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Pap, pasmaTpa jaBHO AOCTynHa Hay4yHa AOCTUrHyha U TEXHWY-
KO-TEXHOINOLLKE WHOBaUmje y obnacT HaHOTexHomnoruja y KoH-
TEKCTY OcaBpeMerMBara BojHMX cnocobHocTn CAL. Monasn ce of
npeTnocTaBke Ja je cTBapawe COPUCTULMPAHMX BOjHUX CMOCOBHOCTH,
noumpaHux y goMmetuma YetBpTe WHOYCTpUjCKE peBonyLmje, BUTanaH
rapaHT ogpxwvee BojHe Mohu y 21. Beky, OOHOCHO ycneluHor rnoban-
HOT MpOjeKkTOBaka OpyXaHe CUMe Kao CpefcTBa OYyBawa CBETCKE
xeremoHuje. AHanu3a je ycpeacpeheHa Ha ocTBapeHa M O4vekvBaHa
gocturHyha ca noteHuujanom 3a BOjHY NPUMEHY, NPOUCTEKA U3 jaBHO
[OCTYMHUX OCHOBHYX 1 MPUMEHEHMX HAHOTEXHOMOLLKIX HAaY4YHWX W pas-
BOjHMX npojekata obyxBaheHux ogbpambeHum ByLieTom, Kao 1 Ha Joc-
TurHyha npeactaBrbeHa y HayyHoj 1 CTpy4Hoj nutepatypu. octurHyha
Cy carnefaHa y cnegehum norbuma: HanpeaHu MaTtepujanu, ekcrnosu-
B/ W1 HUXOBW JETEKTOPU, HAHOOPOHOBM M HAHOPOBOTYW, MUKPOCATENUTY
1 BOjHMK-kMOOpr. 3akrbyyyje ce aa Oyayha ynotpebHa BpegHOCT goc-
TUrHyha HaHOTEXHOIOLLKOr pa3Boja 3a BOjHE CBpXe Moxe OuTu orpa-
HU4YeHa npobnemMuma (yHKLMOHAMNHOr yKnanawa CoduUcTULMpaHnx
pellera y BOJHOCTPATErujCku, ONEPATVBHU W TaKTUYKU OKBUP, Na Tex-
HOMOLLKM ,CKOK” He MOpa HYXHO Aa ce npeTtoun y Behy AenoTBOPHOCT
BOjHMX CMOCOBHOCTM Ha GOjULLITY.

KrbyyHe peuun: HaHOmexHonoauje, HaopyXare, pamoeare, 00-
6pambeHa nonumuka, eojcka, OpyxaHe cHaze CAL.

BynyhHoCT paToBama Huje UCTOBETHa Byayhum TexHonormjama,
anu paTtoBame yBeK noceayje TEXHOMOLLKY JUMEH3N]Y.

KonuH Ipej

(Gray, 2005: 98)

* Pag je HacTao y okBupy lNnaHa Hay4HoucTpaxuBadke genatHocTu 3a 2024. roguHy UHctutyta
3a nonutunyke ctyamje y beorpagy, koju duHaHcpa MUHUCTapCTBO NPOCBETE, HAayKe ¥ TEXHOMOLLIKOT
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ByoyhHoCT paTtoBana y ornegasny TeXHOMOLLKNX
,CKOKOBa”

OcHoBHa uaeja Boaurba patHux Bofja y NOACTULAaHY BOJHOTEXHOSOLLKUX ,,CKOKOBA”
Ouna je npoHanasak HoBMX OOPOEHNX CpeacTaBa 1 OCMULLIbaBake npatehe TakTuke
kako 6u ce HenpujaTerb nobeano y3 Hajmare concTeeHe xpTee (Creveld, 2000; Xay-
apa, 1999). Y6p3aH Hay4yHO-TEXHOMOLLKM Hanpeaak U nHaycTpujanmaawumja oTBopunm
cy y 19. n noyeTkom 20. BeKa HOBO MNOrMNaBsbe Y paTHOj UCTOPUjW Y BUAY ApamaTUYHUX
TeXHWYKMX noborbliaka: Haopyxake je NocTano JanekoMeTHWje, NpeLusHuje 1 pas-
opHuje. MpBu cBETCKM paT je y jedHoM Hay4HoM yaconucy 1918. roguHe ca npaBom
Ha3BaH ,paToM MHXerepa” U 3a4eTKOM MNpoLeca CUCTEMaTUYHOr NoBe3nBama Tex-
Homoruje, MHAycTpuje, Hayke n BojHor nnanuparsa (Mills & Mills, 2014: 3, 10, 12-20).
Taj npouec je oaurpao npecynHy ynory Tokom [pyror csetckor pata (Xayapg, 1999:
165-190), a BojHa MHAYCTpMWja je Y MocnepaTHOM nepuody npepacna y HOBY rpaHy
npuepege, Te nocrana npogutabunad 13BO3HUK Ha CBETCKO TPXULLTE U MErnTUM-
HW HOCMNaL, eKOHOMCKOr pacTa. Ynasak y uHdopmatudko goba nofcrakao je Tanac
KOPEHUTWX MPOMEHA Y BOjHOj OpraHu3aumji, CTpPaTelkoM pasMULLIbary U HauuHy
Bofewa pata, obyxsaheHnx cMHTarmMom ,peBosnyuuja BojHux nocnosa” (Revolution in
Military Affairs), n TO ca KOHLENTOM MPEXHOLEHTPUYHOT paTtoBawa (network-centric
warfare) ka0 OKOCHWLOM LenokynHux pedopmun (Koctuh, 2008; Xaykpodrt, 2008;
Dahl, 2002). YBohete peBonyLmje BOjHUX MOCNOBA Yy CaBPEMEHMN KaHOH BOjHE MUCIK
1 Npakce CTBOPWIIO je YBEPEH-E [a je, Y OKOMHOCTMA HECBPCUCXOAHOCTY yrnoTpebe
HyKIneapHor opyxja 1 cMaketa 3Havaja nyke 6pojyaHe HagMohu, NOTpebHO HauMHU-
TV KBanNuUTaTMBaH UCKOPaK Y Pa3Bojy KOHBEHLMOHAMHMX BOjHUX CNOCOBHOCTH, U TO Y
BMAY OBrafaBaka HanpegHUM TEXHOMOrvjama Koje ce nojaerbyjy Ha ApYLITBEHOM XO-
pu3oHTy (Cohen, 1996; Dombrowski & Gholz, 2006: 5-6; Krepinevich & Watts, 2014
193-226).

Nmnepatue npeobpaxaja pagu npunarohasawa Op3viHU M NPUPOAU CMOFBHUX
MPOMEHA Y OKpYXeky CTarHO je obenexje cBake opraHu3auuje Koja xenmu ga yc-
newHo ocTeapyje 3agate umrbese (Charan, 2022), na Tako U caBpeEMEHMX OpYXKaHUX
cHara. Koje ce To npomeHe rnobanHor okpyewa oasujajy y paHom 21. Beky, a Aa
3axTeBajy 6p3y MogepHu3aumjy amepuyke Bojcke? Npema npoueHama crnosbHONom-
TUYKUX ofnyyunaua 3 BalumMHIToHa 1 oleHa cafpXaHUX y Hay4yHOj U CTPYYHO] K-
TepaTtypu 13 obnactn mefyHapogHux ogHoca, apyra u Tpeha gekaga Tekyher Beka
morne 61 ga JOoHecy KpyrnHe noTpece y BuUAy ocropaBakba MefyHapOoaHUX HOpMMU,
MOCTOjaHOr ypyLUlaBaka AEMOKPATCKOr MOpeTka U MPEeKoMMNoHOBaHka MehyHapogHor
cuctema (Jankovi¢ & Miti¢, 2024; Kosti¢, 2018: 397-407). CTyamja 0 OCHOBHUM TpeH-
fosuma koju he obnukosaty mefiyHapogHe cyko6e oko 2030. roanHe n nocneguuama
Mo aMepuyky cnorbHy u ogbpambeHy nonutuky, a kojy je 2020. roguHe n3paguna
Kopnopauuja RAND (RAND Corporation), nHave Beoma yTuuajHa y BaLMHITOHCKOM
eCcTabnuLLIMeHTy, ynozopasa NnonuTUYKe OASy4noLe Ha NocTeneHy anu KOHTUHyupa-
HY epo3ujy KBaHTUTATUBHWUX W KBanuTaTUBHWUX eneMeHaTta BullefeLeHujcke BojHe
Hagmohn CAL. AyTopu CTyauje HanoMuky a je KOHTUHYUPaHO CMakbere BENUYMHE
KOHBEHLIMOHAMHUX opyaHux cHara CAl noBeno Jo nocTeneHor rybmtka npegHocTH
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Hag pvBanuma, npBeHCTBeHO Hag KuHom, a nocebHo y nornefy ynarawa y Mogep-
HU3aumjy BojHUX kanauuTeTa (Cohen et al., 2020: 54-62). 36or Tora je, npema oue-
Hama Te cTyauje, Beoma BaxHO Aa CA[l ogpxke BOjHY UHAOYCTPWjY, CMaH-eHY TOKOM
npoTekne ABe AeLieHunje, Ha HABOY HEOMXOAHOM 32 HECMETaH pPa3Boj U NMPOU3BOAHY
MHOBATUBHMX OPYXKaHUX CMCTeMa 3aCHOBaHUX Ha HanpegHuM TexHornorujama (Cohen
et al., 2020: 60-62).

YcnelaH ncxog AyropovHOr CUCTEMATCKOT YBE3MBaka Nporpama HayyHor uctpa-
XMBaa N TEXHUYKO-TEXHOMOLLKOT pa3Boja Yy BOjHE CBPXE Ha YHUBEP3UTETUMA U Y KOp-
nopaT1BHOM CBETY BUASBLMB j€ YPaBo Y 04yBaky aMepuyKe BOjHOTEXHOIOLLKe BUTan-
HOCTY 1 Ha noyeTky 21. Beka (Guzzetti, 2010; Dombrowski & Gholz, 2006). Amepudka
Crparteruvja HauunoHanHe 6e3begHocTn og 2022. roguHe (The 2022 National Security
Strategy) npeno3Haje TEXHONOrUjy Kao CPeauLUHM YMHUNAL, reonoNUTUYKOr TakMu-
yerba Y MefyHapoaHOj apeHu, Te TUMe 1 odyBakba U yHanpehewa HaumoHanHe 6es-
6enHoCcTM Kpo3 oaBpahatkbe y BUAY BOjHOr NperMyhcTBa 3aCHOBAHOT Ha ynarakwuma y
MHOBaUWje 1 HanpeaHe TexHomnoruje Yetepte nHayctpujcke pesonyumje (NSS, 2022;
32-34). 36or Tora amepudka CTpaTtervja HaunoHanHe opbpaHe (The 2022 National
Defense Strategy), ycBojeHa y oktobpy 2022. roanHe, npeaeuha ocnamarse Ha npu-
MEHY HOBWX HanmpefHUX TeXHororuja y npouecy MogepHusaumje OpyKaHux cHara
ycMepeHe Ha cTBapawe oaspahajyher n onepatusHor npeumyhcTBa Hag Henpwja-
TerbCkM cHarama, wro 6u Tpebano aa byge ocTBapeHO KPO3 CafejcTBO CBUX pene-
BaHTHWX ApXaBHUX opraHa ca npedy3eTHUYKUM NOTEeHLMjarioM NpuBaTHOr CcekTopa v
KpeaT1BHUM 1 MHOBATUBHUM NOTEHLMjanom HayyHe 3ajegHuue (NDS, 2022: 17, 19). Y
HacTojaky Aa LITO AENOTBOPHMjE OArOBOPU Ha U3MeHeHe ornepaTuBHe 13as3oBe yna-
rakeM y BOjHY MHOYCTPUjY U LMBUITHW CEKTOP NPUBPEAE paau NpoHanaxewa TeXHo-
NOLLKKX peLuerba, [eHTaroH ce onpeaerbyje 3a npucTyn 6p3or npenosHaBaka naeja
koje HajBuLe obehaBajy, ekcnepuMeHTUCara ca NpoTOTUNOBUMA, N3paae U yBohera
koHa4He Bep3auje npomssoga y bopbere onepaumje (NDS, 2022: 19). N Crpatervja
3a HayKy 1 TeXHoNorujy y noapyYjy HaunoHanHe ogdpane (National Defense Science
and Technology Strategy 2023) HarnaluaBa BaXXHOCT opXarba TEXHOMOLUKe Hagmohu
CA[ v ynanvua HATO-a Hag apyrvim Benukum cunama (npeeHcTseHo KMHOM) kao Bu-
TalHMX NPeQycrioBa 3a OCTBapeHEe CTpaTeLKMX LurbeBa HauuoHanHe 6e3benHocTu
(NDSTS, 2023: 3—4, 9). CnimuHun npropuTeTn ce HaBoae un y CTpaternju 3a mogep-
Hu3auujy Bojcke 3a 2019. roguHy (AMS 2019, 2018: 8-9), kao okBupy koju paspahyje
pedopMmcke Lnrbese opodeHe Ha 2035. roguHy.

OkocHuMLUY pa3Boja aMepuYKkMX OpyxaHux cHara y 21. Beky — AedmHucaHor go-
kymeHTom 3gpyxeHa Busnja 2020. (Joint Vision 2020) n TpacupaHor JOKYMEHTMMA
Bojcka 2030. rogune (Army of 2030), Ctpateruja Bojcke (The Army Strategy) n Busuja
Bojcke 3a 2028. roguHy (The Army Vision for 2028) — umHu cpeguwba naeja T3B.
3anagHor Ha4MHa paToBama, OCMOKEHOr Ha MakCMManu3auujy BUCOKOTEXHOMOLLKMX
CMOCOGHOCTM pagy MUHUMU3MPAHA JbYACKUX XPTaBa — jeAHAKO LIMBUMHUX U BOJHUX
(Joint Vision 2020, 2000; The Army Strategy, 2018; The Army Vision for 2028, 2018;
Army of 2030, 2022). lMpema HaBegeHUM OOKYMeHTUMA, MogepHu3auvja Tpeba aa
YYMHU aMepUYKY BOjCKY cprieKCubunnHmjom, npunaroaronBmjoM 1 arusHmnjom 3a 6p3o
pa3MeLLTake Tpyna u Bofjewe CroxeHnx 60pbeHnx onepaumja WUpom nnaHeTe, u
TO y CykoBumMa 1 BUCOKOT U HUCKOT MHTeH3uTeTa. CTyauja o npunarohaeamy kanauu-
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TeTa, onepaTtvBHe MeTogonornje n dylleta aMepuykMx OpyKaHUX cHara U3MeHeHoj
NpUpoAW NoTeHuujanHux rnobanHmnx ogbpambeHnx 13a3oBa OYeKMBaHUX y nepuogy
no 2035. roguHe, nop HasneoM Okpyxerse 3apyxeHor gejctea 2035. roguHe (Joint
Operating Environment 2035), ynozopaBa Ha BeNnuKy BepoBaTHONY 0 yrpoxaBaksa
amepuyknx rnobanHux nHTepeca ycrnen NnocTeneHor yCnocTaBrbaka TEXHOMOLUKOT
naputeta uamelly CA[l n octanux (noTeHUMjanHo HenpwujaTerbCknx) BEMUKUX cuna
(JOE 2035, 2016: 15). Hanasn cTyauje npenopydyjy npeobnukoBake BOjcke Tako
da 6yge cnocobHa Aa jeaHako 4enoTBOPHO OArOBOPU Ha MHOBATUBHY HenpujaTersc-
Ky MPUMEHY HamnpesHUX U KOHBEHLMOHAMHMX TEXHOMOrWja, rae rog aa je npuHyhexa
fa npojektyje opyxaHy cuny (JOE 2035, 2016: 15). Mopen pobotuke, Guonoruje,
eHepruje n nHopMaLoHe TEXHONOTWje, JOKYMEHT Npeno3Haje HaHOTEXHOMOrWje Kao
06nacTu ca BUCOKUM CTENEHOM MPOjeKTOBaHOr NO3UTUBHOT yTULIaja OCHOBHUX UCTpa-
XVBara Ha MOAEPHM3aLWMjy BOjHUX KanaumTeTa, NocebHo y AOMeHY pa3Boja MeTama-
Tepuwjana, UHXerwepcke moaudmKaumje CTPYKTYPHUX OAJSIMKa mMaTtepujana Ha HaHo-
HUBOY 1 HaHocaTtenuTa (JOE 2035, 2016: 16).

Y HacTaBky paga 6uhe npeacrasrbeH nperneg moryhux npasaua passoja u npu-
narofhaBarba HaHOTEXHOIOrMja y BOjHE CBPXe KPO3 aHanm3ay peneBaHTHUX jaBHO JOC-
TYNHUX npojekata obyxsaheHnx ogbpambeHnm Byyetom 1 npatehe Hay4YHe 1 CTpyyHe
nutepatype. CjegnibeHe [pxase cy ogabpaHe Kao cryyaj 3a aHanmay u3 Tpu pasno-
ra. MNpBso, 6e3 063vpa Ha JOMETE KMHECKE, PYCKE W MpPaAHCKe Hayke W TexHomoruje y
cnyx6u ogbpambeHe nonuTuKe y NpoTekrne ABe Aekaae (HNp. OCHUBaHe crneywvjani-
30BaHUX BMagvHUX pa3BOojHIX OpraHu3aLyja v jadare capagre namehy Hayke, npus-
pene u Bojcke y AoMeHy HaHoTexHonoruja), CAl ycnesajy aa oapxe soaehy ynory
y nomepamy rpaHuua y HaHotexHonorvjama (Dong et al., 2016; Del Monte, 2017:
194-203). [ipyro, pey je 0 BOjHOj cvnu koja, kao npeasogHuua HATO-a, npeacTtasrba
y30p OCTanuMm 3emsbama 3anafHor LMBUIM3aLMCKOr Kpyra y nornegy CTpaTeLuKor,
[OKTPVHAPHOT 1 OpraHu3aLuoHor yobnnyasara Bojcke y 21. Beky. [eHTaroH n Haumo-
HanHa MMHUCTapCTBa ofAbpaHe 3emMarba YnaHuvLa Tor BOjHOr caBe3a — NPEeBacXO4HO
Benuke bputanuje, ®paHuycke n Hemadke — pasmetsyjy 3Harba 1 CnpoBoae 3ajes-
HUYKe NpojeKkTe y JOMEHY HAHOTEXHOIOrMja U Haopyxara 3aCHOBaHOr Ha TUM Tex-
Honornjama (Del Monte, 2017: 200-201). Tpehe, 3BaHW4Ha JOKYMEHTa O Pa3BOjHUM
npaBLyMa Ha Norby HAHTEXHOMOMja 1 NaHoBMMA 3a HeHY BOjHY NPUMEHY jaBHO CY
[OCTYrHa.

HaHOTEXHOMOLKN HOPMAaTUBHO-UHCTUTYLIMOHAMNHN
OKBMP pa3Boja BojHUX crnocobHocTn CALL

Mpema deuenujy 1 no crapum npegsuhamwuma dyTyponora Llejmca KaHToHa
(James Canton), ytuuajHOr 1 y NONMTUYKUM KPYroBMMA Yy CBOJCTBY BULUEAELIEHU]C-
kor caBeTHuKa bene kyhe, Npon3Boau 3acCHOBaHW Ha HaHOTEXHoMorvjaMa umajy yno-
Iy jemHor of YeTMpW MokpeTaya MHOBaUMjcke npuBpede y rnobanHuM pasmepamMa
(Kanton, 2009: 104-105), ca noTeHuUmMjanoM Aa NOKPeHy HOBY WHAYCTPM|CKY peBo-
nyuujy ca cBeobyxBaTHUM nocregmuamMa no HauMH KOHCTpywucara 1 NpousBOAHE.
AgmMuHUcTpaumja amepudkor npeacedHnka buna KnuntoHa je jow 2000. roguHe no-
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KpeHyna HaumoHanHy mHuumjatuey 3a HaHotexHonorujy (National Nanotechnology
Initiative — NNI), a KoHrpec je, 2003. roguHe, ycBojuo 3akoH O UCTPaxuBamy W pas-
BOjy y obnacTtu HaHoTexHonoruja y 21. Beky (21st Century Nanotechnology Research
and Development Act). 3akoHOM je ycTaHOBIbeH HaumoHanHM HaHOTEXHOMOLLKM
nporpam (National Nanotechnology Program), koju je y HaOnexHoCTV npeaceaHu-
ka u HaumoHanHor caBeTta 3a HayKy M TEXHOMNOrWjy Kako 6u ce Ha OpXKaBHOM HUBOY
ocurypanu ernoTBOpHa KOOpAMHauuja yernocTaerbaka noTpebHe MHpacTpyKType,
CrpoBoferba UCTPaxXMBaYKuMX Npojekata u KoMepuujanusaumje npumersmBrx Hayy-
HUX Hanasa u TexHonowwkux nHoeaumja (21stCNRDA, 2003). 3akoH je npeasuaeo un
ayropoyHa bylieTcka ynaraka HeonxogHa 3a obesbehere rmobanHor Bofjctea CAL
y 0bractu HaHoTexHororvja Kpo3 yHanpefherwe nNpoayKTUBHOCTU W KOHKYPEHTHOCTM
amepuyke MHaycTpuje, yop3ame ctBapama Start-up kKoMnaHuja, Te noacTLaHe WH-
TepaMCLMNNMHAPHIUX UCTPaXWBakba M Nporpama cneumnjanucTUykor YHUBEP3UTETCKOT
n cTpykoBHor obpasoBama (21stCNRDA, 2003: 1923-1925). Tekyhu Crpateluku
nnaH HauuoHanHe HaHoTexHonoLwke nHuumnjatuee (National Nanotechnology Initiative
Strategic Plan), ycsojeH 2021. rogmHe, NOHOBWO je NPUOPUTETHE LIMIbEBE U3 NPETXOA-
Hux nnaHosa (NNISP, 2021).

O6uMm ByLieTckux cpecTaBa HaMmeHeHUX PUHAHCUMPakby HAHOTEXHOMOLLIKUX Npoje-
kaTa BULLE BMaMHUX areHuuja BULIECTPYKO je yBehaH Beh TOKOM NpBMX HEKOMUKO
roguHa npumete Tor 3akoHa (Andersson, 2008: 95). N3Hoc ByueTcke nuHuje og 2,16
MUnjapamn gonapa, onpefereHe 3a HaumoHanHy MHULMjaTMBY 32 HAHOTEXHOMOIUjY
3a 2024. roguHy, Hajgehu je o caga nocMatpajyhu nojeamMHayHo, a 3a CKopo ABe U Mo
JeLeHuje y Te CBPXe je YKynHo n3asojeHo 43 munujapae aonapa (NNIFY24, 2024: 5).
Wctu Tpena ce ogurpasao yHyTap EBponcke yHuje 'y Bogehnm asujckum 3emrbama.
Crora He 4yau WTO AaHac WMPOM CBeTa MOCTOjM CKOPO YETUPW XUIbage HayyHWX
nabopaTopuja 1 pa3BojHMX LieHTapa, Kako Y jaBHOM TaKo 1y MPUBATHOM CEKTOPY, KOju
CrpoBoAe UCTpaxuBara y 0Boj obnactu (Nanowerk, 2024).

Jesrpo MHCTUTYLMOHAmNHOr OKBMpa 3a PasBoj HaMPegHWX BOjHWX CMOCOBHOCTM
4nHe YeTupm Bogehe BnagmHe areHuyje yHyTap aMmepuyKkor cektopa oabpaHe ca Ha-
AJIEXHOCTVMA Y cnpoBohery TPaHCAMCLMMNIMHAPHAX OCHOBHUX U MPUMEHEHUX Ha-
HOTEXHOMOLLKMX Hay4YHWX W pa3BOjHMX npojekata. To cy:

* VcTpaxuBauka kaHuenapuja kornHeHux cHara Bojcke CAL (Army Research

Office). OcHoBaHa je 1951. roguHe, Kao opraHu3auMoHa jeguHuua Victpaxu-
Bayke nabopatopuje 3a pa3Boj 6opbeHnx cnocobHocTn npu KomaHam Bojcke
CAL (U.S. Army Combat Capabilities Development Command Army Research
Laboratory, DEVCOM ARL), ca 3agaTkom Aa ycMepasa HayyHa oTkpuha ka
MPUMEHM Yy Pa3Bojy HOBMX CMOCOBHOCTU BOjCKe, MOACTUYE NPOHaNaxeHe pe-
LWeka 3a noctojehe TexHonowlke notpebe Bojcke v ybpaaBa NpeHOC pesyn-
TaTa LUMBWITHUX OCHOBHWX UCTPaXMBara y BOjHA MPUMEH-EHA UCTPaXMBaH-A.
KaHuenapuja Bplum ofabvp MCTpaxmBaukux M pa3BojHUX Npojekata umju cy
KpeaTopu Hay4YHULIM N NHXEHEPU Ca NMPECTUXKHUX UHCTUTYTA U YHUBEP3UTETA.
OHa nx 1 chmHaHcvpa jep cagpke NOTeHLMjan NpUMEHE Y BOjHE CBPXe Y Hapen-
Hux 20 go 30 roguHa (AROYR 2022, 2022: 5).

* WHctutyT 3a HaHoTexHonorvje 3a BojHuka (Institute for  Soldier

Nanotechnologies). OcHoBaH je 2002. roguHe, kao yapyxeHu nogyxsear eHTa-
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roHa v npectwkHor MHcTuTyTa 3a TexHonorujy Macadycetca (Massachusetts
Institute of Technology — MIT), ca 3agaTkom Ja NnpyMEHOM HaHOTexXHomnoruja y
obnactu matepwjana, KBaHTHUX HayKa, TEXHOMOIVje eHepruje, ENEKTPOHUKE U
(hoTOHWKE yHaNpeau 3aTuTy, NpexunBrbaBare 1 cnocobHocTy bopaua, kao u
[a ousajHupa onpemy 1 nomohHe cucteme (ISN, 2024a).

*  WHcTutyT 3a HaHoHayky cTpaxunsauke nabopatopuje MopHapuue CALL (Navy
Research Laboratory’s Institute for Nanoscience). OcHoBaH je 2003. roguHe ca
3a4aTkoM [ia ClpoBOAM UCTPaXuBakba Koja noBesyjy KBaHTHO 1 HeypOMOPHO
pa4yyHapCTBO, HAaHOMOTOHMKY, HAHOOMOTEXHOMOTWjY WU TEXHOMOMUjy eHepruje
(Institute for Nanoscience, 2024).

* AreHuuja 3a HanpegHe opbpambeHe ucTpaxuBavke npojekte (Defense
Advanced Research Projects Agency, DARPA). OcHoBaHa je 1958. roguHe ca
MUCUjOM [ia, YMpeXxXaBaweM Boaehux HayyHUKa-MHOBaTopa Kao nojeamHala,
UCTPaXMBaYKMX LieHTapa ca pasnuunTUX YHUBEp3WTETa M KOMMaHwja, CTBO-
pu npegycnoee 3a npeobpaxaj peBonyLMOHAPHUX KOHLenaTa y npov3Boae
KOju Ce MOry npakTU4YHO NpuMeHuUTW 3a noTpebe HaumoHanHe 6e3benHOCTM
(DARPA, 2024).

[Morba Tekyhe n noteHumjanHe BojHE NPUMEHE
HaHOTexXHosoryja

BojHa mpumeHa HaHoTexHonornja Tpebano 6u ga goBede 4O BUMLIET CTeMeHa
3alTuTe rbyactea y 6opbeHnm onepaumjama, Behe ybojutocTn opyja (Hnp. ekcno-
3VBHUX Hanpaea), Behe n3apXro1BOCTM MaTepujana u ypehaja, KOHCTpYKLMje MUKPO-
ypehaja (HaHogpoHoBa M HaHopoboTa) U CTBapaka XxMbpuaHor obnmnka Xxemmjcko-ou-
OMOLLKOT Haopyawa. Ha nnaHy yHanpehewa nepdopmaHcu 60pbeHnx aBuoHa,
MIoBKNa 1 KOMHEHUX BO3WSa, HA CaMOM MOYeTKy 21. Beka GWno je nnaHupaHo Aa
Ce UCTPaXMBaYKOPa3BOjHM U KOHCTPYKTOpCKM Hanopu y CAJl ycMepe Ha oCcTBapere
CBOjCTaBa BULLIEYHKLMOHAMHOCTW, CMaHEHe TEXMHE 1 ONaKWaHOT MaHEBpUCaHa,
BecnocagHor farbuHCKOr Bofeka, CMareHe TepmariHe, pagapcke 1 akycTUdHe Bu-
ArbMBOCTU, ONepaTMBHOCTM 3aCHOBaHe Ha CeH30pHUM U obaBeluTajHMM nogauuma
1 HUXOBOM BEXMYHOM NPEHOCY, onepaTuBHE NpUNaroArbUBOCTY NPOMEHILUMBYM YC-
NOBKMA Y OKPYXeHY, CaMONOnNpaBIbUMBOCTU, eHepreTcke edprkacHoCTU, Te Henpoboj-
HOCTMW 3a HeMnpwjaTerbCko BaTpeHo AejcTBo (Simonis & Schilthuizen, 2006: 25-32).
CBpxa HaBefeHWX NNaHUpaHKX akTBHOCTM MNeHTaroHa jecte aa ce 60p6eHn cuctemu
ByayhHOCTW y4MHe CamOOAPXMBUM, MOKPETILMBUUM, (DNEKCUOUNHUUM, U3OPXKIbU-
BUjUM, YOOjUTMjUM, T€ KOMYHUKALMOHO-MH(OPMALIMOHO M NOMUCTUYKA OJPKMBUUM
(Simonis & Schilthuizen, 2006: 44).
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HanpedHu mamepujanu

HajBuarbmeuju McKopak HaHOTEXHOMOrMja Ha MNnaHy KOHTpPONe CTPYKType Ha
aTOMCKOM W MOJIeKynapHOM HMBOY yo4aBa ce y obnacti matepujana, 0O4HOCHO Hay-
ke 0 matepujanuma. 360r Tora noborbLIake MaTepujana BATANHUX 3@ HaopyXakse,
BOjHY onpemy 1 Bo3wna npeacTtaBrba Noapyyje NpMMeHe HaHOTEXHOoruja y passojy
onbpambernx kanauuteta CAL roe ce o4vekyjy MpakTUYHW pesynTatit Y KpaTkom U
cpenreM poky. Pey je o nocneauum pactyhe gjomuHaumje Hag matepujanuma y sugy
CMOCOBHOCTM HayyHMKa U MHXerepa [a BeluTauky NOACTakHy enekTpoHe Tako Jda
MaHWUECTYjy KBaHTHa CBOjCTBa U omoryhe ynoTpebrbuMBMM €NEKTPUYHO, OMTUYKO,
MarHeTHO ¥ TEpMOAMHAMMYKO NMOHallake YBpCTUX MaTtepujana (Rogers et al., 2015:
89-124).

Wctpaxueauka kaHuenapuja OpyxaHux cHara CA[l HauMHuna je uckopak y oT-
KpuBakYy €neKTPOHCKUX, ONTOENEKTPOHCKMX W TOMMOTHWX CBOjCTaBa MWHeparna ne-
POBCKMTA, LUTO BU y ckopmjoj ByayRHOCTM MOrMO Aa “Ma NpecyaHy yrory y 3ameHu
cunuumjiyma kao Hoceher nonynpoeogHuka y padyHapuma (AROYR 2022, 2022:
61-63). Mopep Tora, MoryhHOCTM NabopaTopujckor An3ajHMpaHa KpucTanHe MMKpoC-
TPYKTYpe TOr M1Hepana ykasane Cy Ha HeroBy OAJSIMYHY PECMOH3MBHOCT Y UHGpaLp-
BEHOM [eny CnekTpa, morogHy 3a yHanpehere ypehaja 3a HohHK BMA v ceH3opa. Y
OKBMPY Hamopa yCMEPEHNX Ha PEBOIYLIMOHNCaHE MUKPOENEKTPOHMKE M pavyHapcke
TexHonoruje, IHCTUTYT 3a HaHoHayKy VicTpaxwusadke nabopatopuje MopHapuue CAL
paaun Ha yBohery POTOHCKMX MHTErPUCaHMX KOMa, Koja (YHKLMOHMLLY NO NpUHLMNY
[l0BOfeHsa CBETNOCTU AMPEKTHO Ha NONYNPOBOAHUK, @ Ynja 61 MacoBHa Npoun3BoAH-a
MOACTaKNa Harmu passBoj BMCOKO(pekBeHTHe obpage pagapckux curHana (NRL,
2024: 3). HCTUTYT pa3suja 1 AM3ajH YMnoBa Kao KOMMOHeHTU Byayhux Heypomop-
(bHUX MpoLiecopa U HacToju Aa OTKpUje HauyMHe Kako Ce He3aBUCHU CUIULM)YMCKM
,HEYPOHU" MOy ,HayunTn” Aa obaBrbajy KOHKPETHE PyHKLMje NO y30py Ha yyere He-
ypoHa y rbyackom mo3ry (NRL, 2024: 5). Takohe, AreHuuja 3a HanpeaHe onbpambeHe
nctpaxvsadke npojekte (DARPA) ocTBapwna je BaxHe pesyntate y objeantbaBatby
HajborbMx cBojcTaBa POTOHA U €MEKTPOHA Y ENEKTPOHCKOM KOfy, YviMe je oMoryheH
orpoMaH nomak y yHanpehery BOjHUX CMOCOBHOCTM MO3ULMOHMpakba U HaBurauuje
y OKpyxery 6e3 nogpluke GPS-a, TpoaMMEH3MOHANHOT Manmparka 1 KOMyHWKaLmo-
HUX cuctema Benuke 6p3avHe (EPIC, 2024). AreHuuja je, 2023. roguHe, nokpeHyna
UCTPaXu1Ba4kn Nporpam cTBapara BeLUTaykux KBaHTHWUX HaHOCTpyKTypa (Synthetic
Quantum Nanostructures, SynQuaNon), kako 61 ce an3ajHMparbemM CUHTETUYKUX Me-
Tamarepujana OTNOpHKUX Ha BUCOKE TemnepaType paja HaHOeneKTpoHckux ypehaja,
3aCHOBaHMX Ha CyneprnpoBOAHULMMA, PELLNO NPObMeM BENWKE eHepruje Koja je mo-
TpebHa 3a xnahewe Tux ypehaja n ctabunmsosana obpaga MHdopMaLuja Ha KBaHT-
Hom HuBoy npeumsHocTn (DARPA, 2023).

YrrbeHUYHe HaHOLEBM ¥ AMjaMaHTCKW Mpemasun U BfakHa umajy Behu ogHOC YBp-
cTohe 1 TeXMHE 0 Yenuka, WTo oMoryhasa nakLum 1 OTMOPHM|U OKIIOM, Kao 1 Aenose
3a Bo3una u Basgyxonnose (Carafano & Gudgel, 2007). Ha npumep, 6vno koje kon-
HEHO BO3WNO Buno 6u Ha Taj HaunMH Borbe 3awTheHo of HenmpujaTerbCkMx ekcnno-
3VBHUX Hamnpasa W BaTpe W3 Manokanubapckor opyxja. MaHunynucawe nojeamHnm
mMaTtepujanMMa Ha HaHOHMBOY MPOW3BOAM OMTWYKK edpekaT HeraTUBHOr NpenaMarba
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CBETIIOCTW, OAHOCHO BELLTAYKW CaBWja CBETIOCT NOA YIMoBMMA U Y npaBLyMa Koju cy
nHade Hemoryhm y npupogm (Carafano & Gudgel, 2007). Taj noctynak 6u morao aa
JonpuHece AnsajHupary kamydnaxe Koja caBuja CBETNOCT, Na 61 ce Morno BMaeTut
Kako ce Hnp. BOjHMK nnn Bo3uno kpehy. OCHOBHa maeja jecte aa ce KonHeHa Bo3una,
Ba3OyXonnoBK 1 BOjHU BPOJOBM yUYMHE Y UCTO BPEME W NaKLWMM 1 YBpLIhnM, WTO 61
3HATHO CMakWII0 NOTPOLUKY ropuBa 1 noehano Gp3uHy 1 oncer kpetarba (Hilton,
2022b). Ha nnaHy yHanpefewa eHepreTcke BpeAHOCTW ropuea, henuje ca 4BpcTvm
OKCMOM MOTy [ia Npou3Beay BULLIE eHeprije o KOHBEHLIMOHAMHUX ropuBa, AOK HaHO-
yecTuLe gofare ropusy mory fa oMmoryhe mMnasHuM aBMOHUMA, TEHKOBMMA M Bpoao-
BuMa Behe 6p3uHe v wupm onepatmeHu gomert (Hilton, 2023).

Kaga je pey 0 nobosbLuakby An3ajHa naHumpa, HaHoTexHomnorvje he HanpaeuTH No-
MakK y OQHOCY Ha Cafallhe pesynTaTe Koje je fana NpUMMeHa CUHTETUYKOT MaTepuja-
na cayMkeHOr 0o MeLUaBMHe napaapamMuaHUX BrakaHa Mo3HaToOr Kao Keenap, Koju
je v garbe penatuBHO Texak (0KO 14 kr) n TUMe HesrofaH 3a Hollere y 6op6eHnm
akumjama (Hilton, 2022b). 36or Tora cy Hanopu Hay4HWKa, TexHonora 1 npow3ssoha-
Ya CMHTETMYKMX BnakaHa yCMEepeHu Ha ornefe Koju Tpeba Ja ykaxy Ha onTumanHe
npaBLe KOHCTpyuCawa OjavyaHux maTtepujana cnajambeM TpaguuMOoHanHWX npupos-
HUX MaTepujana ca yribeHUYHM HaHOMaTepujanuma, kako 6u ce noctTurna cBojcTBa
Behe enacT4yHOCTV NPUNMKOM yaapa npojekTuna Benunke 6panHe v yjedHo Maka Te-
XuHa camor matepujana (Hilton, 2022a). YribeHnyHe HaHOLEBM Cy BULLE OF CTO nyTa
OTNOpPHWje 0f Yenuka y3 oAaTHO ojavarbe pa3nuumnTum nerypama (Olabi & Grunwald,
2007), pok je marHeTopeonowku dnyna (Magnetorheological Fluid, MR Fluid) Teu-
HOCT Ca CBOjCTBOM NPOMEHE BUCKO3HOCTM Ca MPOMEHOM CHare MarHeTHor norsa. lNpo-
MEHOM MarHeTHOr norba MarHeTopeonoLLK nyua Moxe npehu of YBPCTOr y TeYaH
1 0bpaTHo, WTO oMoryhasa KOHCTpyMCake NaHuMpa NpuiaroabUBOr NPOMEHIbUBUM
ycnosuma 6opbeHe onepaumje (Olabi & Grunwald, 2007).

Capxa naHumMpa Huje caMo fa crnpeyn ynasak MeTka Unu LwpanHena y Teno BojHu-
Ka, Hero 1 NPeHOC KMHETUYKE eHeprije camor yaapa Ha TKUBO, jep 1 OH MOXe, Y noje-
[AVHWM OKOIHOCTVMa, AOBECTM [0 CMPTHOr Ucxoaa. HepaeHo je pa3sujeH matepujan
koju 360r CBOjCTBa BMUCOKE eUKacHOCTU y ancopboBary MexaHU4Ke eHepruje, Me-
PEHO MO rpamy, MoXxe a ocurypa 60sby 3aLUTUTY TbYACKOr OpraHMama of, pasnmymTux
BpcTa yaapa (naga, ekcnnosuje, Bubpauuje), Tako WTo XugpodobHa mMonekynapHa
CTPYKTypa Yy Buay ,HaHokaBe3a” npuma ygap, a 3aTuM [onasut 4O HEeHOr CroHTaHOor
nctmckmeama (Sun et al., 2021). JlogatHa npegHoCT Tor Matepwjana, Koju nma CBojCT-
Ba TEYHOCTH, jecTe 1 MOryhHOCT NOHOBHOr Kopulherwa HakoH yaapa, jep Moxe Aa
npuMK BULLE yaapa, LWITO je NocebHO MOroaHO 3a BOjHY MPUMEHY Y KOHCTpyucaky
OKIona W 3awTuTe pamwuBe MHPPacTpyKkType. Pedy je o3HayajHOM Kopaky, umajyhu
y BuAy CBOjCTBa CajalltbUX MaTepujana 3a ancoprnuujy MexaHudke eHepruje Koju
ce ocnawajy Ha nnactuyHe gedopmaumje, henmjcko U3sujame U BUCKOENACTUYHY
aucunauujy, a Mory aa npume camo jefiaH yaap. Vctpaxueaun amepudkor Haumo-
HanHor MHCTWUTYTa 3a cTaHaapae w TexHonorujy (National Institute of Standards and
Technology) n komnaHuje Columbia Engineering ycnenu cy aa npoHahy HauvH da
ojavajy npupogHe matepujane NMPUMEHOM HaHo4ecTMLa CUluuujym-auokcuaa npe-
MasaHor nonmmepHum Hutuma (Chen et al., 2021). Ta nHoBaumja ctBopuna je cno-
COBHOCT HOBOT MaTepujana ga y MHoro Behoj Mepu pacnpLum eHeprijy ocnoboheHy
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y Taukn Banuctuykor yaapa, wro he umati 3HayajHy ynory y ausajHuparby 3awtut-
HOT Crnoja Ha caTenuTMMa U CBEMUPCKUM MEeTEnuUamMa, Koju Cy U3NOXeHW CTanHUM
yaapyma MUKPOKPXOTUHA KOje Kpyxe 3eMrbHOM OpOoMTOM BEOMA BESTMKOM BP3NHOM.
CwuHTeT30BaHu npemas 06e3beanhe gogaTtHy YBPCTUHY TPaaMULMOHANHUM MaTepuja-
numa (cTakny, nnacTuuu, MeTany 1 Kesnapy) kaga Ccy U3NOXeHU HenpujaterbCKkom
BaTPEHOM [ejCTBY.

lognHama yHasan nabopaTtopujcku ce UCNUTYjy HauvMHU OCTBapewa pajapcke u
COHapHe HeBUAbMBOCTY BOjHUX Ba3gyxomnnosa, Nnoswna um nogmopHuua. Kako 6u
ce y Lenoctu cnpeynnu unu 6ap ybnaxunm yumHUM HOBUX CEH30PHKX TEeXHomorvja
3a OTKpMBakbe, 3a BU3YeNTHy kamydnaxy v cy3bujare TEPMUYKMX U padapCcKmx 3Ha-
koBa pa3BujeHn cy MackupHa 6oja, aguTmeu 3a 60je, Lepaae, Mpexe u neHe (Hilton,
2022b). CneumndmryHa enekTpoMarHeTHa, TepMuyKa, XpoOMoreHa 1 MexaHuyka CBojCT-
Ba MaTepujana HWUCKe yourbMBOCTU, UK T3B. cTenT (Stealth) matepujana, Tpebano 6u
[a [oMnpyHEeCYy OMeTaky CeH3opa y AeTeKToBakby 0bjekTa XxBatakemM eMUTOBaHOT UMK
pednekToBaHOr eNeKTPOMarHeTHOr 3pavyerba ca herose nosplunHe (Hilton, 2022b).
Op vcTpaxmBada 1 UHXerepa ce O4YeKyje Ja pasBujy 3alliTUTHe npeBnake koje he
MeHaTh KapakTepucTrke pedriekcuje, ancopnumje 1 pacnpLuvBakba enekTpomarHet-
HOT 3paverba y BUAIBMBOM, UHAPALPBEHOM U MUKPOTANacHOM Jeny crnekTpa.

Y Husy obehaBajyhnx HaHOTEXHOMOLUKMX AOCTUrHyha ca noTeHuumjanHoM BOjHOM
MPUMEHOM, NOCEBHO je 3HaYajHO UHXEHEPCKO MaHUNynucakwe MaTepujanma Ha Ha-
HOHMBOY paau yHanpehera PusnyKk1X CBojcTaBa pasnuyUTKX NOBPLUMHA, JOAaBaHka
HOBMX CBOjCTaBa W MpOHanaxera HUXOBUX HOBUX (DYHKLUMja 3@ NPaKTUYHy npume-
Hy. Ha cnorbHuMM noBpLuMHama Bo3una, Ba3gyxonnosa, NoBua u opyxja, Texuiute
NCTPaXUBaHa U MHXEHEPCKMX MHOBALMja 3aCHMBA CE Ha pa3Bojy HaHOKepamuKe u
MeTanHux nerypa, Te nocebHmx cynepxmapodobHMx npemasa ca CBOjCTBMMA HEMNpo-
MOYMBOCTH, CIpeyaBarba Koposuje 1 3anehuBarba, Te cMarberba Tpewa (ISN, 20246).

Ekcrinosusu U H-UX080 omkKpueaHe€

Y norneay noborbluaa eprKacHOCTU EKCMI031Ba, HaHOTEXHoMorvje bu Tpebano
[a [oBeny [0 NPeumsHuje KOHTPone AEeTOHaLMje eKCro3UBHMX Hanpaea, a MOneky-
napHa CTpyKTypa ekCnno3uBHOr MaTtepujana 6u ce nabopaTopujcku npeypeamna Tako
fa ce pohe 0o onTuManHe cpa3Mepe YecTuua M CMelle cacTojaka, Koja bu 3atum
omoryhuna makcumanusauujy ocnobofheHe eHeprije npunmkom npacka (Carafano &
Gudgel, 2007). TakaB ucxog npeacraerbao 6u orpomaH Hanpegak uMajyhu y Buay aa
je Beoma TELUKO TECTUpATW Cafallke eKCrro3vBe, MOroToBo 3a cneunduyHe bop-
OeHe HameHe. Hanpegak y 6anucTuum koju ce ogHoCK Ha ynoTpedby HaHomartepuja-
na omoryhro 61 BMLIECTPYKO pasopHUjy CHary MHOTO Mak-€ KOSIMYMHE EKCMI03MBHE
mace, koja b Guna ynakoaHa y npojektune mawux aumeHsuja (Hilton, 2023). Tume
6 ce nobune mane anun MHoro y6ojutunje 6ombe, pakete, 6ojeBe rnase v gpyre BpcTe
EKCM03MBHUX HanpaBga, jefHako kao 1 noborbluaHa cnocobHocT npoboja oknona unu
OyHkepa. Takohe, nocToje 1 ovekmBarba Aa ce y Aarboj byayhHOCTU KOHCTPyWMLLY Mu-
KpoHykneapHe 6ombe, Mace jegHor O ABa KMMorpama, anwm ca ekCrio3vBHOM CHarom
MEpEeHOM y ieceTHaMa ToHa KOHBEHLMOHanHor ekcnnosuea (Hilton, 2023). KoHTpo-
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fla BeNuWYMHe HaHouvecTMua Yy ekcnnosusy omoryhuna 6u koHTpony 6p3uHe aeToHa-
Lmje 1 HeHor pacnpoctuparsa, a Beh aeleHunjy yHasa ce paau Ha ycnocTaBibakby
ycMepeHe [eToHauuje Ha henmnjckom HUBOY Kao METOAE YKNamwara KaHLEepOreHmx
henuvja y reyackom opraHusmy (Chaban, 2015). MexaHusam ycMepeHe AeToHaumje
3aCHOBaH je Ha Ta4yHoM HaBofewy HaHoBoMbe y Buay yecTuLe Koja ,ekcrnnogupa’,
Tako LUTo ocrnobaha eHeprujy NoacTULAkEM TPEHYTHE AEKOMMO3ULMjEe, OHOCHO pac-
Kga yHyTpallkUX aTOMCKVX Be3a.

Beh aBe geueHunje yHasag CnpoBoae ce UCTpaxuBama noj okpurbeM NHCTMTYyTa
3a HaHoHayKy Vctpaxueadke nabopatopuje MopHapuue CAL pagum objeantaBama
MPUMEHE BeLUTayKe WHTEMWUreHUMje 1 HaHOTEXHOMOoMja y An3ajHupary ceHaopa 3a
OTKpUBaH-E EKCMMO3NBHUX UCNApIbUBMX OPraHCKUX jeauberba, N0 y30py Ha OLITPO
4yno mupuca ckakasaua (Hamisevicz, 2024). 3amucao je ga ce CTBOpM CBOjEBPCTaH
,EMEKTPOHCKM HOC” y BMAY NpeHocuBor ypehaja ca yrpafhieHoM BeluTaykom MHTEnu-
reHLUMjOM ca Ayradkmm HU30M XEMUjCKMX CeH3opa ca HaHodecTvuama. CeHsopm bum ce
KOpUCTUNY 3a 13pajy MacoBHe JATOTOTEKE TparoBa pasnuumnTMX eKCrIo3nBHUX Napa,
Y3€TO Yy pasnuyMTUM KOHLIEHTpaLUMjaMa, paaum ycaBpLuaBamwa eukacHoCTU esanya-
umnje byayhux getektopa ekcnnoausa. MHCTUTYT je ausajHupao u ypehaj 3a 6eckoH-
TaKTHO floumMpame U NaeHTUMKOBaHEe HI13a ToKCUYHKX xemukanuja (NRL, 2024: 25).
WHCTUTYT 3a HaHOTEXHOMOIMje 3a BOjHMKA KOHCTPYWUCAO j€ XEMUjCKM CEH30p BUCOKE
OCETIBMBOCTW 3@ OTKPKBAHE EKCMIO3MBa Ha AarbuHY, 3aCHOBaH Ha HAHOCTPYKTYpu-
paHum nojavasajyhum donyopocueHTHM nonumepuma (ISN, 2024B), gok 6u Hayd-
Ha gocturHyha AreHumje 3a HanpegHe ogbpambeHe UCTpaxuUBaYKe NpojekTe y Norby
KBaHTHe (mamke Tpebano ga aaroe noborbluajy npeumsHoct ceHsopa (QSC, 2024).

HaHodpoHosu u HaHopobomu

MoyeTkoM 21. Beka KpeHyno ce ca KOHLEenTyanu3auWjoM HaHOogpOHOBa Koju 6u
— 33jedHO Ca MHTErpucaHMMm MUKPOCMCTEMOM rnobanHor nosvumoHupama (GPS),
aHTEHOM, CUCTEMOM 3a KOHTPOMY fneTa W CaTerIMTCKUM KOMYHWUKALMOHUM cucTe-
MOM 3aCHOBaHWM Ha MHTEpHETY cTBapw (Internet of Things, |0T) — YHMAKM ocnoHau
onepauuja n3suhara 1 ocmaTpaka aMepuYKMX OpyxaHux cHara. [arbu Hanpegak
y TexHomorwju BecnunoTHUX neTenuua otBapa MoryhHOCT 3a u3pagy T3B. BeluTauy-
kux netehux nHcekara, Tj. HaHoneTenuua (Nano unmanned aerial vehicles — NUAV),
koje 61 Morne aa HeonaxeHo npuhy HeNpujaTerbCKOM NOMOXajy, HNP. HEKOj 3rpaau, u
npukyne obageLUTajHe nogaTke Unu BaTpeHo AejcTByjy. Takse becnnnoTHe netenuue
nmane 61 3HavajHy ynory y cleHapujuma patoBaka y rpafckum cpegvHama, jep ou
y3 NpuMeHy GrioMMMmUYKor gusajHa bune mame ynagrbmee 3a Hempujaterbcke Tpyne.
Ha npumep, jeaaH oa Bpno BepoBaTHMX BopbeHux cueHapuja npeasuha 6opbeHo aH-
raxoBakbe BENMKOr poja CMAYLLHMX, U CTOora TeLWKO 060PUBMX HAHOAPOHOBA, KOju 61
30PYXKEHUM [€jCTBOM YMHOXMIIN pasopHy Moh yKONUKo 6v Gunm ycMepeHn Ha Heky
KOHLLEHTpM1CaHy MeTy BUCOKE BPEAHOCTM, HNP. KOMaHAHW LWTab, cknaguwute MyHuUmje
nnn ropmea (Hilton, 2022b). Mpeobpaxaj HaHoApoHOBa Yy HaHopoboTe Guhe moryh
TeK ca pa3BojeM CBOjCTBa MyHe ayTOHOMWje, OQHOCHO TeK kafa T BojHu ypehaju byay
umanu yrpahjeHe cnocobHOCTM onaxarba, BeluTayke MHTENureHumje u camocTarnHor
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n3BpluaBamwa ogabpaHux onuuja genosaksa (T3B. TPU OCHOBHA Hayena poboTuke).
Ycnep Tora, jow npe ABe AeleHuje ce cxBatuno aa he npumeHy HaHopo6oTa y KonHe-
HUM 1 NOMOPCKMM onepaLinjama omoryhuti Tek noeeharse cHare npowecopa dyayhux
KBaHTHMX padyHapa ¥ MeMOPUCKOr KanaumTeTa HaHOEMNEKTPOHUKE, CMatbere TeXN-
HE MeXaHW4KKX CTPYKTypa 1 noborbLuake NPEHOCUBIX M3BOPA ENEKTPUYHE eHepruje
(Simonis & Schilthuizen, 2006: 58-59). OnepatueHa ynotpeba HaHOPOBOTCKMX Cuc-
Tema ycrnoBsbeHa je MoryhHowhy ympexaBara ca 6opLem 1 KOMaHAoM, Koju 3aTuM
MOry Ja y pearHOM BpeMeHy aHanuavpajy Nofaatke Koje Cy MpUKynunmM HaHopoboTw.

OcHoBHM NpoGnem Koju KOHCTPYKTOPM U TEXHONO3M MOpajy Aa pelle jecTe Kako
“3pagmTi JOBOSBHO CHAXHO, @ Y UCTO BPEME MUHWjATYpPHO Hamajake, kako oum ,ne-
Tehu nHcekT” MManu onepaTuMBHO peneBaHTaH goMeT. Kopak ka yHanpehemy jaunHe
13BOpa Hanajaka y OAHOCY Ha HEroBy TEXWHY NpeacTaBrba NPOTOTMN NPEHOCUBOT
reHepaTopa Mesodyne LightCell, 3acHoBaH Ha ynotpebu HaHOCTPYKTypuUpaHux reo-
meTpuja OTOHCKMX KpucTana 3a mogudukaumjy HopManHe rycTuHe ctama poToHa
(ISN, 2024r). Og Tor reHepaTopa ce o4ekyje Aa bopbeHnm cuctemmma y Kojuma je Te-
XWMHa KpuTUYaH daktop omoryhu npogyxeHe onepauuje, nocebHo BojHUM poboTuma,
BecnunoTH1M Ba3ayxonnoBMMa W BOjHULMMA Ha npogyxeHum 6opbeHnum 3agaumma
(ISN, 2024r).

Mukpocamenumu

CatenuTun cy faHac ckopo HezaMeHrbuBM ypehaju 3a obaBrbame LMBUMHKX 3a-
faTaka y obnacti farbvHCKOr MpuKynibaka PasHOBPCHUX NoAataka, TeNneKoMyHM-
Kauwuja, TeneBm3njcKor eMuToBara 1 rnobanHor no3vuMoHnpama, kao U 3agartaka
npuKynrbaka obaBellTajHMX nogaraka, ocmMatpara v Lurbakba y AOMeHY rnobanHor
npojekToBara amepuyke BojHe Mohn. OCTBApMBOCT NPETHE OHECTIOCOOIbaBatba U
YHULUTaBawa caTenunTta pacte ynopeao ca passojem opyxja ca yCMepeHOM eHeprjoM
BENMKOr JOMETA, Tj. flacepa Un MyUKpoTanaca Befuke cHare, U yHanpehera npeums-
HOCTMW NpOTUBCATENUTCKUX NpojekTuna. 36or Tora he, 3axBarbyjyhu BENMKOM HanpeT-
Ky Y TEXHOMOrMj Mu1Kponpouecopa, y 6rnmckoj 6yayhHOCTK KnacuyHm catenuTn 6utu
3aMetbeHN MuKpocatenuTuma , jep he 6utn MHOro marbux aumeHaumja (y npoceky 1
dm?®), a cammMm TUM nakwmn 1 eHepreTckn edomkacHuju (Simonis & Schilthuizen, 2006:
63). MukpocatenuTu he ctora 6UTK jeTUHM|K 3a CEPUjCKY NPOM3BOAHY W NO3UNLMO-
HUpawe y 3emrbuHy opbuty y pojeBuma, jep he moctojat U MOryhHOCT HMXOBOT
cajenctsa MehycobHUM BexnyHum noBesvBakeM. PojeBU yMpEexXeHUx Mukpocarte-
nuTa npeumsHuje he obaBrbati 3agaTke AeTarbHOr ocMaTtparsa Yy BUCOKOj pesony-
umju 1 nNpukynbawa obaBeluTajHUX MofaTaka O HempujaterbCkuM onepaumjama, a
kopucTtuhe ce v 3a yHULWITaBake Henpujateresux catenurta (Simonis & Schilthuizen,
2006: 63). Mukpocatenutn he Mohn HeomaxeHO a Ce NPUYBPCTE Ha BenuKe cate-
nnTe Tako Aa MOry Aa YHULLTE HMXOBE BaXHe JenoBe uUnv UM ometajy pag, ook he
MUHWjaTypHe AUMEH3Vje MUKpOCaTenuTa Henpujaterby oTexatu rahame.
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BojHuk kao buomuyko-abuomuudku interface

Pa3Boj BojHe nNpuMeHe HaHOTexHonoruja ycpeacpeheH je n Ha ocnocobrbaBake
aMepuyKor BojHMKa fa Gyae Bpno ybojut n camooapxus GopbeHn eHTUTET, ojadaH
BELUTAYKOM WMHTEMUIEHLMjOM U MUKPOCUCTEMOM 3a HaA30p TenecHux yHKumja, Te
ocurypaH og 6anucTnykmx, BMONOLLKMX N XEMUjCKUX HeNpujaTerbckux yaapa (Simonis
& Schilthuizen, 2006: 41-51). BojHvk 6yayhHOCTM 3aMULLIBEH je Kao CBOjeBPCTaH
GopbeHn BroTnuko-abnoTnykm interface, Koju LENOTBOPHO yMpeEKaBa TenecHe hyHK-
Lmje ca onpemom. Pey je 0 koHUenTy ,6exunyHor BojHuka” (wireless soldier) onpemrbe-
HOT HanpegHUM TexHu4kuM cuctemom (Body Area Network) caunkseHuM of BuLle
ympexeHux ypehaja — mobunHor TeneoHa, py4Hor YacoBHUKa, ,MaMeTHOr” Linema
ca BM3MPOM U MUHUEKPaHOM, Manux cnyLianuua, opyxja u pasnuuutux ceHaopa yr-
paheHnx y yHudopmy unm camo Teno (6MoHnYKy Ynnosum). ,bexxndHm BojHUK” 6o Bu
YMPEXeH ca HaaneXxHoOM KOMaHAoM W'y peariHoM BpeMeHy b1 ca npeTnocTaBrbeHnM
3anoBeAHNKOM 1 cabopuyma pasMernBao MHGopMaLuje 0 13Bohewy AoaerbeHor
6opb6eHor 3apatka (Hilton, 2023). Ha Taj HaumH, 6opal, 61 y cBakoM TPeHYTKYy MOrao
[la carnefia ConcTBeHun noroxaj 1 pacnopes cabopaua y NpOMEHIbLUMBIM U Henpea-
BUASBbMBMM ycnoBuMa Bofjewa 6opbeHe onepaumje (T3B. marna para), kao U con-
CTBEHO (PM3MYKO M MEHTaNHo cTawe. Takofe, BojHUUM Ou y peanHoM BpeMeHy npu-
Kynrbanu peneBaHTHe nogaTke ca 6ojuliTa 1 cnanu ux KOMaHam pagy KBanuTeTHujer
oanyuuBarba 0 AarbemM cMepy 6opbeHe akuyje.

CranHu npobnem npu ausajHupaky BOjHE YHUGOPME jeCTe Kako CrpeynTu
fa pohe go ytpHyha BOjHMKOBMX eKCTpemuTeTa, a TuMe 1 naga 6opbeHor yumHka.
HenaBHa ncTpaxuBara amMmepuykux xemuyapa ca YHusepsuteta CteHdopa nokasa-
na cy aa cpebpHe HaHOHWTW yTKaHe y NaMy4HW MaTepujan Mory Aa ra sarpejy, ako
ce Kpo3 X nposefe cTpyja manor HanoHa (Nano, 2017). TpeHyTHO ce ekcnepu-
MEHTULLE Ca TKaHWHaMa of NonmnecTepa 1 MeLaBMHE Mamyka U HajmoHa y Koje cy
yrpaheHy HaHOHUTK 1 XMAPOrenoBu, kako 6u matepujan 6vo norogaH 3a yHUdopmy
koja 61 3agpxana Tonnoty 1 6una yaobHa y eKCTPEMHO XNMagHUM BPEMEHCKUM YC-
noBMMa, Te crnpeynna npogop 3Hoja y octatak rapaepobe (Nano, 2017). HanpeaHe
TKaHWHe omoryhune 6u Tawy, a TUMe 1 nakwy YHUopMy 3a 3UMCKe YCroBe, a BOjHWK
On Morao cam fga perynuile weHo 3arpeBare unu bu oHa umana ayTomaTu3oBaH
KOHTPOIHW MexaHn3aMm TenecHe TeMnepaTtype Koju 6u xnagmo nnm 3arpeBao BOjHUKa
CXOLHO BpeMeHckuM ycnosuma (Hilton, 2022a). Ha Taj HaumH BOjHUK 61 Morao 1 cam
[a nofellasa TenecHy TemnepaTypy Kako 6u ce ,yTonuo” y Temnepatypy OKOMHOr
TepeHa, Te TuMe n3berao fa HEeroB NONoOXaj Nako OTKpUjy HenpujaTerbese TepManHe
kamepe (Hilton, 2022a).

Byoyhu amepuukn BOjHMK Mmahe yHUGOPMY OTMOPHY Ha CBE BPCTe Henpwja-
TebCKUX yaapa — MeTaka, Aenvha akTMBMpaHUX EKCMMo3vBHUX Hanpasa, buoxe-
MUjCKUX areHca uta. HaHoTexHonornja he oMoryhntu MHTerpucaHe ceH3ope Ha eTuke-
TV U MHTErpucaHe Mpexe of HaHOBMaKaHa ca kanauuTeToMm ynujakba, AeakTmsaumje u
[AEKOHTaMMHaLmje XeMujcKor 1 BMONOLLKOT OpyXja, a y 13rneay je u buxosa npuMeHa
3a OoTkpuBarbe pagmoaktueHocTu (Hilton, 2023). YHudopma he nmatn cnocobHocTt
npunaroaremee kamydnaxe, Tako WTo he mMewaTn AeseH kako bu ce yknonuna y
TepeH. HaHomatepujanm ca CBOjCTBMMa XPOMOTEHOCTU, OAHOCHO NpoMeHe 6oje mpu
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MPUMEHM CrosbaLlkbKX CTUMYMNaHCa, Kao LUTO Cy CBETNO, TOMMOTHO, ENEKTPUYHO UMK
MarHeTHO Morbe, BepoBaTHO he BUTW MpPUMEHEHN 3a KOHCTPyWCare NpUMaroaibu-
Be Kamygnaxe. BojHnyke ynsme cagpxahe nnouvue 3a naeHTudukauujy nytem pa-
avno- dpekseHumje (Radio frequency identification — RFID) 3a koHTpony npuctyna,
MO3MLIMOHMPaE U NPUKYNIbake U aHanuay pasnuuuTix areHca ca 3emrbe. MHCTuTyT
3a HaHoHayky Wctpaxusauke nabopatopuje MopHapuue CA[ Beh Buwe op gecet
rogvHa passuja HoBe mMatepujane yHKUMOHANHUM criajakem OMONOLWKMX MOMEKyna
ca HaHodecTuuama, kako 6v ce garbe OTBOpMO MyT ka npobojuma y nNpuKynrbarby
eHepruje 3a noborblare cnocobHocT bopaua (McKinney, 2014).

Beh aBe feuexuje paspahyje ce Mogen NnpuMeHe uMnnaHaTa y Buay yopuarasama
HaHOMALUMHA Yy TENo BOjHWKA Kao Ae0 CUCTEMa 3a AMHaMMyko npahere HeroBux
akTmBHocTh y 6opbeHom gejctey (Altman & Gubrud, 2004). Ceaku BOjHMK G1O 6K
03HaYeH NAEHTUMKALMOHOM O3HAKOM Ha OCHOBY HaHOMaLLWHe YOpu3raHe y HeroBo
Teno, a komaHga 6u 24 yaca AHEBHO MOrNa Aa NpaTv HEeroBo KpeTake U 'y peasiHoM
BPeMeHy Haarneaa nogaTke O CTawy TenecHWX (yHKUmMja (HNp. U3nyYyeHor 3Hoja, oT-
KyLaja cpua, KpBHOr NpuUTMCKa, HMBOA Lehepa Yy KpBU U capxaja KUCeOHUKa), YHOCY
XpaHe u Boge, bp3vHK xoaaka 1 Tpuaka U TeXuHW noBpeda. HapeaHa reHepauyja
HaHopoboTa Buhe n3pafeHa of TekCcTuna M enacTMyHUX nonMmepa, kako 6w wTo
ynobHuje npujarwanu y3 Teno u nokpete (Wood & Walsh, 2013). Cse npukynrbeHe no-
[aTKe O CTatby TENecHuX dyHKUMja, Te nogaTke O TOMe Kako BOjHUK yrpaBrba 60mom
1 CTPaxoM, aHanuampana ou BeluTa4ka MHTENUreHumnja, kako Ou HagnexHa KoMaHaa
[OHOCKa npeLmnsHuje n Gpxe oanyke.

3aKkrbyyak

YBehatbe Gpoja HAHOTEXHOMOLLKMX NporpaMa M npojekara nof, MHaAHCKCKUM 1
WHCTUTYLIMOHAITHAM OKPUIbEM ApXaBe W MUHUCTapCcTBa ogbpaHe, 4O Kojer je JoLno
TOKOM MPETXOAHE AeLEHWje M MO, 03HAYMITO je 3axyKTaBate HOBE TPKE YCMepeHe
Ha cTuLake WTo borber nonoxaja y rnobanHoj 6opbu 3a BOjHOTEXHOMOLLKY HaaMOoh.
MNako je TpeHyTHO ckpajHyTa OXWBIbaBateM HyKneapHe MnpeTke 300r eckanauuje
patay YKpajuHu, Benuka je BepoBatHoha fa he Ta Tpka y nepcnektuem npeobnukosa-
TV XOPU3OHT patoBamra y 21. Beky. Pasnor ybp3aBama HoBe ,cnvipasne” HaopyxaBata
nexu y npoueHama ga bu oTenoTBOpeHe HaHOTEXHOIOLWKUX peLlea y paToBaky,
CXOOHO CafalltMM BU3MjaMa U MHOBALM|CKMM MaHOBMMA, NPEACTaBbano Tako Be-
NAKM NCKOPaK Yy OCaBpEMEH:VBAkbY BOjHUX CMOCOBHOCTM fa 6u apxaea koja npea To
ycne Aa ocTBapu Morfia Ckopo y NOTRyHOCTW Aa Aerpagupa BojHe NoTeHumjane npo-
TUBHUKA.

AHanwu3a oBor paga 04HOCK Ce Ha OCTBapeHa U o4YeknBaHa foCTUrHyha OCHOBHMX
Y NPUMEHEHNX HAHOTEXHOSOLLKMX Hay4YHUX 1 pa3BOjHUX MpojekaTa ca noTeHuujanom
3a BOjHy npumeHy y CA[l, 1 TO y norbMma HanpegHux matepujana, ekcrnnosvsa u
HMXOBYWX AETEKTOPA, HAHOAPOHOBA M HAHOPODOOTa, MUKpOCaTeNuUTa U BOjHMKa-KMOOp-
ra. Mpernen cagpxwuHe npojekara, NOCTaBIbEHNX LUrbeBa 1 foCafallkux pesyntara
yKasyje Ha TO [a KOHKpeTHa BojHa npuMeHa BehuHe HaHOTEXHOMOLIKUX AOCTUrHyha
M parbe octaje opodeHa Ha GyayhHocT — Bnvxy unu garby. [logatHo orpaHuyerse
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OfHOCK Ce Ha YukbeHuly Aa Hajsehn 6poj ocTBapeHMX MHOBaUMja MpyKa peluere
3a BeoMma creumduyHe npobneme. Vcxon Aocapallbyux HAHOTEXHOMOLIKMX Hamopa
joL yBeK je hparMeHTapHe NpMpoAe NocMaTpaHo 13 NepcnekTMBe NOUTUYKOT Lnrba
cBeobyxBaTHe MogepHu3aumje OpyxaHux cHaraCA[Ll. Cnepehm kopak — mefycobHo
MOBE3MBak-e yUMHaKa pasnuunTUX HAHOTEXHOMOLLKMX pellera Koje Bu kyMynaTuBHO
[ano cucTeMcku oaroBop Ha notpebe yHanpehera BOjHUX CNOCOBHOCTH — joLU yBEK
HUje HauukeH. Meamjckn cnmHoBaHO y30yfewe OKO HaBOAHO OCTBApPEHOr AomeTa
HaHOTEXHOSOorMja y BOjHOj NPUMEHN NOMAKo cnallawasa ycrneqn oacycTBa MacoBHe
npou3BoaH-€e HaHOMaTepujana ca jeAUHCTBEHMM CBOjCTBIMA W ypehaja ca 3HaTHO no-
GorblaHuM nepdopmaHcama.

MonuTykM ognyyMoum 4ecTo ce npenyLiTajy HeyTEMEerbeHOM TEeXHOOMTUMU3-
MY, jep OH MapKeTUHLLKMM MaHunyrnauujama Moxe nako fa ce npeTBopu Yy 3By4YHa
npeamsbopHa obehawa. Ha npumep, cam amepuyki KOHUENT PEBOMyLMjE BOjHUX
rnocrnosa npeTpneo je y MehyBpemeHy 030UrbHe KpUTUKE Y akaZeMCKUM U CTPYYHUM
kpyroeuma (Bugetu Collins & Futter, 2015), na je Tokom mocnenrwe ABe AeLeHuje
13 3BaHUYHE TEPMUHOSOIWjE YKIMOHEHA pPeY ,peBonyLumja’ y KOPUCT CUHTarMe ,BOjHM
npeobpaxaj’. NMpemaa he CA[l HacTaBuTK fa ynaxy y UCTpaxuBara ¥ passoj, YNHK
ce [Ja noyeTHe Hage u oyekuBarba Hehe Butn nuHeapHo ucnyweHu. Hanpotvs, npu-
MeHa nrofoBa TEXHOMOLLKOr HanpeTka TECHO je NoBe3aHa ca HhUXOBOM TPXKULLIHOM U
ynoTpebHom BpeaHowhy, na je BaXHO y3eTh y 063up ycrnopasajyhu YmHunay y Buay
MakKa TEXHUYKOT padymMeBatba OrpaHmyera 1 HhUXOBUX APYLITBEHUX UMMNMKaLy]a.
Mpony6rbeHo ncTpaxuBare oaH3nBHUX 1 AedhaH3UBHUX MOTYAHOCTU HAHOTEXHO-
nowkmx gocturiHyha CAJl 6uno 6u Beoma KopuUCHO ¢ acnekta gomahe BojHe Hayke K
nnaHvpara ogbpambeHe NONUTHKe, KAo Ae0 aHaNMTUYKOr NOKyLLaja Aa ce Ha BpeMe
1CnpaBHO NpoTyMave v Npeasuae MMnnvKaumje, nocebHo y oKonHocTMMa Kaga v 3a
€BEHTYaITHO NpojekToBake TaKo HanpeaHe BojHe Mohu Guno Tewko npoHahu cume-
TpWU4aH OAroBop.
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Pe3ume

Pan pa3maTpa jaBHO AOCTYMHe pesynTaTe UCTpaXxuBarba Y TEXHOMOLLKE HOBa-
umMje y 06rnacTi HaHOTEXHOMOTMja Y KOHTEKCTY MOAEPHM3aLuje BOjHUX CNOCo0-
Hoctn CA[l pagm OenoTBOPHOT ofpXKaBaka HMXoBe rnobanHe HagMohu koja ce cee
Yewhe ocropaBga. [lonasu ce of NpPeTnocTaske Aa je pasBoj COPUCTALMPAHUX BOjHUX
CMOCOGHOCTM, NOLUMpaHUX y JOMETMMA YeTBpTe MHAYCTpUjCke peBonyLuje, KibyvHa
KOMMOHeHTa 3a U3rpajy ofpXxuBe BojHe MOhK y 21. Beky, OAHOCHO AEeN0TBOPHE rMno-
6anHe maHugecTauyje opykaHe cune wupom ceeta. bes 063mpa Ha gocturHyha ku-
HEecke HayKe 1 TEXHONOruje ca NoTeHUMjanom 3a NprMeHy y BojcLm, ayTop je ogabpao
CjeonmeHe Amepunuke [pxaBe 3a CTyaujy crydaja 360r HUXoBe JOMUHAHTHE ynore
y MoMepatby rpaHuua HaHotexHonoruje. Mopep Tora, CjeanteHe Amepuyke [pxase
kao Bogeha cuna HATO, npeacTasrbajy y3op Apyrim HaumoHanH1MM BojckaMa 3anaga
y CMUCRy CTpaTeLLKe, AOKTPUHapHE 1 opraHusaLmjcke nonuTuke. Tekyhe n o4ekmBaHo
npekommnoHoBake rnobanHe mohu Ha noveTky 21. Beka, ybp3ano je mogepHusauujy
Bojcke CA[l Kpo3 An3ajHuparbe MHOBATMBHOI HaopyXawa W ApYrMx BOjHUX cucTeMa
3aCHOBaHMX Ha HanpegHUM TexHonorvjama Yetspre nHaycTpumjcke pesonyumje. Cea
peneBaHTHa CTpaTernjcka AOKYMEHTa Mpeno3Hajy HanpegHe TeXHomnoruje kao LeH-
TpanHu akTop 3a HagMeTakwe y MefyHapoaHo] apeHn, ykasdyjyhn Ha HaHOTEXHOSO-
rmjy Kao obnact ca BMCOKUM CTENEHOM NPOjEKTOBAHOr NO3UTUBHOT yTULIaja OCHOBHUX
UCTpaxuBama Ha MoAepHM3aLmMjy BOjHUX KanauuTeTa. [naBHe BnaguHe areHuuje y
cekTopy onbpaHe CALl HaanexHe 3a cnpoBofhere TpaHCANCUUNITMHAPHUX OCHOBHMX
¥ MPUMEHEHNX Hay4YHOUCTPaXMBAYKMX Npojekata y obnactu HaHoTexHonoruja cy: 1)
WcTtpaxmBauka kaHuenapuja OpyxaHux cHara CAL (Army Research Office) opraHu-
3aumoHa jeauHuua Vctpaxusadke nabopatopuje 3a pa3soj 60pbeHnx CnocobHOCTM
npu Komangu Bojcke CAL (U.S. Army Combat Capabilities Development Command
Army Research Laboratory, DEVCOM ARL), 2) NHCTUTYT 3a HaHOTexHomnoruje 3a
BojHuka (Institute for Soldier Nanotechnologies), 3) WHctuTyT 3a HaHOHayky WcTpa-
xuBadyke nabopatopuje MopHapuue CA[ (Navy Research Laboratory’s Institute for
Nanoscience), u 4) AreHuuja 3a HanpegHe opbpambeHe WCTpaxuBadke NpojekTe
(Defense Advanced Research Projects Agency (DARPA)). AHanusa je ycpeacpeheHa
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HaHoTexHonoLwKM pa3Boj amepuyKknx BOjHIUX CNocoBHOCTH y 21. BEKY

Ha OCTBapeHa ¥ o4eknBaHa AOCTUrHyha ca noTeHumMjanom 3a BOjHY NpUMEHY, Mpouc-
Tekna u3 jaBHo JOCTYNHKX nofaTtaka 0 OCHOBHUM W NMPYMEHEHUM HAaHOTEXHOMOLLKVAM
HaY4YHUM W Pa3BOjHUM MpojekTuMa obyxsaheHnm onbpambeHnm GyLIeTOM, Kao 1 Ha
fJocTurHyha npeacTaBrbeHa U CTPYYHOj nutepatypu. AHanusa obyxeata HanpegHe
marepujane, eKCnnosuBe 1 HIXoBe AeTEKTope, HaHOAPOHOBE U HAHOPOOOTE, MUKPO-
caTtenute u BojHUKe-knbopre. MehyTum, ovyBake CNOCOBHOCTM AENOTBOPHE MaHu-
¢hectaumje BojHE cune Ha MefyHapoaHOj CLEHM 3axTeBa ycneluHy ynoTpedy HoBor
Haopyxarba, OAHOCHO HErOBY ENOTBOPHY UHTErpaLujy y CTpaTeLlko u JOKTPUHaPHO
nnaHnpame Kao vy NpoLec JOHOLWeHa oasyka Ha 6ojuwTy. MpoueHa byayher kymy-
NaTUBHOT yTUL@ja aHanM3npaHnx HaHOTEXHOMOLLKUX JoCTMrHyha Koja ce mory npu-
MEHWTM Y BOjHE CBPXE 3aBWCK Of MHOTO Bapujabnu 1 TMe Huje noy3aaHa 3a paumo-
HanHO JOHOLLEH-E OAJTyKa Kao KOMMOHEHTa BOjHOr nnaHupawa. Mame je BepoBaTHO
da he 6ygyha ycnewHa TpaHcdopMaLmja HAaHOTEXHOMOLLKUX AOCTUIHYNa Y KOHKPETHE
BOjHE CMOCOBGHOCTM cama Mo cebu peLwnTy Npobrem eposunje TEXHOMOLLKE Cyrnepuop-
Hoctn CA[l Hag n3asvBaumma Ha rnobanHom HMBOY. Ynpkoc noeehaHoj acumeTpuju
Ha payyH Apyrvx BENUKWUX cua Koje n3asueajy nonoxaj CAL u noteHuujanHux msa-
3uBava ca rnobanHe nepudepmje, cama HaHOTEXHOMOLLKa HaAMOh ce TelKo Moxe
nocTuhv NPaBOSIMHK|CKK, jep CTPOrK 3aXTEBM Y NOrneay onepaTvBHe Noy3aaHoCTU HO-
BMX CUCTEMA HaopyXaka Mory BUTH XpTBOBaHU U3 BOjHO-MOMNMUTUYKMX MOTMBA Ja ce
HOBa TexHorornja 6p3o yBeae y ynotpeby. AyTop 3akrbyyyje Aa NPUIMKOM NpoLeHe
Byaoyhe ynotpebe capalubnx U OYeknBaHUX JocTUrHyha y BOjHOj HAHOTEXHOMOTUjW,
,HaHO MaHujy“ Tpeba n3berasatu, 6yayhu ga yHKUMOHANHA UHTErpaumja copucTu-
LMpaHUX pellersa Huje NMHeapHa HUTW jefHO3HaYHa, OAHOCHO, OHa cama Mo ce 6u
He Boau Ao Behe AenoTBOPHOCTM BOjHUX CMOCOBHOCTM Ha BOjULLTY, HUTW A0 OrPOMHE
MPEAHOCTM Had HenpujaTerbeM.

KrbyyHe peuun: HaHomexHosoauje, Haopyxame, pamosarbe, 00bpambeHa nosnu-
muka, eojcka, OpyxaHe cHaze CAL.

© 2024 Aytop. O6jaBuno BojHo deno (http://www.vojnodelo.mod.gov.rs). OBo je yna-
HaK OTBOPEHOr npucTyna u auctpubympa ce y cknagy ca nuueHuom Creative Commons
(http://creativecommons.org/licenses/by/4.0/).
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he paper examines publicly available scientific achievements
and technical and technological innovations in nanotechnology
brought into the context of the modernization of US military capabilities.
The starting assumption is that the development of sophisticated military
capabilities centred around achievements of the Fourth Industrial Rev-
olution is a key guarantor of sustainable military power in 215t century,
or successful global projection of armed force as a means of preserving
hegemony worldwide. The analysis focuses on achieved and anticipat-
ed breakthroughs with the potential for military application resulting from
publicly available primary and applied scientific and developmental pro-
jects in the field of nanotechnologies covered by the defence budget,
as well as on achievements presented in scientific and professional
literature. The analysis includes achievements in the following fields:
advanced materials, explosives and their detectors, nano drones and
nanorobots, microsatellites, and cyborg soldiers. The author concludes
that the future utilization of the breakthroughs in the development of
nanotechnology for military purposes can be limited by problems of the
functional integration of sophisticated solutions into the military-strate-
gic, operational and tactical framework, hence, the technological “leap”
does not necessarily lead to greater effectiveness of military capabilities
on the battlefield.
Key words: nanotechnologies, weaponry, warfare, defence policy,
the military, US Armed Forces.

The future of warfare is not synonymous with future technology,
but warfare must always have a technological dimension.
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The Future of Warfare in the Mirror of Technological
“LeapS”

The basic idea that has guided war leaders to encourage military-technological
“leaps” was the invention of new combat assets and devising accompanying tactics to
defeat enemies with minimal losses (Creveld, 2000; Howard, 1999). In 19" and early
20" century, accelerated scientific-technological progress and industrialisation opened
a new chapter in the history of war in the form of dramatic technical enhancements:
the range of arms was extended, their precision improved and their impact became
more devastating. In 1918, in one scientific journal, the First World War was rightfully
labelled “engineers’ war” and the beginning of the process of systematic linkage of
technology, industry, science, and military planning (Mills & Mills, 2014: 3, 10, 12-20).
This process played a decisive role during the Second World War (Howard, 1999: 165-
190), and military industry in the post-war period grew into a new branch of economy,
thus becoming a profitable exporter to world market and legitimate leader of economic
growth. Stepping into the era of information generated a wave of radical changes in
military organisation, strategic thinking, and the manner of waging war, encompassed
by the phrase “Revolution of Military Affairs”, with the concept of the network-centric
warfare as the backbone of the overall reforms (Kosti¢, 2008, Haukroft, 2008; Dahl,
2002). The introduction of military affairs revolution into the modern canon of military
thought and practice created a belief that, in circumstances of purposelessness of
the use of nuclear weapon and reduced importance of sheer numerical strength, it
is necessary to make a qualitative step forward in the development of conventional
military capabilities, in the form of mastering advanced technologies emerging on the
social horizon (Cohen, 1996; Dombrowski & Gholz, 2006: 5-6; Krepinevich & Watts,
2014: 193-226).

The imperative of transformation for the purpose of adapting to the speed and
nature of external changes in the surroundings is a permanent characteristic of each
organisation that wishes to achieve assigned goals successfully (Charan, 2022), in-
cluding modern armed forces. What are the changes in global landscape that are
taking place in early 21% century that demand swift modernisation of US military? Ac-
cording to assessments of foreign policy decision-makers from Washington, and eval-
uations presented in scientific and professional literature in the field of international
relations, the second and third decade of the ongoing century could bring massive tur-
bulences reflected in the challenging of international norms, persisting undermining of
democratic order and rearrangement of international system (Jankovi¢ & Miti¢, 2024;
Kosti¢, 2018: 397-407). A study on fundamental trends that will shape international
conflicts around 2030 and consequences for the US foreign and defence policy, which
was produced in 2020 by RAND Corporation, highly influential in Washington estab-
lishment, cautions political decision-makers against gradual but continuous erosion of
quantitative and qualitative elements of several decade long US military supremacy.
The study authors note that the continuous reduction in the size of US conventional
armed forces led to a gradual loss of advantage over rivals, primarily China, espe-
cially in terms of investments in military capacities modernisation (Cohen et al., 2020:
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54-62). That is why, according to evaluation from the studly, it is very important for the
USA to maintain defence industry, diminished over two previous decades, at the level
necessary for unhindered development and production of innovative armed systems
based on advanced technologies (Cohen et al., 2020: 60-62).

A successful outcome of the long-term linkage between programmes of scientific
research and technical-technological development for military purposes at universities
and in corporative world is visible precisely in the preservation of US military techno-
logical vitality even in the beginning of 21t century (Guzzetti, 2010; Dombrowski &
Gholz, 2006). The US National Security Strategy of 2022 recognises technology as
the central element of geopolitical competition in the international arena, and conse-
quently, of the preservation and improvement of national security through deterrence
in the form of military supremacy based on investments in innovations and advanced
technologies of the Fourth industrial revolution (NSS, 2022: 32—-34). Because of that,
the 2022 US National Defence Strategy, adopted in October 2022, envisages relying
on the application of new advanced technologies in the process of armed forces mod-
ernisation aimed at the creation of deterring and operational supremacy over enemy
forces, which should be accomplished through the synergy of all relevant state bodies
and entrepreneurial potential of the private sector and creative and innovative poten-
tial of the scientific community (NDS, 2022: 17, 19). In efforts to respond as effectively
as possible to the changed operational challenges by investing in military industry and
civilian sector of economy to arrive at technological solutions, the Pentagon opts for
the approach of quick identification of the most promising ideas, experimentation with
prototypes, production and introduction of the product final version into combat opera-
tions (NDS, 2022: 19). The National Defence Science and Technology Strategy 2023
also stresses the importance of maintaining technological supremacy of the USA and
NATO Members over other great powers (primarily China) as a vital precondition for
the achievement of strategic goals of national security (NDSTS, 2023: 3—4, 9). Similar
priorities are mentioned in the Strategy for the 2019 Army Modernisation Strategy
(AMS 2019, 2018: 8-9), which is a framework that develops reform goals until 2035.

The backbone of US army development in 21 century - defined in a document ti-
tled Joint Vision 2020 and traced by the documents Army 2030, the Army Strategy and
the Army Vision for 2028 - consists of a central idea of the so-called western way of
war, which relies on maximising high-technology capabilities to minimise human loss-
es - both civilian and military (Joint Vision 2020, 2000; The Army Strategy, 2018; The
Army Vision for 2028, 2018; Army of 2030, 2022). According to said documents, the
modernisation should make US military more flexible, adaptable and agile, capable
of deploying troops quickly, and conducting complex combat operations worldwide,
in high and low intensity conflicts alike. A study into the adaptation of capacities, op-
erational methodology and budget of US armed forces, changed nature of potential
global defence challenges expected in the period till 2035, titled Joint Operating Envi-
ronment 2035, cautions against the high likelihood of jeopardising US global interests
because of a gradual establishment of technological parity between the USA and
other (potentially hostile) great powers (JOE 2035, 2016: 15). The study findings rec-
ommend reshaping the armed forces in a way that makes them capable of respond-
ing equally effectively to innovative enemy application of advanced and conventional

11/83



VOJNO DELO, 4/2024

technologies wherever they are compelled to project its armed force (JOE 2035, 2016:
15). In addition to robotics, biology, energy and information technology, the document
recognises nanotechnology as the field with a high degree of projected positive impact
of its primary studies on the modernisation of miliary capacities, especially in the field
of development of metamaterials, engineered modification of structural characteristics
of materials at nano level, and nano satellites (JOE 2035, 2016: 16).

The continuation of the paper will provide a review of possible directions of the de-
velopment and adaptation of nanotechnology for military purposes through the analy-
sis of publicly available projects encompassed by defence budget and accompanying
scientific and professional literature. The United States of America have been select-
ed as the case for the study for three reasons. Firstly, regardless of the breakthroughs
in Chinese, Russian, and Iranian science and technology used for the purposes of
defence policy in two previous decades (for example establishing specialised gov-
ernmental organisations for development, and strengthening cooperation between
science, economy and military in the field of nanotechnology), the USA manage to
keep the leading role in pushing the limits of nanotechnologies (Dong et al., 2016; Del
Monte, 2017: 194-203). Secondly, it is a military power, which, as a leader of NATO,
represents a role model to other countries of western civilisational circle in terms of
strategic, doctrinal, and organisational shaping of the military in 21st century. The
Pentagon and national ministries of defence of that alliance member states - primarily
Great Britain, France and Germany - exchange knowledge and carry out joint pro-
jects in the field of nanotechnologies and weapons based on those technologies (Del
Monte, 2017: 200-201). Thirdly, official documents on directions of development in
the field of nanotechnology and plans for its military application are publicly available.

Nanotechnological Normative and Institutional
Framework of the Development of US Military
Capabilities

According to a decade and a half old prediction of a futurologist James Canton,
who is influential in political circles as well in his capacity as many decade adviser in
the White House, nanotechnology-based products play the role of one of four drivers
of innovation economy at global scale (Kanton, 2009: 104-105), having the potential
to start a new industrial revolution with all-encompassing consequences for the way of
designing and producing. As early as in 2000, the administration of US President Bill
Clinton launched the National Nanotechnology Initiative, and the Congress adopted it
in 2003, and passed 21 Century Nanotechnology Research and Development Act).
The Act established the National Nanotechnology Programme, which falls under the
responsibility of the president and the National Science and Technology Council to
ensure a state-level effective coordination in installing required infrastructure, running
research projects, and commercialisation of applicable scientific finds and technolog-
ical innovations (21*CNRDA, 2003). The Act also envisages long-term budgetary in-
vestments necessary to ensure the US global leading position in the field of nanotech-
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nologies through the enhancement of productivity and competitiveness of US industry,
accelerated establishment of start-up companies, and encouragement of interdiscipli-
nary research and programmes of specialised and vocational education (21stCNR-
DA, 2003: 1923-1925). The current National Nanotechnology Initiative Strategic Plan,
adopted in 2021, reiterated the priority objectives from previous plans (NNISP, 2021).

The volume of budgetary funds intended for financing nanotechnological projects
of several governmental agencies has been many times multiplied as early as in the
first several years of that Act application (Andersson, 2008: 95). The budget line of
2.16 billion dollars, earmarked for the National Nanotechnology Initiative for 2024 is
the largest so far individually observed, and in almost two and a half decades, 43
billion dollars were allocated for that purpose (NNIFY24, 2024: 5). The same trend oc-
curred within the European Union and in leading Asian countries. Therefore, it comes
as no surprise that, at present, there are almost four thousand scientific laboratories
and development centres worldwide, both in public and private sector, that conduct
research in this field (Nanowerk, 2024).

The core of the institutional framework for the development of advanced military
capabilities consists of four leading governmental agencies within US defence sector
responsible for the conduct of transdisciplinary primary and applied nanotechnological
scientific and developmental projects. These are:

« US Army Research Office. Founded in 1951, as an organisational unit of the
US Army Combat Capabilities Development Command Army Research Labo-
ratory (DEVCOM ARL), tasked to direct scientific discoveries towards the use
in the development of new military capabilities, encourage finding solutions to
existing technological requirements of the military, and to speed up the transfer
of the results of civilian primary research into military applied research. The
Office selects research and development projects whose creators are the sci-
entists and engineers from prestigious institutes and universities. It funds them
since they have the potential to be applied for military purposes in following 20
to 30 years (AROYR 2022, 2022: 5).

+ Institute for Soldier Nanotechnologies. It was established in 2002 as a joint
venture of the Pentagon and the prestigious Massachusetts Institute of Tech-
nology (MIT), with the task to apply nanotechnology in the field of materials,
quantum science, energy technology, electronics and photonics, to enhance
the protection, survivability, and capabilities of combatants, as well as to design
equipment and auxiliary systems (ISN, 2024a).

« The US Navy Research Laboratory’s Institute for Nanoscience. It was estab-
lished in 2003 and tasked to conduct research that link quantum and neuro-
morphic computing, nanophotonics, nanobiotechnology and energy technolo-
gy (Institute for Nanoscience, 2024).

+ Defense Advanced Research Projects Agency (DARPA). It was founded in
1958 its mission being to create preconditions, by networking leading scien-
tists-innovators as individuals, research centres from different universities and
companies, for the transformation of revolutionary concepts into products that
can be practically utilised for the needs of national security (DARPA, 2024).
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The Fields of Current and Potential Military
Application of Nanotechnologies

The military application of nanotechnologies should lead to a higher degree of
personnel protection in combat operations, higher lethality of weapons (for example,
explosive devices), greater durability of materials and devices, construction of mi-
crodevices (nano drones and nano robots), and the creation of a hybrid form of chem-
ical-biological weapon. In the area of the enhancement of performances of combat
aeroplanes, vessels, and land vehicles, in the very beginning of 21st century, there
was a plan to direct US research-development and construction efforts towards mul-
tifunctionality, reduced weight, and easier manoeuvring, unmanned remote guiding,
reduced thermal, radar, and acoustic visibility, operationality based on sensor and
intelligence information and their wireless transfer, operational adaptability to chang-
ing environmental circumstances, self-repair, energy efficiency, and impenetrability
against enemy fire engagement (Simonis & Schilthuizen, 2006: 25-32). The purpose
of the said Pentagon’s planned activities is to make future combat systems self-sus-
tainable, more mobile, flexible, durable, lethal, and more sustainable in terms of com-
munication-information and logistics (Simonis & Schilthuizen, 2006: 44).

Advanced Materials

The most obvious step forward in nanotechnology, in terms of structure control
at atomic and molecular level, can be observed in the field of materials, or the mate-
rials science. Because of that, the improvement of materials, vital for arms, military
equipment and vehicles, represents the area of nanotechnology application in the de-
velopment of US defence capacities where practical short-term and mid-term results
are expected. This is the result of a growing domination over materials reflected in
the capability of scientists and engineers to artificially stimulate electrons to manifest
quantum properties and enable usable electric, optical, magnetic and thermodynami-
cal behaviour of solid materials (Rogers et al., 2015: 89-124).

US Army Research Office made a step forward in detecting electronic, optoelec-
tronic and thermal properties of mineral perovskite, which could in near future play a
decisive role in the replacement of silicon as the main semiconductor in computers
(AROYR 2022, 2022: 61-63). In addition, the possibilities for laboratory creation of
crystal microstructure of that mineral have pointed to its excellent responsiveness
in infrared segment of the spectrum, suitable for the improvement of night vision de-
vices and sensors. In efforts oriented towards revolutionising microelectronics and
computer technology, the US Navy Research Laboratory’s Institute for Nanoscience
works on introducing photonic integrated circuits, which function by way of bringing
light directly on semiconductor, the mass production of which would lead to a sudden
development of radar signals high-frequency processing (NRL, 2024: 3). The Institute
develops a chip design as the component of future neuromorphic processors, and
endeavours to find ways to make independent silicon “neurons” “learn” to perform
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concrete functions modelled after the learning process of human brain neurons (NRL,
2024: 5). Also, Defense Advanced Research Projects Agency (DARPA) has achieved
significant results in integrating the best properties of photons and electrons in an
electronic circuit, which enables a huge breakthrough in the advancement of military
capabilities for positioning and navigation in an environment without GPS support,
three-dimensional mapping, and high-speed communication systems (EPIC, 2024).
In 2023, the Agency launched a research programme to create synthetic quantum
nanostructures (SynQuaNon), so that the design of synthetic metamaterials, resilient
to high temperatures of work of nano electronic devices, based on superconductors,
would solve the problem of great energy needed to cool those devices, and stabilise
information processing at quantum level of precision (DARPA, 2023).

Carbon nanotubes and diamond coatings and fibres have a higher ratio of strength
to weight than steel, which enables a lighter and more resilient armour, as well as
parts for vehicles and aircraft (Carafano & Gudgel, 2007). For example, any land vehi-
cle would thus be better protected against enemy explosive devices and small-calibre
arms. The manipulation of certain materials at nano level produces an optical effect
of negative refraction of light, i.e. it artificially bends light at angles and directions
otherwise impossible in nature (Carafano & Gudgel, 2007). That procedure could con-
tribute to the design of light-bending camouflage, so one could see for example a
soldier or vehicle moving. The basic idea is to make land vehicles, aircraft, and military
ships both lighter and stronger, which would considerably reduce the consumption of
fuel and increase the speed and range of movement (Hilton, 2022b). In the field of
increasing energy value of fuels, cells with solid oxide can produce more energy than
conventional fuels, while nanoparticles added to fuel can enable higher speed and
broader operational range of jet planes, tanks, and ships (Hilton, 2023).

As regards the improvement of ballistic vest design, nanotechnologies will make
progress in comparison to present results achieved using synthetic material made of
the mixture of para-aramid fibres also known as kevlar, which is still relatively heavy
(some 14 kg) and thus inconvenient to be worn in combat actions (Hilton, 2022b). Be-
cause of that, efforts of scientists, technologists and manufacturers of synthetic fibres
are oriented towards the experiments that should point to optimal directions of con-
struing reinforced materials by merging traditional natural materials and carbon nano-
materials to achieve the properties of higher elasticity at the impact of a high-speed
projectile and the smaller weight of the material itself at the same time. Carbon nano-
tubes are more than hundred times more resilient than steel additionally reinforced by
different alloys (Olabi & Grunwald, 2007), while magnetorheological fluid (MR fluid) is
the liquid with the property of changing viscosity with the application of magnetic field
force. With the change of magnetic field, magnetorheological fluid can change from
solid to liquid and vice versa, which enables constructing ballistic vests adaptable to
changing conditions of combat operations (Olabi & Grunwald, 2007).

The purpose of ballistic vests is not only to prevent a bullet or shrapnel from pene-
trating soldier’s body, but to transfer the kinetic energy of the very impact against the
tissue, since that as well, in certain circumstances, can lead to fatal outcome. Recent-
ly, a material has been developed which, because of its high efficiency in absorbing
mechanical energy, measured by gram, can ensure better protection of human organ-

11/87



VOJNO DELO, 4/2024

ism against different types of impact (fall, explosion, vibration) in the way that its hy-
drophobic molecular structure in the form of a “nanocage” receives the impact, which
is followed by its spontaneous displacement (Sun et al., 2021). Additional advantage
of that material, which possesses liquid properties, is the possibility to be reused af-
ter the impact, since it can absorb multiple impacts, which is particularly suitable for
military application in the construction of armours and protection of vulnerable infra-
structure. This is a significant step, having in mind the properties of present materials
regarding the absorption of mechanical energy that rely on plastic deformations, cell
bending and highly elastic dissipation, being able to withstand only one impact. The
researchers of the National Institute of Standards and Technology and Columbia En-
gineering company have managed to find the way to reinforce natural materials using
nanoparticles of silicon dioxide coated by polymer threads (Chen et al., 2021). That
innovation has created the capability of the new material to disperse, to much greater
extent, the energy released in the point of ballistic impact, which will play a consider-
able role in designing protective layers on satellites and spacecraft that are exposed
to continuous impacts of micro-fragments circling the Earth’s orbit at very high speed.
The synthetised coating will provide additional strength to traditional materials (glass,
plastic, metal, and kevlar) when they are exposed to hostile fire action.

For many years, laboratories are examining the ways to achieve radar and so-
nar invisibility of military aircraft, vessels and submarines. To fully prevent or at least
mitigate the performance of new sensor detection technologies, camouflage paints,
paint additives, tarpaulins, nets, and foams were developed for the purpose of visual
camouflage and suppression of thermal and radar traces. Specific electromagnet-
ic, thermal, chromogenic, and mechanical properties of low-conspicuity materials, or
the so-called stealth materials, should contribute to jamming sensors when detecting
objects by catching transmitted or reflected electromagnetic radiation from their sur-
face. Researchers and engineers are expected to develop protective coating that will
change the characteristics of reflection, absorption, and dispersion of electromagnetic
radiation in visible, infrared, and microwave segments of the spectrum.

In the range of promising nanotechnological achievements with potential for mil-
itary use, particularly important is the engineered manipulation of materials at nano
level to enhance physical properties of various surfaces, add new properties, and
find their new functions for practical use. On external surfaces of vehicles, aircraft,
vessels, and weapons, the focus of research and engineering innovation is based on
the development of nanoceramics and metal alloys, and special superhydrophobic
coatings with waterproof, anti-corrosion, no-frost, and friction-reducing properties

Explosives and their detection

As regards the improvement of explosives efficiency, nanotechnologies should
bring more precise control of explosive devices’ detonation, while the molecular struc-
ture of explosive material would be rearranged in laboratories resulting in an optimal
ration of particles and ingredients mixture, which would then enable the maximisation
of released energy at the blast (Carafano & Gudgel, 2007). Such outcome would
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represent a huge progress given that today’s explosives are very difficult to test, espe-
cially those for specific combat uses. The progress in the field of ballistics relating to
the use of nanomaterials would enable many times more devastating power of a much
smaller quantity of explosive mass, which would be packed in projectiles of smaller
dimensions. That would result in smaller yet much more lethal bombs, missiles, war
heads, and other types of explosive devices, and just as much improved capability
of breaching armours or bunkers. Furthermore, there are expectations that in the far
future, micronuclear bombs will be designed, the mass of which would be between
one and two kilograms, but with explosive power measured by tens of tons of conven-
tional explosive (Hilton, 2023). The control of the size of nanoparticles in explosives
would enable the control of detonation speed and its dispersal, and for a decade now,
the work has been done on the creation of directed detonation at cellular level as the
method of removal of carcinogenic cells in human organism (Chaban, 2015). The
mechanism of directed detonation is based on precise guidance of a nono bomb in
the form of a particle that “explodes” in the way that it releases energy by stimulating
momentary decomposition, or the brake of internal atomic links.

For more than two decades research has been carried out under the auspices of
the US Navy Research Laboratory’s Institute for Nanoscience to integrate the applica-
tion of artificial intelligence and nanotechnologies in designing sensors for the detec-
tion of explosive volatile organic compounds modelled after the sharp sense of smell
of grasshoppers (Hamisevicz, 2024). The idea is to create a one-of-a-kind “electronic
nose” in the form of a mobile device with integrated artificial intelligence with a long
string of chemical sensors with nanoparticles. The sensors would be used to produce
a massive database of traces of different explosive vapours, taken at different con-
centration levels to enhance evaluation efficiency of future explosive detectors. The
institute has designed a device for contactless locating and identification of a range of
toxic chemicals (NRL, 2024: 25). The Institute for Soldier Nanotechnologies has con-
structed a high-sensitivity chemical sensor for remote detection of explosives, based
on nanostructured intensifying fluorescent polymers (ISN, 20248), while the scientif-
ic achievements of the Defense Advanced Research Projects Agency in the field of
quantum physics should further enhance the precision of the sensors (QSC, 2024).

Nano Drones and Nano Robots

In the beginning of 21st century, the conceptualisation of nano drones started that
would - together with an integrated global positioning microsystem (GPS), antenna,
flight control system, and satellite communication system based on the Internet of
Things (loT) - make the backbone of reconnaissance and observation operations of
US armed forces. The further progress in unmanned aerial vehicle technology opens
possibilities for the production of the so-called artificial flying insects, i.e. Nano un-
manned aerial vehicles (NUAV) that could approach enemy positions undetected, for
example in a building, and gather intelligence or engage the enemy. Such unmanned
aerial vehicles would play a significant role in urban environment warfare scenarios
since the application of biomimetic design would render them less conspicuous near
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enemy troops. For example, one of highly probable combat scenarios envisages the
combat engagement of a large swarm of tiny, therefore, difficult to shoot down, nano
drones that would by their joint action multiply their devastating power if directed to-
wards some high-value concentrated target, for example, command staff, ammunition
or fuel storage. The transformation of nano drones into nano robots will be possible
only with the development of full autonomy properties, or when those military de-
vices would possess integrated capabilities of observation, artificial intelligence and
autonomous execution of selected options of action (the so-called three fundamental
principles of robotics). Because of that, no less than two decades ago it was clear that
the use of nano robots in land and naval operations would be possible only with the in-
crease in the power of processors of future quantum computers and memory capacity
of nano electronics, reduced weight of mechanical structures and the enhancement of
mobile sources of electric power (Simonis & Schilthuizen, 2006: 58-59). The opera-
tional use of nano robotic systems is conditioned by the possibility of networking with
a combatant and commander, who can then, in real time, analyse data gathered by
nano robots.

The main issue that constructors and technologists must resolve is how to build
sufficiently strong yet miniature power supply to enable operationally relevant reach to
the “flying insects”. A step forward in the enhancement of the strength of power supply
in relation to its weight is the prototype of a portable generator Mesodyne LightCell,
based on the use of nano structured geometry of photon crystals for the modification
of the normal density of the state of photons (ISN, 2024). That generator is expected
to enable prolonged operation to combat systems whose weight represents a critical
factor, especially to military robots, unmanned aircraft, and soldiers at prolonged com-
bat tasks (ISN, 2024).

Microsatellites

Today, satellites are almost irreplaceable devices that perform civilian tasks in the
field of remote gathering of diverse data, telecommunication, television broadcasting,
and global positioning, as well as tasks of gathering intelligence, observation, and tar-
geting in the domain of global projection of US military power. The feasibility of threats
of disabling or destroying satellites grows parallelly to the development of high-range
directed energy weapons, i.e. high-power lasers or microwaves, and the improvement
of precision of anti-satellite projectiles. Because of that, owing to the great progress
made in micro-processor technology, classical satellites will in the near future be re-
placed by micro-satellites, because they will be of much smaller dimensions (1 dm?®
in average) and therefore lighter and more energy-efficient (Simonis & Schilthuizen,
2006: 63). Hence, the microsatellites will be cheaper for serial production and posi-
tioning in the Earth’s orbit in swarms, because their joint action will be made possible
by wireless connection established among them. The swarms of networked microsat-
ellites will with greater precision perform tasks of detailed high-resolution observation
and gathering intelligence on enemy operations, and they will also be used to destroy
enemy satellites (Simonis & Schilthuizen, 2006: 63). It will be possible to attach micro-
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satellites to large satellites without detection so that they can destroy their important
parts or disrupt their work, while microsatellites’ miniature dimensions will make ene-
my engagement against them difficult.

Soldier as a Biotic-Abiotic Interface

The development of military application of nanotechnologies is also focused on
enabling US soldiers to be a highly lethal and self-sustainable combat entity, strength-
ened by artificial intelligence and microsystem that monitors bodily functions, and
protected against ballistic, biological and chemical enemy impacts (Simonis & Schil-
thuizen, 2006: 41-51). The soldier of the future is envisioned as a one-of-a-kind com-
bat biotic-abiotic interface, capable of effectively networking its bodily functions with
the equipment. This is a concept of the “wireless soldier”, equipped with advanced
technical system (Body Area Network) made of several networked devices - mobile
phone, wrist watch, “smart” helmet with a visor and mini screen, small headphones,
arms and different sensors integrated in the uniform and the body itself (bionic chips).
The “wireless soldier” would be networked with the responsible command, and he
would exchange information in real time about the execution of the assigned combat
task with his superior commander and fellow warriors (Hilton, 2023). In that way, the
combatant would at any moment be aware of his own position and the disposition of
his fellow warriors in changing and unpredictable conditions of conducting combat
operations (the so-called fog of war), as well of his physical and mental state. Also,
the soldiers would, in real time, gather relevant information from the theatre and send
them to their command for the better-quality decision-making on the further direction
of the combat operation.

A persistent problem of designing military uniform is how to prevent the numb-
ing of soldiers’ extremities, and consequently the decrease in combat performance.
Recent research conducted by US chemists from the Standford University showed
that silver nano threads interwoven with cotton fabric can warm it up, if low voltage
current is passed through them (Nano, 2017). Currently, there are experiments being
conducted with polyester fabrics and the mixture of cotton and nylon with integrated
nano threads and hydrogels to make the fabric suitable for a uniform that would pre-
serve the heat and be comfortable in extremely cold weather conditions, and prevent
sweat from permeating through the rest of the wardrobe (Nano, 2017). Advanced
fabrics would enable a thinner, thus lighter winter uniform, and soldiers could regulate
its heating or it would have an automated body temperature control mechanism that
would cool down or heat up the soldier in accordance with weather conditions (Hilton,
2022a). In that way, a soldier could adjust body temperature himself to “immerse” him-
self in the temperature of the surrounding terrain, thus avoiding being easily detected
by enemy thermal cameras (Hilton, 2022a).

The future US soldier will have a uniform resilient to all types of enemy impacts
- bullets, fragments of activated explosive devices, biochemical agents and other.
Nanotechnology will enable integrated sensors on labels and integrated networks of
nano fibres with the capacity to absorb, deactivate and decontaminate chemical and
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biological weapons, and their use in radioactivity detection is likely (Hilton, 2023). The
uniform will possess the capability of adaptable camouflage by changing pattern to
blend with the terrain. Nanomaterials with chromogenic properties, i.e. changing col-
ours with the change of external stimulants, such as light, heat, electrical or magnetic
field, will probably be used for making adaptable camouflage. Soldiers’ boots will have
embedded plates for radio frequency identification (RFID) for the control of access,
positioning and gathering and analysis of different agents in the soil. For more than a
decade, the US Navy Research Laboratory’s Institute for Nanoscience has been de-
veloping new materials through functional merging of biological molecules with nano
particles, to pave way for further breakthroughs in gathering energy for enhanced
capabilities of combatants (McKinney, 2014).

For two decades, a model has been developed for the application of implants in
the form of nano machines injected into soldier’s body as part of the system for dy-
namic monitoring of his activities in combat action (Altman & Gubrud, 2004). Each sol-
dier would be marked by identification tags on the basis of the nano machine injected
into his body, and the command would be able to track his movement 24 hours a day,
and monitor in real time the data about the state of his bodily functions (for example
excreted sweat, heart rate, blood pressure, blood sugar level, and oxygen content),
food and water intake, speed of walking and running, and the severity of injuries. The
advanced generation of nano robots will be made of textile and elastic polymers to ad-
here to body allowing movement as comfortably as possible. All gathered data about
the state of bodily functions, and data about how the soldier manages pain and fear,
would be analysed by artificial intelligence so that the responsible command could
make more precise and quicker decisions. .

Conclusion

The increased number of nanotechnological programmes and projects under
financial and institutional auspices of the state and Department of Defense, which
happened in the previous decade and a half, marked the acceleration of a new race
directed towards gaining as good position as possible in the global struggle for military
technical supremacy. Despite currently being put aside due to the revival of nuclear
threat caused by the escalation of the war in Ukraine, in all likelihood that race will
reshape the warfare horizon in 21st century. The reason behind the acceleration
of the new armament “spiral” lies in the assessments that the embodiment of
nanotechnological solutions in warfare, in keeping with present visions and innovation
plans, would represent such a great step forward in the modernisation of military
capabilities that the state that achieves this first would be able to almost entirely
degrade military potentials of its adversaries.

The analysis of this paper refers to achieved and anticipated breakthroughs of pri-
mary and applied nanotechnological scientific and developmental projects with poten-
tial military use in the USA, particularly in the fields of advanced materials, explosives
and their detectors, nano drones and nano robots, microsatellites and soldiers-cy-
borgs. The review of the paper content, goals set and results obtained so far point

11/92



Nanotechnological Development of US Military Capabilities in 215t Century

to the fact that the concrete military application of the majority of nanotechnological
achievements are still reserved for the future - near or far. Additional limitation relates
to the fact that the largest number of achieved innovations offer solution to rather spe-
cific problems. The outcome of nanotechnological efforts made so far is still of frag-
mentary nature observed from the perspective of a political goal of all-encompassing
modernisation of US armed forces. The next step - mutual linking of performances of
various nanotechnological solutions that would cumulatively systemically respond the
need to enhance military capabilities - has not been made yet. Media spun excitement
about alleged nanotechnological breakthroughs in military application slowly dies
down due to the absence of mass production of nanomaterials with unique properties
and devices with considerably improved performances.

Political decision-makers often indulge in unfounded techno-optimism, given that
through marketing manipulation that can easily be transformed into good-sounding
preelection promises. In the meantime, for example, the very US concept of military
affairs revolution suffered serious criticism in academic and professional circles (see
Collins & Futter, 2015) so in previous two decades the word “revolution” was removed
from official terminology and replaced by the expression “military transformation”.
Though the USA will continue investing in research and development, it seems that
initial hopes and expectations will not be fulfilled linearly. On the contrary, the appli-
cation of the fruits of technological progress is closely linked to their market and use
value, so it is important to take into consideration the decelerating element in the
form of lacking technical understanding of the limitations and their social implications.
Deepened research into offensive and defensive possibilities of nanotechnological
achievements in the USA would be rather useful from the aspect of national military
science and defence policy planning, as a part of an analytical attempt to timely and
accurately interpret and predict the implications, especially in the circumstances when
it would be difficult to find a symmetric response to possible projection of such ad-
vanced military power.

11/93



VOJNO DELO, 4/2024

Bibliography

[1] [21CNRDA] 21% Century Nanotechnology Research and Development Act
(2003, December 3). 108th Congress (2003-2004). https://www.congress.gov/bill/108th-
congress/senate-bill/189/text.

[2] Altmann, J., Gubrud, M. (2004). Anticipating military nanotechnology. IEEE
Technology and Society Magazine 23 (4): 33-40.

[3] [AMS 2019] The 2019 Army Modernization Strategy (2018). U.S. Army. https://www.
army.mil/e2/downloads/rv7/2019_army_modernization_strategy_final.pdf.

[4] Andersson, K. (2008). Transparency and Accountability in Science and Politics:
The awareness principle. Basingstoke & New York: Palgrave Macmillan.

[5] Army of 2030 (2022, October 5). U.S. Army. https://www.army.mil/article/260799.

[6] [AROYR 2022] Army Research Office Year in Review 2022 (2022). U.S. Army
Combat Capabilities Development Command Army Research Laboratory (DEVCOM
ARL).  https://arl.devcom.army.mil/wp-content/uploads/sites/3/2023/06/ARO-YEAR-IN-
REVIEW-2022-WEB-FINAL.pdf.

[7] Carafano, J., Gudgel, A. (2007). Nanotechnology and National Security: Small
Changes, Big Impact. The Heritage Foundation. https://www.heritage.org/defense/report/
nanotechnology-and-national-security-small-changes-big-impact.

[8] Chaban, V. (2015). Spotlight: Nanoscale Bombs. Homeland Defense and Security
Information Analysis Center (HDIAC), U.S. Department of Defense. https://hdiac.org/
articles/spotlight-nanoscale-bombs/

[9] Charan, R. (2022, September 19). What Defines a Successful Organization? Harvard
Business Review. https://hbr.org/2022/09/what-defines-a-successful-organization.

[10] Chen, S. H., Souna, A. J., Stranick, S. J., Jhalaria, M., Kumar, S. K., Soles, C. L.,
Chan, E. P. (2021). Controlling toughness of polymer-grafted nanoparticle composites for
impact mitigation. Soft Matter 22: 256-261.

[11] Cohen, E. A. (1996). A Revolution in Warfare. Foreign Affairs 75 (2): 37-54.

[12] Cohen, R. S., Chandler, N., Efron, S., Frederick, B., Han, E., Klein, K., Morgan, F.
E., Rhoades, A. L., Shatz, H. J., Shokh, Y. (2020). The Future of Warfare in 2030: Project
Overview and Conclusions. Santa Monica: RAND Corporation.

[13] Creveld, M. V. (2000). The Art of War and Military Thought. London: Cassell & Co.

[14] Dahl, E. J. (2002). Network Centric Warfare and the Death of Operational Art.
Defence Studies 2 (1): 1-24.

[15] DARPA (2024). About DARPA. Defense Advanced Research Projects Agency.
https://www.darpa.mil/about-us/about-darpa.

[16] DARPA (2023). Embarking on Quest for New Quantum Materials. Defense
Advanced Research Projects Agency. https://www.darpa.mil/news-events/2023-08-09-a.

[17] Del Monte, L. A. (2017). Nanoweapons: A growing threat to humanity. Lincoln
(NB): Potomac Books.

[18] Dombrowski, P., Gholz, E. (2006). Buying military transformation: technological
innovation and the defense industry. New York: Columbia University Press.

11/94


https://www.congress.gov/bill/108th-congress/senate-bill/189/text
https://www.congress.gov/bill/108th-congress/senate-bill/189/text
https://www.army.mil/e2/downloads/rv7/2019_army_modernization_strategy_final.pdf
https://www.army.mil/e2/downloads/rv7/2019_army_modernization_strategy_final.pdf
https://www.army.mil/article/260799
https://arl.devcom.army.mil/wp-content/uploads/sites/3/2023/06/ARO-YEAR-IN-REVIEW-2022-WEB-FINAL.pdf
https://arl.devcom.army.mil/wp-content/uploads/sites/3/2023/06/ARO-YEAR-IN-REVIEW-2022-WEB-FINAL.pdf
https://www.heritage.org/defense/report/nanotechnology-and-national-security-small-changes-big-impact
https://www.heritage.org/defense/report/nanotechnology-and-national-security-small-changes-big-impact
https://hdiac.org/articles/spotlight-nanoscale-bombs/
https://hdiac.org/articles/spotlight-nanoscale-bombs/
https://hbr.org/2022/09/what-defines-a-successful-organization
https://www.darpa.mil/about-us/about-darpa
https://www.darpa.mil/news-events/2023-08-09-a

Nanotechnological Development of US Military Capabilities in 215t Century

[19] Dong, H., Gao, Y., Sinko, P. J., Wu, Z., Xu, J., Jia, L. (2016). The nanotechnology
race between China and the United States. Nano Today 11 (1): 7-12.

[20] [EPIC] Electronic & Photonic Integrated Circuit Program (2024). Defense
Advanced Research Projects Agency (DARPA). https://www.darpa.mil/attachments/
EPIC_Layout final.pdf.

[21] Gray, C. (2005). Another Bloody Century: Future Warfare. London: Weidenfeld &
Nicolson.

[22] Guzzetti, L. (2010). Global war and technoscience. Y: Alessandro Dal Lago,
Salvatore Palidda (ypez.), Conflict, Security and the Reshaping of Society: The civilization
of war (ctp. 84—100). Oxon & New York: Routledge.

[23] Hamisevicz, M. (2024, March 6). NRL Researcher Awarded Grant to Study
Nanotechnology Sensors. U.S. Naval Research Laboratory News. https://www.nrl.navy.
mil/Media/News/Article/3697803/nrl-researcher-awarded-grant-to-study-nanotechnology-
sensorsl/.

[24] Hilton, S. (2023). Developing Nanotechnology in the Defence Industry. Nano
Chemi Group Blog. https://blog.nanochemigroup.cz/developing-nanotechnology-in-the-
defence-industry/.

[25] Hilton, S. (2022a). The Soldier of Tomorrow will Rely on Nanotechnology with His
Life. Nano Chemi Group Blog. https://blog.nanochemigroup.cz/the-soldier-of-tomorrow-
will-rely-on-nanotechnology-with-his-life/.

[26] Hilton, S. (2022b). Nanotechnology and the Military: How Tiny Materials Can Win
Wars. Nano Chemi Group Blog. https://blog.nanochemigroup.cz/nanotechnology-and-the-
military-how-tiny-materials-can-win-wars/.

[27] Institute for Nanoscience (2024). U.S. Naval Research Laboratory. https://www.
nrl.navy.mil/nanoscience/.

[28] [ISN] Institute for Soldier Nanotechnologies (2024a). Strategic Research Areas.
https://isn.mit.edu/strategic-research-areas.

[29] [ISN] Institute for Soldier Nanotechnologies (20246). Grain Boundary-
Engineered Nanocrystalline Metal Alloys. https://isn.mit.edu/grain-boundary-engineered-
nanocrystalline-metal-alloys.

[30] [ISN] Institute for Soldier Nanotechnologies (20248). Ultrasensitive Explosives
Detection. https://isn.mit.edu/ultrasensitive-explosives-detection.

[31] [ISN] Institute for Soldier Nanotechnologies (2024r). Photonic Crystals to Control
Light Radiation. https://isn.mit.edu/photonic-crystals-control-light-radiation.

[32] Jankovi¢, S., Miti¢, A. (2024). Competing Visions of World Order: How China, the
US, the EU and Russia Conceive the Transition to Multipolarity. ¥: DuSan Prorokovi¢,
Paolo Sellari, Rich Misfud (ypean.), Global Security and International Relations after
the Escalation of the Ukrainian Crisis, 102-131. Belgrade, Rome, Clarksville: Institute
of International Politics and Economics, University of Belgrade — Faculty of Security,
Sapienza University, Austin Peay State University — Department of Political Science.

I1/95


https://www.darpa.mil/attachments/EPIC_Layout_final.pdf
https://www.darpa.mil/attachments/EPIC_Layout_final.pdf
https://www.nrl.navy.mil/Media/News/Article/3697803/nrl-researcher-awarded-grant-to-study-nanotechnology-sensors/
https://www.nrl.navy.mil/Media/News/Article/3697803/nrl-researcher-awarded-grant-to-study-nanotechnology-sensors/
https://www.nrl.navy.mil/Media/News/Article/3697803/nrl-researcher-awarded-grant-to-study-nanotechnology-sensors/
https://blog.nanochemigroup.cz/developing-nanotechnology-in-the-defence-industry/
https://blog.nanochemigroup.cz/developing-nanotechnology-in-the-defence-industry/
https://blog.nanochemigroup.cz/the-soldier-of-tomorrow-will-rely-on-nanotechnology-with-his-life/
https://blog.nanochemigroup.cz/the-soldier-of-tomorrow-will-rely-on-nanotechnology-with-his-life/
https://blog.nanochemigroup.cz/nanotechnology-and-the-military-how-tiny-materials-can-win-wars/
https://blog.nanochemigroup.cz/nanotechnology-and-the-military-how-tiny-materials-can-win-wars/
https://www.nrl.navy.mil/nanoscience/
https://www.nrl.navy.mil/nanoscience/
https://isn.mit.edu/strategic-research-areas
https://isn.mit.edu/grain-boundary-engineered-nanocrystalline-metal-alloys
https://isn.mit.edu/grain-boundary-engineered-nanocrystalline-metal-alloys
https://isn.mit.edu/ultrasensitive-explosives-detection
https://isn.mit.edu/photonic-crystals-control-light-radiation

VOJNO DELO, 4/2024

[33] [JOE 2035] Joint Operating Environment 2035: The Joint Force in a Contested
World (2016, July 14). Joint Chiefs of Staff, U.S Army. Washington, D.C. https://www.jcs.
mil/Portals/36/Documents/Doctrine/concepts/joe_2035_july16.pdf.

[34] Kanton, DZ. (2009). Ekstremna buducnost. Beograd: Clio.

[35] Kosti¢, M. (2018). Cija hegemonija? — svet u uslovima takmi¢enja za novu globalnu
vladavinu. Medunarodni problemi LXX (4): 391-411.

[36] Krepinevich, A. F. & B. D. Watts (2014). The Last Warrior: Andrew Marshall and
the Shaping of American Defense Strategy. New York: Basic Civitas Books.

[37] McKinney, D. (2014, August 12). Dr. Igor Medintz Honored with 2013 Arthur S.
Flemming Award. U.S. Naval Research Laboratory News. https://www.nrl.navy.mil/Media/
News/Article/2554573/dr-igor-medintz-honored-with-2013-arthur-s-flemming-award/.

[38] Mills, M. A., Mills, M. P. (2014). The Invention of the War Machine: Science,
technology, and the First World War. The New Atlantis — A Journal of Technology & Society
42: 3-23.

[39] [Nano] (2017, August 21). Nanotechnology could keep soldiers warm. Nano
— The Magazine for Small Science. https://nano-magazine.com/news/2017/8/21/
nanotechnology-could-keep-soldiers-warm?rg=soldier.

[40] Nanowerk (2024). Nanotechnology Company & Research Labs Directory, 8
October. https://www.nanowerk.com/nanotechnology/research/nanotechnology_links.
php.

[41] [NDS] National Defense Strategy (2022, October 27). U.S. Department of Defense.
Washington, DC. https://media.defense.gov/2022/Oct/27/2003103845/-1/-1/1/2022-
NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF.

[42] [NDSTS] National Defense Science and Technology Strategy 2023 (2023).
U.S. Department of Defense. Washington, DC. https://www.cto.mil/wp-content/
uploads/2023/05/2023-NDSTS.pdf.

[43] Nichols, G. (2017). Nanotechnology & the New Arms Race. HDIAC Journal —
Journal of the Homeland Defense & Security Information Analysis Center 4 (2): 18-23.

[44] [NNIFY24] National Nanotechnology Initiative Supplement to the President’s
2024 Budget (2024, March). Subcommittee on Nanoscale Science, Engineering, and
Technology, Committee on Technology, National Science and Technology Council. https://
www.nano.gov/sites/default/files/pub_resource/NNI-FY24-Budget-Supplement.pdf.

[45] [NNISP] National Nanotechnology Initiative Strategic Plan (2021, October).
A Report by the Subcommittee on Nanoscale Science, Engineering, and Technology,
Committee on Technology, National Science and Technology Council. https://www.nano.
gov/sites/default/files/pub_resource/NNI-2021-Strategic-Plan.pdf.

[46] [NRL] 25 Technologies for the Next 25 Years (2023-2048)
(2024,  April). US. Naval Research  Laboratory. https://www.nrl.navy.
mil/Portals/38/PDF%20Files/25%20for%2025%20Booklet_FINAL.
pdf?ver=1a5kY1mPkQ1JpzBllaWuew%3d%3d&timestamp=1713356065667.

11/96


https://www.jcs.mil/Portals/36/Documents/Doctrine/concepts/joe_2035_july16.pdf
https://www.jcs.mil/Portals/36/Documents/Doctrine/concepts/joe_2035_july16.pdf
https://www.nrl.navy.mil/Media/News/Article/2554573/dr-igor-medintz-honored-with-2013-arthur-s-flemming-award/
https://www.nrl.navy.mil/Media/News/Article/2554573/dr-igor-medintz-honored-with-2013-arthur-s-flemming-award/
https://nano-magazine.com/news/2017/8/21/nanotechnology-could-keep-soldiers-warm?rq=soldier
https://nano-magazine.com/news/2017/8/21/nanotechnology-could-keep-soldiers-warm?rq=soldier
https://www.nanowerk.com/nanotechnology/research/nanotechnology_links.php
https://www.nanowerk.com/nanotechnology/research/nanotechnology_links.php
https://media.defense.gov/2022/Oct/27/2003103845/-1/-1/1/2022-NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF
https://media.defense.gov/2022/Oct/27/2003103845/-1/-1/1/2022-NATIONAL-DEFENSE-STRATEGY-NPR-MDR.PDF
https://www.cto.mil/wp-content/uploads/2023/05/2023-NDSTS.pdf
https://www.cto.mil/wp-content/uploads/2023/05/2023-NDSTS.pdf
https://www.nano.gov/sites/default/files/pub_resource/NNI-FY24-Budget-Supplement.pdf
https://www.nano.gov/sites/default/files/pub_resource/NNI-FY24-Budget-Supplement.pdf
https://www.nano.gov/sites/default/files/pub_resource/NNI-2021-Strategic-Plan.pdf
https://www.nano.gov/sites/default/files/pub_resource/NNI-2021-Strategic-Plan.pdf
https://www.nrl.navy.mil/Portals/38/PDF Files/25 for 25 Booklet_FINAL.pdf?ver=1a5kY1mPkQ1JpzBllaWuew%3d%3d&timestamp=1713356065667
https://www.nrl.navy.mil/Portals/38/PDF Files/25 for 25 Booklet_FINAL.pdf?ver=1a5kY1mPkQ1JpzBllaWuew%3d%3d&timestamp=1713356065667
https://www.nrl.navy.mil/Portals/38/PDF Files/25 for 25 Booklet_FINAL.pdf?ver=1a5kY1mPkQ1JpzBllaWuew%3d%3d&timestamp=1713356065667

Nanotechnological Development of US Military Capabilities in 215t Century

[47] [NSS]National Security Strategy (2022, October 12). White House. Washington, DC.
https://www.whitehouse.gov/wp-content/uploads/2022/10/Biden-Harris-Administrations-
National-Security-Strategy-10.2022.pdf.

[48] Olabi, A. G., Grunwald, A. (2007). Design and application of magneto-rheological
fluid. Materials & Design 28 (10): 2658—2664.

[49] Rogers, B., Adams, J., Pennathur, S. (2015). Nanotechnology: Understanding
Small Systems [Third Edition]. Boca Raton (FL): CRC Press.

[50] [QSC] (2024). Quantum Sensing and Computing. Defense Advanced Research
Projects Agency (DARPA). https://www.darpa.mil/attachments/QuantumSensingLayout2.pdf.

[561] Simonis, F., Schilthuizen, S. (2006). Nanotechnology: Innovation opportunities
for tomorrow’s defence. Amsterdam: TNO (Nederlandse organisatie voor toegepast-
natuurwetenschappelijk onderzoek), Future Technology Center.

[52] Sun, Y., Rogge, S. M. J., Lamaire, A., Vandenbrande, S., Wieme, J., Siviour, C.
R., Van Speybroeck, V., Tan, J. (2021). High-rate nanofluidic energy absorption in porous
zeolitic frameworks. Nature Materials 20: 1015-1023.

[63] The Army Strategy (2018). U.S. Army. https://www.army.mil/e2/downloads/rv7/
the_army_strategy 2018.pdf.

[54] The Army Vision for 2028 (2018). U.S. Army. https://www.army.mil/e2/downloads/
rv7/vision/the_army_vision.pdf?_st.

[65] Wood, R., Walsh, C. (2013). Smaller, Softer, Safer, Smarter Robots. Science —
Translational Medicine 5 (210). DOI: 10.1126/scitransimed.3006949

[56] Koctuh, M. (2008). MpexHoLeHTpu4HO paTtoBane y Teopuju u npakcu OC CAL.
BojHo deno LX (2): 175-199.

[67] Xayapa, M. (1999). Pam y esporckoj ucmopuju. beorpaa: CKLL.

[58] Xaykpodpt, LI. (2008). MpexHoueHTpuuHO patoBamwe y Wpaky 2003. roguHe —
uckycTBa u noyke. BojHo dero LX (4): 78-94.

Summary

he paper examines publicly available research output as well as technological

innovations in nanoscience and nanotechnology brought into the context of the
modernization of US military capabilities as to effectively maintain the increasingly
contested global supremacy. The starting assumption is that the development of so-
phisticated military capabilities centred around achievements of the Fourth Industrial
Revolution is a key component of building sustainable military power for the 21st cen-
tury that can provide an effective global projection of force worldwide. Regardless of
the recent breakthroughs in Chinese science and technology with potential application
in the military, the author chose the United States as a case study because of its dom-
inant role in pushing the frontiers of nanotechnology. In addition, the United States
as the leading power in NATO represent a role-model for other national militaries in
the West in terms of strategic, doctrinal, and organizational policies. The ongoing and
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anticipated recomposing of global power in the early 21st century has accelerated
the modernization of the US Army by designing innovative weapons and other mil-
itary systems based on advanced technologies of the Fourth Industrial Revolution.
All relevant strategic documents recognize advanced technologies as a central factor
in competing in the international arena, pinpointing nanotechnology as an area with
a high degree of projected positive impact of basic research on the modernization of
military capabilities. The core government agencies within the US defence sector with
responsibilities for the implementation of transdisciplinary fundamental and applied
nanotechnology research and development projects are: 1) Army Research Office,
an organizational unit of the U.S. Army Combat Capabilities Development Command
Army Research Laboratory (DEVCOM ARL), 2) Institute for Soldier Nanotechnologies,
3) Navy Research Laboratory’s Institute for Nanoscience, and 4) Defense Advanced
Research Projects Agency (DARPA). The analysis focuses on achieved and antici-
pated achievements with the potential for military application resulting from publicly
available data on nanotechnology research and development projects covered by the
defence budget, as well as on achievements presented in scientific and professional
literature. The analysis includes advanced materials, explosives and their detectors,
nano drones and nano robots, microsatellites, and cyborg soldiers. However, preserv-
ing the ability to effectively project military force in the international stage requires
successful utilization of new weaponry, i.e. its effective incorporation into strategic and
doctrinal planning as well as into decision-making processes on the battlefield. The
assessment of the future cumulative impact of the analysed nanotechnological break-
throughs adaptive to military purposes is subject to numerous variables, and thus
unreliable for rational decision-making as a component of military planning. It is less
likely that the successful future transformation of nanotechnological accomplishments
into concrete military capabilities would alone solve the problem of the erosion of US
technological superiority over its global contesters. Despite an increased asymmetry
at the expense of other great powers challenging the position of the US and possible
challengers from the global periphery, nanotechnological superiority itself can hardly
be achieved in a straight line, because strict requirements for the operational relia-
bility of new weapons systems can be sacrificed by military-political motives for the
fast introduction of new technology. The author concludes that in assessing the future
utilization of current and expected breakthroughs in military nanotechnology, “nano
mania” should be avoided, since the functional integration of sophisticated solutions
into the military-strategic, operational and tactical framework is neither linear nor un-
ambiguous, i.e. it does not in itself lead to greater effectiveness of military capabilities
on the battlefield, or to an overwhelming advantage over the enemy.

Key words: nanotechnologies, weaponry, warfare, defence policy, the military, US
Armed Forces.
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