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I:IM XyaH E Muxaun PybuH
Li Huangye Mikhail Rubin

JlornuecKkoe onncaHmne U NpPaKTUYeCcKoe NnpumeHeHue
IMHUN PA3BUTUA TEXHUYECKUX CUCTEM
Logical description and practical application of the
development lines of technical systems



CopeprkaHue npeseHtauum / Contents of the presentation

JIMHUN Pa3BUTUA TEXHUUYECKMX CUCTEM B paboTax AnbTwyanepa n opyrnx aBTopos;
JInHUM pa3BuUTHA B BusHece, obLLLEECUCTEMHbIE IMHUN PA3BUTUS;

CTpPYKTYypa 1 NOrruKa nocTpoeHuna NMHNIM pa3Butua: TpebosaHus, npotusopeumns, UKP,
nocnenoBaTelbHOCTb LWAroB.;

lnocKkocTn n NPOCTPaHCTBA 3BOJ/IOUNU CUCTEM,

Lk whe

OTANYMA NOTUYECKOTO ONUCAHUA NNHUMN Pa3BnUTUA CUCTEM OT UX NPAKTUYHECKOIo NpMMmeHeEHNA B
npouecce apoaroUNN CUCTEM.

. Lines of development of technical systems in the works of Altshuller and other authors;

. Lines of development in business, general system lines of development;

. Structure and logic of constructing lines of development: requirements, contradictions,
IFR (Ideal Final Result), sequence of steps;

. Planes and spaces of system evolution;

. Differences between the logical description of system development lines and their
practical application in the process of system evolution.
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3aKoHbl pa3sutua cuctem I.C. AnbTwiynnepa /
G.S. Altshuller’s Laws of System Development

CTATUKA

®  3a3KOH MO/IHOTbI YacTel CUCTeEMb

3aKOH «3HepreTMYeckom NPOBOANMOCTN» CUCTEMBI
3aKOH COrnacoBaHUA PUTMMUKM YaCTEN CUCTEMDI

KUHEMATUKA

®  33KOH yBennYeHus cTeneHn naeanbHOCTU CUCTEMDI
3aKOH HEPaBHOMEPHOCTU Pa3BUTMSA YaCTEN CUCTEMDI
3aKOH nepexoaa B Haacnctemy

AUNHAMMUKA
® 3aKoH nepexoa C MaKpoypoBHA Ha MUKPOYPOBEHb

¢ 3aKOH NOBbILWEHUA CTEeNEeHN BENO/IbHOCTH

© 2026, TRIZ Developers Summit

STATICS

» Law of completeness of parts of the system

» Law of "energy conductivity" of the system

» Law of coordination of rhythms of parts of the system

KINEMATICS

« Law of increasing the degree of ideality of the system

» Law of uneven development of parts of the system

« Law of transition to a supersystem

DYNAMICS

» Law of transition from the macro-level to the micro-level

» Law of increasing the degree of su-field involvement
(vepolness)




JINHUKM Pa3BUTUA TEXHUUYECKUX cucTem B pabotax AnbTwynnepa /
Lines of development of technical systems in the works of Altshuller

® JINHKMA pa3BUTMA B COOTBETCTBUU C S-0O6pa3HOMN KpMBOM
®  JlnHMA MOHO-6M-N0IN-CBEPTbLIBAHME

®  JIMHMA NyCTOTHOCTMU

® JluHua gpobneHuna-obveanHeHUn

®  JIMHMA AMHaMmn3aLnm

® Line of development in accordance with the S-curve
® Mono-Bi-Poly-Trimming line

® Line of hollows (Cavitation)

® Line of fragmentation-integration

® Line of dynamization

© 2026, TRIZ Developers Summit




JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

BepTkuH U.M.
®*  JIMHUA YBEJIMMEHUA "MYCTOTHOCTN "
®* JIMHWNA: JPOBNEHUE
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BnonHe BO3MOXHO, YTO NMUHUKN CBA3aHbI MeXay cobor 1 MoryT
paccMaTpmBaTbCs Kak KOOpAUHATHbLIE OCU MHOTOMEPHOIO
"npocTpaHcTBa pa3BUTUA CUCTEMDI".
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Vertkin, |.M.
* LINE OF INCREASING "HOLLOWNESS"
 LINE: FRAGMENTATION
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It is entirely possible that the lines are interconnected and can
be viewed as coordinate axes of a multidimensional "system
development space."




JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

0. Canamartos

® Lenoyka pa3BUTUA KaNnUAASPHO-NOPUCTbIX MaTepuanos (KMM)
® PasBepTbiBaHUE U CBEPTbIBAHME TEXHUYECKNX CUCTEM

B. ®en

®  MaeanbHOCTb TEXHUYECKUX CUCTEM (MaeanbHOE BELLECTBO)

® XpOHOKMHEeMaTUKa (NMHUM naeannsaumm TEXHMYECKUX CUCTEM BO BPEMEHN)
Yu. Salamatov

® Development chain of capillary-porous materials (CPM)
® Deployment and trimming of technical systems

V. Fey

¢ Ideality of technical systems (ideal substance)

® Chronokinematics (lines of idealization of technical systems over time)
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JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

M. PybuH

L1. J/IHMA BBEAEHUA 3/IEMEHTOB (BeLLecTB)

L2. JInHnA BBEAEHUA N PA3BUTMA NOJIEU B3aMMOOENCTBUSA

L3. JInHmna gpobneHma n guHamun3aumm

L4. JInHUM cornacoBaHMA-Paccoryi1acoBaHmA U CTPYKTYpU3aLuu

L5. JIHMA «MOHO — 61 — Mo/ — CBEPTbIBAHMEY

L6. JINHUN KONNEKTUBHO-UHAMBUAYAIbHOIO UCMNOJ/Ib30BAaHMA CUCTEM
L7. JInHnsa pa3snTtna no S-ob6pasHomM KpnBowm

L8. JInHmnA nepexoaa Ha MUKPOYPOBEHb

L9. J/InHnAa nepexona B Hagcuctembl

L10. J/InHna yxoaa oT 3€MHbIX YC10BUM
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JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

M. Rubin

L1. Line of introduction of elements (substances)

L2. Line of introduction and development of interaction fields
L3. Line of fragmentation and dynamization

L4. Lines of coordination-decoordination and structurization
L5. Mono - Bi — Poly — Trimming line

L6. Lines of collective-individual system utilization

L7. Line of development along the S-curve

L8. Micro-level transition line

L9. Supersystems transition line

L10. Line of departure from terrestrial conditions
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JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

C. /intBuH
® 3aKOH nepexoga B HaACUCTEMY;
® 3aKOH NOBbIWEHNA CBEPHYTOCTH;

® 3aKOH noBblWeHUA 3PPEKTUBHOCTH
MCMONb30BaHUA NOTOKOB;

® 3aKOH NOoBbIWEHNA COrNACOBAHHOCTMK;

® 33KOH HEepPaBHOMEPHOro Pa3BUTUSA YaCTeMN
TEXHTYECKOM CUCTEMDI;

® 3aKOH NoBblWeHMes NOJIHOTbI
TEeXHUYECKOW CUCTEMDI;

® 3aKOH NaeanbHOCTU MEeXaHN3MOB
cBepTbiBaAHUA.
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S. Litvin

Law of transition to a supersystem;

Law of increasing convolution (trimming);

Law of increasing the efficiency of flow utilization;
Law of increasing coordination;

Law of uneven development of technical system
parts;

Law of increasing the completeness of a technical
system;

Law of ideality of trimming (convolution)
mechanisms.




JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

. 310TUH

. 2sontouma TC.

. BoiTecHeHue yenoseka n3 TC.

. YBennyexHune creneHn ngeanoHoctu TC.

. PasBepTbiBaHMe-cBepTbIBaHUE TC.

. MNoBblWweHne gMHaMUYHOCTM 1 yripasasemocTtn TC. B. Zlotin

. Mepexon Ha MUKPOYPOBEHb U K UCMO/Ib30BAHUIO NONEM Evolution of TS (Technical Systems)

- Cornacosakie - paccornacosatie TC. Displacement of the human from the TS.

0 N O Ul A WO N P D

: 6 TC.
Apobnerne Increasing the degree of ideality of the TS.

Deployment-Trimming (Convolution) of the TS.
Increasing the dynamism and controllability of the TS.
Transition to the micro-level and to the use of fields.
Coordination-Decoordination of the TS.
Fragmentation of the TS.

© N ORs Wb~
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JInHun pa3suTua B pabotax gpyrux asropos/
Lines of development in the works of other authors

H. LUnakoBcKkum N. Shpakovsky

1. Nepexon « MoHO-6M-noAn» 1. "Mono-bi-poly" transition

2. CBepTbiBaHMeE COCTaBa CUCTEMDI 2. Trimming (convolution) of the system composition
3. PasBepTbiBaHWE — CBEPTbIBAHME COCTaBa 3. Deployment — Trimming of the system composition
CMCTEMDI 4. Fragmentation of objects and substances

4. ipobnerne 0bbeKTOB U BelleCTs 5. Evolution of surface properties

5. 3BO/IOLMA CBOWCTB NOBEPXHOCTH 6. Evolution of internal structure

6. IBONOLUMA BHYTPEHHEN CTPYKTYpbI 7 Geometric evolution

/. feomeTpunyecKas 3BosloLUA 8. "Dynamization” line

8. JInHna «[iuHammnsaumna» 9. Increasing controllability

9. TosblweHe ynpasaemocTu 10. Increasing the coordination of system component

10. NoBblIWEHNE COrNacoBaHUA AENCTBUA actions
KOMMNOHEHTOB CUCTEMDbI
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JInHum passutmna busHec-cucrtem /
Lines of development of business systems

JiInhum popmuposaHua u passutua busHec-cucrem:

e BUS.4.1. JInHnm dopmmnpoBaHmsa Lenovek co3gaHmsa ueHHocten (LICLL) B opraHmnsaymm
e BUS.4.2. JTInHnAa popmmpoBaHUA CTPYKTYpPbl OpraHm3aumm

JInHun npopaykKra:

e BUS.4.3. J/InHnA obbeKToB bMn3Heca

Lines of formation and development of business systems:
e BUS.4.4. JInHMA ueHbl U onnatol

+ BUS.4.1. Lines of value chain formation (VCF) in the organization
e BUS.4.5. J/InHnA accopTnmeHTa

« BUS.4.2. Line of organizational structure formation
e BUS.4.6. J/InHMA pa3BUTMA pPbIHKA ]

Product lines:
e BUS.4.7. JInHNA pa3BUTMA NOKynaTens , , ,

+ BUS.4.3. Line of business objects

« BUS.4.4. Line of price and payment

+ BUS.4.5. Line of product assortment

« BUS.4.6. Line of market development

+ BUS.4.7. Line of buyer development
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JInHuun pa3snuTtna busHec-cuctem /
Lines of development of business systems

¢ BUS.4.1. JiIuHnn popmupoBaHnA LenoUeK cosgaHuna ueHHocten (LCLL) B opraHusauum

® [Ipomusopeyue: PaspaboTKa, Npon3BOACTBO, AN3alH, 3aTpaThbl, peknama/bpeHa, cuctema n mMecto
npoAarK AOMKHbI OblITb COOCTBEHHbIMMK (4TOOBLI KOHTPONMPOBATL CUTYALIUIO) N AONXKHbI ObITb
«YYHKUMMN» (4TODObI HE TPATUTL CBOU PECYpPChbl)

1.
2.
3.

BHauane, paboTta BeAeTcA TO/IbKO C K/IMEHTaMM: MarasuH (paboTta ToNbKO € 3alleAWmnMMmmy NoKynaTenamm).
3aTem, NPOUCXOAUT paclUMpPeEHNEe NepeYyHa akTMBHOCTEN B3aMMOAENCTBUA Ha BCIO BOPOHKY NPOAa.

"OT1oen npoaax" B npeaene: yepes "KAMeHTbl camu GOPMUPYIOT BOPOHKY BOBJIEKAA NOTEHLMANbHbIX
KNMEHTOB C CAaMOro PaHHEero AeTCTBa U COMPOBOXAAA UX B TEYEHNE BCEN KU3HU" (CETEBOM MAPKETUHT) A0
"naowankKka, Kyaa npuxoaaT "napTHEPDLI" N NPMBOAAT CBOUX KIMEHTOBK.

lNosblweHne cpegHero 4yexka “ obbema MOKYMOK, crneunanbHblE NpeanoxXeHnAa (KOHBepCMM).

IMOUMOHaNbHbIE U AeHEXKHble BOHYCbI, UHAMBUAYANbHBIN NOAX0A U KacToOMM3auma, yg06CcTBO onnatbl U
npuembl yCTaHOBAEHMA LeH. Mpogaxun 6e3 nocpegHMKOB. Micnonb3oBaHWE UHTEPHET-TEXHONOTUN.
P paHYan3mnHT.
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JInHum passutua busHec-cuctem /
Lines of development of business systems

® BUS.4.1. Lines of value chain formation (VCF) in the organization

® Contradiction: Development, production, design, costs, advertising/branding, and the sales system
and location must be proprietary (in order to control the situation) and must be "external" (in order
not to waste one's own resources).

1. |Initially, work is carried out only with clients: the store (working only with customers who have entered).
2. Then, the list of interaction activities expands to encompass the entire sales funnel.

3. The "Sales Department" at the limit: from "clients themselves forming the funnel by engaging potential
clients from early childhood and accompanying them throughout their entire lives" (network marketing) to
"a platform where 'partners' come and bring their own clients."

4. Increasing the average check and purchase volume, special offers (conversions).

5. Emotional and monetary bonuses, individual approach and customization, payment convenience and
pricing techniques. Sales without intermediaries. Use of internet technologies. Franchising.
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dyHKUMOHaNbHO-LeneBasa cucrema /
Functional-target system

dPyHKUMOHANbHO-LUEeNeBass cMcTeMa — 3TO cuctema, chopMUPOBaAHHAA ANA BbIMONHEHNA KOMMNIEKCA
NoNe3HbIX GYHKUMNIM N AOCTUXKEHUA LUENEeN B COOTBETCTBUK C TPeOOBaHUAMM HAACUCTEM U
NPUHLUMNOM AENCTBUA AAaHHOMN CUCTEMDI.

dyHKUMOHaNbHO-UeneBas cuctema GopmMUpyeTcs Ha OCHOBE CaMOOpPraHM3aLnm, ecTeCTBEHHOTO UK
NCKyCCTBEHHOro oTbopa, UaK B pesysibTaTe LeneHanpaBAeHHbIX AeNCTBUIA OAHOM N3 HAACUCTEM.

K $YHKLUMOHANbHO-LLENEBbIM CUCTEMAM MOXKHO OTHECTU BMONIOTMYECKME CUCTEMbI, TEXHUYECKME
CUCTEMbI, COLlMANIbHbIE, SKOHOMUYECKME, HAaYYHbIE N APYrMe CUCTEMDI.

» A functional-target system is a system formed to perform a set of useful functions and to
achieve goals in accordance with the requirements of supersystems and the operating
principle of this system.

» A functional-target system is formed on the basis of self-organization, natural or artificial
selection, or as a result of purposeful actions of one of the supersystems.

* Functional-target systems include biological systems, technical systems, social, economic,
scientific and other systems.
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3aKoH pa3BuTUA GyHKLMOHaNbHO-Lenesbix cuctem (3PPLC) /
Laws of development of functional-target systems (LDFTS)

3aKOoH pa3BuUTMA PpyHKUMOHaNbHO-LeneBor cnctembl (3PPLIC) — 3To 06bEKTUBHBIN 3aKOH, B KOTOPOM OMUCAHO
yCTOMYMBOE HanpaB/ieHMe 3BOOLUUN GYHKLMOHANbHO-LLENEBOMN CUCTEMbI, 0becnevymnBatoLLee NOBbILLEHUE €€
KOHKYPEHTOCNOCOOHOCTM Ha YPOBHE cMCTEMHOTO dunoreHesa.

3aKoHbl pPa3BUTMA GYHKLMOHANbHO-LLENEBbIX CUCTEM BHYTPEHHE He NpoTMBOpPeYmBbl. KaXKabll 3aKOH MOXKeT
MMEeTb YTOYHEHUA B BUAE CNeACTBUI N3 3aKOHa.

Ha ocHoBe 3PDLIC dopmynmnpyroTca AMHUK Pa3BUTUA GYHKLMOHANbHO-LLENEBbIX CUCTEM, Pa3pabaTbiBatoTcA
MeTOAMKM aHaNn3a GYHKLMOHANbHO-LENEBbIX CUCTEM U MPOrHO3UPOBAHMUS UX PA3BUTUS.

Nepapxma komnnekca 3POLIC noctpoeHa Ha BEPXOBEHCTBE 3aKOHA CTPEM/IEHUA K UAEANbHOCTH.

Law of development of functional-target system (LDFTS) is an objective law that describes a stable direction of
evolution of a functional-target system, which ensures an increase in its competitiveness at the level of systemic
phylogenesis.

The laws of development of functional-target systems are not internally contradictory. Each law can have
clarifications in the form of consequences from the law.

On the basis of the LDFTS, we can formulate lines of development of functional-target systems, and design
methods for analyzing functional-target systems and forecasting their development.

The hierarchy of the LDFTS is built on the supremacy of the law of striving for ideality.
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CTpYKTypa KOMn/ieKca 3aKOHOB pPa3BUTUA PYHKLMOHANbHO-LeNeBbIX cuctem /
Scheme for laws of development of functional-target systems complex

Cucrema TpeboBaHUU U Leneun System of requirements and

goals

1. Trends of increasing ideality
and functionality of systems

1. 3aKOH yBerIM4YEeHUA CTerneHun
naoeanbHOCTU (hyHKLMOHANbHO-
LeneBbIX CUCTEM

A A
Passutue Bzaumopencreme c Efvoluttion Interaction with
CTPYKTYpPbI - - of system § L .
N e <> BHellHeW cpeaoM <« N Nt <> external medium <«
3aKoHbI 2-4 3aKoHb! 5-7 Trends 2-4 Trends 5-7
I | | |
Y Y
8. 3aKOH pa3BUTUA Yepe3 BO3HUKHOBEHMUE 8. Trend of evolution through origination of
npoTUBOpeUYnin TpeboBaHMI U UX paspelueHne npu contradictions of requirements and resolving them
noMoLK NPUHLUMNOB pa3pelleHnA NpoTUBopeYun with the aid of principles for resolving contradictions
JInHUM (NNOCKOCTU, NpoCcTpaHCTBa) pa3sBUTUSA Lines (planes, spaces) of evolution of

¢pyHKLUMOHaNbHO-LeNneBbIX CUCTEM functional-and-targeted systems
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(Cnmema TpeboBaHMM U Lenen Mepapxuﬂ 3P¢U.C
| 1. 3aKoH yBefiM4eHUA cTeneHu
’Ln.neanb:-locm (PYHKLMOHANBbHO-

Passutne CTPYKTYpPbI uerneBbiX CUCTEM B3BP‘|M0,EL8I7ICTBMQ C

= CUCTEMBI - 7y \ BHelHei cpeso KOMnneKc

2. 3aKoH NoriHoThl (hopMUpoOBaHUA f 5. 3aKOH nepexoaa B HaACUCTEMbI \

npuHUMna LOeWCTBUA ANA AOCTWKEHUS v

uenen Cnepcteue 5.1. O6beguMHEHME C TAKUMU KEe UMW SPYTUMU 3a Ko H o B

cucTemMamm
Cnepcteue 2.1. [ONHOTa KOMNOHEHT U DYHKLWIA. CnepncTteue 5.2. YeenuueHue ahhekTUBHOCTU TUPAXUPOBaHUA
Cneactseue 2.2. MNoBbiWeHWe NPOBOAUMOCTH pa3 B M I Mﬂ

NOTOKOB. 6. 3aKoH NocnefoBaTeNIbHOCTH B MPUMEHEHUM PECYpPCOB U
Cnepcteue 2.3. CornacosaHue u CTPYKTypU3aLvs MX NapamMeTpOB: OT Nerko AOCTYMHbIX K TPYAHO AOCTYNHbIM,

EOMIIPHBITOR NOIIeH 1 IPSttecon. OT rOTOBbIX K NPON3BOAHBIM, OT OCBOEHHBIX K HOBbIM H Ku n o H an bH o-
Cneacteue 2.4. [MonHoTa Mcnonb3oBaHus V

NpoCTpaHCTBA: TOYKa—NUHUA—NNOCKOCTb—0B6beEM < > .

CneacTeve 2.5. Micnonb3oBaHue 1 nocTeneHHoe Cnegctsue 6.1. MpvMeHeHe KOMMNOHEHTOB (BELEeCTB U nonei).

BbITECHEHWE JONONHSAIOLMX CUCTEM, B YACTHOCTMU, Cnepcteue 6.2. [InA TexHUKU. Nepexoa Ha MUKPOYpPOBEHb. uen e B b Ix c M CTe M
ans TC aTo BbITECHEHWe YenoBeka Cnepcteue 6.3. INA TEXHUKWU. ¥XOA OT 3EMHbLIX YCNOBUA.

Cneacteue 2.6. PopMMpoBaHUe WHCTPYMEHTOB

TOPMOXEHUS 1 OBPaTHOI CBA3N. 7. 3aKoH (hbOpMUPOBaHUA W Pa3sBUTUA AONOSTHAIOWMX,

arbTepHaTUBHbIX U KOHKYPUPYHOLUUX CUCTEM U

3. 3aKoH pa3BepTbiBaHUA U CBepTbIBaHUSA AN e E

KOMMOHEHTOB M (hYHKLIMI CUCTEMBI

8. 3aKoH (hopMUMpOBaHUA M pa3BUTUA NporpaMmm

4. 3aKoH NOBBLIWEHUA YNPaBAAEMOCTH ¢ (TexHONOrui) OeUCTBUI ANS OCTUKEHUS Lienu

\_ AMHaMMU3aLIMKU CUCTEM y \_ Y,
[ |

2 7

9. 3aKOH pasBUTUA (DYHKLIMOHANbHO-LeNeBbIX CUCTEM Yepe3 BO3SHUKHOBEHME NPOTUBOPEYMA TpeGoBaHUN U UX
paspelieHue npu MOMOLLM NMPUHLMMOB paspelleHnsi NPoTUBOPeYnm

JNTMHMM (NNOCKOCTU, NPOCTPAHCTBA) PasBUTUA (PYHKLMOHaNbHO-LerneBbIX CUCTEM

L1. lnHUA BBEAEHUA 3N1EMEHTOB (BELLECTB) L5. /IMHMA «MOHO — 61 — NONN — CBEPThIBAHUEY
L2. lnH1A BBEAEHUA U PAa3BUTUA nonew BBaMMO,ﬂ,eF‘CTBMﬂ L6. /INHUM KONNEKTUBHO-UHAWNBUAYANIBHOIO
L3. luHuA gpobneHna n guHaMmm3aumm UCMNOAb30BaHUA CUCTEM

L4. JInHMKM cornacoBaHUA-pPaccornacoBaHna u L7. /IuHMA pa3BUTUA NO S-06pazHOii KPUBOWA
CTPYKTYypU3aumm
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ra'vstem of requirements and goals Hierarchy of TEFS
h

1. Trend of increasing ideality

y gl
Evolution of system L

of functional-and-targeted

systems Interaction with

structure %

(~ 2. Trend of completeness of forming the
operation principle for attainment of the
goals

Consequence 2.1. Comptteness of components
and functions.
Consequence 2.2. Increase of conductivity of
flows.
Consequence 2.3. coordination and structuring of
components, fields and processes.
Consequence 2.4. Completeness of using space:
point—line—plane—volume
Consequence 2.5. Use and gradual pushing out of
augmenting system, in particular, with TS this is
elimination of human involvement
Consequence 2.6. Formation of tools for braking
and feedback .
3.Trend of deployment and trimming of
components and functions of the system k

4. Trend of increasing controllability and
dynamization of the systems

~N

v external

/a ENVITONIMent
5. Trend of transition to supersystems

\4

Consequence 5.1. Integration with similar or other systems
Consequence 5.2. Increase of efficiency of replication

6. Trend of succession in application of resources and their
parameters: from easily accessible to hard-to-get ones,
from ready to derivatives , from known to new ones

J/

]

Y

Consequence 6.1. Application of components (substances and
fields).

Consequence 6.2. For technology. Transition to microlevel.
Consequence 6.3. For technology. Rejecting terrestrial conditions .

7. Trend of formation and development of augmenting ,
alternative and competing systems and of interaction with
them

8. Trend of formation and development of programs

(technologies)of actions for attainment of the goal

\

4

\Z

9. Trend of evolution of functional-and-targeted systems through origination of contradictions of requirements
and resolving them with the aid of principles for resolving contradictions

Lines (planes, spaces) of evolution of functional-and-targeted systems

L1. Line of introducing elements (substances)

L5. Line of «mono — bi — poly — trimming»

L2. Line of introduction and development of interaction fields L6. Lines of collective/individual use of systems

L3. Line of fragmentation and dynamization

L4. Lines of coordination-discoordination and structuring
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L7. Line of S-curve evolution

A set of Laws of
development of
functional-target
systems




JInHun pa3snuTua GyHKLMOHANbHO-LeNeBbiX cuctem /
Lines of development of functional-target systems

. Line of introducing elements (substances)
. Line of introduction and evolution of interaction fields
. Line of fragmentation and dynamization

Lines of coordination-discoordination and structuring
Line «kmono — bi — poly — trimming»

Lines of collective and individual use of systems

Line of S-curve evolution

Micro-level transition line

L1. JIuHWA BBEAEHUA 3/1EMEHTOB (BeLLecTs)

L2. JIuHuA BBEAEHMA U PA3BUTUA NOJEN B3aUMOAENCTBMUSA

L3. /InHmna gpobneHna n aAMHamm3aumm

L4. JInHnn cornacoBaHMA-PacCcoOrnacoBaHMA N CTPYKTYpm3aLuum

L5. /InHMA «MOHO — 61 — NoAn — cBEpPTbIBaHUEY

L6. J/INHUN KONNEKTUBHO-UHANBNAYANIBHOIO MCNOb30BAaHMNA CUCTEM

L7. JInHnsa pa3sutma no S-obpasHomn Kpnueom

L8. JInHMA nepexofa Ha MUKPOYpPOBEHb L1

L9. JInHua nepexona B HAACUCTEMDbI L2

L10. /InHMA yxo4a OT 3eMHbIX YC/10BUM L3
L4.
LS.
L6.
L7.
LS.
LS.

Line of transition to supersystems

L10. Line of departure from earthly conditions
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CsA3b Lenun, npuHuuna aencrema n GyHKUum cuctem /
Connection of goal, operating principle and functions

( Lenb ] [ Goal ]

! v

Mporpammebl AOCTUXKEHUA Programs for attainment of
uenm c ob6paTtHbLIMU CBA3ZAMM the goal with feedback

[ Komnnekcbl npuHumnos J [ Complexes of operation }

AeucTena principles

l [ Complexes of functions for }

Komnnekcbl pyHKUUA aNnA implementation of operation
BbIMNO/IHEHUA NPUHLUNOB AEACTBUA principles

v

[ PyHKUMM cUcTEM } [ Functions of the systems ]
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Mopaenb AMHun passutua cucrem /
Model for line of system development

BronHe BO3MOXHO, YTO NMUHUW CBA3aHbI MexXay cobon u Modenb Ons kaxdol nuHUU pa3eumusi:
TpeboBaHue 1 MOryT paCCMaTEVIBaTbCFI Kak KoopAuHaTHbIe OCU ) « K Kakum 3aKoHaM OMHOCUMCS] FTUHUST Pa3gumusi;
MHOroMepHOro "npocTpaHCcTBa pasBUTUS cUCTEMBbI". - Kakue rpomueopeyus mpe6osaHuli paspewaem;
* K kakomy UIKP npubnuxaem ;
* Kakue wazu uameHeHul 8 cucmeme
npedycmampuesaem (He MeHee 3-x Wazao8
npubnuxeHusi kK UKP )

Requirement 1

UKP
IFR

Model for each
development line:

What laws does the line of
development refer to;
What conflicting
requirements does it
resolve;

To which IFR does it lead;
What steps of changes in

the system does it
It is quite possible that the lines are interconnected and can be considered envisage (at least 3 steps

as coordinate axes of a multidimensional “system development space”. to IFR)

TpeboBaHue 2

Requirement 2
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Mpumep: Paszsutna cuctembl « Mukpocxema» /
Example: Development of the “Microcircuit” system

MpoTusopeumne TpeboBaHUM
¢ Ecaun yBe/INYNBATb CTIOKHOCTb U (I)yHKLI,VIOHaIIbHOCTb SNTEKTPOHHbIX yCTpOﬁCTB, TO NOBbIWaeTCA UX
NPON3BOANTENBHOCTb U None3HOCTb (TpeboBaHue 1: 3dpPeKTUBHOCTb, MHOFOGYHKLIMOHANBHOCTL), HO
pacTyT saHepronoTpebieHne, TennoBbligeneHne n ctommocTtb (TpeboBaHue 2: 3HeproadGeKTUBHOCTD,
KOMMNAKTHOCTb, HA4EeKHOCTb).
UpeanbHbiV KOHeYHbl pe3yabtaT (UKP)
®  3JneKTpoHHblie KoMNoHeHTbl CAMU MUHUMU3UPYIOT SHepronoTpebsieHne n TennoBblAe/IEHNE,
COXpPaHAA BbICOKYHO MPOU3BOANTENIBHOCTb 6es3 YCNOXKHEHUA KOHCTPYKUUNN.
Conflicting requirements
* Increasing the complexity and functionality of electronic devices improves their performance
and usefulness (Requirement 1: efficiency, multifunctionality), but also increases energy
consumption, heat dissipation, and cost (Requirement 2: energy efficiency, compactness,
reliability).
ideal final result (IFR)
» Electronic components themselves minimize energy consumption and heat dissipation while
maintaining high performance without complicating the design.

© 2026, TRIZ Developers Summit




Mpumep: Paszsutna cuctembl « Mukpocxema» /
Example: Development of the “Microcircuit” system

MepeyeHb TMNOBbLIX WAroB MO YCTPAHEHUIO NPOTUBOPEUUA

®  OnTMMMU3auUuA MmaTepuanos (nepexos oT BaKyyMHbIX 1amMn K NOYNPOBOAHMKAM).

®  MuHunaTiopusayma (ymeHblleHME Ppa3sMepoB TPAH3MCTOPOB, 3aKoH Mypa).

® JHeproaddeKkTUBHbIE aPXUTEKTYPbI (HU3KOBO/IbTHbIE NPOLLECCOPbI, MHOTOAAEPHbIE CUCTEMBI).
®  Wcnonb3oBaHUe HOBbIX PU3UUYECKUX MPUHLMNOB (KBAHTOBbIE BbIYUCAEHUS, ONTOINNEKTPOHMKA).
® AAanTuUBHOeE ynpaBaeHue (AMHaMMYecKoe peryinpoBaHUe YacToTbl U HanNpsirKeHusn).

®  WHTerpauua B Hagcucremy (o6n1auHble BbIYMCAEHUSA, pacnpeaeneHHble CUCTEMDI).

List of typical steps to resolve the contradiction

« Material optimization (transition from vacuum tubes to semiconductors).

* Miniaturization (reduction in transistor size, Moore's Law).

« Energy-efficient architectures (low-voltage processors, multi-core systems).
« Use of new physical principles (quantum computing, optoelectronics).

« Adaptive control (dynamic frequency and voltage regulation).

« Integration into a supersystem (cloud computing, distributed systems).
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Mpumep: Passutusa cucrembl « MMKpocxema» no Hanpas/€eHUIO MUHUATIOPU3aLUn

PasBuTHe NonynpoBOAHUKOBOM NPOMBbILLINEHHOCTM NPeAcTaBaaeT cob0oM KOMMNAEKCHbIA MHHOBALMOHHbIM NPOLLEcc, NPoABUratoLLLnIACS OT
MaKPOCKOMNYECKOTO K MUKPOCKOMUYECKOMY YPOBHIO M OT OTAE/IbHbIX MPOPbIBOB K CUCTEMHOMN MHTErpauumn. Huxke npmseaeHbl TONbKO
OCHOBHbIE TEXHO/IOTMN MUHUATIOPU3ALLMM Ha YPOBHE KOMMNOHEHTOB C MOMEHTA NOABAEHUA TPaH3UCTOpa.

Topg,
Ha3BaHue KirouyeBbie TEXHOMOMMMU NaeamnHOCTb
pa3paboTKH
MOSEET 1959 Cos3gaHne gBymepHbiX (2D) CTpYKTYp Ha KpeMHueBbiX nractuHax [ Cxema aTanoHHbIX nokasaTenen Ansa OLUEeHKN NoCneayoLero
SABJIIETCS OCHOBOW MHTErpasbHbIX CXEM. TEXHONOrMYeckoro naeanmsma.
HocTtmkeHne 100-kpaTHOroO YMeHbLUEHWSI 3HaMeHaTerNs 3a CYeT «HYNeBOro
Vicnonb3oBaHue nap TPaH3MCTOPOB p-TUMA M N-TuUna 3HaYUTENbHO SR
CMOS 1963 CTaTUYECKOro 3HepronoTpebneHns» — BeNUMYanLLIMn CKavyokK B UCTOPUN
CHWXXaeT cTaTnyeckoe aHepronoTpebnexue.
ngeanvsaumu.
CHavana BBogutcsa guanektpuk HfO, ¢ BbICOKOW OUaNeKTpuyeckomn . .
- bokoBas cTeHka C BbICOKOW AUINEKTPUYECKOW MNPOHULAEMOCTLIO
NPOHNLLAEMOCTbLIO U MeTanM4yecknin 3aTBop, a 3aTteM BbINONHAETCS
yMeHbLUaeT yTeuky 3atBopa B 100 pas, coxpaHsasa npu 3TOM HU3KOe Bpems
HKMG 2007 pennukauusi/cCknemBaHne MeTOAOM aTOMHO-CIIOEBOr0 OCaXKOeHUs o
. okoHuaHusa (EOT), cHuxasa gonyctumoe HanpsikeHue Ha 20% v paclumpss
(ALD) ans paspylieHus TyHHenbHoro 6apbepa SiO,, 4To no3sonser
. TEXHOSTOrM4YecKoe OKHO.
J0CTNYb 3KBMBANEHTHOW TOMLWMHbI okcraa <1 HM.
lNepexon TpaH3UCTOPOB OT ABYMEPHOW MIOCKOCTU K TPEXMEPHOWN . .
. pexoa Tp P Asymep TP P TexHonorua 3D triple-gate ymeHblwaeT nognoporoBbii pasmax ¢ 100
FinFET 2011 «pebpuctony» CTPYKType yrnyyllaeT TPEXCTOPOHHUA  KOHTPOIb
mMB/nek go 70 mB/gek, oqHOBPEMEHHO CHWXKAA HaMNpshKeHue 1 nnowagb.
3aTBOpa Hafj KaHarowm.
. YeTblpeXCTOPOHHUIA 3aTBOp + HaHONMUCTOBOe wWTabenuvpoBaHue
GAA [anbHenwoe pa3snTe NO3BOSISIET 3aTBOPY OKpYXaTb KaHan Co BCEX
2022 o obecneunBalT NepByl TOMNWWHY KaHana 3 HM Npu COXpaHeHuu
Nanosheet YyeTblpex CTOpPOH, obecneunBasi MakCUMarbHbI KOHTPOSb HaZ TOKOM.
NoABWMXHOCTW, JOMNOSNTHUTENbHO CHUXAA HanpshkeHve B 0,7 pasa.
N- W p-CrNOVHblE  CTPYKTYpbl  0ObeAMHEHbl  BepTuKarnbHO, | 3TO yMeHbllaeT nnowaab Ha 50% npu COXpaHeHUM YeTbiPEXCTOPOHHErO
CFET 2025-2030 | obecneumBas OOLWMA MCTOK/CTOK W 3aTBOP, YTO YCTpaHSeT | ynpaBrneHus 3aTBOPOM, yBenuumBaeT ToOK ynpasneHuss Ha 20% wu
HEeobXO0AMMOCTb B M30NMPYIOLLIEM 3a30pP€E N-P-CITOMHON CTPYKTYPbI. COBMECTUMO C MUTAHNEM 00BLEeANHUTENBHONM NNaThbl HA YPOBHE KpucTanna.
TonwwmHa kaHana cocrtaBnser 0,6—1,2 HM. YBenuyeHo KBaHTOBOE
oD-CEET 2030+ BBegeH MoHoCnonHbI kaHan MX,/rpadpeH C nocrneayrolmnm | orpaHU4YeHne, OLHOBPEMEHHO WCMONb3YHTCA TEXHOMorMn obpaTHOro

BePTUKarnbHbIM CITUAHNEM aTOMHbIX KPpUCTansoB n/p

NUTaHNS U YeTbIPEXCTOPOHHEro 3aTBOpa. TOK BO30YXOEHUS yBENUYEH Ha
30%, a NnognoporoBbIN pa3mMax CHWkKeH Ao meHee 60 mB/gek.
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Example: Development of the "Microcircuit" system in the
direction of miniaturization

® The development of the semiconductor industry is a complex innovation process, moving from the macroscopic
to the microscopic level and from individual breakthroughs to system integration. Below are just the main
technologies for component-level miniaturization since the advent of the transistor.
Year of , :
Nam Key technologi Idealit
ame development ey technologies deality
MOSFET 1959 The crgahon of two.-dlmer)smnal (2D). str.uctures on silicon A benchmark scheme for evaluating subsequent technological idealism.
wafers is the foundation of integrated circuits.
Using pairs of p-type and n-type transistors significantly | Achieving a 100-fold reduction in the denominator due to "zero static power" is
CMOS 1963 . . . . : N
reduces static power consumption. the greatest leap in the history of idealization.
First, a high-k HfO: dielectric + metal gate is introduced, . . . .
HKMG 2007 | followed by replication/ALD stacking 1o break down the Si0: | ort 1 ISR T BEE ERR e ncreasng e
tunneling barrier, achieving an equivalent oxide thickness of o 9 ge by o 9
<1 nm. process window.
The transition from a two-dimensional plane to a three- 3D triple-gate technology reduces the subthreshold swing from 100 mV/dec to
FinFET 2011 dimensional "ribbed" transistor structure improves the gate's ple-gate 9y . 9
. 70 mV/dec, simultaneously reducing voltage and area.
three-sided control over the channel.
GAA Further developments allow the gate to surround the channel | Four-sided gate + nanosheet stacking enables the first channel thickness of 3
2022 . - . . . o .
Nanosheet on all four sides, providing maximum current control. nm while maintaining mobility, further reducing voltage by 0.7x..
The n- and p-sheets are vertically merged, sharing | This reduces the area by 50% while maintaining four-sided gate control,
CFET 2025-2030 | the source/drain and gate, eliminating the planar n-p | increases the drive current by 20%, and is compatible with chip-level backplane
isolation gap. power supply.
The channel thickness is 0.6-1.2 nm. Quantum confinement is
2D-CFET 2030+ An MX,/graphene monolayer channel is introduced, followed | increased, and back-powered and four-sided gated technology are
by a vertical merging of n/p atomic crystals. simultaneously used. The drive current is increased by 30%, and
the subthreshold swing is reduced to below 60 mV/dec.
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Mpumep: Passutusa cuctembl « MUKpocxema» no Hanpas/eHUI0O MUHUaTIoOpu3auun/
Example: Development of the "Microcircuit" system in the direction of
miniaturization

Tpe6oBaHue 1
Requirement 1

UKP
IFR

TpeGoBaHue 2 stlon

Requirement 2 FinFET
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JInHuAa v Knoumsble warn / Line and key steps

L8. /IuHuA nepexoaa Ha MUKPOYPOBEHDb

®  Kniouesble warn: 1.MaKpoobbeKT, 2.YMeHblleHMe pasmepos 6e3 n3meHeHMA NpuHLmMna AencTems,
3.YMeHblleHMe pa3mMepoB C U3MeHeHnem npuHumna aencresmna, 4.MHOro masieHbKMUX C O4MHAKOBbIMU
XapaKTepUCTUKamMM (NnHms bu-nonm cuctem), 5.MHoro maneHbKux ¢ PasHbIMM XapaKTepPUCTUKAMK (AUHKUA Bu-
nonu cuctem), 6.lpobneHme anemeHTOB 06BEKTA (NOPOLLKK, MOPUCTbIE MaTepUanbl, NyCcTOTa, NeHa, TNHUA
ApobneHuns), 7.3ameHa BelecTBa nosem (AMHUA BBeAeHMA nona), 8.MNepexos Ha YpoBEHb 4OMEHOB BELLECTBA
M3 rpynn MOJIEKY/T UIN XKUBbIX KNeToK, 9.Mepexosa Ha ypoBeHb Moniekyn (xumuns, buoxmummsa), 10.Mepexon Ha
ypoBeHb aTomoB (dun3unkKa), 11.Mepexos Ha YpOBEHb 31IEMEHTAPHbIX YacTuL, (KBaHToBOM dU3nNKK), 12.BBeaeHune

yrNpaBAeHMA Ha MaKpPo UAM Ha MUKPOYPOBHE

L8. Line and key steps

® Key steps: 1. Macro-object, 2. Reduction in size without changing the operating principle, 3. Reduction in size
with a change in the operating principle, 4. Many small ones with the same characteristics (bi-poly system line),
5. Many small ones with different characteristics (bi-poly system line), 6. Fragmentation of the object's elements
(powders, porous materials, emptiness, foam, fragmentation line), 7. Replacing the substance with a field (field
introduction line), 8. Transition to the level of substance domains from groups of molecules or living cells, 9.
Transition to the level of molecules (chemistry, biochemistry), 10. Transition to the level of atoms (physics), 11.
Transition to the level of elementary particles (quantum physics), 12. Introduction of control at the macro or

micro level
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PasButue cuctem no 8-ov nnHui (nepexos Ha MMKPOYPOBEHD)
LLar 1. MakpoobbeKT: DNeKTPOHHbIe BaKyyMHbIe 1aMMbl. 5@"@';

LLiar 2. YmeHblueHUe pasmepos 6e3 nuameHeHUa NnpuHUMNa AencTems:
PaHHMeE AMUCKpeTHble TPAH3UCTOPbI, UHTErpasibHble CXeMbl MMKPOHHOIO YPOBHA.

LLar 3. YMmeHblueHne pasmepoB C USMEHEHMEM NPUHLUUNA AEACTBUA:
MnaHapHble MOSFET (2D-TpaH3ucTopbl).

LLar 7. 3ameHa BewecTtBa nonem (3ameHa BeLiecTBa Noaem) :
Be3snepexoaHble nonesble TpaH3ncTopsbl (Junctionless FET), npubopsbl ¢
3apsagosoii ceasbto (M3C/CCD).

LLar 8: Mepexopg Ha ypoBeHb gomeHoB (Domain) Bewectsa: MRAM
(MarHuTopesnctuBHaa namaTb), FERAM (cerHetoaneKktpuyeckana namaTb).

LLar 9: Nepexoa Ha moneKkynapHbiii ypoBeHb (Molecular level) :
MonekynapHasa 3N1eKTPOHMKA. o =

LLlar 11: Nepexopa, Ha ypoBeHb 3/iIeMeHTapHbIX YacTuy, / KBaHTOBbIN YPOBEHb:
CnuHTpOHMKA (Spintronics), KBaHTOBbIe 6UTbI (KyOUTBI).
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Development of systems along the 8th line (transition to the micro level)
e il =

Step 1. Macroscopic Object: Vacuum Tubes.

Step 2. Reducing Size Without Changing Operating Principle: Early Discrete
Transistors, Micron-Level Integrated Circuits.

Step 3. Reducing Size with a Change in Operating Principle: Planar MOS|
(2D Transistors).

(FETs), Charge-Coupled Devices (CCDs).

Step 7. Replacing Matter with a Field: Junctionless Field-Effect Transisto ﬁ

Step 8: Transition to the Domain Level of Matter: MRAM (Magnotere5|st|ve
Memory), FeERAM (Ferroelectric Memory).

5 |—L
Step 9: Transition to the Molecular Level: Molecular Electronics. LE"R":@

= Inextposet —

Step 11: Transition to the Elementary Particle Level / Quantum Level:
Spintronics, Quantum Bits (Qubits).
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JInHuAa v Knoumsble warn / Line and key steps

L5. J/IuHUM «MOHO — 6M — Noan — cBepTbiBaHUE»

® Knwouesble waru: 1./106aBnUTb K cucteme elle oaHy Takyto Ke cuctemy (bucucrema); 2.1o6aButb K
CMCTEME MHOTO TaKUX e cuctem (nonmcuctema); 3.B oaMHaKoBbIX 06 beANHEHHbIX CUCTEMAX AeNatoT
Pa3HbIMM HEKOTOPbIE XapaKTePUCTUKIN; 4.BmecTo 06begMHEeHNA 0OANHAKOBbIX CUCTEM 0ObeaNHAOTCA
pasHble cuctembl; 5.06beANHAOTCA CUCTEMbI U aHTUCUCTEMDI; 6.MHOrO 0AMHAKOBbIX YacTen pasHbIX
cuctem obbeIMHATCS B OAUH 3/1eMeHT (YacTUYHoe cBepTbiBaHWe); 7.Pa3BMBAIOTCA CBA3U MeEXKAY
0bbeAMHEeHHbIMK cucTemamu; 8.CeepTbiBaHME BU- N NOUCUCTEM B MOHOCUCTEMY C BO3MOXHbIM
NOBTOPEHMEM LMKNa 06pa3oBaHMS NOJIUCUCTEM.

L5. Lines of "Mono-Bi-Poly-Collapse”

® Key steps: 1. Add another identical system to the system (bisystem); 2. Add many similar systems to
the system (polysystem); 3. In identical combined systems, some characteristics are differentiated; 4.
Instead of combining identical systems, different systems are combined; 5. Systems and anti-systems
are combined; 6. Many identical parts of different systems are combined into a single element
(partial collapse); 7. Connections between the combined systems develop; 8. Collapse of bi- and
polysystems into a monosystem, with the possible repetition of the cycle of polysystem formation.
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Pa3ssutne cucrem no 5-om AMHUM (B Hagcmucremy)

Lar 1. MoHocuctema (MoHocuctema) : IMCKpeTHbIE NOTNYECKUE —— \EJ"
BeHTUAN / OAHOPYHKLMOHA/IbHbIE BaKyYMHbIe laMMbl MU | (@u
TPAH3UCTOPHbIE YUMbl. ‘ (,ﬁ

|:_ |18

pin 24

Lar 2. OgHopoaHaa 6u- uam nonucucrtema (bu/MNonaucucrema c | l
0AMHaKOBbIMU 06beKTamMu) : PaHHWe maccuBbl NamaTtv / Tl | e [en]w]wa|
MapannenbHoe CTeKMPOBaHWE UAEHTUYHBIX BbIYMCAUTENbHBIX BNOKOB.

a[UIm—1]|

cTpoKa 1

ajn-1]

crpoRa
| {110} an-100] | aje-131] |°["-'FI el

At | A1z | |nc11m-l|

LLiar 4. TeTeporeHHasa 6u- nam nonucuctema (bu/Monncucrema c
pa3snnyHbiMM 06bekTamm) : MHTerpauma Ha ypoBHE NevyaTHoM naaTbl
(LLM + ceBepHbI MOCT + HOXKHbIN MOCT + moaynu O3Y).

LLiar 6. leTeporeHHaa uHterpauma cuctem / Cuctema Ha Kpucranne
(fetepocuctema / SoC) : CHK (SoC — System-on-a-Chip) (Hanpumep,
MobunnbHble Nnpoueccopsbl, nHTerpupytowme LM, M, LLCMN v
CUIHA/IbHbBIM NpoLLeccop n3obparkeHums).
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Development of systems along the 5th lines (into a supersystem)

Step 1. Mono-system (Mono-system): Discrete logic gates / Single-
function vacuum tubes or transistor chips.

Step 2. Homogeneous bi- or poly-system (Bi/Poly-system with identical
elements): Early memory arrays / Parallel stacking of identical
computing units.

Step 4. Heterogeneous bi- or poly-system (Bi/Poly-system with different
elements): PCB-level integration (CPU + Northbridge + Southbridge +
RAM modules).

Step 6. Heterogeneous system integration / System-on-a-Chip (Hetero-
system / SoC): SoC (System-on-a-Chip) (e.g., mobile processors
integrating a CPU, GPU, DSP, and image signal processor).
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JInHuAa v Knoumsble warn / Line and key steps

L3. JlIuHna apobneHna n guHammsauum

* Kntouesble waru: 1.Pa3gpobutb cnctemy Ha ase 4actm — Pa3apobutb cuctemy Ha
MHOrO, 2.yacTten — *ecTtkoe obbeanHeHne pa3apobneHHbix Yacten — ObbeanHeHne
yacten rubkumu, 3.cea3amm — ObbeamHeHme yacten nonamm — Camum pasgesieHHble
4yacTn rubkme — M’mbkue, 4.anemeHTbl 06BLEAMHEHHbIE YNIPaBAsSEeMbIMM NonaMU — Bea
cuctema rubkaa — Bmecrto, 5.3n1emeHTOB ynpasasembie NoNA B3aMMOAENCTBUA.

L3. The Line of Fragmentation and Dynamization

* Key Steps: 1. Divide the system into two parts — Divide the system into many 2. parts
— Rigid unification of the fragmented parts — Unification of parts by flexible 3.
connections — Unification of parts by fields — The separated parts themselves are
flexible — Flexible 4. elements united by controlled fields — The entire system is
flexible — Instead of 5. elements, controlled fields of interaction.
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Pa3sutue cucrtem no 3-ot AuHui /
Development of systems along the 3rd line

LLiar 1: XecTKana cuctema (Mectkaa cuctema) : PaHHAA KecTKas
norunka / CneuunanusmposaHHble MC Ha cTaHAaPTHbIX AYelrKax
c pnKcupoBaHHbIM poTowabnoHom (Standard Cell ASIC).

Step 1: Hardware (Hardware): Early hard logic / Standard Cell
ASICs.

LLlar 3: TMbKasa cuctema (FTMbkKaa cuctema / Cucrema c oaHUM cLs
W1 HECKOJIbKUMM WWAapHUpamm) : Nporpammmnpyemsble i
nornyeckue ycrpoictsa (MJINC — PAL / CPLD / FPGA). o wr

Step 1: Hardware (Hardware): Early hard logic / Standard Cell - ) Hon
ASICs. Clk:r >

O/P
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JInHuAa v Knoumsble warn / Line and key steps

L4. J/InHun cornacoBaHMA-PaACCOrNacoBaHNUA U CTPYKTypuUsauuu

® Kntoyesble warn: 1.MpuHyanTenbHoe cornacoBaHmne yacten — 2.bydpepHoe (cneumanbHbim

3/1IEMEHTOM, MONIEM UM NOACUCTEMOM) cornacoBaHune yacten — 3.CamocornacoBaHHee yacten bes
BBEAEHWNA 31eMeHTOB 1 nonen — 4.BpemeHHoe cornacoBaHue un cTpykTypusaumna —5.CornacoBaHue
PUTMWKM NpoLueccoB — 6.Mcnonb3oBaHMe KanUAAAPHO-MOPUCTON CTPYKTYPbI ANA CTPYKTYPU3aLUM —
7.Mcnonb3oBaHme 3pPEKTOB U JIOKA/IbHbIX aKTUBHbIX A06aBOK A1A COrnacoBaHMA He0bXxoaANMbIX
CBOMCTB

L4. Lines of Consistency-Mismatch and Structuring

® Key Steps: 1. Forced coordination of parts — 2. Buffer (using a special element, field, or subsystem)
coordination of parts — 3. Self-consistency of parts without introducing elements and fields — 4.
Temporal coordination and structuring — 5. Coordination of process rhythms — 6. Use of a capillary-
porous structure for structuring — 7. Use of effects and local active additives to coordinate the
required properties
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Pa3sutue cuctem no 4-oit nuHuin /
Development of systems along the 4rd line

Lar 2: NpuHyautenbHoe cornacosaHue (MpuHyautenbHoe
cornacoBaHue) : ApxuTeKTypa ¢ rnobanbHOM TaKTOBOW
cuHxpoHmsaumnen (Global Clock Architecture).

Step 2: Forced Alignment (Forced Alignment): Global Clock Architecture.

LLlar 4: YacTuuHoe paccornacosaHue / MpeobpasoBaHue 4acToTbl
(YacTnuHoe paccornacoBaHue) : MHorotakToBble gomeHbl (Multiple

Clock Domains) / TexHonormna DVFS (anHamunuyeckoe ynpasneHue rocessor :

HanpAXXeHMeM U YacToToM).

Step 4: Partial Alignment / Frequency Conversion (Partial Alignment): =L

memory controller| | controller

Multiple Clock Domains (MCDs) / DVFS (Dynamic Voltage and B
Frequency Control) technology. aho
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JINHUN, NNOCKOCTU U NPOCTPaAHCTBA pPa3BUTUA cuctem /
Lines, planes and spaces of system development

UKP
|y

IFR

Line of development 2
JTHUHA pa3BuTuA 2

ﬁ'_‘

-

JIHuHA pa3ButTnA 1 Line of development 1
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Pa3ssutue cucrtem no ABym JIMHUAM

L8-4 u L5-2: Maccusbl namaTn DRAM/SRAM, 61MbanOTEKM CTaHAAPTHbIX
Adeek (Standard Cell Libraries).

L8-5 u L5-4: CneunannsmposaHHble ayenkn B ASIC/SoC (coueTtaHune 5
TPaH3UCTOPOB C Pa3/IMYHbIMW MOPOTOBbIMK HanpskeHnamm — Multi-Vt). % T

L8-10 u L5-8: TexHon0rMsa aToMHO-c/10eBoro ocaxaeHua (ALD),
OAHOATOMHbIEe TPAH3UCTOPBbI.

L8-12 n L4-7: AganTuBHOE perynmpoBaHme HanpaxeHua (AVS), cuctembl
CaMO4YyBCTBUTE/IbHOTO TEPMOKOHTPONA.

[
L5-5 n L3-2: Yunnetol (Chiplets) / 2.5D-ynakoska (CoWoS). IF'i"'l"'i"‘l"‘rj:j:]“"'r“.“r'".' |

L5-7 n L4-2: YHndunumpoBaHHana apxmutektypa namatm (UMA) /
Pazmell,eHne NorMYecKkuUx M aHaNoroBbIX CXeEM Ha 06Lel NoanoXKKe.

© 2026, TRIZ Developers Summit




L8-4 and L5-2: DRAM/SRAM memory arrays, standard cell libraries.

L8-5 and L5-4: Specialized cells in ASIC/SoC (combination of transistors
with different threshold voltages - Multi-Vt).

L8-10 and L5-8: Atomic Layer Deposition (ALD), single-atom transistors.

L8-12 and L4-7: Adaptive Voltage Regulation (AVS), self-sensitive thermal
management systems. ———————

I (TR T I

L5-5 and L3-2: Chiplets / 2.5D packaging (CoWoS). e

L5-6 and L8-6: 3D stacking (HBM memory / V-NAND / 3D IC). — ! —_—

L5-7 and L4-2: Unified Memory Architecture (UMA) / Placing logic and
analog circuits on a common substrate.
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PasButue cuctem no ABym AMHUAM /
Development of systems along two lines

L3-3 n L5-4: CeTb Ha Kpuctanne (NoC — Network on Chip). N
ET*‘i & @ @
L3-3 and L5-4: Network-on-Chip (NoC). = @—@ Oy
@ @ =

L4-4 v L3-2: MonHocTblo acnHxpoHHas noruka (Clockless Logic /
Handshaking).

L4-4 and L3-2: Fully Asynchronous Logic (Clockless Logic / Handshaking).
L4-5 n L5-8: AnnapaTtHoe obecnevyeHmne MMMNY/IbCHbIX HEMPOHHbIX CEeTEMN L |
(SNN) / HempomopdHble unnbl. AN\ B

T BT . : @ nuuLLy
L4-5 and L5-8: Sputtering Neural Network (SNN) Hardware / —— 7~
Neuromorphic Chips. ALY

L4-6 n L8-12: TennoBaA aBTOPEry/IMPOBKa YacToOTbl Yepe3 0b6paTHYHO CBA3b
/ KoopanHauua Ha ocHoBe pOHOHHOW CBA3M.

L4-6 and L8-12: Thermal Auto-Frequency Control via Feedback / Phonon-
Coupled Coordination.
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Pa3Butue cuctem no Tpem AnHUAM /
Development of systems along three lines

L8-6, L5-4, L3-3: FinFET (nnaBHWKOBbIM TpaH3UCTOP).
L8-6, L5-4, L3-3: FinFET (fin-fed electron beam transistor).

L3-4, L8-10, L5-5: KpemHuneBasa ¢otoHMKa (Silicon Photonics) / NHayKTUBHasA
CBAI3b Ha KpucTanne.

L3-4, L8-10, L5-5: Silicon Photonics / On-chip Inductive Coupling.

L3-5, L8-11, L4-4: KBaHTOBas KorepeHTHocTb / HenokanbHoe B3aumopgencrene
(Non-local Interaction).

L3-5, L8-11, L4-4: Quantum Coherence / Non-local Interaction.

LU [l Pooling Layer [l UpSampling Layer | Softmax

L5-8, L8-10, L4-3: Bbluncnenua s namatu (CiM — Computation in Memory). lmi-
L5-8, L8-10, L4-3: Computation in Memory (CiM). i %

‘:ﬂ Wi
T

wg(vz) i A Al wi
O SRS

W ’ cp i

v 80 f :‘&r& Y
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Pa3suTtue cuctem No MHOrMm AnHuUAM /
Development of systems along multiple lines

Ha nepeceyeHumn nnHum L8 * L5 * L3 * L4, npeaBmnautca OyayLinMn NpoLLEccop YMn Kak:

¢ MHTGJ’IJ’IEKTVBJ'IbeIVI KPUCTaNN, KOTOprVI UCnosb3yeT CNMHOBbIE NI KBAHTOBbIE MO/1A B Ka4YeCTBe

HocuTena (L8), BbINONHAET BblYMCNEHNA HENOCPEACTBEHHO BHYTPU siueeKk namaTu (L5), He numeer
dU3NYECKUX COeAMHEHUI, @ B3aMMOAENCTBYET Yepes NoJieByto conpsaskeHHocTb (L3), npu aTom
BbIYMC/INTEIbHbIE Y3/1bl CMOHTAHHO CUHXPOHU3UPYIOTCA Yepe3 PUTMbl HEMPOHHbIX UMMynbcos (L4).

¢ aHHoe peweHne ABNnAeTCA MakCMMaJZibHbIM NMNOJTOAKNTENNbHbIM 3HAa4YEHUEM YPABHEHUNA B PaMKaXx

CYLLECTBYIOLUX 3aKOHOB PUIUKMN.

At the intersection of lines L8 * L5 * L3 * L4, the future processor

chip is envisioned as:

« An intelligent crystal that uses spin or quantum fields as a
carrier (L8), performs calculations directly within memory cells
(LS), has no physical connections, and interacts via field
coupling (L3), with the computing nodes spontaneously
synchronizing via neural impulse rhythms (L4).

« This solution is the maximum positive value of the equation
within the existing laws of physics.
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JINHUN, NNOCKOCTU U NPOCTPaAHCTBA pPa3BUTUA cuctem /
Lines, planes and spaces of system development

JINHNN, NNOCKOCTU, NPOCTPAHCTBA Pa3BUTUA CUCTEM He TOJ/IbKO NOPOXKAAeT HOBble
KOHUEeNuuu, Ho, 4to bonee BaXKHO, NOA yNPaB/IEHNEM MHOXKECTBA JIMHNI 3BONOLUN
NO3BOJISIET PeLleHna AoCcTuratb 60s1ee BbICOKOM MaeabHOCTU, MAaKCUMaNbHO
npnbanxKas nx K naeasbHOMy KoHe4yHomy pesynbTaTy (UMKP).

* The lines, planes, and spaces of system development not only generate new
concepts, but, more importantly, under the control of multiple evolutionary lines,

allow solutions to achieve greater ideality, bringing them as close as possible
to the ideal final result (IFR).
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KntoueBble wWwarbl IMHUA Pa3BUTUA ANA NOBbILLEHUSA
naeanbHOCTU TEXHUUYECKOMN CUCTEeMDI

JNlornyeckoe onucaHue nyTu
(Warbi)

MakKpoypoBeHb
—>/[ApobneHne - ATomapHbIN
ypoBeHb - KBaHTOBbIN
YPOBEHb

JInHuA passutua

L8 (Mepexoa Ha
MWKPOYPOBEHD)

MoHocuctema
—>leTepocucrema
—>CBA3aHHaA cMcTema
—>CBepTKa (KoHBoNtOUMA)

L5 (MHTerpauyua)

*ecTkaa cuctema >Imbkas
cuctema —»lonesoe
B3aumoaemncTemne

L3 (AuHamusauua)

MpuHyanTenbHas
CUHXPOHM3aLUMA
—>bydepuzauyms
—>CamocornacoBaHue

L4 (CornacoBaHue)

Jloruka I'IpaKTVI‘-IECKOﬁ peannsauunum

M3-3a orpaHNUYeHUin KBAHTOBOrO TYHHEIMPOBaHMUA
pa3BUTME 3aMeaIfeTca Ha aTOMapPHOM cnoe (Lwar
10), 4TO BbIHYXKAAET NEPEXOANTb K APYTMM OCAM.

YcTpaHeHne pU3nYecKmx rpaHunL, Yepes KOHLEeNuUuto
«BbluncneHua B namatu» (CiM), uto cHMKaeT
9Hepro3aTpaTtbl Ha NepemelLeHne AaHHbIX.

3ameHa PU3NYECKUX METANTUYECKMX NMPOBOAHNKOB
«MO0NIEBOM CBA3bIO» ANA pelleHua npobiembl
neperpysKku pasBoaKMu.

OTKa3 oT rnobasbHOM TaKTOBOW YacCTOTbI
(MCTOYHMKaA BbICOKOrO TENNOBbIAENEHMA) B NONb3Y
«aCUMHXPOHHbIX UMMNYNbCOB» C
sHepronoTpebneHmMem no TpeboBaHuto.

Bknap B
nAaeanbHOCTb

[MoBblweHue
GYHKLNOHANbHOMN
nnotHocTtu F

CHUXKeHune
cnoxHoctm C

CHMXKeHWe BpeaHbIX
¢dakTopoB H

MakcumanbHoe
nogasneHue H

®  JIMHUM pa3BUTUA, Nepexos, C NI0CKOCTU B MPOCTPAHCTBO — 3TO 3G PEKTUBHbIE NYTM MNOBbILLEHUA

naeanbHOCTN TEXH NYECKOM CUCTEMDI.
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Key steps of development lines to improve the ideality of a
technical system

Development Logical Description of the Practical Imblementation Loaic Contribution to
Line Path (Steps) P 9 deality

Macro Level Due to the limitations of quantum tunneling,

L8 (Transition to Increase Functional

. —Fragmentation —Atomic  development slows down at the atomic level
the Micro Level '
) Level -Quantum Level (step 10), forcing a shift to other axes. Density F
Eliminating physical boundaries through the
Monosystem " ; .~ ) .
. compute-in-memory" (CiM) concept, which Reduce Complexity

L5 (Integration) —Heterosystem —Coupled .

reduces the energy consumption of data C

System —Convolution
movement.

Replacing physical metal conductors with "field

coupling” to solve the problem of wiring Reduce Harmful

L3 (Dynamization) Rigid System —Flexible

System —Field Interaction . Factors H
congestion.
Forced Synchronization Ellmlnatlng thg gllobe.\I clqck frequency (a source .
. . of high heat dissipation) in favor of Maximum
L4 (Coordination) —Buffering —Self- " wlo )
asynchronous pulses" with on-demand power  Suppression H

Consistency consumption

® Lines of development, the transition from plane to space are effective ways to increase the ideality
of a technical system.
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OTAanume mexay Noru4yecKum onncaHmMem JINHUM
pa3suUTUA U PaKTUUECKOUN TpaeKTopUuen

* Jlornyeckoe onuncaHwue:
®* Onpepenenune: Kntouesble LLarbl ninHnin passutua TPU3 (Hanpumep, Warbl 1-12 anHum L8).
®  XapaKTepuctmkn: ABCTPaKTHOCTb, HEMPEPbIBHOCTb, IMHEMHOCTb. ITO CBOEro POAa «KapTa BO3MOXKHOCTEN»
(MpocCTpaHCTBO NOTEHLUMANbHBIX COCTOAHWN).
* (daKTunyeckad peannsauunia:

® OnpepgeneHune: PeanbHbin BbIOOP CTpaTeErMn Pa3BUTUA, OFTPAHUYEHHbINM 3aKOHaMN GU3UKM,
NPOM3BOACTBEHHbIMU TEXHOIOTUAMM U KOMMEPYECKMMM 3aTPaTaMM.

®  XapaKkTepuCTUKN: KOHKPETHOCTb, CKAYKOOHPa3HOCTb (NPEpPbIBUCTOCTL), HEAMHEMHOCTb. 3TO NOUCK
ONTUMANbHOIO NYyTU, OCHOBAHHbIN Ha aHan3e 3pHEKTUBHOCTU NPUPOCTa UAEa/IbHOCTH.

* Kntoyesble Wwarbl IMHWUIA Pa3BUTUA ABAAOTCA INLLb KNacCUPUKALLMOHHON NOTUKON, B
TO Bpemsa KaK « paKTu4ecKasa TPaeKTopuma» — 3TO CKa4yKoobpasHbIi nepexon,
(KBaHTOBbIN CKa4yOoK), onpeaenaembin 3dPEeKTUBHOCTbIO NPUPOCTa UALANbHOCTW.
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The difference between a logical description of
development lines and the actual trajectory

* Logical Description:
* Key Steps of the TRIZ development lines (e.g., Steps 1-12 of the L8 line).

® Characteristics: Abstractness, continuity, linearity. This is a kind of "map of possibilities" (a space of
potential states).

* Practical Application:

* Definition: The actual choice of development strategy, limited by the laws of physics, production
technologies, and commercial costs.

® Characteristics: Concreteness, discontinuity, nonlinearity. This is the search for the optimal path
based on an analysis of the effectiveness of the increase in ideality.

* The key steps of the development lines are merely classificatory logic, while the
"actual trajectory" is a jump-like transition (quantum leap) determined by the
effectiveness of the increase in ideality.
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Jlornyeckasa nocnenoBaTeIbHOCTb LLAroB NNHUA Pa3BUTUA
MOXeT He COOTBeTCTBOBAaTb peéad/ibHbIiM 3BO/TIOLMOHHDIM LWWalram

*  JInHUM (MOHO-6U-nonun, S-obpasHas KpuBas n Ap.) — 370 abCTpaKTHbIE,
naeann3npoBaHHblie moaenu. OHU BbiBEAEHbI NYyTEM PETPOCNEKTUBHOIO aHaNM3a
TbICAY YCNELWHbIX N306peTeHnn 1 NnaTeHToB. UX uenb — BbiABUTbL 00LLMeE
3aKOHOMEPHOCTU U TEHAEHLMN, @ HE ONUCATb UCTOPUYECKUI NYTb KaXKA0M CUCTEMBI.

*  OHM ONUCbIBAIOT "NOrMKY BO3MOXKHOCTEN" : [TOKa3bIBAtOT, KakmMe NpUHLUUNMAAbHbIE
MNyTU YAYYLLEHUA CUCTEMbI CYLLECTBYIOT (Hanpumep, 4Tobbl YyBENUUYNTD
YNPaBAAEMOCTb, MOXHO NEPENTU OT MOHO-CUCTEMbI K BU- MK nonu-cnucteme).

*  OHW HOPMATUBHbI: YacTO NCNONL3YIOTCA KaK MHCTPYMEHT A8 NPOrHO3NPOBaHUA U
reHepauumn HOBbIX naen. "Ecam cnctema X Haxoamutca Ha LLare 'mMoHO', nornyeckmum
cneayioWnm Warom MmoxKet 6biTb 'on'".
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The logical sequence of steps in the lines of development may
not correspond to the actual evolutionary steps

* Lines (mono-bi-poly, S-curve, etc.) are abstract, idealized models. They are derived
from a retrospective analysis of thousands of successful inventions and patents.
Their purpose is to identify general patterns and trends, not to describe the
historical path of each system.

* They describe the "logic of possibilities": They show the fundamental paths for
improving the system (for example, to increase controllability, one could move from
a mono-system to a bi- or poly-system).

* They are normative: They are often used as a tool for forecasting and generating
new ideas. "If system X is at Step 'mono’, the logical next step might be 'bi"."
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Mouemy Texnpouecc 2 Hm bonee «naeaneH», yem
BaKyyMHble n1amnbl?

® 3noxa BaKyyMHbIx namn (CTagmsa makpocKonmuyecknx dusndeckmnx o6 beKkToBs):

® C(3aTpaTbl): MpocToe ob6opyaoBaHMe ANA NOLWTYYHOro NPOM3BOACTBA, HU3KasA cebecToMMOCTb eANHULbI U3AEeNNA.

® H (BpeaHble pakTopbl): OrpomMHbIN Bec, Tena0Basa guccunaums nornowaet A0 99% sHepruu, KosnoccanbHble rabapuThl.

®  PesynbraT: B 3HameHaTene goMUHUPYIOT BpeaHble 3dpdeKTbl (H), cnegosatenbHo, cTeneHb naeanbHocTu | KpaliHe mana.

® 3noxauunos 2 HM (CTaana npeaenbHOro aToMapHOro YPOBHA):

® C(3atpaTbl): YpesBbluaiHasA CIOXKHOCTb M AOPOroBM3HA NPOM3BOACTBEHHOM HAaACUCTEMBI (MUTOrpadUUECKMX MaLLUH).

®  F(dyHKUMK): B3pbIBHOW POCT GYHKLMOHANBHOW NIOTHOCTM Ha eANHULY BELLECTBA, KOTOPbIM NOJHOCTbIO KOMMNEHCUPYET
pocT 3aTpar (C).

® 33KOH nepeaayvu CAOKHOCTH:

®  PeanbHasA 3BONOLMA MPOUCXOAMUT 33 CYET MOBbIWEHUA COKHOCTU HAACUCTEMbI (MHCTPYMEHTOB NPOM3BOACTBA) B 06MeH

Ha «AemaTepuanmsaunio» Leneson cuctemol (GMs3nyeckoro BONIOWEHMA Ynna).

° NpoeanbHOCTb namepAdaeT «ueHy» eanHunubl dJYHKLI,MM, d HE CTOMMOCTb CTPpOUTENBCTBA 3aBOAa.

®  YaenbHaa CTOMMOCTb QYHKUMU AN1A 2 HM HECOM3MEPUMO HUNKE, YEM A5 BAKYYMHOW Namnibl.
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Why is the 2nm process technology more “ideal” than
vacuum tubes?

® Vacuum Tube Era (Stage of Macroscopic Physical Objects):

® C(Costs): Simple equipment for individual production, low unit cost.
® H (Harmful Factors): Enormous weight, thermal dissipation absorbing up to 99% of the energy, colossal dimensions.

® Result: The denominator is dominated by harmful effects (H), therefore, the degree of ideality (1) is extremely low.

® 2nm Chip Era (Stage of the Ultimate Atomic Level):
® C(Costs): Extreme complexity and high cost of the production supersystem (lithography machines).
®  F(Functions): Explosive growth in functional density per unit of substance, which fully offsets the increase in costs (C).

® Law of Complexity Transfer:
® Real evolution occurs through increasing the complexity of the supersystem (production tools) in exchange for the
"dematerialization" of the target system (the physical embodiment of the chip).

® Ideality measures the "price" of a unit of function, not the cost of building a factory.
®  The unit cost of a function for 2 nm is incomparably lower than for a vacuum tube.
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NMpumeHeHne BoO3MOXKHOCTEU LLM

1. TpebyeTca nn uckyccTBeHHbI nHTennekt (MN) B npouecce gaHHOro aHanm3a’?
KpanHe Heobxoanm.

2. Ponb NW:

A. HesameHumble
Jlornyeckoe BbIpaBHMBAHME MHOTOMEPHbIX NepeceyeHnin
MexXancumnanHapHbIM NepeHoc KoHUEenuuin
b. BcnomoraTtenbHble
OnpeaeneHne NCXOAHbIX IMHWUIA:
LleHHOCTHOE cyXXaeHne ANA NPUHATUA OKOHYATEeNbHOMO PeLleHmns

3. Pe3ynbTathbl U 3ddEKTbl MHHOBAUMM C MCNOb30BaHMem UU

MepBbi ypoBeHb: «[MaHOPAMHOCTbY pe3ybTaTa
BTopoi ypoBeHb: «PUCKOYCTONYMBOCTbY» pPeLLUEHNM
TpeTui ypoBeHb: «YCKOpeHHoe npnbaukeHue» K MKP
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LLM Capabilities Application

1. Is artificial intelligence (Al) required in this analysis? Absolutely.
2. The Role of Al:

A. Essential
Logical alighment of multidimensional intersections
Interdisciplinary transfer of concepts
B. Supportive
Defining baselines:
Value judgment for final decision-making

3. Results and effects of Al-enabled innovation
First level: "Panoramic view" of the result

Second level: "Risk tolerance" of solutions
Third level: "Accelerated approach" to the ICR
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Yenoseko-maluMHHOro B3aumogeicreusa /
Human-machine interaction

NU ycKopaeT noTeHuman: CKoOpocTb NOUCKa PELLEHUIA MHOTOKPATHO BO3pacTaeT.

NN cokpallaeT KOrHUTUBHbIE OrpaHMYeHmnA: bharogapa naHopamHomy 0630py
CHUXaeTca conpoTuBaeHmne pa3paboTke, BbI3BaHHOE AedUumMTOM MHGOPMaLUN.

NHHOBaUWUM NpeBPaLLAOTCA U3 «IMHENHOIO PA3BUTUAY B «MPOCTPAHCTBEHHbIN
nepexoa.

Al accelerates potential: The speed of finding solutions increases
exponentially.

Al reduces cognitive limitations: Thanks to a panoramic view, development
resistance caused by a lack of information is reduced.

 |Innovation is transformed from "linear development" to "spatial transition."
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BbiBOADbI

®  JIMHUM Pa3BUTUA UMEIOT CBOIO ZIOTUYECKYIO MOAEeNb ONUCAHUSA;

¢  JIMHMKM pa3BUTMA MOTYT B3aUMOAENCTBOBATb APYr C APYrom 1 06pa3oBbiBaTb TAaKUM 06pa3om
NJIOCKOCTU M NPOCTPAHCTBA Pa3BUTUSA CUCTEM;

® Jlornyeckas nocneaoBaTesibHOCTb LWIAroB JIMHWUIA Pa3BUTMA MOMKET HE COOTBETCTBOBATb PeasibHbIM
3BOJIIOLMOHHBIM Waram (nocaenoBaTe/IbHOCTb MOXKET U3MEHSATbLCS, LWarM O4HOM U TOM e IMHUU
MOTYT NPUMEHATLCA COBMECTHO);

¢ Ha NnpPakTuKe 1MHN"M Ppa3ssUTNA MOXKHO UCMOJ/1Ib30BATb:
1) KaK lorMyeckaa moaenb 3BoOLUNM ANA 0606LEeHMs U NPOrHO3MPOBAHMA PA3BUTUA CUCTEMDI,;

2) KaK MOPdONOrnMYecKnii ALLKNK BO3MOXKHbIX NepexonoB (M3MeHeHU) Ha No4o6MM NpuemoB paspeLleHmn
NPOTUBOPEYNI, KOTOPbIE MOXKHO MCNO/b30BaTb NPU peLlleHnn n3obpeTaTelbCKMUX 3a4a4 C Y4EeTOM peasibHbIX
pPecypcoB U KOMMJIEKCOB NPOTUBOPEYUNA;

® Mopbop u NpUMeHeHUe KOMMJIEKCOB 3BO/IIOLLMOHHbIX LIAroB Mop$o/10rMyeckoro fAlinMKa Ha OCHoBe
JIMHUN Pa3BUTUA N COMETAHUMN 3TUX WAroB 3 PeKTUBHEE BCErO Peasin30BbiBaTb C NPUMEHEHUEM
BO3MOHOCTeM LLM;

® [puBeaeHHbIM NpMMmep NoKasbiBaeT 3GPeKTUBHOCTb MPAKTUUYECKOro NPUMEHEHUA TaKOro NoAxXoAa
npu peweHnn n3obpetateNbCKOM 3a4a4m.
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Conclusions

® Evolutionary lines have their own logical description model;

® Evolutionary lines can interact with each other, thus forming planes and spaces of system
development;

® The logical sequence of steps in evolutionary lines may not correspond to actual evolutionary steps
(the sequence can change, and steps within the same line can be used together);

® In practice, evolutionary lines can be used:
® 1) as alogical evolutionary model for generalizing and predicting system development;

® 2)as amorphological box of possible transitions (changes), similar to contradiction resolution techniques
that can be used to solve inventive problems taking into account real resources and contradiction
complexes;

® The selection and application of sets of evolutionary steps in the morphological box based on
evolutionary lines and combinations of these steps is most effectively implemented using the
capabilities of LLM;

® The given example demonstrates the effectiveness of the practical application of this approach in
solving an inventive problem.

© 2026, TRIZ Developers Summit




Mpumep: Paszsutna cuctembl « Mukpocxema» /
Example: Development of the “Microcircuit” system

MepeyeHb TMNOBbLIX WAroB MO YCTPAHEHUIO NPOTUBOPEUUA

®  OnTMMMU3auUA MmaTepuanos (nepexos oT BaKyyMHbIX 1aMn K NOIYNPOBOAHMKAM).

®  MuHunaTiopusayma (ymeHblleHMe pa3sMmepoB TPAH3MCTOPOB, 3aKOH Mypa).

® JHeproaddeKkTUBHbIE aPXUTEKTYPbI (HU3KOBO/IbTHbIE NPOLLECCOPbI, MHOTOAAEPHbIE CUCTEMBI).
®  Wcnonb3oBaHUe HOBbIX PU3UUYECKUX MPUHLMNOB (KBAHTOBbIE BbIYUCAEHUS, ONTOINNEKTPOHMKA).
® AAanTuUBHOeE ynpaBaeHue (AMHaMMYecKoe peryinpoBaHUe YacToTbl U HanNpsirKeHusn).

®  WHTerpauua B Hagcucremy (o6n1auHble BbIYMCAEHUSA, pacnpeaeneHHble CUCTEMDI).

List of typical steps to resolve the contradiction

« Material optimization (transition from vacuum tubes to semiconductors).

* Miniaturization (reduction in transistor size, Moore's Law).

« Energy-efficient architectures (low-voltage processors, multi-core systems).
« Use of new physical principles (quantum computing, optoelectronics).

« Adaptive control (dynamic frequency and voltage regulation).

« Integration into a supersystem (cloud computing, distributed systems).
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Passutue cucrtem no 8-omt AMHMN (MUKPOYPOBEHD)

KnioueBoe npotusopeume: Kak c nomoLbio meHbLiero ¢pusmnyeckoro npoctpaHcrea (O, H |)obecneunts 6onee
BbICOKYIO CMocobHOCTb K 06paboTke nornveckon nHpopmaumm Q. F 1).

War 1: BakyymHaA 3/1eKTPOHHAA namna.

LLar 2: MNepBble repmaHneBble/KpeMHMEBbIE TPAH3UCTOPbI.

LWar 3: NMnaHapHbii MOSFET (2D-TpaH3ucTop).

LLar 4: MepeceyveHue L8-4 \ L5-2: Maccusbl sueek DRAM / SRAM.

Lar 5: MNepeceyeHne L8-5 \ L5-4: TpaH3UCTOPbI C pa3HbIM NOPOroBbiM Hanps:keHnem (Multi-Vt) B ogHOM Kpuctanne.
LLar 6: NepeceyeHne L8-6 \ L5-6: FinFET (MnaBHUKoBbLIN TpaH3ucTop) / HaHoauctbl (Nano-sheets).

LLar 7: 3ameHa BeulecTtBa nosem (BeseaeHne nons) : beanepexoaHbin TpaH3nctop (Junctionless FET).

LLar 8: MNepexop, Ha ypoBeHb AoMeHOoB (MarHuTHble/IneKTpuyeckne gomensl) : MRAM (MarHutopesncTmBHas
namaTtb) / STT-RAM.

LWar 9: Nepexog Ha ypoBeHb monekyn: MonekynsapHblie AMoAbl U NepeKkntoyaTenn.

Lar 11: MNepexop, Ha YpoBEHb 31eMeHTapHbIX YacTul, (KBaHTOBbIN ypoBeHb) : CMMHTPOHMKA / KybuUTbl Ha KBAaHTOBbIX
TOYKaXx.
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Development of systems along the 8th line (micro level)

The key contradiction: How to achieve higher logical information processing capacity (3H\ ) using less
physical space O F 1).

Step 1: Vacuum tube.Step 2: First germanium/silicon transistors.

Step 3: Planar MOSFET (2D transistor).

Step 4: Intersection L8-4 \ L5-2: DRAM/SRAM cell arrays.

Step 5: Intersection L8-5 \ L5-4: Multi-Vt transistors on a single die.

Step 6: Intersection L8-6 \ L5-6: FinFET (Fin FET) / Nanosheets.

Step 7: Replacing matter with a field (Field introduction): Junctionless FET.

Step 8: Moving to the domain level (Magnetic/Electric domains): MRAM (Magnetoresistive memory) /
STT-RAM.

Step 9: Moving to the molecular level: Molecular diodes and switches.
Step 11: Moving to the elementary particle level (Quantum level): Spintronics / Quantum dot qubits.
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Pa3sutne cucrtem no 5-om AmMHuM (MoHo-6u-nonu)

KnioueBoe npotusopeumne: Mexay ycnoskHeHmem oyHKUnin cuctembl () F T)n cToMMOCTbIO CBA3KM/3aHMMaEMbIM
npocTpaHcTBOM meay KomnoHeHtamu (O H T).

LWar 1: syxbaaepHble npoueccopbl / MNapa ynnos Ha ogHOM naate.
LLlar 2: MHoroagepHble npoueccopsl (Multi-core) / MaccuBbl namsTu.

LLar 3: MNepeceuyeHne L5-3 \ L4-3: Apxutektypa big.LITTLE (coueTaHne npon3BoauTeNbHbIX U 3HEProsdPeKTUBHbIX
anep).

LLar 4: BmecTto 06begMHEeHNA 0AMHAKOBbIX CUCTEM 0O6beAMHAIOTCA pa3Hble cucTemMbl (FeTeporeHHasa nHTerpaums) :
Cuctema Ha kpuctanne (SoC: CPU + GPU + NPU + ISP).

LLlar 6: MNepeceuveHne L5-6 \ L3-3: YHUPUUMpOBaHHaA apxuTeKTypa namati (UMA) / CeTb Ha Kpuctanne (NoC).
Lar 7: NepeceyeHne L5-7 \ L8-6: Ynnnetsbl (Chiplets) / UHTepnosepbl (Interposer) / 3D-cteknposanue (HBM).

LLlar 8: MNepeceuyeHne L5-8 \ L8-10: BbiuncneHusa s namaTtu (CiM) / HelipomopdHble ynnbl Ha MempucTopbl
(Memristors).
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Development of systems along the 5th line
(mono — bi — poly)

The key contradiction: Between the increasing complexity of system functions (3, F T) and the cost of
communication/space occupied between components (O H T).

Step 1: Dual-core processors / Pair of chips on a single board.
Step 2: Multi-core processors (Multi-core) / Memory arrays.

Step 3: Intersection of L5-3 \ L4-3: big.LITTLE architecture (combination of high-performance and energy-
efficient cores).

Step 4: Instead of combining identical systems, different systems are combined (Heterogeneous
Integration): System-on-Chip (SoC: CPU + GPU + NPU + ISP).

Step 6: Intersection of L5-6 \ L3-3: Unified Memory Architecture (UMA) / Network-on-Chip (NoC).
Step 7: Intersection L5-7\L8-6: Chiplets / Interposers / 3D Stacking (HBM).
Step 8: Intersection L5-8\L8-10: Computing-in-Memory (CiM) / Neuromorphic Chips on Memristors.
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Passutue cucrem no 3-om amHnm (gpobneHna-guHamunsaumm)

KnioueBoe npotusopeumne: Mexay pUKCMPOBAHHOCTbIO CTPYKTYPbI (}KecTKasa pa3BoaKa
/ NOCTOAAHHbIE NapaMeTPbl) U USMEHUYMBOCTbLIO CPebl UAU Harpy3Ku.

LLlar 2: MacouHble ASIC (Standard Cell ASIC).

LLiar 3: MepeceueHnue L3-3 \ L5-4: FPGA (Mporpammupyembie normyeckume
uHterpanbHble cxembl) / NoC (CeTb Ha Kpuctanne).

LLlar 4: NMepeceveHue L3-4 \ L8-7: Mporpammunpyemble aHanorosble maccmsbl (FPAA) /
OnTnyeckme mexcoeanHEHUA Ha Yyune.

LLlar 5: NMepeceyeHune L3-5\ L5-8 \ L8-11: CamoopraHumsyoLanca «ymHaa matepums» /
PekoHdUrypnpyembie KBaHTOBbIE NPOLECCOPbI.
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Development of systems along the 3th line
(fragmentation and dynamization)

The key tension: Between the fixed structure (rigid wiring/constant parameters) and
the variability of the environment or workload.

Step 2: Mask ASICs (Standard Cell ASICs).

Step 3: Intersection L3-3\L5-4: FPGAs (Field Programmable Gate Arrays) / NoCs
(Network-on-Chip).

Step 4: Intersection L3-4\L8-7: Field Programmable Analog Arrays (FPAAs) / On-Chip
Optical Interconnects.

Step 5: Intersection L3-5\L5-8\L8-11: Self-organizing "smart matter" / Reconfigurable
guantum processors.
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Pa3ssutue cucrem no 4-om AMHUM (cornacosaHums)

KnioueBoe npotusopeuune: Mexay noTpebHOCTbIO cUCTEMbI B CNOXHOM KoopauHaumn (O, F T)u
npoussoauTeNbHbIM 6apbepoM MK 3HeprosaTpatamm LeHTpanmnsosaHHoro ynpasaeduna (O, H T).

LWar 1: ApxuTeKkTypbl ¢ eAnHbIM r106asbHbIM TakToBbIM curHasnom (Global Clock).
LLar 2: TaktoBble 6ydepbl / Peructpbl-3awenkun / ONTUYEcKue TaKToBble CETMU.

Lar 3: MepeceyeHne L4-3 \ L3-3: AcuHxpoHHan noruka (Clockless / GALS — Global Asynchronous Local
Synchronous).

LLar 5: MepeceyeHune L4-5\ L8-11: HeltpomopdHbie YUMnbl cO cnankoBoi apxmutekTypoi (Spiking Neural
Networks — SNN).

LLlar 6: MNepeceyeHue L4-6 \ L8-6: BepTMKanbHble HAHOMNPOBO/IOUYHbIE TPaH3UCTOPbl / MHOrocN10MHbIe
nopucTble AnanekTpuku (Low-k).

Lar 7: MepeceyeHne L4-7 \ L8-12: AganTmMBHble MaTepuasbl ¢ paszosbiMm nepexogom (PCM) /
Camoperynupytowmeca TepMmo-mHTepPenceol.
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Development of systems along the 4th line
(coordination-discoordination and structuring)

The key tension: Between the system's need for complex coordination (O} F T) and the throughput
barrier or power costs of centralized control (3 H T).

Step 1: Architectures with a single global clock (Global Clock).
Step 2: Clock buffers / Latch registers / Optical clock networks.

Step 3: Intersection L4-3 \ L3-3: Asynchronous logic (Clockless / GALS - Global Asynchronous Local
Synchronous).

Step 5: Intersection L4-5 \ L8-11: Spiking Neural Networks (SNN).
Step 6: Intersection L4-6 \ L8-6: Vertical nanowire transistors / Multilayer porous dielectrics (Low-k).

Step 7: Crossing L4-7\L8-12: Adaptive Phase Change Materials (PCM) / Self-regulating Thermal Interfaces.
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Utorn npumepa / Results of the example

® T[lpoBeAeHHbI aHaAMU3 NOKA3bIBAET, YTO IMHMKN 3BONOLMM B COBOKYNHOCTU YKa3bIBAOT Ha e4UHYIO
CTpaTernyeckyto Lenb: ycTpaHeHne Ntobbix popm nM3bbITOYHOCTU TPAAULMOHHOM apXUTEKTYPbI
(rabapuToB, aHepronoTpebaeHna n 3aaepKek) nytem rnyboKkom nHTerpaLmm CBOMCTB MaTeEPUAsIOB U
dun3nyeckux apdeKTos.

®  JluHuAa L8 npopabatbiBaeT rnybumHy BelwectBa (MMKpPOYypOBEHb), L5 — WIMPOTY NPOCTPaHCTBEHHOM
NHTerpaunm (ceéptbiBaHne), L3 obecneumBaeT rubKOCTb M aAaNTUBHOCTb CTPYKTYPbI (AMHaMKU3aLUIO),
B TO Bpema Kak L4 pewaeT npobiemy cnoKHOCTU NPOLLECCOB COr/1acoBaHUA.

® The analysis shows that the evolutionary lines, taken together, point to a single strategic goal:
eliminating all forms of redundancy in traditional architecture (size, power consumption, and delays)
through the deep integration of material properties and physical effects.

® Line L8 explores the depth of matter (micro-level), L5 addresses the breadth of spatial integration
(folding), L3 ensures the flexibility and adaptability of the structure (dynamization), while L4
addresses the complexity of coordination processes.
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