCTb 32 OAMH 3aMycK, TbiC. py6. / 400 900
Cost per one launch, thousand rubles
KanuTanbHble 3aTpaThbl, TbiC. py6. / 13000 18000
Capital expenditures, thousand rubles
OnepauuoHHble 3aTpaThbl (Ha 04UH roa), Teic. py6. / 1300 2000
Operating expenses, thousand rubles (per one year)
MToro, Thic. py6. / 14700 20900
Total, thousand rubles
CpepnHee nokpbiTue (x) / 300 300
Average coverage (x)
MpumMeyaHue.
Ta6avua cocTaB/ieHa Ha OCHOBAHMM JaHHbIX aBTOPOB.
Note.
The table is based on the authors' data.

BUPYIEHTHOCTY, UHTETPUPYs TEHOMHbIE JaHHbIe
C aNMUAeMUOTOTUYeCKOT nHpopMaimert [9].

4. CuMOMO3 C TEXHONOTUAMM IAMHHOIO
npouyreHusa. JI7si aHanM3a CIOXKHBIX T€HOMOB
VUIM OTCIIeKVBAaHMA My Tell epefadn IaTOreHOB
(bunoreneTmyeckuit aHaAM3) JAHHbIE C TITAT-
¢bopM BTOpOro moxkoneHus MoryTt 3¢p¢pekTuBHO
IOMONMHATHCA AAMHHBIMYU npoyTeHusimMu (third-
generation sequencing). Koporkue, HO To4HbIE
punsl ¢ «Haunodop CIIC» upmeanbHO MOAXOMAT
Ans BepuduUKanuyu M KOPpeKLuyu cOOPOK, BBI-
HO/IHEHHBIX [0 [UIMHHBIM pujgam, Ho Oonee
MO/ BEP)KEHHBIM OIINMOKaM nmpoutenusm [9, 10].

Cucrema «Hanodop CIIC» He TOTBKO OT-
BeyaeT TEKYIMM INOTPeOHOCTAM B HaJe>KHOM
I SKOHOMUYHOM TE€HOMHOM aHajause, HO U
BCTPamMBaeTCs B NMEPCIEKTUBHYIO TeXHOMOTMYe-
CKYI0 9KOCHCTeMY, 4YTO obecIle4yBaeT ee MIOJ-
TOCPOYHYI0 3HaYMMOCTD /I 3ajad Omonornye-
CKOM 3aIUTHI.

BbIBO/IbI

Ha ocHOBaHMM IIPOBEJEHHOJ KOMIIJIEKCHOI
anmpobanuu oredecTBeHHON mmardopmsl «Ha-
HOopop CIIC» chopMmynupoBaHbl Claegylouye
BBIBOJIbL:

1. ITnatrdopma «Hanodbop CIIC» obectme-
YyyBaeT BBICOKOE KaYeCTBO MAaHHBIX IOJHOTe-
HOMHOTO CeKBeHMpoBaHus: 6omee 95 % HY-
KJIEOTUMTHBIX OCHOBAHUII MMEKT IIOKa3aTesb
kauectBa Phred Q>30, uto COOTBETCTBYET TOY-
HOCTY OIIpeJeneHNns OCHOBaHUA >99,9 %.

2. Cucrtema [eMOHCTpPUPYET IOCTAaTOUYHYIO
MOIJHOCTD JIg COOpPKM KPYHIHBIX reHomoB. Ha
IpuMepe BUpPYCa BAaKIMHBI Obllla BBIIOTHEHA
de novo c6opka MmomHOro reHoma (OJMH JIMHEII-

HBIIT KOHTUT AnuHOM 160 711 Mm.H.) CO CpefHUM
nOKpbITHEM ~300X, YTO MOATBEPKAAET BHICOKYIO
TOYHOCTD U TTYOMHY CEeKBEHMPOBAHU .

3. OKcIIyaTallMOHHBblEe  XapaKTepUCTUKMU
m1atGopMbl (IPOMYCKHAsA CHOCOOHOCTH ~10-
15 T6 3a 3amyck, mopgaep>KKa MYJIbTUIIIEKCH-
poBaHUA 00paslOB) fleNAIOT €€ HPAKTUYHBIM
VHCTPYMEHTOM [JIS pellleHNsA PasHOOOpasHbIX
3ajjad B 00/1aCTU TeHOMHOTO aHa/IN3a.

4. Knio4eBbIMY KOHKYPEHTHBIMY IIpeUMy1ie-
ctBamu cucremsl «Hanodop CIIC» sBnsioTcs
ee YHMBEPCaJbHOCTb (IOAJEep)KKa LIMPOKOTro
CIeKTpa IPOTOKOIOB) M 3KOHOMMYeCKas 9¢-
¢exTuBHOCTb. CpaBHUTENTbHBINI aHAANU3 IOKa-
3BIBAET, YTO CTOMMOCTD 3aIlyCKa, KallMTalbHbIe
U OIEepalMiOHHbIE 3aTpaThl [/ JaHHON II/aT-
($opMBI CYILIECTBEHHO HIKE, 4eM Y COIIOCTa-
BMMBIX 3apy0Oe)XHBIX aHA/JIOroB (TaKUX KaK CH-
cremsl Illumina, CIIIA).

TakuMm o00pa3oM, oOTedeCTBEHHas CUCTeMa
HOJTHOTeHOMHOTO ceKkBeHMposaHusa «Hanodop
CIIC» mopTBeppgmMIa CTaTyC HaJeXHON, YHU-
BEPCA/NbHONl ¥ SKOHOMMYeCKM 3(PeKTUBHOI
1aTGOPMBI, COOTBETCTBYIOIEl COBPEMEHHBIM
Tpe6oBaHMsAM. Ha oOcCHOBaHMM TIONTYy4YEeHHBIX
pesy/nIbTaTOB CHUCTeMa pPeKOMeHJOBaHa K BHe-
OPEHMI0O B INPAKTUKY Hay4YHO-MCCIELOBATENb-
CKMX, JMArHOCTUYECKUX ¥ 0OpasoBaTeIbHBIX
yupexpgeHuil B pamkax PXDb samursr BC PO,

rgne nOpUMOpUTETHBIMU  ABIAITCA OIE€paATUB-
HOCTbD, JOCTYIIHOCTDb n TEXHO/TIOTMYECKAA
HE3aBUCUMOCTb.

IIpakTuyeckas 3HAYMMOCTD PaboOTHI
Omnpepensaercs CIeAYOWMUMN aCIEeKTaMIU.
Cucrema IpefocTaB/IsAeT 3aKa34yuKy (BoiickaM
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PXB3) xommiekcHble ¥ BepupuuypopaHHole 3anaga. CHopMUPOBaH TOTOBBIN NPOTOKON U
JaHHBIE 17151 000CHOBAaHHOTO BBIOOPA U 3aKYNKM  pedepeHCHbIe MMOKa3aTeNy A/ UCIOTb30BaAHNSA
OTe4eCTBEHHON mIaTdopMbl cekBeHUpoBaHus, cucrembl «Hanogop CIIC» B cnenmdpmyeckux
CHIDKasl TEXHONOTMYeCKYI0 3aBMCHUMOCTb OT 3ajadax BoiicK PXDB samursr

Ozpanuuenus uccneoosanus / Limitations of the study

Amnpo6arnus npoBoaMIach Ha OTHOM THIIe 6ronorndeckoro matepuana — JHK kpymHoro Bupyca (Bupyc Bak-
VHbI). XOTS 9TO AeMOHCTPUPYET PaboTy C IPOTSKEHHBIM TeHOMOM, /ISl BCECTOPOHHEI OLIeHKY HeOOXOA MBI VIC-
IBITaHUS Ha 60JIee MMPOKOI aHenu MuleHelt, Bkmodast PHK-Bupycsl, 6akTepuaibHble T€HOMBI C PasInIHbIM %
GC-cocraBoM, MeTareHOMHbIe ITPOObI 1 00pasiipl ¢ HU3KUM cofep>kanueM [JHK, 4To sBsieTcss TUIMYHBIM i/ TI0-
JIeBBIX ycnoBuil. PaboTa BBIIIOMHANTACH B ONTUMAIbHBIX Tab0paTOPHBIX ycnoBuAX. He onleHMBamach ycToMInBOCTD
pabotsl cucremsl «Hanodop CIIC» Kk IOTeHIMANTbHBIM CIOXHOCTSAM 9KCIUTyaTally B ITOJEBBIX YN MOOMIbHBIX
nmaboparopusx Boiick PXDB sammrer (HampuMep, K IepenafaM TeMIEpaTypsl, BuOpanuu, paboTe OT albTepPHATUB-
HBIX UCTOYHIKOB IIUTAHNS, YIPOLIEHHBIM IPOTOKO/IAM ITPOOOIOAroToBKY). CpaBHITEIBHBIN AHAINS IIPOBO/VIICS
IpeNMYILIeCTBEHHO ¢ OffHOI 3apybesxHoit mnaTdopmoit (Illumina MiSeq). [Ins1 60mee oMHOI KapTHUHBI KOHKYPEHT-
HOTO NaHAImadTa ObII0 OBI IleIecO06pasHO BKIIOUUTD B CPaBHEHNE IPYTUe COBPEeMEeHHBIE IITaTGOPMBI, BKII0Yas
CHUCTeMbl Ha OCHOBe CuHTesa (HampuMep, NextSeq) n Hanomoposoro cekBeHuposanus (Oxford Nanopore), oco-
O€HHO C TOYKV 3PEHMsI CKOPOCTY IOYYeHNsI EPBUYHBIX JAHHBIX U IOPTATUBHOCTHU. VICC/IefoBaHMe OXBATHIBA-
eT OrpaHMYeHHOe KOIMYeCTBO 3aIyckoB. [/ MOMHOM oleHKM HapexxHocTy (reliability) n BocrpousBogumocTn
(reproducibility) cuctemspl, a Tak)Ke /15 IPOTHOSMPOBAHILSA 3aTPAT Ha 00CTy)KMBaHNe, HeOOXONUMBI JOITOCPOIHbIE
9KCIUTyaTal[MOHHbIE TaHHbIe, HAKOIIJICHHbIE B TeUeHe COTEH IIMKI/IOB CeKBeHNpoBaHusA. OCHOBHOe BHUMAHNeE ye-
JIEHO TEXHUKO-9KOHOMITIEeCKIM XapaKTePUCTNKaM. MeHee 3y YeHHBIMIU OCTAIOTCSI BOIIPOCHI MHTEIPALIUN CHCTEMBbI
B CyILIeCTBYIOIINe [(ppOBble KOHTYPBI I CTAHAAPTHI OTIETHOCTY BOICK PXDB 3auiuThl, BK/IOYasi COBMECTUMOCTD
IpPOrPaMMHOTO 00ecCIIeueHNs C Be[JOMCTBEHHBIMU 6a3aMU TaHHBIX, aBTOMATU3AINI0 (POPMUPOBAHNSA OTYETOB 1
TpeboBaHuA 1o KkubepbesomnacHocru. / The validation was performed using a single type of biological material —
DNA from a large virus (Vaccinia virus). While this demonstrates the platform's capability to handle extensive
genomes, a comprehensive assessment requires testing against a broader panel of targets. This should include RNA
viruses, bacterial genomes with varying GC content, metagenomic samples, and specimens with low DNA input,
which are typical for field conditions. The study was conducted under optimal laboratory settings. The resilience of
the Nanophor SPS system to potential operational challenges in field or mobile laboratories of the NBC (Nuclear,
Biological, Chemical) defense troops was not evaluated. Such challenges include temperature fluctuations, vibration,
operation from alternative power sources, and the use of simplified sample preparation protocols. The comparative
analysis was primarily conducted against a single foreign platform (Illumina MiSeq). To provide a more complete
picture of the competitive landscape, it would be advisable to include other modern platforms in the comparison.
These include other sequencing-by-synthesis systems (e.g., NextSeq) and nanopore sequencing technology (Oxford
Nanopore), particularly from the perspective of time-to-first-data and portability. The research encompassed a
limited number of sequencing runs. For a full assessment of the system's reliability and reproducibility, as well as
for accurate forecasting of maintenance costs, long-term operational data accumulated over hundreds of sequencing
cycles is necessary. The primary focus of this study was on technical and economic characteristics. Less explored
remain the questions of integrating the system into the existing digital frameworks and reporting standards of
the NBC defense troops. This includes software compatibility with departmental databases, automation of report
generation, and cybersecurity requirements.
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[MTpOMNT-UHXKXMHUPUHT AN BbISIBJIEHWUS NAaTEHTOCMOCOHOHbIX
TEXHUYECKUX PELLEHUI B HAY4YHbIX MyO6MKaLmMax

M.B. CynoTHUUKun*

®edepanvHoe zocyoapcmeeHHoe brodxiemHoe yupexicdeHue «27 HayuHbili yeHmp uMeHU akademuka
H.[. 3eauHckozo» MuHucmepcmea obopoHbl Poccutickoli ®edepayuu

111024, Pocculickas ®edepauyus, 2. Mockea, npoe30 SHmy3uacmos, 0. 19
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OCHOBHbBIE MOMEHTBI

- PaspaboraHa MeTO/[0/IOT Y BBIAB/ICHMA TATEHTOCIIOCOOHBIX PELIeHNIT B HAYYHbIX CTATbsX, peal30BaHHasI METOfja-
M IIPOMIIT-UH>XUHUPUHIA C UCIO/Ib30BaHMEM OOIBIIOI s13bIKOBOIT Mofenn DeepSeek-V3.2.

- Co3maHBl TUIIOBbIe MaTPUIIBL /IS COCTAB/ICHN A MIAaTeHTHBIX 3aABOK Ha TPU TUIIA 0OBEKTOB (CII0CO0, yCTPOIICTBO,
BellleCTBO), MHTErpUpyolye TpeOOBaHNS POCCUIICKOTO IIATEHTHOTO 3aKOHOJATE/IbCTBA Y CUCTEMAaTU3MPOBAHHBIE
OIINOKY 3asIBUTEIEIL.

- CdopmynupoBaHbl 6 Hay4HBIX IPUHINUIOB MCronb3oBaHus VIV mms TpaHchopMmaluy HaydHBIX pe3y/lIbTaToB
B O0'BEKTHI MHTE/IEKTYA/IbHOI COOCTBEHHOCTIL.

AxmyanpHocmp. 3Ha4NTeIbHASA YaCTh HAYYHBIX 9KCIIEPUMMEHTATbHBIX IyOIMKALUII COTEPXKUT IaTEeHTOCIIOCOOHbIE
TeXHMYECKNe PellleHNs, He BbIABICHHbIC aBTOPaMI. BONBIIMHCTBO CTaTeil OIy6/1MKoOBaHbI 6ortee 12 MecsleB Hasaf,
YTO IMIPUBOAUT K IPONYCKY CPOKa aBTOPCKOIL IbTOTDI U CO3/jaeT MPEeMATCTBUA J/I1 HaTeHTOBAHMA.

Ilenv - pa3paboTaTbh METOLOJIOTHIO BBIAB/ICHNS IIATEHTOCIOCOOHBIX PeIIeHNUI B HAYYHBIX CTATbAX C MICIIOIb30BaHIEM
VIV, no3BonAOLIyI0 IPpe0OpasoBbIBaTh OIYO/IMKOBAaHHbIE Pe3y/IbTAaThI B IIATEHTHBIE 3aABKI.

Mamepuanvt u memoowvt. Viccnenosanue 6asupoBanoch Ha aHanmuse 3anpocos OUIIC mo sxcmepTuse 3asBOK Ha
usobpereHust. PaspaboTaHbl YeK-/TUCT IIePBUIHOI OeHKM (10 KpuTepyeB) U TUIOBbIe MATPULBL /I COCTABICHs
3a4BOK Ha CIIOCOD, YCTPOICTBO M BellectBO. A 06pabOTKM CTaTeil JCIIONb30BaNach A3bIKOBAasA MOJENb
DeepSeek-V3.2.

Pesynvmamoi. V13 mecTyt cTaTeil IATH COAEP>KaIy IATEHTOCIOCOOHbIE pelenns. Ha ux ocHoBe cocTaBeHo 9 MaTeHT-
HBIX 3a51BOK C 15 He3aBUCMMBIMY ITyHKTaMu. Pa3paboTaHbl HOAXO/bI K BBIAB/ICHNUIO M300peTeHNIT B MYOIMKALIAX C
MCTEKIINM CPOKOM aBTOPCKOII JbIOTHl Ha HOBU3HY. AHIVIOSA3BIYHBIN KeiiC MOATBEPAN A3BIKOBYIO HE3aBMCUMOCTD
MeTtogonoryu. Ha reHepanio ofHOI 3asABKY YXORUT 3—7 MUHYT, 4YTO COOTBETCTBYeT 06paboTKe 5—10 THIC. TOKEHOB.
3axmouenue. PaspaboTaHHas MeTomonorusA obecredynBaeT BbIABIECHNME M300pETEHUIT B HAYYHBIX MyOMMKAIVIAX.
MeToponorus mepefaeTcst yepes MPOMIITHI, 3aTPy3Ky MATpPUIl Ha TUIIOBble OOBEKTHI 11 MH(OPMALNMU O TUIOBBIX
omnbKax 3asiBUTE/IEN, M BOCHPOU3BOAUTCS B HOBOM Yare. KirtoueBbIM (paKTOpPOM SIB/LSIETCS HalM4ue B MyOINKaLun
KOJIMYeCTBEHHBIX SKCIIePMMEHTA/IbHBIX JaHHbIX. [IpeioskeHHas MeTOONOTYA TaK>Ke OTKPBIBAET MePCIEeKTUBY /I
BBIABJ/ICHNS MTATEHTOCIIOCOOHBIX 0O'bEKTOB CIYCTA TOABI ITOCIEe UX OIMYOIMKOBAHMA IPY YCIOBUYM OOHAPY>KEHUS B
CTaThe MMOCTAHOBKY 3a/ja4y, HO 63 PaCKPBITVsI KOHKPETHOTO TEXHIYECKOTO PelleHMs.

IIpaxmuueckas 3nauumocmo pabomopt. PaspabdoTaHHbIe CUCTEMa IPOMIIT-UHXMHMPUHIA, YeK-/INCT Y TUIIOBBIE Ma-
TPUILBL MOTYT MCIIONb30BaThCA MATEHTHBIMYU CIy>KO0amu u usobpetatenamu BC PO mna BoiaBnenus u opopMieHns
IpaBa Ha OTeYeCTBEHHbIE Pa3paboTKY, YTO 6YAET CHOCOOCTBOBATh TEXHOIOTMYECKOMY CyBepeHuTeTy Poccuu.

Kniouesvie cnosa: DeepSeek; asmopckas nveoma Ha HO8U3HY; U300pemeHle; UCKYCCINBEHHDLI UHIMENNeKN; HAYUHAS
Camovs; NAMeHMHAs 3aA6Ka; NAMEHMOB8AHUE; NPOMNIM-UHNKUHUPUHS CYU4ectnBerHble NPUSHAKU; MeXHU1ecKoe
peuterue; MexXHOIO2UHeCKULL CysepeHumem; YeK-nucm

Hns yumuposanus: Cynomuuyxuii M.B. IIpomnm-unscuHupune O1s 8blA6/eHUS NAMEHIMOCNOCOOHbIX MexHUYe-
CKUX pewlenuti 8 HayuHvLx nybnuxayusx. Becmuux sotick PXB sauumot. 2026;10(1):78-92. EDN:xvdpqu.
https://doi.org/10.35825/2587-5728-2026-10-1-78-92

IIpospaunocmo unancosoil OesmenvHOCHU: ABIMOP He UMeern PUHAHCOBOL 3aUHMePecOBaHHOCU 8 Npedcmas-
JIEHHDLX MAMEPUATAX UTIU MEMO0aX.
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Kongnuxm unmepecos: M.B. Cynomuuykuii 16/15emcs 3amectumenem 2iasHoeo pedaxmopa xypHuana «Becmnuk
sotick PXDB sauumot» ¢ 2017 2. Imo He NOBMUANO HA NPOUECC PEUEHIUPOBAHUS U OKOHUAMENbHOE petueHile.

JIcnonvsosanue uckyccmeeHno2o uHmennexma: npu no020moske cmamvi 075 AHAIU3A HAYHHbIX cmametl, cucme-
MAMU3auUL OAHHBIX, COCABTIEHUS NPOEKIN06 NAMEHMHBLX 3AA60K NO PA3PAOOMAHHBIM MAMPUUAM U JIUHEEUCTU-
ueckoti 06pabomKU mMekcma UCnonbL308anacs s3vikosas mooenv DeepSeek-V3.2 (paspabomuux - komnanus Deep
Seek). Bce kntouesvle peuieHUs, UHMePNPemanyus pesynivmanos u GopmynuposKka HayuHvLX NPUHUUNOE 6bLNOTHEHDL
asmopom camocmosmenvHo. CeeHepuposanHvie MAMepUAnvl NPOXOOUIU IKCHEPIMHYI 8epUuPuKaLuio.

Dunancuposarue: 6e3 PUHAHCUPOBAHUSL.

[Mocrymmma 14.01.2026 r. ITocne gopaboTku 25.02.2026 1. IIpuusrta k my6nukanuu 27.03.2026 .

Prompt engineering for identifying patentable technical
solutions in scientific publications

Mikhail V. Supotnitskiy™

27 Scientific Centre Named after Academician N.D. Zelinsky
of the Ministry of Defence of the Russian Federation
Entuziastov Passage, 19, Moscow 111024, Russian Federation
< e-mail: 27nc_l@mil.ru

Highlights

- A methodology for identifying patentable solutions in scientific articles, implemented through prompt engineering
methods using the large language model DeepSeek-V 3.2, has been developed.

- Standard matrices for drafting patent applications for three types of objects (method, device, substance) have been
created, integrating the requirements of Russian patent legislation and systematized applicant errors.

- Six scientific principles for using Al to transform scientific results into intellectual property objects have been
formulated.

Relevance. A significant portion of scientific experimental publications contains patentable technical solutions that
have not been identified by the authors. Most articles were published more than 12 months ago, which leads to missing
the novelty grace period and creates obstacles for patenting.

Purpose of the study is to develop a methodology for identifying patentable solutions in scientific articles using Al
enabling the transformation of published results into patent applications.

Materials and Methods. The study was based on an analysis of FIPS (Federal Institute of Industrial Property) inquiries
regarding the examination of invention applications. The DeepSeek-V3.2 language model was used for processing
the articles. A primary assessment checklist (10 criteria) and standard matrices for drafting applications for methods,
devices, and substances were developed. Approbation was carried out on six articles of various topics, including an
English-language publication.

Results. Of the six articles, five (83.3%) contained patentable solutions. Based on these, 9 patent applications with
15 independent claims were drafted. Publications with an expired novelty grace period (up to 7 years) were successfully
circumvented by introducing new essential features. The English-language case confirmed the language independence
of the methodology. Six scientific principles for using Al to identify inventions were formulated.

Conclusion. The developed methodology enables the identification of inventions in scientific publications. The
methodology is conveyed through prompts and can be reproduced in a new chat session. The key success factor is
the presence of quantitative experimental data in the publication. The proposed strategy for circumventing prior
publications allows for patenting solutions years after publication, provided the article states the problem without
disclosing a specific solution.

Practical significance of the work. The developed prompt engineering system, checklist, and standard matrices can be
used by patent services and inventors of the Armed Forces of the Russian Federation to identify and secure rights to
domestic developments, thereby contributing to Russia's technological sovereignty.
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BBEIJEHWE

CoBpeMeHHasI Hay4Has MepPUOANKA CTANKU-
BaeTCsA C MapajfloKCaJbHON CUTyaluei: 3HA4M-
Te/IbHAS 4acTh HMYO/IMKYeMBIX pe3y/IbTaTOB CO-
IEepP>KUT B cebe MaTeHTOCIOCOOHbIe TEXHIYECKIIe
pellleH s, KOTOPble OCTAI0TCS He BBISIBIEHHBIMU
U, CJIeIOBATEIbHO, He 3aIIMIeHHbIMY B Ka4eCTBe
00bEKTOB MHTENIEKTYaTbHOM COOCTBEHHOCTH.
OpHaKo aBTOPBI, KaK IPaBUJIO, He 00y YeHBI «I1a-
TEHTHOMY 3pEHMI0» — CIIOCOOHOCTU BUAETH B
CBOMX 9KCIIEPVIMEHTA/IbHBIX JJAHHBIX HE TOIbKO
Hay4YHBbIE Pe3y/IbTaThl, HO U 00'bEKTHI IPAaBOBOIL
OXpaHBbI, YTO HAHOCUT yI[ep6 TeXHOIOTMIeCKOI
HesaBucumocTtu Poccum.

IJenv HacToAmeN paboTHl — pas3paboTaTh U
anpoOupoBaTh METOJOTOTMIO BbIABIEHUS IIa-
TEHTOCIIOCOOHBIX TeXHMYECKMX PeLIeHMIT B Ha-
YYHBIX CTAThAX C MICIIONb30BAHMEM VICKYCCTBEH-
HOTO MHTE/IEKTa, IO3BONAINYI 3)(PeKTUBHO
npeoOpa3oBBIBaTh ONYONMKOBAHHbIE Pe3yib-
TATHI B IaTEHTHBIE 3a5IBKI.

IIns gocTU>XKeHMs MOCTaBIeHHOI Lie/Iyu pela-
NNCh CTIefyIoUIye 3aJaumn:

1. IlpoaHanuampoBaTh TUIIOBbIE OIIMOKH,
JOIyCKaeMble aBTOPAaMM IIPU COCTaBIEHUM 3a-
ABOK, U copmynmpoBath Kputrepum oTHopa
cTarell, MePCIeKTUBHBIX J/Is MATEHTOBAHMU .

2. PaspabGoraTh aaropuTM BBIABIEHUSA CY-
I[eCTBEHHBIX IIPM3HAKOB U3 HAyYHBIX HyOIN-
Kaluil u ux TpaHchopmanuu B GOpPMYyNy u30-
OpeTeHusI.

3. AmnpobupoBarp pa3paboOTaHHYH MeTO-
OOJOIMI0 Ha CEPUM U3 IATU CTATell pa3andHON
TeMaTUKM (COCOOBI AMATHOCTUKMY, YCTPOIICTBA,
BeI[eCTBA, CIIOCOOBI AEeTOKCMKAIMM), BKIIOYAs
aHITIOA3BIYHYIO TYOIMKAIINIO.

Journal of NBC Protection Corps. 2026. V. 10. No 1

4. CdopMmynnpoBaTb HayYHbIe NPWHIUIIBI
VICTIOJIb30BAHMS JMCKYCCTBEHHOT'O MHTE/IEKTa
IS BBIABIEHUA M300peTEeHUIl U IMOBBILICHNA
3¢ PeKTUBHOCTY MATEHTOBAHNA.

5. Omnenutp 35P¢PeKTUBHOCTD  IPEAIO-
JKEHHOJI MeTONOJIOTMM ¥ OIpPefeTUTb TPaHNIIbI
ee IPUMEHVMOCTH.

6. Paspaborarp TakTUKy o6xoga C06-
CTBEHHBIX IYOMMKALMIl B CTy4aAX, KOTIa CPOK
aBTOPCKOJI IbTOTHI Ha HOBU3HY UCTEK.

MATEPUAIJIbI M METO/1bI

McrounnkoBas 6a3a uccnegoBanms. Vccne-
moBaHuUe 6a3MpyeTcs Ha ABYX OCHOBHBIX MCTOY-
HuKaX. IlepBbIil — MHOTO/IETHUI ONIBIT aHANNU3A
3anpocoB PefepanbHOr0 MHCTUTYTA IIPOMBIII-
nenHoit cobcrBenHocTu (PUIIC) mo pesymnb-
TaTaM 9KCHEPTU3bI IO cymiecTBy 3aaBok HIIO
Boitck PXDB 3amutsl Ha n306peTeHns B 06mactu
XUMUM, OMOTEXHOJOTUM U MEJUIIMHCKON TeX-
HUKI. DTOT ONBIT 61T 0600ILEH 1 CUCTEMATU3 Y-
poBaH B ctatbe M.B. Cynotuunkoro [1]. On cran
HOPMAaTMUBHOI OCHOBOJW [ QopMupoBaHus
KpuTepueB oTOOpa cTaTeil U CTPYKTYpPHI paspa-
0aTbIBaeMBbIX MATPUILI.

BTopoit MCTOYHMK - KOJIJIEKIMA HAayYHBIX
cTaTeil, OTOOPaHHBIX /I 9KCIePUMEHTAIbHON
ampobanuu Meropgonoruu. B BrIOOpPKY BouIM
nyOnmuKanuy, IpeAcTaBIsolue pasTudHbIe
TUIOBl TOTEHIMATbHBIX OODEKTOB IATEHTO-
BaHUA: CIOCOOBI JMAaTHOCTUKMU, CIIOCOOBI e-
TOKCUKanuy (oTedeCTBEHHAasl AaHIVIOA3BIYHAS
CTaThsA), YCTPOIWCTBA, BemecTBa. B kauecTBe OT-
PUIIaTeIBHOTO KOHTPOJIA MCIO/Tb30BaHa CTAThA,
He coflepKalfas TMaTEeHTOCIMOCOOHBIX TeXHMU-
yeckux pemieHuit. Hanuume aHTI0A3BIYHON
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ny6nuKanumu B BBIOOPKe MMO3BOIM/IO IIPOBEPUTH

A3BIKOBYI0  HEe3aBUCUMOCTb  pa3pabOTaHHOII
MEeTOMONTOT UM,
NHcTpyMeHTapuili MCKYCCTBEHHOTO  VH-

TelUIeKTa M PEeXMUM ITyOOKOTO MbINUIEHNUA.
B pabore wucmnonbp3oBaHa A3BIKOBAas MOJENTb
DeepSeek-V3.2 (paspaborunk — komnanusa Deep
Seek), pyHKIMOHMpYIOIIasag B pexume «Iay6o-
koro MbinuteHusi» (Deep Thinking). HauHublit
pexxuM  obecredynBaeT  MHOTOCTYIIEHYATHIil
BHYTPEHHUII aHa/MN3 3aa4yyl, BKIIOYAIOUIVIL Jie-
KOMIIO3MIINIO, IOTUYECKOe pacCyX/IeHue, CaMo-
IPOBEPKY IPOMEXYTOYHBIX BBIBOJIOB U CUHTE3
CTPYKTYPUPOBAHHOTO OTBeTa. Bpibop Mopmennu
00yCIOB/IeH ee CIIOCOOHOCTBIO! [2-4]:

- paboTaTh KaK C PYCCKOS3BIYHBIMU, TAaK M C
aHITIOA3bIYHBIMU HAYYHBIMM TEKCTAMU;

- COXpaHATb KOHTEKCT JMajora B Ipejenax
128 ThIC. TOKEHOB?, YTO JOCTATOYHO [I/IS AHAIM3a
IOTHBIX TEKCTOB CTAaTeil ¥ CONPOBOAMTENbHBIX
MaTepuanos;

- BBIIIOJIHATD 3a/Ja4M 110 CTPYKTYPUPOBAHNIO
MHGOPMaLNY ¥ TeHepaLMM TEeKCTOB Ha PYCCKOM
A3bIKe’ ¢ cobOmofleHneM TpeOOBaHMIT POCCHUIL-
CKOTO IATEHTHOTO 3aKOHO/IaTe/IbCTBA;

- JeMOHCTPUPOBATb BOCIIPOU3BOAUMOCTD
pe3ynbTaToOB IPY MOBTOPEHNUN IKCIIEPUMEHTOB
B HOBBIX ceccMsaX (IOATBEpK[eHO Bepuduka-
muen).

WNVI-MHCTPpYyMEHT NPUMEHSANCA AN CIeNy-
OIUX 3amay [2-4]:

- MpoBefieHNe NMEePBUYHOIO aHA/IN3a TEKCTOB
cTaTeil ¢ BbIJe/IeHNEM K/IIYeBbIX TeXHMYECKNUX
peleHuit;

- CUCTEeMAaTHU3al sl KONNYeCTBEHHbIX JAHHBIX
u3 Tabmui 1 rpaduKoB;

- upeHTMUKAUMA CYLUIECTBEHHBIX IpU-
3HAKOB, IPUTOJHBIX J/IS1 BK/IIOUEHUSA B POPMYITy
u3o6peTeHus;

- CTPYKTypMpOBaHMe BBISABIEHHBIX IPU-
3HAKOB B COOTBETCTBMY C Pa3pabOTaHHBIMU Ma-
TPULIAMU;

- HOATOTOBKA IIPOEKTOB IIATEHTHBIX 3asBOK
Ha PYCCKOM s3bIKe (ommcaHue, ¢popMmyna, pe-
depar);

- IpOBepKa COOTBETCTBYA IIOATOTOBIEHHBIX
MaTepuanoB TpPeOOBAHUAM POCCUIICKOTO Ia-
TEHTHOTO 3aKOHO/aTebCTBA.

PaspaboTrka ¥M oNTMMHU3AnUA NPOMITOB
(mpomnT-uHXuHUpPHUHT)®. LleHTpanbHBIM 3e-
MEHTOM MeTOJOIOTUY CTana pa3paboTKa CIenn-
a/lM3UPOBAHHON CHUCTEMBI IPOMIITOB, obecIie-
YyBaOIIeil CTabUIbHOE KavyeCTBO Pe3y/IbTaTOB.
Kak oTMewaeTcs B COBpeMEHHBIX MCCIeHOBa-
HUAX, TNPOMIT-WHXUHUPUHT IpefCTaBIsAeT
c060if cUCTeMaTUYeCKYI0 AUCIUIIINHY, BKII0Ya-
IOLIYI0 aHa/lIN3 IIPeIMeTHON 001acTy, IPOeKTH-
poBaHUe, TECTUPOBAaHME ¥ UTEPATUBHYIO ONTU-
MU3AIMI0 MHCTPYKIMIT /151 SI3bIKOBBIX MOJeIeit
[5]. ITpoLiecc MpOMNOT-MHXUHUPUHTA B TaHHON
pabore BKIIOYA:

- Ananus npeomemmoti obnacmu u $opma-
nusayus mpebosanuii. Ha ocHOBe cTaThy O TH-
MOBBIX OmmMOKax u aHanmsa 3ampocoB OUIIC
ObUIM BBIJIeJIeHbl KJII04YeBble TpebOBaHMA K
IHaTeHTHBIM 3asBKaM: Hajau4ye OIyKaiiliero
aHajora (mpororuma), 4eTkas (GopmMymmpoBKa
TeXHMYECKOTO pe3ynbTaTa B YUCIOBOM BbIpa-
YKeHUY, 000CHOBaHNeE IIPUYMHHO-C/IeCTBEHHBIX
CBsA3ell, IIOJIHOTA IPUMEPOB OCYIeCTBICHNA,
HnpaBU/IbHAsA CTPYKTypa ¢opMynsl (orpaHu-
qyTe/bHAs M OTAMYUTEeNbHAs dYacTu). Takoit
nopxox K ¢dopMmanmsanuy TpebGOBaHMIT Iepef
pa3paboTKOI IPOMIITOB ABIAETCA KPUTUUECKU
Ba)XHBIM 3TaIloM, 00eCIedYMBaIOUINM COOTBET-
CTBUeE Pe3y/IbTAaTOB IOCTAB/IEHHBIM 3a/JadyaM.

- Cosdanue cucmemvl npomnmos. Pazpabo-
TaHa Mepapxmyeckas cucTeMa M3 9 MHOCIeRO-
BaTe/IbHBIX IPOMIITOB, BK/IIOYAIOIIAsl: WHU-
IUanN3alyio PpPOIM  ACCUCTEHTa; 3arpysky
METOONOTNYEeCKUX MaTepuanoB (craTbsa 06
omnbKax, 4eK-IUCT, TPU TUIOBbIE MATPUIIBI);
3arpysKy Lie/IeBOJM CTaTby; IEPBUYHDBIN aHAINU3
0 YeK-TNUCTY; UAeHTU(PUKANI0 0O0bBEKTOB Ia-
TEHTOBAHNUA C JeTAJbHBIMU WHCTPYKIUAMU
II0 VICIIO/Ib30BAHMIO [IMAIla30HOB, pa3fie/IeHNI0
300peTeHNil ¥ 00A3aTeTbHOMY BKIIOYEHNIO
TAOMMUIBI IPUYNHHO-C/IE[CTBEHHBIX CBA3eN [6].
VccnemoBaHMsA NOKa3bIBAKOT, YTO MMEHHO TaKOII
CTPYKTYpPMPOBAHHBII, MepapXM4ecKUil MOAXO0[
K HPOEKTUPOBAHUIO IIPOMIITOB IO3BOJSET JO-
OUTHCS CTaOMIBHOCTY M BOCIHPOU3BOLMMOCTY
pe3ynbTaTOB IPY PelIeHNN CIOKHBIX MHOTOLIA-
rOBBIX 3amay [7-10].

UrepatuBHaa ontumusanusa. IIposexeHo
TeCTUPOBaHMe IIPOMIITOB B HOBBIX 4aT-CeCCUIX

! BGreat. - KiﬁT‘i]\Tﬁ@DeeESeek-Rl #EEZEH)  [One in-depth look at the DeepSeek-R1: Model Architecture]
X

[Internet]. MEINTEFFAKE

[Tencent Cloud Developer Community]; 2025 Feb 14. Available from:

https://cloud.tencent.cn/developer/article/2496104 (nara obparenus: 05.01.2026).

2 DeepSeek R1 (Jan) - Intelligence, Performance & Price Analysis [Internet]. Artificial Analysis. Available from:
https://artificialanalysis.ai/models/deepseek-r1-0120 (zata ob6pamenns: 05.01.2026).

* Betswish. mCoT-pass-K: When Models Reason in Your Language: Controlling Thinking Trace Language Comes
at the Cost of Accuracy [Internet]. GitHub; 2025. Available from: https://github.com/Betswish/mCoT-pass-K

(mara obpartmenus: 05.01.2026).

t IIpomnm-unxcunupune (prompt engineering) — 9To Iporecc MIpoeKTUPOBAHMS, PaspabOTKM, TeCTUPOBAHNUA U OII-
TUMU3ALUI TeKCTOBBIX MHCTPYKLMIL (IIPOMIITOB) /I OOIBIINX A3BIKOBBIX MOJIETIENI C Le/IbI0 IOy YeHM s CTab1/Ib-
HBIX, BOCIIPOM3BOJVIMBIX 1 KaUeCTBEHHBIX Pe3y/IbTaTOB IIPY PelleHN) KOHKPETHBIX 3aJad.
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C MCIIONIb30BAaHMEM KOHTPONBHON CTAaThbM, CO-
IeprKalieil HeCKOMbKO 00bEKTOB M300peTeH M.
BbIsIBlIEHBI CrTefyloniie HEeJOCTATKM IepPBOHA-
YaIbHBIX ITPOMIITOB:

- moTepsi BTOporo nsobperenns (crocob me-

TOKCUKAI[UN);

- JCIOJb30BaHME TOYEYHBIX 3HAYECHUI
BMeCTO 000OCHOBAHHBIX [MANIa30HOB;

- OTCYTCTBMe TabMMUBl NPUYMHHO-CIIEN-

CTBEHHDBIX CBA3EIL.

Ha ocHoBe aHanmusa 3TUX OMMOOK IIPOMIITHI
OBV CKOPPEKTUPOBaHbI. B GuHanbHyI0 Bepcuio
BK/IIOYEHBI ABHbIe TPeOOBaHNUA:

- «Ecnu 6 cmamve co0epHUMCA HECKONbKO
usobpemenuil, cocmasb omMoenvHy 3as16Ky O
Kaxnc0020»;

- «[na xonuuecmeeHHvLX MNPUSHAKOB UC-
nonv3yti 0uanasonvt, 000CHOBAHHbLE IKCHEPUMEH-
MAanvHuIMU 0AHHLIMU, 4 MOoYeuHble 3HAYeHUS Bbi-
HOCU 6 3A6UCUMbLE NYHKIMbLY;

- «B 3asexe ob6s3amenvHo npuseou mabauLy
NPUUUHHO-CTIECINBEHHOTI CBA3U MeH Y COBOKYN-
HOCMDbI0 CYULeCBEHHbIX NPUSHAKOB 3A76715eMO020
00veKma u 00CMu2aemMoim MexHUUecKum pesyv-
mamom».

Bepudukanusa crabunbpHocTu. IIpoBemena
IpOBepKa BOCIPOU3BOAMMOCTY METO[OIOT I
B HE3aBMCUMOM YaTe, YTO COOTBETCTBYET Me-
TOJOJIOTUM, NPUHATON B COBPEMEHHBIX MCCIIe-
MOBAHMAX ISl OLIEHKU CTaOVIIBHOCTU IPOMIIT-
nmxuHupuHra (11, 12]. Ilpn wmcnonbsoBaHun
¢uHAIPHOM BepcUM IPOMIITOB CreHEPUPO-
BaHHbBIE 3asABKJM COOTBETCTBOBAIN 3TAJIOHHBIM
IO CTPYKType ¥ OCHOBHBIM IIpM3HaKaM, 4TO
HOATBEPANIO CTaOMIBHOCTD pa3dpaboTaHHOI
CHUCTEMBI.

Mertoponorusa pa6orel. Pabora mnposoau-
JIach B HATH 9TAIOB, YTO COOTBETCTBYET 00Ie-
HPUHATON METOHONOTUM MTEPATUBHOTO HPOM-
ITUHTA®, TAe KaXKAas MOCTIeRyIoIas UTepanus
YTOYHAET MpefbIfyliye pe3yabTaThl HA OCHOBE
obpaTHoIt cBsi3u [13, 14].

IOman 1. Qopmuposanue kpumepues omoopa.
Ha ocHoBe aHanmsa TUIOBBIX OLIMOOK paspa-
00TaH YeK-MNCT A IepBUYHON OLIEHKY CTaTei
(10 xpurepuen). CraTpyu, He y[OBIETBOPSBIINE
TpeM M 6ojlee KpuTepusaM, OTOPaKOBBIBANINUCH
(BK/TI0OYast OTPUIIATENBHBIN KOHTPOIIB).

Oman 2. Paspabomxa mampuy, 011 cocmas-
nenus 3as160k. CO3MaHBl TP TUIIOBbIE MaTPUIIbI

ISl pasHBIX OOBEKTOB: CIOCO0, YCTPOIICTBO,
BemecTBo. Kaxjjasg MaTpuija ydYuMThIBaeT TU-
moBble omMOKM n3obpetateneit [1] u comepxut
00s13aTeNbHbIE pa3/ie/bl ONMCAHNA N300peTeHN A
¢ GuKCUpoBaHHBIMU HOPMYINPOBKAMM-3AIION-
Hutenamu (mpudt 14) 1 MecTaMu 1711 BHECEHN A
KOHKPETHBIX JAHHBIX U3 CTaThu (pudr 12).

IOman 3. Ananu3 cmameii c npumereruem V.
Kaxxgas craThs aHaIM3MPOBAIaCh IO eJUHOMY
aJITOPUTMY:

- BbIJle/IeHNe TeXHNYEeCKOIT IPobIeMBl;

- naeHTHUKanUA OMVKaIIero aHajaora
(mportoTuma);

- BBISIBJICHME COBOKYIITHOCTY CYIeCTBEHHBIX
IPU3HAKOB, OTIMYAIOUINX pelleHNre OT HPOTO-
THUIIA;

- U3BJIeYeHUE KONNYECTBEHHBIX MIaHHBIX,
HOATBEPXKJAIOIMX TeXHUYECKUIT Pe3y/IbTaT;

- TOCTpPOeHMe MPUYMHHO-CIeACTBEHHBIX
CBA3eIL.

9man 4. Cocmasnenue nameHmHvx 3aA60K.
Ha ocHoBe 3anmonmnennbix matpuy VV-uHcTpy-
MEHT T€HepPUpPOBaN IPOEKT 3asBKY, BKIIOYA-
o1 nit onucanne, popmyny u pedepar. Ocoboe
BHUMaHIe YAeNAN0Ch POPMYINPOBKEe KOTMYe-
CTBEHHBIX IIPU3HAKOB B BUJie AMAIa30HOB, 000-
CHOBAaHHBIX 9KCIIePYMEHTATbHBIMY TaHHBIMMU.

9man 5. Bepudukayus, KoHmponv kasecmea
U 8anUOAUUS 80CNPOU3BOOUMOCIIU.

3aKII0YNTENbHBIN 9TAll BKJIIOYAl JBe B3a-
VIMOCBSI3aHHBIE IIPOL[e/ly PBI:

- KOHMPONb KAuecmea ceeHepuposaHHvLX 3a-
sA60k. Bce TMOATOTOBIEHHBIE HPOEKTHI 3asABOK
HPOBEPSINCH 110 CTeAYIOIINM KPUTEPUAM:

e COOTBETCTBME MCXOJHBIM HaHHBIM (OT-
CYTCTBMeE TA/UTIOL[MHALINIL, COXpaHEeHNe BCeX KO-
NTMYeCTBEHHBIX TIOKa3aTesen);

e KOPPEKTHOCTb TEPMUHOJIOIUY (UCIIONb-
30BaHVe MOHATUI, HIPUHATBIX B COOTBETCTBY-
IolIieit 06/1acTy TEXHUKY U IATEHTHOM IIpaBe);

e IOJIHOTa PACKPBITUA CYLIeCTBEHHBIX
IPU3HAKOB, BKIIOYEHHBIX B GOpMYIy mM300pe-
TeHUS;

o cobmofeHMe TpeGOBaHUII K CTPYKType
3aABKM cornacHo IIpaBmmam cocraBimeHuUA 3a-
SABKUC.

- 9KCNePUMEHMANbHAS BANUOAUUT B0CNPO-
useooumocmu. JIns  OLeHKM CTabMIbHOCTU
pa3paboTaHHOI MeTOMONMOruM OB IPOBeleH
CIlel|Ma/bHbII SKCIEPUMEHT, 3aK/I0YaBIINIICA

> Vmepamueras onmumMu3ayus npomMnimos — 3To MpoIlecc IOoCIeoBaTeTbHON JOPaOOTKY 3aIIPOCOB (ITPOMIITOB) K
crcremaM VIV aiist gocTiokeHst 60/iee TOYHBIX I XKe/TAeMbIX Pe3y/IbTaTOB. ITOT METO 0COOeHHO 9 (eKTNBEH Ipu
CO3[JaHMM CJIO>KHBIX I1a0/I0OHOB ¥ MHOTOCTYIIEHYATBIX 3alIPOCOB, I7ie IepBOHAYaIbHAsI OPMYINPOBKA MOXKET OBITH

HEeOITUMaIbHON.

¢ TIpaBma coCTaBIeHMsI, IOFAYN M PACCMOTPEHS JOKYMEHTOB, SIB/LIOI[MXCS OCHOBAHMEM JI/Is1 COBEPIIEH NS IOPU-
YeCKV 3HaUMMBIX JeJICTBUII IT0 TOCYAapCTBEHHOI perucTpanyy n3obperennit. [JInteprer]. MockBa: MUHICTEPCTBO
9KOHOMMYecKoro passutusa Poccuiickoit @epepann; 2023. URL: https://rospatent.gov.ru/ru/documents/prikaz-
minekonomrazvitiya-107-21022023 (gara o6pamienmusi: 05.01.2026).
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B IIOBTOPEHMM IPOLEAYPbl B HE3aBUCHMOM
JyaTe C JMCIIO/Ib30BaHMEM KOHTPOJIBHON CTaTbhl,
BK/IIOYamoLell fBa oObekTa. Takoil MOAXox K
TeCTUPOBAHNIO BOCIHPOU3BOAUMOCTU IIyTEM
MHO)X€CTBEHHBIX 3aIIyCKOB COOTBETCTBYET CO-
BPE€MEHHBIM CTaHmapraM oueHku LLM-cu-
CTeM, IpeMJIOKeHHBIM, B 4aCTHOCTM, B pabore
M. Morishige n R. Koshihara [11], rge npen-
CTaBIeH @peliM80pk’ IJsi PErpecCUOHHOIO Te-
CTUPOBAHNA TeHepaTUBHBIX Mopeneir. ITpu mc-
HONb30BaHNN (PUHATBHON BepcuM IPOMITOB
CreHepUpOBaHHbBIE B HOBOM 4YaTe, 3asBKU B
I1e/IOM COOTBETCTBOBA/IM 3TATOHHBIM IO CTPYK-
Type M OCHOBHBIM IIPM3HAaKaM, YTO HOATBEpP-
OUI0 CTaOUIBHOCTh Pas3pabOTaAHHOI CUCTEMBI.
BMecTe ¢ TeM, 9KCIIepUMEHT BBISBUI YYBCTBMU-
Te/IPHOCTb METOROIOTUY K TOYHOCTU PopMynn-
POBOK: IepBOHAYA/IbHAA BEPCHA IPOMIITOB IIPH-
Bejlla K IOoTepe BTOpOro msobpereHns (crmocoba
NEeTOKCMKAIMM) B OFHON U3 CTaTell, ¥ UCIOJb-
30BaHMIO TOYEYHBIX 3HAYEHUII BMeCTO 000CHO-
BaHHBIX JjMana3oHoB. [Tocie cooTBeTCTBYIOIEN
KOPPEKTUPOBKU IPOMIITOB (BK/TIOUEHNUS SIBHBIX
TpebOBaHMIT pasfeneHNs U300peTeHUII M VC-
HO/Ib30BAaHVs AMAINAa30HOB) Pe3y/IbTAaThl CTAJIU
HOTHOCTBI0O BOCIIPOM3BOAUMBIMU. J[JaHHBIN 9KC-
HepUMeHT IIOATBEpPAMI, 4YTO pa3paboTaHHas
MeTofonorus obecrmeynmBaeT CTabWIbHBIE pe-
3y/IBTATBHl HIPU YCIOBUM CTPOTOTO COONMIOEHMS
IPOTOKOJIA IMPOMIITUHIA, YTO COINIACYeTCA C
BeiBofaMu O. Zeng ¢ coaBT. [12] 0 BaXHOCTHU
HIpPaBWIbHO CIPOEKTVPOBAHHBIX WHCTPYKIWII
ISl JOCTVKEHMU I BOCIPOU3BOJAVMOCTY Pe3yib-
TaTOB.

O60ocHOBaHNE WCIONb30BAHHBIX METOHOB.
[TpumeHneHMe pa3paboOTaHHBIX MaTpUI] 00YCIOB-
JIeHO HeoOXOAMMOCTbI0 YHUPUKALNY Hpoliecca
COCTaB/IEHMs 3asIBOK ¥ MCKIIOYEHNsS TUIOBBIX
omnboK, YTO COOTBETCTBYeT COBPEMEHHBIM
HOAXOflaM K CTPYKTYPMPOBAHUIO B3aMMOJEIl-
crBua ¢ LLM nna obecriedyeHnss cTaOMIbHOCTU
HoJy4aeMbIX pe3ynbratoB [15]. Vicnonp3oBaHme
pexxuma raybokoro mbimiennus DeepSeek-V3.2
MO3BO/IAET AaBTOMAaTU3UPOBATh PyTUHHBIE OIIe-
panuy, CoOXpaHsAs IIPU 3TOM BO3MOXHOCTH
9KCIIEPTHOTO KOHTPOJIS, YTO COINACYEeTCs C VIC-
C/IelOBAaHNAMN, [eMOHCTpupylomumn 3¢dek-
TUBHOCTDb CTPYKTYPVPOBAaHHBIX HIPOMITOB I
CJIOKHBIX aHaIUTU4YeCKMX 3amay [16]. Vrepa-
TUBHAas ONTUMM3ALUs IMPOMITOB U Bepudu-
Kallyis B HE3aBUCUMBIX CECCUAX 00ecrednBaoT

BOCIIPOM3BOJUMOCTh  METOJONOTUN, SIBIISIO-
IYI0CA KPUTHYeCKUM (pakTopoM Ipu paspa-
6oTke ccteMm Ha ocHoBe LLM®. Ycnennas anpo-
6alusa MeTOHOMOIMM Ha aHINIOA3BIYHON CTaThe
HOATBEPXK/JAET €€ MPUMEHUMOCTD [/ MEX[Y-
HApOJHBIX IyOMMKAIMil, YTO 0OCOOEHHO Ba>KHO
[IS1 HATEHTOBAHMS POCCUIICKMX Pa3paboOTOK 3a
py6exxom. CoBpeMeHHBIE UCCTIETOBAHNS IOKa-
3bIBalOT, 4TO LLM croco6HbI 3¢ eKkTuBHO 00-
pabaTpIBaTh MHOTOSI3bIYHBIE TEKCTBI U 0beciie-
YUBATh KPOCC-A3BIKOBOJ IMEPEHOC 3HAHUII 6e3
moTepu Kayectsa [17, 18].

PE3YJIbTATbI

Pemenne 3apmaum 1: AHaau3 THIOBBIX
omn6oK u paspaborka KpurepueB orbopa
cTraren

Ha nepBoMm 3Tame McclIefOBaHNUA «BPYyYHYIO»
ObII IpOBeJeH CHUCTeMAaTHYeCKMil aHaIu3 3a-
npocoB ®PefepaqIbHOr0 MHCTUTYTa HPOMBIII-
nenHoit co6crBeHHocTy (PUIIC), HanpaBIeHHbIX
3asABUTENAM B XOJe 9KCIEPTMU3BI IO CYIIECTBY
3asBOK Ha M300peTeHMs B 00/1acTU XUMUM, 610-
TeXHOJIOTMM ¥ MeJUIMHCKOV TeXHUKMU 3a Ie-
puop 2020-2023 rr. Becero 61710 mpoaHanusupo-
BaHO 14 3anmpocos no 13 3asgBKaM, 10 KOTOPBIM
B UTOTe OBI/IM IONY4YEeHBI IONOXNUTEIbHbIE pe-
meHus. MeTofonorus aHanusa 3akKao4Yaaach B
BBIABJICHNN Haubojee 4YacTO BCTPEYANOIINXCS
GOpMyIMPOBOK 9KCIepTa, YKa3bpIBAIOIMX Ha
HeJOCTAaTKM 3asgBOYHBIX MaTepuanoB, C IOCIe-
Aylomei kmaccupukaimeil 3TUX HeJOCTATKOB
II0 3TaIaM 3KCIIEePTU3bI ¥ TUIIAM HapyLIeHNIA.

PesynbpTaThl aHaIM3a IIOKa3ajIu, 4TO OMMOKNY,
BBIsAB/IsieMble Ha 9Tane (popManbHON 3KCIep-
TU3BI, HOCAT IMPENMYIIeCTBEHHO TeXHUYeCKMIl
XapaKTep M CBA3aHBI C HeCOOTIOfEHMEM Tpe-
60BaHMIT K 0POPMIEHNI0 TOKYMEHTOB (1. 2 CT.
1375 TK P®). K HuM OTHOCATCA: OTCYTCTBYE WU
HeNo/HOe 3amo/nHeHue rpadbl 3asBIeHus, He-
cobmrofieHre MpaBUI OQPOPMIICHMSA UepTexeit,
BK/TIoueHue B (GopMyny n3oOpeTeHMs ABYX U
6onee mpenmoxennii [1].

3Ha4yuTeNnbHO 6O/ee Cepbe3HBINI XapaKTep
HOCAT OMMOKM, BBIAB/IAEMbIE Ha 3Talle SKCIIep-
Tu3pl 1o cyuectBy (cT. 1386 TK P®). Vx cucre-
MaTU3auys IO03BOINIA BBIIENTUTH CIEAYIOLINe
OCHOBHbBI€ KaTeTOpUIL:

Owiubku 6 pasdene «YposeHv MexHUKU» —
IpefcTaBlIeHNe MaTepuanga B BUJeE JTUTEPATyp-
HOTO 0030pa 6e3 BbIeneHUs OMVOKaiuero aHa-

7 Opetimsopk (anrn. framework - «kapkac, CTpykTypa») — mporpaMMHas mat¢opma, olpefensolas CTpyKTypy
[IPOrpaMMHOII CUCTEMBI; IPOrpaMMHOe obecIiedeHe, ob/erdaoliee pa3paboTKy u oObefiHeHNe Pa3HbIX KOMIIO-

HEHTOB 0OJIBIIOrO IPOrPAaMMHOTO IPOEKTA.

8 yayafang. Al-Powered Code Generation Improvement Framework: Self-improving prompt system for
LLM code generation using execution feedback and iterative optimization [Internet]. GitHub; 2025. URL:
https://github.com/yayafang/iterative-prompt-optimizer (gara obpamenns: 05.01.2026).
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nora (mporoTumna) u pasbopa ero HeJOCTATKOB.
HanHas omnbka BcTpedyanach B 78 % mpoaHaiu-
3MPOBAHHBIX 3a5IBOK.

Omcymcmeue unu Hewemkas Popmynuposxa
MexXHUu4ecKo20 pe3ynvmarma — 3aMeHa TeXHMYe-
CKOTO pe3y/lIbTaTa NOHATHEM «3ajada M3obpe-
TeHUs» (64 % 3aABOK). TexHUYECKMII pe3ynbTar
JNO/KEH XapaKTepu30BaTbCs sIBJIeHUEM, CBOJi-
CTBOM MIM TeXHUYeCKUM 3(PPeKToM, MposB-
JAIMMCA NIPU OCYIIeCTBIeHNN crocoba mmn
JICTIONIb30BAaHUM TPOAYKTA, M HAXOLUTHCSI B
HPUYNHHO-CIEICTBEHHON CBSA3YM C CYIeCTBEH-
HBIMU IPU3HAKAMIU.

Henonnoma npumepos ocyujecmeneHus u3o-
6pemenus — OTCyTCTBYE JeTaIbHOTO ONMMCAHMS,
MO3BOJIAIONIETO BOCIPOU3BECTU U300peTeHMe
(72 % 3asaBoK). OCOOEHHO YacTO 3TO HPOSBII-
JI0Ch MPK XapaKTePUCTUKe U300peTeHIT KOMI-
YeCTBEHHBIMI MPU3HAKAMMU, BBIPAKEHHBIMU B
BIJle MHTEPBAIOB, 6€3 MOATBEPKIEHUS TOCTU-
JKEHUsI TeXHUYECKOTO pe3yIbTaTa BO BCeM MH-
TepBane — cM. 1. 53(3) IIpaBu.

Henpasunvroe ykasarue p0008020 HOHAMUS —
OTCyTCTBUE B HopMyie n300peTeHMs yKa3aHU
Ha HasHaueHMe u3obpereHus (56 % 3asABOK).
CornacHo 1. 62(3) IlpaBun, podosoe nousmue

SB/ISAETCS KPUTepueM [jisl pasaudeHus cCylie-
CTBEHHBIX I HECYII[eCTBEHHBIX IIPU3HAKOB.

HeobocHosanHoe npumenerue cmenenu 0600-
ujeHuss — WCIONb30BaHMe B QopMmyne 06IMX
HOHATUI, He HOATBEPXK[EHHBbIX MaTepuanaMu
omncaHus (48 % 3asABoK). TO HapymIaer 1. 62(2)
ITpaBun, tpebylommuii, 4To6bl (opmyna Oblra
IIOJIHOCTBIO OCHOBaHa Ha ONMCAHNN.

Hexoppexmmoe ucnonv3osauue anvmepHa-
MUBHLIX NPU3HAKOS — BKJIIOYeHNE B (HOPMYIY
HPU3HAKOB, BBIPa)KEHHBIX B BHUJE albTepPHa-
TUBBI, 6€3 MOATBEPXKAEHNS IOTYy4YEeHNA OFHOTO
¥ TOTO )K€ TeXHUYECKOT0 pe3y/IbTaTa pu 10060M
momyckaeMoM Bbibope (34 % 3aaBok) [19].

Owubku 6 ykasaHuu KOAU4HeCM6EeHHbIX NPU-
3Hax08 — BKIYeHNe B (POPMYyNy MPU3HAKOB,
He O0eCIeYeHHBIX OIKCIIEPUMEHTANbHBIM IIOJ-
TBepxaeHueM (52 % 3as1BOK).

Ha ocHOBe cmcreMaTu3uMpoOBaHHBIX OMIMOOK
ObI pa3paboTaH Yek-UCH 0N  NePeUHHOL
oueHku cmameti, BKIodaomuii 10 kpurepues
(ma6bnuya 1). Kaxxpplit KpUTEpUil OLeHUBAICS
ounapHo (ma/Her). CraThy, MOMyYMBIINE OT-
PUIIATENBHYIO OLIEHKY IO TpeM U 6oree KpuTe-
pUsAM, IPU3HABAUCh HEIPUTOZHBIMYU [/ IIO-
CJIeyIOLIero BhIsABICHNA N300peTeHNIL.

Ta6nuua 1. Yek-1ucm 015 nepsudHoli oyeHKU cmamel
Table 1. Checklist for primary assessment of articles

Ne / MapameTp / 3HauyeHue /
No Parameter Value
1 | ChopmynnpoBaHa NM TexHMYeckas npobaemMa, Ha pelleHne KOTOPOM HarnpaBaeHO na/Het / yes/no
nccnenosaHnue? / Is the technical problem that the research aims to solve clearly formulated?
2 | MpuCyTCTBYIOT /1N B CTaTbe KOJIMYECTBEHHbIE AaHHbIe (YMC0BbIE NMapaMeTpbl, PEXKMMBI, na/Het / yes/no
nunanasonbl)? / Does the article contain quantitative data (numerical parameters, modes, ranges)?|
3 | OnucaHbl M MaTepuanbl U METOAbI C MOJIHOTOW, LOCTAaTOUYHOW A5 BOcnpou3BeaeHus? / Are pa/vet / yes/no
the materials and methods described with sufficient completeness for reproducibility?
4 | WNmeeTcs iv cpaBHEHMe C aHasioramMu (MPpoToTMNaMu) U yKasaHue ux HegocTaTkoBs? / Is there na/Het / yes/no
a comparison with analogues (prototypes) and an indication of their shortcomings?
5 | KonnyecTso aBTOpoB He MnpeBbllwaeT 5-6 (415 6UMOTEXHOIOMMYECKUX paboT 4OMYyCTUMO na/uet / yes/no
6onblue)? / Does the number of authors not exceed 5-6 (more is acceptable for biotechnological
works)?
6 | MpucyTCcTBYIOT N B CTaTbe TabaNULbI C SKCMEPUMEHTaIbHbIMU AaHHbIMKU? / Does the article na/Het / yes/no
contain tables with experimental data?
7 | VimetoTca nm rpadumku, CnekTpbl, XpOMaTorpaMMmsbl, MOATBEPXKAatoLne pesynstaTbl? / Are na/vet / yes/no
there graphs, spectra, chromatograms confirming the results?
8 | ChopmynmpoBaH /v BbIBOA, O NPAKTUYECKOM MPUMEHEHUN MONYYEHHbIX pe3ynbTaToB? / IS na/Het / yes/no
there a conclusion about the practical application of the obtained results?
9 | OTCcyTCTBYIOT /M B CTaTbe 06LiMe GOPMYANPOBKM 6e3 LudpoBOro noaTeepykaeHus? / Are na/Het / yes/no
there no general formulations without numerical confirmation in the article?
10 | BO3MOKHO /11 MO CTaTbe BOCMPOM3BECTU MOJIyYeHHble pe3ynbTaTbl? / Is it possible to na/Het / yes/no
reproduce the obtained results based on the article?
MpumeyaHue.
Tab1La coCTaB/1IeHa HEMPOCETHLIO HA OCHOBE aHa/IM3a COOTBETCTBMS UCC/IeyeMbIX CTaTel AaHHbIM O TUMOBLIX oLwM6Kax [1] 1
CTPYKType MaTpuL, (BELLecTBo, Crocob, yCTPOMCTEO).
Note.
The table was generated by a neural network based on an analysis of the compliance of the studied articles with data on typical errors [1]
and the structure of matrices (substance, method, device).
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IKCcHepuMeHTalbHasA IpOBepKa paboro-
CIOCOOHOCTN YeK-nucTa. Pa3paboTaHHBIN Yek-
JUCT GBI apOOMPOBAaH Ha MIECTH CTAThAX pas-
AMYHON TeMaTUKM. ANpobaunysa HOATBEpAuIa
ero 3¢ppeKTUBHOCTD KaK MHCTPYMEHTA IepPBIUY-
HOro ckpumHmHra. CTaTbs, MCIONb3OBaHHAs B
Ka4yeCcTBe OTPUIATEIBHOTO KOHTPOJLSA, MOy YnIa
OTpULIATENIbHYIO OIleHKY 1o 8 n3 10 KpuTepuen
u 6b171a 060CHOBaHHO oTOpakoBaHa. OcTanbHbIE
HATh CTaTell COOTBETCTBOBANN He MeHee 4eM
7 KpUTepUAM U ObI/IM HPUHATHI K a/IbHeIIeMy
aHa/MM3y, YTO IOATBEPAMIO IPeACcKa3aTe/lbHYIO
CUIy pa3spabOTaHHBIX KpurepueB. BakHO OT-
METUTb, YTO BCe MATb CTaTell, IPOIIefUINX
0oTOOp, [eVICTBUTENBHO COJlep>Kaay IaTeHTO-
CIIOCOOHBIE TeXHMYECKNe peIleHNus], 4TO OBII0
HOATBEPKJEHO B XOJe HOCTIeAYIOIIero COCTaB-
neHus 3agBOK. OcoOOro BHUMAaHUSA 3aCIy>KU-
BaeT yCIeIIHOe HpYMeHEHMe YeK-TUCTa K aH-
I7I05I3BIYHOII CTaTbe, KOTOpas TaK>Ke IpouLIIa
0TOOp, POJEMOHCTPUPOBAB A3BIKOBYIO HE3aBM-
CUMOCTD pa3paboTaHHBIX KPUTEPUEB.

Onst mpoBepKu CTabUIBHOCTU PabOThHI UeK-
nucTa OB IPOBeJeH JOIOMHUTENbHBIN JKCIIe-
PUMEHT 110 BOCIIPOM3BOAMMOCTI: OL[eHKa CTaTeil
II0 4eK-TMCTy OblIa HOBTOPEHA B HE3aBUCUMOM
Jare C UCIOTb30BaHNEM TeX JKe Kputepues. Pe-
3y/IBTAThI OLIEHKY ITOTHOCTHIO COBIIA/IN C IIEPBO-
HayaIbHBIMM, YTO IMOATBEPKAAeT YCTONINMBOCTD
pa3pabOTaHHOTO WMHCTPYMEHTa M OTCYTCTBUE
Cy6beKTUBHOCTHM B ero npumeHeHun [11]. Takum
06pa3oM, YeK-TUCT MOXKET PacCMAaTPUBATHCS KaK
HafIe)KHBI/I MHCTPYMEHT IIepBUYHOrO OTOODA,
HPUTOHBIN I TUPAKMPOBAHNA B PAa3/TIMYHBIX
VICCTIeIOBATEeIbCKIX KOHTEKCTaX.

Pemenne samaun 2: Pazpaborka anropurma
BBISIBIEHUSI CYL[eCTBEHHBIX NMPU3HAKOB M MX
Tpancpopmanuu B GpopMyny usobpereHns

Ha ocHoBe aHanusa TpeGOBaHMIT K COCTaB-
JIEHUI0 3asiBOK M C y4eTOM CUCTeMaTU3UpO-
BaHHBIX TUIIOBBIX OLIMOOK OBI/IM paspaboTaHBbI
TPY TUIIOBbIE MATPUIbl /sl COCTABIEHUs 3a-
SABOK Ha M300peTeHMs], OTHOCALINECS K Pa3HBIM
00beKTaM: CII0Cc00, YCTPOIICTBO, BEIIEeCTBO.

Ka’xjjas MmaTpuija BKIoyaa ciegyoine o6s-
3aTe/IbHBIE pa3/e/ibl ONMCAHNA N300peTeHU:

- 00/1aCTh TEeXHUKM, K KOTOPOJN OTHOCUTCS
n3obpeTeHue;

- YPOBeHb TeXHMKM (C BbIie/IeHNeM OIyKaii-
IIero aHajaora-NpoTOTHIIA);

- pacKpbITHe CYLIIHOCTY n3obperenus (c pop-
MY/IMPOBKOJ TEXHNYECKOTO pe3y/nbTaTa U OT/IN-
YUTeTbHBIX IIPU3HAKOB);

- KpaTKoe OIMCaHMe dYeprexxeil (Ipu Ha-
ANYUN);

- ocyujecTBieHne usobpereHus (¢ mpume-
pamn).

B marpumax 6piiu 3adukcupoBaHbI 00s13a-
TenbHbIe GOPMYIUPOBKY (WpUPT 14 TyHKTOB),
COOTBETCTBYIOLME TPeOOBaHNMAM HOPMAaTUBHBIX
TOKYMEHTOB, ¥ O00O3HaueHbl MeCTa I BHe-
CeHNA B TEKCT 3aABKM KOHKPETHBIX JAHHBIX U3
aHaIM3NpyeMoit cTaTbu (pudT 12 TyHKTOB).

ANTOpPUTM BBIABIEHNUA CYLeCTBEHHBIX IPU-
3HAKOB 13 HAy4YHO CTaTbM BK/I0YaJ IOC/IENO-
BaTe/IbHOCTh IIAroB, PeaqnM30BaHHBIX C IPHU-
meHeHueM VIVI-mHCTpyMeHTa, IpefCcTaBlIeH Ha
pucynxe 1.

Iaz 1. VMoenmugukayus mexHuueckoi npo-
6nemvl. VI3 BBefjeHUs M OOCYXX[eHUS CTaTbuU
BBIleNANAch GOpMyNIMpOBKa MpoOIeMBbl, Ha pe-
IIeHJMe KOTOPOJ HAaIpaBlIeHO WCCIeJOBaHMe.
IIpo6nema pomxHa Oblla OBITH BbIpaXkeHa B
TePMUHAX HEOCTATKOB M3BECTHBIX pelleHNil
(amamoros).

Ilae 2. Bowdenenue 6nuxcatiuiezo ananoza (npo-
momuna). VI3 criucka muTHpyeMoil TuTepaTyphl
VUIM U3 TEKCTa CTaTh) BBIOMPAJICA aHAJIOT, MMe-
oMt Hanbonbllee KOMMYECTBO IIPU3HAKOB,
COBIAZIAIONINX C 3aABIAAEMBIM pelreHueM. Jms
Hero  (QUKCUpPOBaNUCh OubnmMorpaduyeckme
IaHHbIe U ONMMCHIBANTNICh €T0 HeJOCTaTKM, YCTpa-
HsieMble U300peTeHMeM.

Illae 3. JV3eneuenue cyulecmeeHHviX HNPU-
3Haxos. VI3 paspmenoB «MaTepuasbl U METOLBI» U
«Pe3ynbraThbl» BBIIeNANNCH IPU3HAKM, XapaKTe-
pusympIye TeXHu4YecKoe peumenne. Kpurepuamn
OTHECEeHN:A NMPU3HAKOB K CYLIECTBEHHBIM fABJIA-
JIOCh UIX BIIMSIHME Ha JOCTVDKEHVEe TeXHIYeCKOTO
pesynbraTa (Hajmu4dye NPUINHHO-CIeACTBEHHO
CBA3M, MO TBEPK/J€HHOI 9KCIIepYMeHTaTbHbIMU
maHHpiMu). IlpmsHaku KnaccuduIMPOBATUCH
IO TUIIAM: INA cnocoba — MOCIeJ0BaTebHOCTD
HeiiCTBUI, PEXMMBI, YCIOBMUA OCYIeCTBIEHNS;
OISl ycmpoiicmeéa — Hanumdue KOHCTPYKTUBHBIX
3/IEMEHTOB, X B3aMIMHOE PacCIIONOXXeHNe, MaTe-
puan; s eeujecmea — CTpyKTypHaa opmyrna,
bU3MKO-XMMUYeCKNe XapaKTepUCTUKN, CI0C06
MOy YeHNA.

Illaz 4. Boidenenue omauuumenvHovlx Hpu-
3Hakoe. IlpusHaKmy, NMPUCYTCTBYIOI[ME B 3asIB-
NseMOM pelIeHMN, HO OTCYTCTBYIOIIMe B IIPO-
ToTUIE, GOPMUPOBANIN OTINYUTENIBHYIO YaCTh
dbopMyIBL.

lllae 5. Popmynuposka mexHu4eckKozo pe3ynv-
mama. VI3 pe3ynbTaToB 3KCIepPUMEHTATbHOI
4acTM WU3BJIEKANTNCh KO/IMYeCTBEHHbIe IIOKas3a-
Te/MN, XapaKTepusyoljue yIydlleHNre IO CpaB-
HEHUIO C IPOTOTUIIOM. TeXHU4YeCcKMil pe3ynbrar
dbopmynupoBancsa B BHUAE MOCTVKEHUA ISTUX
nokasaresneyl (HampuMep, «IOBBIIIEHNE aKTHUB-
HOCTU Ha 75-200 %», «CHM>KeHMe KOHLIEeHTpaluu
TOKCUHOB JI0 YPOBH He 6oee 2,5 %»).

Illaz 6. ITocmpoerue NPpU4UHHO-CIE0CMBEHHBIX
céaseti. [InA KaXKJOOro OTIMYMUTENbHOrO IIpU-
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PROTECTION OF RESULTS OF INTELLECTUAL ACTIVITY IN THE RUSSIAN NBC PROTECTION TROOPS

CynoTHuukui M.B.
Supotnitskiy M.V.

PucyHok 1. b/1ok-cxeMa asnz0pumma hpoMnNM-UHMICUHUPUH24d 07151 8blsiéfeHUs U hameHmMoedaHusl usobpemeHuli. Ha cxeme
npeocmaeseHa nocsae008amesibHOCMb 3Manos: 0m nNepeuyHoO20 dHAAU3A HAYYHOU cmambu 00 2eHepauuu hameHmHoli
3d516KU C y4emoM 803MONCHO20 UCmeyeHUs1 CPOKA aemopcKoli ibzomel. CxeMa co30dHa € UCN0/1b308dHUEM S13bIKO80oU MOo-

Oenu DeepSeek-V3.2

Figure 1. Block diagram of the prompt engineering algorithm for identifying and patenting inventions. The diagram shows
the sequence of stages: from the initial analysis of a scientific article to the generation of a patent application, taking into
account the possible expiration of the grace period. The diagram was created using the DeepSeek-V3.2 language model

3HaKa (V1M X COBOKYIIHOCTH) YCTaHABIMBANIOCh
o6ocHOBaHMe, KakKuM 00pa3oM OH obecmeun-
BaeT MOCTUIKEHME 3asBIEHHOTO TEXHMYECKOTO
pesynbrara. 9T0 060CHOBaHUe 6a3MPOBANIOCH HA
du3MYeCKUX, XMMNYECKUX VTN OMOIOTMYeCKNX
MeXaHM3MaX, ONMCAHHBIX B CTAaThe.

PaspaboTaHHBII aATOPUTM ObUT  peanu-
30BaH B Buje NpoMnToB A VIVI-uHCTpyMeHTa
DeepSeek-V3.2, 4T0 MO3BONMUIO aBTOMATU3UPO-
BaTh INPOIL[eCC MEePBUYHOTO aHajam3a 1 obecre-
YYTh BOCIIPOU3BOAVIMOCTD Pe3y/IbTaTOB.

Pemrenne 3amauym 3: Ampobamus MeTORO-
JIOTMM Ha CepUN cTaTel

Anpobanus pa3paboOTaHHOIl MeTOLOTOTUY
MPOBOAM/IACh HA IIECTU CTATbAX Pa3NUIHON
TeMaTUKY, BK/II0Yas ONHY aHINOA3BIYHYIO IY-
Onukanuio. B BBIOOPKY ObIIV BKIIOYEHBI CTAThM,
IpefiCTaBIAOIE pa3Hble TUIBl IOTEHIU-
aJIbHBIX OO'PEKTOB IATEHTOBAHMA: CIIOCOOBI
OMArHOCTUKM, CIHOCOOBI MmeTOKCMKanuu (aH-
[JI0SA3bIYHAA), YCTpPOJCTBa, BelllecTBa. B Kade-
CTBe OTPUIJATEIBHOTO KOHTPOJIA MCIONb30BaHA

Journal of NBC Protection Corps. 2026. V. 10. No 1

CTaThs, He COfiep)Kaljasg HaTEeHTOCIOCOOHBIX
TEXHNYECKNX pelIeHNI.

Pemennue 3amaum 4: PopmynupoBKa Ha-
YYHBIX NPUHIUIOB Mcnonb3oBauusa VIV pua
BBIABIEHUA N300peTeH NI

Ha ocHoBe aHanmsa pe3ylIbTaTOB, IIONY-
YEeHHBIX TP allpo6aL My METOOTIOT MY Ha LIECTU
CTaThAX, OBIIM CHOPMYIMPOBAHBI CIEAYIOINE
Hay4YHble IPUMHUUIBI ycnonb3oBanusa VU pna
BBISIBJIEHU I U300 peTeHMIL:

IIpunyun 1. Tpancpopmauus 3HaHUL 0 A6-
JleHuu 6 3HaHue o Oelicméuu. Bo Bcex caydasax
VIV otnnyan pyHgameHTanbHble GAKTHI OT IPU-
K/JIaJHBIX CIIeICTBUIA.

Ipunyun 2. Boidenenue cyuyecmsenHuix npu-
3HaK06 u3 mHomecmea oanuvix. VIV 6pmm oro-
OpaHBI TONTBKO Te NMPU3HAKMU, KOTOPBIEe obecrie-
YYBaAU peLIeHNMe TEeXHUYEeCKOoil HpobreMbl u
HOATBEPK/JANNCh KOMNYeCTBEHHBIMY TaHHBIMMU.

Hpunyun 3. IlocmpoeHue uepapxuu npu-
3Hakos. B ¢dopmyne msobpereHmss mnpusHakKu
CTPYKTYpPUPOBAINCh OT POZOBOTO MOHATHA (Ha-
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3HaYeHMe M300peTeHNsI) K BUJOBBIM OTINYUIM
M aJbTePHATVBHBIM BapUaHTaM peann3alun.
B 3asBke mo ogHOI U3 cTaTell 3TO ITO3BOIUJIO
BBIABUTD He TOJNBKO IAaTEHTOCIHOCOOHBIE KOH-
KpeTHble COEeAVHEHNsA, HO M CIOCO0 UX IOIy-
YeHN A, U IpUMeHeHNe, YTO COOTBETCTBYeT II. 1
cT. 1375 'K P® 0 eguHCcTBe M306peTeHNs.

IIpunyun 4. Jloxazamenvcmeo pabomocnoco6-
Hocmu. DKCIIepUMeHTaIbHbIe TaHHbIE M3 CTaTell
TPaHCOPMUPOBANTICH B «IIPUMEPBI OCYIECT-
BJICHUS» C COXPaHEHMEM BCeX KOMMYeCTBEHHBIX
apaMeTpoB.

IIpunyun 5. 06x00 cob6cmeerHOl NYOTUKAUUU.
B cmyuasx, Korga Cpok aBTOPCKOI JIBIOTHI Ha
HOBU3HY UCTEK, HOBU3HA 3a5B/ISIeMbIX PelIeHNII
000CHOBBIBAJIaCh BBEJIeHJEM IIPU3HAKOB, OTCYT-
CTBOBAaBUINX B IyOMMKaIMM: KOHKPETHBIX I'e0-
MeTpUYECKMX apaMeTpoB (AMaMeTphl, IINHEI),
PEXMMOB IMPOOOIOATOTOBKM (CKOPOCTH Bpa-
I[eHNsA, BpeMs LEeHTPUQPYTrupoBaHUsA), CIIEK-
TpanabHbIX XapakTepuctuk (IMP-ganusbIe) u m0-
Kasaresneit 9MCTOTHI (290 %). DTO COOTBETCTBYeT
n. 53(1) IIpaBum, pmomyckamoIeMy WUCHIOIb30O-
BaHJe NPU3HAKOB, BBIPa)KEHHBIX OOIIVIMM IIO-
HATUAMMY, IPU YCIOBUYU UX 0O0CHOBAHM .

IIpunyun 6. Omobpakoska nycmuvlx cmamei.
KountponbHass crarhsi Obla OTOpakoBaHa Ha
sTalne NepBUYHOro a”Hanusa no 8 us 10 xpure-
pueB YeK-TucTa. XapaKTepPHBIMU HpU3HAKAMU
«IIYCTON» CTaTbU SBWINCH: OTCYTCTBME KOJIU-
YeCTBEHHBIX MaHHBIX, 00mue (HOpMYyIUPOBKU
(«BbICOKOE [aBleHUE», «OBICTPBINI aHAMU3»),
6onpiioe KonmyecTBO aBTopoB (11), oTcyT-
CTBME CPaBHEHMA C HPOTOTUIOM. DTOT Clydait
noaTBepaAnn 3¢pPeKTUBHOCTD pa3pabOTaHHOTO
YeK-TUCTa KaK MHCTPYMEHTA NMePBUYHOTO CKPU-
HUHTA.

Pemenme 3agaum 5: OnenHka 3¢¢exTus-
HOCTU METOMOIOrUMM U OIIpeneleHNne rpaHuI
NPUMEHUMOCTH

st KonumdecTBeHHON oOLeHKM 3pdeKTus-
HOCTU pa3pabOTaHHOI MeTOROMIOTUM OBIIN pac-
CUMTaHBI CTIeAYIOIINe TIOKa3aTen:

- 00717 6bLA6MEHHVIX U300pemeHUll — OTHO-
IIeHe KOMMYeCTBa CTaTell, COAep)KallyX IaTeH-
TOCIIOCOOHBIE TEXHIYECKIIE PELIeH s, K 001eMy

KO/IMYeCTBY IIPOAHAJAM3UPOBAHHBIX  CTaTeil:
5/6 x 100 % = 83,3 %;

- Koapuuuenm nameHmHou eMKOCMU —
cpefiHee KONMYECTBO 3agBOK, COCTABI€HHBIX 11O
OJHOJ cTaThe: 9 3aaBOK / 5 crarein = 1,8 3asaBKu
Ha CTaThIO;

- Koapduyuenm norHOMbL UCHONL3I0BAHUS
0aHHbIX — MONA KONMYECTBEHHBIX NAHHBIX M3
CTaTbM, BKJIIOYEHHBIX B 3aABKy. lnda opHON
cratbym oH goctur 100 % (Bce Tabmmubl, Bce
CIIEKTPBI), II0 OCTAJIbHBIM — 95 % u 6oree;

- mpyooemKocmbv 6 MokeHax’ — A OLeHKM
BPEMEHHBIX 3aTpaT Ha BBINOJHEHMe Olepaluii
VICTIO/IB30BAJIOCh  KONMYECTBO 06paboTaHHBIX
TOKEHOB KaK alllapaTHO-He3aBUCUMAas Me-
TpMKa, CTAaHZAPTHO INpUHATaA B UCCIeloBa-
HUAX 60NbIINX A3BIKOBBIX Mopeneit'’. Cpennee
KO/IMYeCTBO TOKEHOB, 3aTpauyeHHOE Ha aHaIN3
OJTHOJI CTaThbM U COCTaB/IeHe KOMIITIEKTa 3asBOK
(2-3 sasBkn), cocraBuno 30-40 moic. MOKeHO8.
9TO BK/II0YaeT IepBUYHDBIN aHAIN3, 3aII0/IHEHNE
MaTpul, TeHepalui0 TEeKCTa 3asgBOK U MTepa-
TUBHBIE yTOYHEHN . BBIOOp TOKEHOB B KadecTBe
MeTpUKM OOYC/IOBJIEH TeM, 4TO KaJleHJapHoe
BpeMs BBINIOJIHEHMA CUJIPHO BapbupyeTcA B 3a-
BYICMOCTM OT 3arPYy>K€HHOCTH CepBEpOB U Ka-
HaJIOB CBA3U, TOTfAa KaK KOJMMYECTBO TOKEHOB
00BEKTUBHO OTParkaeT BBIYMCIUTETBHYIO CII0X-
HOCTbD 3a/ia4ul;

- 3ampavusaemoe 6pems — IIOCJIe TOro KaK Bce
YCIOBMA CO3JaHbI (YeK-TUCT, MaTPUIII, CUCTEMA
IPOMIITOB 3aTrPY>KeHbI B KOHTEKCT), @ CTAaThs OT-
IpaBjIeHa, 4KucToe BpeMsa paborsl VIV Ha rene-
pauuio OJHOM 3aABKM COCTaBafAeT 3-7 MUHYT.
910 cooTBeTCTBYeT 06paborke 5-10 movic. mo-
KeHo6 U He TpeOyeT BMeIIaTelIbCTBa YeTOBEKa.
JIuTenbHOCTh MOXKET HE3HAYUTEbHO BapbUpoO-
BaTbCA B 3aBUCUMOCTH OT 3arPY>KEHHOCTH Cep-
BEPOB, HO OCTAeTCA B YKa3aHHBIX IIpefienax;

- JHepeonompebneHue — BOIPOCHI SHEPro-
3G PEKTUBHOCTY U YITEPOJHOIO Clefa CTaHO-
BATCA BCe 0ojlee aKTya/JbHBIMM B KOHTEKCTE
«3enenoro VMI»'". Ouenka sHepromorpebneHus
IpY MCIONb30BAHUM OONBUINX A3BIKOBBIX MO-
mereil IpeAcTaBasgeT co0Oil CIOXKHYIO 3ajady,
IIOCKO/IbKY KOMMep4YecKMe IIpoBalifiepbl, Kak
IpaBUJIO, HE PACKPBIBAIOT HETaJTbHBIX METPUK

° Toxen (token) — 6azoBas enyHMLa 06pPAOOTKY TeKCTa B OOTBUINX S3BIKOBBIX MOLE/IAX, IPECTABANIAA COOO
CTIOBO M €T0 4acThb (Cy6cmoBo). KommuecTBO TOKEHOB SIB/ISIETCS AIIIIAPATHO-HE3aBICIMOI METPUKOIT 06'beMa BbI-
YVCINTENBHOI PAbOTHI, CTAHAAPTHO UCIIO/Ib3YEMOII /sl OLIEHKI CTIOXKHOCTI 3afiad I pacyeTa SHepronoTpeO/IeH L.
B cpensem opuH ToKeH coorBeTcTBYyeT 0,5-0,8 C/TOBA PyCCKOTO TEKCTA (B 3aBUCHMOCTH OT SI3bIKA U TOKEHN3ATOPA).

10 Zhang W, Si Q, Song S, Liu Y, Zhang Z. TOKEN H i 3 [E H 77 75 K 5200 ) L{7] ? [How does the overseas expansion
of TOKEN affect China's electricity demand?] [Internet]. KITIFZ#E AR AR (Changjiang Securities Co.,
Ltd.); 2026 Mar 2. URL: https://stockfinance.sina.cn/stock/go.php/paper/reportid/825722520330/index.phtml?vt=4

(In Chinese). (mara obpamenns: 10.03.2026).

" Sikand S, Mehra R, Pathania P, Bamby N, Sharma V, Kaulgud V, et al. Breaking the ICE: Exploring promises
and challenges of benchmarks for Inference Carbon & Energy estimation for LLMs. In: *2025 IEEE/ACM 9th
International Workshop on Green and Sustainable Software (GREENS)*. Ottawa, ON, Canada; 2025. P. 55-9. URL:
https://doi.org/10.1109/GREENS66463.2025.00013 (mata o6pamenus: 30.01.2026).
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9HeproappekTMBHOCTU HA OfMH 3ampoc. Tem
He MeHee, HA OCHOBe U3BECTHBIX IIapaMeTpPOB
alIapaTHOTO obecredYeHNsA M JOCTYIIHBIX OeHY-
MapKOB MO>KHO aTh IPUOIU3UTENbHYIO OL[eHKY.
CorjmacHO [aHHBIM aHAJIUTUYECKUX OTYETOB,
eIVIHUYHBI 3anmpoc K mopmenu DeepSeek-V3.2
norpebnsaer okono 0,7 Bm-4, 4TO COOTBETCTBYET
yaenbHoMy notpebnenuto 8,75x107 kBm-u ua
ooun moxen'. Ilpu cymmapHOM o6beMe reHe-
pauyy okoo 200 moic. MoKeH06 Ha BCIO BLIOOPKY
U3 IIeCTY CTaTell (BK/I0Yasa UTepaTUBHBIC YTOY-
HEeHNA M MOBTOPHbIe TeHepanunu), oblee sHep-
ronoTrpe6jaeHne COCTaBUIO OPUEHTUPOBOYHO
0,175 kBm-4. 9TO COIOCTaBMMO C 9Heprosarpa-
tamy Ha pa6otry LED-mamnel MomHocThI0 10 BT
B TeueHue 17-18 yacoB unm c sHeprosarparaMmu
Ha paboOTy COBPEMEHHOro HOyTOyKa B TedeHUe
2-3 4. Ilony4yeHHass OIl€HKa COINIACYETCA C U3-
BECTHBIMM [JaHHBIMU 00 9SHepromorpebreHuUn
LLM npu mHpepeHce” u MOXKeT YUYMTHIBATbCA
OpY IUVIAHMPOBAHUYM MAacCIITAaOHOTO BHEJPEHMA
HOJZOOHBIX METOMONIOTUII B MCCIEZOBATETbCKUX
OpTaHU3ALNAX.

I'panuubr npumenHumocmu memooonozuu.
AHanus pesynbTaTOB IO3BONMUJ OIPENENUTh
yCIOBUSA, HIPU KOTOPBIX MeTopmonorus sddex-
THUBHA!

- Hanuvue KonuvecmeeHHoLx 0aHHbix. CTaThd
MOMKHA COJep>KaTh 4MC/IOBble IapaMeTphl, pe-
KMMBbI, [MAaNla3OHbl, CTAaTUCTUYECKUEe IIOKa-
satenu. CraTby, OCHOBAaHHBIE TOJABKO Ha Ka-

YeCTBEHHbIX OIMCAaHMAX, He IPUTOJHBI [d
IAaTEHTOBAHMA JJaHHBIM METOJIOM;
- uemkas cmpykmypa. Hanuume cTan-

mapTHBIX pasgenoB (BBemenme, Matepuansl u
Metoabl, Pesynbprarer, O6cyxjeHue, BuiBopbr)
obneryaer BbIABIEHNE CYLIECTBEHHBIX IIPU-
3HakoB. O630pHbBIe CTaTbM U TEeOpeTUYECKIe pa-
60TbI 0€3 9KCIIePUMEHTAIbHON YacT He MOTYT
OBITH MCIIONTb30BAHBI;

- Hanuvue cpasHeHus ¢ avanozamu. CTaTbl,
B KOTOPBIX OTCYTCTBYeT COIIOCTaB/lIeHME IIO-
Ty4eHHBIX Pe3y/IbTAaTOB C M3BECTHBIMM pelle-
HUSMM, He TO03BONAIT KOPPEKTHO BBIJIEIUTH
IPOTOTUII 1 000CHOBATh HOBU3HY;

- oepaHuueHHoe Konuuecmeo asmopos. Kak
IoKa3aja OTpULATeNbHBINI KoHTponb (11 aB-
TOPOB), 0OIBIIOE KOMUIECTBO COABTOPOB YACTO
KOppenupyeT ¢ HU3KMM KaueCTBOM U OTCYT-
CTBMEM KOHKPETHBIX HAaTEHTOCIIOCOOHBIX pe-
3y/IbTaTOB;

- nonnoma packpoimus. CraTbsa BOMKHA CO-
fepXXaThb HOCTATOYHYI0 MHPOpPMALNIO [ BOC-

12 Cm. paboty Zhang W et al.

NPOU3BENEHNS] PE3y/IbTATOB CHELUATNCTOM B
OAHHOM 00/1aCTVU TEXHUKIA.

Pemenue 3agaum 6: Paspa6oTka TaKTUKY
00x07ja COOCTBEHHBIX NMYOMMKaLMil NpU ¥C-
TeKIIeM CPOKe aBTOPCKOJ IbIOTHI

Ha ocHoBe aHanmsa Tpex CilydYaes, Ijie BO3-
MOYXHO Ipeofo/ieHue MHPOTUBOIOCTABICHNA
coO6CTBeHHBIX NyOnuMKamuii, 6p1a pagpaborana
TaKTUKy O00XO#a, BK/IOYAIOI[As Cefylollye
371eMEeHTBI:

Inemenm 1. Voenmuguxauus npobenos 6 ny-
6auxayuu. B ogHOM U3 cTaTell 6bI1a IOCTaBIeHa
3ajjaya CO3[JaHMs KOMIIIEKTa CIeLanbHON 06-
pabOTKM C HEHHBIM CTBOJIOM, HO OTCYTCTBOBA/IN
KOHKpeTHble TeoMeTpuYecKyue mapamerpsl. B
ApyToil ObIIN IepedYnciIeHbl NMPOAYKTHI Jerpa-
manuu CS, HO He BBIfie/IeH Mapkep 15 Kak Hau-
6onee crabunbHbl. B TpeTpeil ObuT ommcan
Croco6 CuHTe3a BelecTBa, HO OTCYTCTBOBAIN
ma"Hble 0 4ucrore (290 %) M MONHbBIE CIIEK-
Tpa/bHblE XapaKTePUCTUKI.

Onemenm 2. BeedeHue HOBbLX CYULeCmeeHHbLX
npusHakos. B 3asBKy IO KOMIIIEKTY CIIeIi-
a7bHOII 00pabOTKM C HEHHBIM CTBOJIOM OBIIN
BBeJIEHBbl: MaTepuan Hacoca (CTOVMKUIT K opra-
HUYECKUM PacTBOPUTENAM), pacueTHble TIeo-
MeTpu4YecKye HapaMeTpbl CTBOMA (ZMaMeTpbl,
[IMHBI, KOJNNMYECTBO OTBEpCTHii), (yHKIMO-
HajJbHble KpuTepuu (KpaTHOCTh meHbl 10-15).
B saaBky mo pgmarHoctuke mopaxenmsa CS -
KOHKPEeTHBIII MapKep (BeliecTBO 15) m pexnm
npo6onoarorosku (1 r rpynta : 1 mn CH,CL,
500 o6/muH, 10 muH, 3000 06/mMusn, 10 muH). B
3asABKy IO CIOCO0y CMHTe3a BelljeCTBa — Yu-
ctota =290 %, manuble SIMP pna Bcex coenu-
HEeHNJI, IpUMeHeHNe B KadyeCTBe CTaHJapPTHBIX
006pasos.

Onemenm 3. ObocHosanue HeouesuoHocmu. B
OTBeTax Ha BO3MOXXHbIe 3aIPOCHI KCIEPTU3BI
OblIa IOATOTOBJIEHA apryMeHTalMs, COTACHO
KOTOPOJl CTaTbs ONMCBIBAeT IIOCTAHOBKY 3a-
maun (YTO Hy>XHO cmenaTs), a 3asgBKa IpefIa-
raeT koHKpeTHoe pemenne (KAK ato cmenars).
Pasnuyne MeXxy HOCTAaHOBKOII 3aJjauM 1 ee pe-
IIeHNEeM COCTaBIfAeT CYyThb M300peTaTenbCcKOro
ypoBHA (1. 2 cT. 1350 'K PD).

Inemenm 4. Mcnonv3osanue  PyHKUUO-
HANbHBIX NPU3HAKOE. BMeCTO KOHKPETHBIX KOH-
CTPYKTMBHBIX IIapaMeTPOB KOMIIJIEKTa CIeIlV-
anpHOI 06paboTku (quameTp Hacagka 5,0 MM) B
He3aBUCHMBIl IYHKT ObI/IV BbIHECEHBI PyHKIIN-
OHaJIbHbIe XapaKTepUCTUKM (obecnednBaromnit

13 Full economic results by model [Internet]. In: Table 2. Bethesda (MD): National Library of Medicine (US); 2025
[cited 2026 Jan 5]. URL: https://pmc.ncbi.nlm.nih.gov/articles/PMC12517008/table/T2/#T2_FN2 (pata obpalieHus:

05.01.2026).
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obpasoBaHMe IeHBI C KpaTHOCThIO 10-15). 1O
MO3BONIM/IO PAacIIMPUTh OO0BeM 3alUTHl U 3a-
TPYAHUTH OOXOJ HaTeHTa IyTeM He3HAuMUTellb-
HOT'O U3MEHEHN s Pa3MepOB.

Inemenm 5. MHozo3eéenHnas gopmyna c 3aeu-
cumbimu nynkmamu. KOHKpeTHBIe IapameTpbl
ObUIV BBIHECEHBI B 3aBVCHMBble HYHKTBI, YTO
IO3BOJIAET IIPU HEOOXOAUMOCTH CY3UTh 00beM
HpUTA3aHNUI 6e3 MOTepy IMaTeHTa B L[eJIOM.

O6c¢cyxpmeHne

ITpoBemeHHOE WCCIefOBaHMe IPefCTaBIACT
co00J1 IpUMep YCIEUIHOTO NPUMEHEHUs IOf-
xoa Human-in-the-Loop, B KoTopoMm ponb de-
JIOBEeKa 3aKJII0Yanach B CO3TaHUM YCTOBUIL HJIs
3¢ pexTUBHOI pabOTHI y>Ke OOYUYeHHON A3bI-
KOBOJI Mofenu. DTU YCIOBMA BKIOYAIU: CU-
CTeMaTH3alNI0 NMPeIMEeTHbIX 3HAHWI (TMIIOBbIE
omMOKM B onmyucaHuu musobperenus), bopmann-
3anNio TpeOOBaHMIT K BBIXOJHBIM JAHHBIM (Ma-
TPUILBI) U pa3pabOTKy MepapXmM4ecKoil CUCTeMBI
HpOMIITOB".

TexHomornmuecknit cysepeHurer Poccum BO
MHOTOM OIIpefeNsieTcsl HalN4MeM POCCUICKUX
IaTeHTOB Ha IIepPCHEKTUBHbIE TEXHUYECKIEe pas3-
paboOTKM, HO OHM HPOCTO «CAMUBAKTCSI» B Ha-
y4HBIe )XypHa/Ibl 0e3 3aKpelleHus IpaB Ha UX
ucnonb3oBaHme. V 4TO emie Xyxe — cyujecmay-
rouas 6 Poccuu cucmema oyeHku mpyoa yueHvlx
3acmasngem ux nyoIuKo8amMuCs 6 AH2I0A3bIYHbLX
HKypHanax, m.e. pabomamv HA CE60UX 6PA20S.
Bbixop, — cucTeMHOe M yMeloe IaTeHTOBaHMe
K/II04YeBBIX padpaborok. Ho gake co3pmanue ma-
TEHTHOI CIyXObl He pemraeT 9Ty 3ajaudy. Kak
HaTEeHTOBeJ] Y3HaeT O CO3TaHHOM M300peTeHnn,
KOTJIa caM pa3pabOTYMK He 3HAeT, 4YTO ITO TaKoe?

Kopenp mpo6neMbl, Kak IIOKas3an IIpoOBe-
OEeHHBII aHanIu3, JAEXKUT B IPUHINIINAIBHOM
pasnumyuy Ieneil Hay4dHON HMyOIMKaIMy ¥ IIa-
TeHTHOJ 3aaBku. HaydyHasa cTaTrbs ommchIBaer
sIBJIEHMe, NTaTeHTHas 3asABKa — KOHKPETHOe pe-
menue. OHa TpeOyeT APYroit JOTMKM — YeTKON
GOpMYyIMPOBKY TEXHUYECKOI NIPOOIEeMBI U ee
pellleHNsI, BBIPA)KEHHOTO 4Yepe3 COBOKYIHOCTD
CYIIeCTBEHHBIX IPU3HAKOB, JOCTATOYHYIO MJIA
DOCTVKEHM S TEXHUYECKOro pe3ynbTaTa. [JanHOoe
HPUHIUIINATBbHOE pa3inyue 00bsACHAET, IOYeMY
MICCTIeIOBATE/N YaCcTO He AeHTUPUINPYIOT CO3-
NaHHbIe VMY IATEHTOCIIOCOOHbIe TeXHUYeCKue
pelIeHu .

s HelipoceTu KII0UeBBIM YCIOBUEM [/
BBIABJICHUS OSTUX peUIeHNI B NyOIMKanusax
CTAI0 HaaW4ye KONNYECTBEHHBIX [JAHHBIX.
CraTbu ¢ TabMULIaMy, YMCTOBBIMY IIApaMeTPaMu
M CTAaTUCTUKON YCHEeIIHO TPaHCHOPMIPOBAIUCDH

B 3a5BKJ; CTaTbA-KOHTPOJIb, TUIIEHHas KOHKpe-
TUKH, OblTa OTOpaKoBaHa.

Tpu cTaThy ¢ UCTEKMINM CPOKOM aBTOPCKOIL
nproThl (6omee 12 MecsAeB) ObUIN yCIIENIHO 00-
paboraHbl Onaromaps TakTHKe obxoma: B 3a-
ABKY BBONMINCH HOBBIE CYIIECTBEHHBIE IIPU-
3HaKM, OTCYTCTBOBABIINe B NMyOIMKAaLMUAX, HO
BBITEKaBIINe U3 OOINX 3aKOHOMEPHOCTe. ITO
HOATBEPKJaeT TIMOKOCTb IPOMIT-WHXUHMU-
pUHTa ¥ €ro CIOCOOHOCTb BBIABIATH CKPBIThIE
IaTeHTHble MEePCIeKTVBBl B apXMBHBIX Mare
puanax.

Kejic ¢ aHITIOA3BIYHON CTaTbeil NIpPOAEMOH-
CTPUPOBAJ SI3BIKOBYIO HE3aBUCHMOCTb METOHO-
norun. DeepSeek-V3.2 mpgentudunuposan nsa
u300peTeHNs, OMMpasCh Ha Te >Ke IPU3HAKU
(Tabmuupl, CTAaTUCTMKA, CpaBHEHNUe C aHaIo-
raMu), YTO M B PYCCKOSA3BIYHBIX CTaTbAX. ITO
COIIACyeTCsl C MCCIeSOBAHUAMU KPOCC-5I3BIKO-
BOTO NMPOMIITMHIA U OTKPbIBaeT BO3MOXXHOCTHU
Ansi paboThl C MeXAYHApOZHBIMM NyOnIuKa-
uuamu [20].

Pa3paboTaHHBII MHCTPYMEHTApUil — YeK-
JIUCT, MATPUILBI, JaHHBIE 10 TUIIOBBIM OIINOKAM
IpY COCTaBJIEHU!U ONMCAHMA Ha M300peTeHMe
Y TaKTUKy 00XOfa IPONYIEeHHOJ JIbrOThl Ha
HOBU3HY - IpefcTaBinsgeT coboit ¢popmannso-
BaHHOe 3HaHMe IpefMeTHOIl 0067acTy, mepe-
NaHHOE MOJENN B BUJE CTPYKTYPUPOBAaHHBIX
MHCTPYKIMIA.

3AKJIIOYEHUE

KiioueBbIM ¢akTOpOM yciexa CTalo He VC-
nonb3oBaHue VM Kak TakoBoro, a cosgaHue
yCIOBMI, IpM KOTOPBIX MOMeNTb Mornaa adpdex-
TUBHO PEUINTbh HPUKIAJHYI0 3agady. YCIOBUSA
BKJIIOYA/IN:  CUCTEeMaTU3aLMI0  IpPeJMeTHBIX
3HaHMIT (CTaThsl O TUIOBBIX OLINMOKax), popma-
MU3anuio TpeOOBaHMI (4€K-TNUCT, TPU TUIIOBbIE
MaTpUIbI) 1 pa3paboOTKy MepapXudecKNX IPOM-
nToB. Ha renepanuio ofgHOI 3aABKY yXOoAUT 3-7
MUHYT, YTO COOTBETCTBYeT 06paboTke 5-10 muic.
MOoKeHOos.

MerToponorus NpofeMOHCTpUpOBaIa:

e paboOTOCIOCOOHOCTH Ha CTAaThSIX C MC-
TEeKIIMM CPOKOM aBTOPCKOI IbroTsl (mo 12 me-
CsILIEB);

o  A3BIKOBYIO HEe3aBMCUMOCTb (IIOZTBEpXK-
[eHO Ha AHT/IOA3BIYHON CTaThe);

e BOCIPOM3BOJMMOCTD Pe3ynbTaToB (Ipo-
BEPEHO Ha Pa3IMYHBIX 00BEKTaX M B He3aBU-
CHMOM 4Yare);

o 3HeproapPeKTUBHOCTS.

Hayunass HOBM3Ha paboOTHI 3aK/IHYaeTCs B
CIUCTEMHOM HOAXOfe K TpaHCPoOpManum 3Kc-

* Gao W, Yang J, Yu Q, Shangguan X, Xiao N, Ling X. An AI-Powered Patent Document Generation System Based
on Large Language Model. In: 2025 11th International Conference on Computing and Artificial Intelligence (ICCAI).
Kyoto, Japan; 2025. P. 342-46. URL: https://doi.org/10.1109/ICCAI66501.2025.00059 (mata o6pamenmus: 05.01.2026).
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HNEepTHBIX 3HAaHMII B WMHCTpyKuum pnsa V.
[IpennoxeHHble NPUHINUIIBI — BBbIJE/NeHUE Cy-
I[eCTBEHHBIX IPU3HAKOB, IOCTPOEHME Ue-
papxuu, o6xo My6nIMKanuii, OTOpakoBKa «IIy-
CTBIX» CTaTell — MMEKT KaK TeopeTudecKoe,
TaK U IpaKTUYecKoe 3HAUYeHMe [jId Pa3BUTUA

0OTaHHOIO 4YeK-IMCTa C MCIOJIb30BaHUEM Me-
TOOOB MAalIMHHOTO 06yquI/m;

- MHTErpaumAa MeTOoAO/IOornmmn € IaT€eHTHbIMU
6asaMM MJaHHBIX [/ aBTOMAaTM4YeCKON IIpoO-
BEPKM HOBU3HbI BbIABIC€HHbIX TEXHMNYECKUX
peleHnit;

NPOMIT-MHXXUHUPUHTA  KaK  VHXXEHEepHON - ajanTanyusg MeTOAONOrMM Ans paboTsl ¢
BVCUMIINHBI. IAaTeHTHOMW JOKyMeHTalMell JpyTUX CTpaH
[TpencraBnstorcss mnepcuektuBHbIMKU  cine- (EAIIO, PCT) ¢ uenblo pacuimpenus reorpadpun
Oylollye HAalpaBIeHUs PasBUTKUA [JAHHON  IIATeHTOBAHMUAL.
paborsr: IIpakTnyeckasa 3HaYMMOCTH paborbl. Pas-
- paspaborka CIeMann3MpOBaHHBIX pabOTaHHBIe CHUCTeMa HPOMIT-MHXXWHUPHUHTA,
MAaTpuL,  JIA  APYIMX TUIOB  OOBEKTOB: YEK-TMCT ¥ TUIOBbIE MAaTPUII MOT'YT VICIIO/Nb-
IITAMMOB MUKPOOPraHM3MOB, KOMIIO3MI|MII, 30BaThCs NMAaTEHTHBIMM CIyXbamMm u m3obpe-
OMOTeXHONTOTMYEeCKUX MPOAYKTOB, cmoco6oB Tarenamu BC PO pna BoiABneHus u odopm-
TedYeHNs; JIeHMs TNpaBa Ha OTe4YeCTBeHHble Pa3paboOTK,

4TO Oy/leT CIOCOOCTBOBATH TEXHOIOTUYECKOMY
cysepenurery Poccum.

- CO3/laHMe aBTOMATMU3UPOBAHHON CUCTEMBI
IepBMYHOTO aHa/lM3a CTaTell Ha OCHOBE paspa-

Ozpanuuenus uccnedosanus / Limitations of the study

IpennaraemMass METOJOMOTUA MMeET Psifi OTPAHNYEHNIT, Tpebyomux o6cyXaeHs. Bo-nepsuvix, OHa TIpuMe-
HIIMA TO/IBKO K CTAThsIM, COfePXKAILMM KO/INYeCTBEHHbIE SKCIIepPUMeHTaIbHble faHHble. O6G30pHBIE CTAThU, TEO-
perudeckye paboThl 6e3 9KCIEePUMEHTAIBHON YacTy, IyOIMKauy, OCHOBaHHBIE Ha KauyeCTBEHHBIX ONMCAHUIX,
He MOTYT OBITh MCIIONb30BAHBI [ TeHEPUPOBAHMSA ONMCAHNUIT M300peTeHNnIT JaHHBIM crocoboM. Bo-smopoix,
Ka4eCTBO pe3y/bTaTa HANPSAMYI0 3aBUCUT OT HOMHOTHI 1 JOCTOBEPHOCTY MCXOZHBIX AAHHBIX, MPENICTABICHHBIX
B aHANMU3UPYeMON cTaTbe. B-mpembvux, VIVI-MHCTPYMEHT He OIl€HMBaeT «M300peTaTeIbCKIIT YPOBEHb» B CMBICIE
m. 3 cr. 1350 TK P® - oxkoH4YaTe/nbHOE pellleHNe O COOTBETCTBUU 3TOMY KPUTEPUIO IPUHUMAETCSA 3KCIEPTOM-
HAaTeHTOBENOM. B-uemeepmuix, yCIENTHOCTb 00X0fja COOCTBEHHBIX IMYOMMKALIVIL IPY UCTEKIIEM CPOKe aBTOPCKOIL
JIBTOTBI 3aBUCUT OT HA/IM4MsI B CTaThbe MOCTAHOBKM 3a/jadyt 6e3 pacKpBITIsI KOHKPETHOTO pelleHus. B-namuix, pa-
60Ta C AaHITIOSI3BIYHBIMI CTATHSIMM, XOTSI ¥ IOATBEPAN/IA IPUHIIUIINATBHYI0 BO3MOXXHOCTh KPOCC-I3BIKOBOTO IIPH-
MeHeHMA MeTOROIorny, TpedyeT HOIOMHITENbHOIO NCCIeoBaHNMsA Ha 6o/ee IMPOKOM MaTepuate. CoBpeMeHHble
MCCTIe/IOBAHYA TIOKA3bIBAIOT, YTO 3PPEKTUBHOCTD IIPOMIT-MH>XMHUPUHTA MOKET BapbMPOBATbCs B 3aBUCUMOCTI
OT s3bIKa U KY/IbTYPHOTO KOHTeKcTa. HakoHell, OljeHKa 9HEPronoTpe6IeHIs M BHIYUCTUTENbHBIX 3aTPaT, BBIIOI-
HeHHasl B JAHHOI paboTe, HOCUT OPMEHTMPOBOYHBIN Xapakrep. J/Is1 TOYHOrO pacyera 9KOHOMUIECKOI addek-
TUBHOCTY IIPU MAcCIITaOMpPOBaHMU METOLONIOTMM HeOOXOAMMBI 6oJiee fjeTalbHble MCCIeSOBAHMA C IPUBICYEHN-
€M JIaHHbIX OT IIPOBaiilepOB BBIYMCINUTENbHBIX MoljHOCTelt. / The proposed methodology has several limitations
that require discussion. Firstly, it is applicable only to articles containing quantitative experimental data. Review
articles, theoretical works without an experimental component, and publications based on qualitative descriptions
cannot be used to identify inventions by this method. Secondly, the quality of the result directly depends on the
completeness and reliability of the initial data presented in the analyzed article. As shown in prompt engineering
research, even minor distortions or omissions in input data can lead to a significant decrease in the quality of output
results. Thirdly, the Al tool does not assess the “inventive step” within the meaning of paragraph 3 of Article 1350 of
the Civil Code of the Russian Federation - the final decision on compliance with this criterion is made by a patent
expert. As noted in the literature, large language models can successfully perform tasks of information classification
and structuring, but they are not capable of full legal qualification, which requires consideration of precedents and
complex legal constructs. Fourthly, the success of circumventing one's own publications when the grace period has
expired depends on the presence in the article of a statement of the problem without disclosing a specific solution.
In cases where the article contains not only the problem statement but also a detailed description of the solution, the
circumvention strategy becomes inapplicable. Fifthly, the work with English-language articles, although it confirmed
the fundamental possibility of cross-lingual application of the methodology, requires further research on a broader
material. Current research shows that the effectiveness of prompt engineering may vary depending on the language
and cultural context. Finally, the assessment of energy consumption and computational costs performed in this work
is indicative. For an accurate calculation of economic efficiency when scaling the methodology, more detailed studies
involving data from computing power providers are necessary.
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[MaTeHTHbIE nccnepoBaHus B pamkax HUOKP
MO rocyAapCcTBEHHOMY KOHTPAKTY: TUMNUYHbIE OLLNOKMN,
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OcHOBHbBIE MOMEHTBHI

- BbLsIB/IEHBI U KOIMYECTBEHHO OLIeHEHBI CYCTEMHbIE OIIMOKY [IATEHTHBIX MCC/IEOBAHMIL.

- PaszpaboTaHbl momarosble peKOMeHAauy 1 00pasibl 3all0JIHEHNsI BCeX 00s3aTeNbHbIX GOPM OT4YeTa, IO3BOJLAI0-
1[ye COKPATUTh KOMMYECTBO BO3BPATOB OTYETOB Ha TOPAOOTKY B 2-3 pasa M MUHMMUSMPOBATh PUCKY HAPYLICHN
IIpaB TPEThUX NI

- IIpemo)keH anropuTM JieiiCTBUIA, MO3BOISIONINIT 9KOHOMUTH OI0JPKETHBIE CPEfICTBA 3a CYeT OTKa3a OT HEOOOCHO-
BAaHHOTO NIPUOOPETEHN TNULIEH3NIL.

Axmyanvrnocmo. IlaTeHTHbBIe MCCIEZOBaHUA SBIAIOTCS obs3arenpHbIM 3neMeHToM HIVIOKP mo rocymapcrBeH-
HOMY 000pOHHOMY 3aka3y. OfHaKO MHOTVE M3 HIX COflep)KaT OLIMOKY, IPUBOAALINE K HEOOOCHOBAHHBIM 3aTpa-
TaM GIOJXKETHBIX CPEACTB, 3aTATUBAHUIO CPOKOB BBINOTHEHMsI pabOT U PUCKY HAPYILIEHMS VCKIIOUNTEIbHBIX IIPAB
TPeTbUX JINII.

Llenv uccnedosanus — paspaboTaTh MpaKTUIECKMe PEKOMEH/AINI II0 COCTABICHNIO OTYETA O IATEHTHBIX MCCIe0Ba-
HISIX, aJAlITUPOBAHHbIE K TPeOOBAHMIM rOCYAPCTBEHHOTO 0OOPOHHOTO 3aKasa.

Ycmounuxosas 6asa uccnedosanus. HopMaTuBHBIe IPaBOBbIEe aKTbl, PeryIMpYyIOLIyie BOIPOCH BbIABICHNA, IIpa-
BOBOJI OXpPaHbI 11 VICIIO/Ib30BaHM Pe3y/IbTaTOB MHTENIEKTYaIbHOI IeITeIbHOCTH, CO3/IJaHHBIX B XOJie BBIIIOTTHEHNS
HVOKP no 3akazy Muno6opouns! Poccunu. HopmaTyuBHbBIe IpaBOBbIE aKThI, PeryIMpPYOLye BOIPOCH! BbIsABICHNU,
IIPABOBOJ1 OXPaHbI U MICIIONb30BAHNS PE3Y/IbTATOB MHTENNIEKTYabHOI [eATeTbHOCTH, CO3[aHHbIX B X0l BBIIIOTHE-
una HVMOKP o 3akasy Muno6opoust Poccyn.

Memoowvt uccnedosanust. AHanuTUYeCKUit, GOPMaIbHO-IOPUNYECKIIT. AHATM3UPOBAINCH OMMOKY B OTYETaX O Ia-
TEHTHBIX MICCTIENOBaHMAX, BRIIIOTHEHHDBIX OPraHU3alMsAMY IPOMBILIIJIEHHOCTH Ha pasnn4HbIx sTanax HVMOKP.
Pesynomamut. Briepsble Ha CTaTUCTUYECKU 3HAYMMOM MAacCHBE OTYETOB O NMATEHTHbIX MCCIIEIOBAHMAX BbIABJIEHDI U
CHCTEMATH3VPOBAHBI TUIIOBbIE OMINOKY, JOIYCKaeMble OPraHN3ALMAMI IIPOMBIIIIEHHOCTH. YCTAaHOBJIEHO, YTO HAU-
6o/ee KPUTUYHBIMU ABJIAIOTCA: OTCYTCTBYE COITIACOBAHMA C TOCYHAPCTBEHHBIM 3aKa34MKOM BOIIPOCA MUCIIONb30Ba-
HMsI MHTEJIEKTYa/IbHOM COOCTBEHHOCT TPEThUX /N1 (BCTpedaeTcs B 68 % OTUETOB); HEIIOTBEP)KICHHBIE BBIBOJIDI O
HaTEeHTHOIT YncToTe Ha panHKX sTarmax OKP (72 %); oTcyTCTBUE OXPaHOCIIOCOOHDBIX Pe3y/IbTaTOB UHTE/IEKTYaIbHOI
mesatenpHOCTU (70 %); OfMeHa IIOHATHUI «TeXHUYECKUI YPOBEHb» M «yPOBEHDb TeXHUKI» (BcTpedaeTcs B 45 % oTde-
TOB); HEIIOJIHOTA perlaMeHTa noycka (38 %). [laHbl IpefIoxeH s 10 3alIOTTHEHNIO BCeX 00s3aTeIbHBIX (pOopM oTdeTa
(B.6.1-B.6.4, [1.1.1-]1.3.1.3) c mouraroBbiMu mosicHeHyssMU. CHOPMYyIMpOBaH aITOPUTM [EICTBUI UCIIONMHUTELA IIPU
0OHApY’>KEeHUN «MeLIAIOIero» MaTeHTa, BKITIOYAIOIINIT aHA/IN3 TaTeHTHO-TUIIeH3MOHHOII IesATeIbHOCTI IIpaBoo6a-
JaTeIst ¥ OLIEHKY 11e7IeCO0OPasHOCTI OCIIAPUBAHIS VTN 3AK/TIOYEHNS INLIEH3MOHHOTO AOTOBOPA.

3axntouenue. IloaroToBNIEHHBIE PeKOMEHALINM O3BOIAT IOBBICUTD KaueCTBO IPOBEIEHNA NaTeHTHBIX NCCIefi0Ba-
Huit 1 B iemoM HMOKP, koHeUHBIM pe3ynbTaToM KOTOPBIX AB/AITCA MOIEPHMU3AINA CYIIeCTBYIOIVX VN paspaboT-
Ka HOBBIX 00pa3I[0B BOOPY)XEHMs I BOCHHOII TEXHNMKM B MHTepecax 060poHbI U HesomacHocTn Poccun.
IIpaxmuueckas sHauumocmoy pabompl 3aKI0YAETCA B COKPAI[EHNY KOINYeCTBA BO3BPATOB OTYETOB O IATEHTHBIX
MICCTIETIOBAHIISIX HA TOPaboTKy B 2-3 pasa u cHipKeHust puckos npusHanust HVIOKP HecocTOSBIIMMICS O IpUYHE
HapyIIeHNs VCKITIOYNTEIbHBIX TIPaB U 06ecednTh CBOEBPeMEHHOe 3aKperuleHne npas Poccuitckoit Pepeparym Ha
CO3JJaHHDBIE Pe3Y/IbTAThl MHTEIEKTYa/IbHOM HesATeTbHOCTH.

Kniouesvie cnosa: 2ocydapcmeenvlii KOHMPAKm; HAYUHO-UCCTIE008AMeNbCKAA paboma; 00vexm uHmMenneKmyalp-
HOIl COOCMBEHHOCU; ONbIMHO-KOHCMPYKMOPCKAs paboma; namenmHvle UCCIe008AHUS; NAMEHMHAS YUCOMd;
pe3ynvmam unmennekmyanvHoil OesmenvHOCMu
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IIpospaunocmo Purarcosoii OesmenvHOCHU: ABIMOPLL He UMEIM PUHAHCOBOTI 3AUHMEPECOBAHHOCIU 6 NPedcmas-
JIEHHbIX MAMEPUANAX UL Memooax.

Kongnuxm unmepecos: asmopoi Oekapupyom omcymcmeue A6HbLX U NOMeHUUATbHOLX KOHPIUKINOB UHMEePecos,
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HUcnonvzosanue UCKYCCMBEHH020 UHMENJIEKIaA: Ad6Mmopamu He Ucnoiv308aH.
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Patent researches as part of R&D under a government
contract: typical errors and recommendations
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Evgeny Yu. Zhirnov, Elena G. Timofeeva
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Highlights

- Systemic errors in patent research are identified and quantitatively assessed.

- Step by step recommendations and templates for filling out all mandatory report forms are developed, which reduce
the number of report returns for revision by 2-3 times and minimize the risks of infringing third party rights.

- An action algorithm is proposed that saves budget funds by avoiding unjustified acquisition of licences.

Relevance. Patent research is an integral part of R&D under state defence contracts. However, many such reports
contain errors that lead to unjustified budget expenditures, delays in project execution, and the risk of infringing
exclusive rights of third parties.

Purpose of the study is to develop practical recommendations for drafting a patent research report, tailored to the
requirements of a state defense contract.

Study base sources. Regulatory legal acts governing the identification, legal protection and use of intellectual property
results generated during R&D ordered by the Ministry of Defence of the Russian Federation.

Research methods. Analytical, formal legal method. Errors were analyzed in patent research reports prepared by
industrial organizations at various stages of R&D.

Results. For the first time, on a statistically significant array of patent research reports, typical errors made by industrial
organisations are identified and systematised. The most critical errors are found to be: confusion between the concepts
of “technical level” and “prior art” (occurs in 68% of reports); absence of a comparative analysis of essential features of
the object and the patent claims (54%); unsubstantiated conclusions about patent freedom to operate (FTO) at early
stages of development work (47%); and incomplete search guidelines (73%). Templates for filling out all mandatory
report forms (B.6.1-B.6.4, D.1.1-D.3.1.3) are developed and provided, along with step by step explanations. An
algorithm of actions for the contractor upon detection of a “blocking patent” is formulated, including analysis of the
patent licensing activity of the right holder and assessment of the feasibility of challenging the patent or concluding a
licence agreement.
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OxpaHa pe3ynbTaToB UHTEIJIeKTYasibHOM aesaTenbHocTu BoncK PXB 3awmtel BC PO
Patent researches as part of R&D under a government contract: typical errors and recommendations

Conclusion. The prepared recommendations will improve the quality of patent research and of R&D in general, the
ultimate outcomes of which are the modernisation of existing or the development of new models of weapons and
military equipment in the interests of Russia’s defence and security.

Practical significance of the work lies in reducing the number of patent research reports returned for revision by 2-3
times, lowering the risks of R&D being deemed invalid due to infringement of exclusive rights, and ensuring timely
securing of the Russian Federation’s rights to the created intellectual property results.

Keywords: development work; government contract; intellectual property object; patent research; patent support;
result of intellectual activity; scientific research
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B ycnoBuAXx coBpeMeHHOJ BOEHHO-TIOMUTHU-
YECKOM ¥ 3KOHOMMUYECKON CUTyaluu, CIOXKNUB-
melica B Poccum, BbIOTHEHME HAy4YHO-MCCIe-
HOBATEIbCKMX U  OIBITHO-KOHCTPYKTOPCKUX
pa6or (HVMOKP) mo rocymapcTBeHHOMY KOH-
TPaKTy B MHTepecaXx MuHucrepcTBa 060pOHBI
Poccmiickoin ®epmepauum ABIAETCA NPUOPU-
TeTHOU 3amayeil. O6sA3aTe/bHbIN 37IEMEHT TAKUX
HHMOKP - mnaTeHTHble MCCIefOBaHMA, IpOBe-
IeHMe KOTOPBIX IpeJlyCMOTPEHO:

nocraHosnenneM IlpaBurenbctBa Poccnii-
ckoit ®egepanun ot 29 mexabps 2021 r. Ne 2550%

TUNOBBIMK  (popMaMM TOCYHAapCTBEHHOTO
KOHTpakTa Ha BeinonHenue HMOKP?

TAKTUKO-TEXHUYECKUM (TeXHUUIECKNM) 3aja-
HueM Ha BpinmonHeHe HVMIOKP.

Ilenv uccnedosanus — pazpaboTaTh MPaKTU-
yecKle peKOMeHIal[M 10 COCTAaBIeHNI0 OTYeTa
O MaTeHTHBIX UCCIelOBAHNAX, alallTUPOBAHHBIE
K TpeOOBaHMAM TOCYJapCTBEHHOTO 000OPOHHOTO
3aKasa.

Mcmounukosas 6asza uccnedosanus. Hop-
MaTHBHbIe IIpaBOBble AaKTbhl, perylIupylone
BOIIPOCHI BBIAB/IEHN S, IPABOBOIl OXPAaHBI U VIC-
MONb30BaHNUA Pe3y/NIbTaTOB MHTENIEeKTyalbHON
IeATeNTbHOCTY, CO3TAHHBIX B XOfle BBIIIOTHEHN A
HMOKP no sakasy Muno6oponsr Poccum.

Memoov  uccnedosarus. AHaTUTUIECKUIT,
¢dbopManpHO-IOpUANYECKNI. AHaIN3UPOBATINCDH
MMOKY B OTYETAX O MATEHTHBIX MCCIeSOBAHU X,
BBIIIOTHEHHBIX OPTaHM3alMAMU IMPOMBINITIEH-
HOCTHU Ha pas3nuuHbix sTanax HVMOKP.

3aga4yn uccaeloBaHMA:

- [IpoananuanpoBaTh TUIIOBBIE OMMOKY B OT-
yeTax O MATEeHTHBIX MCCIelOBAHUAX, HOMYyCKa-
eMble OpraHM3aUMAMM IPOMBINIIEHHOCTU IIPU
poinonHenuu HIVIOKP mo rocymapcrBeHHOMY
0060pOHHOMY 3aKa3y, Ha OCHOBE OIIbITa PacCMO-
TpeHus Takux ordyeros B HVII IIpVI.

- Paspaborarh pekOMeHJaLMM IO COCTaB-
NeHN0 «3aflaHusA Ha INpOBefeHNEe IAaTeHTHBIX
MCCIeloBaHNIT Ha pas3nuyHbIx sTamax HVIOKP

! IToctanosnenue IlpaButenpcrBa Poccuiickoit @epepauun ot 29 gexabps 2021 1. Ne 2550 «O6 yTBep K aAeHUN
IIpaBun ynpasnenusa npuHajanexamumu Poccuiickoit @efepanuy npaBaMiy Ha pe3y/IbTaThl MHTEIIEKTYanbHOM
HeATENbHOCT, B TOM YJC/Ie IPaBaMy Ha PE3Y/IbTaThl MHTENIIEKTYa/IbHOM IeATebHOCTH, HEOCPENCTBEHHO CBA3aH-
Hble ¢ obecriedeHreM 060pOHBI U 6€30IIaCHOCTY, ¥ TPM3HAHUM YTPATUBILIVMU CUTY HEKOTOPBIX aKTOB 1 OT/IE/TbHBIX
MIOJIO’KE€H T HeKOTOPBIX aKTOB IIpaBurenbcrBa Poccuiickoit Pepepanum».

? Tlocranosnenue [IpaButennctBa Poccnitckoit @enepannm ot 26 gekabpst 2013 1. Ne 1275 «O mpuMepHBIX YCIOBU-
SX TOCY/JapCTBEHHBIX KOHTPAKTOB (KOHTPAKTOB) 110 FOCYAAPCTBEHHOMY 0O0OPOHHOMY 3aKasy».
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(HUP, OKP)» ¢ yuerom Tpeb6oBanmit TOCT P
15.011-96 u TMNOBBIX (HOPM IOCYAAPCTBEHHOTO
KOHTPaKTa.

- ITpepnoxnuTh 0OpasIbl 3alIOTHEHNA CTPYK-
TYPHBIX 3/IEMEHTOB OTYeTa O IAaTEHTHBIX NC-
cnegoBanusax (trabmun mo ¢popmam B.6.1-B.6.4,
IO.1.1-/71.3.1.3) ¢ HOSICHEHUAMU IO TUIUYHBIM
ommnbKaMm.

- ChopmynupoBarh airOPUTM IIPOBEPKH Ia-
TEHTHOJIl YMCTOTHI, BK/II0Yas MOPAZOK COMOCTA-
BUTETBHOTO aHA/IN3a CYLeCTBEHHBIX IIPU3HAKOB
o6bexTa 1 GopMyIBl N300peTeHus, y4eT IKBU-
BaJICHTHBIX IPU3HAKOB M NOPALOK AelICTBUI
Py OOHAPYXXEHNY «MeIIA0I[ero» MaTeHTa.

- CucremarnsupoBarb LUPPOBbIE UHCTPY-
MeHTHl (6a3pl  [aHHBIX, WUHPOPMAIMOHHO-
HOVCKOBBIE CHUCTEMBI, IIaTGOPMBI INAaTEHTHOI
aQHAJIMTHUKM), MCIIONIb3yeMble IS pelleHus pas-
JAVNYHBIX 3aJa4 MaTeHTHBbIX WCCIEeSOBaHUIl, U
[aTh peKOMEHAAIUM [0 UX IIPUMEHEHNIO.

OCHOBHAA YACTb
Ilog marenTHbpiMu wuccnemoBanuamu (I1N)
MMOHMMAIOTCA  MCCIENOBAHUA  TEXHUYIECKOTO

YPOBHS M TeHAEHUUII pa3BUTUSA 00BEKTOB XO-
3AICTBEHHOII IeATEIbHOCTY, X IATEHTOCIIOCO6-
HOCTY, MaTeHTHON 4uctoTsl (IT4), KoHKypeHTO-
criocobHOoCTH (9dPEeKTUBHOCTU MCTIOTB30BAHMS
110 Ha3HAYeHNI0) Ha OCHOBE IIATEHTHOII ¥ APYTOit
undpopmanun®. Ilenpro IV sBaseTcss obecre-
4YeHNe KOHKYPEeHTOCIIOCOOHOCTHM, IIpaBOBOII
OXpaHbl ¥ BO3MOXXHOCTU OeCHpensiTCTBEHHOTO
ucnonbzoBanuAa pesynbraroB HMOKP, a takxe
VICK/TIOUeHNe JyONIMpOBaHMUA MCCIENOBAHMIT U
paspaboToK, IPOBOJUMBIX 32 CUET CPENICTB, BbI-
HensgeMbIX U3 TOCYAaPCTBEHHOTO OO/ KeTa.

IlpoBefeHne NaTeHTHBIX UCCIelOBAaHUN B
xoge HVMOKP mo rocymapcTBeHHOMY OOOpOH-
HOMY 3aKa3y MMeeT CBOM OCOOeHHOCTH, 00y-
C/IOBNIEHHBIE HEOOXOZMMOCTHIO 3aKpereHus
npaB Poccuiickoit ®epgepannuy Ha pe3yabTaThl
UHTeNIeKTyanbHoi pesrenpHoctu (PUMI), cos-
maHHble (IIOTyYeHHBbIE) B XO[e BBIMOTHEHNS
TaKNX paboT, a TakKe HEOOXOZMMOCTBIO ype-
TYIMpPOBaHMsA BOIIPOCOB IIPaBOMEpPHOIO JcC-
HO/Ib30BAaHVS M3BECTHBIX O0BEKTOB MHTEJ/IEK-
TyaJNbHO COOCTBEHHOCTM, MCKIIOYUTEIbHbIE
IpaBa Ha KOTOPbIe MPUHAJIEXAT VCIOTHUTENTIO
u(UIu) TpeThUM TULIAM.

B Hacrosmee BpeMsA HENCTBYIOIIVMM TOCY-
BapCTBEHHBIM CTaH[apTOM, YCTAaHABIMBAIOLUINM
efVHble TpeOOBAaHMA K IOPAJKY IpPOBeMleHNs
1 oQOpM/IEHUIO pPe3yIbTAaTOB IATEHTHBIX MC-
cnegoBanuit, asnserca I'OCT P 15.011-2024

«VIHTeneKTyanpHass COOCTBEHHOCTb. IlaTeH-
THbIe nccrnemoBaHuA. CopepxaHnue U HOPALOK
nposeneHnsA». OZHAaKO B OTHOIIEHUM IIPO-
OYKL VU, TOCTABAsAEMOIl 110 TOCYJapCTBEHHOMY
060pOHHOMY 3aKa3y, BOCCTAHOBJIEHO [[eICTBIE
T'OCT P 15.011-96 «Cucrema pa3paboTKu u 10-
CTAaHOBKM IPOAYKIMM Ha Ipou3BofcTso. Ila-
TeHTHbIe uccinegopanusa. CoaepxaHue U Mops-
mok nposenenus» (zanee - TOCT P 15.011-96)%.

B Munucrepcrse o6oponsl Poccuiickoir ®e-
oepanuy pacCMOTpEHNEe U COTTacOBaHME OT-
yetoB o IIV ocymecTBasgercsas Hay4YHO-MCCTIe-
JOBaTeNbCKUM IeHTpoM (HmpobaeM WMHTeIeK-
TyaJIbHOI [ieATeNIbHOCTM MuHUCTEpCTBa 000-
poubl Poccuiickoit @enepanun) PenepanbHoOro
TOCYJJapCTBEHHOTO OIOXETHOTO YYpeXX/eHNs
«27 TleHTpanbHbBINl HAYYHO-UCCIENOBATENbCKUI
VMHCTUTYT» MuHucrepcrBa o6oponnl Poccmit-
ckoit @egepannn (HUL ITpl ).

OnbIT pacCMOTPEHNUS OTYETOB O IMATEHTHBIX
UCCIeTOBaHM X MMOKA3bIBaeT, YTO 32 MOC/IEeTHIE
roj bl KA4eCTBO IPOBefIeHN A TOIOBHBIMU UCIION-
Hutenamu HUVOKP maTeHTHBIX UCCIeqoBaHUIM
BO3POCIIO, TeM He MeHee, Oo/iee MOMOBUHBI O-
crynaromux B HUI IIpM ]I oryeros o IIV nmeer
HeJOCTAaTKY, CHIDKAIOIMe 00IyI0 pe3y/IbTaTiB-
Hocts HUP u OKP.

O6muit mopsamok upoBemeHus IV upen-
CTaBJIeH Ha pucyHke 1.

PaccmoTpuM THIMYHBIe, Haubomee 4YacTo
BCTpeyvaloliyecss HeJOCTaTKM ¥ OIIMOKM, [O-
ImycKkaeMble MCIIOMHUTENSAMM paboT Ipy IOfA-
rotToBke oT4eToB o IIV, ocHOBHBIE 13 KOTOPBIX
CBsI3aHBI C pa3paboTkoil 3amanus, PermameHra
MIOMCKA U pelIeHyeM 3aiad MaTeHTHBIX VCCIeo-
BaHUIA.

3adanue Ha nposederue nameHmMHvLX Uccre-
dosanuti. CocTaBneHne 3afaHus Ha IPOBefieHMe
MMaTEHTHBIX MCCAENOBAHMIT ABIAETCA Hambosee
OTBETCTBEHHBIM I3TallOM, OIpeJensAIouM 3a-
a4y, cojep>kKaHue U pe3ynbTaThl MAaTEHTHBIX
UCCIIeOBaHMIA.

Omnpenenenne 3amad [V mpoBomAT Ha OCHOBE
neneit u xapakrepa HVMOKP B nenom, onupasco
Ha TpeOOBaHUA TOCY/JapCTBEHHOI'O KOHTPAaKTa
M TAKTUKO-TEXHMYECKOTO (TEeXHMYEeCKOro) 3a-
manusa (TT3/T3) Ha BBHINOTHEHNE HAyYHO-
uccnegoBarenbckoin (HUMP) nu6o ombITHO-
KOHCTpYKTOpcKoit pa6orsl (OKP).

3ayacTyo HeJOCTaTK!U, MMeMIlye MecTo B
3amaHuy, o0yC/IOB/IEHBI Iy TAHNIIEI C OIpefere-
HMeM 3aJa4 OTHOCHUTEIbHO 9Tama paborsl. Tak,
Hampumep, Ha panHux stanax OKP nposopgutca
OlLleHKa IIATEeHTHOI YUCTOTHI pa3pabaTpiBaeMOro

3 TOCT P 15.011-96. Cucrema pa3pabOTKI 11 TOCTaBKY IIPOAYKINM HA IIPOU3BOACTBO. [TaTeHTHDIE NCCTIE[OBAHIIL.
CopeprkaHue 1 IOpAAOK NpoBefieHuA. Been. 1996-01-01. M.: M3a-Bo cTanmapTos, 1996.1V, 50 c.

* Ilpuxas PoccranmapTa ot 17 deBpaina 2023 r. Ne 103-cT «O BOoCCTaHOB/ICHUM IPYIMEHEHN A HALMIOHA/IBHOTO CTaH-

mapta Poccuiickoit @efepanum».
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PucyHok 1. O6wuii nopsaidok npoeedeHusi nameHmMHbIX ucciedosaHuli (cocmaeneH asmopamuy)
Figure 1. General procedure for conducting patent research (compiled by the authors)

u3penus, 061K KOTOPOro elle He cGOpMUPOBaH,
a COCTaB NMOKYIHBIX KOMIUIEKTYIOLINX U3/ eNuil
(ITKN) ne ytBepxpaeH. I'py6oit ommbkoit B
TAKOM C/Iy4ae AB/IAETCA OKOHYATEe/NTbHBIN BBIBOJ,
0 MaTeHTHOI YNCTOTe 06'beKTa paspaboTK, cHie-
TaHHBINA Ha paHHUX 3Ttanax OKP.

OpHOBpeMeHHO Ha PAaHHMX 3Talax B 3aflaHUK
He Bcerjia ObIBAIOT MOCTAB/IEHDI 334l OIpefie-
JIEHUSI TEXHUYECKOTO YPOBHS 00beKTa UCCTIe0-
BaHUII, BBIABICHUSA TEHJEHINI, 000CHOBaHMA
IPOTHO3a €ro pas3BuTuUA. Mexnay TeM, UMEHHO
B Hayajie paboThbl MMeeTCs BO3MOXKHOCTD 3aJI0-
XUTDb B 00bEKT UCCTIEOBAHNII XapaKTePUCTUKM,
obecrmeduBaloIIlie €ro BBICOKUI TeXHUYECKU
YPOBEHb M KOHKYPEHTOCIOCOOHOCTb, a TaKXKe
VICKTIOUUTb HeOoIpaBIaHHOe aybnumpoBaHMe
UCCIeIOBAHMIL U pa3paboTOK.

B 1memoM, pyKOBOACTBYACH TpeOOBaHUAMMU
I'OCT P 15.011-96 u tunoseix ¢op™m rocypap-
CTBEHHOTO KOHTpakTa Ha BpinonHeHre HVIOKP,
BBIJE/IAIOT CAeflyoLiue 3afauy IMaTeHTHBIX MC-
CemoOBaHUIL:

- 000CHOBaHNE TeXHMKO-3KOHOMMNYECKNX,
9PTOHOMMYECKUX, IKOIOTUYECKUX, 3PPeKTuB-
HOCTM U [p. TOKasaTeneil 00beKkTa UCCIeH0-
BaHMNII, IPOBefeHNEe CPABHUTEIbHOTO aHAaIN3a

3HAaYeHMII OCHOBHBIX 3aJjlaBaeMbIX IIOKas3aTeyen
CO 3HaYEHU MM COOTBETCTBYIOIINX [TOKa3aTeneit
Ty4Ymux o6pasijoB-aHA/JIOrOB OTeYeCTBEHHOIO
U VHOCTPAHHOTO IIPOM3BOACTBAa (onpedeneHue
MexHU1ecK020 ypoeH);

- BbIsIBIeHNe BeAYLUIMX B MUpe OpraHu-
3anuit (paspaboTumkoB, mpaBooGnasarteneii) B
UCCIeyeMoil o0macTy, M3ydeHue MX u300pe-
TaTelbCKOM aKTMBHOCTU, OOOCHOBaHUE U IIO-
CTpO€eHMEe IPOTHO3a M3MEHEHNsI IOKa3aTeei Ha
OIIpefie/IeHHbII IepUOH (8bLA6eHUe MeHOeHUUTI
paszeumus);

— TEXHUKO-3KOHOMMYECKUII aHamus® u 000-
CHOBaHIEe BbIOOpPA M3BECTHBIX OOHEKTOB MHTE-
nexkryanbHoit cobctBenHoctu (OVIC)®, mckimio-
qyTe/lbHbIE IIPaBa Ha KOTOpble HpPUHAJJIEXAT
UCIIOMHUTENI0 U(MIM) TPETBPUM JIULIAM, B TOM
yucne Poccuiickoit Pegepanny, KOToOpble MOTYT
ObITh PEKOMEHJOBaHbl K NMPUMEHEHUI0 B 00b-
eKTe uccaenoBaHuit (o6ocHosanue Heobx00U-
mocmu ucnonvdoeanus OVIC, npasa Ha komopuie
npunaonexmam ucnonHumento u(unu) mpemoum
AUUAM);

- BBIABJIEHNE TEXHMYECKUX, XY[OKeCTBEH-
HO-KOHCTPYKTOPCKMX, HPOTPAMMHBIX U JPYTUX
pelleHnit, CO3TaHHBIX B XO/[€ BbBIMOTHEHMS

> VYuThIBaeT TeXHUKO-9KOHOMIYECKVe IOKA3aTe/IM U 3aTPaThl Ha IPOU3BOJCTBO IPOAYKLINH C UCIIOTb30BaHNEM
1300peTeHs B CPABHEHN C 3aTPaTaMy Ha IPOU3BOACTBO NPOAYKIIMI €3 UCI0/Ib30BAHN A JAaHHOTO M300peTeHN,
MHBIMM CIOBAaMI BIIUAHNE U300peTeHM s Ha IPUObIIb OT peanusaluy IpoxyKun [1].

¢ PesynbraTaM MHTe/UIEKTYa/IbHOI JeATe/IbHOCTI, IePed4eHb KOTOPBIX IIPeICTaB/IeH B cTaTbe 1225 I'paykgaHcKoro
Kopexca Poccnitckoit @enepaunn ('K PO), mpegocraBnsercs mpaBoBasi OXpaHa B KadeCTBe 00'beKTOB MHTETIEKTY-

aJIbHON COOCTBEHHOCTM.
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HUMOKP, u o60ocHOoBaHMe HOPMBI MX NPABOBOIL
OXpaHBI ¢ 00sI3aTe/IbHBIM YBeJOMICHIEM TOCY-
MapCTBEHHOTO 3akKas3umka (fmamee - 3aKa3duk)
(6via871€HUE OXpaHOcnocoOHbix PU]T);

- 9KCIepTHU3a 00'beKTa UCCIIeJOBAHNII Ha Ta-
TEHTHYI0 4YUCTOTY, 00OCHOBaHNe Mep IO 00e-
CIeYEeHNI0 €ro MAaTEHTHON YMCTOTHI U Oecrpe-
IATCTBEHHOMY HPOVM3BOJCTBY U peanusanuy B
cTpaHe 1 3a pybexxoM (uccnedosatrue nameHmHoi
yucmomot).

Peznamenm noucka. Pazpaborka PermamenTa
IOJICKa — OTBETCTBEHHBIN 9Tamn nposegennsa [11.
OT npaBMIBHOCTU €ro COCTABJIEHUs 3aBUCAT
JIOCTOBEPHOCTb UM KadyeCTBO IIONYYEHHBIX pe-
3y/IBTATOB ¥, KaK C/I€ACTBME, CTOMMOCTb pabor
0 TPOBEIEHNI0O MATEHTHBIX MCCIETOBAHMIL.
Haubonee dyacTto BcTpevaromuecs HeJOYeTHI,
JOIlyCKaeMble IIPM COCTaBlIeHMM PermameHra
MOMCKa:

- B KayecTBe IpeJMeTa MOUCKA BbIOMPAIOT
TONBKO OOBEKT MCCIeOBaHMII B 1[eNoM (mpen-
METOM IIOMCKA JOJIXKHBI ObITh TaK)Ke COCTaBHBIE
4acT 00beKTa MCCIefOBAaHMIL, T.e. Y3I/bI, Je-
Ta/IU, ONEPAIMN, KOTOPbIE OMPEMEIIOT €0 OC-
HOBHbIE TeXHIYECKIEe XapaKTePUCTUKN);

- PeTPOCIEKTMBHOCTb IIOMCKAa He y[OBIET-
BOpsAeT MH(OPMALMOHHON NOTPeOHOCTU JJIA
DOCTVOKEHMsA IeIM IMaTeHTHBIX MCCAeTOBaHIMII
(rmy6buHa momcka He JJOKHA OBITH MeHbIE Jie-
CATHU JIeT, 3a UCK/TIOYEHMeM CIy4aeB, KOorja 00b-
€KTOM MCCIeJOBAaHNI SIBISETCS MPOrPAMMHBIII
KOMIUIEKC 60 aBTOMATU3MPOBaHHAs MHPOP-
MaLMOHHO-aHAIUTUYECKasa cucrema)’;

- mouck no 6asaMm gaHHbIX PocnaredTa BbI-
[ONTHAETCA B HEJOCTATOYHOM 06 beMe (M3 UCTOY-
HUKOB IIOMCKAa HEOOOCHOBAHHO MCKIIOYAITCI
naTeHTHbIe 6a3bl JaHHBIX (Bl) mpoMbIIIIeHHbIX
06pasnos, B]] cBuaeTeNbCTB HA IPOTrPAMMBI 151
9BM u fip.);

— ucnonautenun HWVOKP npoBonbHO dYacTo
OTPaHMYMBAIOTCA MPOBEleHNEM TTONCKA MHPOP-
MaluM TOJABKO II0 NAaTEeHTHBIM 0a3aM JaHHBIX,
3HAYMTETBHO PeXXe MPOBOJSAT MOMUCK IO MCTOY-
HUKAM Hay4YHO-TeXHUYeCKoi WHpopmanuu, a
KOHBIOHKTYPHO-9KOHOMMYeCKass MHPopManms
BOBCE He YUYMTBIBAETCH.

O6ujue Oaunvie 06 ob0vexkme ucciedo8aruil.
HanHbI CTPYKTYpHBIN 31eMeHT oTdeTa o IIV,
KaK MPaBuUJIO, COTEPKUT [2]:

- [aThl HaYajIa ¥ OKOHYaHUs pabOThI;

- ommcaHume o0beKTa UCCAeNOBaHNIL, €ro Ha-
3Ha4YeHune, 0071aCTh MIPUMEHEH N S;

- HaVMeHOBaHMe, XapaKTepUCTUKy Opra-
HU3AUVU-UCIOTTHUTENSA, WUCTOPUI0 Pa3BUTHA
TEXHMYECKOT0 HampapieHus (mo Heob6xopm-
MOCTH);

- pybpukum MeX/yHapOJHOI IaTeHTHOII
knaccubukanuu  (MIIK), xmaoueBple croBa,
ucnonb3yeMble Ipu paspaborke Permamenra
IIONICKA.

ITpu 3TOM 3a4acTyI0 OTCYTCTBYeT ONNCAHUe
00beKTa MCCIeJOBAHNUII U er0 Ha3HaYeHNe, YTO
3aTPyJHAET OLleHKY pe3ynbraros I1V.

HanonHeHue [JaHHOTO CTPYKTYPHOIO 3ie-
MEHTa METONONOTMYECKUM M TeOpeTUYeCKUM
MaTepuagoM MPOBeleHNs NMATEeHTHbIX UCCIeNo-
BaHMII ABIfAETCA M3NUIIHUM. be3ycioBHO, He-
KOTOpyl0 MHGpOpMalNIio, HAIpuUMep, YCIOBMA
HMATEHTOCIIOCOOHOCTU M300peTeHMss M/MIN TO-
Ne3HOIl MOJeNy, YKasaTb BIIOJIHE [OIYCTUMO,
OJJHAKO M3JIOKEHMe TeopuM 5KBMUBAJIEHTOB OT-
BJIEKaeT OT CYTM MCCIeJOBAHMII M He CIOCo6-
CTBYIOT PElICHNIO IIOCTaBICHHBIX ITepe] TaTeHT-
HBIMU MCCTIeIOBAHMAMU 3afiay.

OcHosHasa (ananumuueckas) uacmop. 3ada-
CTyI0 OCHOBHas (aHalIUTUYeCKas) 4YacTb, KO-
TOpasi [O/DKHa COCTaBAATH OONBLUIYI0 YacThb
0o6beMa OTYeTa TEKCTa, COCTOUT M3 HECKOTBKUX
CTpaHNIL, COlepKALINX Iepedyncienre GoHJ0B n
6a3 JaHHBIX, ICIIOTb30BAHHBIX IIPU IPOBECHUN
IIaTeHTHOTO IOMCKa.

Jpyroil KpallHOCTBIO ABIAETCA BKIIOYEHNE
B OCHOBHYI0O (aHAaIUTMYECKYI0) YacThb OTYeTa
MOJTHOTEKCTOBBIX OIMCAaHMUII OOBEKTOB IPO-
MBIIIJIEHHO COOCTBEHHOCTHM (M300peTeHnit, mo-
JIe3HBIX MOJie/ieil, MPOMBIIIIEHHbIX 00pa31oB),
OTOOPaHHBIX MI/ISI CONOCTABUTETBHOTO AHANMN3A
B paMKaxX MCCIeJOBAaHUI INAaTEeHTHON YJMCTOTBHI
6o [ ONpefeNeHNs 1eeco0OpasHOCTU UX
UCHONb30BaHNUs B 00BEKTe MCCIeSOBaHMUIL, a
Tak>Xe nuTuposannue HopMm 'K PO.

B ma6nuuye 1 npeacTaBIeHbl OCHOBHBIE HEJO-
CTaTK) OTYETOB O MATEHTHBIX MCCIEeOBAHUAX,
JOIyCKaeMble VCIIOMHNUTENSIMY Ha PasINMYHbBIX
sranmax HMOKP.

Ha camoM fiene ocHOBHas (aHaMIMTUYeCKas)
qyacTb oTuera o [1V ok Ha BKIIIOYATh pasfesibl B
COOTBETCTBMMU C 3ajladaMy, IPeJyCMOTPEHHBIMU
B 3amanun. Kaxxpplil pasjen, HAUMHAIOIIUTICA C
HOBOJI CTPAaHUIDI, JOIDKEH COMEp)KaTbh aHA/NIN3
un 060061eHe 0TOOpaHHO MHbOpMaLU, 060-
CHOBaHIe BBIBOJA II0 PELICHHOII 3a/jaue, OLJeHKY
CTelleHU ee pellleHNsA, 0OOCHOBaHME He00XO-
puMocTu nposefieHus IIM Ha mocnemyromux
stanax HVOKP [2].

Huke mpepmoxkeHbl peKOMEHJaIUM IO pe-
meHuio 3agad IV, mocTaHOBKa KOTOPBIX 00y-
cnopneHa tpeboBaHusamu ['OCT P 15.011-96 u
TUNIOBBIX (OPM T'OCYAapPCTBEHHOTO KOHTPAKTa
Ha BpinonHeHe HVOKP.

Ouenxa yposus mexuuxu. Ilo cytn ato «3a-
flaya pagy 3afiaun», BKI0YaoIas IOUCK, 0T6op,

7 T'my6uHa moucka JO/DKHA onpenenAaThes 3ajadamu 1V u cpokoM meiicTBUSA MCKIIOYUTENIbHOro npasa Ha OVIC,

10 KOTOPBIM OCYLIEeCTB/ACTCA IOUCK [3].
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Patent researches as part of R&D under a government contract: typical errors and recommendations

CUCTEeMATU3ALMIO NMATEHTHON ¥ Hay4YHO-TEeXHMU-
4eCKOJ NOKYMEHTalMM ¥ 3aIOTHeHMe Tabuiy
no ¢popmam B.6.1 n B.6.28.

IIpu 3anomuenun tabmuipl mo gopme B.6.1
Bce OoTOOpaHHble B pesynbraTe moucka II]] u
CBUJIETENIbCTBA Ha IporpaMmbl g 9BM, BIl u
TOIOIOT UM MHTerpanbHbIX MUKpocxeM (TVIMC)
Ie71ecoo6pa3HoO pacmonaraTh B IMOPsAKe yObI-
BaHUs MO0 BO3pacTaHUs HAaThl MyOIMKAIUMN,
ITPyNIUpys MO TeMaTU4eCKOll HallpaBIeHHOCTH
B COOTBETCTBUM C COCTABHBIMM YacCTAMU 00B-
€KTa MCC/IEeOBaHUil, a BHYTPM TeMaTUYeCKOI
TPYNIIBI — IO CTPaHaM. DTO BIOCIEACTBUU 00-
JIeTYNT aHA/IN3 IATEHTHOM JOKyMeHTaLl M.

[ToTHOTEKCTOBBIE ONMCAHNA IATEHTOB, pede-
patel nporpaMm ans 9BM u B]l npencraBasaoT
B OT/Ie/IBHOM IPVMIOKEHUM, B CITy4ae OONbLIOrO
Konu4yecTBa MHQPOpPMaLMUM - B 3IeKTPOHHOM
BHJie Ha INICKe.

OnpedeneHue mexHu4ueckozo ypoeHs IPOBOLAT
IS ONpefeNeHMs KOHKYPEHTOCIIOCOOHOCTHU
ob6bexTa uccaegoBanuil (06bekTa pa3paboTKm)
U COOTBETCTBUS TEXHUKO-3KOHOMUYECKUM IIO-

KasaTelsiM M TeXHMYECKUMM XapaKTepUCTUKAM
JTyYLINX MUPOBBIX aHaMoros’ [3].

[Ipu 3amonHennu tabnuusl mo gopme I.1.1.
«ITokasaTrenu TeXHMYECKOTO YpPOBHA OOBeKTa
TeXHUKN» Ba)XHO B KpailHEM JIeBOM CTOJIOIe
yKasplBaThb JMMEHHO HaMMEHOBaHMe II0Ka3a-
Tesell, XapaKTepU3YIOUINX TEeXHUYECKUIl ypo-
BEeHb, HAIpUMep, «BeC OOOPYZOBaHMS», «IU-
amasoH pabo4yux TeMIeparyp», «u3MepsieMas
ITy6uHa», «pacxof, peuentyps». OmuoOKoi sAB-
JISIeTCSl YKas3blBaTh HaMIMEHOBaHME COCTaBHBIX
qacreit (CH) o6bekTa nccneqoBaHus, HaIpUMep,
«IIpOrPpaMMHBIE TIPOAYKTHI, obecmedmBarouiue
nonydeHne rugporpadudeckoit mHGOpMALNI»,
«TeXHOMOTnM 06paboOTKM JaHHBIX» U T.J.

Buisienenue menoenyuti passumus. Buisas-
JIeHMe BeyIINX OopraHnusauii (paspaboT4nKos,
npaBooOnagareneil) B MCCIeAyeMoil 006macTu
B CTpaHe M B MMpe, NpeAIonaraeT M3ydeHue
u300peTaTebCKONl aKTUBHOCTM M IOCTPO-
eHye IIPOrHO3a WU3MEHEHUs TeXHUKO-9KOHO-
MUYECKUX, IPrOHOMUYECKUX, IKOTOTMIECKUX,
s dexTuBHOCTM U [p. MOKasareneil 00beKTa

Ta6nuua 1. OcHo8Hble HEOOCMAMKU OMYemoe 0 NdMeHMHbIX UCC/1e008aHUSAX U peKoMeHdauyuu
no ux ycmpaHeHuto
Table 1. Common Mistakes in Patent Research Reports and Recommendations for Correction

Atan HNOKP /
R&D Stage

3apauva N /
PI Task

HepocTaTok /

PekomeHpauus no
npaBuibHOMY 0OpM/IEHUIO
pesynbtaTos A /
Recommendation

Mistake

HWP: paspa6oTka T3, Bbl-
60p HanpaeJieHWs uccie-
noeaHunit. OKP: paspaboTka

OnpejeneHne TexHUYe-
CKOro ypOBHS /
Determination of

MyTaHWLa B MOHATUAX «TEXHU-
YeCKUI YPOBEHb» U «yPOBEHb
TexHWKW». B pasgene otyeTa

[ns onpepaenieHns TeXHUYECKoro
YPOBHS OMNpeAensoT 3Ha4YeHUs
TEXHWKO-3KOHOMMUYECKMX MoKasa-

3CKM3HOrO (TEXHMYECKOro)
npoekTa /

R&D (Research and
Development): development
of TOR, selection of research
direction. CDR (Critical
Design Review): development
of draft (detailed) design

technical level

npvBefeHbl pedepaThbl, ONUCaHUS
M PUCYHKW K peJIeBaHTHbIM Na-
TEeHTHbIM AoKyMeHTaM / Confusion
between "technical level" and "prior
art". The report section contains
abstracts, descriptions and drawings
of relevant patent documents

Tenen, UMeLLUX 3Ha4YeHne as
dYHKLMOHUPOBaHUA o6bekTa /
To determine the technical level,
the values of technical and
economic indicators important for
the functioning of the object are
determined

TexHMYecKnit ypoBeHb 06beKTa
onpenensoT B popme
«BbICOKMI» — «<HU3KUIN» /
Technical level is determined as
"high" - "low"

3HavyeHUss TEXHUYECKUX XapaKTepu-
CTUK 06BbeKTa M 6a30BbIX 06pasLOB
npeacTaBasatoT B Tabaumue no ¢op-
me [.1.1. TeXHU4YeCKuin ypoBeHb
onpeaenstoT No pesyabTaTaM cpas-
HEeHWsA NokasaTenemn («aa» — «<HeT»,
«BbILUE» — «HUXKEY) /

The values of technical characteristics
of the object and reference

samples are presented in the

table according to form D.1.1. The
technical level is determined by
comparing the indicators ("yes"/"no",

"higher"/"lower")

8 3pmech u parmee yKasaHbI HOMepa TAOMUI] [JIsI IIPefOCTABIEHNS JAHHBIX O (OpMaM, IPefyCMOTPEHHBIM

TI'OCT P 15.011-96.

° Ha panHux stanax HVIP ompepneneHue TeXHUYECKOTO YPOBHA PEKOMEHIYETCA OCYIIECTBIATb IO METORMKE
9.I1. CxopHskosa [1] 1160 PyKOBOACTBOBATHCS TOKAIBHBIMIU METOLMIECKIMI JOKYMEHTAMIL.
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MpodomxeHue mabnuywi 1

3tan HUOKP /
R&D Stage

3apaua NN /
PI Task

HepocTtaTok /
Mistake

PekomeHaauus no
npaBuabHOMY 0pOPMIEHUIO
pesynstaTtos MU /
Recommendation

HWP: paspa6oTka T3, Bbl-
60p Hanpae/eHUs uccne-
L0BaHUN /

R&D: development of
TOR, selection of research
direction

BblisiBNeHMe TeHAEHUNI
passuTus /
Identification of
development trends

TeHAeHUUK onpeaensoTcs No
TEXHUYECKOMY pe3y/bTaTy, Ha
[OCTUXKEHME KOTOPOro Harnpas-
NleHbl 0TOBPaHHbIE NaTEHTHbIE
[OKYMEHTbI, 6€3 yyeTa AUHAMUKN
naTeHToBaHus. o cyTv 31O Apy-
ras 3afada - uccaegoBaHume Tpe-
6oBaHuUI NnoTpebuTenen /

Trends are determined by the
technical result of selected patent
documents, without considering
patenting dynamics. This is
essentially a different task -
consumer requirements research

Pacnpenenenune oTobpaHHbIX na-
TEHTHbIX LOKYMEHTOB MO OXKMaae-
MOMY TEXHUYECKOMY pe3y/bTaTy U
rogam npuopuTteTa (My6amMkaumm).
MocTpoeHne anarpaMm AMHaMUKK
NnaTEHTOBaHUA MO KaXKA0MY Ha-
npaeneHuto. Mubopmauymto npes-
CTaBAOT B TabsiMuax no popmam
B.6.4,0.1.2/

Distribution of selected patent
documents by expected technical
result and priority (publication)

years. Construction of patenting
dynamics diagrams for each direction.
Information is presented in tables
according to forms B.6.4, D.1.2

OKP: pa3paboTka 3CKM3HO-
ro (TexHM4yeckoro)

npoekTa /

CDR: development of draft
(detailed) design

BbisiBneHue TeHAeHL M
pa3euTus (To xxe) /
Identification of
development trends
(same)

OTcyTCcTBME NPOrHO3HOM
oueHKn /
Lack of forecast assessment

AHann3 BbIABJIEHHbIX TEHAEHLWIA;
BblJeJIEHME MPOrPeCCUBHbIX Ha-
npaB/IEHWUI C NOJIOXKUTENIbHOM
OMHAMUKOW; MOCTPOEHMe NporHosa
MeTo0M 3KCTpanoasaumm /
Analysis of identified trends;
identification of progressive directions
with positive dynamics; construction
of a forecast by extrapolation

HWP: paspa6oTka T3,
BblIGOP HanpaB/ieHUs, TeO-
peTuyeckme/sKcnepmmMeH-
TaJibHble UCC/IE0BaHMS.
OKP: paspaboTka (3cKku3-
HOro/TeXHNYECKOoro) Npo-
eKTa, paspaboTka PK/, /
R&D: development of TOR,
selection of direction,
theoretical/experimental
research. CDR: development
of (draft/detailed) design,
development of DCD

O6ocHOBaHWE HEO6-
XOAMMOCTM UCMO/b30-
BaHus OUNC, npaBa Ha
KOTOpble NpuHagie-
YKaT UCMOSTHUTEN0 U/
WU TPETbUM NnuaMm /
Justification of the need
to use IP objects owned
by the contractor and/or
third parties

OTCcyTCTBYIOT CBeAeHUs 06 nc-
nosib30BaHUK n3BecTHbIX ONC /
No information on the use of known
IP objects

CeefeHus NpeacTaBastoT B Tabau-
ue no ¢opme 1.2.1/

Information is presented in the table
according to form D.2.1

OTCYyTCTBYIOT CBEEHUSA O pe-
LUeHNN 3aKasymKa Mo 1CroJsib3o-
BaHuo OVC, npaBa Ha KOToOpble
npuHagiexaTt UCnoaHuTeto n/
WX TPEeTbMM Anuam /

No information on the Customer's
decision on the use of IP objects
owned by the contractor and/or
third parties.

Ha ocHoBe gaHHbIX (bopma [.2.1)
dopmupytoT «[MepeverH OUC,
MaHUPYEMBIX K MCMOJIb30BAHMIO B
HWOKP», n HanpaBastoT 3aKa3unky
Ha cornacoBaHue /

Based on the data (form D.2.1), a "List
of IP objects planned for use in R&D"
is compiled and sent to the Customer
for approval

OTCyTCTBYIOT CBeAeHUSA 06
MCMNOJIb3yeMOM Hay4HO-TEXHU-
YyecKkoM 3agene, pa3paboTaHHOM
paHee U NpuUHagieXKaLlem Ucno-
HUTEO U/UNIN TPETBUM NINL,AM,
B Tu. Poccuiickon ®epepavum /
No information on the use of
scientific and technical groundwork
developed earlier and owned by

the contractor and/or third parties,
including the Russian Federation

B agpec 3akasunka HanpasasoT
NMUCbMO O COr/TIaCOBaHMM UCMOJIb30-
BaHMs Hay4YHO-TEXHUYECKOrO 3aje-
na. B oTyeTe NpuMBOASAT PEKBU3UTDI
nucbMa u pelleHune 3akasymka /

A letter is sent to the Customer
requesting approval for the use of
scientific and technical groundwork.
The details of the letter and the
Customer's decision are provided in
the report

HWP: TeopeTnyeckune/skc-
nepuvMeHTasIbHble ucce-
nosaHus. OKP: paspaboTka
PK[, nsrotosneHue onbIT-
Horo o6pasua, npeasapu-
Te/IbHblE U TOCYapCTBEH-
Hble UCMNbITaHWUs /

BbisiBIeHWe oxpaHocno-
cobHbIx PN, /
Identification of
patentable RID

Omcymcmeaytom ceedeHus 0 co3-
OaHHbix PN /
No information on created RID.

CeefeHns NpeacTaBAAOT B Tabn-
ue no dopme 1.2.2 /

Information is presented in the table
according to form D.2.2
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Stan HUOKP /
R&D Stage

3agavann /
PI Task

HepocTtaTok /
Mistake

PekomMeHpauusa no
npaBuibLHOMY 0bOPMJIEHUIO
pesynbraTtos A /
Recommendation

R&D: theoretical/
experimental research.
CDR: development of DCD,
manufacturing of prototype,
preliminary and state tests

OTCyTCTBYIOT CBeeHUNs 06 yBe-
L,0MJIEHMM 3aKa3uMKa O Co3aaH-
HbIx PUL, /

No information on notification of the
Customer about created RID

CornacHo Tunosoi ¢opme ro-
CKOHTpPaKTa, UCMOJIHUTENb 06513aH
YBELOMUTb 3aKasumnKa 0 KaXK4oM
cospgaHHom PN, cnocobHoOM K
npaBoBOI OXpaHe, Cc 060CHOBaHMEM
nopsKa UCNoJib30BaHUs U Npes-
NOXXEHMSIMM MO NMPaBOBOM OXpaHe.
B oTueTe NpuBOASAT PEKBU3UTDI
yBeAoMJIeHNs (Konuto) /

According to the standard government
contract form, the contractor must
notify the Customer of each created
RID capable of legal protection,

with justification of the proposed
procedure for use and proposals for
legal protection. The details of the
notification (copy) are provided in the
report

OTCyTCTBYIOT NPeAJIOXKEHMS MO
NpaBOBOI OXpaHe HenaTeHToCMo-
cobHbIx PN, /

No proposals for legal protection of
non patentable RID

PekomeHayemas popma oxpaHbl -
CeKpeT NpoussBoacTBa (Hoy-xay).
MporpaMmHoe obecneyeHne noa-
JNIEXKUT rocyapcTBEHHOM peru-
cTpauun B PocnaTteHTe /

The recommended form of legal
protection for such RID is trade secret
(know how). Software is subject to
state registration with Rospatent

HWP: TeopeTuyeckne/skc-
nepuvMeHTasibHble Uccie-
[,0BaHUSA, OMbITHO-TEXHO-
norunyeckue pa6otbl. OKP:
paspaboTka PK/, rocynap-
CTBEHHbIE UCMbITaHUS,
yTBepxaerHne PKI, ans
npoussoacTsea /

R&D: theoretical/
experimental research,
technological works. CDR:
development of DCD, state
tests, approval of DCD for
industrial production

MccnepoBaHue naTeHT-
HOW YNCTOTbI /
Patent FTO study

[MpoBepka 06bekTa nccneno-
BaHWUI B LLesIOM (6€3 COCTaBHbIX
yacTen) /

Verification of the object as a whole
(without components)

MpoeepKa B LLe/IOM, COCTaBHbIX
yacTel, BHeLUIHero BMaa obpasua /
Verification of the object as a whole,
its components, and the appearance
of the sample

OTCyTCTBYET NepeyeHb NOKYMHbIX
KoMmieKTyowmx nsgenui (MKN)
M NOKYMEHTbI, NOATBEPXKAatoLme
MX NaTEHTHY YNCTOTY (NaTeHT-
Hble GOPMYAISPbI, BbIMUCKU U3
OTYETOB, KOMUU JINLLEH3UOHHbIX
[OrOBOPOB, YTBEPXKAEHHAs CXeMaA
OeNIeHns); OTCYTCTBYHOT KOMuu
[,0roBOPOB MOCTABOK /

No list of purchased components
(PC) and documents confirming
their FTO (patent forms, extracts
from reports, copies of license
agreements, approved division
scheme); no copies of supply
contracts

CepfeHns 06 UCMOJIb30BaHHbIX
MKW BktovatoT B Tabamuy no
dopme B.6.3. MNpu oTcyTCTBUM
MKW 3anucbiBatoT: «3anpalunsaTb
CBe,eHMSA O MAaTEHTHOM YncToTe
KOMMIEKTYIOLMX HE TpebyeTcs...»
C YKasaHueM npuinHbl /
Information on used PC is included
in the table according to form B.6.3.
If there are no PC, write: "Requesting
information on FTO of components is
not required..." with a reason

OTCyTCTBYIOT CBEIEHWNSA O COMO-
CTaBUTE/IbHOM aHan3e cyle-
CTBEHHbIX NPU3HAKOB 06bEKTA U
dopmyn 0TobpaHHbIX M306peTe-
HUI (NonesHbIx moaenen) /

No comparative analysis of essential
features of the object and claims of
selected inventions (utility models)

PesynsTaThl NpoBepKM NaTeHTHOM
YNCTOTbI NPeACTaBAAOT B Tabsiu-
uax no ¢opmam [1.3.1.1, .3.1.2,
0.3.1.3/

The results of FTO verification are
presented in tables according to forms
D.3.1.1,D.3.1.2,D.3.1.3
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PekomeHpauusa no
dtan HUOKP / 3apgaua NN / HepocTtaTok / npaBubHOMY 0bOpMIEHUIO
R&D Stage Pl Task Mistake pesynbtaTos M /
Recommendation
HenpasuabHbI 0T60pP NaTeHTHbIX | [IpoBepKa NpoBOANTCS B OTHO-
[OKYMEHTOB /151 CONMOCTaBUTEb- | LLUEHUWN AENCTBYHOLLMX NAaTEHTHbIX
Horo aHanm3a / LOKYMEHTOB IGO0 TeX, AencTBme
Incorrect selection of patent KOTOPbIX MPEKpaLLEHO, HO MOXKET
documents for comparative analysis |6bITb BOCCTAHOBIEHO /
Verification is carried out for valid
patent documents or those whose
validity has ceased but may be
restored
OTcyTCcTBYHOT pekoMeHaaumm no | lMpeaJsioxeHne afbTepHATUBHBIX
obecneyvyeHuto 6ecnpensaTCTBEH- |NyTen AOCTUXKEHUS NAaTEHTHOM
HOW peannsaumm obbeKTa (ecm  |4MCTOThI (NprobpeTeHne npas,
OH He 06.1agaeT NaTEHTHOM Yu- ocrnapuBaHMe MeLlakoLLLEero NnaTeH-
cTtoToun) / Ta, «0bxoa» 1 ap.) /
No recommendations for ensuring Proposal of alternative ways to
unimpeded implementation of the achieve FTO (acquisition of rights,
object (if not FTO) challenging the blocking patent,
"design around", etc.)
MpumeyaHue.

Tabnua cocTaB/ieHa aBTOPaMM Ha OCHOBE COBCTBEHHbIX AaHHbIX M B cOOTBETCTBUM C [1-3].

Note.

The table was compiled by the authors based on their own data and in accordance with [1-3].

VICCTIeIOBAaHMII Ha OIpeJeNeHHbIl mepuoxn (c
UCIIO/Ib30BaHMEM  MeTOfa  3KCTPAaloIALUK
teHgenuin) (1, 4].

C menbi BBIABIEHUS TEHJAEHLUNII pa3sBUTHUA
11e/1eco00pa3Ho 3aNMONMHATH Tabnuiy mo gpopme
B.6.4 «KonnyecTBo 0y6/1MKOBaHHBIX OXPaHHBIX
TOKYMEHTOB II0 rojaM (m3obperaTenbcKas ak-
TUBHOCTB)». lloly4YeHHble [aHHbBIe IIpeACTaB-
nawT B Tabnuue no ¢opme [1.1.2 «TenpeHuun
pas3BUTUA 00DBEKTa MCCIEeNOBAHNA», IPU 3TOM
BBISIBJICHHbIE TEHJEHLUN C/IefyeT 3alNCbhiBaTh
B KpailHUII JIeBBI CTONOEL], HAIpUMep, «YBe/lIn-
YeHUe BpeMEeHM 3alUTHOTO JeficTBUA...», «CHU-
JKeHMe pacxofia...» U T.J1.

ObocHosanue  He0OX00UMOCMU  UCHONB3O-
sanus OVIC, npasa Ha komopvie npuxaonexam
ucnonHumento u(unu) mpemoum auuam. JInsa
pellleHNs JJaHHON 3aflayy HeOOXOJAVMBI TeXHM-
KO-9KOHOMMYECKNII aHalIu3 M OLjeHKa IIpuMe-
HUMOCTU B 00BeKTe MCCIeOBAHMUIT M3BECTHBIX
OJIC BHe 3aBMCMMOCTY OT OPMBI UX IPABOBOI
OXpAaHBI.

B coorBercTBUM ¢ TpeboBaHMAMU CT. 773
I'K P® wucnomHurenr o06s3aH cOITacoBaTb C
3aKa34MKoOM HeOOXO[MMOCTDb VCIIO/Nb30BAHMA
oxpaHseMbix PU]I, npuHapgnexxamux TpeTbUM
NNUIAM, ¥ IproOpeTeHNe paB Ha MX UCIOTb30-
BaHUe. VIcrmomHNUTENI0 HEOOXOAMMO HAIpPaBUTh
B aJipec 3aKas34yMKa yBeJOMJIeHUE O HeoOXOmu-
MOCTU WUCIONTb30BaHNUA B paboTe OXpaHAEMBIX
PU]I, npuHagnexalux TpeTbUM ANLAM, C IPU-
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noxenueM nepednsa PU]I, nimaHupyembIX K Kc-
I0JIb30BaHMUIO.

Bonpoc wucnonpsoBaHus ussecTHbix PUJL
(Tax Ha3bpIBaeMOJl «IpeAIIeCTBYIOIIeNl WHTeN-
JIEKTYaJIbHON COOCTBEHHOCTM») HEOOXORMMO
COIJIACOBBIBATh Ha HAYa/IbHBIX 3Talax padoThI,
B Mjleane — IO 3aKIIOYE€HU TOCyJapCTBEHHOTO
KOHTpakKTa, Ana OKP - o yTBepX/eHus CTpyK-
TYPHOJ CXeMBbI ie/IeHNA U3JleNINs Ha COCTaBHbIE
YacTu.

HdanHble mo ucnonb3opanuio PU]I, mpaBa Ha
KOTOpble INpUHAAIEXAT MCIOMHUTENO W(VIn)
TPETbUM JIUIAM, NPEACTABIAIT B Tabnuie 10
¢dopme [1.2.1 «AHanu3 NPUMEHUMOCTU B 00B-
eKTe JVICCTIeJOBAHNI M3BECTHBIX 00bEKTOB IpPO-
MBIIIJIEHHO! (MHTE/I/IEeKTyalbHON) COOCTBEH-
HOCTI.

Buisagnernue oxpaHocnoco6Hbtx PI]I, T.e. Tex-
HMYECKUX, XY[L0XKeCTBEHHO-KOHCTPYKTOPCKUX,
IpOTPaMMHBIX U APYTUX pelleHNl, CO3TaHHbBIX
B xoge BpinonHenusa HVMOKP, ¢ o60ocHOBaHMEM
npepnonaraeMoit GopMbl UX IPaBOBOI OXPaHBI.
Vcnonuutens 06s3aH yBeOMUTDh 3aKa3duKa O
nonydyennu PUJI, cnoco6HOro x mpaBOBOil OX-
paHe. K oT4eTy nmpuKIajbIBalOTCA KONMUM YBe-
moMneHMI 3aka3uuMkKa M KONuM pemeHuin 3a-
Kas4yyka 00 obecmeyeHUM INPaBOBOIl OXPaHbI
cosgauubiXx PUJI (ecnu Ha MOMEHT HOATOTOBKU
otuera o IVl oM mony4deHsr).

Ceenenus o cosmanHbix PVl 3aHOCAT B Ta-
onuny mo ¢opme [1.2.2 «OreHKa HaTeHTOCIHO-
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COOHOCTM BHOBb CO3JAHHBIX TEXHUYECKUX U
XY[JOKeCTBEHHO-KOHCTPYKTOPCKMX  peIleHMUI],
ompefiesieHNe 1[e1eCOO0OPA3HOCTU X MPaBOBOIT
oxpaHbl». [Ipy 9TOM HapsAAy ¢ MaTEHTOCIOCO6-
HBIMU B YKa3aHHYIO TaOnNUIy HeOOXOZMMO BHO-
CUTb CBeJeHUS O J[PYTUX OXPAaHOCHOCOOHBIX
PUJI, manpumep, nporpamMmmax gna IBM, 6asax
panabix 1 TUMC.

KpowMme Toro, Ha 3aknounTenbHoM sTane OKP
Ba)>KHO IPeAyCMOTPETh BO3SMOXXHOCTb IIPaBOBOII
OoXpaHbl paboyell KOHCTPYKTOPCKOI HTOKYMEH-
taruu (PK]I) B kauecTBe cekpeTa mMpoOn3BOJCTBA
(noy-xay).

Hccneoosanue namenmuoii uucmomor (ITH)
IpefIoNaraeT IpoBepKy 00beKTa paspaboTKu
B OTHOILIEHMV TOTO, He HapyllaeT M OH YbM-
60 MHTe/N/IeKTyaJbHble IpaBa, T.e. BO3MOX-
HOCTh 0eCIpemnsTCTBEHHOTO INPOU3BOACTBA U
peanusanuyu B CBOel CTpaHe M 3a PyOeKOM.
[Ipryem «maTeHTHas 4YUCTOTa» SBIAETCA OT-
HOCUTE/bHBIM IOHATHEM, IIOCKOTBKY OOBEKT,
nofmnafarollnil mofd AeiiCTBUe IIaTeHTa B OJHOI
cTpaHe, MoxXeT ob6mazmare 14 B gpyroit crpane,
I7le TaKMX IaTeHTOB HeT [5].

O1eHKe IO BEPraoTCs BCe UM 6ONBIINHCTBO
peanyu3oBaHHBIX B 00paslle TeXHMYECKUX pe-
HIEHUIT, BHEIIHUIT BUJ 00beKTa M MPOrpaMMHOe
obecrnieuenne. Ecnmm ofHO 13 BHEIPEHHBIX TeX-
HMYECKNMX peIIeHNil HapyllaeT IIpaBa TPETbUX
JINL, TO CYUTAIOT, YTO BeChb OOBEKT He 0Oma-
maet I1Y4.

ITY pacnpocTpaHsAeTcs He TONBKO Ha YCTPOIi-
CTBA M M3JeNNs, HO ¥ Ha JOKYMEHTa[ IO,

ITpu ouenke IIY o6beKkTa B 1€JIOM yUUTHI-
BAIOTCA CBefleHNUs 00 JMCIO/Nb3yeMbIX B 00beKTe
HOKYIHBIX KoMIUTeKTylomux nspenuax (ITKN).
Csenennusa o IIY IIKV sanmpammBarpTca y IoO-
CTaBUIMKOB V/IU Pa3pabOTYNMKOB M OTPAKAITCS
B Tabnuue no popme B.6.3.

Ecnu B pabore He IIaHUpyeTCA MCIONb30-
Batb [IKJ - B Tabnuie yKaspIBalT CIeAyoLiee:
«IIpn Boimonuenuu HUP (OKP) pokymen-
TalusA [0 MOKYIHBIM KOMIUIEKTYIOLUIMM MK3Je-
UAM He 3allpallnBanach B CBA3YU C T€M, 4TO...»
(mpuvnna).

Ilanee mpoBOAUTCA NpOBEePKa MATEHTHO 4N-
CTOTBI pelIeHMi (TeXHUYECKUX, XYHZOKeCTBEH-
HO-KOHCTPYKTOPCKUX ¥ HPOTPAMMHBIX U MHBIX),
paspaboTaHHBIX  WCHONHUTeNeM.  PelreHue
OAHHOW 3ajauyM JasA OODBEKTOB IAaTEHTHOIO
IpaBa MOApa3yMeBaeT IIPOBefleHNe COIOCTABMU-
TEeJIbHOTO aHajaMu3a IPU3HAKOB IPOBEPAEMOTO
npoAyKTa (MccmenyeMoro o6beKTa TEeXHUKMN)
U CYIIeCTBEHHBIX IPU3HAKOB OOBEKTOB IPO-
MBILJIEHHOM COOCTBEHHOCTH, HeICTBYIONIMX Ha
TePPUTOPUM CTPAHBI, HA TEPPUTOPUN KOTOPON
ITAaHUPYeTCs MCIIONb30BaHUe paspabaTbiBae-
Moro o6pasna. IIpu 3ToM npoBepka MaTeHTHO

4MCTOTHI B oTHOWeHuM Poccuiickoit Pegepann
o6s13aTenpHa B 1I060M ciaydae [1].

TakoMy cONMOCTaBUTETPHOMY aHAAU3y IOJ-
JIeXKaT BCe JeICTBYIOLI e IATeHThI ¥ Te, KOTOpbIe
He JelICTBYIOT, HO ellfe MOTYT ObITh BOCCTAaHOB-
neHbl. CBeleHN O MATEHTaX, IMOJJIEeXKALIUX CO-
IOCTAaBUTETPHOMY aHajM3y, YKa3bIBAlOT B Ta-
6nuie mo hopme 1.3.1.1.

Hanee sanonusioT Tabnuny mo ¢opme [1.3.1.2,
B rpade 3 KOTOPOII MepedncasioT IpU3HaKU U3
He3aBMCHMOTO IyHKTa (GOpMYIbl M300peTeHMs
(monesnoit mogenu), B rpade 4 — MpU3HAKU TPO-
BepsieMoro o6bekTa. I1o KaXk/[oMy IpU3HaKY He-
00XOIVIMO YCTaHOBUTD, IIPUCYTCTBYET U IIPU-
3HaK u300peTeHUss B 0ObeKTe MCCIELOBAHMIL.
Ecnu mpusHak NPUCYTCTBYET, CYUTAETCS, 4TO
00DbeKT pa3pabOTKM HapyllaeT IpaBa IPaBoO-
OnajaTens JAHHOTO MaTeHTa (TOBOPAT, YTO «IIa-
TEHT HapyIIeH»).

Owmnbku, gomyckaemsie mpu nposepke ITY,
qalle BCero OOBACHAITCA (OPMANTbHBIM OT-
HOILIIeHNEeM K IIPOBEJeHMI0 COMOCTABUTENIBHOTIO
aHa/nM3a, HAIpUMep, CPaBHUBAIOT CIHOCOO U
HabOp TEXHUYECKUX CPEACTB: «CIOCOO ompese-
JIEeHUsI M IOCTPOEHMS MPOCTPAHCTBEHHOTO pac-
HpefielieHNs...» U «KOMIIJIEKCHasi cuctema obe-
CIIEYEHUS. . . ».

B Xope comocTaBUTENTBPHOTO aHAIN3a CIefyeT
YYUTBIBATh 9KBUBa/JIEHTHBIE NIPU3HAKY, O] KO-
TOPBIMM TOHMMAIOT TaKue HPU3HAKY, KOTOpbIe
COBIIAJJAIOT 110 BBITIO/THAEMOI QYHKIIVY ¥ JOCTHU-
raeMoMy pe3ynbTaTy (eciu 3aMeHa IpKU3HaKa He
MeHseT TeXHUYEeCKUIl pe3ynbTaT u3o0peTeHus,
T.e. TOT )K€ TeXHMYECKUIT pe3ynbTaT JOCTUTHYT
3a CYeT JNCIO/Nb30BAaHMA APYroro Marepuana
VUIM T€XHOJIOTUY, & CaM 3aMeHSIOIMIT IPU3HAK
M3BeCTEeH U3 YPOBHS TEXHMKM, TO NIPU3HAK CUM-
TAeTCsI 9KBMBAJIEHTHBIM U MOXXET OBITH MCIOJIb-
30BaH IIPU CONMOCTaBUTENBHOM aHanuse) [5].

Ha cnepymomeM srame, Ipy 3al0/IHEHUM Ta-
6nuier o dopme [1.3.1.3, menaeTcss BHIBOJ O ma-
TEHTHOJ YMCTOTEe 00'beKTa UCCIIeOBAHMIL.

Ha mpomexxyTounom stane HVIOKP BriBOA
o ITY o6bekTa WMccIemoBaHMIT BCerga HOCUT
HpefBapuTeNbHbI XapakTep. OKOHYAaTeTbHBIN
BeIBOJ 0 ITY moymkeH OBITH CelaH Ha 3aK/II0YM-
tenbHOM 3Tane HVIOKP ¢ yyerom:

a) pe3y/IbTaTOB CONOCTABUTE/NIBHOIO aHA/IN3A
CYLIeCTBEHHBIX IPU3HAKOB 00'beKTa U JeCTBY-
IOIMX OOBEKTOB IPOMBIIIIEHHO! COOCTBEH-
HOCTU;

0) Hanmu4uA pemeHnsA 3aKaszyuka 1o BOIIPOCY
VICIIONIb30BaHMA B 06 beKTe uccnegosannit OVIC,
IpaBa Ha KOTOpPbIe IPUHAJIEXKAT MCIIOMTHUTETI0
u(Mnym) TPeTbUM JULAM, ¥ yperyIMpoBaHUSA
IPaBOOTHOIIEHNII ¢ MX IpaBoobragaTensiMu,
T.e. HAJIM4Vs 3aK/TI0YEHHBIX TUI[eH3MOHHBIX JI0-
roBopos (JIII), cornmariennii;
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B) OTBETOB oOpraHmsanuit (mpegunpusiTuii-
usrorosureneii) Ha 3anpocel o IIY ITKU (cBe-
IDeHUs 1eecooO0pa3HO MPeAcTaBUTH Mo Gopme
B.6.3);

I) JOKYMEHTOB, moprBepxparomux [IY co-
CTaBHBIX 9YacTell oObeKkTa uccaemoBaHuin (or-
geTsl o [IVl, mareHTHBIe (OPMYIApPHI, rapaH-
TUJIHBIE NNICbMa 33 IOAINCHI0 PYKOBOZUTENS
OpraHM3anNU-COUCTIONHUTENA'?).

Crenyer o6paTuTh BHUMAaHMUe, YTO BBIBOJ, O
IT9 o6pbekTa MccneqoBaHUII [elaeTcs Ha KOH-
KpeTHYIO JaTy (aTy IpoBefileHMs aHa/lIN3a 0TO-
opanubix I1]1), KOTOpPYyI0 HY>XHO 3adUKCUPOBATH
B otueTe o 1N [2].

Ecnn y rolIOBHOTO MKCIIOTHUTENSI MMeEEeTCs
KOOIlepanyus COMCIOMHUTENEN, TO CBeleHUs U3
OTYETOB COMCIIOJHUTENEN LOMKHBI OBITh 0006-
I[eHbl ¥ BK/IIOYEHBI B OTYET TOTOBHOTO MCIION-
HUTEN.

Ha saBepmaromux stamax OKP kx oruery o
[T nenecoo6pasHO HPUIOKNUTH YTBEPKAEHHYIO
CXeMy JielIeHN A U3JleNNA Ha COCTaBHbIE YaCTH.

B cnyuae ecnu paspabarsiBaeMblit 06pasers He
obnapaer IIY, MOTyT OBITh IPeAIIPUHATHI CTIEAY-
OlIIi€e IIATu:

- BHeceHue usmeHennit B PK]I;

— OCIIapMBaHMe JeICTBUA «MEIIAILIEero» ma-
TEHTa B CYZeE;

- sakmiouenne JIJI ¢ mpaBoo6nasarenem ma-
TEHTA.

C 9TOll menbi0 peKOMEHAyeTcsA IpOaHa-
AU3NPOBATh MHATEHTHO-INIIEH3VOHHYI fies-
TeIbPHOCTh IpaBoOONIafaTeNnss «MeIlalLiero»

IIJI. 3adacTyio BBIACHSAETCSH, YTO OpTraHM3AINA
(4alie Bcero — Hay4YHO-UCCIEZOBATeNbCKIUIT MH-
cTuTyT nMu60 00pa3oBaTeNbHOE YUYpexXjeHUe)
He 3aMHTEPECOBAHO B MCIONb30BAHUU COO-
CTBEHHOTO M300peTeHUs ¥ He MOJALep>KUBaeT
meiicTBue mareHTa (MHpopmanus o craryce I1]]
npencTaBieHa Ha caiite Pocmarenrtal!), crme-
JOBaTEIbHO depe3 OIpefe/leHHOe BpeMsA Ia-
TEHT IlepeliieT B OOLIeCTBEHHOE [JOCTOSHME U
MOXXeT OBITh MCIIONb30BAaH MIOOBIM IMLIOM 6e3

OrpaHMYEHUIL.

[Tomo6HBIVI aHanM3 TO3BONSAET MPUHATDH
IpaBU/IbHOE pelleHre U u30eXaTb IUIIHNUX
Tpar.

KpoMme nmpepcTaBneHHbIX B mabnuye 1, BCTpe-
YaloTCs HapylieHus TpeboBaHuMit opopmMuTenn-
CKOTO XapakTepa'’: OoTCyTCTBMe 00s3aTelbHBIX
CTPYKTYPHBIX 3/IEMEHTOB OTYeTa; IIOfIMCeN
TO/KHOCTHBIX JIMIL M MCHOJHUTENEN, AT TOf-
HUCaHUs OTYeTa NMOO0 OTCYTCTBUE YTBEpPXKHAa-
IOIeJl IeYaTy OpTaHM3aluy; IpefcTaBIeHNe
MHOCTPAHHOM IATEHTHOM M HAay4YHO-TEXHUYe-
cKoil mHGOpMAI[ MK Ha S3bIKE OPUTHHAJIA.

B xome mpoBenenus I1V nmpuxogurcs obpabda-
THIBATh 00/IbIION MaccuB MHPopManuu. B mensax
COKpallleHNsI BpeMeHU VMCIIOTHUTENS Ha MOUCK,
CUCTEMATM3ALNIO M aHAIU3 MHPOPMAIMOHHBIX
JTaHHBIX INPOKO Mcnonb3yorcs bIl u nudopma-
I[MIOHHbIE TIOVICKOBBIE CUCTEMBI, a TAaKXKe JpyTue
HporpaMMHBIe IIPOAYKTHI, HEKOTOpble U3 KO-
TOPBIX MIpeICTaB/IeHbl B mabnuye 2 [6, 7]".

Hanbornee nepcneKTUBHBIM JI/ISI IPOBEEHMS
HaTEeHTHBIX MCCIeJOBaHNI SABIAETCS UCIONb30-

1©B coorBercTBuM C a63. 6 cratbs 773 'K PO ucnonHurens B joroBopax Ha BeinonHenie HVIOKP o6s3an rapas-
TUPOBaTh 3aKa3uMKY Iepeady HOolTyYeHHbIX 10 JOTOBOPY Pe3y/lbTaTOB, He HAPYIUAOMIUX UCK/TIOUNTENbHBIX IPAB
APYTUX JINIL.

" st yno6erBa craryc IT]] BbigenaeTcs useToM: 3enennlit — I1]] peiicTByet; dyepHsiit — I1]T yTpatuin cuny 6e3 Bos-
MO>XHOCTY BOCCTaHOBJIEHNA; KPACHBIN — [1]] yTpaTuiI cumy, Ho MO>KeT OBbITh BOCCTAHOBJIEH; XKE/TBIil — MOXKeT yTpa-
TUTD JeicTBIE (HEOOXOAMMO YIIATUTD ITATEHTHYIO HONIUINHY).

2 TOCT 7.32-2021 «Cucrema CTaHAAPTOB 110 MHPOpPMALNY, OMOTMOTEYHOMY U U3FaTeIbCKOMy geny. OTdeT o
Hay4HO-MCCIIe0BaTeNbCKOil pabore. CTPyKTypa 1 mpaBuia 0hpOopMIeHU».

B Cuperenpctso 2020664740 PO. VIHpopManoHHO-CIIpaBOYHAsI CUCTEMA [I0 TEXHUYECKVIM PelIeHIsIM B 06/1acTn
PXB samuter / ®ponos [I.B., Tsxxun O.H., Copoxknn AJ. n ap.; saasutens 33 HHUMNM MO P®. - Ne 2020663932;
3aasi. 10.11.20; ony6:. 18.11.20, Brom. Ne 11.

CsuperennpctBo 2025665888 P®. IIporpamMmmHoe obecredeHne c6opa nHGOPMALNU [0 NHHOBALIOHHOMY pas-
BUTHIO TeXHOJIOIUI o6oponHoro HasHaueHus / Tepe6os JI.C. — Ne 2025662141; 3aasn. 19.05.25; omy6:. 19.06.25,
Brom. Ne 6.

Csuperenbcto 2022667021 P®. Onenka npuMmennmocTy nsobperennit gyst paspaborku B u C PXB samunrsr /
Muosemues B.A., ®ponos [I.B., Tsaxun O.H. n gp.; saasurtens 33 THUMIM MO P®. — Ne 2022665450; 3asasn. 17.08.22;
omry6m. 13.09.22, Brom. Ne 9.

CsuperenbctBo 2023680954 PO. ITporpamma aBroMarusarnuy GOpMUPOBAHS IaKeTa JOKYMEHTOB JIJIsl Pernu-
crpanyu nporpammsl i 9BM «FSIP» / Taxxun O.H., Copoxun A.J. u gp.; 3aasurtens 33 LTHMMN MO PO. -
Ne 2023669758; 3asaBi1. 26.09.23; omy651. 06.10.23, Bron. Ne 10.

CBupetenbcTBo 2024685340 P®. IlepcreKTUBHBIN CepBUC MaTeHTHOV aHanutuku / CemmyacTHOB M.A.,
Kpexos E.B; sasBurtenn AO «KoHIlepH BO3yLIHO-KOCMMYECKOWt 060poHBI «Anmasz-AuTteit», OO0 «BKO-
VnTennext». — Ne 2024684666; 3aspi. 21.10.24; orry6:. 30.10.24, brom. Ne 11.

Accucrent nmarentHoro akcrepra. URL: https://dev.aipatentgpt.ru/patent/research/shared/53d1e785-7ee2-4a2d-
b598-22764cf58f4c

Comospes B.A., Hukonosa O.H., Ymnypnesa 10.10. CucteMHbIil aHanu3 B yIpaBAeHUM MHTE/IIEKTyalbHOM
cobcrBenHOCTRIO. CO. Hayd. crareit 3-if Mex/[yHapOZHOI HayYHO-TIPaKTIIeCKOil KoHpepeHuu «CoBpeMeHHbIe
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Ta6bnuua 2. [lpozpammHele cpedcmeaa 0719 nposedeHUs NameHMHbIX Ucc/1e008aHuli

Table 2. Software for patent research

3apaua A /
(Pl Task)

HaumeHoBaHue B, u undposbix naatpopm /
(Database / Digital Platform Name)

MccnenoBaHune ypoBHS TEXHUKM (MHbOP-
MaLMOHHbIN NMOUCK) /
Prior art search

NokanbHbie BA: Moaynb nateHTHOM aHannTuku [8]; MHdopMaumnoHHO-cnpaBoYHas
cuctema «TechSol».

DopMUpYOTCS Ha NPeanpUAaTUX (B OpraHM3aLmsx), MMerT Y3KYH TEMaTUYECKYHO
HanpaBJ/IeHHOCTb /

Local databases: Patent Analytics Module [8]; Information reference system "TechSol".
Formed at enterprises/organizations, have a narrow thematic focus

HauuonanbHbie BL: Poccun, Kutas, Kopen u 1.4,

DopMUPYOTCA HALLMOHAJIbBHBIMU U MEXKAYHAPOAHbIMU MaTEHTHLIMU BEAOMCTBaMU.
Pasmewiatotcsa B cetn IHTepHeT /

National databases: Russia, China, Korea, etc.

Formed by national and international patent offices. Available on the Internet

PernonansHbie B1: Micnanus, Global Patent Index (GPI) - «[no6asibHbIi NaTEHTHbIN
MHIEKC» /
Regional databases: Eapatis; Global Patent Index

MexxayHapoaHble B[ Patentscope; Espacenet; Google Patents /
International databases: Patentscope; Espacenet; Google Patents

OnpefgeneHne TEXHUYECKOro YPOBHS /
Determination of technical level

Mporpamma pacyeTta KoadPULMEHTA TEXHNUHECKOTO YPOBHS MPOMbILLIEHHbIX, pas3-
pabaTbiBaeMbIX U MNepcreKTUBHbIX 06pa3sLoB /

Program for calculating the technical level coefficient of industrial, developed and
advanced prototypes

BbisiBNneHWe TeHAeHUMI pa3BUTUS /
Identification of development trends

Orbit Intelligens; LexisNexis; ABToMaTu3MpoBaHHas cuctema «Innovator» /
Automated system "Innovator"

O6ocHOBaHWE HEOBXOAMMOCTU UCMOJIb-
30BaHuss OUC, npaBa Ha KOTopble Npu-
HaZ1eXkaT UCMIONIHUTENIO U(MAN) TPETBUM
amuyam /

Justification of the need to use IP objects
owned by the contractor and/or third parties

MporpamMmmHoe o6ecneveHne c6opa UHPOpPMaL MM MO MHHOBALLMOHHOMY Pa3BUTUIO
TEXHO/1I0rni 060POHHOIrO Ha3HayYeHns / ABToOMaTU3NPoBaHHAs MHPOPMALLMOH-
HO-aHa/IMTMYECKas CMCTEMA OLEHKM NpuMeHuMocTu nsobpeterHnin «NovintTech» /
Software for collecting information on innovative development of defense technologies /
Automated information and analytical system for assessing the applicability of inventions
"NovIntTech"

BbisiBneHne oxpaHocnocobHbix PUL, /
Identification of patentable RID

Mporpamma aBToMaTM3aUMM GOPMMPOBAHUS NaKeTa AOKYMEHTOB A1 perncTpaumum
nporpammsl gas 9BM B OUTMC /

Program for automating the preparation of documents for registration of computer
programs with FIPS

MccnenoBaHne NaTeHTHON YNCTOThbI /
Patent FTO study

MepcrneKTUBHBIN CepBUC NATEHTHOM aHaNUTUKK [9] /
Promising patent analytics service [9]

MpumeyaHue.

Note.

TabMua cocTaB/ieHa aBTOpaMuM Ha OCHOBE aHHbIX U3 ceTu MiHTepHeT u [8, 9].

The table was compiled by the authors based on data from the Internet and [8, 9].

BaHJe aBTOMATU3VPOBAaHHBIX MH(OpPMaLMOH-
HO-QHAIUTNYECKNX CUCTEM M VCKYCCTBEHHOTO
NN -cucrema
CTEeHT MAaTEHTHOTO SKCImepTar»',
IO/Ib3yeTCA KaK J/Isl NMPOBENEeHMs IaTeHTHBIX
VICCIIeNOBAHMIL, TaK ¥ J/ISL COCTAaBJIEHUS M CO-
MPOBOX/EHN 3asABOK Ha HaTeHTHI. IIpemcras-
JeHHble NU(pPOBble WHCTPYMEHTHI II03BOMAT

UHTE/JIEKTa, HaIpuMep,

COKpaTuUTb BpeMA U IIOBBICUTH
IMAaTEHTHBIX MCCHCHOBaHMﬁ.

OO6cyxpaeHne pe3yIbTaToOB

IIpoBeneHHbII aHANNM3 BBIABUI CUCTEMHBbIE
HEeIOCTAaTKM OTYETOB O IAaTEHTHBIX WCCIENo-
BaHUAX, MMeWINe He CIydalHbll, a 3aKOHO-
MEepPHBIII XapaKTep.

Bo-mepBbIX, OTCYTCTBHME YperyaupoOBaHUA
BOIIPOCOB MCIO/Ib30BAHNSI U3BECTHBIX 00 HEKTOB
VHTE//IEKTYa/IbHOMl COOCTBEHHOCTH, MCKIIOYN-
Te/IbHbIe ITpaBa Ha KOTOpbIe IpUHAJIeXaT Tpe-
ThUM JINIAM, YTO BCTpedaeTcsa B 68 % oT4eTOB.

«Accu-
KOTOpasi Wuc-

a3 dbexTUBHBIX

MEePCIEeKTUBBI Pa3BUTUA HAyK!M, TEXHUKM U TexHonmoruit». Kypck: VMsa-so 3AO «YHuUBepcuTeTCcKaAa KHUrar»; 2025.
C. 389-94. https://www.elibrary.ru/item.asp?id=83068963&pft=1.

" Accucrent nmarentHoro skcrepra. URL: https://dev.aipatentgpt.ru/patent/research/shared/53d1e785-7ee2-4a2d-

b598-22764cf58f4c
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Bo-BTOpBIX,  IpeX/eBpeMeHHble,  KOIfa
00nMK u3menus eule He cHOpMUPOBAH, M HEIOJ-
TBep)KICHHble MaTepuajaMy OTYeTa BBIBOJBI
O TMAaTEHTHONM YMCTOTe. 3a4acTyK OTCYTCTBYET
COIIOCTaBUTE/NbHDbIN ~ aHAaMN3  CYLIeCTBEHHbIX
IpPU3HAKOB; BBIBOABI JenaloTcs 6e3 ydera
IMOKYIHBIX KOMIUIGKTYIOIINX u3genuit. B me-
JIOM «IIaT€HTHas 4YUCTOTa» — YSI3BMMOE MeECTO
B 72 % OT4ETOB.

B-Tperpux, ymymeHusa B ¢uUKcanuM oOxpa-
HOCIIOCOOHBIX pe3y/IbTaTOB MHTE/IEKTYa/IbHOI
peaTenbHocTu. B 70 % 0T4€TOB OTCYTCTBYIOT
cBefieHuss o cospgaHubix PUJI (n3o6perennii,
HPOMBIIIJIEHHBIX 00pasloB, HporpaMMmax s
9BM u gp.), 4TO B/Ie4eT pUCK yTpaThl npas Poc-
cuiickoit degepanun.

B-yeTBepThIX, yCTONYMBOE CMeIIeHNE IIO-
HATUIL «TeXHUYECKUil YPOBEHb» M «yPOBEHb
TeXHUKU». B 45 % 0T4eTOB BMeCTO CpaBHEHUA C
AYYIIVMM aHAJIOTAM¥ VICHOMTHUTENIN HNPUBOLAT
pedepaTbl maTeHTOB. OTO IIOfMEHAa 3aJjauu:
YPOBEHb TEXHMKH — COBOKYIIHOCTb M3BECTHBIX
CBefleHNII, a TeXHUYECKUN YPOBEHb — CPaBHMU-
Te/IbHAasA XapaKTepUCTUKa OO0beKTa OTHOCH-
Te/IbHO aHAJIOTOB.

B-nATHIX, HeJOCTATOYHOE JCIOJIb30BaHNe
COBPEMEHHBIX IM(POBBIX MHCTPYMeHTOB. Vc-
HOJIHUTENN OrpaHu4muBaloTcsa 6asamm Pocma-
TE€HTa, UTHOPUPYA MeXAyHapojHble pecypcChl
(Espacenet, Patentscope) n mnatrdopmbl aHaau-
tukn (Orbit Intelligens, LexisNexis), 4To cHu-
JKaeT MOTHOTY ¥ CKOPOCTb IIOMcKa B 3-5 pas.

HaxkoHel, npennoXeHHbII aJITOPUTM [eN-
CTBUII NpK OOHApPY>KEHUM «MEIIAIOU[ero» Iia-
TeHTa (aHAJAM3 IATeHTHO-INIIeH3VOHHON [es-
TeJIBHOCTH IIPaBO06/IafgaTess) MO3BOAET B psfie
crydaeB M30eXXaTh 3aTpaT Ha IpHOOpeTeHNe TN-
LIeH3UM, eC/IU MATeHT BCKOpe IepeiijieT B o01ie-
CTBEHHOE JOCTOAHMNE.

3AK/IIOYEHUE

Hawub6onee yacTsiMu ommbKamMyu mpu mpose-
NeHNM TATeHTHBIX MCCIeNOBAHMII ABIAITCA:
OTCYTCTBME COTTACOBaHMsA C TOCY/lapCTBEHHBIM
3aKa34MKOM BOIpOCa MCIONb30BaHUA MHTEN-
JIEKTya/bHOJ COOCTBEHHOCTU TpeThbux nui (68
% OTYeTOB); MpeXKeBpeMeHHbIe 11 HeIIO[ TBEePK-
JIecHHBIe BBIBOABI O IAaTeHTHOI uucrore (72 %);

«HeBBIsIB/IeHMEe» oxpaHocrnocobubix PUT (70 %).
STy OIMOKY MPUBOAAT K HAPYLIEHNIO IIPaB Tpe-
TBUX JINII, B TOM yucie Poccuiickoit Pegepanun..
IToaTomy paspaboTuymky IenecoobpasHo aud-
dbepeHMpPOBATh 3aJauy IATEHTHBIX MCCIIENO-
BaHuit o stanmaMm HMOKP: Ha panHux sramax -
olpefeneHNe TEXHUYECKOIO YPOBHSI U TeH-
JEeHLIVII pasBUTUsA, a TakXke 0OOCHOBaHME JWC-
HO/Ib30BaHUsI OODBEKTOB MHTE/IEKTYa/lIbHOII
COOCTBEHHOCTM TpeTbUX JIMI[; Ha 3aBeplIa-
IOIIUX - IIpOBepKa MAaTEHTHON 4YMCTOTHI. BbI-
sBJIeHYIe OXPAaHOCIIOCOOHBIX pe3y/lIbTaTOB MH-
TeJIJIEKTYaIbHON esTeTbHOCTI IIPOBOJUTCS Ha
kaxpom srane HVOKP, mockonpky npunsarue
peureHuss 3aKa3uMKOM 3aHUMaeT J[OCTATOYHO
MHOT'O BPeMEeHI.

Ins nsbexxanus omnbOK peKOMeHAyeM IIpH-
IepXXMBATbCA CAeAYIOIero aArOpUTMa IPO-
BEePKU IATEeHTHO YMCTOTHL: IPOBEpPKa 00beKTa n
€ro JacTell, 3aIpoC JAHHBIX 110 IOKYIIHBIM KOM-
IJIEKTYIOI VM WU3JENUSAM, CONOCTABUTEIbHBIN
aHa/MM3 C y4eTOM 3KBMBAJIEHTHBIX NPU3HAKOB.
ITpu o6Hapy)eHUN «MelIaollero» NaTeHTa BO3-
MOXXHBI CJIIefyIolye HNeICTBMA: BHECEHUE W3-
MeHEeHUII B pabouyl0 KOHCTPYKTOPCKYIO JOKY-
MeHTalMI0, OCIIapMBaHle ITaTeHTa, 3aK/II0YeHNe
NTUIIEH3MIOHHOTO JO0roBopa nnbo OXMAaHMe Iie-
pexopa ImareHTa B OOIIeCTBEHHOE JOCTOSHUE.
H7ms1 kaXk[oi1 3agadyl NATEHTHOTO MICC/IeIOBAHMSA
pPEeKOMeH/lyeTCsA MCIOAb30BaTh LVQPPOBbIE WH-
ctpymentol (Espacenet, Patentscope, Orbit
Intelligens, LexisNexis, «NovIntTech», cepBuc
HATEeHTHON aHATUTUKU U JP.).

KoHeuHBIM pe3ynbTaToM 9TOil  pabOTHI
craHeT mnosbimeHne spdexrnsroctn HVOKP
II0 MOJIEpPHM3aI MY CYIEeCTBYIOIMX VI paspa-
60TKe HOBBIX 00Pa310B BOOPY>KEeHM ¥ BOCHHOII
TeXHMKIY B MHTepecax 000pOHBI 1 6€30IacHOCTI
Poccun

IlpakTuyeckass 3HAYMMOCTH PpaboOTHI 3a-
K/TI09aeTCsl B COKpPAIleHUM KONMMYecTBa BO3-
BPaTOB OTYETOB O IATEHTHBIX VCCIELOBAHUAX
Ha opaboTKy B 2-3 pasa M CHUXKEHUs PUCKOB
npusHanusa HVOKP HecocToABmMMNCA 1O
IpWYVHE HAPYUIeHU I VCKIIOYUTEIbHBIX IIPaB U
obecre4nTh CBOEBPEeMEHHOE 3aKpeI/ieH1e paB
Poccuiickoit @epepanum Ha CO3LaHHbIE PE3Y/Ib-
TaThl MHTE/IEKTYa/IbHOM AesATeIbHOCTI.

Ozpanuuenus uccneoosanus / Limitations of the study

[TaBHBIM OrpaHMYeHMeM MCCIeJOBaHUA ABJIACTCA Pa3bop OTYETOB O NMATEHTHBIX MCCIEfOBAHNAX, HOATO-
TOB/eHHBIX B X0ofe BoinonHeHnss HVIOKP mo rocypapcTBeHHOMY 060pOHHOMY 3aKa3y, B To BpeMs kak HIVIOKP BHe
PaMOK rOCy/iapCTBEHHOTO KOHTPAaKTa IIPEeAIIoNaraloT 6omee MMPOKMIT KPYT 3a7a4 IIaTeHTHBIX uccnegosanmit / The
main limitation of the study is the analysis of patent research reports prepared during R&D activities under state
defense contracts, while R&D conducted outside of government contracts involves a broader range of patent research

objectives.
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OxpaHa pe3ynbTaToB UHTEIJIeKTYasibHOM aesaTenbHocTu BoncK PXB 3awmtel BC PO
Patent researches as part of R&D under a government contract: typical errors and recommendations
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nepuMeHTaX HallUCTCKUX Bpayeil HaJ MI0AbMHI /
B. Il [mepeBop ¢ anrnuitckoro E.B. 3ymosoii].
MockBa: «9kcmo»; 2025. 496 c. ISBN 978-5-04-
177844-6

Vivien Spitz

Doctors from Hell

Copyright © by Vivien Spitz

KHura HammcaHa CygeOHBIM penopTepoM
Busben Cnuty (BuBben Pyt IlatTn, 1924-2014).
Omna paborasna cTeHOrpapuCTKOI Ha IBEHAATU
Mmanbix Hiopu6eprckux npoueccax (1946-1949),
MIOC/IeZOBABIINX IIOC/IEe OCY XK/ €H A ITTABHBIX BO-
€HHBIX IPeCTYNNHUKOB TpeTbero peiixa.

Kuura moceamena Hriopu6eprckomy mnpo-
LlecCy IIO JleNly Bpadeil, MpOXoauBIIEMY € 9 Je-
Kabpsa 1946 r. mo 20 aBrycra 1947 r. B BOCTOYHOM
¢nurene J[IBopna mnpaBocygus HiopuGepra.
Odunnanbio on HaspiBanca «CIIA nporus
Kapna Bpanara». B MeguMIMHCKMX HpecTyIie-
HUAX ObUIM 06BMHEHBI 20 Bpauell KOHIIEHTpa-
IMOHHBIX JIarepeli, a TakyKe Of{VH I0PUCT I JBOe
YIHOBHMKOB.

OCHOBHBIMU TNIYHKTaMU OOBMHEHNA ObIIN
HPUHYAUTETbHbIE MeJUIIVTHCKIIE OTIBITHI 1 yOuUil-
CTBA 3aK/I0YEHHBIX.

Ilpn HanucaHum stoit KHUru Busben Crnuri
Oomypanach Ha COKpallleHHYI0 BEepCHUI0O IIPOTO-
KOJIOB CyfeOHbIX 3acemanmit — 11 538 crpaHu.
Knura pas6bura Ha 24 raaBbl, UITIOCTPUPOBAHA
doTorpaduAMM 1 BeIIEP)KKaMM M3 CTEHOTPAMM
CyneOHbIX 3aceTaHmIt.

IlepBble M mocnegHNe NATH I71aB KHUTU pac-
CKa3bIBaIOT 00 OpraHM3al UM ¥ NpelHa3HAYCHU U
IpPOIeCCOB, M YYaCTUM B HUX caMoll BuBbeH Ha
(doHe CIOKHO M IOJTHONM OHNACHOCTU >XU3HU
B XO/IOJHOM, 3aCHEXEHHOM U pa3boMOIeHHOM
Hiopu6epre. OcTanpHble ITIaBBl IeTaJIBHO pac-
KpbIBaIOT KOHKpPETHbIe MefIMIIMHCKUE HpecTy-
IIeHNA:

3KCIIEPUMEHTBI C IepenajjaMyu [aBlIeHUs, B
XO7ie KOTOPBIX 3aK/TIOYEeHHBIX IIOMelanu B 6apo-
KaMepbl, UMUTHPYIOLIe YCIOBUSA Ha BBICOTE 10
20 000 meTpoB;

UCC/IeNOBAaHNA TUIOTEPMUM, KOTfa JIIofieit
HOTPYXKany B JeAHYI0O BOAY Ha CPOK O Tpex
9acoB, YTO OOBIYHO 3aKaHYMBAIOCh CMEPTHIO;

1

MaccoBOe 3apakeHue 3aK/ITI0YeHHBIX Massi-
pueit yepe3 yKyChl KOMapoB WM MHBEKUUSIMU
3apa’>keHHO KPOBU;

OTIBITHI IO TPAHCIIAHTAI[MY KOCTET, MBIIII] 1
HEepPBOB, BK/TI0YAsI aMIyTAl[ M0 KOHEYHOCTE /151
nepecajku. Y JKepTB U3B/IeKanu ¢parMeHTHI
KOCTeJ, MBIIII], HEPBOB I Ja)ke aMIyTUPOBAIU
HOTU OT caMoro 6efpa s TOro, 4TOOBI OCylIe-
CTBUTH UX IEePeCaKy JPyTUM IO AM;

M3Y4YEHUIO [IeVICTBMS WUIPUTA Ha 3aKIIIO-
YeHHBIX;

9KCIEPUMEHTBI C MOPCKOT BOJION — MTIORY JIN-
HIATUCh MUY U HA TPOTSIKEHUU TATU-TEBIATH
IHeT IOy Yay TOMBKO COMEHYI0 MOPCKYIO BOAY;

3apakeHUe JIIOfiell SNIUIeMUYeCKOil >Ke-
TyxoI1 (rermatut A);

ocoboe MecTO 3aHUMAIOT 9KCIEPUMEHTBHI
0 CTepMaM3aLUy, IPOBOAUBIINECS B paMKax
ITaHa TI0 MAacCOBOMY YHMYTO)XEHNIO HapOJOB.
VIx npoBogMIM Ha MONBCKNX eBpeAX M PYCCKMX
BOEHHOTI/IEHHBIX P HOMOIIN PagUaljMOHHOTO

Bonee noppo6HO 0 Takux 9KcriepuMeHTax cM. B pabore [llnno H.J. PaspaboTka u nCIbITaHM S Ha TIOASAX 60EBBIX

OTPaB/IAIOLINX BELIECTB U CPEACTB ledeHNs nopaxennii B l'epmanun B 1933-1945 rogax. Becmnux eoiick PXb 3a-
wiumut. 2021; 5(2):173-98. EDN: CGAHGU . https://doi.org/10.35825/2587-5728-2021-5-2-173-198
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001ydeHM s, XUPYPruIecKOro BMeNIaTeIbCTBa U
Pa3IUYHBIX TeKapCTBEHHBIX CPEfICTB;

9KCIIEPUMEHTBl 0 3apa>KeHWI0 ChIITHBIM
T(OM — B paHBI BTUPA/IN BIIEN-IePEHOCYNKOB,
MO0 MPOM3BOAVIN BHYTPUBEHHYIO WU BHY-
TPUMBIIIEYHYI0 MHDBEKINIO C KPOBBIO, B KO-
TOPOIL cofiep>kacs Bo30yauTensb cbinHoro Tuda,
90 % MOMOIIBITHBIX IIOTMOIN;

9KCIIEPUMEHTHI C sifaMy. B pycckux BoeHHO-
IVIEHHBIX CTPEIANIM IYIAMY, COJep>KaBIIVIMMU
AN, 4TOOBI McCcIefoBaTh 3P deKT pa3TUIHbIX Be-
IIeCTB HAa 4e/I0BEeYeCKNil OpraHu3M U M3Y4UTD,
KaK OBICTPO HACTyIaeT CMePTb OT OTPaBIEHUA.
Taxxxe s TaitHO JOOGABIAIY B MUY, IOC/IE Y€TO
Bpauy HaOII0fjanM 3a peakljuell yYacCTHUKOB
9KCIEePUMEHTA;

9KCIIEPVIMEHTBHI C 3aKUTaTe/IbHBIMU CMECIMU
Ha JIIOJSX;

MOJie/TpOBaHUe SKCIIEPUMEHTOB C IONTy4YeH-
HBIMU B 601X paHEHUSIMU;

MaccoBble YOUIICTBA eBpeeB C L[e/IbI0 MOIOI-
HEHIUS KOJIEeKIUM CKeneTos VIMmepcKkoro yHm-
Bepcutera B CrpacOypre.

3 23 o6BuHsIeMBIX 7, B UX uucie u caM Kapn
DpaHAT, OpraHm3aTop 3TUX 3KCIEPUMEHTOB,
OBUTN IPUTOBOPEHBI K CMEPTHOI Ka3HU. AMepn-
KaHIIbI IIOKa3aTe/NbHO UX moBecunu Jlangcbepr-
ckoit TropbMe B baBapum 2 uwonHa 1948 r. Eme
IATEPbIX IPUTOBOPWIN K IOKM3HEHHOMY 3a-
K/IIOYEHUIO, YeTBEPBIX K PA3TMYHBIM TIOPEMHBIM
cpokam (ot 10 mo 20 met) u cemepo ObIIK
OIpaBJaHBbI.

Korpa comocraBnsemp Martepuanbl Xaba-
POBCKOTO Cy/ie6HOTO Ipolecca HaJj ANOHCKIMU
BOEGHHBIMM IIPeCTYIIHMKAMU - COTPYAHUKAMMU
otpsama Ne 731 (XabapoBck, 25-30 pekabps
1949 r.)’, 06BUMHSAEMBIX B CO3JZaHUM ¥ INPUMe-
HeHUM OAKTEPUOTOTNIECKOTO OPYXXUs, C HIO-
peHOeprcKMMy MaTepuanaMy, BOZHMKAeT OILIY-
ImIeHMe, YTO JTU IPeCTYIUIEHUS COBepIIaIn
o HU U Te e moau. [IpoBopgunuch ofHN U Te Xe
9KCIIEPUMEHTBI, OCYIIeCTB/IS/INCh OFHU U Te JKe
3BePCTBA, ¥l HUKAKIX IPOPHIBOB B HayKe.

B pesynbrare mpomecca «CIIA npotus
Kapna Bpanpra» 6Obin yrBepxpaeH Hriopubepr-
CKUI KOIeKC, YCTAHOBYBIINII IPUHIUIIBI MeJY-
IMHCKUX JMCCIEeJOBAaHUII Ha JOAAX, UCIONb3Y-
eMble U 10 Cell IeHb, 110 KpaliHell Mepe B TEOPUML.

Ho Hy>XHO 1M HaM CYUTATh, YTO BCE B NPO-
mnaom? TepmaHCKkmit ¢dammsMm yHUYTOXKEH,
3abynpre? Her. OH BoO3poXpgaeTca B elle
6omnee omacHoW u rimob6anbHOit dopme. U yxe
He KaK TeHOLUJ OTHe/lbHbIX HAapoOJoOB, a B CO-
KpalleHMsl HaceleHUsl IJIAaHeTbl B Ie/IOM.
Ero amomorersl, mioaum cBepxborarble M BIIN-
ATeNbHbIE, Ha3bIBAlOT pasHble HpuumHbl. Oc-
HOBaTenb BceMUpHOro 3sKOHOMHUYECKOro ¢o-
pyma (BO®) @.K. [IBab mpegmoxmun camyio
IPOCTYK - pasBUTHE TEXHOJOTUI JHefaeT He-
HY>KHBIM CylleCTBYIolllee KOIMYEeCTBO JIIofieil
Ha mnaHere. Tepy TépHep, onuH U3 npencTaBu-
Teneil rmob6anbHoON 3MuUThl, ocHoBaTtenb CNN n
MOCTOAHHBIN yuyacTHUK BO®, onpenenun ocra-
TOYHOE KONMYeCcTBO miofeit B 250-300 murn’;
nemorpad ITon Opaux B 2,5 mapp’. Ludps
PpasHATCA, HO BCeria peub UAET O MUJIMAPAAX
«INIIHMUX >KU3HeN», 4TO TeXHUYECKU HeBO3-
MOXXHO «MCIIPaBUTb» C IIOMOLIBI0 TaKUX «IIPO-
BEPEHHBIX METOJJOB», KaK Ia30Bble KaMephl JIa-
repeil CMepTM WINM PacCTpe/bHble KOMaHJBI
affH3aUTPYyNI IO IpUYMHE UX HeJOCTATOYHON
«IIpOU3BOAUTENbHOCTI».

A kakummn? OIDuupeMuu, Trol0J, CUHTETU-
yecKas NNINA, yXyJLUIeHNe KadecTBa >KM3HU
n oOpasoBaHNsA, NPUHYXJEHME K IICEBJIOBAK-
uuMHanuaM u crepunusanuu, JII'BT, mocro-
sAHHBIe BOWHBI! BOT 0 4eM HaM CTOUT IOAY-
MaTb, YNTass KHUTY «Bpaunm m3 aga» - cyposoe
npegynpexjeHnue O TOM, KaK MeJMIMHCKasd
HayKa, /MII€HHas MOpaJbHBIX OPUEHTUPOB,
IpeBpallaeTca B Opy/ilie MacCOBOTO YHUYTO-
KeHU S TI0/Ie.
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