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НАУЧНЫЙ АППАРАТ v197 RU
Все номера страниц в реестрах относятся к исходному 235-страничному корпусу v196i14. Синие записи DOCX являются внутренними переходами. Реестры не изменяют доказательный статус адресуемых объектов.
S1. Реестр формул F001–F086
	ID
	Исх. с.
	Назначение

	F001
	205
	сырой объект наблюдения

	F002
	205
	доказательное расширение

	F003
	205
	барьер D/Dom

	F004
	205
	каноническая реперная четвёрка

	F005
	205
	валидность репера

	F006
	205
	морфизм пакетов

	F007
	205
	поглощение Block

	F008
	206
	ассоциатор NAPG

	F009
	206
	скобка как обязательное поле

	F010
	207
	кросс-отношение Тома I

	F011
	207
	гармонический дефект

	F012
	207
	однородная форма

	F013
	207
	проективная эквивариантность инварианта

	F014
	207
	гармонически сопряжённая точка

	F015
	207
	проверочный гармонический пример

	F016
	207
	реперное прогнозное множество

	F017
	207
	utput=ABSTAIN; Block≠∅ две формы незавершения

	F018
	208
	эквивариантность множества прогнозов

	F019
	208
	локальная устойчивость вне полюсов

	F020
	209
	Решётка предсказательных пределов.

	F021
	209
	Монотонность пределов.

	F022
	209
	Допустимость по пределу.

	F023
	209
	Ограничение прогнозного множества.

	F024
	209
	Монотонность прогноза.

	F025
	209
	Горизонт действия репера.

	F026
	209
	Контракт предела.

	F027
	209
	Пять координат лимита.

	F028
	210
	Метрика несоответствия.

	F029
	210
	Калиброванный риск.

	F030
	211
	Окрестность перестройки.

	F031
	211
	Множество ближайших реперов.

	F032
	211
	Разрыв ближайшего кандидата.

	F033
	211
	Устойчивость выбора.

	F034
	211
	Lipschitz-граница перестройки.

	F035
	211
	Версионирование репера.

	F036
	212
	Неассоциативность последовательной ревизии.

	F037
	212
	неассоциативность ревизии

	F038
	212
	честный выигрыш перестройки

	F039
	213
	счётчики Atlas v2.1

	F040
	213
	граф RBD

	F041
	213
	субстохастическое ядро

	F042
	213
	масса воздержания

	F043
	213
	оператор распространения

	F044
	213
	оценка сжатия

	F045
	213
	фиксированный вектор

	F046
	213
	скорость сходимости

	F047
	213
	возмущение фиксированной точки

	F048
	214
	интервальные операторы

	F049
	214
	оболочка фиксированной точки

	F050
	215
	условное прогнозное покрытие

	F051
	215
	последовательный бюджет

	F052
	215
	множественный бюджет

	F053
	215
	операциональный критерий выигрыша

	F054
	216
	граница объединения

	F055
	223
	исходная реперная запись monograph5.0

	F056
	223
	исходный гармонический критерий

	F057
	223
	вычислимая координата

	F058
	223
	дефект гармоничности

	F059
	223
	архитектурная сумма

	F060
	223
	историческая композиция изменения и действия

	F061
	223
	предел-зависимый оператор

	F062
	223
	историческая прогнозная цепь

	F063
	225
	ядро ПН.2-A

	F064
	225
	недостаточность тройки

	F065
	225
	ремонт четвёртым элементом

	F066
	225
	отверстие пакета

	F067
	225
	оператор ремонта

	F068
	225
	критерий полноты

	F069
	226
	сцепление стадий

	F070
	226
	временная монотонность

	F071
	226
	поглощение до публикации

	F072
	226
	публикационный gate

	F073
	229
	Число формул нового слоя.

	F074
	217
	Тестируемый квадратичный слой X²_N.

	F075
	217
	Определение квадратичной обструкции O_B и фактор-проекции.

	F076
	217
	Коммутативность квадрата вычисления для морфизма NAPG_q.

	F077
	217
	Степени минимального коцепного комплекса C_min•.

	F078
	217
	Компоненты дифференциала δ_min.

	F079
	218
	Канонический внутренний мост Θ_min=id.

	F080
	218
	Каноническая идентификация H³(C_min•)≅O_B.

	F081
	218
	Естественность изоморфизма κ.

	F082
	219
	Цепные равенства внешнего моста J.

	F083
	219
	Естественность компонентов внешнего моста.

	F084
	219
	Определение условного внешнего сертификата Π_E.

	F085
	219
	Естественность Π_E относительно морфизмов.

	F086
	220
	Условный ассоциаторный класс во внешнем H³(E•).
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S2. Реестр определений и формальных утверждений
	Тип
	№
	Название / локатор
	Исх. с.

	Определение
	1.1
	—
	8

	Предложение
	1.2
	непротиворечивость относительно конечной модели
	8

	Следствие
	1.3
	—
	8

	Определение
	1.4
	—
	8

	Правило
	1.1
	—
	8

	Определение
	2.1
	типизированная событийная фиксация
	10

	Аксиома
	C1
	типизация). Пара (e,s) принадлежит C@C только при π(e
	10

	Аксиома
	C2
	двойная различимость). Равенство (e,s)=(e′,s′
	10

	Аксиома
	C3
	локальная непустота
	10

	Аксиома
	C4
	версионность
	10

	Аксиома
	C5
	нейтральность статуса
	10

	Аксиома
	C6
	прослеживаемость
	10

	Лемма
	2.2
	—
	10

	Аксиома
	1.3
	базовая инцидентность). Для пакетной геометрии принимаются следующие положения: (1
	11

	Определение
	2.3
	—
	12

	Теорема
	2.4
	—
	12

	Следствие
	2.5
	—
	12

	Определение
	2.4
	—
	12

	Теорема
	2.6
	замена базы). Для отображения g:T→S существует pullback-объект g*E={(t,e
	12

	Определение
	2.5
	—
	12

	Предложение
	2.7
	—
	12

	Контрпример
	2.8
	—
	12

	Определение
	2.6
	—
	12

	Теорема
	2.9
	запрет автоматического повышения
	12

	Следствие
	2.10
	—
	12

	Определение
	3.7
	—
	18

	Определение
	3.8
	—
	18

	Теорема
	3.9
	—
	18

	Следствие
	3.10
	—
	18

	Теорема
	4.1
	—
	19

	Следствие
	4.2
	—
	19

	Контрпример
	4.3
	—
	19

	Определение
	4.1
	—
	19

	Предложение
	4.4
	—
	19

	Предложение
	5.1
	—
	21

	Определение
	5.2
	—
	23

	Определение
	5.3
	—
	23

	Теорема
	5.4
	категория типизированных Reper
	23

	Следствие
	5.5
	—
	23

	Лемма
	5.6
	—
	23

	Контрпример
	5.7
	—
	23

	Определение
	2.4
	Гармоническая λ-истинность
	25

	Определение
	4.1
	PIX@PEAKS-многообразие
	25

	Теорема
	6.1
	—
	26

	Следствие
	6.2
	—
	26

	Теорема
	6.3
	инвариантность кросс-соотношения). Для любого A GL₂(K
	27

	Теорема
	6.4
	существование и единственность гармонического дополнения). Пусть U,I,R P¹(K
	27

	Предложение
	6.5
	—
	27

	Следствие
	6.6
	—
	27

	Определение
	3.1
	Formula-chain step
	29

	Определение
	3.2
	Reper-четвёрка). Reper-четвёрка записывается как Rep = (R, I, U; D
	29

	Теорема
	4.1
	Formula-chain gap theorem
	29

	Предложение
	7.1
	—
	30

	Определение
	7.2
	—
	31

	Теорема
	7.3
	монотонность статуса). Пусть статус σ(G
	31

	Следствие
	7.4
	—
	31

	Определение
	7.5
	—
	31

	Теорема
	7.6
	безопасность воздержания). Если AuthL(c
	31

	Определение
	3.1
	—
	33

	Следствие
	1
	—
	34

	Определение
	8.1
	—
	35

	Теорема
	8.2
	soundness пакетного modus ponens). Если v(φ)=1, v(φ→ψ
	35

	Следствие
	8.3
	—
	35

	Теорема
	8.1
	—
	37

	Лемма
	9.1
	корректность полюса). Если det Qᵢ≠0, то Oᵢ определён однозначно как точка P²(K
	38

	Теорема
	9.2
	полярный узел
	38

	Контрпример
	9.3
	—
	38

	Теорема
	9.4
	каноническая условная форма). Предположим: (i
	38

	Определение
	3.1
	—
	40

	Определение
	3.3
	—
	40

	Определение
	6.1
	—
	40

	Теорема
	7.1
	—
	40

	Определение
	10.1
	—
	42

	Теорема
	10.1
	непустота конечной цепи
	42

	Контрпример
	10.2
	—
	42

	Теорема
	10.3
	критерий точной совместной идентификации
	42

	Контрпример
	10.4
	—
	42

	Следствие
	10.5
	—
	42

	Определение
	11.1
	—
	46

	Теорема
	11.2
	—
	46

	Определение
	11.3
	—
	46

	Лемма
	11.4
	—
	46

	Теорема
	11.5
	корректность первичной обструкции
	46

	Теорема
	11.6
	инвариантность при изометрическом изоморфизме
	46

	Контрпример
	11.7
	—
	46

	Определение
	3.1
	Formula-chain step
	48

	Определение
	3.3
	Formula-Chain Obstruction Complex
	48

	Теорема
	4.1
	Formula-chain gap theorem
	48

	Теорема
	5.1
	Projectivization dimension lemma
	49

	Следствие
	5.2
	Fano и real projective regimes). Если dimF2 OOB = 3, тоP(OOB) = P2(F2
	49

	Теорема
	6.1
	FCOC carrier theorem
	49

	Теорема
	9.1
	Conditional Fano carrier
	49

	Определение
	12.1
	—
	50

	Теорема
	12.2
	локализация первого разрыва
	50

	Теорема
	12.3
	—
	50

	Теорема
	12.4
	условный Fano carrier
	50

	Контрпример
	12.5
	—
	50

	Определение
	9.1
	PIX-поле
	53

	Определение
	9.2
	Пик). Пакетная точка a = (e, s
	53

	Определение
	9.3
	—
	53

	Теорема
	9.4
	Стягивание причинности
	54

	Определение
	J.1
	PIX-пик
	54

	Определение
	4.1
	PIX@PEAKS-многообразие
	55

	Определение
	5.1
	λ-многообразие Предела
	55

	Определение
	5.6
	Онтологический Предел
	55

	Определение
	9.2
	Прогноз). Для текущего Reпера Ri (t
	55

	Теорема
	9.1
	Критерий допустимого будущего). Если Rj (t + h
	55

	Определение
	13.1
	—
	57

	Теорема
	13.2
	монотонность порогов). Если η₁≤η₂ и γ₁≤γ₂, то Forecast_{η₁,γ₁}(r,h
	57

	Следствие
	13.3
	—
	57

	Правило
	13.1
	—
	57

	Теорема
	13.4
	неповышение ранжированием
	57

	Определение
	14.1
	—
	61

	Теорема
	14.2
	монотонность EX-CERT
	61

	Теорема
	14.3
	—
	61

	Следствие
	14.4
	—
	61

	Теорема
	14.5
	—
	61

	Правило
	14.2
	—
	62

	Предложение
	15.1
	—
	64

	Контрпример
	15.2
	—
	64

	Предложение
	16.1
	граница наследования
	72

	Правило
	16.1
	—
	73

	Предложение
	17.1
	—
	74

	Следствие
	17.2
	—
	75

	Теорема
	17.3
	локальная оценка
	76

	Следствие
	17.4
	—
	76

	Теорема
	17.5
	—
	76

	Теорема
	18.1
	—
	78

	Следствие
	18.2
	—
	78

	Теорема
	18.3
	—
	78

	Контрпример
	18.4
	спектр недостаточен
	78

	Теорема
	19.1
	—
	79

	Теорема
	19.2
	—
	79

	Теорема
	19.3
	усиленная условная форма
	80

	Теорема
	19.4
	—
	81

	Теорема
	19.5
	монотонность DK-статуса
	81

	Определение
	20.1
	—
	84

	Теорема
	20.1
	ацикличность проверенного ядра
	84

	Контрпример
	20.1
	—
	84

	Предложение
	20.2
	непереносимость статуса
	85

	Теорема
	20.3
	локальность редакционного исправления
	85

	Определение
	3.1
	Скобочные результаты
	89

	Определение
	3.2
	Скрытая структурная альтернатива
	89

	Определение
	3.3
	Ошибки одновременного восстановления
	89

	Определение
	3.4
	Локальные разрывы
	90

	Определение
	3.5
	c-разделяющая наблюдаемая
	90

	Определение
	3.6
	Равномерная ПН.2-область
	90

	Лемма
	6.1
	Двухточечная минимаксная граница
	90

	Теорема
	7.1
	Локальная минимаксная ПН.2 Курпишева
	91

	Следствие
	9.1
	Условная равномерная ПН.2
	91

	Теорема
	7.1
	—
	94

	Предложение
	21.1
	консервативность включения
	95

	Определение
	2.1
	c-разделение
	98

	Определение
	2.2
	равномерная ПН.2-область). Пусть m:Ω→(0,∞
	98

	Лемма
	3.1
	—
	98

	Теорема
	4.1
	локальная минимаксная ПН.2 Курпишева
	98

	Следствие
	5.1
	условная равномерная ПН.2
	99

	Теорема
	4.1
	—
	103

	Теорема
	22.1
	—
	106

	Теорема
	22.2
	—
	107

	Предложение
	22.3
	—
	107

	Теорема
	22.4
	—
	107

	Теорема
	22.5
	—
	108

	Теорема
	22.6
	—
	108

	Предложение
	22.7
	—
	108

	Теорема
	22.8
	корректность воздержания). Если для каждого u U(x
	109

	Лемма
	22.9
	невозможность редакционного повышения
	109

	Предложение
	22.10
	монотонность по положительному свидетельству
	109

	Теорема
	22.11
	условная валидность matched-null
	109

	Следствие
	22.12
	—
	110

	Теорема
	22.6
	—
	111

	Предложение
	23.1
	—
	111

	Предложение
	23.2
	—
	112

	Теорема
	24.1
	непереносимость доказательного статуса
	114

	Определение
	25.1
	пространства источников, импульсов и состояний
	117

	Определение
	25.2
	действие
	117

	Определение
	25.3
	отношение поддержки
	117

	Определение
	25.4
	разворот/вставка
	117

	Определение
	25.5
	область допустимых источников
	117

	Определение
	25.6
	семейство изменения
	118

	Теорема
	25.1
	вставка, эволюция и ограниченное восстановление
	118

	Предложение
	25.2
	—
	119

	Предложение
	25.7
	устойчивое восстановление
	120

	Определение
	25.18
	—
	123

	Теорема
	25.8
	—
	123

	Теорема
	25.9
	типовая корректность формулы
	123

	Контрпример
	25.2
	—
	124

	Предложение
	25.10
	—
	124

	Определение
	26.1
	Пакетная точка
	127

	Определение
	26.2
	Полный репер достаточного основания
	127

	Определение
	26.3
	Проективная координата и truth-gate
	127

	Предложение
	26.5
	Проективная инвариантность
	127

	Определение
	26.6
	Пакет размер@размерностей
	127

	Определение
	26.8
	Базированная пакетная реперная алгебра
	128

	Определение
	26.9
	Ассоциаторные константы
	128

	Предложение
	26.10
	Существование и непрерывность
	128

	Определение
	26.11
	Авторский квадратичный объект
	129

	Лемма
	26.12
	Поляризация
	129

	Определение
	26.16
	Операционный кадр НАПГ
	130

	Определение
	26.17
	Тестируемый квадратичный слой
	130

	Определение
	26.18
	Квадратичная обструкция
	130

	Теорема
	26.19
	Критерий квадратичной полноты
	130

	Определение
	26.20
	Взвешенная НАПГ-инциденция
	131

	Определение
	26.21
	Геометризация алгебры). Для базированной алгебры A P R определим Γ ( A P R
	131

	Определение
	26.22
	Линеаризация геометрии
	131

	Теорема
	26.23
	Пакетная реперная алгебро-геометрическая двойственность Курпишева
	131

	Определение
	26.25
	Геометрический дефект пути
	132

	Теорема
	26.26
	Тождество ассоциатора и дефекта пути). Для G= Γ ( A
	132

	Следствие
	26.28
	Сохранение ассоциатора двойственностью
	132

	Определение
	26.29
	Реперно допустимый изоморфизм
	132

	Теорема
	26.30
	Сохранение λ-истинности
	132

	Аксиома
	26.32
	Коцепной комплекс
	133

	Аксиома
	26.33
	Карта реализации
	133

	Теорема
	26.34
	Условный мост Π E
	133

	Следствие
	26.35
	Односторонняя детекция). Если Π E (ObB (R ,S ))≠0, то ObB (R ,S
	133

	Теорема
	26.37
	Локальная минимаксная форма ПН.2
	133

	Следствие
	26.38
	Геометрическая форма ПН.2
	133

	Определение
	26.41
	Допустимое действие Ξ на пакетной алгебре
	134

	Теорема
	26.42
	Эквивариантность ассоциатора
	134

	Следствие
	26.43
	Сохранение дефекта и truth-gate
	135

	Определение
	26.44
	Условие совместимости вставки Υ
	135

	Теорема
	26.23
	—
	136

	Теорема
	26.44
	эквивалентность на существенном образе
	137

	Теорема
	26.45
	—
	137

	Контрпример
	26.1
	—
	137

	Теорема
	26.46
	односторонняя детекция). При совместимости β с проекцией на фактор C²/Im(∂
	137

	Контрпример
	26.2
	—
	138

	Теорема
	26.47
	—
	138

	Теорема
	26.45
	—
	138

	Предложение
	27.1
	консервативность закрытия PO-12
	140

	Определение
	3.1
	Скобочные результаты
	143

	Определение
	3.2
	Скрытая структурная альтернатива
	143

	Определение
	3.3
	Ошибки одновременного восстановления
	143

	Определение
	3.4
	Локальные разрывы
	143

	Определение
	3.5
	c-разделяющая наблюдаемая
	143

	Определение
	3.6
	Равномерная ПН.2-область
	143

	Лемма
	6.1
	Двухточечная минимаксная граница
	144

	Теорема
	7.1
	Локальная минимаксная ПН.2 Курпишева
	145

	Следствие
	9.1
	Условная равномерная ПН.2
	146

	Теорема
	7.1
	—
	149

	Теорема
	28.1
	конечность при временном пределе). Пусть g_TIME(x,r,s)=τ_r−(s−t₀
	161

	Следствие
	28.2
	—
	161

	Теорема
	28.3
	—
	161

	Предложение
	28.4
	монотонность по числу ворот
	161

	Теорема
	29.1
	локальность допустимого обновления
	162

	Теорема
	29.3
	граница ложной тревоги
	162

	Предложение
	29.4
	—
	163

	Определение
	30.1
	—
	164

	Теорема
	30.2
	плоский перенос
	164

	Теорема
	30.4
	точная склейка
	165

	Предложение
	30.5
	—
	165

	Теорема
	31.1
	детерминированный replay
	166

	Теорема
	31.2
	—
	166

	Определение
	32.1
	—
	169

	Теорема
	32.1
	типовая корректность композиции
	169

	Аксиома
	32
	—
	170

	Предложение
	32.2
	—
	170

	Предложение
	32.3
	—
	171

	Определение
	33.1
	—
	172

	Теорема
	33.1
	—
	172

	Предложение
	33.2
	—
	173

	Теорема
	33.3
	—
	173

	Предложение
	33.4
	—
	173

	Определение
	34.1
	—
	174

	Теорема
	34.1
	невозможность точного выбора
	174

	Теорема
	34.2
	—
	174

	Контрпример
	34.1
	—
	174

	Предложение
	34.3
	—
	174

	Теорема
	34.4
	—
	175

	Теорема
	34.5
	неповышение статуса
	175

	Теорема
	35.1
	конечновыборочное покрытие
	176

	Теорема
	35.2
	—
	176

	Контрпример
	35.1
	—
	176

	Предложение
	35.3
	—
	176

	Теорема
	36.1
	—
	179

	Определение
	37.1
	—
	181

	Теорема
	37.1
	поглощение Block
	181

	Следствие
	37.1
	—
	181

	Предложение
	37.2
	—
	182

	Теорема
	37.3
	условная повторяемость
	182

	Теорема
	38.1
	условная взвешенная гарантия
	184

	Предложение
	38.2
	—
	185

	Теорема
	39.1
	—
	186

	Следствие
	39.1
	—
	186

	Предложение
	39.2
	—
	186

	Теорема
	40.1
	Hedge). Для потерь в [0,1] ожидаемая накопленная потеря смеси L(T
	188

	Теорема
	41.1
	—
	190

	Теорема
	41.2
	—
	191

	Теорема
	42.1
	—
	193

	Следствие
	42.1
	—
	193

	Теорема
	43.1
	—
	195

	Следствие
	43.1
	—
	195

	Теорема
	44.1
	—
	197

	Теорема
	45.1
	—
	199

	Теорема
	47.1
	—
	205

	Теорема
	47.2
	—
	206

	Теорема
	48.1
	—
	207

	Теорема
	48.2
	—
	208

	Теорема
	49.1
	—
	209

	Предложение
	49.2
	—
	209

	Теорема
	49.3
	—
	210

	Теорема
	50.1
	—
	211

	Теорема
	50.2
	—
	212

	Теорема
	51.1
	—
	213

	Следствие
	51.1
	—
	213

	Теорема
	52.1
	—
	215

	Теорема
	48.1
	—
	215

	Теорема
	49.1
	—
	215

	Определение
	52.2
	квадратичный кадр НАПГ
	217

	Определение
	52.3
	морфизм квадратичных кадров
	217

	Определение
	52.4
	минимальный комплекс обструкции
	217

	Определение
	52.5
	канонический мост Θ_min). Положим Θ_min,N:X²_N→C_min³(N
	218

	Лемма
	52.1
	существование комплекса
	218

	Теорема
	52.2
	каноническая реализация квадратичной обструкции
	218

	Теорема
	52.2
	—
	218

	Лемма
	52.3
	коцепной перенос
	218

	Теорема
	52.4
	естественность κ
	218

	Определение
	52.6
	внешний E-комплекс
	218

	Определение
	52.7
	цепной мост J и карта Θ_E
	219

	Лемма
	52.5
	критерий существования внешнего моста). Для фиксированных комплексов E•(N
	219

	Теорема
	52.6
	условный естественный мост Π_E
	219

	Теорема
	52.6
	—
	220

	Определение
	52.8
	пространство ассоциаторных тестов). Пусть T_Ass(N
	220

	Контрпример
	52.1
	нарушение δ²=0
	220

	Контрпример
	52.2
	мост не спускается на фактор
	220

	Контрпример
	52.3
	потеря ненулевой обструкции
	220

	Контрпример
	52.4
	отсутствие естественности
	220

	Контрпример
	52.5
	смешение квадратичного и ассоциаторного слоёв
	220

	Контрпример
	52.6
	таутологический комплекс не создаёт физику
	220

	Определение
	52.4
	—
	221

	Лемма
	52.1
	—
	221

	Теорема
	52.2
	—
	221

	Лемма
	52.3
	—
	221

	Теорема
	52.4
	—
	221

	Определение
	52.6
	—
	221

	Лемма
	52.5
	—
	221

	Теорема
	52.6
	—
	221

	Теорема
	D.1
	—
	225



Реестр извлечён из типографского корпуса. Повтор номера в разных исторических слоях сохраняется как отдельная адресуемая запись; он не разрешает молча перенумеровывать опубликованные объекты и не повышает их доказательный статус.
S3. Реестр рисунков
	№ / локатор
	Подпись
	Исх. с.

	1.1-арх.
	Место Тома I в архитектуре многотомной монографии
	1

	6.1-арх.
	Стратифицированные слои Времени@Пространства и их редукции
	6

	9.1-арх.
	C@C и переход к пакетному морфизму
	9

	14.1-арх.
	Коммутативный квадрат Hodge-совместимого пакетного морфизма
	14

	18.1-арх.
	Reper-морфизм и сохраняемые компоненты
	18

	20.1-арх.
	Reper-тетраэдр: R, I, U и D
	20

	24.1-арх.
	Гармоническая Reper-четвёрка и значение lambda=-1
	24

	28.1-арх.
	Лестница статусов и запрещённые скачки
	28

	32.1-арх.
	Пакетное соответствие четырёх законов логики компонентам Reper
	32

	33.1-арх.
	Пакетное умозаключение с контролем D/Dom
	33

	36.1-арх.
	Геометрическая конфигурация Дезарга-Курпишева
	36

	36.2-арх.
	Архитектура доказательства теоремы Дезарга-Курпишева
	36

	43.1-арх.
	NAPG: операция, ассоциатор и редуцированное препятствие
	43

	47.1-арх.
	От источника к формульной цепочке, Reper и RBD
	47

	14.1
	Конечный гармонический синтез плоской траектории из синусоидальных мод
	59

	16.1
	Угол параллельности Лобачевского в нормировке постоянной кривизны K=−1
	67

	16.2
	Диск Пуанкаре и рост длины гиперболической окружности
	68

	16.3
	Компактная и некомпактная единичные квадрики: окружность и гипербола
	69

	16.4
	Знак в уравнении y″=∓y: колебательный и гиперболический режимы.
	70

	16.5
	Лоренцев буст как гиперболический поворот диаграммы Минковского
	71

	16.6
	Скорость как гиперболический тангенс быстроты
	72

	17.1
	Скалярный и операторный режимы кросс-соотношения
	73

	17.2
	Комплексная экспонента и винтовое вложение её круговой орбиты
	74

	19.1
	Геометрический и гармонический узлы доказательства
	79

	88.1-арх.
	Скрытая структурная альтернатива, минимаксная граница ПН.2 и сертификат KLT-RBD
	88

	24.1
	Качественная схема нулевой геодезической в поле сферически-симметричной чёрной дыры
	113



S4. Реестр табличных блоков
	T-ID
	Первая строка / назначение
	Геометрия
	Исх. с.

	T001
	Глава 2. C@C: событие@состояние как минимальный
	6×2
	9

	T002
	табличный контекст исходной страницы 16 · блок 1
	2×4
	16

	T003
	табличный контекст исходной страницы 16 · блок 2
	2×6
	16

	T004
	4.1. Условия допустимости
	7×2
	19

	T005
	5.1. Семантика компонентов
	5×3
	20

	T006
	7.1. Типы D
	7×2
	28

	T007
	10.2. Кант и Платон.................................... 8 11. Расширенный принцип неопределённости Курпишева
	9×2
	37

	T008
	Глава 13. RBD/RPD и KLT-RBD как вычислительная
	9×2
	51

	T009
	14.4. Химия
	2×2
	59

	T010
	табличный контекст исходной страницы 60
	11×2
	60

	T011
	14.13. EX-CERT-минимум для предметных примеров
	16×2
	62

	T012
	Глава 16. Историко-математический prior art и граница
	6×3
	65

	T013
	18.2. Правый операторный cross-ratio
	6×3
	77

	T014
	19.5. Усиленная условная теорема Дезарга-Курпишева
	7×2
	80

	T015
	Глава 20. Предметный указатель, индекс формул и система
	18×2
	82

	T016
	20.2. Индекс основных формул
	12×3
	83

	T017
	20.4. Типизированная запись указателя
	8×4
	84

	T018
	20.6. Индекс теорем и сертификатов
	2×4
	85

	T019
	Глава 21. Каноническая математическая конструкция ПН.2
	3×3
	87

	T020
	21.4. Схема ПН.2 и её место в KLT-RBD · блок 1
	4×3
	88

	T021
	21.4. Схема ПН.2 и её место в KLT-RBD · блок 2
	4×4
	88

	T022
	08.03.2026
	2×4
	89

	T023
	21.6. Интеграция журнальной редакции ПН.2 v1.1
	5×3
	95

	T024
	23.5. Синтетический тест радиуса устойчивости
	5×4
	111

	T025
	24.1. Минимальный протокол независимой проверки
	5×4
	113

	T026
	24.7. Критерии фальсификации и остановки
	7×3
	115

	T027
	26.21. Транспорт локальной ПН.2
	6×3
	138

	T028
	27.2. Полный канонический текст ПН.2 v1.0
	3×4
	141

	T029
	08.03.202
	2×4
	142

	T030
	27.2.B.1. Идентификатор и состав сертификата
	3×4
	157

	T031
	27.2.B.5. Сертификация c=1 и ε_-=3
	3×4
	158

	T032
	Глава 28. Предсказательные пределы и конечный горизонт
	6×4
	160

	T033
	31.5. Неизменяемая карточка Артефакта-1 Курпишева
	8×4
	167

	T034
	32.3. Каноническая запись Reper
	10×4
	170

	T035
	Глава 33. Идентичность, происхождение и целостность
	5×4
	172

	T036
	33.3. Provenance как доказательный DAG
	3×4
	173

	T037
	Глава 36. Вычислительный контракт KLT-RBD и итоговый
	11×4
	178

	T038
	36.8. Итоговый реестр статусов v196i7
	8×4
	180

	T039
	Глава 37. Сквозной blocker-safe адаптер и
	3×4
	181

	T040
	37.3. Канонизация и круговая проверка
	9×4
	182

	T041
	Глава 41. Независимая проверка и композиция бюджетов
	7×3
	190

	T042
	41.4. Уровни доказательности
	6×3
	191

	T043
	42.4. Допустимые маршруты после селекции
	8×3
	194

	T044
	43.5. Кластерный design effect
	8×3
	196

	T045
	45.5. Основание–следствие и причина–действие
	8×3
	200

	T046
	Глава 46. Исполнимый протокол внешней валидации Тома I
	10×2
	201

	T047
	46.9. Итоговый реестр статусов v196i9
	11×4
	203

	T048
	49.5. ПН.2 как предел единого оценивателя
	6×3
	210

	T049
	Глава 50. Метрика несоответствия и устойчивая
	7×3
	211

	T050
	Глава 52. Главная условная теорема предсказательного
	11×3
	215

	T051
	52.4. Композиция бюджетов
	9×3
	216

	T052
	52.16. Дополнение к предпосылкам и выводу главы 52 · блок 1
	5×3
	221

	T053
	52.16. Дополнение к предпосылкам и выводу главы 52 · блок 2
	13×5
	221

	T054
	Приложение C. Полная генеалогия канонической
	3×3
	223

	T055
	табличный контекст исходной страницы 224
	5×3
	224

	T056
	Приложение E. Исполнимый десятистадийный протокол · блок 1
	11×4
	226

	T057
	Приложение E. Исполнимый десятистадийный протокол · блок 2
	6×3
	226



T-ID присвоены навигационным слоем и не заменяют авторские номера таблиц. Геометрически обнаруженные блоки включены даже тогда, когда в исходнике отсутствует формальная подпись «Таблица».
S5. Словарь-навигатор
	Термин
	Канонический смысл в Томе I
	Исх. страницы

	ABSTAIN
	Корректное воздержание алгоритма при отсутствии допустимой прогнозной ветви; не тождественно BLOCK.
	30–31, 35, 42, 57, 106, 108–110, 115, 124, 161, 163–166, 174, 177, 179–180, 185, 188–191, 196, 198, 201–202, 207–208, 210–211, 213, 223, 226–227

	Block / BLOCK
	Поглощающий статус, возникающий при нарушении обязательного типа, домена, происхождения или доказательного условия.
	14, 16, 26–27, 51, 60, 64, 72, 77, 81, 84–85, 105, 108, 115, 140, 167, 169–170, 179–184, 189–192, 194, 200–203, 205–211, 215, 223, 225–227, 229

	C@C
	Типизированная пара «событие@состояние»; минимальная онтологическая и информационная единица Тома I.
	9–13, 20–21, 51–52, 55, 58, 62, 64–65, 72, 82–83, 178, 181, 205, 226

	CGI
	Сравнительный индекс, используемый как отдельный gate; условие CGI<1 необходимо в заявленном контуре, но недостаточно для повышения truth-layer.
	10, 21, 24–25, 30–31, 50–52, 55–57, 61–62, 64, 73, 95, 106–111, 114–115, 140, 162, 165–168, 170–171, 175, 179–181, 187, 191, 202–203, 215–216, 223–224, 227–228

	D
	Достаточное основание репера. Не отождествляется с областью допустимости Dom.
	см. предметный указатель

	D/Dom-барьер
	Запрет подменять достаточное основание областью применимости и переносить вывод за пределы его домена.
	см. предметный указатель

	Dom
	Явно заданная область допустимости объекта, отображения, алгоритма или утверждения.
	см. предметный указатель

	EXT-RUN
	Версионируемый объект независимого внешнего испытания с предварительно замороженным протоколом.
	201–203, 223

	Fano barrier
	Запрет автоматической глобализации локального носителя или формульной цепочки без совместимости и доказанного моста.
	47–48, 62, 82, 165

	KLT
	Программно-математический слой метода Курпишева: типизация, реперный поиск, прогноз, аудит и сертификаты.
	см. предметный указатель

	KLT-RBD
	Вычислительная архитектура, соединяющая реперную базу, граф преобразований и доказательные паспорта.
	5–235

	NAPG / НАПГ
	Неассоциативная пакетная геометрия; геометрический слой, типизированный относительно пакетов, реперов и допустимых операций.
	5, 10–11, 13–18, 21, 25, 43–45, 47, 52, 55–56, 62, 67, 82, 85, 89, 116, 120–126, 130–134, 136–138, 142, 167, 180, 191, 202, 206, 212, 217–222, 227

	NAPG_q
	Категория типизированных квадратичных кадров НАПГ, введённая для конструкции C_min•, δ_min и Θ_min.
	133, 217–219, 221–222

	O_B
	Квадратичная обструкция: фактор тестируемого квадратичного слоя по образу формальных реализаций.
	7–8, 15–16, 25–26, 28–31, 33, 36–40, 44–50, 56–58, 60–61, 64, 81, 85, 94, 96, 104, 107–108, 110–112, 115, 121–122, 124–125, 130, 133–136, 138, 150, 161, 163–165, 167, 169, 171, 174–175, 178–179, 182, 185, 187, 191–192, 200, 202–203, 205, 215–222, 225–227, 230

	Pack
	Категория допустимых пакетных объектов и морфизмов, сохраняющих требуемую структуру.
	5–8, 13–18, 23, 25, 28–29, 43–45, 48–49, 52, 55, 62–64, 86, 115, 124, 140, 167, 178, 202, 205–206, 223, 225, 228

	PILOT-01
	Аудит формульных цепочек, источников, разрывов и барьеров глобализации.
	5, 28–29, 33, 40–41, 47–50, 62–63, 86

	PN.2 / ПН.2
	Математическая модель структурной неопределённости при скрытой скобочной альтернативе; физические мосты остаются гипотезами.
	5, 7–8, 14, 16–17, 33–34, 37, 39–43, 45, 54, 63, 67, 72, 82, 84, 86–99, 103–106, 110–115, 125–126, 133–134, 136–138, 140–151, 153, 155–156, 158–159, 162, 165, 167, 174, 176, 178–181, 188, 194, 201–203, 210, 215–217, 225, 229, 231–232

	RBD
	Реперная база данных: вершины, типизированные рёбра, происхождение, веса и доказательные статусы.
	5–235

	Reper
	Авторизуемая четвёрка (R,I,U;D), дополненная доменом и происхождением.
	5, 9–13, 18–25, 28–29, 32–34, 36–37, 39–42, 47–49, 51–52, 55–58, 62, 64–65, 67, 72–77, 80, 82–83, 86, 105, 121–123, 129, 160–165, 167, 169–171, 173–174, 177–179, 182, 189, 213, 223, 226, 228

	RPD
	Реперно-проективная программа и база аудита формул, зависимостей и доказательных разрывов.
	24, 28–29, 33, 40, 48–49, 51–52, 56, 62, 180

	R⋆R
	Авторский квадратичный ассоциаторный объект НАПГ; не является оператором Ходжа и не записывается как R*R.
	97, 102–104, 122, 125–126, 129–130, 135–136, 231–232, 234–235

	truth_layer_promotion
	Отдельное поле повышения доказательного/эмпирического слоя; в v197 RU сохраняется равным 0 для неподтверждённых мостов.
	61–62, 108, 110, 124, 167, 175, 179–180, 191–192, 194, 201–203, 215–217, 221–223, 227

	Ассоциатор
	Трёхлинейный дефект Ass⊙(x,y,z)=(x⊙y)⊙z−x⊙(y⊙z), различающий две скобочные ветви.
	14, 43, 46–47, 64, 82–84, 87, 89–104, 110, 122–123, 125–126, 128, 132–138, 142, 144–151, 154, 156–159, 164, 217, 219–222, 227, 230, 232, 234

	Апейрон
	Авторское имя глобальной связности стратифицированной системы; математический смысл требует явных карт и условий совместимости.
	5–6, 82

	Время@Пространство
	Стратифицированная временная первичность, в которой пространство рассматривается как слой или сечение.
	5, 8, 37, 40, 62, 82

	Гармоническая четвёрка
	Проективная четвёрка с кросс-соотношением −1 при выполнении условий допустимости.
	10–11, 21, 23–29, 33–41, 48, 53, 56, 59, 62, 64–65, 73–77, 79–84, 106, 127, 134, 136, 204, 207–208, 211, 215, 223, 225, 227–228

	Гипарксис
	Семейство совместимых переходов между уровнями стратифицированной фильтрации.
	5–6, 82

	Кросс-соотношение λ
	Проективная координата Reper-четвёрки; инвариантна при допустимом PGL₂-преобразовании.
	см. предметный указатель

	Пакет
	Объект вместе с типизированным геометрическим, дуальным, состояниевым или доказательным слоем.
	см. предметный указатель

	Пакетный морфизм
	Морфизм, сообщающий, какие компоненты пакета, домена и доказательного паспорта сохраняются или преобразуются.
	18, 66, 82

	Проективный прогноз
	Множественный прогноз, получаемый из допустимых реперных ветвей после gate, а не скрытого выбора одной ветви.
	см. предметный указатель

	ФОС
	Фундаментальная опорная связность; авторская предельная сборка совместимых реперов при явных условиях.
	33–34, 37–43, 62–63, 72, 82–84, 86, 93, 103, 148, 180, 191, 202, 232

	δ_min
	Дифференциал минимального двухступенчатого комплекса: δ_min²=Ψ², остальные компоненты нулевые.
	133, 215, 217–219, 222, 228, 230

	δ_truth
	Число |λ+1|, измеряющее отклонение от гармонической нормировки; не является самостоятельным предикатом истины.
	57, 61–62, 64, 76, 83, 106, 108, 110, 167, 179, 181, 191, 202, 207–208, 211, 216, 223, 227–228

	Θ_min
	Каноническая тождественная карта X²→C_min³ внутреннего минимального комплекса.
	133, 217–218, 221–222, 230

	Π_E
	Условный внешний когомологический мост O_B→H³(E•), существующий при B1–B5; обратная детекция требует B6.
	217, 219–221, 230

	⋆ₕ
	Оператор Ходжа в явно заданном метрическом и ориентированном слое.
	см. предметный указатель

	⊙
	Базовая билинейная, вообще говоря неассоциативная операция.
	13–14, 18, 46–47, 64, 83–85, 87, 89–90, 95–97, 100–101, 104, 110–112, 122–123, 125–135, 137–138, 140, 142–143, 150–155, 157, 206, 217–218, 220, 230, 234
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	9–13, 20–21, 51–52, 55, 58, 62, 64–65, 72, 82–83, 178, 181, 205, 226
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	56

	CGI
	10, 21, 24–25, 30–31, 50–52, 55–57, 61–62, 64, 73, 95, 106–111, 114–115, 140, 162, 165–168, 170–171, 175, 179–181, 187, 191, 202–203, 215–216, 223–224, 227–228

	Conformal calibration
	16, 176–177, 179–180, 184, 192, 200, 202, 216

	D/Dom
	5, 19, 23, 27, 33, 35, 37, 65, 72–73, 82, 85, 106, 110, 113, 161–162, 164–165, 168, 171, 178–179, 181, 183, 187, 200, 210, 227

	Desargues / Дезарг
	5, 25, 33–41, 63–65, 72, 78–86, 180

	EXT-RUN
	201–203, 223

	F-1–F-14
	140, 156–157, 159, 217, 231–235

	Fano barrier
	47–48, 62, 82, 165

	H³
	133, 217–222, 230

	KLT-RBD
	5–235

	KMA
	24, 31, 57, 59, 106, 110, 115, 165, 168, 178, 180, 182, 188–189, 203
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	Ассоциатор
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	Гармоническая четвёрка
	10–11, 21, 23–29, 33–41, 48, 53, 56, 59, 62, 64–65, 73–77, 79–84, 106, 127, 134, 136, 204, 207–208, 211, 215, 223, 225, 227–228

	Гипарксис
	5–6, 82

	Голономия
	43, 132, 134, 220

	Доказательное обязательство
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	Кластерная зависимость
	52, 193, 195–197, 201

	Когомология
	17, 25, 56, 125, 133–134, 138, 218, 220–222

	Контрпример
	5, 12, 19, 23, 31, 38, 42, 46, 50, 58, 61–62, 64, 78, 84, 87, 89, 93, 100, 103–104, 110, 112–113, 116, 120, 124, 137–138, 142, 147–148, 151–153, 174, 176, 193, 199, 220

	Кросс-соотношение
	13, 23–25, 27–29, 38, 48, 52, 55, 64–65, 72–73, 75–78, 80–83, 85–86, 208

	Метрика несоответствия
	172–173, 178–179, 182, 211–212, 216, 226

	Необязательная остановка
	186–187

	Пакетный морфизм
	18, 66, 82

	Постселекция
	193, 198, 216

	Причинный вывод
	10–11, 13, 21, 24–25, 51–56, 107, 115–116, 119, 121–124, 166, 184, 193, 199–200, 202, 216

	Прогнозный коридор
	10, 50–51, 55, 57, 73, 164, 176–177, 180, 184–185, 188–189, 197, 199–203, 208–209, 211, 213–216, 223, 227–228

	Проективная инвариантность
	10–11, 19, 21, 23–29, 31, 33, 35–38, 40, 48, 51–53, 55–56, 62–65, 72–77, 79, 81, 84, 125, 127, 132, 134–135, 204–205, 207–208, 215–216, 223, 227

	Реперное расслоение
	164–165, 168

	Стратификация
	5–6, 8, 14, 18, 42–43, 55–56, 62, 82, 136, 161, 170–171, 198

	ФОС
	33–34, 37–43, 62–63, 72, 82–84, 86, 93, 103, 148, 180, 191, 202, 232

	δ_min
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	δ_truth
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	⋆ₕ / Hodge
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21.4. Cxema NH.2 u e€ mecto B KLT-RBD

MH.2 KYPMULLEBA: CKPbITASl CTPYKTYPHASl AJIbTEPHATUBA

Betka b_L KPbITbIA WHAEKC Berka b_R
rL=(xoy)oz OueHmsaTens e nonysaet b r R=xo(yoz)
O(b_L) Oawa ouewka (f.d) O(b_R)
Reper_L(R1.U:D) s obeux ansTepHaTUE Reper_R(RLUD)

eyxTovewian nemma

MuHMMaKCHan rpaHuua
e_R(u;f) - e_D{u;d) = ¥ |K(u)] AD
Klu)=r_L-r R, &_D=|0(b_L)-0(b_R)

NonoxuTensHas rpanuia Tpe6yeT K0 u & D>0

KLT-RBD: source - PIX —» PEAKS — branch set B -+ Reper_b — PN.2 certificate — status

aTMNECKaA TEOPEMa He NOBLILIAGT (UIMNECKUA truth-status o3 D/Dom, KANMBPOBKI 1 HE3ABUCUHMOTD BOCNPOMIBE.

Pucyno. Chpbiman cmpyKmypas aomepiamusa, munusaxcnas epanuya [TH.2 u cepmucpuxam KLT-RBD.

21.5. KaHOHWYeCKuit TeopeMHbIit naket MH.2 v1.0

Hie TeopeMHii MaKeT BKIONEH B OCHOBHOM TekcT ToMa | KaK CaMOCTORTe/bHas AOKA3ATEbHAS T1aBa.
IO Ope/e/eHHS, GKCHOMI, HCKTIONCHINA, AOKAZATENISCTE, OBAIATEICTEA 1 PeecTp QHIECKHX THIOTe He
Biecebi b GecopMenHoe npinoKenHe. Takas HHTOrDALH HYKHA, HTOGH! NOCICAYIOIME TOM CCIAMMHCE
Ha OAHH KAHOHHUCKIT] OBbeKT.

0. Utor peAaKLMOHHOro ayauTa

TIOC/IGAHAS NONHASK BEPCHS 10 HMEHH H BPeMeHH H3MeHEHHS —
«Kurpishev_PN2_author_article_ru_v0.2.docx» (ID 1roHjyn5jG5qOsnzNpB-gdzVXBNInYSnO; 8 mapra
2026 1., 06:15:25 UTC). Oa npHHSTa KaK HCTOHHK ABTOPCKIX opMy poroK. Bropoii DOCX-ay6kar
COAEPAKHT TEKCTYaTbHO WieHTHIHOE HaBAeueie; PDF VO CeMaTHUCCKI BOCTIPOWIBOAWT TOT Xe TeKCT H
OTANNAETCH NEPEHOCAMH CTPOK, MAPKEPMH CIIHCKOR H BepCTKOM. [103TOMY KOH(VIMKT ABTOPCKOr TeKcTa
OTCyTCTBYeT, HO B OBLLICH APryMeHTALY OBHADYKEHb MATEMATHUECKHE HECOTIACOBAHHOCTH, HCTIPABICHHSIE
e
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Horaumormasit ucrosmis

1. Kapta gokasate/ibHbIX CTaTycOB
Onpegenente. BEoAUT 0GLEKT 1k 0G03HAUEHHE; HCTHHHOCTS He YTBEDKJACTCA,

Mogensuas axcuoma. Slaio 34aéT Knace Mopeneii ITH.
peanzanm.

(O/KHA IPOBEPATLCA B KAKAOH KOHKpETHOI

‘Teopema. CieiyeT 13 niepeuHCIeHHbIX IPEATOCKUIOK H CONPOBOK/ACTCS JOKA3ATENILCTEOM.

YenosHoe creacTBie. BepHO TOILKO T0C/IE AOTIONHUTENILHON THIIOTesbl, yKa3aHHoI & (HOpMyIHpoEKe.

Marematuueckas runotesa. TpeGyer 10Ka3aTeIbCTBA WK KOHTPIpHMEDA.

®usuueckas rumoTesa. TpeGyer ONepaLHOHATH3ALIH, Pa3MEPHOCTHOI KaTMGPOBKH H HE3aBUCHMOTO
IKcriepumenTa.

2. HoTauus u ycTpaHeHue neperpysok

A — HOPMUDOBAHHOE BEILIECTBEHHOE W KOMN/IEKCHOE NHENiHO NPOCTPAHCTEO C
GunuHeliHoi onepaLveli ©; NONHOTA HyKHA TOBKO Ta, FA@ SIBHO MCNOb3YeTCs,

K(xy,2) = (X ©y) ©z-X © (y © z) — accouuarop.

R+R — aBTOPCKHii IIPOEKTHBIi 06HEKT ACCOUHATOPHOLO CII0sE; K(X,Y,2) — €0 KOHKpeTHast
OleHKa Ha TPOHiKe.

CHMBOJI * He 0603HayaeT GHHAPHOE YMHOKXeHHe H He 0G03HavaeT 3Be3jly Xouka.

Onepatop Xozpka oGo3mavaercs Kak +r; Gasosas onepaus NAPG — ©. i CHWBOTH! He HCTIOTB3yIOTCs A7
accoumatopa R*R.

B = {b_Lb_R}, rie b_L(x,y,2)=(x0y)@z  b_R(X,y,2)=X0(y©z), — Napa AOMYCTHMBIX
CKOGOYHBIX IIPOTOKOJIOB.

D:B - R — CTPYKTYPHO-Pa3MEPHOCTHas! KOOpAUHATA. OBO3Ha4eHIe Dim PaspelLeHo ToNbKo
nocne AiBHOro onpezenenis .

S:A -~ R — ckansipHas Hab/iogaeman pasmepa; nosIHOCOCTOAHNIA BapuaHT UCNosb3yeT cam
pesynuTar reA v metpuky I-I.

QC A3 — 06nacTL AONYCTUMBIX TPOEK, Ha KOTOPOI ChOPMYAMPOBAHO YTBEPKAEHME.
3. Onpepenexna

Onpegenenme 3.1 (CKOBOUHbIE pesynbTaTbi).

_L(w), r_R(w=b_R(u). Torga r_L(w)-r_R(w)=K(w).
Onpepenenue 3.2 (CKpbITas CTPYKTYpHas anbTepHaTusa).

JUtst u=(x,y,z) €Q IOIOKHM I_L(u)=!

e ungeke DE {b_L,b_R} cuMTaeTcs CKpBITHIM OT OLieHUBaTe/, OLieHBATe b OGN BLILATS
opy Ty e napy (5,d), He HCnobays b. HenHo 970 HiIOPMALMOHHOE OrpaHHUCHIE, a He OHA ML
HEACCOLMATHBHOCTS, CO3AAET 3a/1auy HEONPEACIEHHOCTH,

Onpepenetivte 3.3 (OWNGKY OAHOBPEMEHHOTO BOCCTAHOBNEHUS).

1A% HKCHPOBAKHOTO U ONpeAE M

e.S(u; 8) = max{[§ — S(r.L(w))|, [§ — S(r_R(u))[}.
e.D(u; d) = max{|{d — D(b.L)|, |d — D(bR)[}.
Jins nonsococTonmuii oweiki FE A nonoxim

e R(u; ) = max{[ - r L), [ - rR(w)]}
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Onpepenetve 3.4 (lloKanbHbIe PaspbiBb).
oot A_S(u)=[S(r_L(w)-S(r_R(w))l, A_D=/D(b_L)-D(b_R)| 1t A_R(w)=Ir_L(w)-r_RW)I=IK(W)l
Onpepenetye 3.5 (c-pasaensiouian Habniogaemas).
HaG/i0/aemast S HasbIBAeTCst C-pasfienstiomedt Ha Q, eCH CYIeCTEYeT ¢>0 TaKoe, UTO
A S(W=c|KW)]| pst Beex ueQ.
Onpepenetive 3.6 (PasHomepHas MMH.2-06nacTL).

O671acTs Q Ha3bIBAETCA PABHOMEPHOIE ITH.2-06/1aCTHI0 OTHOCHTENBHO MacITata m(w)>0,
ecn A_D>0 1 cyimecTByer €_->0, Ui KOToporo [K(Ww)| =e_-m(w) npH Beex u€.

4. MopienibHble aKCUOMBbI

J15 CTPOTOii TeOpeMHOIi BeCHM AOCTATONHO C/IEAYIOUX IPEATIOCHLIOK.

AL Hopmuposansas are6pa. 4 — HOPMHPOBAHHOE IHHEIiHOE NIPOCTPAHCTEO, OnepaLys ©
Gumeiing, a 06a CKOGOUHLIX Pe3y/IsTaTa OnpeAe/eHb! Ha Q.

A2, [ipyxanbTepatngrocrs. JUIst KaXK/0T0 UEQ JONYCTHMBI b_L 1 b_]
PaccMaTpPHBAEMOIO OLeHHBATENI.

BHIGOP b CKPBIT OT

A3. Hepbipoxpennas crpyKyphast koopaunata. A_D>0. 3uauenie D 40mkHo pasnniats ckoGounbie
TIPOTOKOI! W MMETS 0KA3aHHYIO MHTEPTIPETALMIO KaK CTPYKTYPHAs PA3MEPHOCTE.

Ad. Euubiii onenupaten, OHa 1 Ta e OLICHKA HCTIONL3YETCs AT 0GEUX CKPBITLIX a/bTepHaTis, ECTn
b u3mepen 3apatiee, Te0pema K TaKOMY NIPOTOKOAY He IPUMEHSETCS.

AS-S. Pasenumocts pasmepa, ycnopuas. /s ckanapHoii sepcin Tpeyercs A_S(u)>0 win Gonee
CubHOe c-paysenentie. [} MOHOCOCTORHMIH BEPCHH JOTIONHATE bHAS AKCHOMA AS-S He TpeGyercs.

AG. PaBHOMepHas KOJPUHTHBHOCTE, TONKO ANt I106a1bHOI KOHCTANTH. /I yHHBEPCATBHOTO K>0
HYKHO JOKA3ATS TIONOKHTENLHYIO HIKHIOIO TPaHb ACCOLMATOPA Ha HOPMHPOBAHHOH 0GACTH; Supremum
31070 He oGecnieunsaer.

5. 06/1aCTb NPUMEHNUMOCTH M UCKIIOYEHUS

T1H.2 B foKa3anHolf Hitke HOpME PUMEHSETCS K 33A04aM CKPHITOFO BHIGOPA CKOBOUHORO NPOTOKOA.
OHa He SBISETCH Ge3YCAOBHEIM JKOHOM /15 BCAKOH HEACCOLMATHBHOT anreGpbi,

He nNpUveHseTcs! Ha accouvaTisHom cektope K(u)=0.
He Aa&T NONOXUTENLHOY rpaHNLb, ecnu A_D=0.

CranspHas Bepes He 48T NONIOXUTENLHON TPaHULL, ECAN S He pasnuuaeT _Lur_R.
He NpUMEHAETCA K NPOTOKO/Y, KOTOPOMY 3apaHee COOBLLEH UCTUHHBI MHAEKC b.

He SB/19€TCA AUCNEPCHOHHBIM COOTHOLIEHYEM POGepTCoHa—LLPSAHTEDa U He ABnsieTcs
OTHOLLIEHMEM «LIyM—BO3MyLeHIe» O/3aBbI 63 OTAENLHOI KBaHTOBO-USMEPUTENHOI MOAENH.

OBbltan pasmepHoCTs dim.A win dimX He 3aBUCHT OT CKOBOK, MO3TOMY CaMa N0 Ce6e He
MOX@T UrpaTh por .

OBblHas MaKCUMATIbHas y6UHa TPEXCTHOTO BUHAPHOTO ACPeBa OANHaKosa Ana b_L ub_R.
CniefjoBaTenkHo, NpexHee OTOXAECTBEHIE D C YGUHON BNOKEHHOCTH TREGYeT 3ameHs! Ha
AEHCTBUTENbHO PASIMUAIOLLYH0 KOOPAUHATY.

6. BciomorartenibHas leMMa

TNemma 6.1 ([iBYXTOUEUHAS MUHUMAKCHAS TPAHMLA).

JU1st TOGBIX ABYX TOUEK a,b METPHUECKOrO IPOCTPAHCTBA 1 JI0GOf TOUKH | BHIONHAETCS
max{d(q,a),d(q.b)}=d(a,b)/2.
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JloxasaTenscTso. U3 HepaBeHCTBa TpeyronbHHKa d(a,b)=d(a,q)
+d(q,b)=2max{d(q,a),d(q,b)} cnenyer TpeGyemoe. [

7. Tounas popmynuposka MH.2
Teopema 7.1 (flokanbHas MuHuMakcHas MH.2 Kypnuwesa).

Tycrs phimonmensi Al-Ad. Toraa 41 Kax0ro UES u mooii He HCNOML3yIoIeli CKPLITHITE HIACKC b
naphi ouenok (5,d) eenomserc

5) - e.D(wd) = % A S(u) AD. (PN.2-S)
Jins moGoii nonococTosMMi ouerkn F€ A prnomseTc
eR(uif) - e D(wd) > % [K(w)| AD. (PN.2R)
ECI J0ONOMHATeEHO S C-pa3AenieT accouuaTop a 2, 1o
eS(u) - e D(wd) > (¢/1) [K(u)] AD. (PN.2-K)

Craryc: Teopeva BHYTPH ABHO 3HHOI MOACH CKPLITOFi CKOGOUHOI /15 TepHATHBSL. ABTOPCKast
arpuGyus komuenuan [TH.2: Kypnnuies H. B., Kanmnnrpag, 2026.

8. [lokasaTenbcTBo

Tlo slewsie 6.1 Ha BeusecTaeHHOI NPAMOT, NPHMEHEHHOT K 3Haueriam S(r_L(u)) u S(r_R(w)), uvees
€_S(u;3)2A_S(u)/2. Ta e newma ans uncen D(b_L),D(b_R) gaér e_D(u;d)=A_D/2. Mepemoxentie Apyx
HEOTPHIATELHEIX OLEHOK foKazbisae (PN.2-S).

s nioAHOCOCTORHMIE OUeHKH fewva 6.1 B MeTpuueckom mpoctparctse (A1) aaéT e_R(u;f)2lr_L(u)
~r_R(u)l2=IK(u)li2. ComsectHo ¢ e_D=A_D/2 510 soKasbisaer (PN.2-R). Ecnn A_S(u)zclK(w)l, 10
nojictaHosKa B (PN.2-) gaér (PN.2-K). 01

9. Tno6anbHas konmyecTeeHHas popma

CnepcTeve 9.1 (YcnosHas pasHomepHas MH.2).

Ecin Q — pastovepias ITH.2-061acTs otHoCHTebHO m(u), T0

eR(uf) - eD(wd) = (e- AD / 4) m(u), ueQ.

Tlpu c-paspesstionteii S KO3GGUIHEHT CrIpaBa JOIOTHHTeIbHO YMHOXAeTCs Ha C.
0OGosHauas k_Q=(ce_-A_D)/4, OIyuaeM KOPPEKTHYIO KOPOTKYIO 3amuch e_S e_Dzk_Qm.

Y06l IOJIYYHTH HCTOPHUECKYIO GopMy A|R |-ADIm(R)=¢|R||?, He0OGXOAHMO OTAEIBHO
Hokasars: (i) uro A|R| coBnajaer ¢ e_S i e_R; (i) yto ADim cosnapaer ¢ e_D; (iii) uro
BEIGpaH MaciTab m=|R|’; (iv) UTO CyI{eCTBYeT NONOKUTE/bHAs HIDKHSS KOHCTAHTA € -, @ He
TOJIBKO BEPXHSIS £_+.

10. UcnpaB/ieHne MCXOAHOI KOIMUECTBEHHOM apryMeHTauum

10.1. Supremum 1 HanpasieHMe OLeHKM

B HCXOAHOI PEAAKLMN HCTIONLI0BAHO

<+ = sup ey [Keya)l /(D)

U3 5T0r0 OIpejieNIeHHs ClenyeT BepXHusis onetka [K(xy.2)] <e_+|x] |yl |z]. Hiokess
OLeHKa C TeM JKe £_+ JIOPHYeCKH He clefiyer. JUIst NOJOKHTeNbHOM HIDKHeH IPaHHI! HyKHa
OrpaHHueHHas 0G/IACTS Q H BeTHUHHA
= inf {neQ} [K(w)]/m(u) > 0.

Kypues Haas Sopucosi - Kansnirpas - 2026 o




image92.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

10.2. HopMa pesy/ibTata MOXKET He BUAETb accouMaTop
O6patHoe HepaBeHCTEO TpeyroMbHuKa AaéT | |r_L|-|r_R] | <[r_L-r_R|=|K], a He

HIDKHIOIO OLIeHKy. BoJlee TOTo, B OKTOHHOHAX HOPMa My I-THIUTHKATHBHa:

| ey)zll=x(y2)| =[] ] 2]l X0Tst accomuaTop /UIs HEKOTOPELX TPOEK Hetty/IeBoit. I103ToMy

«pa3sMep = HOpMa peayIsTaTa» He oBecieursaet A_S>0. CTporas 6a30ast BepcHs AO/KHa

HCIIOIB30BATS TIOMHOCOCTOsHHI Pa3pHIB | K| GO 3apatee BHGPAHHYI0 PA3IIOLIYIO

HabmozaeMyo.

10.3. Kateropuanshas dopmyna

Dpaza e CyLIECTBYLT CCTECTRRHHOTO NPeGpa3OBaHHs MEKAY (yHKTOpami S i D He pasHOCHIbH
3ANIPeTY COBMECTHOrO WavepeHHs. ECTeCTBerHoe npeolpasosanie TReGYeT TOUHO 3aaHHbIX KaTeropiii,
(pYHKTOPOB 1 COBMECTHMOIO KOAOMEHA; OTCYTCTBHE TAKOTO Ipe0GpAIOBaHI HE HCKIIOUAET CYILIeCTROBAHHE
copmectHoro oroGpaxents (S,D). KateropuasHbiii sapuant ITH.2 creAyeT (OpMYIHPOBATS OTACTSHO Kak
‘TeOpeMy 00 OTCYTCTBHM COBMECTHOIi CeKLM WIH €CTECTBRHHOO OLICHHBATE/S TIOC/E TIOCTPOCHHS
CooTBeTCTRYIOWE/ AHATpAMMS.

11. Cnepcteusa

Ectm K(W50 1 A_D>0, NOTHOCOCTOSHH I, He 3HAIOIYHIE b OL{eHHBATE/Ib He MOXKeET HMeTh
OfIHOBPEMEHHO e_R=0 1 e_D=0.

B accoupaTHBHOM 1pefiesie K—0 0KasaHHas IPAHALA HENPEPBIBHO BEIPOX/IACTCH B
HOTb.

MONOXMTENbHAR YHUBEPCANbHAS K HEBOMOXHA Ha 06NacTH, CopepxalLieli Toukm ¢ K=0, ecnn
He BBE/jeHbl JONONHUTENIbHbIE OFpaHUIEHUS.

NSt NioGOY PasARNAIOLIEN CeMbit NMHENHLIX (DYHKLMOHANIOB B KOHEUHOMEPHOM
HOPMUPOBAHHOM POCTPAHCTE CYLLIECTBYET HaG/IofaeMan, 0GHapYX/BaIoLIas HeHyNesoit K;
0jHaKO 0Ha 3apaHee (UKCHPOBAHHAS! CKANIAPHAS HAGNIOAAEMAs! MOXET €10 He OGHapYXWTb.

1MH.2-S SIBNSIETCA 3aa4eli CTATUCTUYECKOrO/ACTEPMAHUPOBAHHOTO PASIHEHIS ABYX CKPBITHIX
CTPYKTYpHbIX anbTepHATUE. OHa He COBNAAAET ABTOMATUMECKN C KEAHTOBOM HEONPEARNEHHOCTEI0
HeKOMMYTUDYIOLLUX ONIepaTOpo.

Popmyna PN.2-R npefocTasnser CTporuii MaTeMaTuseckui Kapkac, BHyTpU KOTOpOro
KoHKpeTHast anreGpa RxR 4ONKHa ATk BeiwmCMMbie K, D, Q 1 k_Q.

12. [lokasaTe/ibHble 06513aTeNbCTBA AN NONHOIM Teopuu MH.2

PO-1. Are6pa RR. 3a4a1s HOCHTE/, 1071, Ga3HC, TABIMLLY YMHOKEHIS! 11K CTPYKTYpHbE
KOHCTAHTH; YKA3aTh eAMHILLY, WHBOTIOLIAIO, HOPMY H 0G/IACTh ONIpe/e/erHs.

PO-2. Cornacosansocts. [1poBepuT: GHIHHEHHOCTS, 3aMKHYTOCTS, Hy/IeBIe ACTHTEH, HeTIpEpLIBHOCTS
YMHOKEHIS 1 CYILECTROBANHE BCEX HCTIONL3YEMbIX OTIEPATOPO.

PO-3. Heny nenoii accouuarop. Buumcats K Ha SBHIX TPOTiKaX W KIaCCH(HLMPOBATE
ACCOLMATHBHEIE/HEACCOLMATHBHBIE CEKTOPA.

PO-4. Crpyktypuas koopaunata D. Onpesents D Tak, uroGht A_D>0; J0Ka3Th HHEAPHAHTHOCTE
OTHOCHTE/IEHO JOMYCTHMBIX N1epe0GO3HAUCHHIT 1 (H3MUECKHUIT CMBICT ejuHMLEl D.

PO-5. Hab/mogaemas pasmepa. BLiGpaTs S  40Ka3aTs C-pase/ienie 10 UCNONE08ATh
nosHoCoCTonmHiE MeTpiueckiii Bapuan. Hopha Ge3 0N HHTe IbHOI FHIIOTe3b! HeAOCTATOuHa.

PO-6. MamepuTensuas mopers. ONCaTh, nouemy b CKPBIT, Kakie 4aHHble N0/1yUaeT OLieHHBATEIIh,
KaKie OLieHKi PaIpeLLICHB M KaK CBA3aNbI ¢_S,e_D ¢ JKCTIepHMeHT/LHbIMH OIMOKaMH,
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PO-7. PanHovepHas KoHCTanTa. BLGpaTs HOPMHPOBAHHYIO © H AOKA3TH £_->0; OTACTSHO
HCCIEA0BATE TpaNHLLY 2 1 BHIDOAKACHHbIE CEKTOp.

PO-8. Pa3MepHOCTHAs COr/IACOBAHHOCTE. YKasath (isuueckue pasmeptoct S, D, K, m i k; He
OTOKACCTRASTS Ge3 KaTMGPOBKH Ge3paIMEPHYI0 CTPYKTYPHYIO KOOPAWHATY C (BH3HUECKOH PaMepHOCTEIO
npoctpaticrea.

PO-9. Kareropuanunas epcusi. 33ah Kareropii, dyHKTObI, MOPGH3MbI 1 TOUHI 06TEKT no-g0:
OTCYTCTBHE €CTRCTBRHHOT] COKLIM, TI0JBEMa WIH COBMECTHOTO OLieHHBAT.

PO-10. Coszt ¢ ITH.1. TIoCTPOMTS IPEACTaBICHHe p B IWILGEPTOBOM NPOCTPAHCTEE, ONPEACTHTE IVIOTHO
3aaHHBIE CaMOCONPsAEHHbIe X,P i JOKAZATE KOMMYTATOPHO® COOTHOLLICHHE W JAOMEHHbIE YCOBHS.

PO-11. TIpHMepht 1t KOHTPIpHMEpB. JIaTh MHHIMYM: aCCOLMATHBHL HyIeROI NpiMED;
HeaccouaTHBHi pHMep ¢ A_S=0; IPHME ¢ C-DAYICTEHHEM; NPHVEP C IOMOAKTELHOI €_- Ha KOMIAKTHOJ
Q

PO-12. HesaBucimas BOCHPOH3BOAMOCTS. OnlyGAMKOBATS BLINHCAMBIH CEPTUHKAT CTPYKTYPHEIX
KOHCTAHT, KO/ M TeCToBbiii HaGop i nposepkh K, A_D 1 k_Q.

13. OTAenbHbIN peecTp GU3NYECKUX YTBEPKAEHUI, TPe6YIOWMX HE3aBUCUMON
nposepku

Hit O4HO H3 CIe/tIOUMX YTBEDeHHil He SBIACTCA CCACTBMRM Teopembi 7.1 Ge3 AOTIONHHTE/bHbIX
MATEMATHUECKHX MOCTOB H IKCTIEPHMEHTATIbHbIX AQHHBLX.

F-1. Ononorun spevenu. R+ R SAB/IACTCA GUINUECKOI a/ire6POi BPEMEHH, a He TONBKO
MaTeMaTH4eCKOH MOJIe/IbIo.

F-2. Dyngavenranbuocts. [TH.2 Gynaamentanbiiee npuniyna Pobeprcona—TIeiisenGepra win
NPUHUMIA ALlyN—BOSMYLIEHHED.

F-3. MMiuHKamgust ITH.2=T1H. 1. KpaHTosas Heonpeie AHHOCTS BHIBOAHTCS H3 aCCOLMATOPa Uepes
npesicTaente p.

F-4. Kanubposka h. Cyuiectayer pismuecki o6ockosartsii pexiy IKI~h ¢ npaswibHEINM equnLavi
W Ko uLeHTOM.

F-5. Miayuuposasnb1ii Kovmyratop. Boipaxenie [x,y]_2:=K(x,y,2) nlocsie nipeACTaB/ienms 3aaér
JOnYCTUMBii OIepATOPHBLIi KOMMYTATOp; TPeGyeTCs NpOBEpHT GWIHHEHHOCTS, aHTHCHMMETPHIO, TOKECTBO
SIKOGW/ero 3aveHy 1 /JOMeHbI O1IEpaTOpOB.

F-6. Cemuxomnonentnoe spems. CeMb 06BeKTOB R+R 06pasyior BHYTPEHHIOIO
MHOIOKOMIIOHEHTHYIO CTPYKTYPY BPEMEHH.

F-7. ®OC 1 B*IL. (ysjjameHTansHas oropHas CBA3HOCTb 1 Mojiesth Bpems*TIpocTpancTso nmeior
HAB/I0AaeMyI0 (H3HUECKYIO PEATIM3ALINIO; IPOCTPAHCTEO ABAETCA COLBO NPOEKIMe, a NPOCTPaHCTBO
MusioscKoro—Diisurelita — ceueniem.

F-8. Onepatop xoga speven. Vepapxits A>Hpx>>R,>R, >R, > {ih,iH}, oneparop T=En_{i+1-i} u

‘ypasnentte dR/dt=T(R) OCLIBaIOT (i3iueckuii XoA BpeMeHH,
F-9. Monotonnocts cnoxuoctu. JUIs U3HYECKH OpejienénHoro C(R)=Ew_iDim_i(R)
BEmOHseTes dC/dT=0.
F-10. /lnmamuica acconmaropa, YpaeHenye V_T K=]_T SBIseTcs KOPPEKTHHIM
KOBaPHAHTHEIM TIO/IEBEIM YPABHEHHeM H MMeeT OIIpe/Ie/IéHHbIe HCTOUHHKH, PASMEPHOCTH i
BaPHALMOHHEIH IPUHIMIL

F-11. Panusn Beenennas. 113 Anaminit K C1eAYeT MAKCHMATILHAS HAUQ/IbHAs! KOTPEHTHOCTS WM WHOTE
a6 110 aemblii KoCMOIOTCCKIH PeXih.
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F-12. Jlokamu3anus B Maepin. ACCOUMATOD (GHIHUCCKH I0KATM3YETCS B MATEDHH H NIOPOAUACT
yamepimBie pibeKThi.

F-13. Koneunas Berns na6mopatenst. CTpyKTypHAs BIOKEHHOCTS, AOCTYIHAS HAOMIOZaTe 0,
duaecki Koreusa,

F-14. Tpanurauus u kocmonorust. [TH.2 4aér nposepsiewtie nonpaki k OTO/KaHTOBOJ TeopiH,
YCTAHSeT CHHTYIAHOCTH WM OBBACHAET TEMHLITE CKTOD.

MUHHMAb b CTAHAAPT He3aBHCHMOI IpOBepKH A F-1—F-14: onlepaumoasHoe onpeaeetie
Hab/1H0aeMBLX; CAVHHLIEL H3MEPEHIS; HY/IeBast MOACIS; 3aPaHee 3aPerHCTPHPOBAHHIH KpHTEpM pasietits;
OLICHKA HEONPEAENEHHOCTH; OTKPHITBIE JAHHEIE/KO; BOCTIpOMIBEACHHE HEIABHCHMOT TPYTINON.

14. OtHoweHue K MH.1 1 KoppeKTHas TepMUHONOTUSA

CoorHoweHHe POGEPTCOHA 15 CAMOCONPSAEHHBIX ONepaTopoB A,B 1 COCTORMMS ) HMeeT B
0_Ac_B2Y|([A,B])| npi BLINO/HEHMM OMEHHBIX YCIOBHIL. OHO OTHOCHTCS K JMCTIEPCHSAM KBAHTOBBIX
HaG10aembix B cocTonii. Teopena 7.1 OTHOCHTCA K MHHWMAKCHOTi OLIHGKE BOCCTAHOBIEHHS! 1D CKPHITO
CTpyKTypHOJi anTepHaTHBe. OGILIMM SBIACTCA MOTHE HIDKHE TPAHULI, HO MATEMATHCCKHE OGbEKTH W THITbI
ouwmGoK pazursi. Hosromy sanmch «[TH.2=ITH. 1» B Hactosueii peaakiym umeer craryc
HCCIE0BATENILCKOT TIIOTe3bt A0 BbTOMHeHA PO-10.

15. PekomeHayemas ny6aukaumonHas dopmyna

Kparas JoKasanHas opMy/IMPOBKa A1 AHHOTALW

[ ABYX CKDBITIX /JOTTYCTHMBIX PACCTAHOBOK CKOGOK B HOPMHPOBAHHOI HEACCOLMATHBHOI areGpe
BBeJieHbl OWHGKH eAMHOTO OLeHHBATE/IS E3y/IbTaTa H CTPYKTYPHO-Da3MEpHOCTHOM KoOp/MHaTBL. loKasaHo,
WTO MX TIPOM3BE/IeHMe He MeHBLLIE O/HOF UETBEPTH NPOW3BE/ACHHA HOPMbI ACCOLMATOPA Ha Pa3PLIB
CIYKTYDHOI KOOAHHATSL, YHUBECA/ILHAS TIONOKHTE/IbHAR KOHCTAHTa CYIECTBYeT MUIb Ha 0GHACTH ¢
0Ka3aHHO PABHOMEPHOIH HIDKHEi rpauLieii accoLyaTopas.

KparKas asTopcKas arpuGywLus:

«Tpusyn neonpesenénocry ITH.2 Kyprnwesa (Kyprnwes U, B., Kanunusrpag, 2026)».

3anpewyénHas /10 BHINONHeHMA 0GA3ATENLCTE OPMY/a CTaTyCa:

He crietyer nMcaTs «{0Ka3aH HOBbIii YHUBEPCAbHbIT (MSMUECKHIE TIPUHLIMT, GO/lee CUTLHbIT, Uem
npusLyn CeiisenGeprar. JIOnyCTUMO: «pe/VIONKEHa MaTEMATHUECKast MOfieAlb CTPYKTYpHOI

HEONE/ACNEHHOCTH; /JOKA3aHA MHHMMAKCHAS! TCODEMa BHYTPH MOACH; (H3IUECKHE MOCTB CHOPMYAHPOBAHEI
KaK 1POBEPCMBE FUTIOTE3bi».
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10.1090/50273-0979-01-00934-X; arXiv:math/0105155.
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7. Kypnuuies 1. B. ABTopckas (popmynipoBKa npuHLna Heonpegenéunocti Kyprmiuesa (ITH.2).
PaGouas cratea v0.2, 2026, Herounik cornaconanis: Google Drive.
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17. KOHTPOb LLeNIOCTHOCTU peAakLun

ABTOPCKAs i€ «HEACCOVATUBHOCTL — CTPYKTYPHAs BIOXEHHOCTL — HEBOSMOKHOCTS
COBMECTHOVi TOUHOI (hVIKCALMI» COXpaHeHa.

VicTopuueckvie (hopMyibl COXPaHEHbI 1 SBHO NPOMaPKMPOBAHbI KaK YCTIOBHbIE, €CIM HX NpexHee
[10KA3ATENLCTBO HE0CTATOUHO.

Ofo3HatieHits COrIacoRaNb! € 3aMOPO3KO: R + R — accouaropuiiii ofkeT; © — Gazosas onepaus; *n —
onepatop Xozpka. CHMBO/Ts! He CMELIHBAIOTCA.

Maremaruueckasi Teopema oTAeneHa oT (hUsnueckoii uHTepnpeTauuy.

Hit 04O (hM3MUECKOE YTBEPXAEHME HE MOBLILIEHO 10 CTATYCA [OKASAHHOTO Ge3 He3aBUCMOi
nposepKu.

Kotewl KaHOHMUECKOTi peaKiyi v1.0.

21.6. VIHTerpaums xxypHansHoi peaakumm NH.2 v1.1

B Tom | NOMHOCTHO BKMOUeHA PyCCKad KypHansHas pejaxums «[IpHHUMI HeonpesenéuHocTH
Kyprmwesa TTH2» V1.1, OHa COXpAHAET CTPOTYIO ABYXTOUEUHYIO MMHHMAKCHYIO TEOPeMY, YTOUHSeT
pasHovepHylo (OpMy W AOGaBiAeT ueThipe KOHCTPYKUMM, sakphipaioume PO-11 Ha aGCrpaktHoM
MaTemaTiueckom ypoie. BKoueHMe BLITONHEHO KaK paclMpenie: KaHomueckiii maker v1.0 Bhiue
OCTAETCH HCTOHUECKH BHAMMBIM.

Tpeynoxerme 21.1 (KoHCEPBATHBHOCTS BioueHis). [loGaBerMe YETLIPEX ABHBIX KOHCTPYKLMI pazena
6 pesakyun V11 3aKpeisaer 06sarenscrso PO-11 — NpeAOCTaBUTH HETPUBMATbHBIC MPUMEPHI 1
BLIPOKCHH, — HO CaMo 10 cefe He 3akpisaet PO-1-PO-10, PO-12 1 He jj0KasbiBaeT usueckie MocT

Jlokasatenbctso, Kakgas W3 eTRIPEX  KOHCTPYKUMIE Peanuyer KOHKPETHYIO MOAels  yxke
COpMYMPOBAHHbIX  ABCTPAKTHBIX  NPCATIOCHUIOK:  acCOMATHBHBI  HyneBoli ~ Cayuail, AByMepHYIO
HEACCOUMATHBHYIO anreGpy, IA00AIbHOC C-pa3fencHHe M KOMMAKTHYIO obnacth ¢ €->0. Hu ogma
KOHCTpYKIA He A0GABSCT OIEPATOD H3MEPEHHS, SKCTICPUMEHTATbHYIO BhiGOpKY, matched-null, KanuGposky
CGI Wi HesapHCHMyIO perKaLio. TI03TOMY 06/1aCTh AOKA3AHHOTO PACIIMPACTCS POBHO Ha CYLIECTBORAME
TpeByeMbIX MATEMATHCCKIX TpiNEpOB. (]

Koncrpyus VL1

Uro ycranoseno

o ne caeayer

AccoumaTnBHb RyneB0
cayvaii

K=0 1 ny7esas nioxs
rpania

yHUBepCaNbHas
nonokutenbHocTs MH.2

Tioymepran
HeaccoumaTHaHas anreGpa

aBHO K20

duaiiecka peanzyenocts

TnoGanstoe c-pasenchie

A_S=cIK1 na 3apantiom
Knacce

pasenmocTs noGoi
Habmogaemoii

Komnakras Q

&0 npH HenpephIBHOCTH
orcyrcraim Hyneii

SMITHPHUECKas! 3HAUUMOCTS,

BUAOCOBCRO-poHONCHOTORIMCCKGR GCmaoNa. TTonl MeKC RpeuieCey el PAGOTbL GKTIOUEH i padu HKOMIGHUS Cpariy, a padu
2eHea02uL moNsmA UMM @UOU, L3 KaKLX MUNUMAKCHbX PO2ALMeNL GO3UKGEM npedCKaIames Il 3anpem u 20e Mamexamueckas

HEOBXOQUMOCTIS JUKIHUUBAEMCS, YCmynas Mecmo npoaepsemol 2unomede

PN2-JOURNAL-CERT-vL.1:

and-references;

source=pn2_journal_ru_v1_Ldocx;
theorem_status=minimax-under-explicit-assumptions;

inclusion=full-body-with-equations-
PO-11=closed-at-abstract-level;

physical_bridges=open; universal_physical_law=not-claimed; target Tom-I v196i14
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21.7. MonHbIii Teket MH.2 v1.1
IIpunuun Heonpeaenénnocru Kypnumesa ITH.2:
MHMHHMAaKCHasi TeopeMa Jyisi CKPBITOH CKOG0UHOH a/IbTepHATHBbI

Kypnumes Hsan Bopucosuy

‘He3asucumsii uccrepoatens, Kanunusrpag, Poccis

ivan-kurpishev@yandex.ru

ABTopcKat KypHansHas peAaLys V1.1, 15 iona 2026
AnHoTanus. PaCCMATPHBAETCH HOPMUPOBAHHOE BeLLIECTBeHHOE WIH KOMILIEKCHOR AHHEiiHO. IPOCTPaHCTBO A
¢ Gumselinoii, BooGlje T0BOpA, HeaccouMaTBHOii onepaueii ©. LA [BYX [OMYCTHMBIX DaCCTaHOBOK
ckobok b, |x,y,z|=[xO y|Oz u bylx,y,z/=x Oy ©z| npeanonaraercs, uro uctunmbii nporokon
CKPIT OT eAHOTO OLieHMBaTe/15. BROAATCH MUHHMAKCHbIE OLLHGKH BOCCTAHORICHHS CKATAPHOTi HaGofaemoit
S, momHoro pesynkTata M CTpYKTYpHOii KoopauHatei 2. JIOKa3bIBATCH NOKA/bHAS HIDKHSAA TPaHML@:
NIPOH3BECHIe OLIMGOK He MCHbLIE OAHOI UETBEPTH NPOM3BE/CHHS PACCTORHI MEAKAY ABYMS AOTIYCTHMBIMH
PE3Y/ILTATAMM 1 PA3pLIBA CTPYKTYPHOF KOOPAMHATHL LI NIOHOTO COCTOAHMA PACCTOSHHE COBNAZaeT C
Hopmoii accounatopa K(x,y,z|=(x® y|@z-x®|y O z|. Tonyuens cxansphas, nonsococtosmmii u
PABHOMEpHAs (OPMBI TCOPEMEI; OTACTEHO YKA3AHBI YCHOBHS C-DasjeneMHs W MONOXHTETLHON HIDKeii
rpanyLe: €. Ha SBHO 32HHOI ABYMEPHOIH HOPMMpOBAHHOIi HEACCOLMATHBHOI anreGpe OCTpOeHS! YeThipe
BLINHCTHMBIX. CYUas: ACCOUMATHBHBIE HY/ICBOTi CexTop, HeaccoarHeas Tpoiika ¢ Ag=0, raoGansio 1-
pasensouas HAGMIOAGEMan H KOMNAKTHAs 06MacTs ¢ Touoii Konctawoii €.=3 npu m=1. Mpuveps:
NIOKA3LIBAIOT TOWHOCTH KOXpQMUMEHTa 1/4 1 HEOGXOMMMOCTE BCEX HEBHIDOKACHHBIX NPEATIOCHUIOK.
Pesy/IbTaT HMeeT CTATYC MATEMATHUECKOH TCOPEMEI BHYTPH MOACMH CKDLITOJi CKOGOWHOFi aTepHaTHBbI;
KBaHTOBO-(DH3HIECKHE W KOCMOIOTHECKHE HHTEPNPETALIIN He YTBePKAIIOTCH,
KiioueBbie C110Ba: HEACCOUMATHBHAS &/ITeGPa; ACCOUMATOP; MUHHMAKCHAS OUCHKE; CKPBITas CTPYKTYpHAA
ANLTEPHATHBA; CTPYKTYPHAS HEONPEAC/IEHHOCTS; PABHOMEDHAS HIDKHAS TPAHHLLA.
MSC 2020: 17A01 (primary); 54E35 (secondary).
English title. Kurpishev Uncertainty Principle PN.2: A Minimax Theorem for Hidden Bracketing Alternatives.
Abstract. Let A be a normed real or complex linear space equipped with a bilinear, not necessarily associative
product ©. Two admissible bracketings, b, (x,y,z)=(x© y|© z and bg|x,y,z|=x Oy © z), are treated
as hidden structural alternatives. A single estimator, which is not allowed to use the true bracketing index, must
recover a scalar observable, the full algebraic result, and a structural coordinate. A two-point metric argument
yields a local minimax lower bound: the product of the reconstruction errors is at least one quarter of the
product of the separation of the two admissible results and the structural-coordinate gap. In the full-state
formulation the separation is exactly the norm of the associator. Scalar, full-state, c-separating, and uniform
versions are proved. Four explicit constructions are given in a two-dimensional normed nonassociative algebra
an associative zero case, a nonassociative case invisible to the norm observable, a globally 1-separating
observable, and a compact domain with the sharp constant £_=3 for m = 1. These examples establish sharpness
of the coefficient 1/4 and show why nondegeneracy assumptions cannot be omitied. The result is a
mathematical theorem within the hidden-bracketing model; no universal quantum-physical law is claimed.

Keywords: nonassociative algebra; associator; minimax estimation; hidden structural alternative; structural
uncertainty; uniform lower bound.

21.7.1. Beepetne
HeaccouuaTHRHbIE a/IreBpEI BO3HIKAIOT B AnreGpe, FeOMETPIH 1 MATEMATHYECKOH (U3KE; KIACCHNECKOE BReACHHE
® npeamer aano Ilagepont [4], @ PO OKTOHHOHOB W KOMMIOMUHOHHEIX ATTEG B COBPEMEHHON MATEMaTHKe
oficyxaaetcs, Hanpiviep, Bazsont [5]. B HaCToReli aBOTE HCCARAYETCA He KIACCHQHKALUAR KOHKDETHOF anreGpsi,
a MHQOPMALLHOHHOR CIeACTRHE CKPLITOrO BLIGOPa OAHOTE H3 ABYX AONYCTUMIX PACCTAHOBOK CKOBOK.

OcHoBHas WAes COCTONT B CieAyiowem. ECu 0AHOMY 1 TOMY e BXOAY U=|X 2| coorercrayior gBa

AonycTivix peaynstara 1 () u 1y, a uCTHHMB HHACKC L Wi R HEAOCTYTIEH OLEHUBATEIO, TO 0AHA W Ta
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e OLieHKa AO/IKH IPHGMIDKATS ABe TOuKH. HepaBeHCTRO TPeyrO/IsHHKA HEMe/IeHHO JaET MHHMMAKCHYIO
IPAHHLY, PABHYIO NI0/I0BHHE PACCTORHHS MEAAY HIMH. ECTH OAHOBDEMCHHO TPEOyeTCH BOCCTAHOBHTS
Pa3HUAKOLLYIO NPOTOKO! CTPYKTYPHYIO KOOPAHHATY, NIPOHIBEACHHE ABYX OIIMGOK NIOYHACT MHOKHTE/I:
1/4.

ABTOp HA3IBACT HTOT MATEMATHECKH| KAPKAC NPHHLIATIOM HeonpegenénxocTH Kypruesa [TH.2.
‘TepMiH (MKCHPYET NPOHCXOAJeHIE KOHLILYAH, HO He MeHSET AOKA3ATEIILHOTO CTATYCA: Te0peMa OTHOCHTCA
K ABHO OMIPEACAEHHOT MOACIH CKPHITOH CKOGOUHOT Ak TepHaTHBSL, OHa He COBMIAAAET € AHCTIEPCHOHHBIN
cootoweren Pobeprcona-LlIpéaunrepa [1, 2]  He COBNAAAET C OTHOILICHHAMH «LLlyM-BOIMYLIIeHHE
Opzapst [3]. [L CBA3H C KBAHTOROIH TeopHeli TPEGYLTCA OTACLHOE ONIEPATOPHOE NPEACTABICHIE H IPOBEPKA
Jovenos,
BK/IaJ CTaTB# COCTONT W3 UeTHIPEX uacTei

(DOPMYIMPYETCs THIIOBO KOPPEKTHAS! JBYXATSTEHATHBHAS MO 1 TPH B OLIHGOK;

JIOKA3LIBAIOTCS NOKAbHbIC CKAIAPHAS H TOIHOCOCTOHIH MUHHMAKCHBIE IDAHHLEY;

BLIBOAHTCSH PABHOMEPHAs (OPMA IPH AOKA3AHHOI KOPLMTHBHOCTH;

W

CTOTCH NOHOCTLIO BbINHCAMAR ABYMepHa eGP, Ha KOTOPOFi NOKAZAIbI BLIPOXACHHE,
PAYACIMOCTS, KOMIIAKTHAA MIO/AHTEALHA [PaHL i TONHOCTS KOHCTAHT.

21.7.2. Are6paueckas MOAEL U UHGOPMALMOHHOE OrpaHHHeHHe

21.7.2.1. Basosbie oGvexmb
Tlycrs A — HopmipoBasHoe nuseiisoe npoctpancteo waa R wm € ¢ Gumimeiinoii onepaueii
O:AXA-A.
AccoumaTusHoCTs He npeaonaraeTcs. Ja U=|X, Y , Z| onpeenim 4a cKOGOuHbIX MPOTOKOA
b,lul=lx0 y|®z,blul=x Oy Oz,

W cooTBTCTBYIOUHe peyTBTATEI
rolul=b,lul,relul=bglul.
Accoumatop paser
Klul=Klx,y,z/=[x0 y|0z-xOly ©zl=r,lul~r,lul.
Obosmauerme R + R coxpansiercs 3a aBTopCKiM MpoeKTHsiM 0GHEKTOM accoUHaTOpHOO CAOR; B HaCToALIelH CTaThe
K|x,y,z| ssasercs xouxperHofi ouenkoii accouatopa Ha Tpojike. CHMEON » He HCTIOTs3YeTCH Kak GHHapHoe
yumoxetme w we oGosauaet 3ne3ny Xopka; Gasosas onepauys sanucsisaercs kax O.
Tyers B=[b,,bg| u D: B - IR — crpyKrypHas KoopAHHATa, pasuaiomas npoToko/st. Beeatn
paspuis

2,=|D(b,|- Db,
B JOKa3aHHOH MaTemaTHueckoii Mmogenn ) ABNAETCA KOOPAMHATON mpoTokona. MHTepniperaums eé Kak
(UaICCKO PaIMEPHOCTH TPEGYeT He3aBHCHMOFi KaTHGOBKHL
Tyers S: A — R — ckanspuas HaGmosaemas, a Q C A’ — o6nacts onycTumbix Tpoek. JlokansHsle
pasphinbl pasHsl
Aglul =[Srylul[=$rylul],
Aglul =|ryful=rglu)=|[K (ul].
21.7.2.2. CKpbIMAs cmpyKMypHAs GbMePHAMUBA U OLIUGKU

Mctnnmeiii niaeke b € B cuMTaeTCs CKPBITRIM OT OLeHuBaTens. OLEHNBATEI 06SI3aH BRIAATE OAHY 1 Ty XKe mapy
|5,d), e ncnomssys b. Jins dukcuposantioro u nonoxkim
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max|[§= 8 ul]], |- 5[y lull] |

d-D(b,)),[d- Dby

epluzd| =max

/115 NOHOCOCTORHMIA OLeHKH I € A onpeemm

F~ relul]].

eylu;l=max][|F-r,lull|

IMeHHO 3aripeT MCMOML30BATH CKPHITH WHAEKC, a He OfHA /Ml HeACCOUMATHBHOCT, CO3MAET 3azauy
HeonpegendHoCTH, ECTH MCTHHHbI MPOTOKO/ MIBECTEH 3apaHce, TEOPEMa HIDKE K TAKOMY IKCTIEDHMEHTY He
npimerseTCs.

21.7.2.3. Pasjenumocms U pasHomepHocmb.

Onpegenene 2.1 (C-pasaenenne). Habmogaewas S Hasuisaetcs C-pasensioweii Ha £, ecn cyugectsyer €0
Takoe, 0

Aglulzc||Ku)| gns peexu € Q.

Onpepenenye 2.2 (pasHomepnasn ITH.2-06nacts). Mycts m:Q - [0,00|. OBnacts Q asbibaetcs pasHOMepHOi
TTH.2-06acTsio oTHociTensHo m, ecai A >0  cymectayer £ >0, s Kotoporo
[|K(u))= € mlul gns Beexu e Q.

MHHHMaTLHBIE MPEATIOCHUIKH OCHOBHOI TeOPeMBI TAKOBHI: OMepaiyis GimiHeiiia 1 00a CKOGOWHBIX pesynbTaTa
ONpejieneHsy; AONYCTHMBI fBE CKDBITHIC QISTEDHATMBLI, OAHA M TA K OUEHKA WCTOMb3YeTCA AT obenx
ansrepuarins; Ap >0 TpeByeTcs /1% NOMOXHTENLHOH CTPYKTYPHOIE rpaiLbl, CKATAPHAS: MONOKHTEsHaA TaHILA
nononumTensHo tpebyer Ag|u|>0 ui c-pasaenenua. PaBHOMepHas KOHCTaHTa TPEGYeT NONOKHTeNbHOM HIKiiei,
ane nepeit, rpasn accopaTopa.

21.7.3. lByXTO4E€YHAA MUHUMAKCHAA NeMMa
Tlewwa 3.1. [lnn moGbix Touex @, b, q Metpusieckoro npoctpanctsa | X , d| seimommserca
max[d\q,m,d‘q,b\}a%d\a,b].
Jlokasamenscmeo. 13 HepaBercTsa TpeyronsHIKa
dla,bl=dla,q)+d|q,bl<2max|d(q,al,dlq,b])

creayer TpeGyenoe.

TleNivia SBISTCS ACTEPMMHHPOBAHHOI ABYXTOUCUHOI MMHHMAKCHOTE OLieHKO. B OTHsMe 0T
CTATHCTNECKIX ABYXTOURUHbIX METOZ0B (7], 3ech He BROAFTCA BEPOSTHOCTH, PACTIpEACTIEHHS WIH PHCK 110
BBIGOPKE: HEOMPCACTEHHOCTS LEAHKOM 33ETCA CKDBITBIM CTPYKTYPHEIM HHACKCOM.

21.7.4. OcHoBHas Teopema INMH.2
Teopema 4.1 (T0KkansHas MunnMakcnast TTH.2 Kypmuuena). TTycTs BLINO/HeHb! npeanockuiki pasaena 2, Torga
s Kkakoro U € Q u moGoii napst ouenok (§,d |, He nenonsaysoweit ckpurrsiii muec b,

co AL
egluleplu;d]z Alul 4p. onz2s)
Jnst moBoii moHOCOCTOR KM oK F € A BeIMOMHsIeTCS

eglu;ileylu;d|

%u:«mm (eN2R)

Ecnm S sensercs C-pasgensiowmeii Ha £, To

esm;;\gum;abf\lmmmn. (PN2K)

Jloxasamenscmeo. Tpumensis newmy 3.1 Ha peujectsenwoii mpamoii k aeym swavennam S(ry[ul) u S(rglull
nonyuaem
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sl
eglu;§2=Aglul.
2
Ta e newwa gt wncen D (b, u D by paer
Al
en\u;d\zEAD.

Tepemnoxente gokasuisaet (PN.2-S). B merpuueckom npoctpancrse A, ||| nemva gaer

Lk (ul.

s Ll (= rfa)
eR\u;reE”r,_\u‘—rR‘uU:

2

ComMecTHo ¢ rpariijeii s €5, 310 fokasbisaet (PN.2-R). Togcranoska Ag|u)2c||K (u)) s (PN.2-5) gaér (PN.2-
K.0

CraTyc TeOpeMBI: JOKa3aHHBI MaTeMATHUCCKHT] De3Y/ISTAT BHYTpH SBHO 33AQHHOT MOZEIH CKPHITOI
CKOBOUHOT anbTepHaTHESL. ABTOpCKas aTpHOYLs KoHueruti TTH.2: . B. Kyprmwes, Kanunusrpag, 2026.

21.7.5. PaBHOMepHas HOPMa U KONMYECTBEHHBIE YCIOBUA
Crecraie 5.1 (ycnopuas pasovepwas TTH.2). Eciu Q sunsercs passovepsoii [TH.2-007aCTsio 0THOCHT IHO
m 1o
£,

eqlustleplu;d)e =22 mlul,u e Q.
Ecum S c-pazgenset accouuatop, 1o
ce Ay

eyluisleplu;d zgmiul k=

21.7.5.1. HUXKHAS U BEPXHAS KOHCMAHMbl
Bemuina

_ o kixy,z)
7 0 Ty Mzl

AET TONLKO BEPXHION OLEHKY

I x,y,z)<ellxlllylllz.

TIOOAHTEnbHAR HINKIAA OLEHKS C TeM e €, JIOTHHECKH e CleAyer. /L DasHOMEpHOi Teopewsi Hyiia
orparieas o6nacTs 1 pemHuHA
K ful)
eoming Kl g,
wea miu|

OBnacts, copepaaan Touxy K =0, He A0nyCKaeT HONOKHTEALHOI €. NPH MOAOKHTENLHOM M.

21.7.5.2. lo4eMy HOPMa pe3y/1Lmama Moxem He pasau4ams cKoGKu
OBparHoe HepaBeHCTBO TpeyronsHMKa AaéT i

lIre] =)}

K.

Hikweli OUEHKH OTCIO4a HeT. B UACTHOCTH, MyTBTHIUWKATHBHOCTH HOPMBI B OKTOHHOHAX MOXKET A3BaTh
[l y)2)=|x{ y 2| npu uenynerom acconmatope [51. Tostomy cxanspran nepcis Aomksa ucnons30saTs 3aparice

AOKazaHHYI0 Pa3AeIOlLI0 HaBMOAARMYIO, TOrAA KaK MOHOCOCTOAHMIA Bepist HerocpeacTaenHo auaut || K |

21.7.5.3. KameropuansHas orosopka
Vrmepageniie 06 OTCYTCTBHM eCTECTBCHHOTO MPROGPAIOBAHMS MOXAY ABYMS HE ONPEACTCHHMMH SBHO
(yHKTOpaMH He PaBHOCWILHO 3ANPETy COBMECTHOTO BOCCTaHOBMeHMs. [UIsi KaTeropuamsHoro awanora ITH.2
HROGXOAMO 33dT KATeropik, (YHKTOPH, MOPQMIMEI 1 TOUHbii OGBEKT NO-§0 — HANPHMEP, OTCYTCTEME
CoBMeCTHOli ecTecTaenHOl Cextyi. OOILA TEPMHHOTIOT S TeOPHH KATeropuii Henoms3yercs B cubicre [6].
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21.7.6. flBHbIE NPUMEPbI, BLIPOK/ACHUA U TOYHOCTL
Bo Bcex npHMepax nooxuM

/ 1 o1
Dlb,j=-3,Dlbi)=3

2Ap=

Ormvansrian cinaverprsas overika d =0 gaét €, =1/2. Tepecrarionka maswarii by , by werrer swax D, 1o

coxpanier A, 1 Bee rpaniigi. Ta KOOAMHATA SBAFETCA NPOTOKOMHON, @ He (M3HYECKO.

21.7.6.1. AccoyuamusHbili Hynesol cayyai
Tyers A=R, x© y=xy, ||[x)=[x)nu=(1,2,3]. Torsa
r,=(1-2)-3=6,r,=1+(2-3|=

=61 d=0 mmeen

T Sle|=|t],

A=0,e5=0,e,=0,e,

O rpasHL1 PaBHb HY7HO # AOCTHTAIOTCA, IT0 KOHTPIpHMEp K M0G0/i Ge3yCAOBHON NOROXJITELHON KOHCTaNTE
Ha 061acTH, CojiepKalieii ACCOLHATHBHYIO TOUKY, HO He K Teopenie 4.1,

21.7.6.2. BenomoramenHas ASyMepHas HeaccouuamusHas anrebpa
1,0), €,=10, 1] u rabmaeii
e,0e,=e;,e,0e,=¢,,0,0e,=-¢,,0,0 ;=

Tycrs A,=R” ¢ Gasicom €,

DKBMBA/ICHTHO,
la,BlOly,8/=10,ay+By-asl.

Onepauys GumHeiina 1 3aMKHyTa. Baesém HOpmy
[llee, Bl1=24!

an-(i ‘1)mw M1,]1M, = 73, nosrony

0

Ix© yl=2|la,pIMly,6|<2V3Va"+ By + 5

Tockomky 2y/3<4, panee
2V3Va Ay s s+ iy 6

Taxin 0Gpasom, A, — KOHCUHOMEPHAS NOTHAS HOPMMPOBAHHAS HEYHWTATbHAS aireGpa C HEMDEPHIBHIN
yuHokermey. TIpi HeOBXOIMMOCTH MOXHO BHTOTHITS CTAHZAPTHYIO YHHTATHIAUMIO, He HIMEHAA BbIMHCACHITE
accoupatopa wa wacane

Jnau=|e, e, e, nonyuaem

ri=eyre=-ey,K=2e, [|K|=

Ecm S[v 0, d=0 neent

|v], 0 S[r,|=S[rg|=2 1 As=0.11pu §

es=0,e,=2,¢p

CKanApHast {PAHHLA BIPOKACTCS, HO

1
4Hl«AD.

exep

CllefoBaTe/IbHO, HOpMa Pe3yIbTaTa He G3aHA PAIHNATE HEACCOLUATHHBIE HCXOb, TOTA KaK MOTHOCOCTORHHIE
IPaHHLA OCTAETCA TOWHOIL

21.7.6.3. TnoGansHoe c-pasgeneue
Ha A, onpegenm
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s mobrix X, Y ,Z € A, accounarop umeer sug K =k e,. Tostomy
Ag=[sIK I =2[k|=]K ).

Slae,+Be,

Ha6mogaemas rno6ansho C-pazaensier K wa A} ¢ Touroii koncranoii €= 1.
Hnau=|e ,2e,,3e,| umeem

ri=6e,,ry=-6e,K=12¢, |K|=24,

aS(r,|=12, 8[rg)=-12 u Ag=24. Mugnoiisr-onern §=d=0, =0 pator

1

e=12,6,=12,¢p=7,

1

esep=ene,=6=5[K)ap.

4

CrepoBatensHo, yHsepcansibiit kospduyent 1/4 B Teopeve 4.1 ynyauTs Hem3s.

21.7.6.4. KomnakmHas o61acmb ¢ NoA0XKUMeNbHOU €.
fiyen x=(a,bl, y=(p,ql. 2=[r,s/n

Q=lla,bl,(p,ql,lr,s|):a,p,r €[1,2],b,q,5 €

310 KomnakTHEI napanenenmne B R® ¢ HenycToii BHyTpeRHOCTLIO. TIPAMOE BHINHCTCHHE 4a6T
x@y  =0,pla+b|-aql,
[xOyl©z =(0,r[pla+bl-aql|,
y©z  =(0,preqr-ps),
xOlyoz| =[0,-alpr+qr-psl|,
omkyaa
Klx,y,z1=(0,p[[2a+bIr -as||.

TapaveTp q cokpawaeTcs ToxaecTBerHO, 010K
gla,b,r,s/=12a+blr-as=al2r-s|+br.

Ha  (yriuus g Bo3pactaet no @ w b, yGuisaer no s; nocae noacranopki a=1,b=—1/4, s=1/4 noayuaem

oL
g=grmgy
uro Bospactaer no r. Toatomy
ming=3
1
npu r=1. Tlockonsky p 1, Tounas HIKHss rpans pasia
inf |K|ul|=2 inf pg=3.
ied sea
Ansmlu UMeeM TOUHYIO KOHCTaHTY
=3>0.
Ecan awecro sroro saams m, [u]=[}x/[y 2], 70
= -
ey 1)< 262, m, )< 88562,

1 CepTUMLIPOBaHA, XOTA He JAABAAETCA KaK OMTHMATHAA, TPAHILEA
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Tounas £_ AocTuraercs Ha Tpoiike

w=le-Le,e et te
=le-geenetye
3gecs
3 3 [
riul=2 e, uj=- 2, Klu. 3.

Jns pasaensoueit Habmogaemoii S nonyuaem S(r|=3/2, S(rp|==3/2, A;=3. Mpu uynessix mugnoiinT-
ouenKax
3 eomt esen=erep=2.
0=78se=erep=

‘Tem Cambin PaBHOMEpHBIE CKATAPHAS:  TTOTHOCOCTORH FPaHHLIb! AOCTHTAIOTCA TOUHO.

21.7.7. CReCTBUS U TPaHMLLBI NIPUMEHUMOCTH
113 TeOpeMBI 1 IPHMEPOR CMIeAYIOT yTBEPAKICHHS:

1. ecnn K|u]#0 u Ap>0, eAuHblii MOTHOCOCTOSHMI OLEHHBATE: He MOKET HMET OHOBPRMEHHO
€=0me,=0;

2. B accoumaTupHOM npesene K - 0 AOKa3aHHas raHMLA HENPepHIBHO BLIPOKAAETCH;

3. NOMOXHTeNbHaN YHMBEDCATHHAS K HEBOIMOKHA Ha 00NACTH, CoepKauiei Touky K =0, npu
nonoxuTenBHOM MacuTaGe m;

4. opHa pHKCHpOBaHA CKANAPHA HAGTIOAAEMAs MOKET He OBHADYKHBATS HeHy/IEBOli ACCOLMATO, HO
Paspe IOLIas CeMbst AMHETiNBIX (YHKIHOHA/IOB B KOHEUHOMEDHOM NPOCTPAHCTEE OGHAPYKHBaET
moGoii HenyeBoii BekTop;

5. Teopema s/seTCH 33aueli PA3THUEHHA ABYX CKPHITBIX CTPYKTYPHBIX 1bTEDHATH W He SBIATCA
ABTOMATHYCCKI KBAHTORO HEOTIPEACNEHHOCTEIO HEKOMMYTHPYIOLLJX ONIEATOPOB.

Teopema He IPHMEHSETCA Ha ACCOLMATHBHOM CeKTOPE AT MOy ueHHA NONOKHTeNbHOi rpakmist, mpu Ap =0, npu
Hepayienmouieii S B cKanapHoii BepCHM W K TPOTOKOAY, KOTOPOMy 3apaee coobué HCTHHHBIE uHAeKe b.
OBkiunas pasmepHOCTh dim A He 3aBHCHT OT CKOGOK M cama N0 cefe He MOXeT MrpaTh porb D). OfuHakoBa Ans
b, ,by u makcumanehas rnyGuna TPEXIMCTHOTO GMHapHOrO Aepesa; mostomy ) JOMmKHA 3aABATECA MHOI
ACHCTBHTeLHO pas/Mualoweli CTpYKTYpOii.

CTOpHueCKYI0 3NHCh BAA

A|R|ADim(R 2[R}

MOKHO HCTIONB30BATS TOTHKO MG/ JOKA3ATE/LCTBA eTpéx MocTon: cooaercrana A| R| oawoii n3 oumbox

i B " 5
€5, €y; coorercrais A Dim oGk €p; uiGopa wacurraba m=||R |’ 1 cymectosanis nonoxuTensHoii nivxeii

KOHCTaHTH1 £

21.7.8. OTKpbITble AOKa3aTeNbHbIe 06A3ATENbCTBA U dUIMMECKHiA CTATYC

JLnst nonmoii aBTopekoii Teopui R * R 0cTaloTes Ceayonyie 06A3aTesCTa,
PO-1. 3a4aTh HOCHTEIIb, 1107, Ga3HC, YMHOKEHHE IWIH CTPYKTYPHIC KOHCTAHTSI, CAMHHLY, HHEOMIOLMIO,
HOpMY W 061ACTh ONpeACIIeHIA ABTOPCKOT anreGpL.

. TIpOBepHTS GITHHEIIHOCTS, 3AMKHYTOCTS, HOTIPEPHIBHOCTS, HY/ICBbIC ACAHTE/IH H CYLIECTBOBAHME
HCTIO/E3YeMBIX OMIEPaTOPO.

. BLIUHCHTS HeHYIeBbIE ACCOLMATOPB! 1 KAACCHHMPORATS ACCOLHATHBHIC H HEACCOLATHBHBIE
cextopa.
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PO-

. Onpegenis D ¢ Ap>0, qoxasars eé HHBAPHAHTHOCT: W HiTEpRpETaLyo.

PO-5. BHIGPATS (H3HueCKI MHTETPETHPYEMYIO S 1 AOKAIaTh C-pa3iereHe HGO HCTIONLIORATS
nonHOCOCTORMHI BapHaKT.

PO-

. TIOCTPOMTE HIMEDHTE/IbHYIO MOACITh CKHITOCTH b 1 ONIepaLMOHANHIMpOBAT OLLIMGKH.
PO-7. [L1s awTOpeKoii anreGphi BLIGpaT, £ W AOKAIATS NONOKHTELHYIO €.
PO-

. [poseputs (usnueckue pasmeptoctn S, D, K, m k.
PO-9. TIOCTPOHTE CTPOTYIO KATETOpHATISHYIO BECHIO C TOUHBIM 00BEKTOM N0-g0.

PO-10. st cosian ¢ TTH.1 304aTh NpeACTABTeHHE B IWLGEPTOBOM NPOCTPAHCTEE, CAMOCONPAXEHHEI
OnIepaTOpI  HX JOMeHb.

PO-11. TIpivephi H KOHTPIIPHMES: 3AKPLITO B HACTOSIEH CTATHE UCTEIPEMS! KOHCTPYKIIHAMH Payena 6 Ha
ypostie aGcrpakTHoro nakera ITH.2.

PO-12. Ony6MKOBATE BOCTPOH3BOAHMBIi CePTHHKAT CTPYKTYPHBIX KOHCTaHT, Ko i TecTst st K, Ap K.

Hitke mepeunciiens! (UIHUECKHe YTBEPAK/IEHHA, KOTOpbe He CAeAYIOT W3 Teopembi 4.1 W COXpaHSIOT CTaTyc
npoBepsieMbix rHNOTes: u3Mueckas ontonorus R+ R Kak anreGpei spemeny; pynaamentansHocts 1H.2 no
omHowenmio K TTH.1; suos TTH.1 w3 [TH.2; kanuBposka macurraba ||K |~ #; niayunposassiuii onepatopubii
KOMMYTATOp; CeMMKOMNIOHHTHasi CTPYKTYpa BpeMeHM; (u3uueckas peamnsayps ®OC M mogenn Bpemsi*
TIPOCTPAHCTEO; ONepaTop Xofa BPEMEH; MOHOTOHHOCTH CTPYKTYPHOIH COKHOCTH; KOBADHAHTHAS AMHAMMKA
accoumaTopa; cuenapii panteil BceneHHoM; OKATHIAUMS ACCOLMATOPA B MATEDHH; KOHEUHOCT CTPYKTYPHOI
seTsi HaGmiogatens; nonpaski K OTO, CHHIYASPHOCTAM M TéMHOMY ceKTopy. Kafoe us 9THX yTeepkaeniii
TPEBYeT OnepaIHOHATbHEIX HAGMIOAIENEIX, AWML, HYeBOI MOZeMH, 3apaiee 3AAGHHOTO KDHTEPHS, OLCHKH
HEONPEATIEHHOCTH, OTKPHITHIX AQHHBIX W1 KOJA H HEIABHCHMOTO BOCTIPOHIBOACHHS.

21.7.9. OTHOLIEHME K KBAHTOBOI HEONpeAENEHHOCTH
JUns cavoconpébix onepatopos A , B i fonycrimoro cocTosi i cooTHowerre PoSeprcora iveer mig

a,0,23lwa.B1w)),

npH BLNOTHerMM AOMeHHLIX yen0Biii [1]. OO OTHOCHTCS K AMCTIEpCHAM KBaTOBBIX HaGioAaewsix. Teopewa 4.1
OTHOCHTCA K HaHXYAWMM OWIMGKAM OfHOFi OLCHKH MDH ABYX CKPBITBIX CKOGOUHBIX anbTepHaTiBax. OGN
SBAACTCS MOTHS HIDKHCT] TPAHHLIEL HO MATEMATHYECKHE O0HEKTbY 1 THIT OUIHGOK PA3THHSL

Tosromy sanmcs «[TH.2=TTH. 1» B HaCTORICH PEAAKLMH HMCET CTATYC HCCAQA0BATeALCKOT THIIOTE3bL.
JIns e 0K3QTENLCTBA HEOGXOAMMO TIOCTPOUTS NIPEACTAB/CHHE  ANFeGps! B THGEPTOBOM NPOCTpaHCTBE,
Onpese/MTE II0THO 3a/4atHble CamocOnpKEHILIe oepatopst X , P, npoBepHTs 061aCTH NpoU3BeACHHIi 1
KOMMYTATOpa H TOIBKO 34TeM CPABHHBATS NO7yNeHHYIO rpaniLy ¢ 1,

21.7.10. 3akniouenue
JloKkasana TOWHAA ABYXTONeUHaR MMHMMAKCHOA TODEMA /UIA CKDHITOTO BHIGOpA PACCTAHOBKH CKOGOK &
HOPMHpOBaHHOIi HeaccoumaTHBHOI anreGpe. EE nomHOCOCTORHMI (JOPMA CBA3LIBACT NPOM3BE/ICHHE OIMGOK C
HOPMOH CCOWHATOPA 1 PA3PHIEOM CTPYKTYPHOI KOOPAHHAT CKaispHas (opwa TpebyeT Habiojaemoil,
pasnuaioueli ABa pe3y/ITaTa. PaBHOMEPHAS! KOHCTAHTA BOSHMKACT TOMBKO NIOC/E AOKAIATE/CTEA IONOKHTENLHOI
HuDKHei FpaHI aCCOLMATOpA Ha SBHO 3AHKOI ofacTH.

TIO/HOCTEIO BLMMCIIHMAs anreGpa A, NOKAILIBAET 0AHOBPEMEHHO UETLIPE JIOTHICCKH PATHUHEIX

PEXKUM: HY/IBOI ACCOLMATUBHBII NIPE/ieN, HeBUAUMOCTE ACCOLMATOPA VIS HOPMBI PE3YIbTATa, TOUHOE C-
Pa3AC/ICHHE U NIOIOKHTETLHYHO KOMIAKTHYIO KOJPLMTHEHOCTS, BCE HOBBIpOXICHHIE TPaHHLLI AOCTHAIOTCS,
1103TOMy KoadpuueHT 1/ 4 ABIAETCS OTHMAEHBIM B KAACCE CHOPMYTHPOBAHHBIX ABYXTOUEUHBIX MOACACI.

Martemariuecksii pe3y/IsTaT 3aBepLéH Ha yposHe Teopemsi 4.1 u npuvepo PO-11. Tocrpoerie
KOHKDETHOI aBTOPCKOI areGpit R + R, e6 13MepHTe/sHas OriepaLiOHA ML 1 QHIMICCKIE CTCACTBHS
OCTaIOTCA OTACLHOIE NPOTPAMMOI  HE MO AMEHSIOTCH AOKA3AHHOT MUHHMAKCHOT TeopeMoi.
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21.7.A. [loKasaTenbHble CTaTyCh 1 IPOMCKOKACHUE PeAAKLMN

B CTaThe HCTOMB3YIOTCH CTeAYIOUE CTATYCH: OMpedenentie BROAUT ODBEKT; MOJCTHA GKCUOMA 3aqaéT Knace
MOZeneli; MeOpeMa CTeAYeT 13 TIEPEVHCIEHHIX MPEATIOCHUION; YCI0GHOE Credcmaue TPEBYeT AOTOTHHTeNsHOI
IHNOTIbI; MAMeMAMUUECKAs ZUNOMe3q TPeGYeT AOKIITENBCTEA WM KOHTPIpHMEPa; QUIUMeCKas eunomeaa
TPEBYeT OMepALIHOHATHIALHI H HE3ABHCHMOTO KCTIEPHMEHTa.

Kanonmueckas peAakiyst v1.0 Ghinia COLIACOBANA 110 OO aBTOPCKOF BepCui
«Kurpishev_PN2_author_article_ru_v0.2» ot 8 mapra 2026 r., eé apxisomy Ay6mary, PDE-komsi i
noraumontomy PATCH README. TeKCToBbie AYGIHKATH He COACPKaIH CMBICIOBOrO KORQIHKTa;
PasIMuATICE BEPCTKA H TeXHMueCKHE riepeHocki. Pesaxums V1.1 BKniouaer sakpuitie PO-11, XypHanbhyio
nIepecTpOiKy H THIONPQCKyIo HOPMATHIALMIO Ge3 TTOBLILIEHHS AOKA3ATENLHOTO CTATYCA.

Kowtporis nora

+ R+ R— apropckii 06eKT accouuatopHoro cios;

© Klx, y,z| — shiuncrennbiit accoysaop KORKpeTHii TPOiikit;

+ O — Gasosas Guapas onepaLys;

% e ABAACTCA GHHADHLIM YMHOXCHICM H HE ABACTCA 38e310H XOmka;

+ D — crpyKrypHas KOOPAHATA TOILKO MOC/IE ABHOTO OMIpe/e/IeHHs

* uaMueCKas MHTEPIPETaLM: He BHIBOAHTCS W3 OAHON HOTALL.

21.7.B. Nly6AMKauMOHHas GOPMYNa U KOHTPOIb LIENOCTHOCTH
Kparxas fokasansas dopmyniposka:

JL1% ABYX CKPBITHIX AOTYCTHMbIX PACCTAHOBOK CKOGOK & HOPMHPOBAHHOTE HeaccoLaTHEHOF anreGpe BaeAeHb

OUIMBKH eUHOTO OLEHHBATEN Pe3yILTATa 1t CTPYKTYPHOI KoOpAHHATL. [I0Ka3aHo, UTo MpOMsBe/etHe OuHGOK

He MeHbile OZHOH \ETBCDTH NPOMIBCSCHNS HOPMB ACCOWMATOPA Ha PADbiB CTPYKTYDHOH KOODAMHATHL

VHHBEPCATbHaA TIONOAHTENbHAS KOHCTAHTA CYIECTRYET /il Ha 06/aCTH C 10KA3AHHOI PABHOMEPHOI HiDKHEli

rpanmueit accouatopa.

Kparxan asTopckas arpuGyuus: « Tpmsn neonpesenénocty ITH.2 Kypriuiesa (Kypmwes 1. B., Kaninrpaz,
2026).

710 BBITOMHEHHS OTKPLITHIX OGA3ATE/ILCTS HEAONYCTHMA (OPMYIA «40K3AH HOBBITE YHUBEPCANbHbITE
pusmueckuii npusyn, Gonee cutbHbi, uem npinuyn Teiisentepray. Koppexrhas Gopmyna cratyc:
«TIpeIOIKEHA MATEMATHIECKS MOJIe s CTPYKTYHOTi HEONIDEANEHHOCTI; AOKA3aHa MHHHMAKCHAs Te0peMa
BHYTPH MOAEIIM; (GHIMUECKIE MOCTE! CHOPMYIHPOBAHbI KAK IPOBEPAEMEIC THIIOTE3bD.

KOHTpOIIh HeAOCTHOCTH HTOF 0RO/ peAaKiyii:

* aBTOpCKs CBA3KA «HEACCOLMATHBHOCTL — CTPYKTYPHAs B/IOXKCHHOCTS — OFPaHWUEHHE eAHOTO
'BOCCTAHOBACHHSI COXpaHeHa;

« MCTOpitecKie (OPMYILI IIPOMAPKIPOBAHB! KAK YCAOBHI
+ MATeMATHUECKas TEODEMa OTAC/IEHA OT (M3NECKON HHTEpNpETaL;
+ uertipe uacty PO-11 BBIUHCICHBI TOMHOCTBO;

© HM OZHO yTBEpAUICHHE (HIMUECKOTO PECTPa HE NOBLILICHO Ge3 HEABHCHMOI TPOBEpKL.

21.7.C. [loCTYNHOCTb AaHHbIX
Bretve HaGOPI AGHHBIX He HCTO/308aHCh, BCe arepaiieckite KOHCTPYKIM 1 BHIMHCAEHIA, HEOOXOMMMLIE
A1 TIPOBEPKI TEOPEML H TIPHMEPOR, IPHBE/AGHS B TeKCTe.

21.7.D. Cnucok auTepatype!

[1] Robertson H. P. The Uncertainty Principle. Physical Review. 1929;34:163-164. doi:10.1103/PhysRev.34.163,

[21 Schrodinger E. Zum Heisenbergschen Unschirfeprinzip. Sitzungsberichte der Preussischen Akademie der Wissenschaften,
‘Physikalisch-mathematische Klasse. 1930:296-303.

[3] Ozawa M. Universally valid reformulation of the Heisenberg uncertainty principle on noise and disturbance in measurement
‘Physical Review A. 2003:67:042105. doi:10.1103/PhysRevA.67.042105.
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[4] Schafer R. D. An Introduction to Nonassociative Algebras. New York: Academic Press; 1966.

[5] Baez J. C. The Octonions. Bulletin of the American Mathematical Society. 2002;39:145-205. doi:10.1090/50273-0979-
01-00934-X; arXiv:math/0105155.

(61 Mac Lane S. Categories for the Working Mathematician. 2nd ed. New York: Springer; 1998, doi:10.1007/978-1-4757-
4721-8.

(7] Le Cam L. Asymptotic Methods in Statistical Decision Theory. New York: Springer; 1986. doi:10.1007/978-1-4612-
4946-

[8] Kypriues M. 5. ABTOpCKas opMyMpoBKa npisiyna HeonpesieniésocTs Kypnvuiesa (ITH.2). PaGouast crarbs v0.2;
KaHOHMuecKili TeopexHbii naKer v1.0; KypHanbHas pegaus v1.1. Kanusnrrpag; 2026,

Kowpons Kmouenms PN2-FULL-INCLUDE: nepeseceno 1eMeHTOB Te/ia f0KyMeHTa — 273; (opuysist
OMML 1 BHewse GHOMHOrPAQMUCCKHE CCHUIKH COXDAHEHSI; CCKIWOHHMIE KONOHTHTYbI HCTOUHMKA HE
AyGAMpOBaHEL.

Inaga 22. IH.2 Kak orpaHuyYuTeNb U ABUraTENb
npepckasarenbHoro Mmetoga KLT-RBD

TOHSATHOE OB ACHEHUE
CMbicn. [1asa npespauiaer MH.2 8 Npagy/Io aGOTe € NPOTHO3aMM: NoKa:
BONYCTMMOCTH, CKPBITSIE BETN  LieHy CTPYKTYPHOIi HEONpeAeNEHHOCTH,
Marewmaruueckoe Apo. Onpe ensioTca seTsesoit Reper, PN.2-CepTnoukar, npeAckasarensHsiii KOpUAOP  nropHTH
KLT-RBD ¢ 0MeHHO# NpoBepKoi.

TPaHMLIa YTBEPKAEHMA. CepTHUKET OMCLIBAET KAYECTBO i OTPAHMYEHHA NIPOTHO3A, HO He FapaHTUPYeT PABMLHOCTL
‘GYAYLIETO COBLITA Ge3 AaHHLIX 1 He3aBHCUMON BaNMALMN.

Cranye: seiucaumensHsil npomoKkon

BT He TONLKO OTBT, HO 1 KOPHAOP

TTpeACKa3TebHbi METOA TIPOCKTA He J0/IXeH BLIGHPATS KPACHBYIO BETB 3a kM unciom. TTH.2
NIPEBPALLACT TY PEAAKIHOHHYIO AOGPOETEIMh B MATOMATHUCCKO TIPABHIO: CC/H HECKO/BKO AOTYCTHMBIX
CTPYKTYDHIX BeTBCii COBMECTHMBI C HAOMIOZIOMBINM JQHHBIMH, & CKDBITAS BETBh HE 3a(DUKCHPOBaHA
MCTOMHHKOM D, TO eMHbIit NPOIHO3 OBA32H HECTH IONOKHTEIIHYIO HEONPEACTEHHOCTS HIH NOKA3LIBATS.
MHOKECTBO BeTaeii.

22.1. BeTBeBoii Reper

Rep_b(n)=(R_b,Lb,U kD b),  beB(u)

Jins Kax o/ AonycTivoli BeTaM CTpOWTCs cobcraeniii Reper. Kommorent R_b pukcupyer nonysertioe
cocroue; I_b - whapas win 3akoi beraw; U_b - 40nyCTimoe noie npoA0/Keri; D_b - HTousik
AOCTATOuHOE OCHOBaHHe. CAMSHIE BETBeli PA3PELIAeTCH TOMEKO MOP(H3MOM, Coxparsiow Dom, D i
AoKastenshbii cratyc.

22.2. PN.2-cepTudmkar
Cert PN2(u

source_hash, Dom, B, K, A D, S, ©, « -, proof status)

CepTUdKAT ABIAETCH MALIMHHO MPOBEPARMOIi KapTOUKO RBD. B HéM 3arIpeLieno 0CTaBIATh CKpBITHIMI
BLIGOP BeTBel, CTPYKTYPHYIO KOOPAUHATY, 06ACT Q 1 IPABIIO BLIMMCCHHS OLIHGKH, ECM XOTS! Gbl 0440
nose oteyTeTayer, cuctema coyaét blocker,  He NOBBILACT CTATYC pe3yLTaTa,

22.3. MpepcKasaTenbHbii KOPUAOP

Forecast PN2(u)={Rep_b"future : beB_adm(u), D_b complete, Dom b valid}

BMECTO AMHCTREHHOTO IpEACKA3AHHS! CTPONTCS KOPHIOP AONYCTHMBIX GyAyuynX Reper-coctossuit. Ero
LUUPHHA OTPEAEIACTCA HE TOMILKO CTATHCTHUECKIM LLYMOM, HO H HOPA3PELLIEHHOI CTPYKTYpHOI

ansteparugoii. TTH.2 3anpeLjaeT HCKYCCTBEHHO CYXQTh 3TOT KOPHAOP, 110K BETAL He WACHTHQHLMpORAHA
HE3ABMCHMBIM KaHATOM,

Kypues Haas Sopucosi - Kansnirpas - 2026




image106.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

22.4. Cessb c A u D/Dom

TapMoHHUeCKoe 3HaueHHe A-1 BHYTPH OAHOIi BOTBH HE YCTPAHFET HEONPEACIIEHHOCTS MEKAY BETBAMM.
TI09TOMY BbIUHCAHTE IsHB I TIOPAAOK AO/KeH GhITh TAKIM: CHavana (PMKCHPYETCA HAGOP AOTIYCTHMBIX BeTBeil
1 PN.2-CepTHdKaT, 3Tem /15 Kax0ii BeTBH 0TACLHO BhruCHsioTCa A, &_truth, matched-null i blind-
nokasarenu. Kpacusoe A 04Holi BeTBH He paspetuiaer CKpLITHi BIG0p Mexay b_L i b_R.

status(C)=verified only if D/Dom complete A PN2 branch resolved A CGI*<1 A null /blind /repro
gates pass

22.5. Anroputm KLT-RBD c MH.2

1. Mseneus PIX u nocrponts, PEAKS-cocromus.

2. ChopMHPOBATS MO/HbIE 3apaHee 3aperHCTPUPOBANHBIi HaGO BeTseii B(u).

3. [l Kaoii BeTsM noctpouts Rep_b(R,L,U;D) 1 nposeputs Dom.

4. BuuncauTs K win MexseTsesoe paccrosnie, a takxe A_D.

5. Buinycruts PN.2-CepTHMKAT W HIDKHIO TPAHULLY OLIHGKH.

6. Bunonnus A-ayut, matched-null, blind prediction  BHeLHee BOCTIPOH3BE/CHHE OTACLHO 11O BETBAM.
7. ECM BeTsb He paspeiena, BepHyTs KOpWAOP NPOFHO30B  cratyc branch_unresolved.

8. TIoBLIATE CTATYC TOMILKO MOC/IE HE3ABUCHMOTO MOP(HMIMA WIH HAGIO/CHU, HACHTHHLMpYIOLLIEro

serse.
22.6. lonycTMMOE MHOXXECTBO 1 NPUHLMM BO3AEPXKaHUs

T1ycrs U(X) — KOHEUHOR MHOKECTBO KAHAWIATOR 7 BXOZHORO NaKeTa x. JI0nyCTHMBIN MPeACKAZATe ToHbIN
MHOKCCTBOM Ha3biBACTCSH

P(x)={ueU(x): Dom(x,u)=1, D(x.0)#0, proof(u)=1, null(u)=

L CGIw)<1}.

Ha P(x) MoxeT 3aaBarscs AoKyMeHTHpOBaHHas OterKa S(ulx), 0GbeAmsIOan A-AedekT, Kavecrso D,
yeroitunsocrs oTHocwTenso matched-null w urrpagy CGI. Beca W HOPMHPOBKH SBASIOTCS HACTEIO AOMEHHOTO
TIPOTOKO/A H He MeEHOCATCH ABTOMATHUCCKH MEAAY MATEMATHKOH, GuaKoli, Xumiei 1 Gronorueii

‘Teopema 22.1. KoppexHoe cymectnosanme nbi6opa
Ecau P(x) — Henycroe Koseunoe MHOXecTso  S:P(x) ~ R, To cyliecrayer xots G opu maximizer u* €argmax
S(uly). Ecnm P(x)=, Koppexmibii pesynsTat anroputiia — ABSTAIN, a He npecKasasie ¢ MOHHKeHH
noporow.

JlokasatenscTao, BeuieCTae Hast (yHKLIHS Ha HOTYCTOM KOHEUHOM MHOXeCTBe AOCTHraeT MaKcimywa. Tlpu
nyCTOM P(x) 0GHeKT MAKCHMH3LMH OTCYTCTBYET; Bbi/lata KaHWAITa 03Ha4aNa Gkl BIGOP BHE YCTaHOB/IEHHOTO
Jomena gonycTumocTH. 01

22.7. KMA-¢nar Kak NOUCKOBas MeTKa, a He J0Ka3aTeNbCTBO

ECAM A TOUHO 17 B 3aaHee JaAHHOM AONYCKE MPHOTIUKAETCH K OHOMY 13 MY3bIKATHHO-TIOR0GHBIX
omsowennii {1/2, 173, 3/4, 2/3, 2, 3}, 3anuce nonyuaer KMA-prar 1 HaNpaBseTcs B OTACALHYIO TpynITy
Kanpatos «Apredpaxt-n Kyprimesay. KMA-nar e samenser D/Dom, matched-null, CGI<1  nesascimsii
Signature-witness; ot 3a1aéT TOTHKO TIOMCKOBbii Krace.

22.8. Matched-null Kak yc/I0BHbIi paHA,0MU3aLUOHHbII NPOTOKON

Tyers Z={(x,,)}i=," — 3aperucTpuposanssiit HaGop HaGMo/erii, r7ie ¢, /4aET Kace CONoCTaBnens:
AOMeH, MPOTOKO NOY eHHS, MACKY MPOTYCKOB, pazmepHili Knace 1 Tin D/Dom. JlonycTumsie npeoGpazosaiis
06pasyioT KoHeuHys0 rpynIty G M NIEPECTABSIOT OTKIHKM TOTLKO BHYTPH OAHHAKOBLIX KAACCOR C. TeM CaMBin
matched-null coxpassieT Te CTpYKTYpHbIe CBOICTE, KOTOPbIE He AO/KHEI COYAABATS UCKYCCTERHHOR MPEHMYILIECTRO
HabiojaeMoMy MpeACKasaTeo.

Oo(2)={8Z : gG}, Pex(Z)=|{g€C : T(e-2)=T(Z)}/|CI-
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‘Teopewa 22.2. Tousocts monmoro matched-null
Tlycrs npw H, ycnosHoe pacripejenenie Z Ha Kaxaoii opGuTe O(Z) HiBapHanTHo oTHOCHTeNsHO G, & CraTwcTika T
W TPABHIIO COMIOCTAB eI 3aerHCTPHPOBaHS! A0 POCMOTPa pesybTara. Torza P_H(pusa | Op)<a 4715 Kaxzoro
E[0,1]. Tlp cryuaiiow paspetieriin Csseii JOCTHTAETCA TOUHOE PABEHCTBO Ha CETKE BOSMOXHbIX PAHIOB.

Jloxasarenscrao. Ye/0HO 1a OpGHTe HAGTIOAGeMbiii 3/1eMeHT HMeeT paBHOMepHb paH cpean IHaverni
T(g:2). Cobbrmie poa Moxer coepiars we Gonee |a/G|| aneventos opGuTs. Jenese ux uncra Ha G| gaér
BepXHION0 rpaiLly . CBs3i YBQMUMBAIOT YHC/IO CTATHCTIK, He MEHBILIX HB/I0AAeNOl, N0ITOMY Ge3
PAHAOMIALIN TeCT OCTAETCH KoHCepBaTHBHLIM. L1

ECam notoe nepeuncierie G HEBOIMOXHO, HCMOML3YIOTCA B NpeoGpasoBantii, A KOTObIX HaBmoaemas
roswus 1 B Hy7eBLIX Mot 06MerHLL. TOra MPHMEHACTCA MONPABKA “ILmoC OZi”:
P=(1+#{be{l,...B}: T(g bZ)=T(Z)})/(B+1)
Tpanuua npuvenuvocrn

Matched-null He B717€TCA BTOMATHHECKHM AOKA3ATECTBOM MPHUHHHOCTH WM HCTHH. Teopena 22.2 feficTayer
TOMIKO 0C/Te 06OCHOBaHHS YCTOBHOI HHBAPHAHTHOCTH, KOPPEKTHOCTH KTGCCOB COMOCTABTEHIA 1 HEHIMEHHOCTH
POTOKOa. ECTH NPe0Gpas0BaHis CMeLIHBIIOT HECOMOCTABHMbE KNACCHi, P-3HaYeHHE He MonyHaeT 3aBeHHO/
uHTeprpeTaLH.

22.9. HopMupoBKa, kKanubpoeka u ycroitunsoctb CGI

Jns crporoii peansatpii yae npuHATOro Kpirepis CG BROATCA 3aperHCTpHPOBaHHas KanHGpOBoHas
xapra. TIycrs hy(z)20 — gomennbie AecpexTei, 50 — (UKCHPOBaHHbIe MaCuITaGk, wj20, Ewj=1, E(2)20 — oGbém
NIPHTO/HOO JOKA3ATe/TLHONO SKCTIOHMPOBAHHS, €0 — CTaBHM3ATOp 3HaveHaTe s, OgHa AoMYCTHMas
HOPMHDOBAHHAS! PeATHIAS MMEET BUA

Az)=5) wy yz) /3y, CGLeal()=A(2)/(E(z)+

IKarsi 5, Beca w), onpeeneste E  nopor 1 dHKkcHpyioTes A0 Hesascivoli nposepii. I1a dopwyna e
3aMeHseT CyuiecTBYIOUHi AOMeHHBi pacuéT CGI 32HIM WHCTIOM 1 HE TIEPROLICHHBACT Y)Ke CepTHQIIHPOBaHHbIE
3MUCH; OHA 333ET TPOBEPEMOR YCIOBHE 15 HOBBIX BeTBeil

Tpepnonenie 22.3. Mororomsocts kanu6posansoro CGI
Eca hy(z)<hy(z) s ncex | n E(2)2E(z), To CGI_cal(z)<CGI_cal(z).

JloKasatenscrso. HeoTpuLatesHocTs Becos  MacurTabo Aaét A(z)<A(z), a yenmuenne E e yvenbuaer
NIOOKMTERb ML 3HaveHaTe s, TTOCTCAOBATELHOE YMEHBILIEHHE WHCTHTE I H YBeTHUEHHE SHAMEHATEIS He MOKeT
yemtunTs orHowsesve, 0

‘Teopema 22.4. Ouenika soswyuienus CGI
Tlyers E(z)+eb_min>0 u E(Z) eb_min. Torga [CGI_cal(2)-CGI_cal(z)|<[{wys)lhyz)-hyz)|Vb_min + A()[E(2)
~E@)lb_mint.

Jloxazarenscrao. [l A=A(z), A'=A(Z), b=E(z)+e 1 b'=E()+¢ sanucsizaes
[A/b-A"/b[|A~ A"+ A'lb-b')(bb). Tleppas pasHoCTS OrpasHuMBaCTC B3BeweHHOI cyMMOii paskocTeil AedhekTon,
aby cuizy orpaniestst b_min.

‘Msepnperauuonas rpanuta
Hepasericrao CGI<1 SASeTC BOPOTOM AOTYCKa TOKO BHYTPH 3aMOpOeHHOI KanuGporki. CGI He sBiseTcs
~BEPOSTHOCTHO HCTHHHOCTH, AOBEPHTeIIsHOl| BEPOSTHOCTEH0 W YHHBPCA/IHOH MEpOFi KatecTsa; ero Hesast
CPABHMBATE MeAY OMeHaMH 53 AOKIIHHOH CORMECTHMOCTH LIKaz.

22.10. JlokanbHas yCTOM4MBOCTb Npe/cKasaTe/lbHOro oneparopa

Tlycrs (X,d) — MeTpHSICCKOE MPOCTPAHCTED BXOAHBIX NaKeTOR, U — KOHEUHO® MHOKECTEO KAHAWIATOB, @
AMCKpeTHAs acTh cepTigMKaTa — WiewTHGHKaTOpb! D), proof-object, matched-null u HesagCiMoli npoBepii —
(UKCHPORAHA B PACCMATPHBACMOM KIaCCe BOMYIeHMH. KaXJi0My WHCAOROMY BOPOTY CTABUTCA B COOTRRTCTEME.
3HaKOBBI 341IaC M)(X,U): MOMOAHTEIILHO HAUEHHE O3HAACT IPOXOXICHHE, OTPHIATEsHOE — G70KMpORKY. B.
wactocti, g CGI nenomssyeres sanac 1-CGL

P(x)={ueU : MCKPETHbIe BOPOTA BEITIOMHEHEL H 1my(x,u)>0 JUI BCeX |}
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Teopewma 22.5. YCTOMUMBOCTE OMYCTHMOTO MHOKeCTBA
Tlycrs Bee my(-,u) L-HTIUIHIeB: B OKPECTHOCTH X,, L>0,
Bunonmserca P(X)=P(x,).

JloxasatenscTeo, M3 munumtiesocts creayer [my(xu)-my(xq,u)|<L d(x,x,)<y. TlockomsKy [m(x,,u)[=y, Hn ot
3aMIAC He MOXET MepeiiTH tepe3 HO/Mb. 3HaKi BCEX YHCOBBIX BOPOT COXPAHTIOTCH; AHCKPETHbIE BOPOTA 10 YCTOBHIO
HeM3MeHHb, CTlefjOBaTe IbHO, COXpanseTcs w P. [

in_{u}]my(x,,0)|>0. Toraa mpi d(x,X,)<y/L

‘Teopewma 22.6. YcToitumBocts equHCTBeRHOTO MoGeAuTens
TlycTs, P(X;) COAepAHT He Metiee ByX KaHawgaTos, S(-,u) K-minmmuesa, K>0, a u* — equHcraesssii
MaKCHMM3ATOP C paspbiBon A=min_{vEP(X,),v2u* HS(x,u*)-S(x,,¥)1>0. Tora mpu d(x,x,)<min{y/L,A/(2K)}
MHOKECTBO A0y CTHMIX KaHWIATOB HEM3MEHHO  U* OCTAETCH e/MHCTBEHHEIM MaKCHMH3ATOPOM.

JloxasatencTso, Teopema 22.5 Coxpanser P. [ KaXJI0T0 VAU* PAsHOCTS JBYX OLEHOK MOKeT HIMEHHTLCH He
Gonee uem Ha 2K d(x,x,). Tpi d<A/(2K) ota ocTagTes nonoxuTe HO. (1

Ecam y=0 wmt A=0, Teopems! He 0BeIaioT YCTOHUMBOCTH: BX0/} HAXOAMTCA Ha TAHHLIE BOPOT Wi
MAKCHMISATOP He ezHCTBeHeH. KOppeKTHbiii BLXOA B Takoit Touke — TIE/ABSTAIN G0 MHOXecTB0
KaHJWaTOB, a He MPOM3BONLHOE Pa3pyILIeHHe PABEHCTBA.

22.11. HemsmeHseMblii ceptudukar Apredakra-1 Kypnuwesa

Ceprupukar sepe k 3a7aéres ynopagotertsm koprexew Ch=(artifact_id, chain_ids, 4, 8_truth, CGI, D,
Dom, matched_null, signature_witness, truth_layer_promotion, status, blockers). TTyGmKauponssii omneuarok
H(CK) BBINMCAROTCA TOKO TIOC/Te KaHOHUCKo| Cepia3aui. Vicnpasnesie 1060ro nons cosgaér G 1 Howbiit
OTreNaTOK; OMYGAMKOBAHHAS BEpCHS He MepeIATHCHIBAETCS.
3adukcupopannasn kaprouka Apredaxra-1 Kypnuuesa
Lleniouka: RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 ~ FORMAL-CARD-RUN009-006 —
SIGNATURE-REVIEW-RUN013-001. 0.992736565468; §_truth=0.007263434532; CGI=0.140948882338;
ruth_layer_promotio ignature-ready-not-truth-layer. Ceaytousee eficrame: certificate-lock/publication-
gate review.

TIpepnioxentte 22.7. HeBOIMOKHOCTS HESIBHOTO NOBLILIEHHST CTATYCA
Ecau xoms st 0340 0693aTe/1sHOE roie BOpOT OTCYTCTBYeT, HyteeT blocker 1T He IPOLILIO He3aBHCHMYIO NPOBEPKY,
yskas aBTOpHIaLMH He MOXeT BepHyTs truth._layer_promotion=1. I1y6HKaLHOHHAS TOTOBHOCTS NIOATHCH 1
NHHAANEAHOCTS K truth-layer ABASHOTCS asHeIMMH NpEAMKATaNH.

Jloxasatenscrso. ABTopusauys truth-layer onpeenseTcs KoibionKuyeii ofsaTebibix BopoT. OTCyTCTBYIOMCR
WM 3a670KHPOBAHHOE IO/ OGHYAET COOTBETCTBYIOLHIi MHOXJITENs, NOITOMY BCS KOHDIOHKLS OKH,
Onepaups certificate-lock mKCHPYeT 103, HO He CO33AGT OTCYTCTBYIOUICE CBIIETENLCTRO H NOTOMY Cava 10 cefe
He noBsILaeT CTaTyC. O

DenomenonoeuecKas cmaska. ApmeqaKm Kak dUCUnAUHUPOSTHHAS HesasepuIEnHOCTY
"Hayunbii apmegbaxm cyujecmayem He moAbKO uepes HaldEHHYIO PezyISPHOCTIS, HO Ui HEPeS S6HO CONpaNEHHBIE
2panusi e€ nodmeepcdenus. Cmamyc signature-ready-not-truth-layer osnauaem we ofecyenusanue pesyrsmanma, a
mowHOe MecmOnoT0XceHue pesyabmama wa nymu nposepk. Hesasepuénnocms cmanosuncs codepyeamensHot
K020 0Ha HA36GHG, GEPCUONPOBANG U CER3AHA CO CAEDYIOUUM npoSEpREMBIM Delicmeuen.

22.12. MpepckasaHme Kak OrpaHuyeHHas TpaHchopMaums ropusoHTa

Dunocodckan ecmaska. Umo umenno denaem npedckasamesHbiii onepamop.
Onepamop we usanexaem Gydyuyee Kax yice 20moeyio ceuyb. OH npeoGpasyern AOKA3aMesHO O2aHUI0GaHHbIT
20pusom Go3moxcHocmeii U, uckiouas eemsu, 13 Komopsix omeymemayiom Dom, D wi ocmanbibie
ofnamenbbie caudemescmea, u ynopadoUUGas CoXpaHuGILecs Gemat. TTpedCKA3aHE NOMOMY NOHUMAEMCS KaK
‘02panuienHas mpanchopMayus 603M0HO20, a e KaK Memagpususeckoe ofaadanue Gydyujux. Yem cmpoxce
60pOma, mex omuémausee PasuLLe MeNCDy BbUCTUMOI BOIMONCHOCTISIO Ui GBMOPUSOBAHHBLM YMGepHCIEHIEM

22.13. CeneKTUBHbI MHOTO3Ha4HbIN Npe/cKasaTenb
Tyt X — Npocrpanctso BXogHuIX coctosHuii, U(X) — KOHeUHOE MHOKECTBO KaHAWaTOB, a
G_j(xu)€{0, 1,1} — ofssaTenbhble BOPOTA. 3HAUEHHS O3HAUAOT COOTBETCTEEHHO «ONPOBEPIHYTON, «He
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YCTaHOBIIEHO» 1 «YCTHOB/IEHO». ABTOPHIOBAHHOE MHOKCCTRO ONIPEACIAETCH TONBKO 3Hauckmen 1 Beex
O6A3ATEABHEIX BOPOT.

A(x)={ueU(x): G_j(x.u)=1 15 BCEX OBAIATENBHELX j}
Pred(x)=ABSTAIN, eci A(x)=0): argmax_{n€A(x)}a(x.u), ecmu A(x)£0

ECIH MaKCHMYM He CAMHCTBEHEH, BHIXOZOM ABAACTCS BCE MHOKECTRO MAKCHMM3ATOPOR BMECTE C
MHTEPBATAMH  YCTOIUHBOCTH; NPOM3BOMHBI BHIGOP OAHOTO /eMenTa 3anpem@. Tak mpeAcKasaHHe
CranoBiTCH CenexTUBHLIM oToGpaeHmem X=UU{ABSTAIN}, a He bcioay onpeenéuioii dynKueii.

Teopewa 22.8 (KoppeKTHoCTs Bo3pepkanns). ECiu Ans kaxgioro u€U(x) cymectayer obaatensibiit
wngec j ¢ G_j(xu) €10, L}, To A(X)=1) 1 eAMHCTBRHHEIM ABTODH30BAHHEIM BHIX0AOM AB/seTCH ABSTAIN.

Jloxazatensctso. Tlo onpeaeneniio u npuagtexit A(X) TomsK0 npi G_j(x,u)=1 4715 BeeX 0GssaTe bHEX
J. YCI0BMe Teopesbl HCKMONGeT 5TO ATS KaXJoro Kawjwara. Tlostomy A(x) nycro; mpamwio Pred
so3epangaer ABSTAIN. 0

enomenonozeckan acmaaxa. Boidepacaie — ue nycmoma G, a noToCUMEILNO obOPMAEHIGR 2P Cucmema coobuaem, umo
pazmenn euyé nedocmamounes drs eduncmaennozo Bydyujezo. TaKoii omaem cmpoxce u codepcamensiice 1oxcHoil onpederEocmL

22.14. Tpéx3HayHas NIOrMKa BOPOT U MOHOTOHHOCTb CBUAETENbCTB

Ha wmoxecrse {0,.L,1} ucronbayercs micopmaumonnsiii nopsgox L<0 u L<1, Torga Kak 0 u 1
HCCDABHUMBI HOBO CBMACTENLCTBO MOMET DajpelliTh HeONPeACHGHHOCTH, HO He  mpespaujaer
OTpHIATENLHE PE3YNSTAT B MONOKMTENbHBI 63 OTACTLHOTO MEpECMOTPA AaHHbIX. KOMbIOHKus
aBTOPH3ALYM PABH 1 TONLKO ECTH BCE KOMTIOHEHTSI paBibi 1.

Tlesva 22.9 (HEBOIMOXHOCTS PEJAKLMOHHOTO MoBiIeHHs). Maverenme wpHpra, nopsaka noneii wi
TEKCTOBOTO OTICaHIA CePTHDHKATA He W3MEHSCT JHauers G_j H TI0TOMY He MOAeT yBeniuTh A(X).

JlokasatenscTso. A(X) 3ABUCHT OT 3HaueHwii BOPOT, @ He OT MX NPEACTABTeHHS. YKa3aHHBIe OriepaLyi
coxpansiior Koprex (G_j); ciiegoBatensHo, coxpansierca u A(x). O

Tlpenoxentte 22,10 (MOHOTORHOCTS 10 NONOKHTENILHOMY CBUACTENLCTBY). ECTH BCe MIMeHeHHs BOPOT
wmeior B L — 1 i 0HO 3Havenve 1 He 3aveHeHo Ha 0 Wi L, TO IpeKHee aBTOPHIOBAHHOE MHOKECTBO
SBISETCA TIOAMHOKECTEOM HOBOFO.

Jlokasatensctso. Kanawsar, panee npouteAumii Bce BOpoTa, Coxpansier Kaxgjoe 3navenvie 1. Hosuie
T1ePeXO/ibl MOFYT aBTOpH3OBATS JONONHHTEAbHEIE KAHAMAATHI, HO He HCKAIOUAIOT MPEXHHX. )

22.15. PazgeneHue o6yyeHus, KaMBPOBKM 1 HE3aBUCUMOI NPOBEPKU

1A KaK40T0 SMITHHIECKOTO NIpHVeHEHISE 3310TCH TIONAPHO HerepeceKaiouecs MHoxectsa T_train,
T_cal u T_test. Ha T_train riGupatorcs npusaki 1 oopwa q; Ha T_cal GHKCHPYIOTCH MAcIITaGhi, noporH
Beca CGI; T_test HCTIOML3YeTCs OAMH pa3 s He3asHCHMOI ouierki. Matched-null crpotes BHyTpH 3apance
OnpeeAEHHBIX G/I0KOB COMOCTARCHHSE  HE CMELIMBAET PO/ BHIGOPOK.

T_trainT_cal=T trainT_test=T calT_test={)

Teopewa 22.11 (yenopnas samguocts matched-null). Ecan npu H, npeoGpasosasis yesoii rpynnst
OGMEHHB! BHYTDH KAKAOTO 3apervCTPHPOBAHHOTO G/I0KA, CTATHCTHKA M PABHIO  COMOCTABACHHS
3aMKCHPOBAHBI 0 NPOCMOTPA T_LeSL, TO p-3HaueHHe C MONABKOFi IO OAWH» KOHTPOMUPYET OLLMGKY
11ePBOFO PO/a Ha 3asB/IeHHOM YpOBHE. Be3 OGMEHHOCTH 310 JAKIIOUEHHE HE HCTIONL3YeTCs.

JIOKAJATEBCTRO  CACAYeT CTAHAGPTHOMY DAHTOBOMY APryMeTy: NpH OBMEHHOCTU HaGogacmas
CTATUCTIKA HMEeT PABHONPABHOE NOZOAKEHHE CPeAH B HyIeBbIX NPeoBpazOBaNI H HCXOAHOTO HAGMIOACHI
Tonpaska (1+4#)/ (B+1) WCKHOWAeT Hyleoe p-3Maueie. YCHomHe peABapHTeNEHON  uKcaui
PeAOTBPALLACT BIGOP CTATHCTUKH 110 TOMY e pary. [

22.16. Pa3noxeHue pucka: BOPOTa HE KOMMEHCUPYIOTCS PEUTUHIOM
L total=L gate+1 {A(x)#£0}L rank-+L cal
3pech L_gate wrrpadyer Heastopusosannyio suiauy, L_rank u3Mepser oMGKY paHxHpOBaHMs BHYTPH

A¥), a L_cal — Hecootercraue 3asenennoii 1 HaGniogaemoii uactorsi oumnBok. Manoe L_rank He moxer
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KOMIICHCHPOBATE. MOOKHTE MBI L_gate: TOUHOC PAHAMPOBAHHE HEAONYCTHMBIX KAHAWAATOB OCTARTCH
HegonyCTHMLIM.

Crecrane 22.12. ONTUMMIALMA q NIPOROAWTCA TONEKO mMoCHe (MKCAUMM BOPOT. CoBMecTHas
ONTHAMIALIA, TIO3ROTAIOLAA MOACAH OCHAOSTE BOPOTA PAjM YAYSLICHHS CPEAHEii TOUHOCTH, MeHseT
nIpeAMeT Teopebl  TpEGYeT HOBOrO cepTHpiKaTa.

22.17. PRED-CERT-v196i5

PRED-CERT-vI96i5:  X=typed; U(x)=finite-or-registered; ~gates={0,.L,1}; selection=set-valued;
l-maximizers; D/Dom=separate; KMA={1/2,1/3,3/4,2/3,2,3}-search-
metadata-only; matched_null=conditional-on-exchangeability; CGl<1=necessary-not-sufficient;
independent_validation=required; Artifact-1=frozen.

Hewamensiewas anmcs Apregakra-1: RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 —
FORMAL-CARD-RUN009-006 ~ —~  SIGNATURE-REVIEW-RUNOI3-001;  A=-0.992736565468;
5_truth=0.007263434532; CG1=0.140948882338; truth_layer_promotion=0; status=signature-ready-not-truth-
layer; next=certificate-lock/publication-gate review.

F'naBa 23. Mp1Mepbl, KOHTPNPUMEPbI U BbIYUCAUTE/IbHBIE
Tectbl MH.2

TOHSATHOE OB ACHEHUE

CMBich. Ha Ma/biX MOAEASX BUAHO, KOrAA rPaHNLa H.2 HeHYNesas, KOTAA OHa HCHE3AeT U KOTAA BIGPaHHAA HOPMa He
3aMeaeT HeaccouaTHBHOCTS.

Marewmaruueckoe ApO. MIPHEOARTCA ABHbIi ABYXMEPHI NPUME, ACCOLMATUEH It HYNeBOft CAyvaii, crenas k
aCCOUMATOPY HOPMA W PaSHOMEPHaS 0BRACTe.

TPAHMUA YTBEPKAEHMA. TECTLI WATIOCTPHPYIOT MEXaHI3Mbi TEOPEMSI 1 HE JAMEHFIOT MPOBEPKY LENE80r0 NPUKAAHOTO
Knacca.

(Cranyc: npoBepewsie fpuMeps U KoHMPpuMEps!

23.1. SBHbII ABYXMEPHbINA HEACCOLUATUBHbIN NPpUMep

Tycrs A umeer Gasic a,b 1 eskinoBy Hopmy. 3aaum nponsse/ieme aGa=b, bOa=b, a0b=0, bob
Jlns u=(a,a,2) nonyuaem r_L=(a0a)@a=bOa=b, r_R=a0(a®a)=a®b=0, nosromy K(u)=b  IK(w)i=1.
Tonoxum D(b_L)=0, D(b_R)=1. Torga A_D=1 1 mobas eauHas NOAHOCOCTOAHMUI OLEHKA YOBIETBOPAET
e Re D21/d.

Ecmt S niGupaer Kospuument npy b, To A_S=1 1 cxanspuas Bepcis Takke gaét e_S e_D=1/4, Iror
NIpHMEp 3aKPHIBAET MUHHMA/ILHBE Proof obligation: CYLECTBYeT ABHA KOHEUHOMEPHAS MOAC C HEHY/ICBbIM
accouaTopom, pazuaIoweH HaGIOAAEMOlt H IIONOKHTENLHOT rpasiLeH.

23.2. ACCOUMATUBHBIN HYNIEBOI KOHTPNpUMeEp

B accouparenoli anreSpe sewectaenisix uncen K=0. Teopeva KOPPEKTHO BHIPOKAACTCs:
NIOOAITE IsHAR HIAHAA TpaHIL OTCYTCTRYeT. CrledonaTesHo, ITH.2 He ABIAETCA 3MPeTOM TOUHOr0
BOCCTaHOR/ICHIA BO BCAKOH anreGpe.

23.3. HeaccoumaTMBHOCTb, KOTOPYHO HE BUAUT HOpMa

B HOPMHPOBAHHOIi A7KTEPHATUBHOI A7IreGpe MOFYT CYICTROBATS Pa3Hsie CKOGOUHAIE PesybTarh
ouakosoii Hopwsi, Toraa cranspras nabmogaemas S(r)=Irl mveer A_S=0, xots K#0. 910 ofwschser,
nouewy CTporas Gasonas BepCIs HCTIO/b3YET PACCTOSHUE HOMHBIX COCTORHMTL, @ CKATAPHAS BepCUs TpeGyeT
OTACIILHO JOKAIAHHOTO C-pasiereHys.

23.4. PaBHOMepHas 06nacTb

B 4BYXMEPHOM NpHMEpE PACCMOTPHM u_t
senonsercs 1K (u_Ol=m(u_t), nosromy _-

(ta,ta,ta), t€[1,2]. Toraa K(u_t)=t. ITpu macurrabe m(u_)=t
Ha 5710H 51BHO 304aHHOI| 0GAACTH CYILCCTRYeT PABHOMEpHaA
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KoHCTaHTa. BKIHOUEHHE TOUKH =0 PA3pYILIHAIO Gbi NIONOKHTELHYIO HIKHIO [AHHLLY, UTO HAP/AHO
NOKa3HIBACT HEOGXOAMMOCTE (KCHPOBATE Q A0 aHATH3A.

23.5. CUHTETUYECKMIA TeCT paMyca YCTOMYMBOCTU

PacCMOTPMM /18 OMYCTHMBIX KaHAWAAT U, 1 U; MpH GHKCHPOBIHHBIX AMCKPETHBIX CepTHpuKaTax. TlycTs
MUHIMATB b1 AGCOMOTHBIE 3aMAC BCEX YHCTOBBIX BOPOT B X, PaBet Y=0,08, 0612 KOHCTAHTa TMIHLEBOCTH
L=0,50, ouenKi passt S(xy,u,)=0,74  S(x,,1;)=0,54, a K=0,40. Tora A=0,20 v rapanTuposansbi paguyc pasen

min{~/L.A/(2K)}=min{0,08/0,50; 0.20/0,80} 0.16.

in{0,16:0,25

Cregosarensio, npi d(x,x,)<0,16 06a KaHZMAaTa COXPAHSIOT MpHHAZTEAHOCTS P(X), @ U, OCTaéTCA
equHCTBeHHLIM T0GeTeIeM. TIpHMep SBIRETCH POBEPKOIi (JOPMY.TbI, @ He IMITHPHACCKIM PE3YTILTATOM KaKOT0-
B0 MpeAMeTHOTO AoMeta.

23.6. CunTeTuyeckuii matched-null c nonpaekoii “natoc oguH”

Tlycrs Bbinonsero B=99 obwenssix matched-null npeoGpasosatii 1 TOMLKO ABe HyeBble CTATHCTHKH He
Mersite HaG0AaeMofi. Torga p=(1+2)/(99+1)=0,03. BbIBOA 0 MOXOAKeHitH BOPOT AOMYCTHM LIk IpH 3apatiee
BLiGpaHOM ypoBie a20,03 1 AOKa3aHHOH OGMEHHOCTI BHYTPH K1aCCOB CoMOCTaBMeHHs. ECH Kiacch! OCTpoeHs!
T0C1e MPOCMOTPA pesyTara, ukc0 0,03 He MOy uaeT rapaHTIH Teopensi 22.2.

23.7. CUHTETUYECKMIA pacyéT KanmbposaHHoro CGI

Tlycrs B3sewieRHas cymva yKe HOpMHPOBaIHEIX fedpexTon pasta A=0,10+0,0840,05=0,23, E=0,50 n
‘Toraa CGI_cal=0,23/0,51%0,451<1. 310 03HauaeT NPOXOAKACHHE TONLKO JaHHOTO KZHGPOBOUHOTO BOPOTa; Dom,
D, proof-object, matched-null 1 He3aBHCIMas MPOBEPK OCTAIOTCS OTAETBHBING YCTIOBHAMH.

enomenonozuueckuii npuvep. Jloe noumu pachbie semeu
"Ecau dse 603m0CHOCTI ueiom GAUINUE OUEHKL, COIHTHUE AC2KO NPEGPaLYIEM MAA0E UUCAOB0E PALILLe 6 0pa3
“n6H020 noGedumens”. Teopema 22.6 mpeGyem unoil ducyunUb: CHauGAQ UzMEpUMS Paspeie A, samenm
conocmasums e2o ¢ uyecmeumensiocmsio K u npusnam ony TIE, Ko2da eosmyuientie cnocoBuo cenuns nopadox.
Yucro cmanoaumen ocosahuem exiGopa monsKo emecme ¢ oyenKoii cofcmaentol yemoliuucocm.

23.8. MaTpuLia SBHbIX KOHCTPYKLUmi MH.2 v1.1

= e Kowrponuioe Twarnocruseckan
swavene pom
yeBan TpaniLa;
EX23-A wegcz"“’“'“““ K=0 3anper yHmBepcansHoii
P! TI0NOKHTEIHOCTH
EX23B ABYMEPHIA AATCOPa | gy 3 oty oA
a@a=b, boa=h e
Knacc ¢ ¢c- nepetioc B
EX23.C Mt A_S2cIKI HaGoaemyio i
pasn SBHOI paseUNOCTH
3D Koz @ Gea Y pasHoMepHas
nyeii K/m KonuuecTsetHas dopma

Tonnsie saanciens EX23-A-EX23-D npuseacisl & pasgene 21.7.6 BKIOUGHHOI xypHatbHoil
pegakupai. HACTOALIa MATPUA CRA3MIBACT MX C BENMCAMTE/LHBIM MPOTOKOZOM Toma I M He 3avenser
HCXOAHBIE BLIBOSL.

23.9. ONTUManbHOCTL koabduLmenTa 1/4

Tpegnoxerie 23.1. B 4syXToueuHoli 33aue OJHOBDEMEHHOO BOCCTAHOBIEHIS CKAISPHOTO Pe3y/IbTata
SE{s_L,s_R} u ckprroro niexca d€{d_L,d_R} Kooppuument 1/4 B npoM3BEACHHM MUHUMAKCHBIX OLIMGOK
SBIIHOTCS TOUHBIM.
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JlokazatencTao. [l MOGOTO eAHHCTBRHHOMO OTBETa § XOTs Ghl 0AHA M3 ownBOK [§-s_L, [§-s_R| e
MeHbwe A_S/2; aHanoruuHo Ans ouenku d ogHa M3 owmBok He Mewswe A_D/2. IlepemHoxenie jacT
HibKitoio rpaiiy A_SA_D/4. BuiGop cepeauiibt 8=(s_L+s_R)/2 u d=(d_L+d_R)/2 Aoctiraer obemx no/osi
OJHOBDEMEHHO, C/Ie/|0BATE/NLHO, KOI(BPULMEHT YBeIHUMTS Helb3s. [

urocoderan semaska. Hucio 1/4 GOMUKGEM He KIK MUCTILNECKES KOHCTIGHTII, @ KO C1e0 DGy CLMMOTIpUNIbX N0T0GuN: dunnil omaem
OMELIGEMICA MeDY D6yAu HECORMECTIUNBLMA GeMIGAM U AGTIUM TOA0BUHOR PaIphiaa 0 Ka3oll KoOpOuHGITE.

23.10. KoHTpnpuMep K nogMeHe MHPUMyMa CynpemMymMom

Tyers Q=(0,11, m()=1 u IK(I=t. Toraa sup_QIK()I=1, no inf_QIK(1)I=0. Cnegoarensho, Gonbuoii
CynpeMyM He JAET MONOKWTENbHOI pABHOMEDHOV HibKieli rpammubl i € ->0 TpeGyerca nmGo
KOMIaKTHOCTS BMeCTe C HeNpepLIBHOCTLIO  OTCYTCTBHEM Hy/iell, IMGO ABHAA AOKA3AHHAS OLIEHKA CHI3Y.

Tpenomerme 23.2. Ecan Q kommakrso, dyskus f(u)=IK(u)/m(u) nenpepeisna, m(u)>0 1 K(u)20 ams
Beex UER, T0 €_-=min_Q f(u)>0.

Jloxazatensctso. Henpepeigwas { 40cTHraet mutimywma Ha Komnaktaom €. Tlo ycrosmsm £()>0 8o neex
TONKAX, TI03TOMY JOCTHTHYTHII MHHIMYM HOTIOKHTEEH. (]

23.11. IHTEpBanbHbIil BbIMUCAUTENbHbIN CepTUMKAT

UMCrieHHas NPOBEPKA He TIOAMEHAET TOUHOE /10KA3ATELCTBO. U1 KaXjI0ro GasucHOro mponssesens
COXPAHAIOTCH HHTEBAb! KOIPULIHEHTOB; 3aTeM HHTEPBAILHOI APHMETHKOI BLIUHCIAIOTCH 0Be CKOBOUHBIE
sereu, K, AS u orvowene IKIm. Cepradukar NpUHMMAeT yTBEDKACHHE TONBKO eCTM Hy/b He
UHAVIEAKHT AOKA3yEMOMY HHTEpBATY COOTBETCTBYIOLLEH HIDKHEI! OLIHKH,

K 0 Ha cepTHOHUHPOBAHHOI sueiike

TEST-CERT-V196i5 cosepxut: model_id, rational_or_interval_coefficients, Dom, norm, observable,
branch_values, associator_interval, separation_interval, e_interval, rounding_mode, code_hash
human_proof_pointer. Ecau interval_width npesbiuaer 3apasiee yCTaHoB/eHIi 01yCK WM BKIIOUAET Hy/tb,
pesysTar nonyuaer status=inconclusive, a e passed.

[xO(yoz)], 0£[IK]/m) =

I'naBa 24. 3kcnopt MH.2 B ¢pu3uKy, xumuto, 6uonorunio u JHK:
rpaHuLbl M IPOrpaMma npoBepkn

MOHSATHOE OB LACHEHUE
CMBicA. (1283 53A3ET AUCUMNAMHY NEPEHOCa ABCTPAKTHOM TeOpeMb! B NPEAMETHYIO 0BAACT: CHauana OBbeKT, AaHHbIE 1
UaMepenyte, saTem HHTEPNpeTaLS.

Maremaruyeckoe APO. GOPMyMPYETCA MAHAMA/sHSI NIPOTOKON HE3ABUCUMOTA NPOBEPKH U CIUCOK TPEGOBaHMT K
MEXAUCUMNAMHADHEIM MOAEAAM.

TPHMLA YTBEPIAEHMS. DHIUECKIE, XHMUNECKHE 1 GHOTIOTHIECKHE YTBEPXAEHHS OCTAIOTCA NIDOTPAMMOR 40 MOSBAEHHS
BOCPOM3BOAMMBIX AAHHLIX U HE3ABHCUMOTO TeCTa.

(Cratyc: omipeimas nporpamia nposepKu

Marewmatuueckas Teopema ITH.2 He IpeBpaLLAeTCs: ABTOMATHuCCKH B (M3Meckiii 3aKoH, [l KaxA0ro
AoMeHa TpeGyYeTC COBCTReNHAA ONepaLyoHANM3AL BeTBell, KOOpAMHaTE! D), Habioaemoil S, ucTouika D
1 HyeBOi Mogenu. Hibke QUKCHPYIOTCH 0Ny CTHMBIE HCC/IGAOBATEILCKIE MOCTBI, HO HX CTATYC OCTAETCA
YCAORHAIM A0 HE3ABHCHMON TPOBEPKH.
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auknn cavean CBET y AbIpbI: CUHYC, KOTOPBIN FPABUTALMA PBET

npamoii ny:

roprsont (1/e-1)

viTRY

1/r = sin ¢ / b -y AMpH: U” + U = 1.5-U7 > CHHYC 3aKpyumsaeT

MPULEN b = MOPOT — FOPUIOHT el 3.300
b = 3.300 r_s - HaMOTan ©.62 BTKa - OTK/OHeHne 45°
Chpasa — 6ausocrs nywa k awpe (1/6) N0 yray 06Era . MIpAMO Ay4 — u¥iCTan NoAYBOAHa Cukyca
(nywerap): npuse cBnMannC, ywién b . [paBUTALIUR e 32MpaeT — cHuyC 3arubaeTc 1
pactarvaae 2eTCA 6 FOPHIOHT (BepX rpadHKa) U PEETCA — Ay nagaer

<A 32 Q=T Hixe Nopora y

Pucynok 24.1. Kauecmoennas cxema nynecoll 2¢00e3ueckoll 6 noe cpepunecu-cuswempuuioil wéphoi dipbi,

Marewaruseckuii cratyc. [jns merpuw [lBapuuiibga opGHTATbHOE YPaBHEHHE CBOTOBOTO 7YUa MOXeT

Burmh 3amicano & Gespammepioii nepevieniofi U=

S/t Kak u"+u=(3/2)u?, TIpavas TpaexTopus cooTsercreyer

HyeBOMY [PABHTALHOHHOMY WIGHY; 3aXBAT BOMMKACT WLb 1A NOAKPHTHUECKOTO NPHIEILHOTO apaneTpa,
TOrAQ KaK NpW MHBIX IAPAMETPaX Ay paccenBaeTcs. M3oGpaKEHHas KPHBAR CIYAIT KANECTBeHHOI anmMaupeil:
OHa He SBIAETCH WHCTOHHbIN DECHHEN C VKAXIHHBIMA HAATGHIMM JQHHBINM, HE YTBOPKZACT, uTO CBOT

pH3MUCCKH (BIRETCS CHYCOM», 1 He OGpa3yeT IMIHPHNECKOTD AOKaaTenbCTea [TH 2.

Boowian cxpurran Sanpeeuos
Jomen: . ‘Heobxoumurii D/Dom =
T E—
pheKTHBHOrO CeKTOpa, Eai, npuGop, TIH.2 apTomaTiecki
o pES————
anvrepuamma v cunsaee Tesentepra
encparopon
v
AT Seram peain
oan nepecravonsa
oo e meru oy, g, | oG nepecraonta
e o Camanaon
Rreprarianen Temon o
accesion, epoi Gas,
‘Honorus annoTau, cGopka, nyr. Pa [T ——

gene - transeript  protein

@x0n, KoopAUITHIS KoWBHLYHS

DNA-ctpysTypy

uanconii ayir

Anmrepranimioe
pasGucie cuersa i

Tpoex, nopwiamis,
Aoronop, rpadik, axr

Crpywaypra gip
artowamiseco soamaer
snoymorpetnenne

24.1. MMHUManbHbI NPOTOKON HE3aBUCUMOIA NPOBEPKU

« TpeBapuTeNsHo 3apeructpuposats setsn B, Q, D, S u kpurepuii ycriexa.

+ Coxpanrs source hash, Ko, KOH(HIYPALIIO W HE3ABUCHMI KOHTPOMHBTE KOPIIYC.

« Mposepus Hyeayio Mogers

+ OueHHBaTE He TOKO coRMaenie, HO 1 predictive loss 10 ckphITO BeTa.
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« [1yGAMKOBATS COPTHHKATEL, AOCTATOUHIE A% BHELIHETO BOCTPOH3BE/CHHS,
+ He HC1o/308aTs Qoco ekt C0ii /15 MOBLILLICHHS! IMIHPHYECKOTO CTATYCa.

24.2. Wror pepakuyn V196i14

Penakuus V196114 perinsier [TH.2 Kak joKasaHHbiii 0Ka/IbHbI MUHAMAKCHBIi pe3y/iTaT B Mojeni
CKpITOli CKOBOUHOIH NISTEPHATHEL! W KAK METOAOMOrHUECKHT] Gaphep /15 Npe/cKasaTensHol cieTemsi KLT-
RBD. Cszh ¢ u3iKoii Bpesens, npuiLiom Pobeprcoa-Telizenepra, h-bar, marepueii u kocwonormeii
COXPAHACTCS KaK OTACbHA TIPOTPANMA. ITO He 0C/aGIeHHe ABTOPCKOIi WACH, & NIEPEXOA OT CHIBHOI
MHTYHUMH K CHCTEMe YTBEpAeHii, T KaX/0e YCIWIeHHE WMeeT CoBCTRRHHOE JOKA3ATE ILHOE O0A3ATENLCTEO.

24.3. TUNU3MPOBaHHbII NAcMopT NPeAMETHOro nepeHoca

Kaxgiit nepenoc TH.2 sagaéres nacnioprom T_dom=(B,Q,D,Dom,S,D,N,null,split loss). 3eck B —
BeTBM; Q — OGMACTL COCTOMHMIT; D — JaHHBle WIM KOHCTpYKTHBHBI HocuTens; Dom — ofnacts
onpeyenEHOCTH Onepatopos; S — HaGiogaemas; D — cTpyKTypHas Koopausara; N — mogens wysa; null
— matched-null; split — pasuenne train/cal/test; 10ss — 3apanee 3aperuCTpUpOBaHHA (YHKUHS IOTEPb.

T_dom=(B.2,D,Dom,$,D.N,

ull split.loss)

Teopena 24.1 (HerepeHOCHMOCTh AOKAIATNISHORO CTaTyCa). JIOKA3AHHOCT ABCTPAKTHO MHHIMAKCHON
TeopeMl W HaIMUHC OTOBPAKCHIS @ 13 MPCAMETHbIX AGHHbIX B CE MEPCMEHHBIC HE BCKYT HCTHHHOCT
MITHPIHUCCKOTO YTBCPAACHHS, CCH He AOKA3abi KOPPEKTHOCTS O, WACHTHGHLIPYEMOCTS BeTREil H YCIOBIA
Mojien oGOk,

JlokasatenscTeo. Moo BbIGpaTs 0TOGPOXEHME §, KOTOPOE TepAET PaTHIGIOLYI0 HHGOPMALIIO Wit
HapywaeT 0B71aCTh ONpejeneHis; AGCTPAKTHAS TEOPEMA NPi ITOM OCTAETCA CTHHHOT Ha CBOCH MOACH, HO €&
NPCATIOCHUIKH  HE  PEaayIOTCA MPCAMETHbIMM AQHHbIM. 3HQUWT, TPEGYeTCR OTACHbHbI MOCTOBOIE
ceprudukar. O

enomenonoaeckan acmaaka. Mexcdy (hopuyoii U AaICHUEM HXODUMCA GNI ONCPALUONANIAY UL, ON He SEIREMES MPOTPAILLN OKNOM
auiiop wikams, aemaeti u HaGHOAGENOI! YXce opaaHIyem mo, umo soXcem Guimb yaudeno, IToaMOMY MOC onxcen G onican cmoms e
mpozo, xax u meopexa.

24.4. dDU3nyecKnit NpoToKoN

usmveckan 3aBKa 00RIAHA YKA3ATh TIOATOTOBKY COCTORHWSN, MIMEDHTEIsHbiii NPHGOP, BpeMeHHoil
TIOPAAOK, KATMGPOBKY, eAWHHLSI, MOAC/> CHCTEMATHUECKWX OWMGOK M NPABWIO COTIOCTABICHMS BeTBe
HeaccoupaTuBHoCTs JOPMAILHOTO TIPOM3BE/ICHWS CaMa 110 CeGe He ABISCTCH (USHUECKHM HABMIOAAeMbIM;
HEOGXOAMMA OKCTIEDHMEHTANBHO JOCTYIHAR S, PAIMUAIOUQA BETBM C [OKA3AHHON WHM OlieHEHHON
UYBCTBHTEIBHOCTEIO.

Crporuii Tekyuii craryc: [TH.2 — MUHUMAKCHAA TEOPeMA IPH SBHEIX TPEATIOCKUIKAX. DOPMYIHPOBKH
«yHUBEPCANbHLNT  (H3NUCCKIT 3AKOH», «HOBAS NOCTOAHHAS MPMPOABD WIH (3AMEHA COOTHOWICHHS
TelisenGepra» He aBTOPHIOBAHbI Ge3 HE3ABHCHMOTO IKCTIEPHMEHTA/ILHOTO NIAKeTa,

24.5. XMMUYECKuit NPOToKoN

XuMHueCKas BeTBb KOAUPYETCH TONLKO NOCTe (MKCALHM CTEXHOMETDHH, OKHCTMTENBHBIX COCTORHMH,
IHEPreTHUECKOTO KaHANa, KMHCTHUECKOH MOJC/M, CIeLMpOBAHHS M KATAIMTHUCCKOTO pexuMa. [lsa nyti
PeAKLAH CUMTAIOTCS PA3MMUHEIM BOTBMH /MILb TOTAQ, KOTAQ MPOTOKON OTIMUAET HX 110 H3MeEpSeMbiM
TIPOYKTaM, CKOPOCTAM Wi CIIEKTPA/IsHEIM NIPH3HAKAM, & He 110 IOCT(AKTYM BEIGPAHHOMY OIHCAHHIO.

Matched-null B XHMHM AOMKCH COXDAHSTH COCTAB, NAPTHIO, TEMIEPATYPY, PACTROPHTE, BPEMS 1
npuGopHLIii G70K; NepecTaHoBKa, HADYIAIOWaA ITM KOBapMaThi, He ABnseTcA obMennoii. CGI<1 nocre
Ka/IMBPOBKH OCTAETCA HROGXO4MMAIM (BHILTPOM, HO He 3AMEHSIET CeMYIO PerlIHKALHio.

24.6. Buonoruyeckuii u JHK-npotokon
JInst TeHOMHOTO MpUMeHeHHs (UKCHYIOTCH accession, CGOPKA TeHOMA, BOPCHS AHHOTALMN, Lierls
KOODAHHAT, pehepeHc/asTepHaTBHbIii aneih, HANpaB/eHHe LN, TeXHONOrMA uTenns, pipeline i npasuna
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uaTpau. D CopepAHT HAGMIOARHHbIC MOCTEAOBATENSHOCTH W MeTaganmbie; Dom 3aAaéT nosuun 1
06pasiyei, 415 KOTOPBIX BCe MpeoGpazoBaiits onpegeneii, Crewenite D i Dom sanpeieqo.

HaGop KMA {1/2,1/3,3/4,2/3,2,3) A0nyCKaeTes ToIsKO KaK MOHCKOBAS METKA WK METZAHHbIe [HIOTE3s1
CoBnagenie KOXpQHLMEHTa He SBIACTCA JOKAIATELCTROM GHONOTHUCCKORO MEXAHHIMA, NPHUMHHOCTH W
nIpOrHOCTICKOT TIepeHOCHMOCTH,

24.7. Kputepuu panbcudukaLmm n oCTaHOBKU

Venosue Crporuii sbiBop Teiicrane
HOMOKITC L HaA TP e 3aABIITL CTpyKTypHOE
K=0 wmt A_D=0 s LA
ITH.2 ncuesaer orpanneniie
20550 HabOaeMan He pasitaeT CMEHIITL S TOMLKO B HOBO
e serai perctpauit
TiepectpouTL HyneByio
‘matched-null e oGwveren D-3HavcHHe HeBAAHO FecTD! yneeys
cxeny
CGI=1 i ecrabinen Bopora He npoiiAeil ABSTAIN/blocker
T_test e nogTaepagaet TepenociMocTs He
= ATBEPHIE P OHU3HTH CTaTyC
KannGpoBky yeranosnena
He3aBHCHMaA perUIKaLA SMIpHICCKa 378Ka HE CONpaIITL OTPHIATE LT
Heyenewa nogTeepAena pesymrar

24.8. EXPORT-CERT-v196i5

EXPORT-CERT-v196i5:  abstract_theorem=proved-under-assumptions;  domain_passport=required;
bridge_map=typed; _ identifiability=required; measurement_model=required; matched_null=pre-registered;
split=train/cal/test; CGI<1=necessary-not-sufficient; independent_validation=mandatory;
failed_replication=retained; physical_status=hypothesis-until-validated.

MononHexune K 6Gubnuorpacumn NH.2

15. Robertson, H. P. The Uncertainty Principle. Physical Review 34 (1929), 163-164.
16. Schrodinger, E. Zum Heisenbergschen Unschéirfeprinzip (1930).

17. Ozawa, M. Universally valid reformulation of the Heisenberg uncertainty principle on noise and
disturbance. Physical Review A 67 (2003), 042105.

18. Schafer, R. D. An Introduction to Nonassociative Algebras. Academic Press, 1966.
19. Baez, J. C. The Octonions. Bulletin of the AMS 39 (2002), 145-205.

20. Kurpishev, 1. B. Principle of Uncertainty PN.2: strict theorem package, canonical edition v1.0, 11 July
2026,
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YacTtb VI. TunusupoBaHHble onepaTopsl U anrebpo-reomeTpuyeckas
ABOWCTBEHHOCTH

YTBEpAICHIS, YCIIOBHEIE MOCTBI 1 OTKDBITHIE (PH3MUCCKHE WHTEDIPETALIM PAYIE/eHb! ABHO.

Inaga 25. Onepartopbl AeUCTBUSA, USMEHEHUS U Pa3BOpPOTa

TOHSATHOE OB BACHEHUE
CMBicn. Tpw pasHsix MPOLECCa NIOAYIAIOT PasHie TWII: AEFICTBME CO3AAET UMNYILC, BCTABKA NIePeBOAMT €ro 8
NIPOCTPAHCTBO COCTORHMIL a W3MEHEHIE Pa3BHBaET COCTORHHE N0 NapaMETPY.

Marewmaruyeckoe Afpo. OnpeAeNsIOTCA 8, YaCTHYHA Y 1 IOAYIPYNa =; AOKASbIBAETCA KOPPEKTHOCTS BCTaBeHHOI
‘OPGUTS! 1 OrPAHMYEHHOTO BOCCTAHOBEHAA, NIPUBOATCA MOZE W KOHTPIPUMEpS.

TPaHMLIa yTBEPXAEHMA. Y He OGPALIAET GUSHMECKOE BPEMS, 3 CIOBO CCTIOKTaHHBIit» 03Ha42eT OTCyTCTaME
NIPALIECTBEHHHKA TONKO OTHOCHTE/ISHO 33A3HHOTO OTHOLIEHHA NOAAEPIKH.

(CraTyC: 4OKA3aHHAS MUNUUPOBGHHAS MeOpUS MPU SBHbIX FUNOMe3ax

TUNU3MPOBaHHAs TEOPUA CNOHTAHHOTO AENHCTBUA U NOC/eAYIOLLeli 3BONOLUM

Kypmamen Msan Bopucosiu
Hesasmcunsii necneosarens . Kamirpaz . 2026
Mpoesr  JIOTMKA  KYPIMIUEBA  2»  +  Tow I -  peaayws  mbpl96c

Cratyc: yHaamenTanbHas pacumpentas peaaxus, MACTEP-7/02

AnmoTanusi. B rage CTPOMTCA THTHIHPOBAHHAS TCODHS TPEX ONIEPATOPOR NIAKETHO PenepHoli 0Tk
JciicTons A, avenenins Z u passopora/actanku Y . Pa3jiesioTCA NPOCTPAHCTEA HCTOUHHKOR, WMIYbCOB,
TIOAOTORIEHHBIX COCTORHHIE H IaaMeT SBOMOLH. JIOKA3LIBACTCS YC/IOBHAS TEOPEMa 0 KOPPEKTHOCTH
BCTaBneHHOI OPGHTH, NOAYTPYTINOBO/ COIACOBANHOCTH 1 OFPAHHNCHHOM 0GPATHOM BOCCTAHOBCHHH
opmyna A,,= Ae Y " TBepracTs B HEXOAHO/ THIHIAMN H 3AMEHSETCS ABYMS PAHUHBINK
AMATDAMMAMH: BCTABKOH PE3Y/ITaTa B NIPOCTPAHCTRO SBOIOLYH H, TIpH HEOBXOAMMOCTH, OTACTEHON
penapaveTpi3aLeit HCTOuHIKOB epe3 €. TTOCTPORHI SBHAS HNYCTast MOACITS, HEHHbEKTHBHbIH
KOHTpIpHMED, UaCTHuHBi CAyNali 1 HaCoROH (hyHKLIMOHAL, DOPMATbHbIC C/IEACTBHS CTPOTO OTACACHM OT
OHTOZOTMHECKIX  (DHIHIECKIX HiTeprpeTaLli

Kniouentie C0Ba: NAKETHAs! Periepias NOTHKa; ACHICTEE; WIMeHEHMe; Pa3BOpOT; HacTHUHOE
OTOBpaXeHHE; OAHONAPANETPHNCCKas! TONYTPYIINa; 06paTHOE OTOGP@XEHHE; CTIOTaHHOE ACliCTBME;
Jocratoutioe ocrosarie; NAPG; KLT-RBD.

25.0. PeJakWMOHHBIi CTaTyC M 061aCTb YTBEPKAEHUA
HacTosuas ©1aBa 3aMEHSeT NOBPCAEHHBI M HOTHIMIUOBAHHbIC ONEPATOPHbIC (BPArMEHTE  PeAIKL
mbp196b.  Tnassmwm  ucrowsmkowm  crykar  gokywenrs  action_ops_audit_endocx  u
action_ops_journal_en.docx;
rstar_napg_duality_ru.docx i samoposeriomy Notation Ledger npoekra NAPG

J{0Ka3aHHoe 54O [1aBkI HMEET TEOpETHKO-MHOKeCTBeHHAI CTaTyC. TOONIOTHIECKHe, UMEpUMBIE,
Ca/KMe, AuHeliHble 1 (IMIMECKHE YTBEPX/CHIS BOSHUKAIOT TOMLKO 10C/Ie A0GAR/ICHHS COOTBRTCTBYIOUIX.
CTpYKTYp. CJI0B «CTIOHTaHHBIID», «PA3BOPOT» M «IPHUHHA» YTIOTPEB/SIOTCA OTHOCHT/ISHO SBHO 34AAHHON
MO/ TIOAIEPIKKIH; OHIA HE 03HAIOT ABCOMOTHYIO GeCTIPHUHHHOCTS Wi (H3MUECKOR OpaLeHHE BpeMEHH.

HoTaLpOHHA comvecTiMOCTE nposepsetca no

Crarycaniit Gapoep. Teopema Toi 171aBsi JOKIHBAET KODPEKTHOCTS YCIOBHON KOMTIOSMLM W ef
anreGpantieckwe CreACTaHs. OHa He AOKA3HBAET, UTO BCAKOE COBHITHE QM3UECKH DEATHIYEMO, UTO BCSKoE
eliCTBHE UMeeT e HCTBeRHbIE resepaTop JLTH HTO orepatop ¥ 0GpaujaeT gusiveckoe Bpens.
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25.1. MpUHLMN TUMOBO KOPPEKTHOCTH
Tyers
oBnacti onpegenenns f, To ects korsa g|C|C A, o xoraa ykasawa seHas gonycTHMas mogoBnacTs, Ha

1A~ Bu g:C ~ D. Kowmosmpa f © g onpedenea TomKo Toria, KOTa 3HAUCHNA § MPHHAATERAT

KOTOPOIi 5TO BKTIONEHHE BHINOMHAETCA.
310 1POCTOR YCI0BHE ABIACTCS 1/1ABHEIM GAPLEPOM TIPOTHE CMELLCHIS! UETIPEX Pa3THUHBIX YPOBH

HeTOuRMKa AelicTans;
PeayIIsTaTa WM WMITY IbCa AeiicTBIs;

W

T10ArOTOR/IEHHOTO COCTOAHHS, HA KOTOPOM OMpe/je/ieHa SBOJIOLHS;

4. napamerpa Bpemei T.
B npessieii samuci omun cumBon T HCMOTH30BANCH W KAK MPOCTPAHCTBO PE3YTRTATA, M KaK JBOMOLHOMHOE
npoCTpaKCTBO, i Kak spews. B MbP196¢ Takan neperpyaka sanpetrera.

25.2. TunU3nMpoBaHHble JaHHble
Onpegenesue 25.1 (TPOCTPANCTBA HCTONHHKOB, HMMYLCOB W CoCTOHMI). TTyCTh
Py— MHOKECTBO OGbIUHbIX HCTOMHIKOB , P, , — MHOKECTBO CTIOHTAHHBIX TOKEHOB-HCTONHHKOB,

I — MPOCTPAHCTBO MMYLCOB, X — NPOCTPAHCTBO COCTOMHHH, TOTOBLIX K IBOMOLHN .
Obosnaueime P, MOXET COXPAHATHCA TOMBKO KK METKE HCTONHHKA, ATA KOTOPOTO He BOCCTAHOBMEH
npeuecTaexiiK, OHO He 03HAUAET MYCTO MHOXCCTBO: OTOGPAXEHHE W3 @ He NOXeT BHGPaTh (aKTHuCCKHii
iy sc.

Onpepenenne 25.2 (neficrame). OGbiuHOE 1 CTIORTAHHOE AC/iCTBS ABATIOTCS OTOGPAXCHMAMH

APy 1,48, P~ 1
Crpenka 4, KOAMPYET MPOHIBOACTRO WA BHIGOP HMIYbCA, OHa Cava 10 CeBe e YTAEPAIACT, UTO HMIYLC He

Consan ¢ npeAueCTBYIOUIel NO/VIepKKOIL

25.3. MoaaepKa U OTHOCUTENbHAA CNOHTAHHOCTL
Onpeenenue 25.3 (oTnomenve nogAepxH). TIyCTh S — MHOKECTBO OGBEKTOB NPEAUICCTBYIONIETD C10s 1
SuppSS.xI

— oTHoueHHe HoAACpKUBaIOLIe CBA3HOCTH, TT0nOKHM
seS.|s,ijleSupp|.

Tora

Mvnynic i HasuipaeTcs cnowTanuBIM oTHOCHTENbHO Mojenu |S_,Sup p|, ecan i € I,,,. OtoGpaxense 4,
crowraimo va A C P, e
A,lAInL,,

Onpegenenie OTHOCHTE/LHO: HIVeHEHHE 6azhi HCTOUHMKOB, OTHOWICHHS SUP P Wit 0BnacTi wabmoeHis
MOKET HIMEHHTS KIACCHUKALIIO HMY LG,

25.4. Onepatop pa3BopoTa Kak YacTM4HaA BCTaBKa
Onpegenenme 25.4 (passopor/scraska). Tycrs Dy € I — obnacts gonycrimsix uwnyscos., Onepatop
Pa3BOpOTa 3a4aETCs, BOOGILLE OBOPA, UACTHIHEIM OTOGPOKeHHEM
¥:Dy— X:
Ero (IopMankHas pon — MOAOTORHTS SROMIOLMOHHO AONYCTHMOR COCTOSHHE 3 UMNYbCa. OBPATHMOCTS He
npeanonaraercs.
Onpegeneue 25.5 (061aCTE AONYCTHMBIX HCTOURHKOB). [L1s 33akH0r0 A, , TOMOKHM

P,,=4,,[Dy

[pep,,:a,lpleD,].

Ecm P,y=9, panseiinas Teopeva (OPMATHHO MCTHHHA, HO CofepkaTenso mycra. TloTomy Henyctora
SBMARTCS CAMOCTOSTE/EHEIM AOKA3ATESTLHAIM OS3ATELCTROM.
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MOHOI'PA®USA
BA30BbBII ITIPOEKT KLT-RBD

TOM1

AKCUOMATHKA ITAKETHOM PEIIEPHOM
JIOTUKU

3aMOpOXeHHaR peaakuuns V10T RU - NaysHi KOPTYC W yBAMKaLUONNSIA TR

TouIv
ReORPO

o 1304847 R 4 XOTOpEM HTAGTCR B ROCAYMG TONS
Pucynon. Mecmo Towa I @ apxumexmype smiosomosioti otozpaghuu
Kypnumes Visan Bopucosuy

Hesasncumlii uceneposarens - Kanununrpay - 2026
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25.5. Monyrpynna uaMeHeHns
Onpepenenue 25.6 (cemeiicto wamenenms). Cemeiicraom nocreayiouero uaererisi 1a X HasbipaeTcs cicrema

oTobpanernii
X X,120,

VAOBTETBOPAIOLAst AKCHOMAM

Ey=idy, . =, 5,5,t20.

910 anreGpaitieckie aKCHOMI ZHONapaveTpHtieckoii nonyrpynist. Henpepsisnocts oroGpaenis (T,x ) Z, x|
| CHMLHA HOIDEHIBHOCTS, MHHEIHOCT, CYUECTBOBaHMe TEHEPATOPA W KOPPEKTHOCTH AM(rpepeHtanbHoro
YPaBHeHIS U3 HIEX He CAeAYIOT.
25.6. Tpu cMbicna cumsona Y '
1. Ecmn Y :Dy - X GHeKTHBHO, CYILICCTBYeT eAMHCTBEHHOE 1106abHOE OGpaTHOE OTOBpaKCHHE
-,
YHi%~Dy
2. Ectm Y HHLeKTHBHO, HO HE CIOpLEKTHBHO, CYLIECTBYeT 0BpATHOE OTOGpAKEHHE TOMLKO Ha 0Bpase:

3. Ecin Y HEHHLEKTHBHO, BLPAKCHHE
v

ABICTCA C0EM, @ HE OAHO3HAUHBIM 0TOBpaXeHHeM. BriGop ceuenns 0:im ¥ — Dy tpeSyer
JIOTOMHITEbHbIX YCAOBHH W HE FAPAHTHPYET BOCCTAHOB/ICHHS HCXOAHOTO IPCACTABHTEN CAOS.

HenpepsisocTs ¥ e ofecnieuipaeT HerpepsIBHOCTH 0GpaTHOO 0TOGpaAeHHs /L1 TOMONOrHYECKOr OGpaierHst
TpeByeTcs roMeoMOpQMIM Ha 00paz AiA MIMEPHMOTO M TRAKOTO OGPALLCHHS HYXHbI COOTBOTCTBYIOUIME
AOTIONHUTE/TbHbIE THITOTE3bI.

25.7. OcHoBHas TeopeMa
‘Teopema 25.1 (ncraska, J80mouwst 1 orpanuuentoe Boccranonnenne). Tycrs gamme Py, 1, X,4,,,Y n
|, yaosnersopsior onpeaenenmsiv 25.1-25.6. Tora:
1. s KagOro T2 0 KOPPEKTHO onpesieneHo oToGpaxente
FiiPoy = X,F =B oY o[A, |7
2. BbINO/HACTCH TOXECTEO COTIACOBAHHOCTH OPGHT
Fo=E,°F,,5,t20;

3. HavaisHoe OTOBpaKeIE HMECT B

6. 663 MHLEKTHBHOCTH 110 TPACKTOPHU BOCCTAHAB/IMBACTCH HE HMITY/ILC, @ TONLKO €ro KIace
KBHBA/IEHTHOCTH 10 OTHOLLCHHIO
iy~yiy o Yi)|=Y i

Hoxazatenncrso. Bossmém p € P,y To onpesenenmio aonycrumoii ofnact A, ,(p| € Dy. Tlosromy
Y[, pl| onpeneneno u npunagnexur X. Tax ax o6nacrsio onpegenena =, snsercs X, snauenme
Z(Y(4,[pll|

TakoKe onpesereo 1 npurazexuT X 310 A0KakIBaCT NYHKT 1.
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Jins 5,0 NOAYrPYINORO. TOAECTEO AQET

Folpl=5.[Y(4,,pl))= 22 [¥(4,,Ipl))|=&.F.lp)).

wro jorasumaer fysikr 2. Ma Sy=id crepyer s 3.
Tyt Y mubextupio Ha A, ;[ Py, Toraa orpanuuenie

Yla o, 8ep(Pad) = FolPas)

GuexrusHo. Tpumenns oSpatnoe otobpaxene k pasencrsy Fy|p|=Y|A, [pl|, nonyuaem nywir 4. Mpu
rnoBansroii Guekmusnoctn 1 Puy= Py, orpammentioe ofpatsoe snsetcs orpamnuenvem riobastoro Y ',
OTKY/ja ClleAlyeT nyHKT 5.

Haxonen, ecn ¥ iy = Y (i), To g5 kasgoro 120

E,[¥(if)) Y (i)
CriefoBaTe/bHo, BCs HaBIOAaeMast TPAGKTOPIHS, MOCTPORHHAs ToMbKO M3 Y i =, He pasmavaer iy u i;
foKazan. o

T'pannua Teopemb. [J0Ka3aHHbIE TOKAECTBA YCTAHABMBAIOT OAHO3HAUHOE NPAMOE PACTIPOCTpAHEHHE
OTHOCHTE/IbHO 3aAQHHbIX OTOBPKEHHi. OHM HE AOKAIBIBAIOT YHHBEPCATHHYIO AOTYCTHMOCTS, (HIMECKYIO
C/AHHCTBRHHOCTS FHEPATOPA, YCTOMNMBOCTS OGPATHOT 3/1auH WIH BCOTIOTHYIO GeCTpHUHHHOCTh HMITYIbCa.

Tywkr 6

25.8. AyauT npexxHeit Gopmybl
B MCXOaHOIi CemanTHKe Y TICPEBOAWT HMIY7LC B MOArOTOBAeHHOE cocroswme. TT03TOMY, KOrga 0GpatHoe
oToGpakerme cymectayer,
YT

Ho A oxgaer apryvent us Py, a we us 1. Creposatensiio,
-
Aoy
He onpeaeneno Ge3 gononmuTensHoro otobpaxenus I —~ P, skmouenus I © Py wm oroxaecranenns I = Py. Hu

OO 3 HIEX He ABTIETCA YACTBIO HCXOAHOIE TEODHH, A WX BBE/CHHE HIMEHIIO Gbi CMBICI OTIEPATOPOB.
Koppexrhas aBomoumonias dopwmyna:

F=EYe(4,,, )

'KOppeKTHas (OpMy1a BOCCTaHOBIEHHS MPH HHEKTHBHOCTH:
1
Blo, =Yl p, | For
25.9. PenapamMeTpu3auma UCTOYHUKOB Yepes Q
Tipeanoxene 25.2. Mycrs Q: Py - P, , — Guexuus. Toraa dopmyna
Aol
A,=4.Q7":P,, 1
TUIIOBO KOPPEKTHA W SKEMBATIGHTHA YC/IOBHO
4,,00=4.
JMloxasatencrso. Komnosuuus koppextha, nockomsky Q' nepesogur Py, 8 Py, a A nepesopur Py 5 1.
KOMNo3uLms paBescTea cnpasa ¢ Q Wi Q' AaéT IKBUBANEHTHOCTS. ©

OnepaTop © MeHseT NAPAMETPH3ALIO UCTOUHMKOR. ONepaTop Y BCTABACT HMITYLC B IPOCTPAHCTRO
3B0/mOLIM. VX Helb3st 060IHANATS OAHHM CHMBO/IOM G563 JOKAJAHHOTO OTOACCTRICHIA YPOBHEii.

25.10. fiBHas HenycTas Moaens
Tipiviep 25.3 (3aTyXai0Mast MOAEE C OTHOCHTENLHOI CIOHTARHOCTEI0). TToN0XIM
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A, (pl=p,Yli|=i, =, [x|=e""x.

Supp={[s,i

Torga L,,4=(~%,0], a sce umnynncs A, p|>0 crionranmer otsocHTesHo BriGpaHoil Mogenn nojaepit.
Op6Ta Hveet B
Flpl=ep.

Ona nanerca pewsentien X = = X; renepatopos cayarr A = = id. Dy
clx|=-logx
31067 YaCOBOH YHKIMOHA, TOCKOMbKY
c[&,Ix)=clx|+t.

Taxum 06pasom, PO-1, PO-2, PO-3, PO-4, PO-5 i PO-8 3aKpbITol /41 3TOT0 KOHEUHOMEPHOTO MOACTHHONO

npiMepa. ITO He AOKAILIBACT HX YHUBEPCaTLHOR 3aKphITHe B NAPG wan isike.

25.11. KOHTpNpUMepbI U rPaHUYHbBIE CAyYau
Tipuviep 25.4 (HemibexTHBHan BeranKa). Tlycts [

Yliy,i,

Wmnyascer [iy,a) u [iy,b] npn a#b saior oauHakoBoe HavambHOE COCTOSHHE W OAHHAKOBYIO MOCACAYIOUIYIO
opGuTy. Bropan KOOpAHATa He BOCCTaHaBTMBACTCR Ges AOmOMmMHTenbHON WaGmiofaemoii. Cregosatensho,
06paTHas PEKOHCTPYKLHS CYILieCTBYeT TonbKo Ha hakrope 1/ ~y.

Tipumep 25.5 (actuamas gonycramocts). Tlycrs P,

0,00/ u 4,,=id. Torza

Tipumep 25.6 (nycran o6nacts). Ilpn Dy =2 umeew P, = 2. Teopema dopmanso Bhnonmsercs, Ho He
OnHCHIBACT HH OHOT (PAKTHUECKOIH OPGHTHL.

25.12. AHanuTUYeCKOe ycuneHne
Tycrs X — Ganaxoso npoctpancteo, | 2|,y — C,-nonyrpynna orpaHiueHHsIX MHEHHLIX ONepaTopos, a A —
eé retepatop:

970 OnpeeeHHe TPEGYET CYINECTROBAHIN IPEAENA i He CAEAYET 3 ATreBPAHUCCKIEX AKCHOM.
Tlpeanoxentte 25.7 (yctoiiuunoe Boccranomnenue). [ycrs ¥ € Dy, — nopwiposanoe muneiinoe
noanpoctpancrso, ¥ |y: Y — X nunelino u cywecrayer m>0, Takoe uto

IYylezmlyl,yey.

Toraa Y |y nsexrusio, a ofparhoe Ha o6pase yA0BTeTROpsET oLeHKe

Jloxazarenscreo. Ecnn Y y=0, nivkuan ouenxa gaér m || y || <0, nosromy y=0. na X, =Y y; npumensiem
OUEHKY K Y1~ Y2.°

310 npesyioKenite GopMyHpyeT TouLI Gaphep PO-6: 04HOI MHBEKTHBHOCTH HEAOCTATOUHO /s
YCTOiiuMBOl PEKOHCTpYKIMH.
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25.13. UnTepdeiic c Reper u NAPG
Tiyers Ry it Ry — 11accss moMiscx penepon MMITyISCHOMG  SBOHOIMOHHONO Ypossel, a
piDy —~ R,py:X ~ Ry

— oroBpaxenis peniepHoii MapKupoBKi. [Lis coBMECTUMOCTH BeTaBk TpeGyercs Reper-mopusm @y R, - Ry,
yAoBAeTBOpSIOWHiT AMArpavMe
pxoY=®yep,.
Jinn ssomotyn TpeGyercn ceveiicao ®,: Ry — Ry, Taxoe wro
PxoE =P 0py, B =D 0D,

94 pasercTaa sBnAIOTCH MATEpbeicHBIMM rImOTesaMM. Oni 373107 Tk CMbICT PO-9, HO He AOKIIMBAIOT
CywecTROBaIte TPEBYeMBIX MOPGHIMOB B K0/ MOZeH.
1715 KaXAOTO Pe3yNISTATa AO/KEH CTPONTECS HOBBI NOMHEIH periep

¢ cobcrennn D/DOM, A-KoOpAHITON M AOKaaTeNsHbM CTATYcOM. WCTHHHOCTH He  HacTegyercs
asTowaTiuecks i 1o A, wino ¥, wa o Z.

25.14. OHTONOTMYECKAA MHTEPNPETALUsA U €€ rPaHULLbI
B NaKETHO-OTHYCCKOM UTEHMH KCT, BOS/IAC, CKAUOK WM BBeeHHe HOBOFO OMpefeneHis MOryT Gbih
NpACTaBIeHbI MMITYLCOM BHe BOCCTAHOBIEHHOTO Kiacca oGhiuHoii mojyiepikic. Tlocie JonyCTHMOii BCTaBKit
FIOCIECTBIA MOTYT 0GPA30BATS PEryApHYIO OGHTY.

Marematiueckas cxema He KnaccH(ULMpyeT (aKTHUECKHE HOCTYIIKM ABTOMATHUECKH, [ 5TOr0 Hy)KHb!
He3ABHCHMO 33JaHHOE OTHOWLIEHHE TIOAEPKKH, ZaHHBIe, KpHTepHii puHagnexsocTh Ly, 4, obmacts Dy 1
IPOLLE/AYPa BOCTIPOW3BOAMOi TIpOBEpKH.

Tlosromy (ukcupyiores Aga sanpera:

L. CCTIOHTAHHOR» He O3HANACT UYACCHOE WIH ABCOMOTHO GecpHIMHHOE;
2. ACTOPMMHHPOBAHHAS IOCACAYIOIa OPOHTA HE CO3AAET 3a/AHIM UHC/IOM CAMHCTBEHHONO OCHOBAHS
IS HAYA/ILHOTO CODBITHS.

25.15. O6HOBNEHHbIN peecTp AoKa3aTe/ibHbIX 0653aTenbCTe

PO-1 — KOHKpeTHan HenyCTas MOACML. 3aKDHTO AT Mpuvepa 25.3. Tlofioe 3akphiTue TpeByer sHyTpeieii
mogemm NAPG/KLT-RBD.
PO-2 — HenyCTOTa 1 yHHBEpCA/IbHAR ONYCTHMOCTS. 3aKDHITO /1A IpiMepa 25.3. B tjenenom Kiacce

Tpebyerca reopema Py =P,

PO-3 — support-connectivity. Ha Te0peTHKO-MHOKECTBEHHOM YPOBHE 34aHO OTHOLIEHHEM SU P p.
Tonoe 3akphiTHe TpeByet aiyTperHero Reper-GyHKTOpa noAAepkki.

PO-4 — TONONOTHs 1 PEry/IAPHOCTE. 3AKPLITO B KOHEUHOMepHOM npimepe. [Lis o6ieii Teophit
TpeByeTCA BLYYCANTS KIACC IPOCTPAHCTR W AOKAIATS PEryAPHOCTS BCEX OIEPATOPOR.

PO-5 — reneparop u well-posedness. B npivepe renepatopos seserca A= - id. [l nomoro
3AKPBITHS HYKH FeHEPATOP LEAeROl| AUHAMIKH C AOKA3ATE/ILCTBAMH CYLLCCTROBAHIA, CAMHCTREHHOCTH 1
yeroiiungocti.

PO-6 — ycroitunpocts ofpamenstsi. [J0ka3aH AOCTATOuHbII] KOIPUTHBHBIH KpHTEpI, OTKpLIT
KO/IMueCTBeHHAs OLieHKa A1 iesieroro onepatopa Y .

PO-7 — menmwexTuBnIii cayuaii. Onpegencio Boccranornerme Ha daxtope no ciosm ¥ . Tpebyiores
pasgensoue HaGoAaeMble MG ABHOE IPHHATHE GAKTOP-MOACIH.

PO-8 — uaconoii observable. B npinicpe nocrpoer ¢ x| = - log x. dusiieckas nepus tpesyer
KanuGpORaHHOIi HAB0AACMOIi 1 NIPOTOKOa HIMEpeHIA.
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PO-9 — cnszi ¢ NAPG/Reper. 3aaubi KOMMYTATHBHIC AHArpamL. OTKPBITO MIOCTpOCHHE
COOTBOTCTRYIOLX MOPGH3MOR B 1ieIeROH MOEH.

PO-10 — sMnupuveckas KAaccHMKaIMs, OTKPLITO. Hy Kbl HO3ABHCHMbIE KDHTEDHH 1 AGHHBIC.

PO-11 — HeTayTONOrHUHOCTS. UaCTHUHO JAKPLITO PA3AETeHHEM OTHOLICHIS TIOAACPKKH H AHHAMIKH.
Tonoe 3aKphiTHe TpeGyeT He3aBUCHMEIX aHHbIX Ang SU p p, Dy u 2.
PO-12 — CMBICH TepMMHa «pazBOPOT». B (pMATLHOT uacTi ¥ (HKCHPYTCs KaK BCTABKa/NOATOTOBKA.

usneckoe ofpatentie Bpeveih TeGYeT OTACEHON TeopeMsi.

25.16. Notation Ledger rnaebi 25
Py Tin: Mi0KeCTs0. KaHOHMUeCKIi CMBICT: OBIuHEIE HCTOMHIKI, 3aTDeLIieHO HCMOTL308aTh KaK MPOCTPAHCTBO
MRy OB,

P, . Tui: MHOKeCTBO. KaHOHMUECKHil CMBICA: CTIOHTaHHEIE TOKeHBI-MCTOUNMKH. He SBISCTCH nyCThiM
MHOKECTBOM.

S_. Tun: mHoecTBO. KanoHMueckyii cMbIC: npejuiectayiouas nojepxka. He ofossauaet spevs.

1. TUI: MHOXECTBO WM CTPYKTYPHPOBAHHOE NIPOCTPAHCTRO. KaHOHMUCKNii CMBICA: uMnybcht. Kak
MHgieK Reper HCMOML3YeTC TOMLKO C NOACHeHHEM.

Ty, © 1. Karoruseckunii cici: My ihchi ¢ oBsiunofi noepdofi. He kogupyer abcomotiyio
NIpHUMHHOCTS.

X. TUR: MHOXCCTBO WM CTPYKTYPUPOBAHHOE TIPOCTPAHCTRO. KaHOHWNECKIH CMBICT: TIOAOTOBeHHbIe
cocTosmus. He SBACTCA 1IapameTpoM Bpesen.

T € [0,00). Kanommueckuii cmica: napametp 38o/moLun. He SBAsIeTCH COCTOAMeM.
A: Py~ I Kanowmuecknii cwbica: ofsnoe seficrame. He oGosnauaer Hodge-narunacuan B 970ii riase.
A,: P, , ~ 1. Kauonmueckuii embicn: criontannoe aeiicrove. He 0G03HauaeT noC/gAyIOUYio 3BOMOLHIO.

¥ Dy  X. KaHomHucKti CMBICT: BCTABKA/MOAFOTOBKa, Periapaverpi3aiiio HCTONHIKOB 0603Hauaer
Q,aneY

P,y € P, . Kanonmueciii cusics
JAoKasaTenkCTsa.

onyCTiMbIe HCTouMKH, PaseHcrso co Beew P, TpeGyer

2,1 X — X. Kanomiueckuii Cubica: noceAyiouee amerene. He ABiseTca AciicTanem HCTOuMMKA.

F, Py X. KaHOHMUCCKiii CMLICH: BCTaBeHHaR OpGHTa. IT0 TIPOH3BOAHOE OTOGPaXEHHE, a He
caMOCTosTe LHbIi NIepBIYHBII OnepaTop.

Q:Py ~ P, . Kanowuueckiii cubica; penapamerpisatya nerounikos. He connaaer c ¥,

Supp € S_x I. Kanowmseckuii cubici: oTHOLeHHE nojepimBaioweli casaocTH, Camo 1o ceGe He
ABIACTCH AOKAIAHHOH HINECKOTE TIPHUHHHOCTLIO.

€1 X — R. Kawormueckai ewsic: uaconoii observable. He cosnazaer ¢ napaverpos T.

©. Tun: Gunmmelinas onepauys. Kanonmueckuii cubicn: ymuoxeie NAPG/R + R-anreGpt. He
swnserca Hodge-star.

KX, y,2|=Assg|x, . Kasonmuecksii esica: Konkpernsii accoumatop. He seaserca
KBAAPATHUHBIM OGEKTOM.

R+ R. Tun: Keapariussiil naker. Kauonmueckai cicn: asTopekuii ofsexT acconyaropioro cios. He
ABACTCS HOBBIM GHHADHEIM YMHOKEHHEM.

*n— onteparop XopKa. 310 0G03HaNeHHE He HCTIOL3YETCS A ACCOUMATOPA WM OGLINHOTO YMHOKEHHS,
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. Kanonmueckuii cmbicn: kouenwoii udpepentynan E-cnos. He smnserca Hodge-kopuddeperymanon.
8414, Kanommueckuii cmbien: Hodge-kogudapepentyman. He savenser 8.

TTpaBino 3aMOpO3KH. O CHMBO * He HCTIOJTL3YeTCH OAHOBPEMEHHO AT YMHOKeHItA, orepaTopa Xoa,
accouparopa i naketwoii casaw. Basosas omepauyis 0Go3wavaetcs ©; onepatop Xogka — +n; asTopckiii
KBapaTHsii 0Gbext — R+ R; Tpéxmneiisnii fedet — Ass_O(x,y.z).

25.17. UIToroBblit CTaTyc rnaebl
®opmansto pokasano: xoppexTHocTs F,, nonyrpyNnosas COrMACOBAHHOCTS, OrPAHHNEHHOE BOCCTAHOBNEHHE NpH
MHLEKTHBHOCTH, [106/IbHO® BOCCTHOBIeHHe Npi GHEKTHEHOCTH, HEBOIMOKHOCTE YHHKATBHOTO BOCCTAHOBTEHHS
NDH  HEHHLEKTHBHOCTH, THIOBR KOPPEKTHOCTS HCTONHHKOBOJi penapamerpisaii uepes <, ycroituisoe
Gpatesite pH HiKHeii HOPMOBO Olfeiike.

TlocTpoeno Kak OpMabHBII IPHMEp: HerlyCTast MOJie/th, YHHBEPCA/TsHas JONYCTHMOCTh BHYTPH Het,
OTHOCHTeLHast CIOHTAHHOCTS, Co-AHHAMMKA, TeHEPATOP M HACOROH (YHKIMOHAL

Ocraéres yenopmsiv: cyuecraosanie NAPG/Reper-Mopiamos, obiuii ananuTeckiii Knace i
yeroiiunsocts tenesoro oneparopa ¥ .

Ocraércs MiTepnpeTauteii Wi rHROTe30: (i3IICCKOE O6paLiieHHe BpeMCiH, aBcomioTHaA
GeCTIpHIMHHOCTS, YHHBOPCATbHAS KAACCH(HKALIS UeI0BEUECKIX TIOCTYTKOB i (M3ieckiti CTaTyC Hacos.

25.18. Kateropus 4acTM4HbIX NakeToB AeNCTBUS

Onpepenenite 25.18. OGbeKTaMM KaTeropuy Act ABAFIOTCA THIH3HPOBAHHIE IPOCTPAHCTEA COCTORHMIH X.
Mopgusmom X—Y ssnsercs naker a=(p,LY,E), rae p — napamerp aeiicrsns, 20, Y:Dom(Y)CX ~Y —
ACTHUHAA BCTABKA, A E_{ — HOCHEAYIOLIaA SBOMOLMA Ha CBOCTH 06AACTH, [IBa N1AKETa CUHTAIOTCH PABHBINH,
/1M COBNIAAAIOT MX OGACTH H 3HAUCHHS! Ha HHX.

p2op1ta+ts, TaoTa, Z2 {ta}o=" {ta})

O6nacts KoMno3uuMM 3azaéres kak Dom(a,ea,)={x€Dom(a,):a,(x) EDom(a,)}. TokaecTsenHbiii naker
Wneer HeiiTpansissii napaverp, t=0 u ToxaecTaenHie Y, S,

azony

Teopeva 25.8. ECi © accoumariea, kaxias £ 06pasyer COrIACOBAHHYIO NaCTHHYIO Monyrpynny M
BLINOMHEHEI YCIOBMS COTAACOBANMS OGAACTEH, TO OMHCAHHbIe MAKeThl OGPAIYIOT KATEODHIO UACTHIHBIX
oToBpaxeni.

JIOK3TeNLCTRO. ACCONMATBHOCTE 3HAMEHHIE CTGAYeT M3 ACCOLMATHBHOCTH O, CTOKCHHS BPEMCHH 1
Komnosun oToGpaxeniii. O61acTs 0GeHX PACCTAHOBOK CKOGOK COCTOHT POBHO M3 X, A KOTOPHIX
T0CIEA0BATe bHO OnpeAerensi a,(x), a;(ay(X)) M ay(a,(a,(x))). TOAAeCTBOHHIT NAKET COXPASCT SHauCHHS 1
obnacru. O

25.19. Pa380poT, 06paTUMOCTL M MHOTO3HAYHOE BOCCTAHOB/IEHME

Onepatop Y e azbipaeTes 0GpaTHLIM OBpaLLieHHEM BpeveHH 10 yvonuaniio, ECii Y GueKTiBer Mexy
Dom(Y) i Im(Y), cyujectayer oGl 00parhbiii Y ~:Im(Y) — Dom(Y). [Iph HaHuiM TO11KO paBoro wi
71eBOrO 0BPATHOTO CoOTRETCTBYIOYHE OpMY.MbI ACHCTBYIOT LIS Ha YKAIAHHOIH CTOPOHE.

Teopema 25.9 (TMN0Bas KOPPEKTHOCTL (opmy/kr). Buipaxerie A_sp=AcY ™! sBiseTcs oroGpaxeHiem
Im(Y) - Z T0rAa # T016KO TOrAg, KorAa Y eylectayet wa pacemarpusaemon Im(Y) i Im(Y ) CDom(A).

JlokazatenscTeo. D10 CTAHAAPTHOE YCTOBHE KOMIOIMLMM: AnA Kakgoro y€EIm(Y) anavente Y (y)
AO/DKHO BT eAHHCTRCHHEIM W NPUHAATEAATH Dom(A). TIpi HAPYLLICHHH CAUHCTBEHHOCTH WIH BKIIOUCHIS
KOMINIO3ULMS KaK (pyHKLMs! He onpeeriea. [

Jinn wewmsektumnoro Y Koppekrhoii  3amenoli ciyut o6patHoe  otHowemne  YA{-1}
[yl={x€Dom(Y):Y(x)=y}  u  wmorosmaumsii  oneparop  A_sp(y)={A(X):XEYA{-1}[y]nDom(a)}.
EMHCTBEHHOCTS Pe3y/IbTaTa CTAHOBHTCA OTAC/IbHAIM OKA3ATE/IbHAIM O0A3ATE/ILCTROM.

Asp(y)={A(x): x€X~{-1}{yJnDom(A)}
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Kowpnpimep 25.2. Tlycts Y:{~1,1} - {1}, Y(x)=1, a A(x)=x. Torga Y ! Kak (yHKLs He CyujecTsyer, a
A_sp(1)=(~1,1}. 3amucs A=Y ! Ge3 OTHOLICHIA CKPUAa Gbi ABE HECOBMECTHMbIE BETEH.

enomenonozeckan acmacxa. Pazeopom e cmupaem coaepuisauicecs deiicmase. O 30daém wioli cnocos docmyna k ez cacdy; Kozda cied
UMECI HeCKO11KO MPOOGPA308, 4eCTIHAA MaMENGMIK CONPANREM MIONCECTGENHOCT GNECTIO GLMSLLIENNOZ0 COUHCTIBENHOZ0 MPOULACZO.

25.20. NMopaepikka AeUCTBUS U NPUYMHHAA CKPOMHOCTb

Togzepka Supp(a) YKasHIBaeT, Tile NIAKeT OTANAETCH OT TOAIECTEA, HO He YCTAHAB/MBACT NPHUMHY
010 OTIMUMA. OTHOCHTENbHAS CHOHTAHHOCTH O3MAUART OTCYTCTBME MPMUHHM B  BHIGDAHHOM
MH(ODMALIMOHHOM 0-NIO/IE;  PACLIMPEHHE O-O/IA  MOKET H3MEHHTL KAACCHOUKALMIO, He MeHss Camo
HaGiojaemoe AeficTaue.

Mpeanoxerme 25.10. Ecm F,CF, — jpa  MHGOPMALMOHHBIX MO, TO  «HeNpeACKasyemo
omocHTenbHo Fp BICUST «Henpesickasyemo otHocHTenbo [y, Ho 06paTHas HMMAMKaLMs b oBujem ciyvae
HepepHa.

Jlokasatenscreo. JlioGoii F\-usmepumbiii npeauktop Takke F-uavepum. Tostomy orcyrcreme
npeauKTOpa B Gostee GoraTom K/lacce HCK/iouaeT ero B Goee Gearom. TIpeAMKTOP, UCHOML3yIOUit AdHHbIE 13
F.\F,, paé KouTpnpumep oGpatHoii umrmKaui, O

25.21. CTbIKOBKa C NpeAcKasaTeibHbiM 0nepaTtopom

JUis AeliCTBA @ CTPOMTCH MHOJKECTBO JONYCTMMBIX NpogoKermii U_a(x), HoCie Uero mpuMeHsiorcs
sopora rnapki 22. HeoGpamumocts Y, Herionsas Dom win HewieHTHHLMPYEMAA TIOAIEPKKA NIOPOKAAIOT
3auene L, a He aBTOMaTHueCKHii 3anper. ECAM BCe KaHAMAATI 3a0MOKMDOBAHLI, Pe3y/IbTATOM ABISETCH
ABSTAIN.

Onepatopras oierka He nogsiwaer truth-layer Apredakra-1. Ero newavensiewbiii cratyc signature-ready-

nottruth-layer - truth_layer_promotion=0  coxpansiorcs Ao orgensioro certificate-lock/publication-gate
review.

25.22. ACTION-CERT-v196i5

ACTION-CERT-v196i5: objects=typed-state-spaces; morphisms=partial-action-packets;
composition=domain-checked; sertion-not-time-inversion; inverse=only-if-bijective;
noninjective_case=set-valued; A/Z/Y=distinct; spontaneity=relative-to-information-field; causal_claims=not-
inferred; prediction_interface=three-valued-gates.

Jiutepatypa v NPOEKTHbIE UCTOYHUKM

1. Engel, K.-J; Nagel, R. One-Parameter Semigroups for Linear Evolution Equations. Graduate Texts in
Mathematics 194. Springer, 2000, DO: 10.1007/b97696.

2. Hille, E.; Phillips, R. S. Functional Analysis and Semi-Groups. Revised edition. AMS Colloquium
Publications 31, 1957.

3. Mac Lane, S. Categories for the Working Mathematician. 2nd ed. Springer, 1998. DOI: 10.1007/978-1-
4757-4721-8.

4. Kypnuwes . 5. Operators of Action, Change, and Reversal: A Typed Framework for Spontaneous
Actions and Subsequent Evolution. Tlpoextusiii Hcrounik, 2026.

5. Kypnuwes . B. Strict Mathematical Audit: Operators A, Z, ¥ and Theorem 6. Tpoekrubiii uerouni,
2026.

6. Kypnuwes . 5. Heaccoyuamuanas naxemnas penepuas anzeGpa pammep@pazmephocmeii
Kypnuwieaa u eé deolicmaennocms NAPG. Tlpoextasiii Hcrousik, 2026.

Towxa omcara: mbpl96b  +  action_ops_journalen + action_ops_auditen +
rstar_napg_duality_ru.
MuTerpanmonmbiii cratyc. Moayns Bimouén B uacte VI ceogmoii pegaxumn Mbpl96c; are6po-

reoMeTpHtIeCKOE MPOZOKeHHE AaHO B riase 26,
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TnaBa 26. HeaccoumatueBHas nakeTHasi penepHas anrebpa
pasmep@pasMepHOCTeit

TOHSATHOE OB BACHEHUE
CMbicn. AnreGpauieckoe yMHOXeHve 1 B3sellieHan NAPG-TeOMETpHS KOAWPYIOT OfiHy Ga3HPOBaHHYIO KOHEHOMEDHYIO
CTPYKTYPY, 8 aCCOUATOP CTaHOBUTCA ACGEKTOM AByX nyTeii.

Maremariyeckoe Ao, ONPeALNSIOTCs R R, CTRYKTYDHEIE KOHCTaHTS), NAPG-UHLWACHLIA 1 OBCTDYKUMS; AOKA3LIBAAOTCA
B32UMHA3 PEKOHCTPYKLLMA W TOXIECTBO ACCOUMATOPA C AeieKTOM NYTH.

TaHMuia yTsep#aeHNs. [IEOICTBRHHOCTE AOKA3aHA [U1A BA3UDOBaHHEIX 06eKTOR; Hodge-, Gy, KOTOMONOTMHeckMe 1
GM3MECKHE CIION TPEBYIOT AONOAHHTE NLHBIX TMOTeS.

(CraTyC: A0KA3AHHOE KOHESHOMEPHOE FADO U YCAOBHbIE MOcMbI

06beKT R * R  anrebpo-reomeTpuyeckan apoicreeHHocTs NAPG

Kypmumen Msan Bopucosi
Hesasncumiii ccaeaoatens . Kamuunrpaz . 2026
Mpoext  IOTMKA  KYPIMIIEBA  2» Tom 1 - pegakuus  mbpl96c
Cratyc: hympamenTanbias pacumpentas pegaxums, MACTEP-7/03

Annotayus.

BBOANTCS CTPOTHii K/IACC KOHEUHOMEPHBIX HEACCOLMATHBHBIX IAKETHBIX PEIePHBIX A/reGp, reHepaTopbl
KOTOPBIX HECYT O/HOBPEMEHHO Be/MUHHY P3MEpa, (1ar PA3MepHOCTHBIX YPOBHEH, COCTOHIE 1
NIpOCKTHBHBIE Periep AOCTATONHOr OCHOBaHHS. ABTOPCKHii 0BbexT R + R (HKCHPYTCA Kak KnapaTHuHbili
nakerwsii cnoii Q| R|= R © R, Tora kak coGcraerno ymmoxenie oGosnavaeres O ; 9to yerpansier
NIPEAKHIONO eperpy3Ky cHMBOna +. JUis areGphi ¢ (HKCHPOBIHHBIM OHOPOAHbIM Ga3HCOM CTPOKTCA
BIBCLLICHHAS! HATIPABCHHAS NIAKETHAS TCOMETPIS, CTPYKTYPHBIE KOHCTAHTI KOTOPOJi HHTEpIIPETHPYIOTCS Kak
BeCa /By XUIATOBLIX PeriepHLIX MHICHIHTL, [10Ka3aH Te0peMa BIAMMHOI PEKOHCTpYKLIMH: TPYTINON
§a3MPOBAHHBIX NIAKETHBLIX PErepHbIX AreGp IKBHBA/ICHTEH rPyNNoHAy BIsewwenbix HATIT-HHLmaeHLMiA.
ACCOLMTOp AreGphi B TOUHOCTH COBNIA/ACT C PASHOCTEIO /IEBOTO 1 NPABOTO /BY XUIANOBLIX FCOMETPHYECKIX
nyreii. Beepens! Keaaparuuniii cioii X %y ,, penpesentupyiowas kapra ¥ 2, oberpykims Oy u ycaosubiii
Koromozorueckuii Moct I1 O, - H’. TloKka3sano, npu Kakux rHnoTe3ax npoeKTHBHaA A-HCTHHHOCTE W
nOKansHas MHHMMAKCHast opma npwina [TH.2 CoxpansioTes ABOicTBeHOCTI0. JlOKaaHHBIe
yraepienis 1eneibl o1 yeaoshbix Hodge-, G- n uameckux nirepnperauii

KInioueBbie C10Ba; HEACCOUMATHBHAR ANTeGpa; NAKETHAS TEOMETPIS; Penep; acCOLMATOP; NPOCKTHBHAA
rapMOHHS; OGCTPYKLUAS; KaTeropHas peKoncTpyKut; HATIL; npuruan [TH.2.

MSC 2020: 17A30, 18A20, 51A05, 53C80.

26.0. Pe;akYMOHHBII CTATYC U CBA3b C FNaBoi 25
Hacrosiujan riasa sBnseTcs Moorpagueckoii wiTerpauneii craton rstar_napg_duality_ru e apxurexrypy
mbp196C. Oa coxpanser BCe OMpeeeHHA, MPHMEDS H JOK3ATEILCTBA KYPHAHOI PEAGKLHH, HO AOMOTHAET
U CTPOTOli CriewyMKaLMeli AHMIILL, MHBOTIOLYH, HOPMbI 1 AOMeHHLIX TpeAukaToe. HoTaws cornacopana ¢
rnagoit 25: A, E, ¥ e ncnomsyiotcs 3jecs Ais areGpameckoro ymuoxenns, Hodge-nannacuana i
accouparopa.

Onepatophas rnasa 25 1 a/IreGpO-TOMETPHNCKAs! [/1aB 26 CBA3AHEI TOIBKO epe3 SBHO 3a/aHHbIe
MOp(Qi3MEL. ECIM NPOCTPAHCTEO MMITYILCOB Wi COCTORHMIA 1aBk1 25 peanusyerca s HocuTene A, 310
SBITCS AONONHUTE IO MOJCTILHON FMITOTe30l. CyllieCTBOBaNME TaKOi pea/izaLi He creyer
aBTOMATHUECKH U3 TeOpeMl 26.23.

Tnashas rpamma. [IOKasaHHOe PO OTHOCHTCH K KOHESHOMEDHbIM GasMPOBAHHbIM MGKETHHIM PerlepHb
anreGpamt 1 B3mewermn NAPG-numgeryn. Korowonorwueckiii, Hodge-, G- u dusmeckuii cnon
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COXPAHSIOT YCHOBHbI WM MPOTAMMHbII CTATYC [0 34IAHHS COOTBETCTBYIOUIHX OGHEKTOB M AOMEHOB
onepatopos.

26.1. Beepenve
Knaccieckas a/reGpa HauMHAET C MHOKECTEA JMEMEHTOB W 3aKOHG WX YMHOAEHHS, TOAd KaK KNACCHUECKast
TeOMETpHS HAUHHAET C TOUEK, MHLIICHTHOCTei 1 MpeoGpa3oBaHHii, B poekTe Kypriiiiesa HCXOAHbIM 0GHeKTOM
SBNACTCA He MIOMMPOBAHHIE dnemenT, a naker CoGhmue@COCTOAHUE; PA3MEp TAKKe PACCMATPHBGETCH He
OTgenbHO, @ BMeCTe C Uiarom fomyCKaeMBiX pasmepHoCTeid, TIOTOMY BOHMKAET 3%aua MOCTPOMTH eguHbii
OpMAI3M, B KOTOPOM a/reGpaIeCKIi 3aKOH KOMIIOSHLMH  FeOMETPHUECKAs CTPYKTYPA HHLWCHLiH BIaHMHO
BOCCTaHABTHBAIOTCS.

CTanapTHOE ONPE/IeICHIe HeACCOUMATHBHOI ANreGPEI TPEGYeT BEKTOPHOTO MPOCTPAHCTEA HA/\ TOMeM H
GUAMHEIHOTO YMHOKeHHS, HO He TPeGyeT HH ACCOLMATHBHOCTH, Hit eAWHHLI . KnaccHueckim ripumepoy
CAYKAT OKTOHHOHbI ; OAHAKO TIE/IAraeMas HKe KOHCTPYKLIMA He OTOK/ECTBIAETCH C OKTOHHOHAMH 1 He
HaC/Ie/1yeT ABTOMATHUECKH HX ANISTEPHATHBHOCTS WIH MYNTHILTHKATHBHYIO HODMY.

‘Tepmin deolicmeeHHOCTI B HACTOALIETE 1/12Be WMEET TOUHBI CMBICT B3AHMHOT PEKOHCTPYKLIMH MEXAY
JABYMsi 6a3HPOBAHHEIMM KaTeropusamu. IT0 He MuHeiinas ABoficTBeHHOCTS V o V', He criekTpansHas
ABOfiCTBRHHOCTE Tb(pata W He YTBEPKJCHHE O CYILCCTROBAHHN KOHTPABAPHAHTHONO YHKTOPA Ha BCEX
HeaccouaTHBHEIX anreGpa. T10A0GHAs AMCLHIAHIA COTACYETCA C OGILMM KATerOpHBIM TIOHHMAHHEN
SKBHBAIHTHOCTH CTPYKTYD

OCHOBHEIE Pe3y/ITaTS! F/1aBi TAKOBEL

1. Onpegenéi KAACC NAKETHBIX perepHbIX anreGp «pasMep@DasMepHOCTeii W YCTPAHEHa HOTALMOHHA
neopposnausocts R+ R

2. Tlocrpoesa s3peusertias HATIT-HiLeHLys, TOMHOCTIO KOAMPYIOLaA CTPYKTYPHbIE KOHCTaHTS
Gaswposasmoii anreGp

JIoKasaka Teopea B3AMMHO PEKOHCTPYKLIH AAreGpI H reoMeTpHH.
JIOKa3aHO TOHO PABEHCTRO ACCOLMATOPA PASHOCTH ABYX FEOMETPHUCCKIX nyTel

5. CAOOpMy MPOBAHS! KBAAPATHAHAS OGCTPYKIIS, YCAOBHbIH MOCT B H H yCH0BHS COXpanes A-
uctunnocTi M [TH.2.

26.2. IMCUMNAMHA CTaTYCOB U HOTaLMs

26.2.1. Kapra AoKasaTenbHbIX CTaTycoB
B r/1aBe HCIOM3YIOTCH UeTBIpe CTATyCa.

« Knaccuseckuii (pakr. Pesy/IsTaT CranAQpTHO/ MaTeMATHKH, LiTHDYeMbi 110 nTepatype.

+ Buyrpennsn KoucTpykuus. OnpeAe/IeHHe Wik T0PeMa, AOKA3AHHAS BHYTPH BBEARHHEIX 3AeCk
Kateropiii.

+ Yerommas Teopema. YrBepiieie, BePHOE TONLKO I0C/IE SBHO NIEPRUHCICHHBIX AOTOHHTE/ILHbIX
runores,

+ Oripurran nporpama. [oMeTpHuCCKast Wi GHIHUCCKA HATEPIIDETALILS, HE CIEAYIONLA 13
JOKAZAHHOTO 3APa.

26.2.2. HoTauyoHHas 3aMoposka
+ O — Gazomoe Gummeiioe ymHoReHE;

+ R+ R — asTopckuii KBaapaTuumbiii nakeTHbii 00sext;

— 3me31a XO/pka; CHMBOA * Cavt 110 Cefe He UCTIONB3YETCs Kak ANreBPAHIECKOe YMHOKEHHE;

+ 6 — Kouennoii ndibepentan, a 8,4, — Xoppkeackiii Kogupepentya;

« Assolx,y,2/=[x® y|©z-x Oy © 2] — accouuarop.
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Ora duKcaums npuHUHATHa: Keagpariunas kapra R RO R tptvmmeiinuii gedext ASSq mveior
PAIMNIHEIR THITSI 1 He AQ/KHb 0BOIHANITLCA OAHIM CHMROMOM.

26.3. NakeTHas TouKa, penep U NPOEKTUBHAsA UCTUHHOCTL

Onpegenene 26.1 (Takersan Touka). Tlycts E — Mioectso cobumitii, a S — MoxecTso cocrosii. Taxetsoii
TouKoii HasbtBaCTCH

c=C@C=le,s| e PCExS.

TIpu mkcuposatisom s cnoii L,:={le, s| € P| nassiaerca nakernoit nmmeii cocrosmis.
Onpepeneine 26.2 (To/mblii periep AOCTATONHONO OCHOBaHIA). PerIepOM NAKETHOF TOUKH C HazbiBaETCH

uerBépKa

Replel=

[R,1,U;D,|,

e R, — neficreurensioe copepxannte, I, — soygenennpii unsapuan (uaen), U, — npoctpanctso gonycrimbix
BoamoxmHocTeit, a D, — goctarounoe ocHosanme. Tpoiika (R, 1,,U,| 6es D, ne nonyuaer craryca noamoro
penepa.

Onpepenente 26.3 (IpoekTusas Koopunata w truth-gate). B agpuinoii Kapte, rAe navenarens He
paBes Hy/mo, MONOXHM

|U.~R|I.-D,|
Alel=er(U, IR, D)=+ - :
[U.-DJI1.-R
Onpegenm
S.pumle=[Ale)+1).

CTaTyC HCTHHBI TPHCBAMBACTCS TOLKO 110 MPABHY
Truthlc|« Domlc| A D, AAlc]==1].

ameuanue 26.4. Tapwornieckoe snaverie A=~ 1 camo 1o ceie HEAOCTaTONHO: HEOBXOAMMB AONYCTHIH AOMeH
W JOCTaTouROe OCHOBaHME, DTO MPABTIO HCKTIONACT ABTOMATHECKO® MOBHNEHME (ruth-status mO OgHOMY
“HCT0BOMY COBTAZCHIIO

Tipeanoxense 26.5 (Ipoekusnas isapuanTHocts). [lycmb 6ce wembipe mouKu penepa npeoGpasosati
odnum snemenmon g € PG Ly K| u o6e kpecmossie dpo6u onpedenensr. Tozda Alg-c|=Alc);

€/1€908AMEABHO, COXPAHSIOMCR 8, 1, U 2apMOHUNECKOE yC00Ue A=~ 1.

JIoKa3amenbemao. 310 CTaHAapTHAS! HHBAPHAHTHOCTS AROHHOTO OTHOWLICHHS! OTHOCHTEBHO TIDOCKTHBHBIX
npeopazonani. Yenons Dom|c|u D, AomKibl IPOBCPATLCA OTACLHO M HE CACAVIOT W3 UHBAPHAHTHOCTIE
ABOIiHOTO OTHOWEHNS., [

26.4. Anrebpa «pasmep@pasMepHoCTeit»

26.4.1. PaaMepHOCTHBIiA nakeT
Onpepenenue 26.6 (Iaxer pasvep@pasmepoceii). TTycrs
D,<D,<~<D,

— KoveuRbii (ynar pasMepHOCTHBIX ypoBieii, TlakeTom pasmep@pasmepHocmeii yposus k Hassisaetca
RD=R,@D.,:=[Ry,[Dy<~<D,|,Rep,|,

rae R, — pasmepran seniumia wi eé GopMansubil Hocutens, a Re p, — nomuwii penep goctatousoro
J—

3ameuanue 26.7. 3aK @ 03HAUACT He YMHOKeHHE, & HEAIACTUMOCTS ABYX CI0ER NIAKETa: BOMUHHA
paznepa paCCMATPHRACTCH BMECTe C UIarom pamepHOCTeli, B KOTOPO OHa OnpeAereHa.
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AHHOTauMA

Tom I BBOJT GKCHOMATHUECKHI, reOMeTDHUeCKHil i JOKA3ATe ILHAI (YHIaMEHT aKeTHON PenepHOi IOrHKH.
HcxoRHoit oRTONOR ECKoft eAMHHLef RBiCTYNAeT Bpems@TIPOCTPAHCTEO, BRYTPH KOTOPOTO COBHTHE He
oTRenRETCR OT COCTOAMIA 1 3aAMACHBACTES Kak C@C. H3 9TOli CANHULIE CTPOATCA NAKETHSLE OGHEKTH 1
Mopduass, Reper-uetaépit (R LU;D), NPOCKTHBHO-TAPMOHMNCKHE KOOPAHHATH, IPABITA AOCTATONHOTO
(OCHOBaHIHs, IIAKETHEIE 3aKOHH JIOTMKH | NOKA3aTeNbHas AucuumMta KLT-RBD. TekcT GOPMUDYT CBA3HYIO
niMo 0T Ga30RAIX NORATH K Teopene Jleaapra-KypIHLeRa, HACCONHATHENO NAKETHO reoMeTpiH, BOC,
PILOT-01 1 penepHoii Gaze aHHEIX.

Peaxunn VI96i14 piriowaet crporitit Teopennit naker [TH.2 Kypriiiesa — MOKa/SHYI0 MUHMMAKCHYI0
TpaHMLLy NPH CKPHITOM CKOGOUHOI a/bTePHATHBE, ARHbIE IPUMEPE], AOKA3ATE/bHEIE 0053aTeMbCTBA i
‘BHYTDEHHMI BHHCTHMBII CepTHOUKAT; THIH3HPOBAKHEE onepatopst A, , Y; HEACCOUHATHBRYIO NAKETHYIO
penepiyio anrepy R« R it NAPG-ABOMICTAORHOCTS AOMERHHE AZANITEps, MPeADETHCTPALILIO, MOLIHOCTS,
KJIACTEPHYI0 KANHGPOBKY H NPHUMHKYIO IPAHKLY; MATEMATHUECKOR yryGneniue rias 47-52 i npuiokenns A-G.
Kopnyc ras 1-46 i rpaHUIH BEBOKOB pefauui v196i9 coxpanensi. Tnark 47-52 i npunoxenus C-G
OGABNEHE KAK MATeMATHUECKHil i PeNaKIROHKO-BepHHKALHONHEII N0 63 IaneRus npuioKerui A-B u
6e3 nopklmenns puauueckoro craryca IH.2.

ABTOpCKas MMHUS NpUHALTeRHT Kypmuuesy Heany Bopucosiay. KIaccueckie yeMenTs —
KpOCC-COOTHOIIeRHe, Teopema [le3apra, npoekTHeH3auws, Hodge-onepatop, cTpatHpuUMpoBaKise
POCTpAHCTEA i TEOPHs NeOPMALIil — PACCMATPHBAIOTCA KAk prior art. HOBH3HA 3aABIAETCSA B APXHTEKTYPE
HX IAKETHO-DENepHOro coemuHerHs, C@C-onTonoruu, Reper(R,1,U;D), D/Dom-Gapepe, NaKeTHHX MOPOHIMAY,
©OC, ITH.2, RBD/RPD 1 BHUHCIHTENBHOM KOHTYpe KLT.

Ipannua pokasaTenbHoro cratyca

TTH2-7.1 wueet cratyc D2 TONEKO BHYTpH SBHO SaHAHHOf MOREH; paBKOMepHas dopa IH2-0.1 — D1 npi
OKa3AHHOM MOMOKHTENbHOM KoHCTaHTe. PO-11 1 PO-12 3AKPHTH MHIIb Ha GCTPAKTHOM ypoBHe; C1 OTHOCHTCH
K BeromoraTenbHOR anreSpe Az F-1-F-14 coxpansioT cratyc DO/MO-M1/EO/R1: KcriepHMeHTaTHOTO
TIOATBEPIEHNS  HESABHCHMOT PETUTHKALIHH HET.

Kniouesbie cnosa

Bpews@IIpocTpanCTEO; COONTHE@COCTORHIE; C@C; MaKeT; MOPYH3M; Reper; Kpocc-cooTHouwerHe;
rapMoHteckas YeTsépKka; D/Dom; Teopena flesapra-Kypnuesa; ®OC; NAPG; PILOT-01; RBD; RPD; KLT-RBD;
TIH.2 Kypnsuesa; R.R; CKPHTa% CTPYKTYPHAR libTePHATHBA; MAHHMAKCHAS TPAHNLA; HESABHCHMAR POBEPKa.
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26.4.2. MakeTHas penepHas anre6pa
Onpepenerue 26.8 (asuposasas naketas penepras anre6pa). Tycrs K — none, | — Koneunoe MHokectso
MHCKCOB 1t
A=®,.,Kb,
Kawzony b,

— Korewoweproe K-mpoctparicrso ¢ durcposane ogopom Gamcon B=(by| .

conoctannent:
1. crenens d, € [0,...,n];

naxer RDj;

2
3. COCTOMHME S, 1 MaKeTHAs TOuKa P,
4. nommwii penep Re p,.

Biumseiioe yanoxentie O 1 A X A -+ A 33a8TCH CTPYKTYPHAIMH KOHCTaHTaN

b,0b=Y cl b, ek,

i

o "
npiEs Cl#0 AOMYCKIGTCA M NP BMTOMHEHIH 3AANHOTO MPABITA PAMEPHOCTHOI CORMECTAMOCTH

x\d;,d;,dy

. Koprex
Apx=|K,A,B,d,®,RD,Rep,Dom|

HaskiBaeTCA GaaMPOBAHHOT HeaCCOUHATIBHOMi MaKeTHOI pertepHoil anreBpoii pasvep@paimepHocTeli Kypniuesa,
Onpepenenne 26.9 (Accoumaropusie KonctanTsi). [l Gasica B nonoxum

Assglb,by,by= Y alb,,

I
rae

(Mol —em ot
3 [efica = cichn)-
net

AreBpa HeaCCOLHATHRHA TOI4A M TOMBKO TOFAQ, KOFAA XOTS bl OHA KOHCTAHTa G, HeHyIeBas.

TIpepnoxenne 26.10 (CywecTsoBatme W HenpepLIBHOCTS). /113 106020 KoHeuHo20 Maccusa ¢} opmyia
YMHONCeHUA 30004 €DUHCIBENNYIO GUnHeliHYIO SAMKHYIMYIO Onepayuio Ha A. OmHOCUMEnsHo 1060l HOpMI
Ha KOHEUHOMEPHOM A YMHONCEHUC U GCCOYUAMOP HenpepbiGHbi.

JloKasamenbemeo. EMHCTBRHHOCTS C/ICAYeT W3 GHAHEHHOTO NPOO/IKeHHS TaGAHb! Ha Gasice.
3aMKHYTOCTE CCAYeT H3 KoHeuHOl MHeiiHOl KOMGMHALYA GasHCHbIX SremerToB. Beskas Guntelinas Kapra

MEKZY KOHEUHOMEPHbIMH HOPMHPOBAHHSIMM IPOCTPAHCTBAMH HENPPHIBHA; KOMIOIHLHH HOTIPEPLIBHbIX
GHAMHIHBIX KAPT 1 UX PA3HOCTS JAIOT HENPEPLIBHOCTS accoaTopa. 0

EAUHULLQ, UHBOMIOLUS, HOPMA U AOMEHHbIE NpeAuKambI
Fasosoe onpesenenvie 26.8 He TpeGYeT eAWHHLb, WHBOMOLMH WM MyMBTHIIMKATHBHOF HOpMi ECTM TH
CTPYKTYpEI HCTIOL3YIOTCA /aTlee, OHH BKIONIOTCA B PACIIMpEHHIFi KOPTEX

Af=K,A,B,d,®,RD,Rep,Dom; 1,1, |||

W npoBepAOTER paseLHO.
Kpurepuii eguuuuypr. Snement 1= DL —— JIBYCTOpOHHEi eAUHULIEH TOTLa U TONLKO TOr/,
xorga ans neex j,k
ik gk S ik gk
Zuc=6), X u'c)=s).
370 KOHeUHas CHCTEMa NMHEHHBIX YPABHEHMii OTHOCHTENbHO KoOpAWHaT U'. ECTM OHa HecoBMecTHa, anreGpa

HeyHuTankia; (OPMATLHOE NMPHCOGAMHEHHE GAHHHLS COMAET APYTYIO anreGpy W AOMAHO OTMEUATHCA KAk
oTAenkias onepaLyis.
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JlononmuTensuas uonkowust. MHBOOLMeil HaskiBaeTcs MuHeiiHOE Wi Hony HHeliHOE 0TOGpaXeHHE
+:A — A, a1 kotoporo

Ecm TpeByeTcs aHTHHHBOMOLHS, A0NOMHHTeNEHO NOCTYTHPYeTC
xoyl'=y'ox".
B Gasuce 3T0 AaET KOWEWHYIO CHCTeMy MOTHHOMMANbHbIX YCIOBMIl Ha Matpuiy T M KoWwctamTui .
CylUieCTROBHHE UHBOMIOLH He CTEAYeT 3 OAHO GHEIiHOCTH.
Hopma. Ipit K =R win € na koneuromeprom A dukcupyetcs moGas Hopma. Cylijectsyer KoHeuHas
Koncranta M o 20, Taxas uro

IxoylsMolxl Iyl

[ x] Iyl serserca snawrrensho Gonee

Tem cambiv ymHoxkene wenpepuisto. Pasencrso || x Oy |
CHALHbIM CBOCTBOM 1 B OBuIeM Kacce He YTBepXAaeTcs.
Jlomenubie ganubie. MuHUMa/LHAs KOHeuHast peannsauus 3aaaét npegukat Domg:I - [0,1]. Jina

%= 22X b woxcno, ecau 10 mpunaro mogenio, nonowdrms

Dom|x|=1« Domgli|=1ans Bcexicx'#0.

Vikble MpaBWTa ONCTHMOCTH BOIMOAHEL, HO AOMKHbI GBiTh cOPMYIHPOBAHEI A0 mpHCBOCHNS truth-status.
Jlomertbic MeTki Reper He CAQAYET CMEWMBATE C 00MCTEIO ONPEAECHHS HEOTPAHHUCHHOTO AHATHTHYECKOTD
oneparopa.

Beppukt PO-1/PO-2. Hocutens, nofie, Gasic, MHOKEHHe  CTPYKTYpHbI KOHCTaHTH! 3aab1
TIOHOCTBI0 418 KOHCUHOMEPHOIO Ga3HpOBAHHOTO KAACCa. BIIHHETHOCTS, JAMKIHYTOCTS 1 HENEpLIBHOCTS
oKz, Herycrora noATeepxaeTcs npumepan 26.13 1 26.14. EAMHHLA CyILeCTBYeT TOMBKO nph
BLINO/HEHNH YKA3AHHOTi IHHCIHOT CHCTEMSI; WHBOMIOLY H CTIELMATLHbIE HOPBI OCTAIOTCA
JONOHHTe b HBIMH CTPYKTYpamH. T03ToMy PO-1 1 PO-2 3aKpBiThi 4715 Ga3080T0 KAACCa, HO He /15
TIPOH3BOLHBIX AHATHTHUECKIX, (H3HUECKIX Wik Ge30a3UCHBIX paCMpenyii.

26.4.3. Keagpavunbiii naket R + R
Onpegenemue 26.11 (Asropekwii Keagparnumsiii oGvext). Tlycrs R C A — KIICC 4ONYCTHMBIX penepibix

anemerTop. Onpeeny
“R:=ROR.

Q:R - A,QIR|

‘Takitw 0BPAI0M, # ABIACTCA AKETHbIM KOHHEKTOPOM AHAFOHATISHOFO KBAAPATHAHOTO C/I0S, & HE HOBSIM GHHADHBIM
YMHOMHIEM,
Jlemvia 26.12 (TMonspusauus). Ecu R, S, R+S € R, mo

QIR+S/-QIRI-QISI=ROS+SOR.

Jlokasamenscmeo. bopmyna nonyuaercs packpeimiem | R+ S| @ [R+ S| no Gumneiinocru. 0

26.4.4. CaTypUpOBaHHas NECTHUHAS peanusauns
Tpumep 26.13 (Koweusasn pasmeproctsas nectimya). Hyers I=(0

sli,jl=minli+j,n u

mli, jl=minli, j|. Ha Gasuce ry,..., T, nonoxum
rOrEr, bar,, . € K.
Toraa
=6, a8,

157 Okstig * X O g+

Snewes o amnerca AByCTOpOHHel exsMLeH TOTA H TORLKO TOTAR, @y, =@ jo=0 pna Bcex .

Tipivep 26.14 (lamsii Heaccoparunsii cexrop). Tpu n=2, @,

ror,

1w ocransseix a,,=0 nteen

141, 1, Or,=r,,r,0r,
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Creposarensio,

Assg(ry,ry, 1)

,#0.
370 MI0KA3BIBALT HEMYCTOTY KAACCA HEACCOMATHBHbIX NECTHHUHEIX MOACACiE.

26.4.5. CeMUMepHas KOOPAUHATHAS peau3aLs
B NPOEKTHBIX MaTepHAAX PHCYTCTBYeT TAKKE CIE/YIONIas KOHKPETHA BelIjecTBenHas Mogens. TTycTs

Ay, VOWOL=R OR'®R

ux=(u,v,tl, y=lu,v ¢ Onpegemm

x@ y=luxu+Bleu =c'ul,Alvxv]+ylev =t v],alu-v' =v-u'

9a onepain GimHeia, 3AMKHYTa 1 aHTHKOMMYTaTHBHA, B CTaRAapTHOM Gasiice
Assole;,e,,e))=e,70,

03TOMY MO/l HEACCOLMATHBHA M HEabTEPHATHBHA HE3ABHCHMO OT MapameTpos. OHa He MMeeT ABYCTOpOHHeit
et Han IR: HemyeBas aHTHKOMMYTATHBHAS a/re0pa XaPAKTEPHCTIKI # 2 HE MOKET GhiTh YHHTATBHOI.

Cmanyc 26.15. JleCTHNHAS 1 CeMUMEPHAS! Pe/I3ALIMM ABISIOTCS PASHIHBIMK ObeKTamH, [naga
CTPOHT OB Ga3HPOBAHHBITE KAACC W He YTBRPXJACT HX ABTOMATHUECKOTO WIOMOPMIMa.

26.5. Onpepensiowee agpo NAPG
Onpegenesue 26.16 (Onepaunossisii Kap HAIT). Onepaumorsitin Kagpos HATIT Hasbisaetcs
N=[K,A’,0,6]

e A'=@,A” — rpagynposanoe npoctpancTso, © — Guauneinas, BooGiie roBOPA HeACCOLMATHBHAR
onepais, a G — (QUKCHPOBAHHAA CHCTeMa JONYCTHMBIX TeHEPATOPOB i onepauii. Boyensercs AonycTimbiii
wnacc RC A’

Onpepenente 26.17 (Tecrupyemsii Keagpatnusii i), onoxm

2 =Spang(R+R,ROS+SOR

,S,R+SeR|.

Tyers F?(G ; R| — NpoCTpaHCTBO (hopManbHEIX 40MYCTHMBIX BHIp@XeHHit CTereHH He Bhiliie 4ByX. Ecrectaernas
KapTa sbrmCHeHs 0G03HavaeTCR

w2:F?(G;R] - X

adm

Onpeenesue 26.18 (Ksaapatwssas obcrpyKups). Onpeaenin

Opi=X 2/ ImWE IT:X

adm

=03

Jins gonycrubix R, S nonoxin

Ob,lR,S|:=I1/[ROS+SOR|.

Teopema 26.19 (Kpuepuii Keagpatuunoii nossotst). Kadp cmpyKmypHo nofon 6 mecmupyemos keadpamuunom
c10e mo2da u moasko mozda, kozda W & ciopuexmuena, umo sxeusarenmo Oy

Jlokasamenscmeo. T1o ONPEAEIEHIIO MOHOTA 03HAUAET NPE/ACTABMMOCTE K100 2eventa X 1y,
AONYCTHMBIM (POPMATLHBIM BbIPAXKeHHEM. DTO H €CTh CIOPLEKTHBHOCT W2 . DAKTOPNIPOCTPAHCTEO 110 06pasy

Hy/leBoe TOr4a U TONLKO TOrAQ, KOrAa 06pa3 COBNAAAET C KogoveHom. [

26.5.1. Mopdu3mbl Kaapa
Mopduam N - N’ 3apaércs cemeiicTom

(@7, 66.9x.00.

4715 KOTOPOFO BLINOHAOTCS CACAYHOLE COBMECTHMOCTH:
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2

Tperhe ycromMe ofieCriewkBaeT CyIeCTROBaHHE MHAYLMPOBAHHOI KapThi (aKTOPNPOCTPAHCTS, a ueTBEpTOR
dukcpyer eé ecrecaerHoCTs.

26.6. B3BewweHHas NaKeTHas penepHas reoMeTpus
Onpepenenue 26.20 (Basewesan HATI -mimpesups). Tycrs | — osednoe wiokectso. Biseusestoii

nakeTHoit pereproit HATIT-reomerpueii HassiBaeTCs KOPTEK
G=(P,,H,w,d,RD,Rep,Dom|,

e

.51 € I) — nakersuie rous;

« H CIXIXI— MHOKeCTBO HAAB/IEHHbIX TPOFICTBEHHBIX MHLAeHLMit |1, j K|
o wli,jik] € K — sec mnumenun;

+ d,RD, Rep,uDom, — pasepHoctisie u penephbie MeTk,

Migsaeruws |7, j ; k| npucyrerayer Toraa n onwko Toraa, koraa wli, j; k|#0.
Teomerpuueckn i, j; k| 03Hauaer, 4To KOMIO3HUNSA AKETOB P; M P; MEET HEHY/IEBYI0 KOMIOHEHTY

B0 Py. B OTAHUHE OT OGHINHOTO Fpadha, 3ACCh CYILCTREHHI TOPAAOK NIEPBBIX ABYX APryMEHTOR 1
“mCn080 Bec.

Onpepenenne 26.21 (leomerpusanys anredpsi). [ns Gasuposansoii anrebpet Ay onpegenm I'[ A g|
opuynavm

il ok
P={plici,wli, j;kl=cjj.
Bce CTeneHH, MaKeT, Periepii H AOMEHHbIE METKH NepeHOCATCA Ge3 HaMeHeH.
Onpepenenne 26.22 (Jluneapusauys reoverpun). [l G onpesenim

LIG|=@,,Kb,,b,0b,= Y, wli, j;k|b,.

e

26.7. Teopema anre6po-reoMeTpu4ecKoil ;BOMCTBEHHOCTH
Paccwotpum  rpynnons P AL’ Gamponaumbix nakeTHhIX penepHhix anreGp M GasHC-COXPAHIOUMX
nsomopduzmos. Pacemorpum Takxke rpynnong W N A P G e3pewennsix HATIT -1/ it 1 neperymepaisii,
COXPAHSIOLLUX BeCa H BC METKH.
‘Teopema 26.23 (TlakeTHas penepHas areGpo-reoMeTpUieckast ABoicTBeHOCT: Kyprininesa).
Dynkmopbt
I:PAlgl  ~WNAPG,,L:WNAPG, -~ PAlgy"

3adaiom a3aunyIo pexoncmpyKyuI0:
Lel'sId,leL=1d.
Credoaamentio, yazantuie pynnouds keusareHmHLL
K
Jloxazamensemeo. TIycT A HyeeT CTpYKTYpHEIC KOHCTaHTI C, . [eOMETpI3LYA NPHCBAHBAET MM Beca

wli,jski=

x
. 4 N0CAEAYIOas AHEADUIALYS BOIBPALLACT
b,Ob=3 wli,j;klb,=2 cib,.
T T
Mosromy LI'| A connagaer ¢ A xax Gasuposarias anreGpa co scemit MeTkami.
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OGparto, ecat jana G, €6 MHeapH3aLs HCIIONb3YeT Beca W KaK CTPYKTYPHBIE KOHCTAHTHL
TeOMeTpU3ALIIA BOCCTAHOBEHHOTH areGpbi BO3BPALLAT Te e BEPLIHHL, HHLWACHLIH, BeCa, CTneHH,
naKeTs, perephi # AoMensL. JlefiCTaie Ha MOPQHIMAX eCTh NIepeHOC OAHOI 1 TOfi e NepeHyMepaLi
Gasnca/sepuuni. ClleOBTeLHO, 05 KOMIIOSLIHI ECTECTBEHHO W30MOP(HBI TOMCCTBEHHBIM yHKTOpaN. (]

3areuanue 26.24 ('parmiia Teopewsr). Teopema 40Ka3aHa A Gaaupoaanhbix oGbextos. TTpi
NIPOH3BOLHOIE 3aMeHe Ga3Hca CTPYKTYpHbIe KOHCTAHTHI NIpe0Gpa3yioTCs Kak Tensop Tuma (2, 1), a reomerpis

JIO/IKHA PACCMATPHBATECA C coOTBeTCTRYIOMM AciicTaiem G L Al. TTostomy Ges dukcuporanoro Gasuca
1101y HATCS SKBHBATEHTHOCTE OPGHTATLHBIX KIACCOB, a He GYKBATSHOE PABCHCTRO BIBELICHHEIX THICPrpado.

26.8. Accoumatop Kak AedeKT AByX reoMeTpuUiecKkux nytei

s ngecon i,k , € onpeie i Beca MEOTO H NMPABOXo ABYXIIArOBLIX MyTeii:

Lip= 2 i Ry =2 iclp-

i

Onpegenente 26.25 (Ieomerpieckiii feqexr nyti). Tonoxin

Defli,j.k;el:=Liy =Rl

970 pasmocrs cymmapisix pecos nyreii (i, j) — m, (m, k| ~ € j, k| - m,{i,m| - ¢
‘Teopema 26.26 (Toxecrso accoumatopa u Aedpexta nytu). Jaa G=I"| A| avinonnsemes

Assolbyb,,by=Y Defgli,j.k;elb,.
g

B uacmuocmu, arze6pa accoyuamuena mo20a u monsko moz2da, k020a éce deyxwazoebie decpekmbt e a3aewientoli
HAIII -2eomempu paeibi Hymo.
Jlokasamenncmeo. PackpeiBasi NieByI0 PACCTaHOBKY CKOGOK, N0/yuaem
[b,Ob,|©b=3 clichbe.
AHanoruuHo

b,0(b,0b,|=Y cficlb,.

e

Butuirarie 7aéT TpeByemoe TOAIECTRO. DKBHBA/CHTHOCTS HY/ICBOFO ACCOLIATOPA M HYACBHX KOXpOHIHCHTOR
CneayeT 3 AmeliHoi He3apucHMOCTH Gazica. O

3ameuanue 26.27. [ledpeKT nyTH ONYCTHMO HA3bIBATE 2COMEMPUNECKUM ACCOUUAMOPHYIM decpeKmOM.
Hasbigath ero KpUBM3HOIE WA FOTIOHOMHEl] MOXHO TOTEKO 110G 34aHHS CBA3HOCTH 1 33KOHa
NapanIeLHONO Nieperoca.

Cnepcraue 26.28 (CoxpaeHe accouHaTopa ABOHCTBEHHOCTLIO). IKGUBAACHMHOC U3 MeopeMbi 26.23
coxpansiem sech men3op aj,, e20 Hyneaoli 10KYC u pasblieLIe Ha ACCOYUAMUGHBIE U HEACCOYUAMUBHbIE
cexmopa.

26.9. PenepHas COBMECTUMOCTb ABOMCTBEHHOCTH
Onpegenesne 26.29 (PenepHo onycTubiii H3OMOPM3M). I30MOPQH3M NaKeTHbIX a/reGp/reoMeTpHii HassiBaeTes
perepio gomycrumsiv, ecni ow coxpanser D om, nepesocut D, 8 D; u geficreyer wa versépke (R, 1, U, D;|
KB NIPOCKTHEHEIM 1Pe0GPAIBAHHEN.

‘Teopema 26.30 (Coxpatentie A-uctusmocrs). Penepro donycmunbili uzomopeuzn coxpansem Ay, 8,,,.1.
u truth-status Ka»xcd020 naxemo20 zesepamopa.

JloKazamenbcmeo. 3uauentie ABOIHONO OTHOLICHIS! COXPAHACTCS OGILMM NIPOCKTHBHEIM
npeoGpazosanitem. T10 ONpeAeIEHIIO HIOMOPQHIM COXPAHSET JOMeHHI CTATYC M AOCTATOUHOE OCHOBAHe.
Criegosatenho, coxpansercs konsionxuus Dom A D A [A=-1].0

3areuanue 26.31 (HenepeHocHmocTs HCTHiEI 110 opHoMy ymoxeniio). M3 Truth(b,|u Truth(b,| we

crenyer astovareckn Truth{b, ® by . Jinw pesynstata gomiie: Gorrs rocTpoess HoBii periep,
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JAOCTATOUHOE OCHOBAHHE 1 AONYCTHMIH AOMeH. ITO ALLMLLACT TEOPHIO OT HEOGOCHORAHHONO HACTEAOBAHHS
truth-status.

26.10. KoromMmon0ru4eckuin MocT 06CTpyKLun
ToMonoritueckas anreGpa eCTECTREHHO KOIMPYET MPETATCTENS K PeaTH3yeMOCTH; HCHeIHOBeHHE OCTPYKIH HacT
SBNACTCS YCTOBHEM CYLIECTROBAHHA TPRGYeMOTi KOHCTPYKIIH .

Axcuoma 26.32 (Kouentoii komruiekc). ITycts |C", §| — kommiekc, To ects

§7tes"=0.

Toraa H*=ker 8/ 1 m& xoppexrro onpesenierio.

Axcroma 26.33 (Kapra peanmsauym). Tlycrs ©: X, — C* nusieiina u yosnetsopsier:

(X2, c kers’,0(Im¥2| c Ims*.

‘Teopema 26.34 (¥ cnosubiit moct I ;). Ipu deyx npedbidywjux axcuomax dopmyaa
1,:0, H*, 11 [x]|=[©lx]|

3adaém koppexmioe aueiinoe omoGpasicente,
jokazamenscmeo. Ecnn x| =[x | B Oy, 10 X=X € Im W Z. Tlo sropoii akcuome @/ x - x | swnserca
. £ (

xorpanmueit, nostomy @) x||=|@(x || 8 H*. O

Cnepcreue 26.35 (Oarocropontss Aerexuus). Ecau IT,|Obg|R,S||#0, mo Ob, R, S|#0,
caedosamensHo, Keadpamuunan noaoma napywiena. OGpamuoe ymeepcdene mpeGyem usseKmucHoCTU
11, a pacemampueaesom nodnpocmpancmae.

Craryc 26.36 (pes, v197 RU). [l Katoropis NAPG q KoMKperiiiie C min ", 6 min i © min HOCTpOCHI GYHKTOPHATLHO;

ROKa3a3 KAHOHHYGCKHH HI0MOPHSY O B [ HA(C min” ). Bewnt EKOMIIOKC, Lemoi ¥0cT . wibexTubHocTs HI() 1
‘ACCOUMATOPHAR KapTa P_ASS 0CTAIOTCA YCIOBNMNG THGO OTKPHTMH. QUIHUECKWH CTATYC HE CreAyeT. Cu. §§52.9-52.18.

26.11. NlokanbHas MH.2 U reoMeTpUyecKas ABONCTBEHHOCTb
Tyers s u=(x, y, 2| 5aaansi 4sa onycTUMLIX pesyaTaTa

rlul=x 0y O z,rglu)=x Oy Oz,

@ MHJAEKC HCTHHHON PACCTAHOBKH CKOBOK CKBIT OT eAMHOF0 oueHmsatens, Tlycts D) — CTPYKTYpHaR KOOpAHHATa
ByX npOTOKOIOB H
2,=[D[b, |~ D|b/|>0.
Jins ouenkn F € Aud € R nonokim
eq=max([|i=r, ||, | #=ryll].ep=max{|d-DIb,)|d- D(b,)).
‘Teopema 26.37 (JlokansHast Musmmakchas Gopma ITH.2). B Hopmuposansoii nakemoii arzeGpe
1 9
exluleslulzg | Assolx,y.zl| 4.
Jokazamenscmeo. Jina mobkix asyx Touek @,b metpmueckoro mpoctpanctea m moGoii  HepaseHCTBO
“rpeyromsuka gaér

max(d(q,a),d q,b\',z%dm,bl.

Tpumerins ero & Iy, T, nonyuaem €4 | =y | /2= || Assolx,y,2| | /2. ipivenere x anym auauesa
D air €52 A/ 2. Tlepesonenrie gokasmizaet sasanentyio ouenxy. 0

Cneacrame 26.38 (Icoverpuueckas dopwa I1H.2). B Gazuce deolicmaennoli HAIII-zeomempuu npacas
acmb nosyenHoli OyeHKu paGa 0wl uemaepmMU HOpMBI GeKmopa dedpexmoa nymu
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Y. Defeli,j k;elb,
g

ymnoxcennoii na Ap. Credoaameno, uoMempuMecKas Gazuc-coNpaHsIOWas deoiicmaentocms coxpansem
foKabHyI0 2panuyy [TH.2.

Cmanyc 26.39. Teopema OTHOCHTCS K CKPBITOIi CTPYKTYPHOIi albTepHATHEE W He SBARTCA
cooTHowenem Pobeprcona-TeiizenGepra. Ui (uaueckoro BbizoAa ITH.1 HEOGX0AHMO OTACIEHO IOCTPOUTS
NIpeACTaR/IeHHE B IWILGRPTOBOM NPOCTPAHCTAE H NIPOBEPHTE AOMEHSI CAMOCONPAAEHHBIX OIEPATOPOR.

26.12. AHaANTNYECKWNIA U G,-CNIOM: TOYHBIE TPaHULLbI
CrabunbHas 3-opMa B PasMePHOCTH CeMb AeHCTBUTELHO MOXET 3a7jaBaTh ocobyio Metpuky 1 G ,-cTpyKTYpY; 310
Knaccieckan Teopus epangec-Tpes 1 Xurumsa . Oktomsowsi cessanti ¢ G, Kak ceoefi rpynnoii
aBTOMOPAMIMOB . OHAKO H3 0O/ AL, CeMIMMEPHOCTIA MaKeTHOF anreGpLI He CeAYiOT Hit Crabinbias 3-popwa,
HY NONOXHTeNBHaR MeTpHKa, Hi G-ronoHoMMA
i Hodge-C10% HEOGX0AMMO 3aah:
OPHEHTHPOBAHHOE NPOCTPAHCTEO WA MHOFOOGPasHE;
HONOKHATE/IbHYIO METPHKY 1 3B€31Y * 11

i
2
3. nnoTHO saganneiii savKy TR Avddeperyan §;
4

ConpAEHHLE OnepaTOp 8114, 1 06AACTH A4y =6 81000+ S114y
5. Teopemy CyIlIeCTBOBAHHS FapMOHHUECKHX NPEACTABUTE eI,

Cmamyc 26.40. Tlepexoa
nakerHas anrebpa — Oy — H' — ker 4,4, + G,

SBIRETCH LEMHIO YCTOBHBIX MOCTOB., JJOKA3AHHBIM SAPOM HACTOSIICli T7aBbl ABNSIOTCH NepBbie ABa anreGpo-
reOMeTpIECKIX Lara W YCHOBHAs KOppeKTHOCTS [T 1} aHanHTHueCKoR 3aBepIICHHe OCTAETCS MPOTPAMMOI.

CoBpenelible PaGOTHI 11O KBA3MXOI(OBLIM i HHBIM HEACCOLMATHBHBIM TEOMETPHM OKAJBIBAIOT, HTO
aCCOUMATOP MOXET GbiTh OPraHH30BaH KATErOPHO 1 KOTOMO/IOTHYECKI ; STH PE3ybTATHI CIyXAT BHOLIHMM
KOHTEKCTOM, HO He 3aMEHSIOT [0KA3ATeNbCTBO KOHKPETHbIX MocTos HAIT.

26.13. OnepaTopHbIi MOCT K rnaBe 25
Oneparopsi rassi 25 AcficTayloT B COGCTBEHHBIX THIHSMpOBaHHEIX NPOCTPaHCTBaX. UToGhi ComsaTh WX C
HacTosueli r7aBoi, Aanee (UKCHPYETCH JOMOMHNTENLHA PeATHIALMS MPOCTPAHCTEA COCTORMMII rnashi 25 B
HocuTene A. 3To coramenme He BXOAHT B onpeenente 26.8 1 He CreAyeT 3 Teopens 26.23

Onpegenenne 26.41 (Jlonycrimoe seiicrame Z wa naketsoli anre6pe). Tlycrs T — MHOXectso
apaMeTpoB, a s Kaxaoro T € T 3a4aHo uHeliHoe 0ToGpakeHHe

JlefiCTBMe Ha3LIBACTCA a/TeGpaMUeCKH AOMYCTHMBIM, ECTH A1sl BCEX X, Y € A
E,(x0y)=5,x|0E,y,
a TakoKe COXPAHAIOTCA Pa3MEPHOCTHBII AOMYCK X M BIGpaHHBIii AOMeHHbIli NPEeAVKAT. PeNepHO AOMYCTHMBIM OHO
HAZBIBAETCA, CIM KaAGbli MOMHbI PeNep MepeHOCHTCH OJHUM MPOEKTHBHBIM MNpeoGpa3oBaHHeM, NpHUEM
coxpansiorca Do m u goctatoutoe ocrosarme D.
‘Teopewma 26.42 (IkaupapiaiiocTs accouaropa). s 060z arceGpauuecku donycmumozo =, u
mobux X, y,z € A

Assy|Z,x,2, [Assolx,y,2]).

okasamescmeo. To MysTHIMKaTHBHOCTH 2,

(£,x0Z,y|02,2=5,(x0y|02z|
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Z,x0|2,y02,2=5,[x0ly 0z

BLIuITaR BTOPO PABEHCTED 13 MEPBOO H HCTIOMs3YA THMHEHOCTS, NIOTyaeM TPEByemoe ToxecTE0. [
Cneacreme 26.43 (Coxpasenite sedpexta u truth-gate). Ecit Z, A0NOTHHTEILHO HIOMETPHIHO, TO

[lassolx,y,z)).

|lasso|z x,2,
Uepes Teopemy 26.26 TeM CaMbIM COXPAHSETCH HOPMA FeOMETpHUeCKoro aediexta AByx myTeii. Ecnn geiictane
penepHo AOMyCTHMO, TO MO NpeAOKeHHio 265 1 Teopeme 2630 coxpansiorca A, 8y, W truth-status. Bes
M3OMETPHH COXPAHFIETCH CaM BEKTOHbIii 1GEKT C TOUHOCTEIO A0 AeiicTBus =, HO He 06R3aHa COXPAHATHCA €ro
Hopua.
Onpepenenue 26.44 (Ycnosue copmectiumocth Betaski Y ). TIycrs | — MHOKECTBO HMIYCOB [1aBbl 25
C vacTHUHOi Komnosuuei ©,, onpeaenéutoii na D, C I x I, u nycrs

Y:D,cI-A
JeD,

— Tumionposawwas scraska. Owa Waswaercs anreGpamieckn commecrimoii, ecmi ws iy,

iy,iy,iy o0, € Dy crenyer

Yliyo,iy)=Y iy © Y iy].
Cama o ceBie ponb Y Kak BCTaBKM He A3ET 9TOFO paBeHCTBa. OHO ABAACTCA OTANbHON MOAEABHOH aKCHOMOI 1
Tpebyer aaioro ykazasa *;, D, u Dy,

Cepriduicar uirrepdeiica. BuumcIimas PeanisaLyis apsi AOKHI XPAHHTS KOPTEK

Certg.e=lh,.,K,I,B,d,c,x,Rep,Dom,Unit,Inv,Norm,a,w,Def,Oy,Status|,

£ae hyp — xeu uctousa; U nit, 1nv, NOT M — peaysTarsi OT4enbHsix MPOBEPOK eAMHHLb, HHROMOLUMM 1
Hopwbi; @, W, D e f, O — COOTRTCTRGHHO ACCOLHATOPHbE KOHCTAHTH, FeOMeTpHuCCKite Beca, AedeKTi nyTeid 1
KBAApaTHUHAA OGCTPYKUWT; StALUS XPAHWT AOKAJTeTbHBIL CTaTYC KaXIOrO CAOs. [is CBAIM C raagoil 25
Cepraukar  pacumpserca momi TanoR M joweros E, Y, 4 Takke pesyisTaaMd  nposepo
MYTIbTHIMKATHBHOCTH, H30METPHUHOCTH H PENepHOii AOYCTHMOCTH,

“Takin 0GPaIOM, OIEpaTOPHI MOCT 3aMBIKACT (OpMATHbII MiTepdeic ABYX 1aB, HO He AOKaTbIBACT
CyIeCTBOBAHHE KOHKPETHOI h3itieckofi pear3atyii. TAKOe CYUIECTROBIHHE AOKHO TIOATBRPKAATHCS
OTACABHO MOZEbIO W ¢é CepTHHKATOM.

26.14. PeecTtp A0Ka3aHHOTO 1 OTKPLITOro
1. Maker C@C=le,s| unonupiii penep (R, 1, U ; D|. Cratyc: suyrpessiee onpeaenchne. I'pariga:
truth-status TpeGyer Dom, D

2. Maxernas anre6pa no crpyicrypusi Koucratam. Craryc: Aokazano. Ipasiua: Guamselinocrs,
JAMKHYTOCTS H HOTIEPHIBHOCT KOHEUHOMEPHOI MOAIH.

3. Keapparuunsiii ofsex R + R=R O R. Craryc: gokasano. Ipaiy
CaMOCTORTEBHOE yMHOXeRHE.

BapaTHUHAs KAPTa, & He

4. Kpurepuii O,=0. Craryc: Aokasao. TpaHLa: TO/IKO A1 TOUHO 324QHHOTO TECTHPYEMOro
KBAAPATHIHOTO €108,

5. AnreGpo-reomerpusieckan ABoiicTBenHOCT. Cratyc: AoKazano. Ipanuia; Gaaupoaniic
IPYIINOHALI # BEC-COXPAHSIOLLE TIepeHyMEpaLMH.

6. Accoumatop = gecpexct nyru. Craryc: A0Kkazano. IpanHLia: TOUHOE TOXACCTEO CTPYKTYPHEIX
KOHCTaHT.

7. Coxpanenue A-ncrumuocrn. Cratyc: A0Ka3aHo yC08HO. TpanHLa: HyKeH euHbili IpoeKTHBHb
nepenoc perepa u coxpaseme Dom, D.

8. Mocr I1,:0, — H’. Craty
NpeCTaBItMOe B KOrpakHL.

coBHast Teopema. I'paniua: Hyxusl §°=0 1 Kapra ©), nepesojsias
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9. Jlokansmas ITH.2. CTaTyC: 40Ka3aHo yen0BHo. Ipauiiia: HYXHI CKPHITas CKOGOUHaA ATbTePHATHEA
uAp>0.

10. Oneparopuiii oct Z-Y. Cratyc: goKkazano ycnoso. Ipanuua: s  Hyxust
MY ILTHILIHKATHEHOCTS 1 ABHbIC OMCHBI; A8 Y — \aCTHUHAs! KOMIIOILIHSL M OTACNLHAS AKCHOMA
commecmocTH.

11. Hodge- u G.-peanusanusi. Craryc: oTkphiTas nporpavvia. I panHiia: TpeGyIOTCs MeTpHKa,
OpHeHTALUs, Z(OMeHSI OTIEPATOPOR U CTaMbHas 3-(opia.

12. ®usuKa BpevenH, MaTepHM W KoCMonorHM. CTATYC: OTKPLITas IPOrpama. IpaHKIa: He CICAYeT w3
KaTeropHOIi PEKOHCTPYKLYAH Ge3 HIMEPHTE ILHOT MOACH.

26.15. O6cyxAeHWUE M rPAHULLA HOBU3HBI KOHCTPYKLMM
T'1aBHOE MATeMATHUECKOR COfepaHite ABOHCTBEHHOCTH COCTOMT He B MCTaopHHECKOM COMOCTaBCHHH «anreGpa
— reomeTpis», a B ABHOM C0Bape:

b, P
‘ LKl
<, wli,jikl,
d,  crpara pasmeprocTu,
Rep, penepHas MeTKa TOuKH ,
‘ ikt

al Defli,jikit),
R+R [uaronanbHas KBAPaTHUHAS HHLIACHLS ,

0, HenpeACTaBHMbIii KBZPATHUHBI FEOMETPHUECKHIE KTACC.

ensil,

BewHe 5Ta KOHCTPYKUMS POACTBCHHG TPEM TPAAMIIHAM: TeOPHH HeACCOLMATHBHbX anreGp , KaTeropoii
OpraH3aLH CTPYKTYP 1 OGCTPYKLMOHHOMY AZBIKY TOMOTOTINECKOH anreGpi . ABTOpCKAs crieuH(HKa COCTOMT B
OZHOBpEMEHHOTi NAKETH3ALAH COGBITHS, COCTORHIS, paIMepa, PasMEPHOCTHOTO (/ara 1 periepa AOCTATONHOO
ocrosanis, a Takke B truth-gate vepes rapwonHecKoe AB0iiHOE OTHOWCHHE.

‘Teopema 26.23 A1eTCA BHYTPeHHeii PeKOHCTPYKIIHOHHOT TEOpEMOii BBeAGHHBIX Kateropui. [l
YTBEpIIeHHS MHPOBOJi HOBH3HbI B CMBIC/Ie TDHOPHTETa TPEGYETCH OTACbHI CHCTeMATHYECKHIi 0530p
MTEPATYDI 10 BIBELLICHHBIM THNICPrPAGOBLIM KOAHPOBAHHSM a/reGD, HEACCOUHATHBHBIM CTIEKTPAM 1
KATerOpHLIM reOMeTpH3ALIAM.

26.16. 3aknoueHne
Moctpoen  crporwii  MaTeMamwveckwii  Kapkac  HeaccowsaTHBHOW  naKetHoii  penepuoii  anreGpst
«pazmep@pazmepHocTeii» Kyprmuwesa u eé agoiicteentoii HATIT-reomeTpii. B GasHpOBaHHOM KOHEUHOMEPHOM
PeKHMe anreGpa M BIBCLICHHAS FEOMETPHS BIAMMHO BOCCTAHARMHBAIOTCH. HeaCCOUMATHBHOCTS MMEET TOUHBII
reoMeTpieCKHi 06Pa3: 5TO HECOBMAZeHHe CYMMAPHBIX BECOB JBYX AONYCTHMBIX ABYXILATOBLIX MyTeii. Periephbiii
CII0/i TIPEHOCHT AA0MeH, JOCTATOUHOE OCHOBAHWE W A-HCTHHHOCTB, HO He TIO3BO/ISET aBTOMATHUCCKH HACTCAOBATS
CTHHY TIpOM3BE/CHIIO.

Keagparunias o6cTpykust Oy, H3MepAeT HENOHOTY IPeACTABUMOCTH B TeCTHpYeMOM coe, a moct 1T, 5
H? KoppeKTeH NpH ABHBIX KoLenubix runotesax. Jlokanshas [H.2 nonyuaer reometpuueckyio dopmy uepes
HopMy fechera nyTH. OriepaTopHbi MOCT K r1ase 25 THIH3HPOBAH: My LTHILIMKATHEHOE AelicTane £
KBHBADHAHTHO NIEPEHOCHT ACCOLUATOP, TOFAQ KAK COBMECTHMOCTS BCTaBKit Y C yMHOMEHHEM TpeGyeT

OTAeLHO MOACABHOM akcHoMs. TTpi 57om Hodge-, G- i (HIMUECKIE CAOH UCCTHO OCTAIOTCA YCIOBHBIMH A0
304QHIS METPHKH, CBAZHOCTH, AOMEHOR OTIEPaTOPOR H HIMEPHTE/LHOM MOACH.

Crteayioupii 0BA3aTe LHBI STaM POFPAMMBL — BHIGPATS KaHOHHUECKYIO PEATHIALMIO CTPYKTYPHBIX
KOHCTAHT, TI0CTPOHTS BLINHCAMMBii CepTUKAT ACCOLMATOPA M OGCTPYKLIMH, 3 3aTeM IpOBEPHTS
ecrectaensocts [T ; w ananuTieckoro o wa KokpetHow knacce HATIT-06nektos.

26.17. ABTOpCKas aTpubyuus
KoHuenuyus nakeTHoif penieproii anreGpt «pasmep@pasmeprocTeis, o6next R + R, naker Cobkrmie@Cocrostie,
nomii penep (R,1,U; D), rapwonmueckas A-ucrimmocrs u mporpavma HATT npusapnexar Vsany
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Bopucosiay Kyprmesy (Kammrpas, 2026). Hacrosuias pejakups sumonsser $OpMaiaLyo, THiosyio
MIPOBEPKY, /10KA3ATE/ILCTEO PEKOHCTPYKLMOHHBIX YTBpeHHit 1t pasyienetue proof-status.

26.18. TouHas 061acTb anre6po-reoMeTpUYECKOi IKBUBANIEHTHOCTU

Ofosmaumm uepes Alg R KaTeropio KOHeNHOMEDHbIX GAIMPOBAHHbIX MAKETHLIX anreGp, MOPMIMLI
KOTOPOIi COXPAHSIOT eAHHLY, ©, MHBOOLIO, PA3MEPHOCTHI METKH M Bhie/eHHbii penep. Uepes Geo R
OGo3HauiM Kateropiio B3petientsix NAPG-TeOMeTpMii, MONYUEHHBIX W3 TAKHX /reGp U CHAGKEHHbIX
CTPYKTYDHBIMM KOHCTAHTAMH B TOM e pertepe.

@yukrop GiAlg R-Geo R mnepesogut TaGuuily YMHOKEHMS B TeoMTpHUECKHe Beca, mymH M
accouparopubiii aegpext; €:Geo_R—Alg R BocCTaHamnusaer GuiMHeliHoe NpowssefieHue M3 Tex e
CTPYKTYDHBIX KOHCTAHT. YTBepAK/eHHe OTHOCHTCA K CYUIeCTBeHHOMY 06pasy STHX (YHKTOpOB, 2 He KO BCem
BOIMOXKHBIM HEACCOLMATHBHbIM FEOMETPHIM.

Teopema 26.44 (3KBHBANICHTHOCTS Ha CyllecTBeHHOM 06pase). Ha nonmoii nopkateropun Geo_Rfess,
cocrosueii w3 oGbekros, nsomopdHuix G(A) Ana Hekotoporo AEAIG R, Cywectsyior ectectaeHnbie
wsomopduamsi :1d_Alg=CG u &:GC=1d_Geo, coxpanstouye suiGpanHsii periep.

JlokasatencTso. B (uKcHpopanHoM Gasuce ofa (yHKTOpA MCIOMb3YIOT OAMH W TOT Xe MaccHB
crpyktypHuIX Koncrant cAk_{ij}. Tlocnesoarenstoe npumenene G i € BOBPAUIACT ITOT MACCHB H BCE
OTMeueHHIE flanHbie, UTO 3a/3aET 1. [L1A 0GbeKTa CylujecTBeHHOrO 0Gpasa BbiGpanHBii H3oMopdmaM ¢ G(A) 1
Ta Ke PEKOHCTPYKLMA 3aAal0T €. ECTeCTBEHHOCTH C/lefyer W3 TpeGoBaHus MOPOUIMOB COXPaHSATE
CTpYKTYpHBIE KOHCTaHTs! 1 penep. C)

Orosopka 26.1. EC/M reOMeTpUecKiii OGbEKT He HECET AOCTATOUHBIX JQHHBIX /A BOCCTAHOBIEHMA
K_{ij}, bynrop € He onpeaenén wi He eauncTBeren. [103TOMY TePMHH «BOFICTBRHHOCTL He 03HAYACT
Ge3yc/I0BHYIO IKBHBAZIGHTHOCTb BCeX anreGp 1 BCeX reoMeTpHi.

unocodero-enonerorozueCKan acmaaa. Jaoiicmaesiocms 3dec oauGem He dee NesaaCuMBE aewy, ydecuo comndne dpye ¢
Opyeom, @ daa pescuma npedvsarenus odwoil GazpooaHoi crpykmyp. TTomepa penepa i KosuyueHmon — oMo nomeps nawamu,
RocAe KomOpoil o6pamiei nyms yce ne 0633 G eduncmacnbiv,

26.19. ECTeCTBEHHOCTb aCCOLMATOPHOrO TEH30pa
K_A(x,y,2)=(x0y)0z—XO(yoz)
Teopewa 26.45. Jlna anreGpaiteckoro wiomopdmama A B sumommsercs {(K_A(xy,z)=K_B(ix,fy,fz).
Ecu f TaKkoKe W30METpHUCH, COXPAHAIOTCS HODMbI ACCOLHATOPA W NIOKAMBHEIE KoHCTaTt TTH.2.

Jlokasarensctso. Ucromays f(x®y)=f(x)@f(y), nocnegopatensiio nepeocum f uepes obe coGoussie
neteu i Bbiuiraen, Haomerpunocts gaér ITK_AI=IK_AL0)

Kowrpnpuwep 26.1. TIpouseobhas mukelinas 3aMena KOODAHAT, He SBISIOIQACA anreGpameckin
MOPQH3MOM, MOXET U3MCHHTH TaOiMLY YMHOKeHHA Ge3 COI/IacoBAHHOrO mepeHoca ©; Torga opmyna
ecTecTBeHHOCTH He npuMennma. KOODAMHATHOE CXOACTBO CaMO Mo cefe He ABAseTCA CepTHUKATOM
ICTBEHHOCTH.

26.20. OB6CTPYKUMSA U FPaHNLbl 06paTHOM MMNANKALMAN

Tlycrs Q — NPOCTPAHCTBO KBAZATMUHEIX Tectos, C — NPOCTPAHCTRO Kouenell, d:Cl-C? —
supdepenan, a B:Q-C? — wmocr. Keagpariumas oGcrpykuusi O_Q HIMePSeT KOMIOHEHT, He
IIpECTaBHMYIO BEIGDAHHAIM TeCTOBLIM CroeM. KOppeKTHas qMarpamMa ofs3aHa yKasbipath 061ACT U Spa
BCEX CTpEIIoK.

Q> C%  0.Q(q)=0 = B(q)chn(d) (IPH MOCTOBBIX aKCHOMAX)

Teopema 26.46 (opHocTopoHss Jetexuys). Tpi cosMecTimocTu b ¢ npoexwyeli Ha paktop C/Im(d) u3
B(Q)¢Im@) creayer O_Q(q)#0. OGpathas HMMIVIMKALUS TpeGyeT HMHBEKTHBHOCTH HHAYLHMPOBAHHOIO
oroGpaens Qker(0_Q) — C¥Im(d).

Jlokasatencreo. CoBMecTivoCTs 03Hauaer, uto Knace B(q) sensercs oGpasom Kiacca O_Q(q).
Henynesoli knacc & C¥Im(d) e MOXer mpoMcxoguth u3 Hymesoro O_Q(q). [lms ofparsoro ebisoga
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CopepixaHue U MapLIPyT YTeHUs

1. Bpems@IIPOCTPAHCTEO H CTPATHHLMPOBAKKAS OKTOTOTHS
2. C@C: CoBHTHE@COCTONHHE KaK MiHHMATbHAH ObeKT

3. Taxersse obbexTs 1 Kateropus Pack

4. TlaxeTHsie MOPOWIMS, PEAYKIH 1 SaKOH COXpAHEHHS

5. Reper(RU;D): onpenenexse 1 axciomaiika

6. TIpOCKTHEHO-TAPNOHHNECKOE KPOCC-COOTHOMWIEHHE

7. D/Dom 1 focTaTouNOE ocHOBaHHE

8. TlaKeTHHe 3aKOHH TIOTHKH # TABHTA BEBOKA

9. Teopena [lesapra-Kypniwesa

10.9OC, cems Pasvep@Pasmeprocteii i [TH.2

1. NAPG: HeaccouHaTHsHas NaKeTHas: reoMeTpist

12. PILOT-01, popuynsisie uenowks  Fano barrier

13. RBD/RPD 11 KLT-RBD KaK BuHCIHTE LHAR GPXHTEKTYPA

14. TIpHMepL, KOHTPPHMEPH K LOKA3ATENbHAE NACTOPTA

15. Ctonaps, oGosmasenitn, opmynss u GuGmorpadin

16. HCTOPHKO-MATEMATHNECKHE PFIOT art i TPAHHILA BTOPCKOTO BKTARA

17. KowmieKcoe Kpocc-cooTsomenie i reowerpis Reper 1a CP*

18. MaTpuinoe 1 OTIepaTOpHOE KPOCC-COOTHOIEHIE

19. Jloxasatensuas ouncTka Teopens flesapra-Kypnuuesa

20, TIpeRmeTiui yKA3ATED, HHAEKC BOPMYT K CHCTEMA TEPEKPECTHIX COWIOK
21. Kanowiueckas MaTemaTnieckas KoncTpyxins ITH.2 Kypmiuesa

22. TTH.2 KaK OrpaISKTE I, H ABHFATEN, NPEACKA3aTEnLHOTO MeToxa KLT-RBD
23. TIpuMepss, KOHTPRpHMEPH K BHHCAHTE LI TecTs TTH.2

24. 9xcropr TTH.2 5 Guswiy, xinuno, Guonoruio  IHK: Fpankisl 1 porpasa nposepki
25. OnepaTops: ReACTSHA, HIMCHEHIH 1 PA3BOPOTA

26. HeaccoumaTnaas nakeTHas periepuas anreGpa pasmep@pasmepHoCTeit
27. Kanonmueckuii TH.2 ¢ Tpunomesnsun A-B 1 dunocoderamn Groxamst

28. TlpencrasaTensHbie npeRes: i Komeweii ropisonT eicTans Reper

29. Aamrrumnaz nepectpoiixa pereporo rpaga

30. Mpeckasatenskoe peneproe paccroenie

Kypues Haas Sopucosi - Kansnirpas - 2026

viTRY

13
18
19
23
27
31
35
39
43
a7
51
58
62
65
73
76
78
82
87

105

110

112

116

125

140

160

162

164




image138.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

HeOGX0ANO, TOGH! HeHyeRoil Kiace O_Q He MCUE3AN B SAPE MHAYLMPOBAHHOTO OTOGPIKCHHS, TO €CTh
TpeByeTcs MHBeKTHBHOCTS. [

Kowtpripiviep 26.2. HeusueKTUBHLI MOCT MOAET N0CIATS HeHYIeRYIO KBAAPATHURYIO OGCTDYKLIIO B
HyseRoil Koromozoriueciuii knace. Tlostomy opmyna «O_Q#0 TorAa i TonsKo Torga, KorAa [B(Q)]£0» Ges
YCAORHS MHEEKTHBHOCTH Upe3MepHa.

26.21. TpaHcnopT nokanbHom MH.2

Tyt fA~B — waoMerpuueckuii areGpauseckuii usomopdusy, Q B=(Q_A), a crpykrypuas
KoopMHaTa H HaGiofaeMas neperocaTe Komnosusvit D_B=D_Aof 1 u S_B=S_Aof . Toraa pazpbissi
A_D, A_S v HopM! K COBNIAAIOT Ha COOTBOTCTBYIOUIX TOUKAX.

Teopema 26.47. TIp YKasaHHLIX YCIOBHAX NOKalbHAA MUHAMAKCHas rpawmia TTH.2 umsapuanTha
OTHOCHTE/BHO f.

Jlokasatensctso. Teopema 26.45 coxpansier ofe CKoGOuHbIe BeTBU H HOPMY accoLMaTopa. OnpeseneHis
SB u D_B COXpAHSIOT COOTBETCTBYIOWMe MONapHbie pasphibhi. IlOACTaHOBKA B rpanuuy e_S
€_DzA_SA_D/d wim e_R e_D2IKIA_D/4 jaét 0AuHaKoByio npasyio uacrs, O

ECm f He W30METpUUEH, JONYCKAeTCH ABYCTOPOHHAS OLEHKa uepes KoncTanTsi mivi<lfvisMIvI; ato
COB/faET MCKaKEHHbITE, HO KOHTPOMPYeMBit KOPHAOP. Be3 HIDKHEii KOHCTAHTL! M>0 NOMOKHTE/IbHas TpaHHLLA
MOJKET UCHe3HYTh.

26.22. KOHTpMOAENMN noTepu CTPYKTYpb!

Tlotepsnnoe ycnonme

Yo nomaercs

JlonyCTamiii BEIBOA

MOpIM He CoxpareT ©

ecrectsentiocts K.

TOMLKO HeliHoE CpaBHerie

reomeTpis 3aBkiBaCT MHOrO3HaHas
; equncraennocts €
ek_{ij) pexorCTpyKLys
OAOKHTELHas TparLia Hy RO accoHaTHBHbI
K=01a Q 4
MH.2 cnyvait
oGpatHas fetexin oaHOCTOpOHHAR
B HewrbexTHBer i i
obcTpykun WMTKaL A

Tre umeer AiHei HopME

PaBHOMEpHAH TIEpeOC € -

JI0KaJIbHAA IPOBEPKa

26.23. NAPG-DUAL-CERT-v196i5

NAPG-DUAL-CERT-v196i5:

functors={C,C}; equivalency
Hodge=+n;
global_physical_interpretatios

Wror yenyGaenns  rasst

ssential-image-onl
obstruction_bridge=one-way-unless-injective;
pen; proof_pointers={26.44-26.47); countermodels=

algebra_category=Alg R;
; fram

geometry_category=Geo_Rress;

reserved; product=0; associator_object=R*R;

PN2_transport=isometric-or-bounded;
26.1-26.2,26.22-table}.

26. AnreSpo-reoeTpieckas  ABOMICTBOHHOCTE  CopMyIMpoRaNa Ge3

pacuMpenis 06/1acTH AeHCTBIA: OKA3AHA PEKOHCTPYKLSL Ha CYICCTRCHHOM 0Bpa3e, ABHO YKA3AHA! JAHHBIC,
1I0TEpst KOTOPLIX Pa3pyLliaeT OOPATHMOCTs, W OTAC/ICHEI €CTCCTRCHHOCTS ACCOLHATOPA, KOFOMONOrHUCCKHIL
MOCT M nlepeoc nokanHof TTH.2.

JiuTepatypa 1 NPOEKTHBLIE UCTOUHNKM
Kypniues W. B. Ipusyun neonpedenénnocmu Kypnuwieaa ITH.2: cmpozull meopemibili nGKem u C021C06aHHaA
pedakyus. Kanowmieckas pegakist v1.0, Kamusirpag, 2026.

Kurpishev 1. B. Quadratic obstruction and bridge structures in a nonassociative algebraic framework.
Project manuscript, 2026.

Schafer R. D. An Introduction to Nonassociative Algebras. Academic Press, 1966.

Elduque A. Non-associative algebras. In: Algebras, Rings and Modules. Springer, 2021.
hitps://link.springer.com/chapter/10.1007/978-3-030-84319-9_7.
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Bacz 1. C. The Octonions. Bulletin of the American Mathematical Society 39 (2002), 145-205.
htps://arxiv.org/abs/math/0105155.

Mac Lane S. Categories for the Working Mathematician, 2nd ed. Springer, 1998.
hups://link.springer.com/book/10.1007/978-1-4757-4721-8.

Weibel C. A. An Introduction to Homological Algebra. Cambridge University Press, 1994.
hitps://www.cambridge.org/core/books/an-introduction-to-homological-algebra/
AAA3F16482097015CD12D4376D505282.

Hitchin N. Stable forms and special metrics. hitps://arxiv.org/abs/math/0107101.

Fernandez M., Gray A. Riemannian manifolds with structure group G,. Annali di Matematica Pura ed
Applicata 132 (1982), 19-45. hutps://doi.org/10.1007/BF01760975.

Albuquerque H., Majid . Quasialgebra structure of the octonions. hitps://arxiv.org/abs/math/9802116.

Barnes G. E., Schenkel A., Szabo R. J. Nonassociative geometry in quasi-Hopf representation categories 1.
htps://arxiv.org/abs/1409.6331

Goresky M., MacPherson R. Stratified Morse Theory. Springer, 1988.
Hilbert D. Grundiagen der Geometrie. Teubner, 1899,

Klein F. Vergleichende Betrachtungen iber neuere geometrische Forschungen. 1872.
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acTh NPOROTKALT MaTeMATH eCKH MapmIpyT Toma | 63 YIaner s NPENeCTEyomuX CToés.

cnots. Mcrounikamin cyxar mbp196i.docx, KanowmecKkiii HokymenT
PN2_theorem _ru_v1.0_with_philosophical_blocks.docx, astopckie «zammcki.docx» u kopnyc npoekra KLT-
RBD. Bce HOBIe MOCT! THIH3MpOBaHES, D 1 DOM Pasniualorcs; SMimpHueckuii craryc tpedyer matched-
null, CGI<1 1 HesapHCiMOli poBepKi.

InaBa 27. KaHoHu4eckuit MH.2 ¢ NMpunoxeHnsmu A-B u

dunocodcknmm 61okamu

TIOHATHOE OBbSICHEHUE
Cmbicn. I'nasa coxpansier B Tome I nosmbiii KaHoHHueckmii Teopemubiii naker ITH.2 nocsie 3akpeitia PO-11 u
PO-12.
Matemaruueckoe #po. UeTbipe ABHbIC MOAEA NPOBEPAIOT BLIDOAKICHHS M TOUHOCTH Kod(duumenta 1/4;
BLMMCTMMBIE  COpTAQUKAT  (MKCHDYeT  CTDYKTYpHble  KOHCTaHTbI,  TeCTbl M XelWH.
Tpanuia. 3aKpLITHE OTHOCHTCH TONLKO K aGCTpakTHOl airefpe R W BCromoratensoil A,; pusnueckue
MocTst R+R, h it TTH.1 0CTaloTCs OTKPBITHIMH.

27.1. CMHXPOHW3aUMs AOKa3aTe/IbHbIX CTaTyCOB

B pesaxumi V19615 ol KypranbHbiii Texcr v1.1 sakpbian PO-11 Ha abcrpaktHom yposiie. Hobbiii
KaHOHMUECKHii MCTOUHMK AOMOAHHTENLHO (puKcupyer Tpuioxerme B u ceprudukar PN2-PO12-A2-v1.0.
Tostomy PO-12 Takke nonyuaer craryc closed-for-abstract-package, Ho PO-1-PO-10 . dusnueckie
yrBepjerus F-1-F-14 He HaCIeAYIOT 970 3aKpbITHe.

Ipeanokerme  27.1  (koHcepsarMBHoCTs  3akpertia  PO-12).  HamuuMe  ACTepMHHMPOBaHHOTO
BLHCIHTE/ILHOTO CepTMKaTa 4715 A, AOKA3IBAET BOCTPOHIBOAMMOCTS BbINHCICHHI B ITOii MOACIH, HO He
AOKA3bIBACT COMAHTHUECKYHO KOPPEKTHOCTS OTOBpaXeHHs H3HIECKOro 0BbekTa R+R b A,

JlokasatenscTso. CepTHUKAT NpOBEpAET PABEHCTBA, 3AAAHHbIE CTPYKTYPHEIMK KoHCTanTamm A,. s
nepenoca TpeGyercs otensHii MOpHIM O:R+R A, coxpansiouii ©, Hopmy, D, Habmogaemyio n
obnacti onpeenewns. Caw CePTAGUKAT TAKOTO @ He CTPOMT. C/CAOBATENSHO, BEMMCIMTENbHAT
BOCTIPOW3BOAMMOCT He NIOBbILLAET CTATYC 3MNECKOro MocTa. [

DunocorpeKo-penoNeNoAGEECKaS casKa. BocnpouIOIMOCTI DeAGem YT K PNy NOGTIOPREM, O e PEGPaLem Nodeih &
CaMy peaHOC. OHa OMBEUEN Ha GONPOC <MOKHO A CHOBQ OIS IO e GLCIENUE?, M0EDa KGK UALNECKL Mo dRXCeN
OMERO OMGEMUM <40 U € DM M0 AbUCACHUE TpedCTIGRIAEM >

PN2-SYNC-CERT-vI96i6:  PO-11=closed-abstract; ~ PO-12=closed-abstract; algebra={R, A, };
exact_constants={c=1,e_-=3,x_Q=3/4}; physical_transfer=open; R +R-PO1-PO10=0pen-or-source-dependent;
F1-F14=hypotheses; status_inheritance=forbidden.
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27.2. TonHbIi KaHOHWYecknit TekeT MH.2 v1.0
MpurHUMN HeonpeaenéHHoCTU
Kypnuwesa MH.2

CTPOIVii TEOEMHbIii NAKET 1 COTNAcoBaHHas PeAaKLWs!

ABTOP KOHUENUWN 1 dhopMynMpoBKy: Kypiwues Viean Bopucosuy
He3aBucuMbIii uccnefosatens - KanuHiHrpag, - 2026
ivan-kurpishev@yandex.ru

KaHormueckas peaakuys v1.0 - 11 wions 2026 1.

27.2. Annotauus

Jlokymen cornacyer waiizentsie & Google Drive bepcim cratsi «Kurpishev_PN2_author_article_ru»,
coxpansier asTopekyio waeio TTH.2 1 OTeeT AOKA3AHHEIE MATEMATHNCCKHE Pe3Y/ISTATEI OT MOACTBHEIX
AKCHOM, YCTIOBHBIX YCHAIRHMI H H3NECKIX rHTOTe3. CTPOrO AOKA3aHA OKAMLHAS MUHHMAKCHAs TeOpeNa:
€CTI HEH3BECTHAR PACCTAHOBKA CKOGOK TIOPOACT AB PA3THUHMBIX P3Y/ILTATA /82 PATHIHBIX JHAUCHHS
CTPYKTYPHO-Pa3MEPHOCTHOI KOOPAHHATSI, TO €AWHbITi, He HCTIO3YHOLLM CKPBITYIO PACCTAHOBKY CKOGOK
OUEHHBATE/Mb He MOXKET OAHOBDEMEHHO BOCCTAHOBHTS 0G€ BeTHUIKbI 63 TI0M0KHTELHOT OUIHOKH.
YimBepcanbas GOpMYa C MOCTORHOI K TIOYHACTCS MHILb 110C/IE AOKA3ATE/ILCTBA PABHOMEPHOT
KO3PUMTHBHOCTH Ha ABHO 33jaHHOii 0GnacTh. Cesizb ¢ npwHLMTIOm PoGepTcona—T eiisenGepra, macurraGon h,
(pIMKOii BpEMeHH, MaTepHel W KOCMOIOTHeli COXPAHEHa TOTLKO B CTATYCe MPOTPAMMb! HE3ABHCHMOI
npoBepK.

ToscHumensHbili 670Kk

OHmonozusecky 3ma 2nasa UKCUPYem CMAMYC Cam020 MEKCMA Kak 0bekTIa UCCAed0RaHLS
30€Ch a3/UYaIOMCA ABMOPCKAST UHMYULUS, OOKAIAHHAS! MAMEMAMUNECKaS KOHCTPYKUUS,
PeOaKUOHHAS] PEKOHCIPYKUUS U EUIE HE NOOMBEDKOEHHSIE (PUSUMECKUE PACUILDEHUS.
THOCEO/I02UHECKLI-(DEHOMEHONO2UMECK( OHA MIOKA3HIBAEI, KAKUM 0BPA3OM YUMamesb A0TKeH
80CTpUHUMAMb dabHeliliee USTOKEHUE: He KaK IOMOK PABHONPABHbIX YMBEPXOEHUL, a KaK
Y0pAdONEHHYIO KapMY CMEneHel 06OCHOBaHHOCMU, 208 KaXA0e MONIOKeHuE Mony4aem Caoll PEXUM
dosepus u nposepku.

27.2.0. ATor pepaKumonHoro ayauta

TIOCIGAHSS NIONHASK BEPCHS 10 HMEHH H BPeMeHH H3MeHHHS —
«Kurpishev_PN2_author_article_ru_v0.2.docx» (ID 1roHjyn5jGSqOsnzNpB-gdzVXBNINY SnO; 8 mapra
2026 1., 06:15:25 UTC). Ota npHHSTa KaK HCTONHHK ABTOPCKIX opMypoRoK. Bropoii DOCX-ay6mkar
COACPIKHUT TEKCTYA/IbHO HACHTHUHOE H3Bedere; PDF V0 CeMaHTHNECKH BOCTPOWIBOAHT TOT e TEKCT 1
OTAMUACTCH NEPEHOCAMH CTPOK, MAPKEPAMH CIIHCKOB H BEpCTKOM, [103TOMY KOH(IMKT ABTOPCKOr TeKcTa
OTCyTCTBYeT, HO B OBLLICH APrYMeHTALYH OBHADYKEHb MATEMATHUECKHE HECOIACOBAHHOCTH, HCTIPABICHHSIE
ke

Mcrounnk - Mf::“’ Conocrasnenve PepaxyvonHoe pewenvie
0803202 i reicr,

v0.2docx [t OcHoswolt ucrouk
08.03.202

v0.2-1.docx 6 i ApxvaHbiii y6ruKaT
40501 GaiiT 9
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pesae Tor e cmbicn;
vo.pdf 6 3 KowTpontHas Konwst
983 104 Gaiy | WHaR BepCTI
08.03.202
PATCH Moprsepxnaer
6 HoTaUyOHH I CTOUHIK
README 92 Gaiir notation freeze

MoscHumenbHbil 670K

OHMOnO2UYECKU KaPMA CMamyC08 3a0aém PasHIe YPOSHU CyU|ECMB0BaHUS ymBepHIeHuil
BHYMpU Meopuu: oMpedeneHue CYWecmayem Kak BEEJEHU A3bIKA, BKCUOMA - KaK YCAIOBUE MOJEnU,
Meopema - Kak Pe3ymam 8bIG00a, 2UMOMe3a - KaK OMKPLIMOE 0GA3AME/LCMEO. [HOCEON02UYECKU-
(heHOMEHO02UECKU IMa PASMEMKA JUCUIAUHUPYEM YMEHUE: YUMAMme/ BUOUM HE MONbKO
CodepXaHLE Me3UCa, HO U CrIOCOG, KOMOPBIM JIMOM MESUC MOXEM Gbimb MPUHSM, NPOBEPEH UL
OMAIOKEH 00 GOMOAHUMENLHOZ0 dOKA3AMeENbCMBa.

27.2.1. Kapra AoKa3saTe bHbIX CTaTycoB
Onpeaeneie. BRoAIT 0BbeKT Wit 0003HaUCHHE; HCTHHHOCTS HE YTBEPAIACTCS,

Mopensuas axcuoma. SlpHo 3aaét Knace Mojeneii [TH.2; 0/IKHa IPOBEPATLCS B KAKAOH KOHKDETHOI
peamzanum.

‘Teopema. C/ieyeT U3 NepeuC/ICHHbIX IPEATIOCHUIOK i COMPOBOKAALTCH JOKAIATE/IECTRON.

YenosHoe creacTaHe. BEpHO TONLKO 110/ JOTIOHHTEIbOM THNOTe3bl, YKA3aHHOI B (POpMYMpOBKE.

Maremaruueckas runoresa. TpeGyeT AOKAIATeNCTE HIW KOHTPIPHMEpa.

@u3mueckas runoTesa. TpeGyeT ONepaLMOHATH3ALH, PAMEPHOCTHO KATHGPOBKH W HE3ABHCHMOTO
SKcrepuvenTa.

ToscHumensHbili 670Kk

OHMOI02UHECK HOMAUUS HE SBNSIEMCS BHEWHUM YKDALLIEHUEM MEOPUU; OHa 3a0a&m, KaKue
06bexmbI PasAUYAIOMCS, KaKUE OnepaLuL J0nyCTUMb U KaKLe YPOSHU CIPYKMYPbI HeNb3s
CMewWUBaMS. [HOCEO/I02UeCKU-GheHOMEHO/I02UNECKU NDOSICHEHUE 0GO3HAYEHU] CHUXAEM PUCK
JIOKHO20 y3HaBaHUS, K020a SHAKOMSIT] CUMBO/! KEXEMCS) OHAMHIM G0 MO20, KaK YCMAHOBNIEHA 620
PO 6 darHOM mexcme; 671a200aps MoMy YUMAMeNs yOepXUBAEM & ONbIMe YMEHUS! UMEHHO
a8MOPCKYI0 KOHCMPYKYUIO, 3 HE NPUBLINHEIE ACCOYUAUL C OpY2UMU MEOPUSMLL

27.2.2. Hotauus 1 ycTpaHeHue neperpysok

@ A — HOPMVPOBAHHOE BEWECTBEHHOE WA KOMMEKCHOE AMHEIiHOE NPOCTPAHCTBO C GUANHEIiHOI
OnepaLeli ©; NONHOTa HyXHa TObKO Tam, FAe SBHO UCIOb3YETCA.

® K(xyz)=(X0y)0z-Xx0(yOz)— acconquaTop.

@ R+R— aBTOPCKHii IPOEKTHBIH OGBEKT ACCOUHATOPHOLO CI0s; K(X,Y,2) — ero KOHKpETHas
OlieHKa Ha TpOJiKe.

@ CHMBOJ + He 0603HaUAET GHHAPHOE YMHOXKEHHE H He 0603HauaeT 3Be3y XomKa.

@ 3Be3jia XojiKa 3anuCBaeTcs Kak Hodge HIH MAaKpoOCOM = 6asoBast onepaus — ©
(B NAPG [{01TyCKaeTCst 3aUKCHPOBAHHELH Makpoc © .

@ B={b_Lb_R}, e b_L(xy,2)=(x0y)0z 1 b_R(X,y,2)=X0(y02), — Napa 10IyCTHMEIX
CKOBOUHELX IIPOTOKOJIOB.

@ D:B_ R — CTPyKIypHO-pa3MEPHOCTHAs KoOpAMHaTA. OB03HauEHI e DIM Pa3peleHo ToNbko
nocne siBHoro onpeseneHits .

@ SiA R — ckansapHas HabIofaeMan pasMepa; MoHOCOCTOAHMIE BAPUAHT UCTIOb3yeT cam
pesynbTar re A n metpuky Il
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@ QC.A3— 06nacTL AONYCTUMBIX TPOEK, Ha KOTOPO ChOPMY/IMPOBAHO YTBEPXACHHE.

TMoscrumenbHbili 670k

OHMO02UYECKU OPEdEneHUs COSDAIOM MUHUMASTbHYIO 0GAAC CYLECTIB0BaHUS MpedMema:
CKOGOUHLIE PE3YbMamb, CKDLIMAsT &/bMEPHAMUGE, OUWUGKU BOCCMIEHOS/IEHUS! U SIOKBBHBIE PA3PIBHI
CMaHOBSIMCS! He Memachopamu, @ MOYHLIMU IneMeHMamU MOJE/L. [HOCeo02UHECKU-
(heHOMeHONO2UECKU IMa 271383 MEPESOOUIN UHIMYULUIO HEOMPEJENEHHOCMU & HAB/I0daeMyI0
MPOYEYPY Pas/UYeHUS: YUMEMEN HAYUHAEM BUOEMS, 206 UMEHHO BOSHUKAEM HESHAHUE, KaK OHO
USMEPSIEMCS! U TIOYEMY OHO He YCTPaHABITICS MPOCMBIM YMOYHEHUEM C/OB,

27.2.3. Onpepenenus

Onpepenetive 3.1 (CKoOGOuHbIE pesynbTaTh).
Jinst u=(x,y,2)€Q oM r_L(w)=b_L(u), r_R(u)=h_R(u). Torga r_L(w-r_R(w)=K(w).

Onpepenenye 3.2 (CKpLITas CTPYKTYPHas anbTepHaTuBa).

e wngexc b {b_L,b_R} cuntaercs ckpuimein oT ouenuparess, OlieHmeatens 00s3an Buigats,
oapy u Ty e napy (3,d), He Henomb3ys b. HyenHO 9T0 HiIOPMALMOHHOE OrpaHHUCHHE, a He OJHA THL
HACCOLMATHBHOCTS, COYIAET 3231ty HEONPEACTEHHOCTH,

Onpepenetve 3.3 (OWNGKN OAHOBPEMEHHOTO BOCCTAHOBNEHUS).
Jins ukcHpoBaKHOTO U OnpeAe M
.S(u; 3) = max{fs — SL(w), § — SERE)[},

eD(u; @) = max{|d - D(b.L)|, |[d = D(bR)[}.

Jias noamococronwii oueikit F€ A nonoxum
e R(u; ) = max{[F — r.L()], [ - rR(W]}.

Onpepenetve 3.4 (lloKanbHbIe paspbisb).
Tlonoxum A_S(u)=[S(r_L(w))-S(r_R(u))|, A_D=|D(b_L)-D(b_R)| u A_R(u)=Ir_L(u)-r_R(u)l=!

K(u)l.

Onpegenetue 3.5 (c-pasaensiiouian Ha6niogaemas).
Ha6miofaemast S HasbIBaeTCsl C-pas/ielsioliedt Ha Q, ec/Iu CyIecTByer ¢>0 Takoe, 4To
A_S(w)=zc[[K(W|| a1 Beex UEQ.

Onpegenetue 3.6 (PasHomepHan MMH.2-06n1acTb).
OG71acTs Q HashIBaeTCA PaBHOMePHOI ITH.2-06/1aCT5I0 OTHOCHTENBHO MaciTata m(u)>0,
ecin A_D>0 1 cyimecTByer &_->0, s KOTOOro [ K(u)| =¢_-m(w) mpH Beex u€.
MoscHumensHbil 610K
(OHMO/I0ZUECKU AKCUOMBI 04EPHUBAIOM MU, BHYMPU KOMOPOZO [TH.2 BO0BLYE UMEEM CMBIC/: OHU
3adalom mun NPOCMpaHcMBa, J0NYCMUMBIE NPOMOKO/bI, CKPLIMOCME BbIGOPA, CMPYKMYPHYIO
KOOPAUHAMY U YCA0BUS Pa3dEUMOCMU. [HOCEOI02UECKU-(hEHOMEHONIZUYECKU SMa 2N1asa BaxHa

110MOMy, 4MO Oenaem BUOUMBIMU 2DaHULb! YBEPEHHOCIU: YMEEPKOEHUE CTAHOBUMCS! JOKA3YEMBIM He
Camo 1o ceGe, @ MOLKO 8 ObiMe PABOMB! C SIBHO HASBAHHLIMU MPEATIOCHIKAMUL

27.2.4. MopenbHbie akcHoMbI
1A CTPOr O Te0peMHOI BEPCHH AOCTATOUHO CHCAYIOLX NPEATIOCKLIOK.

AL Hopmuposannas are6pa. 4 — HOPMHUPORAHHOE IHHEIIHOE IPOCTPAHCTEO, OnepaLys ©
Gieling, a 06a CKOGOUHBIX pe3y ITaTa OnpeAe/IcHbl Ha Q.
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A2. [lpyxansTepuarnaHocts. [U1S K&XI0T0 UEQ fonycTuMEl b_L 1 b_R; BEIGOP b CKPHIT 0T
PacCcMaTPHBAEMOTO O{eHHBATENIS.

A3. Henbipoxennas cTpyKTypHast Koopaunata. A_D>0. 3uauentie D J0KHO pasnniath ckoGouHble
NIPOTOKOIL! M MMETS 0KA3aHHYIO MHTENIPETALIMIO KaK CTPYKTYPHAs PAIMEPHOCTE.

Ad. Euubiii onenmpaTens. Oa 1 Ta e OLiCHKA HCTIONL3YETCH AA 0GEUX CKPBITLIX a/bTepHarie. ECtin
b 3mepen 3apatiee, Teopema K TaKOMY NIPOTOKOY He IPHMEHSETCS.

AS-S. Pa3ienumocts pasmepa, ycnouas. [ ckanspHoii sepcin Tpeyercs A_S(u)>0 win Gonee
CHbHOe c-payienentte. [ MOTHOCOCTORHMIN BEPCHH JONIOTHHTE LKA aKCHOMA AS-S He TpeGyercs.

A6. PaBHOMEpHAs! KOJPUHTHBHOCTE, TOILKO ANl I7106a/1bHOI KOHCTANTH. [l YHHBEPCATBHOTO K>0
HYKHO JOKAIATE TI0M0KHTE/BHYIO HIKHIOIO TPaHh ACCOLMATOPA HA HOPMHPOBAHHOH 00ACTH; SUpremum
31070 He oGecrieunsacr.

ToscHumensHbili 670Kk

OHMOnO2UYECKU 0GAACME NPUMEHUMOCTU Omdensem coGCMBeHHsIli npedmem IH.2 om cocedHux
U BHEUWHe OXOXUX MPEOMEMOS: He BCAKAS HEACCOUUAMUBHOCS, He BCAKASI PaSMEPHOCMb U He BCAKAS
KBaHMOBas! aHAN02US MPUHAONEXAM OaHHOU Meopewme. [HOCeO02UHECKU-hEHOMEHO/I02UHeCK ma

271a6a sauuUgaEM YUMaMENs OM PACWIUPUME/IbHO20 POYMEHUS: OHa MOKA3bIGAEM, 20e CMbIC/
ymBepXOeHUs ewé npucymemayem, a 20e OH UCYE3AEM, XOMS A3bIK MOXEM 0CMaBaMbCs! MOXOXUM.

27.2.5. OBAACTL NPUMEHUMOCTH U UCKIOYEHMS
TTH.2 b 40Ka3aHHOfi HiKe (HOPME NIPHMEHSTCS K 33/1aNaM CKPBITOrO BBIGOA CKOGOUHOFO MPOTOKOA.
OHa He ABISCTCH Ge3YCAOBHBIM JAKOHOM /15 BCAKOH HEACCOLMATHBHOT anreGpbi.

He npumensieTcs Ha accoumatHom cextope K(u):
He /1aéT NonoXyTeNLHOi rpanuLisl, ecan A_D=0.
CKanspHas Bepcus He AAET MOOXMTENbHON FPaHULL, €M S He pasnuuaeT r_L ur_R.

He NpUMeHseTcA K NpoToKoNy, KOTOPOMY 3apaHee COOBUIEH UCTUHHBIIA UHAEKC b.

He SIBNSIETCSA AVCNIEPCHOHHIM COOTHOLIEHIEM PoGepTcoHa—LLIDEAHIepa U He siBnseTcs
OTHOLUEHUEM «LUYM—BO3MYLLIeHUe» Ofj3aBbl 6€3 OTAENbHON KBAHTOBO-U3MEPUTENBHON MOACNH.
OGbiuHas pasmepHocTs dim A4 unu dimX He 3aBuCUT OT CKoBOK, NOSTOMY cama no ce6e He
MOXeT urpath posib D.

@ OGbIuHas MaKCHMabHas [NYGUHA TPEXNIMCTHOTO GMHAPHOTO fepesa oauHakosa Ans b_L nb_R.
CilejoBaTENbHO, NPEXHEE OTOXAECTENEHIE D C YGUHON BAOKEHHOCTU TPEGYET 3ameHs! Ha
AElCTBMTENbHO PAsANUaIoLLYI0 KOOPAUHATY.

TMoscHumensHbili 670k

OHmOno2UMeCKu Iemma 8803UM MPOCMEiLLYIO 260MEMPUYECKYI0 OCHOBY N10CAEAYI0We20
GoKasame/IbCMea: dBe PASAUNUMBIE MOYKU U MPEMBS MOYKA OYEHKL 0BPAZYIOM MUHUMANEHYIO
CmpyKmypy HeusGexHOU OWUGKL. [HOCEONI0ZUHECKU-(heHOMBHOO2UNECKU OHA de/1aem aBCmpaKMHyI
HEONPEJE IEHHOCIS UHMYUMUBHO CXBAMBISAEMOL: €CAU HAGAIOOAME/b BbIHYKOEH BbIGRaME 0OHY
110310 A7l ABYX BOIMOXHBIX COCMOSHUL, CaMO NIEPEXUBAHUE PACCMOSHUS YXE COOBPXUI HUXHIOK
2panuy npomaxa.

27.2.6. BcnomoratenHas ieMma

Nemma 6.1 (ABYXTOUEUHAR MUHUMAKCHAS PAHMLA).
JU1st TOGBIX BYX TOUEK a,b METPHUECKOr0 IPOCTPAHCTBA 1 JI0GOf TOUKH q BHIONHAETCS
max{d(q,a),d(q.b)}=d(a,b)/2.
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JlokasaTernsCTEO. U3 HepaBeHCTBa TpeyronbHuKa d(a,b)<d(a,q)
+d(q.b)=2max{d(q.a),d(qb)} cenyer TpeGyemoe. (I

TMoscrumenbHbili 670k

OHmonozusecku sma enasa coGupaem paee B8edEHHbIE 0GbeKMBI & COBCMBEHHOE AOPO
Meopembi: CKPLIMBILi CKOGOUHII] UHOEKC, Pe3y/Imam, CpYKIMyPHS! KOOPOUHAMA, ACCOYUAMOP U
OUILIGHKU CMAHOBSAMCA 0OHOL CASISBHHO KOHCMPYKYUEL [HOCEO/I0RUHECKU-(hEHOMEHONIOZUHECKU
chopmynupOsKa Mepesodum CubICs [TH.2 8 PEXUM NPOBEPSIEMOZ0 BLICKASLIBAHUSI: YUMAMme/ BUOUM,
MO HEONPEJENIEHHOCIE 30ECh HE MCUXONIORUYECKAS! HEXBAITKA SHAHUS, & CMPYKMYPHOE 02paHUYeHUe
edunHoz0 oyenusamers.

27.2.7. Tounas bopmyauposka MMH.2

Teopema 7.1 (flokanbHas MuHuMaKcHas MH.2 Kypnuwesa).
Tycrs phimosmenst Al-Ad. Torja 41 Kaxgoro uES u moGoii He HCOML3yIoIeii CKPLITBITE HIACKC b
napsi ouenok (5,d) eemomserca
eS(uf) - e.D(wd) > % AS(u) AD. (PN.2-5)
Jins moGoii nionsococTommMi ouerkn F€ A BrnomseTC
eR(uf) - e.D(wd) > % [K(w)] AD. (PN.2-R)
ECH J0NOMHATeEHO S C-pazjenseT accouuatop a Q, 1o
e.S(ug) - e.D(wd) > (c¢/4) [K(u)] AD. (PN.2K)
Craryc: Teopeva BHYTPH ABHO 3AHHOI MOACH CKPLITOFi CKOGOUHOI /15 TepHATHBS. ABTOPCKast
arpuGywms Kouuenuyn [TH.2: Kyprnuies W, B., Kamuutrpag, 2026,
ToscHumensHbili 670Kk
OHmoozusecku dokasamenscmso nokassisaem, 4mo [1H.2 He d0GasnsemCs K ModenU ussHe, a
sbipacmaem us eé coGCmBenHol BYXaNbMepHamUBHOL CMPYKMyPb! U MEMPUKU PasAUYUS.
IHOCEO02UHECKU-CDEHOMEHO/I02UYECK OHO MEHSEM PEXUM BOCTPUSMUS MEKCMa: Mo, 4mo pariee

MO2110 8b12/190€Mb KaK CU/IbHAS! UHMYULUS, CMAHOBUMCA 1I0C/1EB08AME/IHOCMbI0 HEOBXOAUMBIX
Nepexodos, 2de Kaxdbil Waz MOXHO yOEpXams U NepenpoaepuMs.

27.2.8. [lokasarenscreo

Tlo ienvie 6.1 Ha BewtieCTReRHO/ TpAMOT, MpiMeHEHHO K naueknim S(r_L(u) n S(r_R(w)), umeen
€_S(u;3)=A_S(u)/2. Ta e newwa s uncen D(b_L), D(b_R) aét e_D(u;d)=A_D/2. lepemsioxere Apyx
HCOTPHLATEILHEIX OLEHOK AOKazbiBaeT (PN.2-S).

JiAs nonHoCoCTORHHI oueHKH evva 6.1 B MeTpiueckom npoctpancrae (A1) gaér e_R(u;f)zlr_L(u)
~r_R(u)l2=IK(u)li2. Comsecto ¢ e_D=A_D/2 510 jokassisaer (PN.2-R). Ecn A_S(u)zclK(u)l, 10
nopcranoska & (PN.2-S) paér (PN.2-K). 01

MoscHumensHbIll 6710k

OHmonozusecku 2noGansHas (hopma 8803uM NEPEX0d om /IoKkasHOL MOKU Modeny Kk o6nacmu,
Ha KOMOPOUl BOSMOXHA EAUHAS HUXHSIS 2PaHULA. [HOCEO/I0RUHECKL-(hEHOMEHONIOEUYECKU IMa 2/1asa
OSICHSIEM, N104EMy YHUBEPCA/IBHAS! KOHCIMAHME HE MOXEIM BOSHUKHYMS U3 KENanus 0G0GWums
pesynbmam: owa cmarosumcs docmyrHOI Moo M020a, K020a Yumamens B ycmoUMuBoCM
cmpyKkmype! Ha Bcell sasenexHol o6nacmu.
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27.2.9. Tno6ansHas KonMYecTBeHHas Gopma

Cneactave 9.1 (YcnosHas pasHomepHas MH.2).
Ecan Q — pasnowepras ITH.2-061acTs oTHoCHTENbHO m(u), T0

eR(uif) - e.D(wd) > (e~ AD /4) m(u), ues

IpH c-paspensioieit S KoIQQHIHEHT CIIPaBa JONOTHHTENBHO YMHOKAETCS Ha C.
OBoanauas k_Q=(ce_-A_D)/4, ONy4aeM KOPPEKTHYI0 KOPOTKYI0 3aLHCh e_S e D=k_Qm.
YTOGHI 0Ny 4HTS HCTOPHUECKYIo popuy A| R|-ADIm(R)=¢[|R|*, HEOGXOHMO OTACIBHO
JHokasars: (i) uto A|R| coBnazaet ¢ e_S wi e_R; (ii) uro ADim cobmajaer ¢ e_D; (iii) uto
BBIGpaH MacuITab m=|R|% (iv) 4TO CyICTBYeT MONOKHTENLHAS HIDKHSS KOHCTAHTA € -, @ He
TOJIBKO BEPXHSIL €_+.
MosicHumensHbil 610K

OHMO/I02UYECKU UCTPAB/EHUE OMOENSIEM PEANbHbIE CIIPYKMYPHLIE SABUCUMOCMU OM NPEXHUX
C/UUIKOM CUbHBIX U HEBEPHO HAMPABEHHbIX KOAUYECMBEHHIX CAs3el. [HOCEON02UYeCKU-
(eHOMeHONO2UECKU IMa 271353 BaXHA KaK KM CAMONPOBEPKU MEOPUL YUMame/ls CMaKUBaemcs He
C paspyweHuem asmopcKoli Udeu, a ¢ O4ULIeHuUEM eé yC/I0BUL, K020a CMBIC/ COXDaHTEMCS Yepe3
OmKa3 om HerodmaepXOEHHbix X0006.

27.2.10. icnpas ieHue MCXOAHO# KOMYECTBEHHOT apryMeHTaLun
27.2.10.1. Supremum u HaNpaBeHue OLieHKU
B HCXOAHOI PEAGKLMM HCTIOMb30BAHO.
e+ = sup_{x,y,z} [K(xy.2)| /(IxIlIyllzl).
U3 91010 ONpe/ie/ieH s ciIejlyeT BepXHsis oleHKa |K(x,y,z)| se_+| x| [y|l | z]. Huwkuss

OLiEHKA C TeM JKe €_+ JIOTHYeCKH He CJleftyeT. [is NOJIOKHUTEIbHOM HIDKHeH IPaHHIbl Hy)XHA
OrpaHHueHHast 06IACTb Q i Be/IHUHHA

inf {ueQ} [K(w)]/m(w) > 0

27.2.10.2. Hopma pesynsmama moxem He Bufem accouuamop
OGpaTHOe HepaBeHCTBO TPeyro/bHUKa AaéT | [r_L|-|r_R| | |r_L-r_R||=|K|, a ne

HIKHIOIO OL{eHKY. BoJiee TOro, B OKTOHHOHAX HOPMa MY /IBTHIUIHKATHBHA:

Gz =[xy =] [ 2], X015 accommaTop 1St HEKOTOPHIX TPOEK HeHyeBoit. [ToaToMy

«pasMep = HopMa pe3y/TbTaTa» He oGecrieunsaer A_S>0. CTporast 6asosas BepCHs I0JKHA

HCIIO/IB30BaTH TIOHOCOCTOSIHMIE Pa3psis || K| JIHG0 3apatee BEIGPAHHYIO PA3Ae/AIOLLYI0

HabITozaeMyio.

27.2.10.3. KameropuansHas dopmyna

Dpaza e CyLIECTBYeT ECTECTROHHOIO Npe0Gpa3oRaHiA MexAY (yHKTOpamit S it D» He pasHOCKIbHa
3anpeTy CoRMECTHOrO Wavepenis. ECTeCTeHHoe npeolpasonanie TREGYT TOUHO 3aaHHBIX KaTeropiii,
(pYHKTODOB 1 COBMECTHMOrO KOJOMEHA; OTCYTCTBME TAKOrO 1peoGpa3oBaiis He UCKIIOUART CYILeCTBOBaHME
commectHoro otoGpaents (S,D). Kateropuasbiit sapuant [TH.2 creAyeT (opMyIHpOBATS OTACTSHO Kak
‘Te0peMy 0 OTCYTCTBIM COBMECTHOIi CeKLMM WIH €CTECTROHHONO OLiCHHBATE/A TIOCAE NIOCTPOCHHS
cooTBeTCTRYIOWE] AHArpaNMBL,

TMosicHumensHbili 670k

OHMONO2UYECKU C/IEACMBUS! MIOKA3LIBAIOM, KAKUE HOBLIE MONIOXEHUS OBTCMBUMENTBHO
Cyujecmayiom eHympu yxe doka3anH020 S0pa, a Kakue mpeyiom 06AB0NHBIX MPEANOCUIOK.
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IHOCEOI02UHECKU-(DEHOMEHO/I02UMECKU ST 2N1aB8 yHUM UMb BAIB006! HE KaK CE0G0OHOE
pacnpocmparierue 2nasHol udeu, a Kak OCAIEA0BAME/IHOE PACKPIMUE MOZ0, YMO YK CodepXUMCs!
& QOKasaHHOL CMPYKMYPE U CMAHOBUMCS! SBHLIM NPU MPABU/HOL MOCMAHOBKE B0MPOCa.

27.2.11. Cnepcteus

@ Ecmi K(u)50 i A_D>0, I0/THOCOCTOSIHIA, He SHAIOIyiit b OLleHHBaTel He MOKeT HMeTh
opHOBpeMerHO e_R=0 1 e_D=0.

@ B accoiaTHBHOM npefiene K—0 J0KasaHHas IPaHHIA HOIIPEPHIBHO BEIPOKACTCS B
HOJB.

@ ToNOXUTENbHAs yHUBEPCATIBHAR K HEBOIMOXKHA Ha 06/I1aCTH, CofiepxaLLieil Toukn ¢ K:
He BBE/eHb AONONHATEIbHbIE OTPaHUEHNSL.

@ /117 N1060ii pasaensioLLieli cembi NMHENiHbIX (hHKLOHA/IOB & KOHEUHOMEPHOM HOPMUPOBAHHONM
NPOCTPaHCTBE CyLLeCTBYeT HaGriofaemas, OGHapYXVBaI0LLAs! HeHyNesoli K; oaHako oawa
3apatee (UKCUPOBAHHAS CKANAIPHAR HAG/IOAAEMAS MOXET €1 He 0GHApYXMTh.

@ [MH.2-S ABnsieTcA 3aAaeli CTATUCTUYECKOrO/ACTEPMAHUPOBAHHOTO PASAHEHIS ABYX CKDBITHIX
CTPYKTYpHbIX anbTepHaTIE. OHa He COBMAAALT ABTOMATUMECKN C KBaHTOBOM
HEONPEARNEHHOCTBIO HEKOMMYTUPYIOLLWX ONEPaTOpOB.

@ ©opuyna PN.2-R NpeAocTaBNAeT CTPOrH MATEMaTUHECKWii KApKAC, BHYTPY KOTOPOTO
KOHKpeTHasi anre6pa R+R A0NXHa AaTh BblMCMMbIe K, D, Q 1 K_Q.

, ecnu

MoscHumensHbIl 610K

OHmonozuHecku dokasamensHsie 06A3amebCmea 0BOSHaYaIOM Eulé He NOCTPOEHHbIE Yacmu
10HO( MEOPUL: OHU CYIECMBYIOM KaK HEOBX0dUMbIE MECma 6ydyLuiel paGoMbl, a He KaK Ye
3aBepWEHHBIE Pe3y/Ibmaml. [HOCEONI02UHECKU-(DeHOMEHOMO0RUYECKU IMma 2asa (hopMUpYem YeCHYI0
NlepCnekmuBy UCC/Ied0BaHUSI: YuMame/b BUAUM He MORsKO AOCMUZHYMOE, HO U Me YHACIKU, 206
MIOHUMAHLIE FI0Ka AO/IKHO OCMABAMBCS MPOEKMHBIM, OXUOAIOU{UM JOKA3AMEbCMEa
KOHMpRpumMepa.

27.2.12. [lokasaTenbHble 06A3aTeNbCTBA AR NOAHO Teopum MH.2

PO-1. AnreGpa R+R. 3ajats HocHTe/Ib, 11071€, 6a3MC, TABMMLY YMHOKEHHS WIH CTPYKTYPHBIE
KOHCTAHTbI; YKA3aTh e/MHHLLY, WHBOIOLMIO, HOPMY M 0G/1ACTH ONpeAe/IeHs.

PO-2. CornacoBanocTh. [1poBepHTH GHIMHEHHOCTS, 3aMKHYTOCTS, HY/ICBbIE /{C/IHTE/IH, HNIPEPLIBHOCTD.
YMHOKCHUA 1 CYILIECTBOBAHHE BCEX HCTIONb3YeMBIX OTIepaTOpOB.

PO-3. Henynenoii accoumarop. Buncants K Ha ABHIX TPOTiKaX 1 KIacCHPHUIPOBATS
accouMaTHBHbIE/HEACCOLMATHBHEIE CEKTOPA.

PO-4. CrpykrypHas koopunara D. Onpesenurs D Tak, utofet A_D>0; A0Ka3aTh MHBAPHAHTHOCTL
OTHOCHTENIBHO AOTYCTHMBIX lepeoGo3HaNeHMTi 1 M3MUECKMT CMbiCH eAnHLs D

PO-5. Hab/uopaemas pasviepa. BLIGPaTs S 1 /J0Ka3aTh C-pasjierieniie G0 HCNIOML30BATE
NOAHOCOCTORHIH MeTpHuecKiii BapianT. HOpMa 663 40TIONIHATE ILHON FHIIOTe3b! HEAOCTATONHA.

PO-6. MismepuTe/nHas Mojens, Onucats, nouemy b CKPLIT, Kakie JJaHbIe NONyuaeT oLjeHBaTeh,
KaKie OLeHKH a3pellieHsl H KaK CBA3aHbL e_S,e_D C IKCTIepHMEHTA/ILHEIMH OLIHGKaMSL.

PO-7. PaBHOMepHast KoHCTaHTa. BLIGpaTh HOPMHPOBAHHYIO Q U 0Ka3aTh €_->0; OTACLHO
HCC/IeA0BATE rpaHHLLY Q 1 BLPOX/EHHEIE CEKTOpA.

PO-8. Pa3MepHOCTHas COr/IACOBAHHOCTE. YKasath (iuueckue pasmeprocr S, D, K, m u k; ne
OTOKACCTRASTS Ge3 KaTMGPOBKIH Ge3paIMEPHYI0 CTPYKTYPHYIO KOODAMHATY C (H3HUECKOI Pa3MEPHOCTEIO
npoctparicrea.
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Copep>xaHue M MapLIpyT 4YTeHUs (npoponkeHue)

31. BumCIHTe b HAs CepTHHKALIS # TPANHIA AOKAIATENEHOTO CTATYCA
32. Crporas cnemnuxauss fomexHsx azantepos KLT-RBD

33. HEEHTHYHOCTS, MPOHCXOAIEHHE H UETIOCTHOCTS AGHHX

34. Hnentndmumpyemocs, transportability 1 Hesasucimas nposepKa
35. Tporsossse Kopunops, conformal calibration i Bo3nepaatite
36. Burucrenbisii KowTpaxt KLT-RBD 1 uroroski ayant

37. Crposwoit blocker-safe axanTep 1 BOCTPOHIBOTHMOCTS,

38. Baseusernas KaTHOPOBKA K KOBAPHATHOM CABHTE

39. E-mpOUeccH, HepaBeHCTBO B  HeoDA3aTe b Az 0CTaOBKA.
40. Arpernposanue veseit TTH.2 ¥ rpanki comanenis

41, Hesanucwas TpoBepKa i KOMIOSHIIS GIOMKETOB OWIHGOK

42. BuGOp K0MeHa 0 PACKPHTHS PE3yTISTATa i JALKTA OT NIOCTCENEKIHH
43, MOWHOCTS, 063EM BHGOPKH I MUHHMATLHO SHANHMb HbpeKT
44. KnacTepHas 3aBHCHMOCTS W TPYNIIOBa NPOTHOHAS KATHOPOBKA
45. TIPOTHO3, BMEWATENbCTBO 1 TIPEEN IPHIHHHOTO BBORA

46. Micronmiwsait npoTokon sewned samnawii Towa |

47. THIHSUPOBANNOE TPOCTPANCTBO NAKETOB i penepos

48. TIpOEKTHBHO-TAPMORHECKHIE OTEPATOP APOTHOIA

49, TIsms, HPEROB KaK PewETKA AONYCTHMOCTH

50. MeTpHKa HECOOTBETCTBIA 1 YCTO wiBaS NEPCTPOiiKA

51. RBD Kak 0nepatop pacupocTpanesis # CRahs

52. [IaBHaR YCTIOBHAR TEOPEM NPECKATATELHOTO METORA
Tpunonenie A, siie npiveps 1 KoHTPIpHMeps K PO-11 (§27.2.A)
Tpwnoxense B. Buuascrumis cepruguxar PO-12 (§27.2.8)
Tlpionesie C. TIOAHAR TeHEATONHA KAHOKIHYECKOl KOHCTPYKIHH
Tpsoesie D. TTH.2; OTPHIATEBHHE YTBEPAACHINA If POMOKT
Tpunomense E. Henommmmit pecsuctanuiinssii nporoxon Atlas
Tpunomenne F. Peectp dopmyn peraxuus V196114

Tpunoxense G. Kanonuueckas curxponmsauns [TH.2  F-1-F-14
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PO-9. KareropuansHas epcusi. 33ah Kareropii, dyHKTObI, MOPGH3MbI 1 TOUHI 06TCKT no-g0:
OTCYTCTBHE eCTECTBEHHOIT CeKLMM, N10/{BEMA WIH COBMECTHOTO OLIeHHBATeIIS.

PO-10. Cosizt ¢ ITH.1. TIoCTPOMTE IPEACTaBICHHe p B IWILGEPTOBOM NPOCTPAHCTEE, ONPCACTHTE IVIOTHO
3a4aHHBIe CaMoCONPsiAEHHble X,P i JOKA3AT KOMMYTATOPHOE COOTHOLIICHHE H AOMEHHbIE YCTOBHS.

PO-11. TIpHvepht 1 KOHTPIpHMEpH. JIaTh MHHHMYM: ACCONHATHBHBLI HyeBON NpUMED;
HeacconuaTHBHELTi npHMep ¢ A_S=0; npuMep C C-pasyieieHmem; IPHMED C ONOKHTELHO €_- Ha
KomnakTHoli ©. Craryc: 3aKpeiTo [IpuioeiHes A (eTLIPE ABHBIE KOHCTPYKLMH C NOHEIMH
[ —

PO-12. Hesanucumas BOCTPOM3BOAUMOCTS. CTATyC: 3aKphiTo TIpHioxkentem B H BLIHCTHMEIM
ceprudpuarom PN2-PO12-A2-v1.0 st anredp R u A, u uersipéx npuvepon A.1-A.4: ony6mkopans:
CTPYKTYpHbIE KOHCTAHTI, TOUHBITi KO, TecTOBBIi HaG0p, Tabnuua suauennii  SHA-256. 3akpurrne
OTHOCHTCH K ABCTPAKTHOMY TeOPEMHOMY NAKETY; NIePeHOC CepTHHUKATA Ha ABTOPCKYIO (UIMIECKYID
anre6py R+R ocraércs 3apucumbiv ot PO-1-PO-10.

ToscHumensHbili 670k

OHMOAI02UYECKU (hUSUYECKUE YMBEPKOEHUS NPUHAONENKEM UHOMY YDOBHIO, Yem aGCmpakmHasT
meopea: OHu MpeGylom OMepayUOHaNUSALUL, Pa3MepHOCTHO KaAUGDOBKU U CBA3U C HAGAK00AEMbIN
MUPOM. [HOCEON02UHECKU-(PEHOMEHO/I02UHECK PEECTIP He OCnaGnsiem npoexm, a denaem ezo Gonee.
MPO3PaYHBIM: YUMAMEN> PASAUYAE MAMEMAMUYECKU OOKASAHHOE U (PUSUYECKU OKUOAEMOe, He
CMewWUBas OTbim (hOPMAIEHOZ0 BLIB00A C OMLIMOM IKCNEPUMEHMAHOZ0 MOOMBEPKIEHUS.

27.2.13. OTANLHBIN PEecTp PU3NYECKUX YTBEPXKACHUIA, TPEBYIOLIMX HE3aBUCUMON NPOBEPKU

HH O/4HO U3 CIIC/YIOUIX YTBEpKACHHIH He AB/AETCA ClIe/iCTBHEM TeopeMbl 7.1 Ge3 AOHO/HHTE L HBIX
MATEMATHUECKHX MOCTOB H IKCTIEPHMEHTAIbHbIX AQHHBLX.

F-1. OnTonorus Bpemenn. R+ R siB/sieTcst QU3HUECKOI aireGpOi BPeMEHH, a He TONBKO
MaTeMaTHYeCKOH MOJIeNIbIO.

F-2. Dyngavenanbuocts. [TH.2 Gynaamentanbiiee npuniyna Pobeprcona—TIeiisenGepra win
NPHHUMIA ALyN—BOSMYLIeHHEY.

F-3. Mvnumkangust TTH.2=TTH.1. Keautoas HeonpeAeNEHHOCTL BLIBOAWTCA 3
npejicTaente p.

ccouparopa uepes

F-4. Kannbposka h. Cyuiectayer pusiuecki o6ocosantsii pexi IKI~h ¢ npasuibHEINM equLavi
W Ko3(HupeHTOM.

F-5. Muayuuposanmsiii kommyratop. Buipaxenie [x,y]_z:=K(x,,2) 0¢/le npeACTaB/IeHis 33aéT
AOnYCTUMBi ONIEPATOpHELH KOMMYTATOP; TPEGYeTCs IPOBEPHTE GHIHHEHHOCT, AHTHCHMMETPHIO, TOKACCTO
SIKOGH/er0 3aMeHy H /IOMeHbI 01epaTopos.

F-6. CemukommoneiTioe Bpews. CeMb 0GBEKTOB R+ R 06pasylor BHYTPeHHIOI
MHOTOKOMIIOHEHTHYIO CTPYKTYPY BPeMeHH.

F-7. ®OC n B¥IL. Gy#jameHra/ias oriopHas CBAHOCTs 1 MOAe Bpes*TIpoCTpancrao iveior

Hab110aeMyI0 (HIHUECKYIO PeaIHIALIIO; NPOCTPANCTBO ABNAETCA CAOCROT NpOKLei, a NPOCTPAHCTEO
MukoBcKoro—iisurrelina — ceuermey,

F-8. Onepatop xoa speven. Vepapxits A>Hpx>>R,>R, >R, > {ih,iH}, oneparop
‘ypannentte dR/dt=T(R) OCLIBAIOT (i3uecKHii X0A BpeMEHH.

=En_{i+1-i}u

F-9. Monotounocrs cnoxsocra. JUls QH3HUECKH onpeAenéitoro C(R)=Ew_iDim_i(R)
BhmonHstercst dC/dr=0.
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F-10. /lnnamuka acconmaropa, YpaeHeHye V_T K=]_T sBIeTcs KOPPEKTHEIM
KOBAapHAHTHEIM IIO/IeBEIM YPABHEHHeM H HMeeT OIIpe/ie/IéHHbIe HCTOUHHKH, PASMEPHOCTH i
BaPHALMOHHEIH IPHHIMIL

F-11. Panuss Beenennas. 113 nmaminki K C1eAyeT MAKCHMATIEHAS! HAUQ/IbHAs! KOTEPEHTHOCTE WIH MHOTE
Hab110aemblii KOCMOIOTIUCKIH PeXih.

F-12. JIokanuanus B Matepim. ACCOLMATOP (GH3HICCKH I0KATM3YETCS B MATEDHH W NIOPOAALT
JamepiMBie (pibeKThL.

F-13. Koneunas Berns namoparenst. CTpyKTypHAs BIOKEHHOCTS, AOCTYIHAS HAOMIOZATe 0,
duameci Koreusa,

F-14. Tpanurauus u kocmonorust. [TH.2 jaér nposepsiewtie nonpaki k OTO/KaHTOBO/ Teopit,
YCTPAHSIeT CHHTYIAPHOCTH W/ OBLACHSCT TEMHBIE CeKTOp.

MUHHHMb b CTAHZAPT He3QBHCHMOI IpOBEpKH A F-1—F-14: oniepaumonasHoe onpeaeeiie
HaG/1IOZaeMBIX; e/AVHHLIEL H3MEPEHIS; HY/IeBast MOACIS; 3aaHee 3aperHCTPHPOBAHHIH KpHTEpMi pasietits;
OLIeHKA HEONPEACNEHHOCT; OTKPHITEIE JAHHEIE/KO/; BOCTIPOMIBEACHHE HEIABHCHMOT TPYTINON.

ToscHumensHbili 670Kk

OHmOonozuYeCKu omHoueHue K MTH.1 J0MKHO Gbimb 3808HO KAK CBA3b MEXOY PASAUYHbIMU
MPUHYUNMU, & HE KaK ABMOMAMUECKOE MOXECTBO UX MPEMEMO8 U MACWIMAGOs.
IHOCEO02UYECKU-ChEHOMEHO/I02UYECK IMA 271353 YOBPKUBAEI MOYHOC Y3HABAHUS: YUMament
wOXem sudems POOCTME0 NPOG/IEM HEONPEJENIEHHOCMIL, HO 0OHOBDEMEHHO COXPaHSEM PasaUYLe
Mexdy CmpyKmypHOL CKOBOUHOU abmepHamuBol ITH.2 U memu KoHmexcmanu, 20e paGomaem
mepwmuronozus MH.1.

27.2.14. OtHowenwe K MMH.1 1 KOPPeKTHaA TepMUHONOTHA

CoorHoenie POGEPTCOHa 15 CAMOCONPKEHHBIX OnepaTopoB A,B 1 CCTORHIS | HMeeT B
0_Ac_B=Y|([A,B])| npu BLINOHEHUM OMEHHBIX YCOBHH. OHO OTHOCHTCS K JJMCTIEPCHSAM KBAHTOBBIX
HaGIIOaeMbiX B COCTORHMH. Teopesa 7.1 OTHOCHTCH K MUHHMAKCHOT OLIHGKe BOCCTAHOB/ICHHS IpH CKPBITOli
CTpyKTypHOJi anTepHaTHBe. OGILMM ABIHCTCH MOTHB HIDKHEH TPAHULI, HO MATEMATHICCKHE OGbEKTH! W THITb!
oumGoK pasmursst. Hostomy sanmcs «[TH.2=ITH. 1» B Kactosueii peaakiym umeer craryc
HCCIQA0BATENILCKO THIIOTE3b! 40 BhiTO/HeHHs PO-10.

TMoscHumensHbili 670Kk

OHMOnozUYeCKy nyGAUKaYUOHHAS hOpMY/Ia yrAOmHSEm meopemHoe AJpo 00 yemoiiiusozo
8bICKA3LIBAHUS, KOMOPOR MOXHO BbIHECMU 33 NPEE/Ib! BHYMpeHHe(l PedakyUoHHOU pacombi.
THOCEO/102UHECKU-(hEHOMEHONIORUYECKU OHa 3a0aEM YUMAME/io PABU/IbHYIO MOYKY 6X00a; BMECTO
MHOXECIEa MEXHUMECKUX YMOXHEHUL CHA4aNa NPEdLSBNSIEMCS CMBICABO YEHMP, NOCAE 4620
G0KA3AME/IBCMEa, 02ZPAHUNEHUS! U NPUTOXEHUS! YUMAIOMCA KaK Pa3BEPMbIaHUE MOl hopMY/Ibi

27.2.15. PekomeHayeMas ny6MKaunoHHas Gopmyna
Kpatias 4oka3annas OpMyIHPORKa /15 HHOTALIHM:

/15 BYX CKPBITBIX AOIYCTHAbIX PACCTAHOBOK CKOBOK B HOPMHPOBAHHOT HeaccouaTHaHOl areGpe
BBE/CHSI OLIMBKI eAHHOTO OLICHUBATIA Pe3y/ILTATA H CTPYKTYPHO-paMepHOCTHOI KOOpAHHATSI. J0KA3aHO,
\ITO HX IPOH3BEACHHE He MeHBLIC OHOTi ETRETI TIPOH3IBE/ACHHS! HOPMBI ACCOLMATOPA Ha PA3phie.
CTpYKTYPHOI KOOPAMHATSL YHHBEPCAILHAS NONOAKMHTE/IsHIS KOHCTAHTA CYINCCTRYeT AHLLLh Ha 0B/ACTH C
AoKazaHHOIi pasHOMepHOI HitkHeil rpaniLeii accoaTopay.

Kpatas astopekas arpubyws:
«Ipunuyn weonpegenéimocty IH.2 Kypniuesa (Kypriwes 1. B., Kanumirpag, 2026)».
3anpewéitan Ao BLINOMHEHIS 0BAIATeNLCTE oOpMY/a CTaTyCA:
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He CrleAyeT HCaTh «{0KA3H HOBBI yHHBepCabHbi (Mauteckitii NpHHLIAI, Gonlee CUbHbI, vem
nputLyan TelisenGepras. JJoNyCTHMO: TPE/VIOKEHA MATEMATHECKAS MOACITH CTPYKTYPHOI
HeONPAC/IEHHOCTH; J0KA3aHA MHHUMAKCHAS TEOPEMa BHYTPH MOACTH; (I3HYECKHE MOCTSI CIOPMYHPOBAHB!
KaK IpOBEpACNEIC TTIOTE3b.

MoscHumenbHbiil 670K

OHMOnO2UYECKU GUGNUOZPAGUS U KOHMPObHBIE UCMOYHUKU OGDASYIOM BHEWHUL KOHMYD
meKcma: O He 3amMeHsom OKa3aMEsCmSO, HO PUKCUPYIOM CPedy, & Komopoli Mposepsiemcs!
MEPMUNOI02US, CONOCMABNAIOMCA GHANIORU U YOBPKUBAEMCS HayHHas! J0GPOCOBECTHOCb,
[HOCEO/I02UYECKU-(DEHOMEHO/IORUHECKU SMA 21358 MOKSHIBAEM, YMO SHAHUE 6 UCCAEJ0BaHU
CYUJECMBYEM HE USONUPOBAHHO, & 6 MO/E MPOBEPSIEMbIX OOKYMEHMOS, UCTOYHUKOS U PASAUMUMbIX
mpaduyuii umenus.

27.2.16. BUBAMOTPadhs 1 KOHTPONLHbIE HCTOMHMKH

1. Robertson, H. P. The Uncertainty Principle. Physical Review 34 (1929), 163-164. DOI:
10.1103/PhysRev.34.163.

2. Schrodinger, E. Zum Heisenbergschen Unschiirfeprinzip. Sitzungsberichte der Preussischen Akademie
der Wissenschaften, Physikalisch-mathematische Klasse (1930), 296-303.

3. Ozawa, M. Universally valid reformulation of the Heisenberg uncertainty principle on noise and
disturbance in measurement. Physical Review A 67 (2003), 042105. DOI: 10.1103/PhysRevA.67.042105.

4. Schafer, R. D. An Introduction to Nonassociative Algebras. Academic Press, 1966.

5. Baez, J. C. The Octonions. Bulletin of the American Mathematical Society 39 (2002), 145-205. DOI:
10.1090/50273-0979-01-00934-X; arXiv:math/0105155.

6. Mac Lane, S. Categories for the Working Mathematician. 2nd ed., Springer, 1998.

7. Kyprinuwies 1. B. ABTopckas (popmynmpoBKa npusina eonpesenéimocts Kyprmwesa (ITH.2).
PaGouas crates v0.2, 2026, Herounm cornacosanms: Google Drive.

TMoscHumensHbili 670Kk

OHMOI02UHECKL KOHMPOA YENOCMHOCMU PACCMAMPUBAEM OOKYMEH KaK 38EPUIEHHYO
CUCMeNMy B3aUMOCBA3aHHbIX CTIAMYCOB, 0BOSHANEHUL, MEODEM, 02PaHUNEHUL U NDUAOXEHU
IHOCEO/I02UHECKL-(hEHOMEHON02UECKU (PUHANLHAS! NPOBEPKA B03BPALIAEM YUMAMENS K Onbimy
en020: 6aXHO yGEOUMBCA, 4MO OMIEIbHbIe UCTPABNIEHUS! He PASPYLILAU CMBIC/IOBYI0
HeNpepLIBHOCMIb, & COEna/IU ap2ymeHm Goriee npOSpasHbiM U NPU20OHBIM ONS MYGAUKAUUL,

27.2.17. KOHTPO/Ib LEIOCTHOCTH PeAaKLuu

@ ABTOPCKAA WA «HEACCOLMATUBHOCTL — CTDYKTYPHAS B/IOXEHHOCTS — HEBOSMOXHOCTL
COBMECTHO TOUHOI (hMKCALM» COXpaHeHa.

@ VicTopuieckvie hopMynbi COXpaHEHs! i ABHO NPOMAPKMPOBaHSI KaK YCTIOBHBIE, EC/V UX NPEXHEe
[OKA3ATENLCTBO HEAOCTATONHO.

@ OG603HAUEHHS COI/IACOBAHEI C 3aMOPO3KOIL: R+R — accoLuaTopHELi 065ekT; © © —
Gasosast onepanys — 3Besia XojpKa.

@ Maremaryeckas Teopema OTAeneHa OT (hSMIECKol UHTeprpeTauui.

@ Hi 04HO (DI3MIECKOE YTBEPEHIE HE MOBLILLIEHO A0 CTATYCA AOKA3AHHOTO 6E3 HE3ABUCHMOI
nposepii.
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27.2.A. SiBHble NPUMEDbI M KOHTPPUMEPb! K PO-11

27.2.A.0. O6nacmb ymBepxeHus u obLLue cornaluexus

Hacrosiitiee NPHIIOKeHHe 3aKpbiBaeT PO-11 BHYTPH aGCTPAKTHOF MOJeIH TeopeMel 7.1.
OHO He OTOXJECTBIISIET HCTIONE3yeMble HIDKe BCIOMOTATeNIbHbIe /ITeGPBI ¢ aBTOPCKAM
H3HUECKHM 06BEKTOM R+R H He IPHAAET CTPYKTYPHOI KOOPAHHATE QH3HUECKHH CMBICT
Ge3 BrinoNHenus PO-4, PO-6 1 PO-8.

Bo Bcex ueThipéx cyuasx B={b_Lb_R}, rae b_L(xy,2)=(x@y)©z u b_R(X,y,2)=x0(y0z).
3a/ja/1UM TIO/AIHCAHHYIO IPOTOKOIIBHYI0 KOOPMHATY

Db_L)=-172, D(b_R)=+112.

Cregorarensho,

A_D=[D(b_L)-D(b_R)=1.

L1 €AMHOIO OLCHUBAT/IA MHHHMAKCHOT OLIeHKOT 9TOi KoOpAHHaTHI cayxuT d*=0, 1

e_D(w;d*)=max{|0+1/2|,]0-1/2| }=1/2.

Tlepecranoska Hassanmii b_L n b_R mensier snak D, no coxpansier A_D u see rpannust ITH.2. 3aecs D
ABIFETCS TOLKO PAITHNAIOLIEIH KOOPAHHATON ABYX NIPOTOKO/IO; OHa He 00ABAACTCA (pH3HIECKOFE
Pa3MEpHOCTEIO TIPOCTpaHCTE,

B cyuanx A.2-A.4 UCTIONB3YETCH OAHA 1 Ta Xe ABHO 33AQHHAS KOHEUHOMCPHAS! HeyHHTATbHAs
semectaentias anre6pa A,=R? ¢ Gasncom e,=(1,0), e,=(0,1). Tabmua ymsoxerms

e10ei=€;, €:0€17€;, €10€;7-€;, €0€,70.
OKeuBanenTHO, 215 X=(c,B), Y=(1,6)

x0y=(0, ay+By-as).

Onepauys Guimreiitia M 3amKiyTa. Boeaém HOpMy
I B[ =2V (a+B).

Ona cyGmybTHIIMKaTHBHa. JleHCTBHTEIbHO, ecin
M=[[1,-11,[1,01],

70 ay+Py-a8=(c, HM(Y.8)" 1 IMI,<IMI_F=V3. [Tosromy
[xey]=2] (@BM(.8)|
S2VEV(HBVy?+5?)

=4V(a+BAV(y*+8%)

=Iliyl.

C1eAOBATE ILHO, YMHOKCHHE HETIPEPHIRHO; NIOTHOTA CAEAYET 3 KOHeuHOMepHOCTH. EAiiia s Al He
‘tpeGyetcst. TTpi HEOGXOAHMOCTH MOKHO BLITNOMHNTS CTAHAAPTHYIO YHHTA/HIALMIO, He HIMCHS! BLIAHCACHUT
accounatopa wa wicane A,.

27.2.A.1. Caywail I: accouuamusHsiti Hynesoll npumep
AnreGpa, onepauust 1 wopwa. Tlycrs A=R, x@y=xy 1 IxI=|x]. 310 accouarupHas yHuTanbHas
HOpMUpOBaHHast anreGpa.

BuiGpantias Tpojika. Bossmén u=(1,2,3). Torga
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©_L(u)=(1-2):3=6,
L R()=1(2:3)=6,
K@)=r_L(w-r_R@)=0,
A_R@)=IK(w)I=0.

CrpykrypHas koopausata. Mcnonsayes D(b_L)=-1/2, D(b_R)=+1/2; nosromy A_D=1.

HaGogaevas. Tonoxum S()=I. Toraa
S(r_L)=S(r_R)=6, A_S(u)=0.

OwnGKu 1 nposepka rpanu, s $%=6, d*=0 u =6 iveem
, e D(u;d*)=122, e R(u;*)=0.
Cregorarensho,

.S e_D=0=(1/4)A_SA_D,

R e_D=0=(1/4)IKIA_D.

‘Toussii craryc. 7o CTporwii KOHTPrIpHMEp K 1000t Ge3ycn0BHOI MOMOAKITENBHON HipKHeH rpaKHLie Ha
oBnacti, copepaieii accouHaTHBIyio TouKy. Ok He OnpoBEpraeT Teopemy 7.1: 06e eé npaskie uacTu 34ech
pasiist 1y o, TpHvep NOATBEPAAGET HEOGXOAMOCTS HCKouaTh K=0 npi yTaepiaenii e_->0.

27.2.A.2. Cayyaii |I: HeaccouuamusHbit npumep ¢ A_S=0
Anrepa, onepauys 1 Hopwa. Vcnonsayem A,, onepauyio © u Hopwy (a,B)I=2V(a+2), 3agannsie b A0,

BuiGpannas Tpoiika. Tlycts u=(e,,,,e,). [0 Tab/mLe yMHOKeHMs
r_L(u)=(e;0e1)0e1=e20€1ez,
r_R(u)=e,0(e;0e1)=€,0e;7-€z.

Orciopa

K(u)=e,-(-e2)=2€:70,

IK(u)l=12e,1=4.

‘Taku 06pazom, TpoiiKa ACfiCTBHTENILHO HEACCOLHATHBHA.

1/2, D(b_R)=+1/2 n A_]

Crpykryphas koopaunara. D(b_L

HaGiogaevast. BeiGepe eCTECTBeHHYI0, HO Hepa3Ae/AIOLLYIO HaBofaeMyio S(v)=!
S(_L)=
S(_R)
AS()=]2-2|=0,

HecmoTps Ha K(W)0.

-ea]=2,

OwmGKu 1 nposepa rpaniyy, [lis $*=2 u d*=0

Kypues Haas Sopucosi - Kansnirpas - 2026




image153.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

€ S(u39)=0, e D(u;d*)=112,

notomy
e_S e_D=0=(1/4)A_SA_D.

TTONOAKHTE/IbHA CKATAPHAS [PAHHLI HEBOIMOKHA. YCTOBHE C-Pa3AC/IeHHs He BITOTHEHO HH ATA KaKOTO
>0 8 TouKe u, nockonkKy 0=A_S(u)<cIK(u)i=dc.

TTOMHOCOCTORHHIi BAPHAHT OCTAETCS HeBLIPOXJeHHEIM. [lisi P*=0

e_R(u;i*)=max{| ez|,| -ez||}

noTomy
©_R e_D=2-(1/2)=1=(1/4)-41=(1/4)IK()IA_D.

‘Tounbiii Craryc. 70 CTPOTHii KOHTPNpHMEp K 3aveHe NI0AHOCOCTOR M paspiea K1 asHOCTIO HOpM
PesyLTaToR, OHOBPRMEHHO OH ACMOHCTpUpYeT TouHoCTS PN.2-R. TIpHvep 3akpbizaet BTopyio uacts PO-11,
HO He IPEBPAILaET HOPMY B (HIMICCKYI0 HAOMIOAAEMYIO W HE TIOBLILIACT (3Kl CTaTyC [TH.2.

27.2.A.3. Cayai Ill: NpuMep ¢ AOKA3GHHLIM C-pasgeneHuem
AnreGpa, onepaus  Hopwa. Crosa ucrionssyes A, w3 A.0.

Ha6moaemas 1 rioGanbHoe passencine. Onpeseim mheiiiyio Habiogaemyio
S(ae,+pe,)=2p.
Jins moGhix X,y,2€ A, 06a cKoBoursix pesybTata npragnexat Re,, nosromy K(x,y.z)=ke, ans
nekotoporo KER. Jluneiinocts S gaét

A_S(x,y,2)=|S(r_L)-S(r_R) |
=ISK)I=|2K.

Ho IKI=Ike,1=2[K|. Creosatensho,
A_S(xy,2)=IK(xy,2)l

s BCeX (x,y,2)€ A5, 3HaunT, S sBATCA C-pasaensioueit Ha Q_c=A,3 ¢ TouHOI KOHCTaHTOl
Koncranta Gostbuie 1 HeBo3moxkHa Ha moboii Touke ¢ K#0.

BuiGpantias Tpojia. Bossmén u=(e,.2e, 3¢,). Toraa
e102e,=2e;, 2e,03e,=6e;,

2e,03e,=6e2, €,06e2=-6ez.

Toatomy

r_L(u)=6es, r_R(u)=-6es

K(u=12e,, IK(u)l=24.
3auenis wabiogaesoi:
Sr_L)=12, S(r_R)=-12,
A_S(u)=24=IK(u)l.

CrpykrypHas Koopautata. D(b_L)=-1/2, D(b_R)=+1/2u A_D=1.
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OwmGKU 1 NpoBepKa rpaniLy. MUAOIHT-oeHku §+=0, d*=0 1 P*=0 gaior
e SWs*)=12, e Dwd*)=12, e R(u;*)=12.

Criegoratensho,

.S e D=12:(1/2)=6

=(c/4)K@)IA_D

=(114)-24-
Tawke

e Re_D=12:(12)=6
=(14)IK(W)IA_D.

(06 MIUHHMAKCHLIE TAHILLI AOCTHIAIOTCH TOHO.

‘Tounsiii craryc. JlokasaHo roGansioe c-pasenenie ¢ c=1 A1 KOHKpETHOIi HaGioAaeoii i
KOHKDETHOI BCTIOMOTaTeIbHOI a/reGpbi. ITO 3aBepuIACT TPeTi0 uacTs PO-11  NIOKa3bIBaeT, uTO
Koa(xputyen 1/4 b Teopeme 7.1 B 0Gien ciyae yayuIHTE Henb3s, DUIIECKOT HHTEPTETaLH S 510
BLINHC/ICHHE HE YCTaHABAHBACT.

27.2.A.4. Cay4aii IV: NONIOKUMENLHAA HUXKHAR [PGHULA €_- Ha ABHOL KOMRAKMHoi o6nacmu
AnreGpa, onepauys, Hopva u HaGiogaeas. eromsayem A, Ty xe Hopmy 1 S(ae, +fe,)=2; no A.3 ota
S spnserca 1-payyensiouseii,

Kowmnakrhas o6macts. s

x=@b), y=(pa), 2=(r8)

3apagm

Q={((ab)(p.0).(r9)): ap.r€l1,2], bg,sEl-1/4, 141} CA .

970 3awKHy ThilE H OrpaHHeHHBI NapanAenenAied B RE, CIEAOBATELHO, KOMITAKT 10 Teopewe Ieiitie—
Bopesi. OH UMEeT HelyCTYI0 BHYTPEHHOCTS B A,

TMonoe Bblancienve accouatopa. Meem
x0y=(0, p(a+b)-aq),

(x0y)02=(0, r[p(a+b)-aql),

y©z=(0, pr+qr-ps),

x0(yoz)=(0, -a[pr+qr-ps)).

Tostomy

Kxy,2)

=(0, rip(a+b)-aq]+alpr+qr-ps])

=(0, 2apr+bpr-aps)

=(0, pl2a+byr-as)).

Iapamerp q CoKpaLaeTCH TOXACCTBHHO.

‘Tounas Hinuss rpas. Ha Q meipaxeniie

g(a,b,r,s)=(2a+b)r-as=a(2r-s)+br
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HOMOKHTE LHO. EXO MUHIHMYM HaXOAHTCS HOCIE/0BATE ILHO:
IIpH $HKCHPOBAHHBIX OCTATBHEIX IEDEMEHHBIX § BOSPACTAET 110 &, IOCKOMBKY
2r-527/4>0;
g Bo3pacraer 1o b, nockoeKy r>0;
g yGLIBAET IO S, TIOCKOJIBKY ~a<0.
CJIe/{0BaTeNIbHO, MHHIMYM /I0CTHTaeTCs pH a=1, b=-1/4, s=1/4. Tloc/Ie MOJICTaHOBKH
g=2r-1/4-r/4=(7/4)r-1/4,
w0 Bo3pacTaeT 1o T, noaromy =1 1
min g=7/4-1/4=3/2.
Tak Kak p€[1,2] 1 g>0, MUHHMYM p-g I0CTHIaeTcst IPH p=1. OTCiofa
inf_{ueQ}| KW
=24inf_{ueQ}p g
=2:(32)=3.
[l MacirTa6a m(u)=1 MO/yuaeM TOYRYIO IONOKHTE/BHYIO KOHCTAHTY
&_-=inf_{u€Q} | K(w)[/m(w)=3>0.

‘Takim 06pazom, Q swnseTcs papHomepHoii ITH.2-06nacTsio.

JlonomTenbHas HOPMUPOBaHHas otjenKa. ECm BuiGpas m_x(u)=Ixllylizl, 1o a Q
1[Iyl 2]l <2V(4+1/16)=V65/2,

m_x(u)=65v65/8.

[105T0My CPTHHUMPOBaHA, XOTA HE YTBEPKAICTCH KAK ONTHMAILHAS, TPHHLA
K@) /m_x(w)=3/(65V65/8)=24/(65V65)>0.

‘TpoiiKa, AocTuraioujas €_-. Bossmén

1-(1/4)ez, e, er+(1/4)e2);

,b=-1/4, g=0, s=1/4. Torza
(e1-(1/4)e2)0e1=(3/4)ez,
r_L(u_*)=((3/4)e2)0(e1+(1/4)e2)=(3/4)ez,
e10(er+(1/4)e2)=(3/4)ez,
r_R(u_*)=(e1-(1/4)e2) 0 ((3/4)e2)=-(3/4)e2.
Creposarenio,
K(u_*)=(32)e,, IK(u_*)l=
s S umeent

S(rL)=3/2, S(r_R)=-3/2, A S(u_*)=3.

_-m(u_*).

CrpykrypHas Koopautata. D(b_L)=-1/2, D(b_R)=+1/2n A_D=1.

Ounikit 1 pasomepHas rpania. [Uis =0,
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e S(u*; d=112, e R(u_**)=3/2.
Tostomy

.S e D=(32)(12)=3/4

_Did)m(u_*)

1-3:1/d)1,

=312, e_D(u_

e Re_D=3/4
=(e_-0_Did)m(u_*).

Ha 1Ipon3Bo/bHol UER Teopema 7.1 1 [K(W)| =3 gator
e R(;Pe_Dwd)=3/4,

e_S(u;8)e_D(u;d)=3/4,
DIpHIEM BTOPast OLIeHKA HCTIOB3YeT -
PABHOMEPHEIX KOHCTAHT,

. TpoiiKa u_* NOKA3bIBAET TOUHYIO AOCTIKHMOCTS 0BeHX

‘Tounbiii Craryc. /L ABHO 32/43HHOH KOMNIGKTHO 0GAACTH C HENCTO/i BHYTPEHHOCTEHO JOKA3aHA
TIOOKHTE/ISHAS 1 TOUHAS €_-=3 NpH M=1; /JONOHHTE/ISHO HONyNeHa IOZIOKHTENIHAS TPAHHIIA /1% MCUITaGa
nIpOH3BE{eHIA HOPM. TO AKDLIBACT UETBETYIO uacTh PO-11 M AQET KOHKPETHYIO PeaHaaLMI0 MPEATIOCHLIKI
A6, HO TOALKO /15 BCTIOMOTATe L O a/reGpt A, 1 YKasaHHO Q.

27.2.A.5. Umorosbili cmamyc PO-11
Tlonyuesi Bce ueTipe TpeByembie KOHCTpYKLyH

1) accoumarupmbiii cextop K=0, 1 NOMOKITENsHIA FPAHHLA HEBOIMOXHAS
3) HaG/HO/aeMas C AOKAIHHBIM FIOGATLHbIN C-Pa3CTICHHEM W TONHbIM C:

4) KOMIAKTHas Q C TOYHOH MOJIOKUTEIbHOM € -=3 IpH m=1.

2) HeaccoyuaTHBHas Tpojika K50 ¢ A_S=0 s

Bo BCX HETBIPEX C1yUasX ABHO 34/1aHb HOCHTE/Ib, ONIepaLys, HopMa, Tpoiiki, K, D, S, owmGKi v craryc;
BO BCEX HEBLIPOKACHHBIX CTYUasX MHHHMAKCHBIe PPAHHLILI JOCTHTAIOTCSA KaK paeHcTBa. [ostomy PO-11
MEET CTATYC «IaKPHITO Ha YPOBHE AGCTPAKTHOrO TeopeMHOro nakera [TH.2 v1.0»,

Tpanta cratyca. TIPIIOKeHHE NPOBEPAET AOTUNECKYIO HEIPOTHROPEUHBOCTS, HEOGXOAUMOCTS FHIIOTES
1 TouH0CTS KO3((piuenTon Teopensi 7.1. Coavectio ¢ HIpiokenties B o1o 3akpeisaet PO-12 A1 ueTbipéx
BLINHCHMBIX TIDUMEPOB AGCTPAKTHONO TEOPEMHOPO NI2KETA, 1O He 3akphiBaet PO-1-PO-10 1 He nepeocHT
cepripucar a aBTopCkyio anreGpy R +R. OHO He A0Ka3bIBaeT HIMNECKyio WHTEprpeTaLyio D Wi S, He
yerauannusaer cassn ¢ hu TTH.1 u He nepesogut yraepensi F-1-F-14 13 cratyca duanieckix runores,

27.2.B. BotaucauMbIii cepTuduKar k PO-12

27.2.B.0. HasHayeHue u rpaxuya cmamyca

'Hacrositiee MpIOXeHHE HKCHPYET BOCTPOM3BOAMMIH BEIHCIHTE MBI cepTipikar PN2-PO12-A2-
VL0 pns anreGps A, 1 Beex ueTsipéx npisepos MTpwnoxenis A, CepTaQUKAT peaniayet CTpyKTypHble
KOHCTAHTBI, YMHOXeHHE, AcCOLMATOp K, HODMBI, NIPOTOKOBHYIO KoopawHaTy D, Habmiogaenbie S, oGk
e_S,e_D, e_R, nposepkn 3, a TakoKe TOUHBIE ABTOMATHYECKHE TecThl, Bee cepruduipyemsie
PABEHCTRA BIHCASIOTCS Ge3 OKpyTCHUS.
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Craryc orpaniuei aGeTpakTHoli Mojersio Teopemst 7.1. AnreGpa A, octaéTes BenomoratensHoii
MaTeMaTHUECKO peaM3aLIeli i He OTOKACTRIRETCA C aBTOPCKIM (M3MNECKiM 0GbexToM R *R.
TIpHI0KeHHE He MOBLILIART CTATYC HI O4HOTO yTRepeHns F-1-F-14.

27.2.B.1. Wgenmuduramop u cocmas cepmudurama
Mpenmdukarop: PN2-PO12-A2-v1.0.

Apxis: pn2_po12_cert_v1.0.zip.

Cpega: Python 3.10 1/ HOBeE; HCTIOL3YETCA TONEKO CTAHAAPTHAS GHOMOTEKa.

CoCTaB: Pn2_Cert.py — BbIUHCTHTE ILHOE SAPO; test_pn2_Cert py — aBTOMATHUECKHe TecTi; manifest json

— MaumHouHTaeMas cieuKaus; results.json — nomsii oTuET; values.tsv — Tab/ia «OXIAARMO /

nosyuero»; SHA256SUMS.txt — Konrposshbie xew; build_bundle.py — Aerepmunmposantias nepecGopka;

README_RU.md — nHctpykips.

27.2.B.2. CmpyKmypHBle KOHCmaHMB1 u onepauus
Jins accoumatuporo crysas A.1 peanisosana ogomepHas anredpa R ¢ C[1,1,11=1.

Jns cnyuaes A.2-A.4 peannzosana A,=R? ¢ Gasucom e, e, u cornauenuem e_iGe_j=%_k Clkijle_k.

E/MHCTRCHHbIC HOHYICBHIC CTPYKTYPHBIC KOHCTAHTHI:
Cl2,1,11=1, Cl2.2,1]-1, C[2,1,2]

Bce octamsubie C[k,i,j] pasusl vymo. [ostomy ans x=(a,B), y=(v,6)

X0y=(0, ay+By-as).

KOJj CTPOHT TeH30p aCCOMATOPA HENOCPE/ICTBEHHO U3 CTPYKTYDHIX KOHCTAHT:
Alm,i,j,k]=E_1(CILi,jIClm,LK]-C[Lj KIC[m,i1]).

EIO €MHCTBeHHbIE HeHY/IeBbIe KOMIOHEHTI:
Al21,11]=2, Al2,2,1,1]=1, Al2,1,1,2]
CreposarensHo, s x=(a,b), y=(p,q), 2={
K(x,y,2)=(0, 2apr+bpr-aps)=(0, p[(2a+b)r-as]),

NIpHUEM NapaMETp § COKPALIAETCA TONHO.

1

1,5) BLIGHCICHHE A3ET TOX/ECTBO

27.2.B.3. Hopma, D, § u owubku

Hopwa A, peanuzosara dopmyoii 1(a,B)I=2(c+2). [ NPOHIBOALHOTO PALHOHATEHOTO BEKTOpa
ceprudpuKaT XpasnT TouH
ucnonsayercs Tounoe auenie (0,)1=2[B]. TIo3ToMY MPPALMOHATLHEIC OKDYIICHIS HE BXOAT B
nIpoBepseMBIE paBeHCTEa,

aukcuporanst D(b_L)=-1/2, D(b_R)=+1/2, A_D=1. [ 3*=0 arromaruueckn nonyuaercs e_D=1/2.

Peaaosarsi fse Habmogaemsie: S_norm(v)=Ivl 4 A2 u S_sep(e,B)=2p 41 A3-A.4. Otk ¢_S,

_D 1 ¢_R BINHCASIOTCA HENIOCPEACTRRHHO 110 OnpeAe/eHHaM 3.3, MuATONHT-OLieHKi BOCTIPOM3BOAAT
PABEHCTRO B MMHUMAKCHBIX FPAHMLIAX BCEX HOBBIPOXACHHBIX C1yuace.

27.2.B.4. TabuLa 0XKUAAEMBIX U MONYHEHHBIX 3HA4EHULT

T [T — JLrE e — &
yoaii anye
£ L=r_R=(6); K=(0); ©_L=r_R=(6); K=(0); oK
IKI=A_ : R=0; e_D=1/2; _S=e_S=e_R=0; e D=1/2;
1 ss
rpanHLLI rpasiL 0=0.
r_L=(0,1); r_R=(0,-1); r_L=(0,1); r R=(0,-1); PA
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Kak uuTtats Tom |

Pepakuis V196114 coxpasieT HOACHSIOHE G/IOKH i HAYYHO IPOKOMMEHTUPOBAHHEL WIIOCTPATHEHEL PAL:
cxewn g IO, HO He TOBHIIAIOT JIOKA3ATE LHEL CTATYC.

yHnaMenTaNB R MADIIPYT — rnaBE 1-8: HCXORHHE 0GLeKTH, Pack, Reper, A, D/DOm i IPasHIa BBOAA.
TeomeTpuyeckuii MapupyT — rnaskt 9-20: flesapr-Kypuumes, NAPG, PILOT-01, KOMITeKCHHE H onepatopsse
OPMEL AOKA3ATENBHb ayIHT.

Mapmpyr [TH.2 — rniast 21-24: MHHHMAKCHAS TeOPEMa, CepTHOKATE, KOHTPIPHMEPS! i MEXKIHCIHITHHAPHAST
nposepKa.

OmeparopHo-a/TeGpaN teCKHil MApIIPYT — raBs 25-26: THNH3MpOBAHKHE A, Z, Y i IBOACTBERHOCTS R + R/NAPG.
KaHOHHYeCKHIi NAKET i PJIeNEi IPOrHO3a — riasbt 27-31: PO-11/P0-12 3aKpHITH TONHKO 0CTPAKTHO;
QIECKI TeDeHOC 0CTASTCA OTKDHITHIM.

TlomenKxie ananTeps: — rnapk 32-36; CKBOSHAR  BHIHAA NPOBEPKA — INaBki 37-46; MaTeMaTHeCKoe
SaMbKaHHe MeTona — rnah 47-52.

TIpunoxenis A-G QMKCHPYIOT TPHMEDH, CepTHAHKAT, TeHEATIOrHI0, IPOTOKOM, Peectp GopMy i wKany
cratycos.

TMpasio cTatycos. JIOKASAHHHMI pe3yTbTaT AEACTBYET THIIh H MepeHCIeHKHX THIIOTE3aX; YCIOBHE MOCT
TPEGYeT NOMOTHHTE LHEIX 0GBeKTOB; OTKPHTAA MPOTPAMMA He CUHTAETCA AOKA3AHHBIM CEHCTBHEM,

[naea 1. BpeMsa@IpocTpaHCTBO U CTPAaTUGULUPOBAHHAA
OHTONOTUA

TIOHATHOE OBLACHEHUE
(CMicn. 725 33828T MCXOHYIO CleHy BCeft TeopyM: MPOCTPAHCTSO PACCMATPHBETCA KaK cevenne 6oiee NOTHOro
0Bbexta Bpems @IDOCTDAHCTSO, 3 YPOBHH PASMEPHOCTH OPFaHWSYIOTCA B CTPaT.

MaremaTueckoe 5po. BROASTCA CTaHAAPTHA CTPATUONIMPOaHHAS 0BONIONK, NOHSTHE CeNEHIS, 3 TaKOHE 38TOpEKME
TepMIH! «TUNaPKCUE W ANGHPOHY B UX NPOEKTHO POTH.

TPaHMLa YTBEpaEHMS. 310 GHCHOMATHYECKIR OHTONOTMS  A361K MOBEH, 3 HE CAMOCTOSTENISHaS HKCTIEPHMENTATEHaS
TEOPHA GHIHHECKOTO NPOCTPAHCTBa-BpeMeHH.

Crarye: acuomamusecia ¢yraavenm

Tonsite Bpems@IIpOCTPAHCTRO BROANTCA HE KK NEPEHMEHOBAHHE IPOCTPAHCTBA-BPEMEHH, & KaK
MaMeHHIE TOpsAKa OHTOIOTHCCKIX OCHOBaHHH. B KAACCHYECKOlE JANACH NIPOCTPAHCTRO 1 BPEMS YKE AQHb!
KaK KOODAHHATHIH KOHTHHYYM. 34€Ch NICPBIUHOI CUHTACTCA CTPATHAMIPOBAHHA BPEMEHHA CBA3HOCTE, &
NIPOCTPAHCTRO BOHUKAET KaK YCTOFINMROE CoueHie WM CI0ii eé peansatyn. Takas nepectanoska Tpebyer
CTPOrOro paueHHs (AOCOPCKOTO TEICA, AKCHOMATHICCKO MOCI 1 (HIHUECKOI MHTepIIpETaLyiH,
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K=(0,2); [[K||=4; A_S=e.

IpaHuILB 6=

. e D=1/2; e R=2; PN.2-R: c
r_L=(0,6); r_] r_L=(0,6); _R=(0,-6);
A. | K=(0,12); K] K=(0,12); | K||=0_$=24; c=1; PA
3 e_S=e_R=12; e_D=1/2; obe  R=12; e | ss

rpaHHILB 6=6.

r_L=(0,3/4); r_R=

A | K=0,3/2); K|
4 K _Q=3/4; e_S=e_|
o6e rpaHuIEL 3/4=3/4.

/2; e_D=1/2;

£ L=(0,3/4); T_R=(0,-3/4);
K=(0,3/2); [ K|=A_S=¢_=3;
K.Q=3/4; €.

. R=32; e D=1/2;
o6 rpaHiE 3/4=3/4.

O03HaueHHe «rpaHNLED B TAG/HIIE 03HAUAET COOTBETCTBYIOLLE IAphi B0l i IPaBOIi uacteii PN.2-S,
PN.2-R, PN.2-K i pasHomepHoii hopwst crecTeis 9.1. Tlonas nocTpousas TabnHLa Beex nemunt

HaxoauTes B values.tsv u results json.

27.2.B.5. Cepmucpukanusi c=1u €_-=3

TocKo/LKY NepBast KOOPAHHAT TeH30pa CCOLMATOPA TOXJeCTBeHHO paHa Hyio, K=Ke, f1s Beex Tpoex.
JinnS_sep nmeem A_S=IS_sep(K)|=2/K|=IKI. Criegosatenho, c=1 pbimommsiercs Toxectaeito a A,
Cayuan A.3 1 A.4 umetor K#0 i ornomene A_S/IKI=1, notomy nkakas KovicranTa c>1 Ha ofnacta,

CoepKaliiei 5TH TOUKH, HEBOIMOKHA.

Jina Q n3 A.4 Kop nposepsier Tounyio Gopmyy K H PaLHOHATIHYI0 MHTEPBALHYIO OLICHKY:

2r-s=7/4, rz1, azl, b=-1/4, pz1,
g=a(2r-s)+br=7/4-1/4=3/2,
[K|=2pg=3.

Touxa u_*=(e;~(1/4)ez,e1,e1+(1/4)ez) IPUHAIEKUT 3AMKHYTOH IPaHHLE Q 1 1aéT

| K(u_*)[|=3. IToatomy &_-

3 IpH M=1 ABAETCS TOUHOM, @ K_Q=ce_-A_D/4=3/4.

JIONOMHHUTENILHO [TepeGHpaloTes 729 TOUeK PaLMOHaIbHOM CeTKH Q; Ha KaX/0H TOUHO
nposepsiiotest popmyna K, pasencrso A_S=| K| u rpanuua | K| =3. [paHuyHblii Tect ¢ p=1/2,
Jexaluii BHe Q, faér |K|=3/2<3 1 TeM caMbIM aBTOMaTHYECKH IIOATBEPXK/AeT 3aBHCHMOCTh

OT 3asABJICHHOM 0G/IACTH.

27.2.B.6. ABmoMamuvecKue mecms! U BOCTpoU3Be/eHLE
KOMatbi C/IeAeT BITIO/HATE M3 PACTIAKOBAKHOrO KaTaziora pn2_po12_cert_v1.0:

python3 pn2_cert.py ~report

python3 -m unittest -v test_pn2_cert.py
python3 build_bundle.py

sha256sum -c SHA256SUMS.txt

TlepBasi KOMaHAa 1epeco3AaéT Pe3y IbTaTsi; BTOPast 3anyckaer 11 TeCTOB; TpeThs NOBTOPHO (opMHpyeT
apXHB ¢ (UKCHPOBAHHBIMM NIOPsAKOM hali/ioB, MeTajaHHbIMH it pexiniom ZIP_STORED; uerstpras
nposepsier cogepaiumoe. Oxigaemsie Htorn: PASS, 3atem Ran 11 tests i OK; Bce cpoky values.tsv umesor

cratyc PASS.

27.2.B.7. KonmponbHble xewu SHA-256
Apxits pn2_pol2_cert_v1.0.zip:

bbeb2715a3e5ab7688dfelad317a68123b1632e10915982216111142ce7da2ad.
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aiinki By TH apxitBa:
README_RU.md — 4¢08346221388¢5b70ae64a649cal 146653e6b9di8{608d80ad{4e22a6c006:
build_bundle.py — e75160342¢c59a1207fch62a356¢72b455a1¢91d4e553564c5a3edde2fBc52ch;
‘manifest json — 87c39b11cfb6bbc27659e20e84¢914b60851cbdcaadB1d3056695dca7deddf69;
pn2_cert.py — 97880a9270717180282¢87afd6e0d3e2912a7226¢c836a0817b1e71d25a0113;
results.json — 2baadaf2480eabfcfcbabOafa3d455ced8bSaad280d921b3602c80d532¢9dd7b;
test_pn2_cert.py — 51c1b090bb47ada673d711b931be112c63(367d3b39afaafedBa25007d973bed;
values.tsv — 758aa6a68abd42b98e6{90eBf39¢B89379c2aebB47dc345be21¢739419134f2.

TToBTOpHas AeTepMHHIPOBAHHAA CGOPKA B KOHTPO/ILHOIH CPEe 47 TOT e Xelll apXHBa.
27.2.B.8. TouHsIli peecmp AoKasamensHoro oxsama

Ceprudmkar jokasisaer:

1) TOUHYIO PeaTH3ALHIO O GIHKOBAHHEIX CTPYKTYPHBIX KOHCTAHT, OTIepaLii i accoumaTopa As;
2) TouHbIE OKHAAEMBIE HAUCHHS BCEX UeTEIPEX MpMEpoB A.1-A.d;

3) A_D=1 1 MHmMaKCHYI0 OMGKY e_D=1/2 415 BHIGPAHHOI NPOTOKOMLHOT KOOpAMHATEY;

4) TomgecTsennoe c-pazgeneme ¢ c=1 s S_sep Ha A, H TOUHOCTS T0fi KoHCTaHTE! Tph K#0;

5) TouHyI0 £_-=3 i K_Q=3/4 JUIsl yKasaHHO KOMIAKTHOI Q NpH m=1;

6) AOCTHKHMOCTb BCEX 35IB/ICHHbIX PABEHCTB 1 3aBHCHMOCTH €_-=3 OT 06/1acTH &;

7) BOCTIPOM3BOAMMOCTS Pe3yILTATOB CTaHAApTHOI pean3aLeii Python Ges prewsi GuG/MOTeK.
Cepriuar e foKa3biBacr:

1) uto BCromoraTesHas A, COBAZACT ¢ aBTOPCKOF (piamueckoli arepoii R+R;

2) (uamsecknii exicn D, S, ¢, €_- 1w k_

3) fokasaresnbHbIe 06s13aTeNbCTBa PO-1-PO-10 1t R+R;
4) ca3b ¢ b, npuHLNOM ITH.1, KBAHTOBBIM H3MEDEHHEM WK IKCTIEPHMEHTOM;
5) yreperms F-1-F-14 wi yuusepcanbnocts [TH.2 Kak du3ueckoro sakora.

27.2.B.9. Mmorosbiii cmamyc PO-12

PO-12 3aKpBITO Ha YPOBHE aGCTPAKTHOIO TEOPeMHOro rakera ITH.2 v1.0 H 4eThIpéx
npuMepoB [IPHIIOKEHH s A: BBIYHC/IMMBII CepTHOHKAT, HCXO[HbIH KOJI, TECTOBBIH HaGop,

OXKHJlaeMble H I10/IyYeHHble 3HaUeHHs, HHCTPYKIHS H KOHTPOJIbHbIE XelllH 3aQUKCHPOBaHBI.

PaciMpenye cepTiHKaTa Ha KOHKPETHYIO aBTOPCKYI0 Peali3aliuio R+R TpeGyer
IIpe/BAPHTENBHOTO 3aKPHITHS COOTBETCTBYIOMX PO-1-PO-10 1 He cunTaeTCs
BBIIO/IHEHHBIM HACTOSIIMM IIPHIIOKEHHEM.

Koweny kanonmueckoii pegaktyit v1.0.

PN2-CANON-FULL-INCLUDE-vI96i6: nepeneceo 5nevenos Tenia Aokymenta — 488; o6e Tabmiist
Tpnokennii A-B COXpaHeHb; NOACHHTebHbI (WAOCO(CKHE GOKH BLICTCHB! KYPCHBOM; 3ar070RKH

BIOKeHb B HEPAPXHIO aBbl 27.
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'naBa 28. NpepcKasate/bHble NMPeAEsbl U KOHEUHbIM FOPU3OHT

pAencteus Reper

TIOHATHOE OBbSICHEHUE
Cmbict. HuKaKkoii Reper He 0GBAB/ISETCA BeUHBIM I BCEMOTYLUHM: TIPOTHO3 ACTBYeT /MLl BHYTPH ABHO
sanbX npesienos.
Maremariueckoe #3po. [ITh aBTOPCKUX PeAE/IOB NIPEBPALLAIOTCA B THITHIUPOBAHHBIE BOPOTA AOMYCTHMOCTH,
3anac yeroitunBocTH " KOHeuHbIii FOpH3OHT.
Tpannua. TloMHTHUECKHe, IKONOTHUECKHE M OHTOJIOPHUECKHE HA3BAHWA ABIAIOTCA AOMEHHBIMH METKAMH;
KOHKPETHBIE [10POrH JA0/KHBI 34/aBATLCA AAHHBIMH H HE CIIAYIOT U3 0HOI HOTALHH.

28.1. ABTOPCKas MOCTAHOBKa M €€ CTPOras PEKOHCTPYKLMSA
Aamoposas popwynupoaxa w3 «anucku.docxs: «oesnx Renepos wem; eciu Gydyuue cobumus we coanadaom ¢ npozuoson,
nepecmpauaaiomes Gucatiuue penep, ua Komapix Gbus nocmpoei Sxcaiu: opuzou.

312 HOPMYAMPOBKA MPUHMMACTCA KaK TPHHLMI IPOCKTHPOBAHMA, 3 He KaK YKe AOKA3aHHAs Teopema o
npupoAe. CTPOras eKOHCTPYKLA TPeBYeT yKasath NpOCTPaHCTBO cocrosuii X, spems T, HaGop Reper R,
METPHKM JQHHBIX  IATH (pyHKLMi! 3anaca,

28.2. Matb GyHKUMiA Npegena

Mycrs  A_lim={POL,ECO,RAUM,TIME,ONT}. [lnn G€A_lim sajaétes  vacruumas — GyHKups
¢ Dom(g_a)CXxRxT — R. 3uaventie §_a(x,r,()>0 03HaUaeT BHYTPEHHIO TOUKY JONYCTHMOCTH, §_a=0 —
rpamiy, g a<0 — Hapyuwienve. Heonpezenéunoe sHaueHue KoAMPYeTcs L 1 He CUTAETCH NPOXOKCHHEM
sopor.

Adm_t(r)={xeX:(xr,t) o Dom(g.0) M g a(xr.t)>0 14 Beex o

Ko Asropcas Hegonycrumoe
A o6nacrn Crpessz e yeunenne

PO - [PAHHLE! WHCTHTYTOB, HHQPACTPYKTYD YHUBEpCanbHbIii 3aKOH
i W 3DErHCTPHPOBAHHBIX PEXIMOB nomTIKH

EC LIM pecypcisie 1 SKonOrHECKHe asTovaTHueCcKHii
o ECOLOGICAL | orpanserus moer nporso3 Karactpod)

RA AT NpOCTpHCTRCHKAs 001CTh 1 Meraduameckas
uM reorpaduueckas Dom JaMKHYTOCTE M

I cpok seficTans gannbix, Reper -

LIM TIME Beunsiii Reper

ME KanuGposKit

ON LIM THIOBOYE 1 cemarTIveCKHT CTOBAS anper HoBkiX.
T ONTHOLOGY | ponycrimix ofbexton oGuekToB Gea nposepiit

Oo3naueniie D_oe A1 HeCOGCTBCHHO TOUKH PerepHOT IMHM He COBNAgaeT ¢ D AaHHbIX. Dom 3agaér
06aCTh onpeAenEHHOCTH, D — (AKTHUECKH UMEIOIMCH anKbie, a D_0o — NpOeKTHI MapKep rpaHMLlsL
970 pa3nueHHe OBAIATENLHO BO BCeX CpTHHKATAX I/aBki.

28.3. 3anac A0nyCcTUMOCTU U FOPU3OHT
pt(xr)=min {a€A lim} g afxrt)

H_t(x,r)=sup{hi=0: inf {se[t.t-+h]} ps(x.50)>0}
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Ecau tpackropis X_s Heasectsa, H_{ 3aMeHseTcs poGACTHEIM ropHI0HTOM: MH(iMYM Gepércs no Bcex
TPACKTOPHAM W3 3APETMCTPHPOBAHHOTO KOPHAOPA _L. TIYCTOR MHOXECTEO AOMYCTHMBIX TPACKTOHii He
CO34aET GeCKOHEUHOTO FOPH3ONT, a Bo3zpaiaer ABSTAIN.

Teopewa 28.1 (KoHeusocT nph Bpemenom npeaene). Tlycts g TIME(x,rS)=t_r~(s,), rae Tr<e —
3apervcTpHpoBaHHi cpok Husim Reper. Torga H_t(xn<tT_r-(t-t,).

Jlokazatenserso. [ s2t,+1_r umees g TIMESO, creposatensio p_s<0. Tostomy uiTepsan crporoii
JIONYCTHMOCTH He MOAET Nlepeceuh L;+1_L, 1 ero AJTHHa OT L He IPEBOCXOANT OCTATOUHOFO CpOKa. [

Cregcree 28.2. B Mogenm ¢ koweunsiv g TIME He cyuiectayer Reper, aBTOpHIOBAHHOTO Ha BCEM
T=[ty,). 310 MaTeMaTHUECKast (OPMA IPHHLIMITA «BeubiX Reper HeT» 1pH SBHOJi THIOTE3e KOHEUHOrO T_r.

28.4. PobacTHas AONYCTUMOCTb NPY OLIMGKE COCTOSHUSA

Tycts, HabaoAaeTcs X, @ MCTHHHOE COCTOAHMC MpHHAANEKHT wapy B(X,p). Ecm Kaxuas g o L_a-
JWMILIMALEBa 10 X, TO 4OCTATONHBIM POGACTHBIM BOPOTOM ABARETCH &_a(,r,0)>L_ap.

Teopema 28.3. [py BhinonHenun 5Tix Heparencts B(X,p)SAdm_t(r).

Jlokasatenscreo. [ XEB(%,p) nmeem g a(xr0)2g a(r)-L_ad(x%)>0. Ycrosue unonmserca s
Ka10r0 @, 3HaUHT X A0nyCTHMo. 1

Ec/m X013 Gbi 0H 3aniac He nipesbimaet L_ap, Reper nonyuaer status=boundary-uncertain; peiirunr q e
BOIpABE KOMIIEHCHPOBATH STOT CTATYC.

28.5. CTpatndMKaLMa rOPU3OHTOB

Kparko-, CpejHe- W [0Arocpouribie Reper ONpeAeIAiOTCH He C/OBaMM, a MHTEpBATaMH, 3apariee
yKasauHbiMm s gomena: O<Hsh,, h<Hsh, u H>h,. 3uauenus h,h, xogar s domain passport u He
TEPEHOCATCA MEXJLY (M3UKOH, XHMMel, GHONOTHH, SKOHOMMKOF W TIOMTHUCCKHM aHATH3OM Ge3 HOBOTO
oBocHOBaHHS.

Tlpessioxensie 28.4 (MOHOTORHOCTL 110 uncay Bopor). JloGaBieHHe HOBOTO OGA3ATELHORO MpeAe/ia He
yoenuunsaer Adm_t(r) u e ysenumsaer H_t(x,r).

Hokasatenbctso. HOBOE AOMYCTUMOE MHOXKECTBO ABACTCA TIEPECEUCHHEM TPEKHETO ¢ AOTIONHHTE/LHbIM
YCHOBHEM; TlepeceueHie He MOKET PACLIUPHTS MHOKCCTBO, HH(HMYM 10 60/bitiemy HaBOpy OrpaHiyenHii e
BO3PACTAET, I03TOMY TOPHIOHT He yBe/HuMBaeTcs, [

28.6. HecoBnaaeHue nNporHosa v rpaHnua panscudukaumm

TporHocTHueCKoii OWMGKOfi cuntaeTcs cobbiThe y_tEC_t TOMBKO MpH BBnOMHeHHAX Dom, uenocTHoCTH
D 1 3apasiee 3aQuxcHpoBasom Kopuaope C_t. Hapyuenue stux ycioswii Mapkupyercs protocol-failure w e
CMELIBAETCA C OPOBEpIEHHEM MATeMATHUECKOTi MOACIIH.

Ecim owmbKa Bamuina, Grokupylorcs Gnikalitme Reper, HCMOMB30BaHHbIC B [AOKA3ATCALHOM MyTH
nporHo3a. TI0GaLHA TEOHS He CUHTACTCA OIPOBEPIHYTON OAHMM TIPOMAXOM, HO JOKA/ILHE] CepTugiUKaT
TepAET CTATYC A0 MEPECTPOIIKH H IOBTOPHOI HE3ABHCHMOI IPOBEPKH.

enomenoraeckan acmasKa, TOPUIONM — e AL, 50 KOMOPOI GYAYL4e20 Hem. IO 2PN OMIGETICIGCHHOCTI MeKyL4e20 HaHus: 0
e MODEA, 06RXAIGCH PAIUMGMY BemO, NOCAE He? OHA DOIKHA CHOBA CTPOCUT Y AGHHLLY, CONPOHRIONICS Al OCHOBHUR €€ pe

28.7. LIMIT-CERT-v196i6

LIMIT-CERT-v196i6:  state_space=X;  repers=R; limits={POL,ECO,RAUM,TIMEONT};
gates={0,L,1}; D/Dom/D_sc=distinct; margin=p_t; horizon=H_t; finite_lifetime=explicit-t_r-only;
robust_gate=g_a>L_ap; miss=valid-only-inside-protocol; cross-domain-threshold-transfer=forbidden.
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[naBsa 29. AganTuBHas nepecTpoitka penepHoro rpada

TOHSITHOE OB BSICHEHUE
Cwbicn. Tlocne BAIWAHOTO NPOMAXa CHCTEMA MeHseT He BCio Gazy, a Gupkaliliylo AoKasaTemsyio
oKpectHOCTE.

Marematitueckoe 53po. Penepsi 06pasyioT quHaMieckiti rpa; 0GHOBIEHHE MHHHMHIMPYeT OLIHGKY BMeCTE
c Lenoii crpykrypHoro MameHens " Gapsepani TH2.

Tpasita. Tlepectpoiika He JO/DKHG 0GYUATCA Ha HE3ABHCHMOM TECTe W HE HMeEeT NpABA NEPENHCHIBAT
nIpOWLbIe COpTHQHKATEL.

29.1. ImHaMuueckui rpad

B mowenT t Gasa 3apaérea rpagpom G_t=(V_LE_tw_ts_1), riie V_t — sepcuonupoanmbie Reper, E_t —
TUIMIMPOBAHHbIE JOPMYJIbHbIE W TIPEAMETHbIE CBA3H, W_{ — UHC/IOBbIE NAPAMETPbl, S_t — AOKAZaTeNbHbIE
crarycet. Kaxjas Bepuinsa xpannT interval of validity u cesunki wa D, Dom, Koy 1 ceprugukar.

Jin Meycnewmoro mporHoa f  ONpEACNACTCA  MHHMMATLHbNE  JOKAXITEHB  HOCHTED
Supp()SV_UE_t: Bce a/emenTs, (aKTHIECKH HCIIOML30BaHHbIE pH TOCTpOeHHH C_t 1 BBIGOPE BIXOAQ.
Paguycaas okpectiocts N_K(Supp(f)) 34aéT paspewéiiyio 061acTs I0KTIHOTO 0GHOBCHHS.

29.2. OyHKUMOHAN NepPecTpoitkn
G_{t-+1}cargmin {GeF adm} [L_{t+1}(G)+nd_edit(G,G_t)+~B.F

2(G)+B gate(G)]

L_{t1} — 3aperucrpuposansas nporocruueckas noreps; d_edit wrpagyer yjanenve
nepenveHOBaNHe  AOKA3TENLHEIX OGbeKToB; B_PN2=+co N COKDBITMM BeTBi WM HE3AKOHHOM
eppncTBenHom oTBete; B_gate=+o npu oGxose D/Dom, matched-null, CGI win Hesasucumoii nposepki.
TapameTpsi 1Y,k QUKCHPYIOTCA /0 TIDOCMOTP HE3ABUCHMOTO TeCTa

Teopena 29.1 (10KkansHOCTH f0nyCTHMOrO 0BHOBMeHHs). Ecn L, d_edit u orpaniuenisn pasiaraiorcs o
Cywvy Mo BepuMHam M DEGpam, a e cnaraewsic b N_K(Supp(f) He MaMeHMWIHCh, cymjecrayer
MUHIMH3ATOD, COBMAAaIOM C G_t BHe 3TOli OKpECTHOCTH.

JlokasatensCTeo. Bossen M0G0 MHHMMUSATOD 1 J2MEHIM CrO BHEWHIOND YaCTh Ha HEW3MEHEHHYIO
BHeWRION uacTh G_t JIOKAbHbIe CIAraeMsie He MEHSIOTCA, BHCWHsS noTeps He Bospactaer, a d_edit
VMHBUIAETCS W COXpaHSETCs. OrpaHMuCHIs BHE OKDECTHOCTH Yke Bbinoensi G_t. Tlonyuensii rpady
TaKKe MAHIMAIOH 1 COBNAZaeT ¢ G_t cHapyin. O]

29.3. HenpepbIBHblE NapaMeTpbl U OLEHKa YCTOMYMBOCTA

TlycTs cTpyKTypa rpagha (UKCHPOBAIA, A UHC/IOBBIE 1APAMETPE! § MAHHMH3HPYIOT M-CHIBHO BBITYKAbITE
dymxponan  F_t Ecan  IVF_{t+1}(0_0-VF_1(0_0I<5, 710 wowii MuauMym  ygosnersopser
10_{t+1}-6_tl<8/m.

JloKasaTenbCTBO. CMIBHAS MOHOTOHHOCTE rpagerTa faét mib_{t+1}-6_t<IVF_{t+1}(8_)-VE_{t+1}
(8_{t:+1})L. Bropoii rpajuenT pasest 1y1i0, a niepebiii orpasuuen 8, nockonky VE_(8_t

JiAn AHCKPETHOI CTPYKTYPI Takas OLieHKa He WCTIOTb3yeTcs; Tam coxpaniorcs edit-distance, xypuan
anutepaTye i nommsii rollback.

29.4. NMocnepoBaTeNbHbIi CUrHAN U3MEHEHUs

Tycrs Eg=1, a muoxurenn e_t=0 yaosnersopsior Eg[e_(F_{t-1}]<1 npu 3apernctpupoannoii nyseroii
Mogenm otcyreraus uamenenus. Torga E_t=[_{i<t}e_i ABIRETCH HEOTPULATELHEIM CYIIEPMAPTHHIANOM H
MOXer cyxuTs anytime-valid cursanom.

Teopema 29.3 (rpaniiia 20xwoii Tpeaorw). Tpi H, BeposTHOCTS coBimis sup_t E_=1/o He npenocxoant

Kypues Haas Sopucosi - Kansnirpas - 2026 102




image163.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

JlokazatenbcTeo. IT0 HEpaBeHCTEO BIUI A1A HeOTpMUATENsHOTO cynepmaprurara ¢ E,=l. Oo
JeiiCTBYCT TONBKO NpH KOPPEKTHOIi YCTOBHO Hy/eRO MOACTH M He ONpaBAMBACT BHGOp e_ mocie
npocMoTpa GyayLux AaHHbIX. O

Matched-null onpeeser 4onycTuMbIe NPe0GPAOBAHIA BHYTPH CONOCTABICHHbIX GOKOB; €_{ CTPOTCs
TOALKO 3 3apatiee 3APerHCTPHPOBAHHOI CTATHCTHKH. ECAH 0GMEHHOCTH HIH YCIOBHAS MOAC HapyLleHb,
curvan nonyuaer status=invalid-null.

29.5. 3anpeT yTeuku 1 Hen3MeHAEMOCTb NPOLLNOTO

Jlaumsie penstcs wa T_train, T_cal, T_test u T_fuwre. Tlocre packpsias T_test oH Moxer
HCHO/Ib30BATHCS /U1 AY/AHTA JaBEPUIEHHOI BEDCHH, HO He A1 €& CKDHITOlt niepenacTpoiiki. Hosas HacTpoiika
CO34AET HOBYIO BEPCHIO 1 TPOBEPACTCs Ha eLfE He packpbiTom T_future win BHeLIHeM Kopriyce.

Tpepoxerme 29.4. ECIH NapaMeTpsi Wik CTPYKTypa GhiM M3MeHeHsi C ucnomssopanem T_test,
npexHAs OLeHKa Ha T_test 11epectatT GiTs He3aBUCHMOli /1 HOBOTi BEpCHH.

Jlokasatenscreo. Howas bepcus smserca (ynKimeil T_{est; yCIOBHE HE3QBHCHMOCTH  MEXAY
KOHCTpYKLHeii 1IpeHKTOPa 1 TeCTOROi BLIGOPKOii Hapywiewo. TT03TOMY npexHee TeCTOBOE pacripejenenie He
16T 3a5/1CHHOI OLICHKH 0GOBLLICHIA 663 IONPABKH Ha AZANTHBHOCTS. ()

29.6. CeneKTMBHas noteps v BO3aepxaHue
{_pred-1_{BEIaH NPOTHO3} +c A-1 {ABSTAIN}+c F-1_{10)Has asropusamms}, c F>c A>0
Hepasenctso ¢_F>C_A (OPMANH3yeT NpHOPHTET AOKA3ATENIbHOI Ge30NaCHOCTH: TIPH HeNpOIEAUIMX

BOPOTAX BOCPAKAHHE CILICBIIE HEABTOPHIOBAHHOTO TONCUHOTO 0TBeTa, Uncna ¢_A,c_F AOMEHHO 3aBHCHMb
He OBLABATIOTCS YHHBEPCATHEIMH

£

TIp M10CICAOBATENBHOCTH YPOBHEHi G_t ¢ E_{ X 1 KOPPEKTHBIX TECTAX Ha KAXKAOM LIare BEPOATHOCTH
XOTS Gt 0O/ /1040 ABTOPU3ALIHH He TPEBOCKOMT 110 OGTLQAMHEHHOI paKHLLe. AZanTHBHBE BBIOOD _t
JOMYCKAETCS TOMLKO eCII OH TIPEACKA3YeM OTHOCHTE/ISHO NIPOLLIONO.

29.7. CornacosaHue c onepatopamu A, Zn 'Y

Z ONMCHIBACT IBOMIOUMIO YKE ABTOPH3OBAHHON BETBH, A — HOBbII AMCKDETHBI MMITY/ILC AQHHBIX WK
JeiiCTBIs, Y — THIM3HDOBaHKYIO BCTABKY PE3ybTATa B OGHOBAGHHOE NPOCTPAHCTBO COCTORMMT. Hit ot
oniepatop He 3aMeHsier Apyroi. ECH Y HEMHbKTUBEH, TIepeCTpOiiKa COXpAHAET MHOXKECTBO NPOOGPA30B 1
Bo3Bpauiaet MHoKecTBeHsi Reper win ABSTAIN.

enamenoroaeckan acmaska. Henpasienue npozio3a e dorxo crupams nawsm o npoxaxe. Hooas aepeus aosmuaem padom co cmapoii
U HeGEm e cAed: MOILKO MaK OByCHE OCMIAEMCS UCOPUEE 0CHOBIHU, @ HE NOOVEHOI NPOWLI020 Goee yDOBHM PACCHIION,

29.8. ADAPT-CERT-v196i6

ADAPT-CERT-v196i6: graph=versioned; failure_support=Supp(f);  update_radius=N_k;
objective={loss,edit,PN2-barrier, gate-barrier}; old_certificates=immutable; sequential_alarm=e-process-under-
HO;  test_reuse=forbidden;  rollback=required; A/Z/Y=typed; output={set-valued, ABSTAIN,authorized-
singleton}.
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Inaea 30. MpepckasaTesibHoe penepHoe paccioeHne

TIOHATHOE OBbSICHEHUE
Cwmica. TIpeAcKasatis pasHLIX HayK PasMeILiAloTCs He B OAHOI HepaIMuMMOii Gase, a B OTACTLHIX BO/OKHAX
Han Aomerav.
Maremariueckoe spo. [lOMeHHBIH AfaTep AB/IACTCA UACTHUHBIM MOPGH3MOM; €ro HeCOracOBAHHOCTH
H3MepsieTcs KpHBH3HOIE nepenoca.
Tpannua. Cobriajiesiie A i GopMbi rpacha He 40Ka3bIBACT MIEPEHOC 3aKOHA MEKY JOMEHAM.

30.1. basa JOMEHOB 1 BONOKHA

Tycrs 9B — Maan KaTeropis JOMCHOB W AOTYCTHMBIX riepesojos. [ obexta DEO(B) sagatres
BONOKHO P_D NpeCKasaTe/IbHbIX NaKeToB H Bo/IokHO Obs_D HaBmogaembix. Taker pEP_D copepkut
Reper, jainbe, Dom, seTeH, BOpoTa, KopiAop, loss  ceprudukar.

7 D:? D—0bs D, pi+(prediction corridor, status, proof object)

Tpoexus n_D uacTwua: ecu oGs3aTensibiii 0GeKT He onpexenéH, puixogom asnsercs L/ABSTAIN.
970 MPEAOTEPALLALT NEBPAILEHHE OTCYTCTBYIOWMX AAHHBIX B UHCIOBO/ HOMb.

30.2. BekTop AedeKTOB U AOMEHHbIN UHBAPUAHT
. D(p)=(5_as5.6_gate,_cal, 5 null,§_transfer)

KOMIIOHEHTEI M3MEPAIOT COOTBETCTBEHHO ACCOUMATOPHbi P3PbiB, HENPOXOKACHHE JOKAJATEBHbIX
BOPOT, KaIUGPOBOUHYIO OUIMGKY, Ae(eKT Hynesoii MojenH M AeeKT MEAIOMEHHOTO mepeoca. Coso
\MHBAPHAHT»  03HOUAET COXAHCHME OTHOCHTEILHO 3apaHee  YKAXAHHOI TPyl  AOMYCTHMBIX
nepeoGosiaenuil, a e aGCOMIOTHYIO HOMIMEHHOCTS BO BCEX MOJEIIX.

Onpeenene 30.1. Tlapa (S_D,G_D) Ha3IBACTCH JOMEHHO WHBAPHAHTHOF, CCIH M1 KAXJOrO
Jponyctivoro asromopdusma a:D — D u p€Dom(€_a) eeinonseno E_D(O_a p)=G_D(a)E_D(p), rae G_D —
¢puKcuposantoe npeacTannense. Cxanspias wopwa IZ_DI msapuartia b np woverpuarocti G_D(a).

30.3. YaCTUYHbII NepeHOC 1 ero KpUBM3HA

Js mopgusma DD’ sagaétes vacrwunbiii ajantep ©_f:Dom(©_HSP_D - P_{D'). On obssan
TIepeHOCHT THIIBI, eAmHHLE, D/DOM, BeTsH, HaGMIOAALMYIO M CTATYC. L1t KOMIOHUHOHHBIX [,8 B AHHeHiHbIX
BOJIOKHAX BBOAMTCH KpHBH3HA rlepeHoca.

K(8.6)=6.£90_1-0 _{gof}

B He/mHeliHBIX BOZIOKHAX PA3HOCTE 3aMEHATCA napoii nyTeii u Metpukoii d_{D"}(©_gO_f p,0_{gf)p).
DOpMY/Ia ¢ MHHYCOM He HCTIO/b3yeTCs Ge3 MHeliHol CTpYKTYpbL.

Teopema 30.2 (nockuii neperoc). Ecim © sagaér dyikrop B — Par, 10 K(g.5)=0 Ha obuseli obnacti s
BCEX KOMIO3HLMOHHBIX 11ap.

JloKasatenseTBo. ByHKTOpHATLHOCT TpeByer O_{gef}=0_ge@_f ¢ pasHLIMH O6AACTAMM OnpeACACHIs.
Tojcranoska Aatt nyieoit Aedpext. O

OGpathoe yTacpiienme TpeGyeT TAKKE TOAACCTBOHHEIX MOPGUIMOR, COPIACOBAHHA OOAACTEii 1
KOTPEHTHOCTH Ha TPONHBIX KOMINOIMUMAX; HYIeBas WHC/IOBAS PA3HOCTH B HECKOMBKUX PHMEPAX
HegoCTaTouHa.

30.4. OueHKa olwmnbKuM nepeHoca
Tycrs wabmogaemas npoexuws 1_{D"} L-mmumuesa u d_{D"}©_gO_f p6_{glp)sk. Tora
PACXOX{eHe NPOTHO3HEIX BLIXOAOB HE MPEBOCXOAHT LK.

Jlokazarenscreo. Henocpeacraenso w3 munumesocri:  d_Obs(n0_g®_f  p,i@_{gf)p)<L-d_{D"}
(©_go_fp.0_{gfip)<Lx.00
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ECau L Wik K He oLieHeHs1, MeAGoMeHHbiii porHo3 ocraétes exploratory. CGI<1 B HCX0AHOM BOMOKHE He
11eEHOCHTCA ABTOMATHUECKH B Lie/leBoe.

30.5. JloKanbHble CEKUMM U CKNEMKa

Tycrs {U_i} — nokperre obnacru U somena D. Jlokansas cexups s i€ P_D(U_i) 3agaér Reper n
nporsos wa U_i. Ha mepeceuennsx mpogurca pedpext cosmectimoctn c_{ijh=d(s_il_{U_inU_j}s |
_{U_inU_j}).

Teopema 30.4 (rounas ckneiika). Ecnu P_D swasercs nyuxow, ¢_{ij}=0 Ha Beex mepeceuenusx i
BLINOHACTCA YCIOBHE COP/IACOBAHMA Ha TOWHBIX NEPECUHHAX, CYUIECTBYCT eAMHCTBEHHAs F0GAILHAA
cexuus S€P_D(U), OrpaHmuHBAIOUIACs 40 S _i.

JIOKAIATe/IECTRO ABIACTCA AKCHOMOIH CKIEIIKM 1 OTACAMMOCTH Myuka. B IPOCKTE 5T0 YCAOBHAA TeopeMa:
A8 KOHKDETHOTO Kjacca Reper HEOGXOMMMO OTACTBHO AOKAJATH, UTO COOTBTCTBYIOU MPEATYWOK
JeliCTBUTENBHO ABNSETCA MyuKOM. )

Tipu c_{ij}>0 crpontcst He roBanbibiii ToueuHbIii MPorHo3, a KOPHAOP Wik 3azaua MuHHMusaLn Cech-
1I0A0GHOTO Aediekra. TIONOKHTE bHA HIKHAA TPAHMIIA ACEKTA ABNAETCH MPEATCTBHEM K eAMHCTBEHHON
cneiie.

30.6. MH.2 Kak NpenATCTB1E K €ANHCTBEHHOM CEKLMN

ECIH jpe JOKaTbHbIE BETBH UMEIOT DasHble CKOGOUHbIE PE3yNLTATH M CTPYKTYPHbIe KOODAMHATHL,
CKPBITast BETBL CO34AT MMHMMAKCHYIO rpanwuy rnasei 27. [lostomy oneparop ckiefikn obssan auGo
coxpannTh ofe BeTsu, GO BhiAaTE ABSTAIN; BbIGOp OAHOI BeTBH Ge3 ONOHUTEILHONO CBAETeNLCTE
Hapywaer B_PN2.

Tpegoxerme 30.5. Mpn A_SA_D>0 He CyL|ECTBYeT BETBEHHO-CNON TOUHOM CEKLAH, OAHOBPEMEHHO
Bocnpou3BoAsueii S u D Ha oGenX BeTBAX.

Jloxasatensctso. Mnave e_S=e_D=0, uro nporusopeunt e_Se_D=A_SA_D/4>0. (1

30.7. Fano barrier u KMA-meTagaHHble

InockocTs (aKo HCOML3YETCH KaK KOHEUHbiH MHLWICHTHOCTHBT 1G/I0H W OHTONOTHuCCKii Gapsep
TOUCKA, HO He KaK JOKA3ATENIbCTBO (M3MuecKoii cemumepoctd. 3uauenns KMA (1/2,1/3,3/4,2/3,2,3}
CoxpansmoTCst KaK seed-weraanbie A-OHCKa. 15 NOBBILIERHS CTATYCa TPEGYIOTCA TOT Xe owext, D/Dom,
matched-null, CGI<1 1 nesasmcimas nposepka.

PUAOCOCKO-eHOMCHOTORINCCKTA GCIaGKa, PACCIOCNUE YOCPICUGIEM PANIUNIC NEPCRKTIUG; CUNO OCHOBTHUE He. yHuumONCaCT)
caocoGpasue doveno. epenoc cranoaumes d0po2oil Medcdy GOIONHGM, @ KPUG3HA MOl AOPO2U NOKATLIGG, CKOAKO CHICAG MEpAETCR
npu cautkon Buicmpost nepeaode.

30.8. BUNDLE-CERT-v196i6

BUNDLE-CERT-v196i6:  base=%; fibers={P_D,0bs_D}; ~projection=n_D-partial; defect=
adapters=6_f-partial; curvature=typed-linear-or-metric; flatness=functorial-only; ~gluing=sheaf-conditional;
PN2=branch-obstruction; Fano=search-barrier; KMA=metadata-only; target-domain-validation=mandatory.
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[naBa 31. BbluncmtenbHas cepTuduKaLums v rpaHuua

A0KasaTesibHOro cratyca

TOHSITHOE OB bSICHEHUE
Cwbic1, CepTuuKaT cossisaet (OpMY/Ty, POFPaMMY, A3HHEIC W CTATYC TaK, UTOGH PE3Y/ITAT MOKHO GhUIO
BocnpomasecT " onpoBeprHyTE.
Martemaritueckoe Agpo. PasmMualoTc TOumbi replay BEMCICHMS, NOCICAOBATENGHAS CTATHCTHUCCKAS
BamugpocTs " HesapHCHMas npeaverHas npoBepKa.
T'paniia. Xeu AOKAIHIBACT TOAECTEO GAIiTOB, HO HE HCTHHHOCTE MOACH H He (H3HIECKHTi CMBICT.

31.1. MonHbIN TMN cepTUdUKaTa
Cert=(id,version source hash.code hash.data_hash.D.Dom.split.B.gates.null CGLE.H,output.status, PO)
Tons D 1 Dom 06s3aTeb st M pasiuussi. B QUKCHpYeT BeTsM; gates — TpéxaHaunie Bopota; null —
matched-null u ero npeanocsUku; CGI XpauKT 3HaueHme, KaHGPOBKY H NOPOr; E — BeKTOP AeeKTOB KaBbl
30; H — ropusont riabi 28; output — MHoxectso, ABSTAIN win asTopusosanibiii singleton.
Bepous cepriuKata Hewamensiema. Vcnpaiiente JaHHLIX, KOAd, NOPOroB win Dom co3fatt HoBbiii
id/version M pMUMHHYIO CCUTKY Supersedes, HO He TIepeNUCHLIBAET TPEXHMi OGBEKT.

31.2. Tp1 ypoBHs BOCNPOU3BOAUMOCTH

Yposens R1 — GaiiToBas BOCHPO3BOAMMOCTS: COBNAJAIOT XeUI BX0/0B M IPOTpamML. Yposeith R2 —
BLIMHCIHTE/IbHS: OAMHAKOBAA (GHKCHPOBAHHAR CPEAA W TOUHAA APHOMETHKA AAIOT OANHAKOBBI Pe3yLTaT.
Vposers R3 — npeveTHas: HesaBUCHMbiii HCCICAOBATE b TIONYUAET COBMECTHMBI PE3yIBTAT Ha HOBOM
KopiIyce 110 3apanee 3aperuCTpUpOBAHHOMY NPOTOKOAY.

Teopema 31.1 (nerepmunposantbiit replay). [lycTs nporpavivia P sBAAeTCs YHCTOM JleTepMAHHPOBAHHOT
yHKUpeli, Cpea H BCe BXOAHBIC GaifThi (GUKCHPOBAHEL, @ APHOMCTHKA TOUHA WAH PEXUM OKPYICHH
HOAHOCTHIO CrieuuHUMpoBan. TorAd NOBTOPHLIF 3aTYCK BOIBPALLACT TOT KE BLIXOA,

JloKasaTenbCTBo, PesybTaT ACTepMUHHPOBAHHOH (YHKLMH OAHO3HAUHO OTIPEACNHETCS NOMHEIM BXOOM
M CeMaHTHKOIi Cpebl. PaBEHCTBO STUX OBHEKTOB BT PABEHCTBO TPACKTOPUH BLIYHCICHHS 1 BLIXOAA. I

Crepcravie. Copnagenie SHA-256 sIBASCTCH CBIACTENLCTBOM PABEHCTBA JAQHKCHPOBAHHBIX GaifTos ¢
NIpEHEBPEAHMO MO/ BEPOATHOCTLIO KOMIMIHH, HO He NPOBEpseT, UTo P peanayer npasiisuyio Gopuysy
W UTO JQHHbIE PErIpeseHTaTHBHb

31.3. Cratyc ceptudukata PN2-PO12-A2-v1.0

Tloubiii KAHOHMUECKMii TEKCT rnaBhi 27 JOKYMEHTHDYET CTPYKTYpHbie KoHcTawTei A, 11 Tectos,
TaGmuuyy PASS, exact c=1, e_-=3, k_Q=3/4 u KOHTpO/IbHEI Xewut apxusa. Hactosuas cGopka coxpansier 1
cuesenms Ge3 uameHeHus.

Orpanuenste ayauta V1966, B IpHIOKeHHBIX K 9T0ii CGOPKE MATEPHAIaX TIPHCYTCTBYET AOKYMEHT C
Xewaud, HO oTCYTCTRyer cam apxup pn2_pol2_cerl_vLO.zip. Iosromy vI9Gi6 He sasenser wombiii
He3BMCHMBIIE 3ANYCK KOAZ; OHA (MKCHPYET OnGAMKOBAHHBL CEPTQMKAT KAK MCTOUHHK M COXpamseT
‘TpeGoBatie BHEwHETO replay 10 YKA3AHHBIM Xeway.

31.4. MocnesosatenbHas BaNMAHOCTL

i gmrensio paGotaioweii Gaski cratuueckuii p-value HeJOCTaTOUEH, ec peilienie o nyGAHKaLMi
NIPUHHMAETCH NIOCIE MHOFOKPATHOTO pocMoTpa. crio/k3yeTcs sapatiee 3aperucTpupoanisii e-npotecc E_t
wm alpha-spending; 0CTaHOBKA /{011y CKAETCS 110 MPaBUNY, COXPAHSIOLIIEMY 3aBCHHYIO TPAHMLLY OIHGKH.

Teopewa 31.2. Ecnm E_t — eotpunarensiii cynepmaprinran npu Hy w E,<1, 0 Tect «otknomrs H,
npi sup_E._(21/c0> HMeeT BepOATHOCTS IOKHOTO OTKIOHEHIA He Goree .

Jlokazatenscteo. Tlo Hepanencray B Py(sup_tE_t21/a)<aE,<c. 0
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VC0BHE CYNePMAPTHHIATLHOCTH ABACTCA AOKA3TE sHIM OBA3ATENLCTBOM KotKperHoro null. Bes nero
NI0C/IC40BaTe L O HABTIOACHHE COYIART HEOBABICHHYIO MHOKECTRRHHOCTS H CTaTyC Statistical-gate-failed.

31.5. HemsmeHsiemas kapTouka AptedakTa-1 Kypnuwesa

RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 -~ FORMAL-CARD-RUN009-006 —
SIGNATURE-REVIEW-RUNO13-001; 0.992736565468; §_truth=0.007263434532;
CGI=0.140948882338;  truth_layer_promotion=0; ~status=signature-ready-not-truth-layer; ~next=certificate-
lock/publication-gate review.

Pegakus v196i6 He H3MEHSFET Hi OAHOrO 110 SO KapTouKH. 3Hauente CGI<1 0CTaETCA HEOGXOAMMBIN
BOPOTOM, HO He AB/ATCA AOCTATONNBIM yCTOBHEM truth-layer.

31.6. PeecTp UCTOYHWKOB YriybneHus

Tpoekrhbie  ucrousmi:  mbp196i5.docx;  PN2_theorem _ru_v1.0_with_philosophical_blocks.docx;
sanmcku.docx; pn2_journal_ru_v1_1; v32_v196cc; monograph5_0_ru; PILOTO1_PREPRINT_RU_FINAL;
main_SIGMA_freeze; monographiaNAPG; rstar_napg_duality; action_ops_journal/audit; KLT-RBD atlas and
schema-extension packages.

Biewnme Matemaruueckue onopst: Ville J. Etude critique de la notion de collectif, 1939 (epasenctso
MaKCUMYMa /U5 HEOTPULIATe/IbHBIX MapTHranos); Mac Lane S. Categories for the Working Mathematician,
2nd ed., 1998 (GynKropsi  ecrectaennocts); Cesa-Bianchi N., Lugosi G. Prediction, Learning, and Games,
2006 (1oc/eopaTenboe npeicKasanye u regret); Kashiwara M., Schapira P. Sheaves on Manifolds, 1990
(nyukw u cxneiika); Schafer R. D. An Introduction to Nonassociative Algebras, 1966; Baez J. C. The
Octonions, 2002.

31.7. UtoroBelit peectp cratycos v196ié

Ofnexr Craryc v196i6 Yro gokazano Yro ocraéren
s proved under JIOKAILHR MHHIMAKCHAs p——
explicit assumptions | rpannua
PO-11 closed abstract deThipe ABHBIE MOZCH neperioc wa R+R
closed

rouie rectit A,

PO-12 abstract/source Buteunui replay apxitsa
. AOKyMeHTHPOBaILL
certificate
Tams formalized
Bopota, sanac, ropizoiT r—
npesenon conditional
— T ———
s theorem schema OKIEHOCT N BpET, MnHpHCCKas oLeHKa
ii Reper yreuxu
Predictive defined/ TUIMSMPOBAHHL NIEpeHOC | TIyMKOBOCTS PeabHEIX
bundle conditional W kpuBHa BooKoi
signature-ready-not-truth-
Apredakr-1 frozen 8 y centificate-lock review

layer

PUrOCOpCN-ONETIOTORINECKGA GeTagka. CepmighuKam — 3o NaMAmh DOKGIMEIECTIGn 0 COBCMGENIEX Spaniijax. On yenen e
oMoy, umo 3anpewyaem coMeiLe, G NoMOAY, 4MO NOKG3LIGdEM MOWIGE MECMo, 20e coMente dOIXCHO NpeapAMUMLCA @ HOGLE ontim,
Hoasi pacuém uni uoayio aepetio.
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BPEMS@MPOCTPAHCTBO (V*P): NPOCTPAHCTBO KaK PeanusoBanHbiit Cnoi
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KABCCHECKOR POCTPANCTBO-8PeMA BOSMHKAET NOCHE BGOPS AONYCTUMOTO CENENHA U PEAYXLIN.

Pucywox. Crpamupuyuposavnsre ciou Bpewen@ Tpocrpancmaa u ux pedysi

PucyoK 1.1, CrpaThuMposaNHse Cio Bpenenn@TpOCTpaNCTSa i X POAYKUHH

1.1. CraHpapTHaa cTpaTuduumuposaHHas obonouka
Tlyets X — XaycAOphOBO MAPaKOMITAKTHO® MPOCTPAHCTRO C KOREHOM GHIbTpaIHed Ka TafKie MHCTHE
cnow X, ke(-1,0,1,2,3}). Aptopckas dunsrpawis T nomiMaeTcs Kak CTpaTHpUIMpOBaHHAs 060T0UKa,
4 WHAGKC —1 COXDAHSTCH KaK CrICUMATbHui THNADKTHSECKWH IO NEPeXonos, He OOA3QHHEI GHTH
CaMOCTOATe RO/ IANKOl CTPaTO
TO ¢ 1@ ¢ T ¢ O ¢ TV g

1.2. MpocTpaHCTBO KaK AONYCTUMOE CevyeHue

Hab/iofaemoe TpéXMepHOe IPOCTPAHCTBO TPAKTYeTCA Kak BHemmuii croi T%); noepxsocTs, My 1
TOUKM COCYIIECTBYIOT Kak Goriee rmyGOKMe CTpaThi. BpeMs He CBOJMTCA K JONONHMTENBHOM KOODAMHATE:
OHO 3a7aéT COrNACOBAHHEIA MODANOK MEPEXONOB, NOMEHH HACTHYHHIX OTOOPAKEHHH M COXpaHeHHe
CTPYKTYPH IpH PRAYKIMH.

1.3. Frmnapcuc u AneipoH

THIAPCHC — CeMefCTBO COBMECTHMIX TIEPEXOA0B MEJKAY COCGRHHMH YPOBHAMH; AReHpoH — ycrosue
FOGATBHOI CBASHOCTH, 3ANPENIAIolee PACTIAT CHCTEMS TIEPEXOTI0B Ha HECOPACOBAKHEE GPArMeHTH, ITH
MOHATHA TIONYHAIOT MATEMATHYECKHI! CMEICT TONISKO BMECTe ¢ ABHHIMH KAPTAMH, 00TACTAMH ONPEXeNeHHs
¥ TIPABHTAMH KOMTIOSHLMH,
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31.8. PRED-BUNDLE-CERT-v196i6

PRED-BUNDLE-CERT-V196i6: source=mbp196i5; preserved_text=yes; PN2-canonical=full-inclusion;
PO-11=closed-abstract; PO-12=closed-abstract-source-certificate; ~limits={POL,ECO,RAUM,TIME,ONT};
adaptive_update=local-versioned;  bundle={r_D,Z_D,0_f,K};  sequential_validity=conditional-e-process;
D/Dom=distinct; KMA=metadata-only; CGI<1=necessary-not-sufficient; independent_validation=required;
physical_status=not-promoted.

31.9. 3aBepluerue peaakumun v196i6

Pegakums vI96i6 yrayGser npeAcKazaTebHii METOA B TPEX HANPAB/EHMAX: OTPAHAUMBACT KAKAbi
TIPOTHO3 KOHEUHbIM TOPH3OHTOM, NPEBPALACT MPOMAX B JOKA/ILHYIO BEPCHOHHDOBAHHYIO MEPECTPOIIKY 1
OTAMAET MEXIOMEHHI TEPEHOC OT BHYTPHAOMEHHOTO /10KAJATe ILCTEA [I0CPE/ICTBOM PENIePHOTO PACCIOeHHs
W ero Kpui3Hsl. CleAyIouii Tan J0IUKeH CTPOMTS KOHKDETHEIE JOMEHHbIe A/aNITephl W TIPOBEPATS HX Ha
HEIABHCHMbIX KOPIIYCaX 663 M3MEHCHIS 32 HKCHPOBAHHBIX CTATYCOB.
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Yacts VI
nposepka

LoMeHHble apganTepbl U He3aBUCMMan NpeAcKasaTesbHas

acTs pa3sHBAET NPOTPAMMY KOKDETHEIX IOMEHHEIX aaNTepos, WIEHTUHOCTH AQHHELX, TIEPeROCA PHCKa
BEMHCIHTE/IEHOTO KOTPAKTa.

aganrepos. Ochopamen  crykar KLT-RBD Interdisciplinary Reper Atlas v2.1, ero nporokomst
limits/operators/prediction/rebuild, paGouas SQLite-6asa c 236 uctousmkavu, 1145 works-yanaw, 2212 Reper
1 2478 PEGpaMH, a TaKKe NAKET PATLHONO MMIOPTa AQHHBIX. TH YHCIA OTHOCATCS K NIPOBEPEHHOMY CHHMKY
Gasbl, a He K yHHBEPCATILHOMY OGEMY IHaHHs.

InaBa 32. Ctporas cneumduKkaums AOMeHHbIX agantepos KLT-

RBD

TMOHSITHOE OB bSICHEHUE
Cwbicn, Kaapiii npeamerssiii fOMei monyuaer coGCTBEHHbIC THIBI AQHHBIX, HaGMIOAGeMble 1 MpaBHAA
JonycTAMOCTH,  ODUWAi  ANTOPHTM  He  AOWKeH  YrajMBaTe WX N0 HAIBAHWO  CTOAGUQ.
Marevariueckoe #Apo. AfamTep SBAAETCH UACTHMHOI KOMIO3MUMeH KOAHPOBaHWA, MOCTPOeHMs Reper,
namogenis " ceprdukauynn.
Tpannua. Hammue ajanepa 40KashiBaer THIOBYIO COTIACOBAHHOCTE, HO HE SMIHPHUCCKYIO HCTHHHOCTH
npeaMeTHOl rHOTe k.

32.1. [lIoMeH KaK TUNU3MPOBaHHbI 06bEKT

s poverHoro Koga § sagamm oGbext D_6=(Raw_5,X_5,Y_8,5_6,Unit_6,Time_§). Raw_§ — chipsie
sanvc; X_5 — oummennie cocrosms; Y_§ — NPOCTPAHCTBO HAGMOAAEMBIX OTBETOR; 3_§ — JonycTimie
npeoGpasosanys; Unit 8 — cucrema epmmmy; Time_§ — spevennas wKana. Hu OAHH KOMIOHHT e
oTOXKgeCTBARETCA ¢ ffanibM D Wik 06nacTbio Dom.

D 5=(Raw.8,X 8,Y.5,5 §,Unit 5, Time5)

Jlovennwiit  ajantep  3ajaétes  Koprexem  A_§=(Enc_,Rep_§,0bs_§,Loss_§,Null_§,Cert_§), rae
Enc_6:Raw_5—=X_§ Kkopupyer sanuch, Rep_§:X_§—R_6 ciponr Reper, Obs §:X_§-Y_§ sapaér
HaGmopaemyio, Loss_§ ouenmsaer nporvos, Null§ onpesenser matched-null, a Cert_§ shinyckaer
JoKasaTenbHbii nacnopr.

A_b=(Enc_8,Rep_8,0bs 8, Loss_5,Null §,Cert §)

Obnacts Dom(A_8) sesetcs nepeceueriem 067acTeli BCex PeabHO BIBAHHLIX ONepaTopos. D_§ —
KoHeunsii HaGop 3amiceid, npowewx Enc_S u npueazanibix K Herousikan. Tostomy D_§CDom(A_§) —
OTAEALHOR IPOBEPSIENO. YTBEAICHHE, A He C/IE/CTBHE COBNAACHHS 0GO3HAUCHHT

32.2. YcnoBus KOPpPEKTHOCTU apanTepa

Onpegenene 32.1. Aarrrep A_§ koppexres Ha D_§, ecnu: (i) Enc_6 onpesenén na kaxaoii sanmc D_§;
(if) THnbt u exusmypt Obs_§ cornacosabt ¢ Y_8; (i) Kaxuwtii Reper umeer source_id, U/I/R/D, limits,
operators, status u revision; (iv) Null_§ coxpansier 3aperucrpuposanHsie yciosHbie Kosaparsi; (v) Cert_§
xpasmr xeu, D, Dom u sce blocker; (vi) rioteps oBssate/tsHoro nojis Bosspauaer L, a He UMCI0BOi HOMb.

‘Teopema 32.1 (1unosas KoppekTHOCTS Komno3uk). Ecan Enc_5, Rep_5 1 Obs_8 THI0O coriacosani i
x€Dom(Rep_8°Enc_8), o Obs_8(Enc_8(x) i noctpoenssiii Reper 0THOCATCA K 0AHOMY cocTostmio X_5;
€Ci X013 Gl 0AHA OGAACTS He COMIACOBAHA, KOMIOIMLUA KaK KL He OnpeAerena.

Jlokazatensctao.  [lis  onpepenéunoli  kommosuun  mhixoq  Enc_8(x) ofman  mpuHamexars
oapospeeno Dom(Rep_8) 1 Dom(Obs_8). Tora obe onepawim nonyuaior ops in X_8. Tlpu Hapyuexi
BIIOUCHIS XOTS Gsi O4HO 3HANCHHe OTCYTCTBYT, NI03TOMY 3NACh NOAHO (yMKUMM Ghina Gl THIOBOH
owmGKoii. 1
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32.3. KaHoHuyeckas 3anuco Reper
r=(reper_id source id,work id domain,U,LR,D,limits,operators,s

Ora cokpauEHKas anMch NoNydeHa M3 peanbHoii Tabnnue repers Atlas v2.1. Tlomwas cTpoka Takxe
copepwur subdomain, author, source_title, tags, formula_hint, extraction_level, confidence, copyright_mode,
source_basis, r_weight, u_connectivity u created_at. 101 He CUTAIOTCH MATEMATHUECKI 3HAUHMBIMI TOTBKO
noTOMy, uT0 MpHCYTCTBYIOT B SQLIte: /7151 KAXJ0TO TEOPEMHOrO 1Ara YKA3IBACTCH, KAKME HMEHHO noms
BXOJAT B NDEATIOCHIIKH.

Axcroma 32.A. (source-anchor). Hi ogus gomesmbiii Reper we aptopuayerca Ges D-source anchor. B
TepMMHax Ga3si 510 03HAvaeT HemyCThle source_id i source_basis, paspewyio cchuky Ha sources/works 1
JonycTivsii copyright_mode.

Tpepnomerme 32.2. Ecam source_id He paspeiaercs B TabHLE SOUFCES, TO YTBEPAUCHHS, HCTOTB3yIOUIHE
‘raoii Reper, nonyuaior blocker=orphan-source He3aBHCHMO 0T uHCI0BOTO 3Haueris A win CGL.

JloxazatencTso. 3uauens A 1 CGI BHIUHCISIOTCS OTHOCHTEIBHO AQHHBIX H PEATIOCHUIOK HCTOUHHKA.
TIpi OTCYTCTBHH HCTOUHHKA HEMb3 BOCCTAHOBHTS D) 1 YCIOBHS BLIYHCIEHIA, TI0TOMY CEPTHOHKAT HrlOOH.
a

32.4. Katanor ;OMeHHbIX KOAO0B

Obarenuuan
Koa JHoven Tunosan uaGmogaemasn
oronopa
JaMEpele ¢ eHILamH 1 SKCnepiMeHTa LI
PHYS pusmka B YR 2
npuBopHOfi MoAeLIO KannGposka
Cocras, Kanan, cxopocrs crexioveTpis/pesoKe/
CHEM Ximust h + SHOPOCTS, SHeprUA/KUHETHKA
cnexrp
pasgenio
eroTH, Cocrosme, .
BIO Guonorus b accession/build/pipeline
nocAeoBaTe BHOCTS
Harpy3Kka, nepemeuene,
MECH MexaiKa Harpy! PeMer rpanHuRbe yCIOBHS
yeroiiumsocrs
Nauepratenshas | npoekiys, ceuenie, enep i ey
NGEOM P pocky penep i uentp
reomeTpi BugnmocTs npoekun
FIN/ unancu, LeHa, ZWMKBIAHOCTS, peseps, pesxint 1 Bpewteran
BANK/INS | Garta, crpaxosantie | pick verka
CONSTR/ | crpourenscrso, cpok, , Aedpexr,
P POK, PECYRC, Aol HOpMATHBHas BepCHs
ARCH apaurexrypa Gyman
- uctopus, HCTOUHUK, MOTUB, 1epHOA, cemanieckas, He
nureparypa Happatus Gushueckas HaGiogaeman
GEO/ reorpadus, reppHTOpI, NOTOK, LIM u ncrounkoan
STRAT crparerun cuenapuii, orpariuentte Xpotozorus

Karanor Atlas v2.1 CopepiitT 14 KOA0B. OGheAMHEHHS B TAOAHLE CACTAHEI TONBKO A4 KOMIKTHOTO
uresus; nporpamwssie wienTHuKatopst FIN, BANK, INS, CONSTR, ARCH, HIST, LIT, GEO n STRAT
OCTaloTCA pasgenbHBIMK.

Kypues Haas Sopucosi - Kansnirpas - 2026 1m0




image171.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

32.5. MeA0MeHHbII CTpaTernieckuii cpes
SAR j=(Goal j:RBD slice j Limits j.A j.CGIj Evidence jRebuild j)

Crpareriueckuii cpes ABMAETCA He CBOGOAHBIM TEKCTOM, @ COI/IaCOBAHHBIM CEMETiCTBOM OMEHHBIX
naKerop. JUA AOMEHOB §,...,5_M OH CTPOMTCA KAK OPpaHHYEHHOE BOTIOKOHHOE MPOM3BE/CHHE 10 OGuM
source_id, BpeMeHH, e/MHHLIAM U WiCHTHHKATOPaM 0GBEKTOB.

RBD slice JCP {31} x_C% {83} x C...x CP_{5 m}

Tpepoxerme 32.3. EChn JBa IOMEHHLIX NaKeTa NIPHIIMCHIBAIOT 0ZHOMY canonical_id HecopMecTiMbie
BpEMEHHBIC MHTEDBAZLI WIH CIMHMUL Ge3 3aperCTPHPOBAHHOTO NPeOGPA3OBAHHA, MX BOTOKOHHOE
npousBEzeHMe NYCTO.

JlokazatencTao. OGILast TOUKA IPOH3BEACHHS AOTIKHA UMETE OAHHAKOBBI 06pa3 b Gase COBMECTUMOCTH
C. HecOBMECTHMbIe WHTEDBAILI W eAMHHLEI AQIOT pasHie 00pa3si; o0wieli Toui Her. [

32.6. KOHTpaKT MMHUManbHOro agantepa

MusumManbHbii HCronHAeMBii KOHTPaKT TpeGyer pynKuwii parse, validate, canonicalize, build_reper,
predict_set,  attach_fact, score, rebuild u  emit_certificate. Kaxgan yMKuma  Bosspauaer
Resuli(value,errors,warnings), 4toGel rIoBpexiEHHas CTPOKA He MCue3asia M He MPEBPaLIANACh B AOMYCTHMOE
HaGmiogenme.

urocodero-enovenoTORNCCKTA dcmaeKa. Slowenii Gdanmep — M. He nepesodu, KomOphil CruUpaem PasIUA K06, o
OUCYUNING GCmpes OH 067301 POKA3AMS, YO CONDANENO TpU NEPEX0YE OM SE1CHUS K 3ARCU U MO OCMAAOCH 30 2PaNYel KODUPOGHUS,

32.7. ADAPTER-CERT-v196i7

ADAPTER-CERT-v196i7:  domain=§; Raw/X/Y=typed; ~Enc/Rep/Obs=partial; ~D/Dom=distinct;
units=explicit; source-anchor=mandatory; null=registered; missing-field=_L; strategy-slice=fiber-product-over-
compatibility; empirical-truth=not-inferred-from-type-correctness.
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naBa 33. MAEHTUYHOCTb, NPOUCXOXAEHWNE U LLeSIOCTHOCTb

OAHHbBIX

TOHSITHOE OB bSICHEHUE
Cwbicn, O daii/l MOXeT WMeTs ABa HveHH, a ABa (aila — OAHO MM 63 NPABITA WACHTHUHOCTH
cugTunki " JoKazaTebHbIe Lenouki pacxogsTcs.
Marematitueckoe #apo. Chipsie 3aiCH (aKTOPH3YIOTC 110 AOKA3YEMOMY OTHOLICHHIO IKBUBATCHTHOCTH, @
provenance Xpannes Kak opHeHTHpOBaHLITE aumknecknii rpag.

T'panita. CoBnajaoMii Xell NOATBRPAAGET GAiiTOBOE PABEHCTRO MPOBEPEHHEIX (aiioR, HO He CMBICIOBYIO
SKBHBAIHTHOCTE PAHBIX /JOKYMEHTOB.

33.1. Tp1 ypOBHSA MAEHTUYHOCTH

s apregpakta a pasnuuatorcs path-id, byte-id u semantic-id. Path-id sasucur ot iyt u peructpa; byte-
id 3agaéres napoii (size,SHA-256); semantic-id HasHavaeTcs TONLKO MOCHE NMPEAMETHOTO CONOCTAB/CHHA
BEPCHH, A3bIKA, 06LEKTa 1 PO/IH. ITH OTHOLWICHHS He B3AHMO3aMEHAMBL.

id_path(a)=normalize(path_a), id_byte(a)=(Ja],SHA256(a))

Onpegenente 33.1. Ha Koneusow HaGope (aitnos a~_b b TorAa u TONbKO TOrAa, KOrja ux Gaiitosbie
TOCIIE0BATELHOCTH PaBHEL DTO TOUHOE OTHOUIEHHE SKBHBaTIeHTHOCTH. PasercTBo SHA-256 uCnonbsyeTcs
KaK GICTpIii HHJAEKC, HO NIpH KpHTUUECKOM KOHAUIHKTE TI0/TBEPK/AETCS IPAMbIM CPaBHEHWeM GaiiTos.

Teopema 33.1. DaKTOp-MHOKeCTBO A/~_b MMeeT POBHO 110 OAHOMY KIacCy Ha KaXUYIO pasiuusyio
GaiiTOBYIO NOC/IEAOBATENLHOCTS; KAHOHM3ALMA K:A — A/~_b WAEMIOTEHTHA B CMbiCTie K°K=K N0CIe BbiGOpa
npeyicTaBuTens.

JlokasaTenbcTso. PaBeHCTBO GAiiToB Pe(hIeKCHBHO, CHMMETPHUHO M TPAHSHTHBHO, MOSTOMY 3aAaéT
pasGuenyie. TIOBTOPHAS KAHOHH3ALMA BHIGPAHHOTO NPEACTABUTE 1A OCTABASET TOT Ke Knacc. (1

33.2. KoHKpeTHblit ayaut umnopra v1.0

B imports/csvidiscovered_real_artifacts.csv u classified_real_artifacts.csv sapukcuposano 46 ceiphix
crpox. Cpean wux posso 45 pasmussx SHA-256. daitmet Index_mirrors_KIt510_v4_Lhtml
index_mirrors_KIt510_v4_Lhtml wmeior oausaxossiii pasvep 49 981 Gaiir, opumakowbiii SHA-256
b2efc1635(4ddfcal 68cb832e1 7bedad1a05fe2bdbi736eb2457808b3dafdadb  m mpm  mpamoii  mposepke
HOAHOCTHIO COBNAAAIOT 10 GajiTam.

PaGouas  SQLite-rabmuya  importartifacts  cogepwur 45 samicedi, a  SKcmopr
03_real_import_entity_map.csv — 45 ctpo. Opnaxo real_data_import_runs  TeKcrosii oTuér coxpansior
imported_artifact_count=46. CiiefoBatensto, fanHsie (AKTHNCCKH ACAYIMLWOBAHbL, HO arperaTHbiii
CUBTUMK He NepecumTan,

OGsexr nposepki Tonyserio Craryc Heobxopumoe Aelicrame

CLipbie CTPOKM 46 verified coxpanns kak N_raw

yuiKansHsie Gajironsie

4 verified coxpannms Kak N_byte
obtexsi P e
. Verified read-
import_artifacts 4 cornacosars oTuér
only
import_run imported P counter uenpasTi HoBofi Bepeei,
count mismatch He neperCeiBas CHINMOK
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Oext nposepku Tlonyseno Cratye HeoBxopumoe peficrane
SQLite integrity_check ok pass coxpanns xei Bl
y 0 ocTaBHTS OGAATELHEM
foreign_key_check . pass
apywetii Tectom

Tipeanomerme 33.2. KoppeKTHO® COOTHOWICHHe CUETUHKOB A4 STOTO CHIMKA WMeeT BuA N_taw=46,
N_byte=N_db=45 1 N_duplicate=1, nosromy N_raw=N_db+N_duplicate.

JloKazatenbcTeo. EAHCTBOHHEI HOTPUBMATEHBI KAACC ~_b COACPAHT ABA Case-BAPHAHTA OAHOTO
HTML; ocranehsie 44 Knacca oauodemeHTHbL UHCTI0 K1AcCoB papHo 1+44=d5, a mIGHITOK CHIPHIX CTPOK
pasen 46-45=1.0

33.3. Provenance Kak Aoka3satenbHbiii DAG

I Kaxa0r0 pesynibTata Co3aétes rpad mpoMcxoxenisi G_prov=(V,E), rje BepLIMHE UMEIOT THII raw,
normalized, reper, forecast, fact, score, certificate, a PeBpo UV 03HAUAET «V BHIUHCICH HETIOCPEACTBEHHO 3
u». Tone source_hash npucoeussiercs k raw, code_hash — K npeoGpasosatio, result_hash — K BIXOAY.

Teopema 33.3. ECiu KajioMy PeGpy U -V COOTBETCTBYeT CTPOTO BO3ACTAIOLAA BEPCHA WM BpeMeHHas
MeTKa BbIUHCACHIA, G_Prov aUMKinueH.

JOKa3TE/IbCTBO COBIAAACT C PAHIOBBIM aPryMEHTOM abbi 20: BAOL OPHCHTHPOBAHHOTO LMK/ PaHr
JIO/KeH CTPOTO BO3PACTATS M BEPHYTHCA K HCXOAHOMY SHAUEHHIO, UTO HEBOIMOKHO. (1

33.4. CcblNOYHARA UENOCTHOCTL

B Adas v21 Tabmua reper_edges xpanur from_reper_id  to_reper_id; B schema-extension
HCOMLYIOTCH  BHEUIME KWW MOXAY CTPAHMUAMH, makerami, nporpawwams w lambda-aysurom.
CCBUIOUHAs LE/IOCTHOCTD AB/METCH HEOGXOAUMbIM, HO He JOCTATOMHbIM YC/IOBHEM CMAHTHUECKOii
KoppekTHoCTH: FK NO/TBEpIAIACT CYILIeCTBOBANHE CTPOKH, a He WCTHHHOCTS CBA3H,

Tpepoxerme 33.4. ECIu BCe BCTaBKi BHINOMHAIOTCH TPAHIAKLMOHHO, BHEWIHHE KIIOWH BKIIOUCHS W
COMMIT nponcxoaur TonKo nocne PRAGMA foreign_key_check=2, 10 3acposantioe cocrosmme e
copepxuT obHapykmsaemix SQLite orphan-ccuinok.

JloxasatencTso. Hapyuienme BHewmero Kioua nonajaer » pesynstar nposepku; ycnosue COMMIT
HCKouaeT BHKCALIO TaKoT TpaRsaKLMH, )

33.5. MpUBaTHOCTL KaK YacTU4HAs Hab/1l04aeMoCTb

Knaccsi PUB, MIXED, PRIVATE 1 CLOSED 3aaor He KauecTso fOKA3aTelbCTsa, a AONYCTHMOCTL
nyGakayn. TyGamunas npoekis Pub:Artifact—Artifact_pub onpegenena TofsKo nocie passed-peienis
public_private_splits. [Uia MIXED oTcyTCTBMe peliiekits BO3Bpauaet review-required.

B nposepeHoM cHivke 41 HMnopTHpOBaRHLIi 0Gsext uveer PUB i 4 — MIXED; uerhipe MIXED-
ofkekra Haxogatea B needs_review. 370 He owmGKa Gaski, a AeliCTByiolee JOKA3TENLHO MPENSTCTRHE
aBTOMATHUECKO NyG/MKALMH,

enomenanozueckan acmaaxa. 1 alina — 5mo marKo nepenexmiiaa na oGeexm. ITpoLcxo3Cdele GO3GPaLLAEM exy LCOpuIO; omKyDa
O mpu, Kaua deficmatiex Goin npeOGpaI0I U NONEMY NLINELINAR CTIPOKG e NPAGO YUdCMa0aa S, @ abiaod.

33.6. ID-PROV-CERT-v196i7

ID-PROV-CERT-V196i7: identity={path,byte,semantic}; raw_count=46; byte_unique=45; db_rows=45;
duplicate_pair={Index,index}; ~ byte_equal=true;  counter_mismatch=open; integrity_check=ok;
foreign_keys=0; provenance=DAG-under-rank;  privacy={PUB:41 MIXED:4-nceds-review}; historical-
snapshot=immutable.
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InaBa 34. UgeHTndmnumpyemocTs, transportability n

He3aBucmMMas npoeepkKa

TOHSITHOE OB bSICHEHUE
Cwbicn. Jlake GeaownGounas NPOrpaMMa He MOET BOCCTAHOBHTH T0, UTO DasHble MOACTH AGTAiOT
HabI0aEMO OAMHAKOBBIM; PE3yILTAT OAHOTO JOMeHa He IepeHOCHTCA B ADYFOii Ge3 YC/IOBHS TOAARpKKH.
Martevariueckoe 5po. ONpEACNAIOTCS WACHTHOLMPYEMOCTE, BIBCLICHHBI NIEPEHOC PHCKA 1 TOuHBI
matched-null.
T'paiia. DTH TEOPEMSi YCIOBHEI OTHOCHTENISHO PACTIPEACTEHHIE; OHM He TOATBRPAAIOT KOHKPETHYIO
nIpeAMeTHYIO rHnOTesy Ge3 AaHHbLX.

34.1. HabnogatenbHas IKBUBANEHTHOCTb
TMycrs {P_6:0€0} — cemeiictBo pacnpesenentii HABMOAICMEX AHHBIX TOCIC NPHMeHEHNs A_S.
Tlapamerpyi 6 u ' HaGiofaTeIbHO IKBHBANEHTHEL, ecn P_B=P_' 1a g-anreGpe AOCTYTHBIX HaGMOAeHHiL.

oo

G~ obst’ < P

Onpepenenie 34.1. 0 wgentuduumpyem, ecnm O~ obsd' wreuét 0=0'. Dymxumonan (0)
npenTHdHLMpyen, ecin B~_obsB’ Breuér Y(8)=y(8"), Jaxe Koraa cam B He uaeHTUHLMPYeM.

Teopema 34.1 (HEBOIMOKHOCTS TOUHOrO BEIGOPa). Ecm 676, Ho P_
KoTOpEi nIouTH HabepHoe pasen O o P_O u §' nog P_'.

8, He cyuiectayer ouensatens,

Jlokasarenscrso. CoGerrve {6=0) Aomkno umers Bepostiocts 1 nog PO u 0 mog P_§. Ho
pacTpejeneHus COBNAAAOT W TIPHTMCHIBAIOT MIOGOMY HAOMIOAAEMOMY COGHITHIO OHY BEPOSTHOCTE.
Tpornsopeune. O

TTH.2 ABASETCH YaCTHBIM CTPYKTYDHBIM MEXGHH3MOM TaKOii HEBOSMOXHOCTH: CKPLITHIE BETBH TpeByior
AMHCTBEHHOTO OTBETa NIDH IONOKHTENLHBIX Pa3pbizax A_S 1 A_D.

34.2. Ycnosue noaaepKku nNpu nepeHoce

Tyers P_S — pacnpegenenme ucxoguoro Aomena, P_T — uenesoro, a {(f(X),Y) — wnrerpupyemas
noteps. [l neperoca nocpeacTsom importance weighting HeoGxogumo P_T <P_S; Torja cymectsyer
w=dP_T/dP_S.

R_T(f)=E_T[(]=E Slw

YY)
Teopevia 34.2. Tlpn P_T<P_S 1 ukTerpupyemocti wi Lenesoli PHCK PaBei B3BCLICHHOMY HCXOAHOMY
pHcky.

JloKkasatenkcTBo. 310 Onpefesenie nponspopHoii Pagowa—Hukopuma: mwterpan no P_T pasei
unterpany wno P_S.0)

Korrpnpimep 34.1. Eciu uesiesoii gomen nveer o6nacts A ¢ P_T(A)>0 i P_S(A)=0, HCXogHbie AaiHbie
He COAEpAT CBIACTECTR 0 noTepe Ha A. HUKAKHE KOHEUHbIC BeCa He BOCCTAHARIMBAIOT STOT PUCK; aAanTep
oGs3an BepHyTh Support-gap/ABSTAIN.

34.3. CTpyKTypHas nepeHocuMocTb Reper

Jyin ©_{S-T} Tpelyercs KommyrarapHocTh HaGmojerus: Obs_To@=p_YeObs S Ha Dom(®),
COrIaCOBaHME EAMHML H BpEMCHHLIX MHICKCOB, Coxpatente source-anchor W KOHTPO KpuBHHt K u3 rnasbt
30.

Tpegnoxerme 34.3. Ecmt Auarpamva HaGMoeHist He KOMMYTHDYET, COBIJHME BHYTPEHHUX A He
BICUET COBA/LCHHS LEIeBLIX IDOTHO0B.

JlokazatenscTRo. HeKOMMYTATHBHOCTE 03HQUACT CYLLECTBOBAHHE P, /5 KOTOPOFO 4BA NYTH JAIOT PasHbie
Hab1i0aemble. A ONACHIRAET BLIGPAHHOE BHYTPEHHEE COOTHOLICHHE, HO HE YCTPAHSCT PA3IHUHE BHIXOAOR. [)

Kypues Haas Sopucosi - Kansnirpas - 2026 m




image175.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

34.4. Matched-null kak rpynnosas paHaomusauus

Tycrs Koveunas rpynia G Aelicteyer wa ganisie Z 1 npi H, yciosHoe pacnipesenetiue Z Ha opGiute GZ
wisapuanTHo. [| 3apasiee BLiGparHoi cratueTuki T TORbIT PaHAOMMALMONHLI YpOBeHb 3ajaéTes Aoneii
npeoGpasosasuii ¢ T(gZ)=T(Z).

p.G(Z)=|{geG:T(gZ)=T(Z)}|/|G|

Teopema 34.4. Tlpu opGuramoii wpapuanTHocTH Py(p_GS@)Su ¢ OGhiumOii AcKpeTHoii
KoHcepBaTHBHOCTEIO. [ Cnyuaiiioii nogBLIGopKK B npeoGpasopanuii ucnonb3yetca p=(1+#)/(B+1).

Jlokasatenscrso. Tlpw H, HCXOAHOE NONOXKeHHe PABHONPABHO MONO)KeHMAM Ha opGue. Panr T(Z) cpean
OPOMTANLHBIX 3HAUCHMIi DABHOMEPEH C YUETOM CBA3CH; AONA BEPXHErO XBOCTA AQET TOUHBE WM
KoHcepBaTBHbIii TecT. TI0NpaBKa «1I0C O BKIOUAET UCXOAHOE HaGoexHe  Monte Carlo-panr. 1

34.5. He3aBUCMMBbIA MapLUPYT NPOBEPKN

Buyrpu gomena dukcupylorcs T_train, T_cal, T_test; sHemmss npoepka ucniomsayer T_ext u3
H3ABHCHMOTO HCTOUHHKA W/ NaG0paTOpHH. BLIGOD NPHIHAKOB BLINOMHACTCA Ha train, HOporM i corridor —
Ha cal, eMHCTBEHHAA OLCHKA 3AMOPOXCHHOI BEPCHH — Ha (est, NiepeHoc — Ha ext. TTocie PacKphITHs! test
1060e MIMeHEHHE CO3AAET HOBYIO BEPCHIO,

T_train L T_cal L T test; source(T_ext)#source(T_trainUT_calUT_test)

He3aBHCHMOCTL MCTOUHHKOB He 03HAUAeT CTATHCTHYECKYIO HE3ABUCHMOCTb aBTOMATHUECKH: OGLiaA
npuGOpHas KanMGpOBKa, OO pediepeHc W AyGIMOBAHHBIE OGHEKTHI AONKHBI GbiTb BLIABICHbI
provenance-ayuTom.

34.6. CGI v 3anpet KoMNeHcauum

CGI<1 smnsieTcs 0GA3ATebHBIM NIPOCKTHBIM BOPOTOM, HO He OLIEHKOH BepORTHOCTH HCTHHbL, Maniii CGI
He KOMIIGHCUPYET SUPPOFt-gap, HEWACHTU(ULMPYEMOCTS, Heamwimbiii null, yTeuky test WM oTCYTCTBHE
Text.

Teopema 345 (venopbimenwe crayca). EciM xoma Gl oMo  obssatenbHoe  yciosie
WieHTHOMLMPYeMOCTH, NOAepKKH, null-MHBAPHAHTHOCTH WM HE3aBUCHMOF NDOBEPKM HMeeT 3Haueime 0
wm L, truth_layer_promotion=0 Hesasmcumo ot CGI.

JIoKa3aTenLCTRO. ABTODH3ALIAS ONPECISETCS KOHBIOKLe BOpOT. 3Haverie 0 win L He JaéT eaukmilsl
KOHBIOHKLMI; OTA@ISHOE YHCIOB0R N0/IE He HIMeHST MOrHecKili pesynsrar. (1

PUAOCODCRO-heHOMCHOIORUNCCKTR GCTIARKG, TTePEHOCUMOCTIS — MO e CXODCTIG0 06PA308, G MPACD NPOGECII PEILMAM 4epe3 2panuyy.
Takoe Npago nosaRemE MONKO Mo20a, K020a NOKGIINO, UMO HQ dpye0il CMIOPONE e UCHEAIU GAPUNIIB, KOMIOPHME UCKOOG GHGOPKE
K020 he audena.

34.7. TRANSPORT-CERT-v196i7

TRANSPORT-CERT-V196i7: _identifiability=explicit; support=P_T <P_S-or-gap; risk-transfer=Radon-
Nikodym-weighted; observation-diagram=commutative; curvature=bounded; matched-null=group-invariant;
split=train/cal/test/ext; CGI<1=noncompensating-gate; failed-gate=truth_layer_promotion=0.
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[naBa 35. MporHo3Hble kKopugopsl, conformal calibration n

BO34€epXKaHne

TOHSITHOE OB bSICHEHUE
Cwbicn, TIpeACKazaTe bHblii METOA AOKeH COOBUTS He TOMBKO LCHTPATLHBI OTBT, HO M MHOXCCTRO
Gyaymx amavermii, CoBMeCTUMBIX c KanuGpOBKO.
Marewariueckoe sapo. Split conformal AT KoHEUHOBHIGOPOUHOE MAPIUHATEHOE TIOKDHITHE NpH
obMenHoCTH; TH.2 TpeGyer P— BeTneBbie KOPHAOPEL

Tpaua. TapanThs Paspywiaercs MM MPOM3BOMSHOM BPEMEHHOM Apeiie 1 He SBISETCA YCAOBHBIM
TIOKPHITHeM /UIH KaXJ0r0 0GbeKTa.

35.1. Split conformal corridor
Tycrs, ofyuensias Ha T_train Mogens dukcupoana. Ha Hesasucuwoii KanuGposounoii riGopke pasmepa
1 BHIUHCAIOTCA OLeHKH HecooTseTcTMs 5_i=s(X_L,Y_i). L yposns a nonoxum k=[(n+1)(1-a)] u q=s_(k),
e s_(k) — K- 1I0PA/AKOBaA CTATHCTHKA, a npi k> Gepércs

Clax)=(ys(xy)<a)

Teopema 35.1 (KoHeuHOBLIGOPOUHOE MOKPITHE). EC N KamMGPOBOUHBIX 11ap i HOBast 11apa OOMeHHEL,
SCOre W Mo BLIGPaHbI Ge3 HCTIONL30BaHHS KATHOPOBONHBIX OTBETOB NIOC/Ie UX pacKpsiTis, T0 P{Y_{n+1)
€C_a(X_{n+1})}z1-a.

JlokazatenscTso. PaHr HOBOTO Score cpein n+1 OGMHHEIX SCOTe PBHOMEDEH C KOWCEPBATHBHOI
o6paGorkoii caseii. BeiGop k rapanTupyer, uto BeposocTs para eise k He npesocxoaur a. (1

D10 MAprUHATLHAR TADAHTHA TIO COBMECTHOMY PACTIpEACTIEHMIO, A He obeimanme MoKpsiTws 1-al mpi
Kazom QukcHpoBamtom X. [Uis peaKkmx mogrpynn TpeGyerca Mondrian/group-conditional KanuGposka ¢
3apaHee 3IaHHEIMM TPYTINAMM 1 JOCTATOUHBIM PA3MEPOM.

35.2. BetseBble kKopuaopsl MH.2
Tycts B(X) — 3aperucTpupoBaHHoe MHOKECTBO AOMYCTHMBIX Berseii, a C_{ab}(x) — Kopuaop,
KanuGpoBanHii /s BeTsi b. BeTBEHHO-CACNON BHIXO) OPECIAETCA 0GB AMHEHHEM, A He NlepeceueHHeN

C{PN2}_a(x)=U_{beB(x)} C_{ab}(x)

Teopewa 35.2. Ecm uctinnas setsh b* npuapexit B(x) i eé KOpWop MOKpsisaer Y ¢ BEPOSTHOCTSIO
He Menee 1-a, TO 0GB MHEHI KOPWIOP TaKKe HMCET IOKPITHE He Metee 1-a.

Jloxasatenserso.  C_{ab*}(x)CCA{PN2}_a(x), n0ITOMY COGHITHE MOKPHITHA HCTHHHOM BeTBbIO
COMEPAXHTCA B COBLITH NOKPLITUA OBbeANHeRHeN. [

Kontpripisep 35.1. /[Ba HENepeceKaioILXCs TOUHIX BETBOBLIX KOPHAOPA HMEIOT NyCTOE NepeceueHie.
T103TOMY NPABI/IO NepeCeueHHs MOKET JaTh MYCTOH OTBET ABKe NPH CTONPOLEHTHOM MOKPLITUH KaKAOH
BETBH B CBOEM PeXMMe.

35.3. Kopuaop v ropusoHT

Kopuaop C_{th}(x) aeiicrayer Tomsko npu h<H_((x,r) u3 rnasei 28. Tlpn npuGkenuu k npegeny
JIONYCKATCS MOHOTOHHO® PACIUMPEHHE MHOKECTBA, BO3ACPKAHME W COKPALIeHHe [ODIOHTA; JaNpeILieHo
CKPBITO YMEHBLLIATE KODHAOP T10C/Ie 1IPOCMOTPA (haKTa.

Tpepnoxeime 35.3. Ecmn C_h mroxensi Monoronso no h i H'<H, 3amena ropusonra H na H' ne
YXyAtaeT noKpeITHe K ocrapuxcs h<H', HO yMeHblAeT 06AACTs JanBACHIS.

JloKazaTensCTR. [lA KaOTO COXPAHEHHOTO h Cam KODHAOP H €ro PACIpEACCHHE He MIMEHCHI;
VANIeHsI TONIBKO GoJlee AabHie yTBepikieHss
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35.4. CenekTuBHOE pelueHune
TMocne nocrpoens CA{PN2}_a cictea npumenser Bopora. ECIH MHOKECTBO nycto us-3a
HeKOPDEKTHOM MOJe/IM WM BCe KaHAWIATL! uMeloT gate#1, bhijaércs ABSTAIN. ECM MHOKeCTBO COfepKHT
HECKOJILKO AOKAZaTe/IbHO [ONYCTHMBIX KOMIIOHEHT, BLAAETCA Bech HAGOp C BeTBeBbIMH MeTKam. Singleton
PA3PELLEH TOMLKO IPH /A0KA3aHHOI YHHKATLHOCTH.
Out(x)=ABSTAIN, set-valued corridor WH singleton-with-uniqueness-certificate

CenekTHBHBI PHCK PAJACTACTCH HA HOTOKDBITHE, /IOXHYIO ABTOPHIALMIO W 1ieHY BO3epKaHUS. DT
KOMIIOHEHTHI OTUETHSI OTAC/LHO; CPEAHE. YHCIIO HE AOKHO CKPHIBATE PeAKHE NOKHBIE ABTOPHIALYAH.

35.5. fpeitd n noBTopHas kannbposka

Tpu crae t1askt 29 OGMCHHOCTL KaTHGPOBOUHO 1 By AyiLeii BLIGOPOK Gotbllie He MpeARIONaraeTCs.
Texyuwii corridor nonyuaer  status=drift-suspected, TrOpHIONT COKpamjaeTcs, a HOBas  KanHGpoBKa
BLIO/HACTCS Ha CICAYIOLLIEM 3APETHCTPHPOBAHHOM GOKE; CTapOe HOKPHITHE He NEPEHOCHTCA,

115 TI0C/I€A0BATe ILHOTO KOHTPOIIA MOKHO CONPOBOKYATS HETIOKPBITHSE €-TIPOLIECCOM, HO €0 Ba/HOCTE
TpeGyer otjensHoil Hynesoii mojenu. Koudopuuas maprumanbwas rapawtas  anytime-valid Tpesora
SBASIOTCS PA3HBIMH 0GBEKTAMH.

35.6. KannbposKa nocne MexA0MeHHOro nepeHoca

Jlaxe nnockwii CTpyKTypHbii aantep © He niepeHocuT apTomatiueckw conformal quantile. B enesom
Jovene TpeGyerca T_cal target /mGo AoKasawwas isewennas cxeva npu P_T<P_S. Tpu support-gap
€quHCTBeHHbIT CTPOTMi BhiX0A — ABSTAIN 40 MO/ ueHHS! Lie/leBLIX NIPHMEPOB.

unocodero-enonerorozueckan acmaoxa. Kopudop we okpyscaem Gydyujee cmenoii. On nokazuieaem wupuy omeemcmacunocmi
po2N030: e Goabue CKpMLX Gemaci u et GAuNCe npeden Reper, mex HECTee CmanoauMCs NoXCecmacnii omaem.

35.7. CORRIDOR-CERT-v196i7

CORRIDOR-CERT-v196i7:  method=split-conformal;  guarantee=marginal-under-exchangeability;
quantile=ceil(+1)(1-alpha)); PN2-combination=union; branch-set=registered; horizon=H_t; drift=status-
demotion; target-transfer=recalibrate-or-weight-with-support;  outputs={corridor, ABSTAIN,certified-
singleton}; conditional-coverage=not-claimed.
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1.3. CraHpapTHas o6osi0o4Ka, nepexonbl U CBASHOCTb

Onperenesme 1.1 (cTpatugumuposanas _oGonouxa). CTAHAAPTHOM peanMsamMeli HASHBAETCH
XayCHOP(GOBO NApaKOMIAKTHOE NPOCTPAHCTEO X C KOHOUHEM CeMeHCTROM 3aMKHYTHX HONMHOKECTE H
ancrex crpar X, =TTV, Hemycras X, semmetcs cessment rramcmd MHOr0gGpasHe  HCTON
pasmepocru k. B okpecTHOCTH XEX, M0nyCKa6TCH KoRNYeCKas ToKanbHaA MoRens U R XCIL,).

Tlokanssas pasmepHocTs samadtca dykmmes dimy :X—{-10,1,2,3}. GopmanHuii yposers —1 He
OGLABNAETCH HOBOI TEOMETPHUECKOi PASMEPHOCTHIO; OF KOIMPYET CIIOf COBMECTHMOCTH NIepexopos. Takas
0GOTONKA FBIAETCA CTAHIAPTHIM BHEIHWM HOCHTENIEM, HO He 3aMeHSeT ABTOPCKH MAKETHHi
opmanmam.

Onpenenesine 1.2 (ranapxrivieckie Kapts). [nst k=3,2,1,0 3a1aI0TCR SaCTHHHe IAKKHe 0TOGpAReHHS
L,:Dom(L)cT®~T*"D. Ha nepeceuennsx obnacteii Tpe6yerca COBMECTHMOCTS C BKIOUEHHAM CTPAT 1

yénonie Kommosmut L,_, Ly, Koriia 06e CTOPORH onpeRenexs.

L_yoly = Ly Ha Dom(L, _ oL)
Onperenesme 1.3 (Anefipon). CTpaTHOWIMPOBAHHAK 0GONONKA HASHBAETCH ANEHPOHIIECKH CBASHOM,

ecnu CymecTsyet rnoGanbHul notenuuan T:X—R, MOCTOAHKLI Ha KaxIofi CTpaTe H CTPOro yGHBaloHii
TpH ROMYCTHMOM Tepexoe K CTI00 MeHblieli Pa3MePHOCTH, a MOOHe ABe TOUKH COBMHAIOTCH KOHEWHOH

HeMS10 OMYCTHMAIX TepEXO0B, COTIACOBAHHO C HAMPABTCHHEM T.

YHKTOpHATBHOCT:, MOPOUIMH NAKETHOF KATeropuH MOHWMAIOTCH OTHOCHTENSHO OTHOM W TOM e
PUKCHDOBAHHOF 0GOTIOUKH: 0K KOMMYTHPYIOT C OTAHHEHHAMH Ha YHCTHE CTPATH, C FHIAPKTHHYECKHMH
KapTaMi 1 C COOTBETCTBYIOUMMH OTIepaTopaMit XofuKa. Tem CamkM NOCTIEAVIOIie KOHCTPYKLIH He BBOTAT
HesBHO HOBHII 6a30BHi HOCHTEITS.

JlokasaTenbas rpaH: cyleCTROBAHHE 0GONONKH 1 KAPT FBTAETCS AKCHOMATHYECKHM TG0 MORTHSM
BXOROM. DHHECKOE HCTOTKOBAHHE Bpemeni@TIpOCTPAHCTEA i3 OTHO TOMOMOTHYECKO peaTH3aIMH He
cneayer.
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[naBa 36. BbluncmTenbHblin KOHTPaKT KLT-RBD 1 UTOroBbII
ayant v196i14

TOHSITHOE OB bSICHEHUE
Cwic1. Bee HOBbIE TEOEMBI NEPEBOJSTCA B [10C/IEA0BATE/IBHOCTS NPOBEPACMBIX OrepaLyii Ga3si AQHHEIX 1
nporpavi.

Marewariueckoe sgpo. Jlecats craguii Atas v2.1 NOAYUQIOT BXOAb, BHIXOAM, MHBAPHAHTEL W YCIOBHS
ocTanoKi.

T'panita. VICO/HAEMOCTS KOHTPAKTa He 03HAUAET, UTO NPEAMeTHBI GanTep YAe NpOLIEN HEIABHCHMYIO
npoepky.

36.1. lecatTMcTaAniiHbIi KOHBENep

P . Obmsarensubtii =
raun o < mwon | noKuposia
5 1apuc raw - source_hash, arse error
ca@c event_state_limit Lhash, (ype P
2 packet ’
LimitGate LimOK/OntOK & limiss, /Dot Dumet
3 didat i h
e query — candidates source-anchor orphan source
4 candidates ~ A+
LambdaClosur - registered formula KMA-only match
" status
5 .
’ status — corridor PN.2 branches hidden branch
ForecastBuild
g fact — pair canonical_id/time identity conflict
FactAttach el = .
7
MismatchDete | pair ~ causal gap frozen tolerance test leakage
ct
8
NearestRebuil gap ~ Ne queue locality global rewrite
d
9 queve - new . .
AT . old immutable in-place edit
10 " "
Shapstd revision — package privacy/status/hash MIXED not passed

Tabaua  sBIseTcA  CTpOrOii  pexonctpykuyeii predictive_protocol v2_0.csv. Tpexurii  Bxon
«JSON/CSV snapshot» pacCMaTpHBACTCA Kak BHYTPEHHHI] MALIMHHI ApTedaKT; B I10/130BATeILCKOM BhiAaUe
‘Towa I coxpasores Toneko DOCX/PDF.
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36.2. CocTosiHWE NpoBepeHHbIX 6a3

Read-only aysur Atlas v2.1 nogreepgwn: sources=236, works=1145, repers=2212, reper_edges=2478,
interdisciplinary_domains=14,  limit_layers=5, ~operator_derivatives=8, predictive_protocol
PRAGMA integrity_check neprys ok, foreign_key_check — 0 uapywennii.

Read-only aymur real-data-import V10  nmogreepmwr  import_artifacts=d5, site_page
lambda_audit_items=42  (supported=38,  gap=4),  public_private_splits=5,  privacy classes=4;
integrity_check=ok, FK=0. Cuéruik 46/45 ocTaéTcs A0kymenTiporansim blocker yposus oruéra.

36.3. MUHUManbHbII TeCTOBbIN Habop aganTepa

T-AD1 Schema: oGssatensibie nons u Tunsi. T-AD2 D/Dom: Kaxgast 3anuck D npusagiexut Dom seex
BhBaHHLIX  onepatopos. T-AD3  Round-trip:  canonicalize(canonicalize(x))=canonicalize(x). ~T-AD4
Provenance: no/mbiii nyTs raw — certificate. T-AD5 Null: unsapuantrocts matched npeoGpasosasuii.

T-AD6 Corridor: npoBepKa KOHeNHOBHIGOPOUHOI (HOPMY/ILI Ha CHHTETHYECKO 0GMeHHOI BbiGOpKe. T-
AD7 SUppOIt: LieeBbie COCTORHMS BHe MCXOAHOI NOACpXKH Bhisbisaior ABSTAIN. T-ADS Rebuild:
wamensiercs TomsKo N_K(Supp(f). T-AD9 Privacy: MIXED/PRIVATE we ny6aukyiores Ges passed. T-AD10
Replay: copriajiere BXOI0B 1 Cpe/isi BOCHPOM3BOHT CepTHQHKAT.

36.4. TeopeMa yCNOBHOM CKBO3HOW KOPPEKTHOCTU

Teopema 36.1. TlycT Kaxgas cragus 1-10 THIOBO KOPpEKTHA, COXpaHSET Source/provenance, BhinoHseT
CBOM BODOTA, 2 NIEPEXOA K ClIeAIOleii CTaAuM Paspellié ToNbKo Npu status=pass. Tora omyGIHKoBaHHI
snapshot. Mveer paspeutuMbiii NyTh K MCXOAHbIM /aHHIM, Npowen sassnennbie limits, PN.2, null, CGI n
privacy gates i He M3MEHACT HCTODHUECKHE BepCHi.

Jlokasarenscrso. MHAyKums 1o Craguam. Basa: crags 1 Coyjaét Tunusnposasibiii oGbek ¢ source_hash.
MiayKumoHHBIH Wwar: pass NMPEAIAYLICH CTajMH M COXpAHEHHE WHBAPHAHTOB AAIOT KOPPEKTHbIH BXOJ
cneayioueii; blocker octanasmsaer uers. Ha crazun 10 Bce repeuc/IeHHble MHBAPHAHTH BXOAAT B COCTAB
ceprudmxara,

Orosopka. Teopema SBISETCH NPOFpaMMHOH Soundness-TeopeMoil OTHOCHTENsHO KOPPEKTHOCTH
OTACTLHLIX CTaguii, OMa He AOKasbiBaet moamoty ReperSearch, mpaswibHOCTs npeamerHoii Obs win
MCTHHHOCTS BHELIHEro MiHpa.

36.5. ®anbcudmkaums U nepecTpoitka

Chmok Atlas pasnuaer confirmed, local_mismatch, limit_shift, semantic_fog, dark_rejected u critical. B
V196i7 dark_rejected o3uauaer ToneKo Hapywenwe 3apeructpuposansoro LIM_ONTOLOGY, a me
JIOKaSATENLCTBO MeTaMIMeCKoli  HeBoIMOKHOCTH, Semantic_fog coysaér candidate Reper Ges truth
promotion.

Ecm CGI_compzl wm CGIpredzl, nporHo3 nomewaerca B quarantine W fepecTpausaerca
no/epKHBaoas ek, ECAH (KT PacXoAHTCA W HeHaMeHHOM cemelicrae limit, npuvensieTca JoKabHas
Rebuild(Ne); npu limit_shift co3aéTcst HOBast BepCHS H CTapast CTAHOBHTCA HCTOPHUECKO

36.6. Hensmensiemas kaptouka AptedakTa-1

RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 -~ FORMAL-CARD-RUN009-006 -
SIGNATURE-REVIEW-RUN013-001; 1=-0.992736565468; 65_truth=0.007263434532;
CGI=0.140948882338; truth_layer_promotior status=signature-ready-not-truth-layer; ~next=certificate-
lock/publication-gate review.

Hit conformal corridor, uit read-only uenoctHocts SQLite, 1 Maniii CGI e amensior 31y Kaprouxy Gea
otaenLHOl Hesamcumoii noaen 1 publication-gate.

36.7. ICTOYHWUKM MaTeMaTU4YecKoro yrnybnesus
TMpoekthbte  Mctounmku:  toml_v196i6; KLT-RBD Interdisciplinary ~Reper ~ Atlas  v2.1;
Kit_rbd_schema_extension_real_data_import_v1.0_fixed; ‘monograph5_0_ru;
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PILOTO1_PREPRINT_RU_FINAL; main_SIGMA_freeze;
desargues_kurpishev_theorem_ru_source; FOS_JOURNAL_SPLIT; KLT6 root/newart.

monographiaNAPG;

Brewnne onopei: Vovk V., Gammerman A., Shafer G. Algorithmic Learning in a Random World, 2005;
Lei J, G'Sell M., Rinaldo A., Tibshirani R., Wasserman L. Distribution-Free Predictive Inference for
Regression, JASA, 2018; Pearl J., Bareinboim E. External Validity: From Do-Calculus to Transportability
Across Populations, Statistical Science, 2014; Sugiyama M. et al. Covariate Shift Adaptation by Importance

Weighting, IMLR, 2007; Ville J., 1939; Cesa-Bianchi N., Lugosi G., 2006.

36.8. Utorosbli peectp craTtycos v196i7

Obexr Craryc Jlokasano/nposepeno Orkpiro
Domeln defined + typed KOHTDAKT H KOMIIOILHS FRIMETHLE
adapter peanmuzauym
sl read-only verified | 2381145/221272478, akryansaups
integrity ok Kopnyca
—— verified with 45 ——" cornacosane
calimpo blocker uniquerimported, FEZ0 1 count=a6

Identifiability

theorem schema

10 exact recovery under
equivalence

MO/Ie/ I KOHKDETHBIX
AomeHoB.

conditional visk identity under arget
Transport .
theorem P_T<PS support/weights
Conformal proved under marginal finite-sample driftconditional
corridor exchangeability coverage coverage
) signature-ready-not-ruth- centificate-lock
Artifact-1 frozen ® 5 ;
layer review

Cuennemc oGR3aHOCMLIO 6030epICMICS,

36.9. DOMAIN-VALID-CERT-v196i7

DOMAIN-VALID-CERT-v196i7:
adapter=typed-partial;
import_audit={raw:46,unique:4s5,d!
ABSTAIN;  matched-null=invariar
KMA=metadata-only;

sufficient;
gates-pass.

source=tom1_v196i6;
identity={path,byte,semantic};
5,counter-blocker:

36.10. 3aBeplueHue pefakummn v196i7

preserved_text=yes;

chapters=32-36;
atlas_counts={236,1145,2212,2478};
; identifiability=required; transport=P_T <P_S-or-
conformal=marginal-under-exchangeability;
independent_validation=mandatory;

CGI<1=necessary-not-
truth_layer_promotion=0-unless-all-

Pegakus v196i7 coepunser matematiueckoe aapo ITH.2 ¢ peanhoii crpykrypoii RBD/RPD. Briepasic &
npegenax Tova | A0MeHHbi IEPEHOC TIOAYUACT YCIORHS HACHTHGMLHDYEMOCTH 1 TIOMEPAKH, NIPOTHOHbIL
KOPHAOP — KOHEWHOBKIGOPOUHYIO FAPAHTHIO, & UMIIOPT [AGHHbIX — sBHOC (DAKTOPHIOBAHHOE NPABIO
eHTHuHOCTH, CAleAYIoUii Tan A0/KeH PeaI30BATS 0K AAanTep end-to-end Ha HEIABHCHMOM KopIIyCe i
ONYGAUKOBATE OTPHLATE ILHBIE Pe3YISTATH! HAPABHE € NIOIOKHTELHBIMH.
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YacTe IX. CKBO3HaA npeackasaTesibHas NpoBepka
YacTs AOBOAUT KOHTPAKT rae 32-36 10 CKBO3HOM JIOTHKM HCIIOTHEHHS.

Yacts IX 40BOAHT KOHTpaKT rnan 32-36 40 CKBO3MOI MOTMKM WCnOMHeHws. EE npeamer — He HOBas
JeKIAPaLMs MCTUHHOCTH, @ JOKA3yeMOE MOBeACHHE CHCTEMbl MPH OLIMOKe, CABMTC pacnpeenieHis,
1I0C/ICA0BATe ILHOM NIPOCMOTPE 1 KOHKYEHLMH HECKOMIbKHX BeTaeli ITH.2.

InaBa 37. Ckeo3Hoi blocker-safe agantep n
BOCMPOM3BOAMMOCTb

MOHATHOE OB bACHEHME

Cwbicn. OumBka paiteif CTafii He AO/KHA NPEBPALIATECA B NPaBAONOKOGHHI MPOrHO3 Ha Mo3cii
cragn

Marewmariueckoe sapo. Kaxasiii oniepatop Bosspaiiaer o koppekTioe 3uauene, nGo Block; Block
norAowjaeTes Beeit anbHeiiueit KOMMO3 M

Tpamnia. Bes HEBMCHMBIX JQHHBIX AQKC WICQTBHO BOCTPOM3BOAMMBI 3ayck  oCTaétc
BLIHCIHTC/ILHBIM, A H SMITHDHNCCKIM CBIICTETHCTROM.

37.1. CyMMapHblii TUN pe3yabTata

Tycrs Result(X)=OK(X)UBlock(B), rae B — Tunusuposanssiit HaGop npuans octanosku. Knace Block
BKimouaer parse-error, schema-gap, orphan-source, unit-conflict, support-gap, leakage, invalid-null, privacy-
stop u nonreproducible-state.

Result(X)=0k(X) U Block(B)

s uactuunoro oneparopa f:X—Y seeaém noasue £*:Result(X) - Result(Y). Ha OK(x) oo pbtuncaser
£(x), ecnu x npunagnexut Dom(f), u cosaaér Block 5 npotusHoM ciyuae; Ha Block 0HO COXpaHSET HCXOAHYIO
npuunHy.

£*(Ok(x))=Ok(f(x)) wmt Block; *(Block(h))=Block(b)

Onpepenenye 37.1. Komnosuuus blocker-safe, ecm nu oana cragus e nopmenser Block snauenem no
YMOJIUAHMIO, TIYCTO CTPOKOH, Hy/IEM, CPEAHHM W IPEKHUM NPOTHOIOM.

Teopema 37.1 (nornoujensie Block). [l blocker-safe onepatopos f,*,...,fm", ecnu nocie craguu j
pesystar papen Block(b), To pesyabTar Beeii Kommosuiu Takke pasen Block(b) ¢ foGasientem To/bko
TPACCH MPOXOXKCHHS.

Jlokasatenscrso. Tlo OnpejeneHio NOAHSTHA Kakgas crefyiouas cragus Aeiicrayer wa Block
TOKECTBOHHO. VIHAYKUMS 110 WHCTY OCTABUIMXCA CTajwii coxpansiet b, Tpacca SBISETCA METajaHHBIMH H He
Mensiet Tun pesynbrata, O

Crepcrsve 37.1. 3amuch  Status=pass HEBO3MOXHA, ecnW B NpejulecTsyloweli Tpacce ecTh
wenpeoonéunsit Block. 3uauenus 2, §_truth u CGI He oTMeHAIOT 570 npasiio.

37.2. lecaTb CTafinit CKBO3HOTO MapLUpyTa

Ne Onepaus Tiponepsiembii Bux0x Block
1 Input C@C un, source_hash parse/schema
2 LimitGate nss Bopor, D/Dom limit 0w L
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Ne Onepauus Tiposepsiembii BLIX0X Block
3 ReperSearch source-anchored candidates orphan source

4 LambdaClosure 3apernCTpHpoBatHas hopmyna KMA-only

5 ForecastBuild sersenoit corridor hidden branch

6 FactAttach canonical_id n Bpems identity conflict
7 MismatchDetect 3amopoentias loss test leakage

8 NearestRebuild J10Ka7bHast ouepeAs global rewrite

9 RevisionChain HOBAS! HEHIMEHAICMas BEpCHS in-place edit

10 Snapshot hash/status/privacy unpassed privacy

Kaaas CTPOKa TaOAHLEI J43ET He TOALKO TIPOTPAMMY, HO 1 JOKAXTE/IbHYIO 00A3aHHOCTS, JlanHbie D
ABASHOTCS KOHRUHBIM BXOAOM 3antycka; DOm KaXAOTO ONIepaTOpa NPOBEPAETCS OTACTLHO.

37.3. KaHOHM3aums 1 Kpyrosas npoBepka

KaHOHM3aTOp ¢ f0MKeH GbiTh WieMnoTeHTHuIM: C(C(X))=C(x). JUis OGPATHMBIX TO/Ieii AOTIONHUTENILHO
Tpebyercs decode(encode(X))=X Ha 3aperMCTPUPOBAHHON OGNACTH; A1 HEOGPATHMBIX HOPMANH3ALMIE
XPAHHTCH HCXOAHOE 3HAYEHHE W IPHUHHA TIOTepH.

c(e(x))=c(x);  decode(encode(x))=x Ha Dom(round-trip)

Tpeaiokenme 37.2. ACMIOTEHTHOCTS MPEAOTBPAACT Apeliy WACHTUGUKATOPOB NIpH MOBTOPHOM
MMIIOpTe, HO He AOKA3bIBACT COMAHTHUECKOR PABEHCTRO ABYX HCTONHHKOB,
JlokasatenscTeo, TIOBTODHaS KAHOHWIALMA HE MeHST yKe BHGAHHOTO NpeAcTapHTens. OAHAKO

CeMaHTINECKEA SKBMBANCHTHOCTS TPEGYET NIPEAMETHOPO OTHOLICHI, KOTOPOE He BXOAHT B PABEHCTRO CTPOK.
a

37.4. AyauT peanbHoro uMnopra

Jina nakera real-data-import sadmKkcuposanbt uetsipe cubruika: N(raw)=46, N(byte)=45, N(db)
N(dup)=1. Onm coBvecTumsl, ecnu ofHa u3 46 cpbix 3anucei snseTca Gaitropbim AyGriem 1 He Co3gaiT
BTOPYIO CTPOKY Gasbi.

N(raw)=46; N(byte)=45; N(db)=45; N(dup)=1
CuBTuMK He WCNPABISCTCH 3AJHAM WMCIOM B nomesy Gonee yAoHoro uicna. B ceprudpmkare
OAHOBPEMEHHO XPAHSTCH HCXOAHOE KOTMUECTRO, KAACCHI GAITORO/i SKBHBAICHTHOCTH, YHCIO CTPOK MOCAE

JACAYIUIMKaLUAH W TaBHO BLIGOpA NpeACTaBHTe .

37.5. Macnopt BOCNPOU3BOAMMOCTM

TMacropr  3anycka  cogepxut  data_hash, schema_hash, adapter_hash, ~config_hash, code_hash,
environment_hash, seed, locale, timezone, library_versions u canonicalization_version. Otcyrcraue
oGssatensioro noss seasiercs Block.

RunID=H(data,schema,adapter config,code.environment. seed)

Teopewa 37.3 (ycomsas nosTopsemocts). ECM BXOAMbie GalThi, BCC XELIHDYEMBIC KOMIOHCHTI,
ACTEPMUHHPOBAHHEI ONIEALIH  TIOPSAOK BAINHCICHHI] COBNAARIOT, TO KAHOHHUECKMIT CopHANHIOBAHHbIE
cepruukar cosnazaer.
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Jlokazatenscteo. Kamaasn CTagus sRISeTCA  ACTEDMAHMPOBaHHON (yHKUMell cROCro BXO i
3aMOpOeHHOI KoH(HTypaLk. TI0Ce4OBATe LA TIOACTAHOBKA PABHBIX APryMEHTOR AQET PABHbIE BIXOAE
KAHOHHUECKAs CePHA3ALIMA YCTPaHSeT OT/IHuMe NopsiKa noseit. [

Oroopka. PaBeHCTEO CepTHOMKATOB He AOKAJWIBACT MCTHHHOCTH MOACTHI OHO JOKAJSIBAET TOMBKO
BOCIPOHIBOMMOCTS AQHHONO BEINHCAHTE/IBHOTO MAPLIPYTa.

37.6. MMHUManbHble TECTbI CKBO3HOTO agantepa

T-E2E-1 nposepsier schema; T-E2E-2 — DCDom; T-E2E-3 — wjemnotenthocts; T-E2E-4 —
provenance; T-E2E-5 — eaumnupt; T-E2E-6 — matched-null; T-E2E-7 — support-gap; T-E2E-8 —
OKabHyIo nepectpoiiKy; T-E2E-9 — npusathocts; T-E2E-10 — replay.

Tecr replay AOWKeH CpaBHWBATH He TONLKO WTOTOBOC WHCIO, HO M CTATyC, BeteM, blocker,
TIPOMEIKYTOUHIE XELIH 1 TPaHHLIsI IPOTHOCTHUECKOTO MHOKECTBA.

unocodero-enionero02ECKaA GcmagKa. OUIEKa CMaOGUMCA NaysM 06texmON, K020a cucmexia ne npuem eé nod wucion. Block
He OMICyMCGLC HaHUS, G 1MONHAA hOPMa SHAKUS O MecTe, 20¢ POJOINCEHUE KA He paspeieno.

37.7. E2E-ADAPTER-CERT-v196i8

E2E-ADAPTER-CERT-v196i8: Result=Ok-or-Block; Block=absorbing; stages=10; D/Dom=distinct;
canonicalization=idempotent;  round-trip=domain-bounded;  import={raw:46,byte:45,db:45,duplicate:1};
provenance=complete; replay=hash-locked; empirical-truth=not-inferred.
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'naBa 38. B3gelueHHas KaAMGPOBKa NpW KOBapUATHOM CaBUre

MOHATHOE OBbACHEHUE

Cwbicn. KannGpoBounas BbIGOpKa MOKeT BHACTH OZHH COCTOSHUS uaile, em GyAyujii 4Ovew; Torja
OGbIHi PAHI NIePeCTaET GhiTh CHMMETDHUHBIN,

Maremaruueckoe spo. TIpH KOBAPHATHOM CABMTE HCTOMB3IOTCA BECA OTHOLIGHMS IVIOTHOCTeH M
CrleLMaIbHast MACCA TECTOBOT TOUKH.

T'panuna. Hewssectabie, Heycroiiunpsie win Geckoneunie eca cosgaior Block, a He npaso Ha neperoc.

38.1. Moaenb KoBap1aTHOro cABura
TIyCTs, HCXOAHOR W Lie/IeBoe pacTIpeAeneHis PA3MIZIOTCH 110 X, HO COXPAHSIOT YCIOBHbITi 3aKOH OTBETa:
PL(Y|X)=P(Y|X). ononsurensho tpeGyerca Py(X) <Ps(X).
Py(Y[X)=Py(Y[X); w(x)=dPq
D10 NpegNONOKeHHe He ClEAYeT W3 TOXOKECTH rUCTOrpaMM. OHO  ABIAETCH  UACThiO
33DErHCTPUPOBAHHOTO MOCTA TIEPEHOCA H JO/UKHO GbITh TIPEAMETHO 0GOCHOBAHO.

X)/dPy(X)

Ecmt cymecrsyer A ¢ P(A)>0 i P(A)=0, pec Ha A 1e onpesenén. CHCTeMa BOIBPAILAET SUPPOI-gap
HE3QBHCHMO OT UHCIA WCXOAHBIX HAGMIOACHHTE BHe A.

38.2. B3BeLUEHHOE MPOrHO3HOEe MHOXECTBO

JVis KAMMGPOBOUHBIX SCOTE  Sy,..Sn M TeCTOBOr0 X  monosum  w(i)=w(X()), W(tes)=w(x).
HopMHpOBaHHEIE MAcChi KaInGpoBOuHbIX ToueK pasHsl p(i)=w(i)/(w(tes)*Ew(j)), a Tecrosas macca
pltest)=w(test)/(w(tes) £ w(j)).

pli)=w(i)/(w(test)+Ew(j)); p(test)=w(test)/(w(test)+Ew(j))

Kangmaar y BIIOUAETCA, CCAM €O SCOTe He NPEBOCKOAMT BIBOWCHHBI KBAHTWIL pacHpeAe/enis,

KoTopoe Knaar macey p(i) B s(i) 1 Macey p(test) B+,
Ca()={ys(x.y)£Q1-o(Sip(i)-(s(i))+p(test)-d(+00)) }
Teopema 38.1 (ycioBHas B3petuenHas rapanis). TIp KOPPEKTHOM OTHOLLICHHM ILIOTHOCTEH, COXpaHeHUH

P(Y|X), HesapHCHMOIi KanHGpOBKe H 3aPErMCTPHDOBAHHOM SCOTe BIpewieHHas conformal-KOHCTpYKLUS
OBeCreuHBaCT LEeBOE MAPIHHATISHOE TIOKDBITHE He Hitke 1-

pes fokasatenscrea. TI0Ce BIBELIMBAHIS BEPOSTHOCTH KAKAOH MOIMLAN B OBbeAMHEHHOM HaGope
NIPONOpLHOHANLHA e LEneBO 110THOCTH, BIeLeHHbii PAHT HOBOTO SCOTe HMEET BEpXHEXBOCTOBYIO MACCY
He GO/IbLLe (; ATOM +%0 COXPAHAET KOHEUHOBLIGOPOUHYIO KOHCEBATHBHOCTS, )

38.3. Yto rapaHTUs He yTBEpXKAaeT

TIOKpLITHE OCTAETCA MADIHHAZILHBIM 110 LENeBOMY pacipejerieHiio. OHO He SBISCTCA YCIOBHbIM
TOKDHITHEM /{1 KJKAOTO X, He Jj0Ka3bIBACT NPHUMHHYIO MEPEHOCHMOCTS H He a3peLiaeT CveHy Score nocie
TOCMOTPA L{e/IeBbIX OTBETOB.

OueH@Hible BeCa BHOCST AOTIOMHUTENLHYIO HeONpEAe/EHHOCTs. ECIH 04HA H Ta e Le/ieast BuiGOpKa
HCrONb30BaHA AT TIOAGOpA BeCOB H A OLHKW MOKphiTHs, Tpebyerca sample splitting wau otjensias
‘Teopema.

38.4. 9pdeKTUBHbII pa3Mep U HECTaBUIBHOCTL BECOB
Neff)=(Swi)?/Swi?

N(eff) ABAAOTCA AMATHOCTHKOT KOHLEHTPALUH BECA, @ HE TOUHBIM UNCIOM HEIABHCHMBIX HAGMOACHHTL.
Maoe N(eff) yKashlBaer, \To HECKOMSKO TOUEK YNIPABNAIOT KBAHTHICM H UTO Pe3y/IsTaT UYRCTBUTECH K
OwMGKe oTHOUeHHS IOTHOCTEH.
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Topor N(eff,min) (ukcupyercs Ao mpocwotpa uenesoro pesynstara. Ero apylemme co3faér
status=weight-instability 1 3anpeuaer truth promotion.

38.5. Po6aCTHOCTb MO MHOXECTBY BECOB

EC/M TOUHBI W HEM3BECTEH, 3a1aéTCA 3apErHCTPHPOBAHHOE MHOXKECTBO W PaB/iONo/0BHbIX BecoBbIX
dpywKupii. PoGacTbiii corridor CTPOHTCS 0GbeMHeHIeM KOPHAOPOB 110 Bre W EW.
U{Calw.x):weW}

Tpegoxerme 38.2. Ecnu MCTUHHbii Bec mpuHayiexut W W COOTBETCTBYIOLMI KOPHIOP WMeeT
HOKPLITHE 1-(, OGbE/HHEHMe COXPAACT HE MeHbLIIee IOKPLITHE.

Ca(rob,x;

JlokazatencTao. KOpHaop MCTHHHOTO Beca SIBAETCH MOAMHOKECTBOM o0beAuHenis. CoGkve ero
HOKPBITHS BICUET TIOKPhITHE 0GbeAHeHHeM. O

Lewa poGactrocTi — wiphia. ECnin W HACTONEKO BIMKO, 4TO 0GbeAMHeHHE CTaHOBMTC NpAKTHIECKH
HeuHpOpMaTHBHEIM, CTPOH BEIX0% — ABSTAIN, a He npom3sonsHoe cyenie W ioce pesyTara

38.6. PeructpauoHHas kapToyka nepeHoca

Kaprouka xpanut source_population, target_population, inclusion rules, support audit, weight model,
weight-training split, clipping rule, W, N(eff,min), a, score, horizon u publication rule.

OGpesaie BeCOB H3MEHSeT LeeBylo Mepy H TIOTOMY He CUMTAeTCH GesBpefHOll uMC/eHHOM
crabunmsauueit. Topor clipping 1 aHaM3 CMeLLeHHs (UKCHPYIOTCA 3apanee.

Dunocodero-enoNeHOI0RNCCKTA Gcaska. Bec He nepeOCum saieuue Cav o cefie; Ou AU NPUINGEM, Wm0 OO YRUDeHHLC COCMORIU
Oonxcibt 2060pum 2postue dpyaux. Ta, 23¢ yeaeaoi Mup ROKaIaaC Heaudunoe UCxodHoMY, Gec OB3aN Jauomams.

38.7. TRANSFER-CAL-CERT-v196i8

TRANSFER-CAL-CERT-v196i8:  shift=covariate-only; ~support=P,=P,; ~conditional-law=invariant;
weights=registered; test-atom=plus-infinity;  coverage=target-marginal-conditional-on-assumptions;
=diagnostic; unknown-weight=robust-union-or-ABSTAIN; causal-transfer=not-claimed.
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[naBa 39. E-npouiecchl, HepaBeHCTBO Buans n HeobszaTenbHas
OCTaHOBKa

MOHATHOE OBbACHEHUE

Cwbicr. ECTH MCCICAOBATENE CMOTDHT HA D3YISTAT NOCIe K&KAOTO HAGMOACHMS, OGhuHbiii
(ukcupoBanmii p-value TepseT 3aABCHHbE YpOBeHS.

Maremariueckoe 34po. HeoTpuuaTenbsiii CYNepMApTHHIA AONYCKAET KOHTPOL MAKCHMYMA BO
Bpevent 10 HepapencTey B,

panmna. Jlofas cTapka AOMAHA GhITh NpeACKA3VeMOIi O NPOWIOMY M BATHAHON HMEHHO s
saperucTpuposaioro null.

39.1. dunbTpaums 1 NnpeacKasyemMocTb

Tycrs F(t) — wngopmauws, AocTynsas nocne wara t. Mpouece E(t) nassisaercs e-npotieccom s Hy,
e E(0)=1, E)20 u am Kaxporo PEH, cymectsyer HeotpHuatensibiii P-cyniepmapmamran,
AoMuHHpyIouyit E. B NPOCTOii KOHCTPYKLIA AOCTATOUHO HENOCPEACTEEHHO MMeETh CYTIepMAPTHHIAL.

E(0)=1; E(t)20; E[E(t)|F(t-1))

Tapaverp crapkn A1) puiGupaetes mo F(t-1). Mcnomwsosanme Tekywero uexopa npw ssiGope A()
Hapywiaet npeAcKasyemocts i coaér invalid-sequential-null.

39.2. HepaseHcteo Bunns
Teopewa 39.1. [l HeotpuiatensHoro cynepmaprisrana E(t) ¢ E(0)<1 n moGoro a€(0,1) umonssercs
Py{sup o t senmunmb E()1/a}<c.

Pofsup{E(t):t

Jo)ga

Jloxasatensctso. Tlycts T — neppsiii MomenT nepeceuenms 1/a, yceudnmsiii 1a T. Tlo teopeme 06
ocTanoBKe /1 HeoTpHIATe IbHOTO cynepmapTukrana E[E(tAT)J<1. Ha cobhian T<T 3nauenme 1e Menbuie
1/0,, noaTomy P(<T)<c. Hepexon T — oo gaé yraepxiene. (1

Crepcrame 39.1. Ocranoska npu nepaom E()z1/ec coxpanser yposess a. Paspeilienme ocranoBki He
O3mavaet paspeusexist Mersirh null, 10SS WA IOTOK JQHHbIX.

39.3. MprMep OrpaHU4EHHOrO BbIUrpbILLA

Tyers X(O€[-1,11w npu H, E[X(U]F(t-1)1<0. [l npeackasyemoii A)E[0,1] nonoximv e(t)=1+A0X(0) 1
E()=Te(s).

e(t)=14+N\t)X(t); E(t)=Ils" e(s)

Tockonsky e()20 W yciopHoe cpepsee e(t) He NPEBOCXOAMT 1, MpOMIBeAeHHE SBICTCH
HOOTPHLATE/ILHEIM CYIIEPMAPTHHIATIOM

X(1) AomKen GuiTh OnNpeAendi A0 PACKPLITHS TeKIero OTBETa KaK PasHOCTh 3aperHCTPHPOBAHHEIX
noteps Metoga i matched-null, TIocTaKTym BLIGPAHHAs METPHKA He BXOAHT B Ty TapaHTHIO.

39.4. Cmech CTaBoK

UroGht He BLIGHPATE @AMHCTEGHHYIO CTABKY N0 GyAYLIEMY, MOXHO 3apanee 3aath cemelicrao E(k,t) 1
neorpunarensiie peca (k) ¢ cymmofi 1.

E(mix,t)=Sin(k)E(k,t);  Sin(k)=1

Tpepnoxeie 39.2. CMeCh e-IPOLECCOB SBIAETCS e-NPOLECCOM.

JlokazatenscTao. HeoTpIATe b A BIYKIas KOMGHHALIS COXPAHSCT HAYATLHOE CPeAHee He Bhie 1 i
YCI0BHOE CyYNIePMApTHHIA/IHOE HepaBeHCTBO, [
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39.5. BepcOHWUPOBaHMe Nocne NepecTpomKu

JloKansias nepectpoiika MojenU MeHseT pacrpeesieHie MOCTEAYIOUMX BLMrpbuueii. TIpogomKerme
JONYCTUMO TO/ILKO €C/M NIPABHII0 TIEPECTPOFKM i 0GHOBNGHHAA CTaBKa Ghi/M uacTio null-KOHTpaKTa; HHaue
TeKyLUMi e-NPOLIECC 3aKPLIBACTC.

Hosas sepcus v Haunmaer E(v,0)=1 u nonyuaer coGctsennbiii Gogxer a(v). Crapuiii Makcumywm He
TIePeHOCHTCH B HOBYIO BEPCHIO KaK CTapTOBBI KanuTar.

TIpH HeCKONLKHX BepCHAX ODWMIi YpOBeHS KOHTPONHDYTCH 3apanee 3laHHBIM PACHDEAC/eHHEM
Gloppkera, Hanpuvep L.a(v)<a(total). Ajanmishoe Bhienene GlogKera nocie pesynbtatos TpeSyer
orensHoii anytime-valid cxemsi.

39.6. E-value, p-value u truth-layer

Bennunna 1/max{E(s):s<t}, yceuéunas ceepxy eaunmueii, spaserca anytime-valid p-npoteccom B
OIHCAHHOM CMbiCTie. TO CTATHCTHUECKOE CBIACTENILCTBO MPOTHE H,, HO He BEPOATHOCTH MCTHHHOCTH
aBTopCKoii TeopHi.

Jlaxe nepeceuenyie 1iopora He 3avensier npoBepKy provenance, D/Dom, support, CGI<1, Hesasucumocti
BHeuHero Kopryca  publication-gate.

Puiocoreno-dhenonenoToaEcKas 6cTasKa. HeoBaMeNHas OCTIaOBKA TPOGCPSE He mepnentic Ucciedosamers, a bopy €20 0Xcudanis.
Cmpozocmn GosmuKaem, K020a a0 4321900 60 GpeMEN JANUCTINO PaKLIE pe3yAMATG.

39.7. SEQ-E-CERT-v196i8
SEQ-E-CERT-v196i8: filtration=explicit; E0=1; nonnegative=yes; supermartingale-under-null=yes;

stake=predictable; boundary=1/alpha; optional-stopping=Ville-valid; rebuild=new-version-unless-predeclared;
version-budget=sum-alpha; truth-probability=not-claimed.
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1.4. MakeTHbIA NOTOK U cynepaTop Xopxa-Kypnuiwesa

Tycts [, — onepatop Xomka Ha k-M SHCTOM C7oe, a L, MONYCKAET TIAfKHMe TOKATHHEE CESEHUR.
Cynepatop’ H 3amaéTcs cornacosamHOf KoMmosumuedi mepesocos n Hodge-mBoficTBeHHOCTEN MeXIy
COCERHMMH COAMM. PODMYIa HMEET CMHICT TONSKO Ha [IEPECE YR OMHOR BCeX BXORALIIX OMIepATOpO
romnectso [, =(-1)"*P)id npimenseTCs K p-popMaM NpH PHKCHPOBAHHEIX METPHKE H OPHERTAIIH.

Totokom ® Kateropun Pack HASHBAETCS ONHOMAPAMETPHYECKOS CEMEHCTBO ABTOMOPGH3MOB
@,:Pack—Pack, coxparsiomee CTPATHQUKALNIO H KoMMYTHpYiomee ¢ H 1 L. Huepuuansnas caassocTs —
TaKoii MOTOK 1,, Ana koToporo 1 H=HI,. dynkumonan JIANMyHOBa S MOXKET GWTh BOPAN, HATPHMEP, Kak
KBAZpaT HOPMH ACCOUMATODHOW AMIVHTYIH; €0 MOHOTOHHOCT: ABIAETCS OTHENBHOM THIOTE30H
KOHKDETHO# IHHAMHeCKOH MOTeTH

A(C)=[dT], dS(®x)/dt = 0 — TomBKO MPY ABHO 3aKAHHO AUHAMIKE

Tpennoenie 1.1 (HEMPOTHBOPEUHBOCT: OTHOCHTENHHO KOHEWHOM MOENH). CHCTeMA 6a30BIX aKCHOM
HMEET KOHENHYI0 MO, ECTH OMYCKAIOTCH MYCTHE CTPATH  HACTHYHHE MO

Toxasatenscreo. Bossmém X=(x_, x X, X,x,}, nonomu TCV=X 1 TH=(x,,...x,} ana k=0,12,3. Ha
ORHOTOYeUHKIX NOMeHAX ONpeReNHM L,(x)=X,_, @ BHe HX KADTH OCTaBMM Heompeenémmnd. Bee
BKITONEHNS, THITH H YCTIOBHS AONYCTHMON KOMIO3MIIHH BHTOTHAIOTCS HENOCPEACTRHHO. []

Crepcrsue 1.2, Hanuine GOpMATHHOfi MOTeNH [OKASHBAET THITH COBMECTHMOCTh AKCHOM H He
RoKaskBaeT, 4To BpemAGIIPOCTPACTEO ABNACTCA GHITECKHM TPOCTPAHCTEOM-BPEMEHEM.

1.5. MacnopT gokKasaTesibHOi NPUMEHUMOCTH

Tacnopr yrsepnenis rasu 1 GUKCHpYeT: WICHTHOHKATOP aKCHOM, HOCHTeb X, wieTHie crpatsy, Dom(L,),
BLGpaHbE METPHKH K OPHEHTALH, FOCTATONHOE OCHOBANKE D, THIL pesyTsTaTa i 3anpemgHHLe
wTeppeTauui. [1€PEX0 OT SKCHOMATHYECKOTO CTATYCA K TEOMETPHYECKOMY HTi JH3HIeCKoMY TpeCyeT
OTACTLHOTO MOPQH3M PEATHIALILH i HEIABHCHNOTO CEHACTETLCTER.

®unocodekas rpanuna. MofeNs NOKA3HBACT BOIMOKHOCTE HENPOTHBOPEUHBOrO MDA PACCYKICHHS, HO
He MpEBPAIAET ero B HAGMIONAeMYI0 ACHCTEHTENILHOCTS; NYTh OT MHCTHMOCTH K GKTHAHOCTH AOMKeH
GhiTh BHAMME B ACTIOPT YTBEPHAIEHHS.
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[naBa 40. ArpernposaHue Beteei MH.2 1 rpaHULLbl COXXaNeHUs

MOHATHOE OBbACHEHUE

Cwbicn. TTH.2 AONYCKAET HOCKOBKO BeTBeii; BMECTO CKPHITOTO BHIGOPA OAHOI CHCTEMa MOeT
CpaBHMBATE 3apatice 3APTHCTPHPOBAHHEX FKCIEPTOR.

Matemariueckoe 1Apo. IKCIOHEHIHATLHSIE BeCa OrPAHHIMBAIOT HAKOMIEHHOE COXATICHHE OTHOCHTELHO
nysueii UKCHPOBAHHOT BeTB.

T'pariia. Manoe CoXaieHHe He SBIACTCs Hit NPOTHO3HIM TIOKPBITHEN, HH JOKA3ATE/ILCTROM HCTHHHOCTH
Bern.

40.1. 3aperncTpupoBaHHble SKCNepTbI
Tycrs b=1,...K — Bete, onpejenéinbie 40 MOTOKA AaHHbIX. Kagas BeTsb BHAET MPOTHO3 WM
ABSTAIN u HecéT orpanuuentyio niorepio £(1b)€[0,1].

KMA-mroxectso {1/2,1/3,3/4,2/3,2,3} WCnon3yeTes TONLKO KaK NIOHCKOBBIE MeTajanHbie. Coprajeniie
C HIHM He CO3AET JKCTIEPTa, He 3AKDLIBACT BETBS H He NIOBBILIACT CTATYC.

40.2. SKCNOHeHUMaNnbHble Beca
W(Lb)=

W(t+1b)=W(t,b) exp(—nf(t,h))

Hopmuposarssie neca p(tb)=W(Lb)/EW(t,j) 3a7aioT cwewassiii nportos. Mapaverp n>0 dukcupyercs
3apanee Wi BLIGUPACTCH MPE/ACKa3YeMbIM NIPABIIOM C OT/CMLHBIM AOKAJATeTLCTBOM.

PLD)=W(L.b) /S W (L)

Teopewa 40.1 (Hedge). /ina noteps 5 [0,1] oxuaemas Hakonnernas noteps cveci L(T) yaosnersopsier

L(T)-min 110 b semamst L(T,b)<In(K)/n+n /8.
Regret(T)<In(K) /+nT/8

Jloxasatensctso. Paccvarpusaercs notenuan Z(1)=5W(Lb). Csy In Z(T+1)2-n min o b senwumss:
L(Tb). Coepxy newwa Xéppmmra amn novepn s [0,1] gaér In(Z(t+1)Z(0)<~n{p(0),€0) /8.
CyMMMPOBaHHE 1 CDABHEHHE TPAHHL| TIOC/E AleHHs Ha 1] 3ABEPLLAIOT /0KA3ATELCTEO, (1

Tipy n=V(8 In(K)/T) rpannuia umeer nopsgox V(T In K). Ecn T 3apariee HesnecTo, npumensercs
saperucTpuposanias doubling-cxeva win anytime-ananis.

40.3. IKcnepT Bo3AepKaHUA
B wioxXecTs0 BeTseii BK1I0uaCTCH 9Keniep ABSTAIN c 3apance 3aaimoii uewoii c(A). o fenaet otkas
WACTLIO ONTHM3ALMOHHOTE 34a\H, a He UCKTIOUEHIEM NI0C/ Hey AQuH.
£(t,ABSTAIN)=c(A), 0<c(A)<1
Lena C(A) He BHIGMPACTCH N0 TCTOBBIM OTBETAM. C/MUIKOM BHICOKAA LieHA BLIHYAAET OKHYIO
OMIPEACAEHHOCTE; CAMLIKOM HH3KAs ATIACT CHCTEMY HEMHBOPMATHBHOT

40.4. NMpOrHo3Hoe MHOXeCTBO cMecn

Ecm Kakjas Betsh BbAAST Kopugop C(bX), GesonacHuiii BeTmeHHo-clenoli BEIXOA OCTAETCA
OkeAuHEHHEM JONYCTHMBIX KODAOPOB. BOLON BeC He paspewaer yjaiuTh KODUAOP BeTsM Ge3
OTAeALHOrO COVerage-aprymenTa.

C(PN2

=U{C(b.x):gate(b)=1}
Perper otHoCHTCs K cpeauei noTepe cveci. TIOKPLITHE OTHOCHTCA K BEPOATHOCTH MONAAaA GYAYILero
otBera, Truth-layer OTHOCHTCA K AOKA3ATE/ILHEIM BOPOTaM, TH TpH OTHOLLICHHs H BIAUMO3AMEHSCM L,
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40.5. 3meHsiowwmecs BeTBn

EC/M Ny9lias BeTeh MOKET MEHSTLCS, CpaBHeHHE C Nyuuieli (JMKCHPOBAHHOI BOTBLIO HEJOCTATOUHO.
Torpa 3apasiee 3a5aETCs GlO/KeT NepekmoueHHil S W HCNIONL3YeTCA CrieUManH3MpoBanHii tracking-regret
anropus.

JloGassenite HOROIi BeTEM 110C/Ie IPOCMOTPA OLIMGOK CO3AAET HOBYIO BepCHI0 peectpa. Tlpournas rpaniiia
Hedge ocraéTcs BepHoii TOILKO A1 npexsero K.

40.6. CBA3b C penepHoit apxmMTeKTypoin

OKCrIepT orpe/ensieTca He roAbiM uMcioM A, a naketom: source-anchor, Reper, orepatop, Dom, loss,
corridor, null, status u revision. Jlse BeTBM ¢ O4HUM A MOTYT GbiTs PasHbIMH SKCTIEpTaMH.

Paspuis win Block BHyTpu BeTsi nepenoguT et Bhixos B ABSTAIN; eé npouwmsiii sec He npespauaer
HeTIO/IHYIO BETBL B A0NYCTHMYIO.

Durocoaro-enonensrceueckas ocmaska. Muoxcecmoenioams oemaci — e ciabocms paywa, @ onucanie mozo, umo Gydyuiee eué e
maro eduncracinbin. Azpezamop dorwcet b cpedu G030 CHOCel, He 6a0as e 10 ONMONORUNECKL PpUEDGOP.

40.7. BRANCH-AGG-CERT-v196i8

BRANCH-AGG-CERT-v196i8:  branches=pre-registered; loss=[0,1];  weights=exponential;
regret=In(K)/eta+eta*T/8; abstention=explicit-expert; KMA=search-metadata-only; corridor=union-of-gated-
branches; regret-not-equal-coverage; coverage-not-equal-truth; new-branch=new-version.
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[naBa 41. HesaBMcMMas NpoBEPKa 1 KOMMNO3ULMS B0 4)KETOB
oLWKn60oK

MOHATHOE OBbACHEHUE
Cwmbica. Crporwii TIPOrHO3 A0KeH GhiTh HCIBITAH Ha JQHHBIX, KOTOPHI HE YUACTROBA/H HH B BHIGOpE
popmy ki, Hu B HacTpOlike Mopora.

Martemariueckoe 51po. Payensiorcs train/cal/test/ext, MHOKECTBEHHbIC THIOTE351 KOHTPOIMPYIOTCs, a
GHO/PKeTBI OIMGOK CKIAABIBAIOTCS TOMBKO 10 AOKAIAHHBIM NPABHIAN.

T'parmia. TIpOTOKO HEIABHCHMOIi TPOBEPKH He ABAETCH COOGLIEHHEM O TOM, UTO TAKAS MPOBEPK YKE
nposeaena.

41.1. 3aMopaxxuBaeMmblie nons

Brok. Jlo packperrist Tlocne packphiTis
Lens oMYA, OULCOME, FOPH3OHT He MeHATL

Danisie wcTounik, eana, split, cluster TOnKO ayauT

Meron adapter, score, loss, null uenonrh
Cratucnika a, multiplicity, stopping BhHCANT

Pewenne PASS/FAIL/ABSTAIN/BLOCK NPUMEHHTE GyKBAIBHO
TyGnatyis TIOOKHTELHbIE 1 OTPHIATELHbIE HCXOAb onyGnKoBats

3aMOp@AHBAHHE IOATEEPAIICTCA (ImeS(amp, BIAACTLLEM NPOTOKONA 1 Xewa. Hesanomnenioe none
HE AOTIOMHARTCA TI0CTIe PE3Y/ISTATa MOANATHBLIM IDEATIONOKCHHEN,

41.2. PazaeneHve BbIGOPOK

Train Wenombayerca Ans oyuenns, cal — A KanMOOBKW, et — A8 OAHOTO. BHYTpElHEro
TIOATBePIKJHHS 3AMOPOKEHHO BEPCHH, eXt — /I8 BHELLHEr0 HCTbITAHH,

train — model; cal — corridor; test — internal audit; ext — external audit

Hesapucumbili MCTOUHWK €XU He TApAHTHPYET CTATHCTHUECKYIO HE3ABHCHMOCTh, €M OGLeKTH!
AYGAUpYIOTCA, NPHGOPEI UMEIOT OBLILYIO KATHOPOBKY W PAIMETUHKI HCHOML3YIOT OAMH CKPBITBI STA/ION.
910 nposepsercs provenance-rpaco.

Tocse packpuimis test foGoe wamenexue npu3Hakos, loss, null Wi mopora co3nadT HOBYIO BepCHio 1
TpeByeT HOBOTO HETPOHYTOrO tesL.

41.3. MHOXeCTBEHHas npoBepka

Jias m 3aperneTpuporanisix rurotes p-value coprupyiotcs p(L)<...<p(m). TTpoueaypa Xonma otkiomser
noc/eg0BaTe s o, n0Ka p(j)<ed(m-j+1).

pli)<a/(m—j+1)

Teopewa 41.1. Tlpn BammAHKIX HHAMBHAYLHAX p-value npoueaypa Xoiva KOHTpOMHpYeT cemeiinyio
BEPOATHOCTE X0TA Gbi OHOTO JOKHOTO OTK/IOHEHHS Ha YPORHE G Ge3 TpeGoRaHIS He3aBHCHMOCTH p-value.
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JlokazatenbcTao. ECH AONYLIEHO NEPBOE I0XHOE OTK/OHEHHE H M, CTUHHBIX null, To MUHHMATLHS] p-
value cpeau ueTnbx null He NPeROCXOAHT Wi Tlo HepaseHcTRy BoH(ePPOHH BePOSTHOCTE 3TOr0 CoBITHS
He Gonbuue a. O

41.4. YpoBHM A0OKa3aTeIbHOCTU

Yposenn Uro nogTBepKeH0 Yero ne creayer

Lo cxema u opmyssi HenoHseMoCTs

L1 unit/replay Ha cinTeTike NpeAMeTHAS BAMAHOCTE
L2 ByTpenni test BHELLIAA IEPeHOCHMOCTE
L3 HesaBuCHMBI ext yHuBepcanHoCTh

L4 MHOTOOMEHHAS PervIKALS Meraduameckas uTHHa

Kaxaptii ypoven nacieayer blocker npeabiAyix ypowieii. Ilepexoq L2—L3 tpeSyer Hosoro
MCTOMHHKA, @ He HOBOTE HHTEPIIPETALI TOTO e test.

41.5. PeLueHus u cratycbl

PASS 03HauaeT BhINOHEHHe 3apatee 3AMMCAHHONO KpuTepus. FAIL 03Hauaer BanmHoe HCnbiTanie ¢
orpuiaTenbbIM pesynsTatom. ABSTAIN o3Hauaer, uTo METOA He ABTOPH3YET OMpeACNEHHbiii NPOTHO3.
BLOCK 03Hauaer HapyLieHHe npeATIochUIKH Wi HEHCHIONHUMOCTS TecTa,

FAIL we nepenvenosuisaetcs 5 ABSTAIN, a BLOCK He BKOUAETCH B SHIMEHATeNlh YCTIOUIHbIX
MCTbITaHWiL, TH a3 OGA3TEIbHBI /U1 YECTHOM 1yGAMKaLWH,

41.6. Komnosunuus GroaxeTos

Tyers E(j) — coBimis ommGoK 0TenbHBIX BOPOT ¢ JOKasaHHbIMM BepXiii rpanmyavn P(EG))<a().
‘Torga A CoBLITHA M0G0 OLIMGKH AcHiCTBYeT OBbEAMHEHAR TPAHILA.

PIUEG)<Sal)

Teopema 412. Ecn Ea()sa(total), COBOKYNHAA BePOSTHOCTH XOTH Gbl OAHOM OWMOKH 3
30perHCTPHPOBAHHOTO CevelicTaa He NpeBOCXOAMT a(total).

JlokasatenscTso,  TIDHMEHACTCH  CYGAINTUBHOCTS  BEPOATHOCTH K OGBCAHHEHMIO  COGHITHIL.
Hesasmcumocts we tpeGyercs. O

B 5Ty CyMMy He/Ib31 BKIIONATS BeANHHbI Ge3 BepOSTHOCTHOTO embicna: CGI, §_truth, wmpuny corridor
Wit regret. OHi COXPAHAIOTCS KaK OTA@IIbHbIE KOOPAMHATHL,

41.7. HensmeHsieMas KapTouka ApTedakra-1

RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 — FORMAL-CARD-RUN009-006 —
SIGNATURE-REVIEW-RUN013-001; 1=-0.992736565468; 5_truth=0.007263434532;
CGI=0.140948882338;  truth_layer_promotion=0; ~status=signature-ready-not-truth-layer; next=certificate-
lock/publication-gate review.

Croit V1968 He mewser MM opHOrO nons  Kaproukd. CheAyiowii war  ocraéres
certificate-lock/publication-gate review; HeamHCHMas npOBepKa AOIKHA GhiTh AOGABMCHA OTACTHHIM
CBATaNHBIM OGLEKTOM.

41.8. VictouHmKu cnos v196i8

Tpoexrble HCTounnki: tom1_v196i7; v32_v196cc; 3anucki; KLT-RBD Atlas v2.1; schema-extension
real-data-import v1.0; monograph5_0_ru; PILOTO1; monographiaNAPG; main_SIGMA_freeze; FOS Journal;
KLT6 root/newart.
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Bueumie uctousnku: Shafer G., Shen A., Vereshchagin N., Vovk V., Test Martingales, Bayes Factors
and p-Values, Statistical Science 26(1), 2011, DOI 10.1214/10-STS347; Howard S. et al., Time-uniform
Chernoff bounds via nonnegative supermartingales, Probability Surveys 17, 2020, DOI 10.1214/18-PS321;
Holm S., A Simple Sequentially Rejective Multiple Test Procedure, Scandinavian Journal of Statistics 6, 1979;
Tibshirani R. et al., Conformal Prediction Under Covariate Shift, NeurIPS 2019, arXiv:1904.06019.

unocodero-enoneriorozueckan scmaaka. Hesaaucuxocms nauunaemen we ¢ nowoii mabauyel, a ¢ omkaia nozeonums Gdyuiexy
peaykmamy nepeniicams, npouioe npaauAD. OMpULaMERI] UCX0d MOZ0a CMIGNOGLMCA e NOPAXCENLEM, @ 36EPUIEHNN haKmOM

41.9. SEQ-VALID-CERT-v196i8

SEQ-VALID-CERT-V196i8: ~source=tom1_v196i7; preserved_text=yes; chapters=37-41; blocker-
safe=yes; weighted-calibration=conditional; optional-stopping=e-process-only; branch-regret=Hedge-bound;
splits=train/cal/test/ext; multiplicity=Holm; error-budget=union-bound;  Artifact-1=frozen;  independent-
run=required; truth_layer_promotion=0.
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YacTte X. Mpeaperucrpauus, MOWHOCTbL U NPUYUHHAA rpaHUua
acTs npespamaet TpeGoBaHe He3ABUCHMOH IOBEDKH B NOTHE JH3AMH HCCTeN0BAHHS

Yacre X npempaujaer TpeGoRaMe He3apHCHMOI NpOBEKM B MMM AM3aiiH ucCreAoBaHHs. OHa
OTBEYACT Ha BOTPOCK: KTO BHIGHPACT JOMH, CKOLKO HY)KHO HE3ABUCHMBIX CAMHHLY, Ie HaXOAHTCA KIacTep,
\TO UMEHHO CUMTAETCA NIPOTHO3OM W NIPH KAKHX AONONHHTE/IBHIX NIPEATIOCHUIKAX AOTYCTHM MPHNHHHBII
AWK

[naBa 42. Bbi6op AOMEHA O PacKpbITUSA pe3yabTaTa v 3awmTa
OT nocTceneKkLumum

TMOHATHOE OB bSACHEHVE

Cwbicn. ECTH NPOBEPHTS MHOTO [OMEHOB, @ COOGILMTE TOMKO Aydunii, OGbINHAA OLEHKA OWIMOKH
CTaHOBHTCS! CIMIIKOM ONITHMHCTHHOT.

Maremariueckoe 34po. TIpasiuno BI60Pa HCOML3YET TOMLKO MA2HOBYIO MHGOPMALMIO I,  He Weer
JIOCTYNa K BHeLLHIM OTBeTaM.

T'paniiia. Bui6op N0 TeCTOBLIM AabiM Tpelyer HoBoro holdout, NOMpaBKM MHOXeCTBRHHOCTH Wik
selective inference.

42.1. NMpOCTPaHCTBO KaHAMAATOB U KapTa BbiGopa

Tlycts A={5,,....5M) — KOHeuHiii PeECTp BOSMOXHbIX JOMEHOB, CHOPMHPOBAHHBI A0 BHelHero
MCTbITaNIA. |, COACPAHT JOCTYIHOCTH WCTOUHMKA, ITWUECKHE Orpanmuenis, cxemy egunny, cluster-id,
CTOMMOCTS 1 MHHMMA/IbHBI Pa3Mep, HO He BHELIHHE OTBeTb!.

Silo—A;  §*=S(lo)
V0B HEIBHCHMOTO BHIGODA 3AMHCHIBACTCA KAK HIMEPHMOCTE § OTHOCHTEBHO Iy W HE3ABHCHMOCTS
aiewneli BuiGopi T(ext) o I, B NpeAerax 3asBneHHOro Au3aiiia.

D(ext) OCTaETCH KOHOUHbIM HAGOPOM AHHBIX BHGPAHHOrO foveHa. Dom(S) — oBAacTs onpesenenis
NpaBItna BLIGOD; TH CHMBOTbI HE OTOACCTBARIOTCS.

42.2. BanuaHocTb BbIGpaHHoro p-value

Teopema 42.1. Eciu /418 Kaxgoro GUKCHpOBaHHOTO § Bennumna p(8) Banmuua yenosso wa I, To ects
P(p(8)<ull,)<u, u §*=5(1,), To p(5*) Takxke Bamma: P(p(8*)<u)<u.

Jlokasatenbctso. YCnoeHo Ha 1, BeiGpansbiii §* dukcuposan. Moromy P(p(6*)<ull,)<u. Basue nossoro
oupanms 1o 1, Coxpansier HepaseHcTso. [

Crieactaie 42.1. MoxHO BLIGHPATL AOMEH 110 JIOTHCTHKe, HAYUHO PENCBANTHOCTI H IPEABAPHTENLHO
1IpOBEpEHHOIE HCTIOMHHMOCTH, CCIIM 3TH KPHTEPUH He UCTIOB3YHOT OTREThI BHELLIHETO HIILITAHHS.

42.3. KoHTpnpumep nocrcenekumm
TlycTs npoBeseHo M He3QBHCHMBIX BATHAHBIX TECTOB C papHOMEpHiMU p-value npi Hy, a oTuéTiM
BriGpai Musimym. Torga P(min 1o m semsumbl p(m)<a)=1-exp(M In(1-q)), uro npesbimaet o npu M>1.

<M} <a)=1—exp(M In(1-a))

P(min{p(m):1<;

Criegonarensho, Hansiii p-value BIGpaHHOrO Nyuwero gomena Hesanugen. CoBNajeHie BbiGOpa ¢
TROPETHIECKHM OAUAAHUEN HE YCTPAHACT CENCKLMOHHYIO OLIMGKY.
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42.4. lonycTUMble MapLipyTbl Nocse cenekumm

Mapuipyr A: sbiGpats Aomes Ha planning/train i HCTONL30BaT, HOBI HeTpOHYTHI ext. Mapupyr B:
VUHTLIBTS BCe NPOCMOTPEHHbIE AOMEHbI B NPOLIEAYPE MHOKECTBeHHOH nposepku. MapuipyT C: yCIOBHTECS
Ha COGLITHI CeeKIMM M IPUMEHNTS AOKa3aHHBii selective-inference metoz,

TosTopHoe Henos30Banie holdout A0NYCTUMO TONLKO TIPH CTIELHANLHO CIPOEKTHPOBAHHOM MeXaHH3ME
KOHTDO/IA aAQIITHBHOCTH; OBHIYHOE MHOTOKPATHOE MPOCMATPUBAHHE HE CTAHOBHTCH BATHAHBIM OT OJHOTO
nassaims <holdouts.

42.5. PeecTp 3aMOpaXKMBaHus

Tone 3amopaxusaemoe suavesme Block npu napymenun
target outcome, horizon, population target-changed

domain & unpasnno S post-selection

adapter Koau hash adapter-drift

score/loss opmyna u eamLst metric-shopping

null matched transformations

data source/split/cluster leakage

decision @, power, PASS/FAIL moving-threshold

Peectp NOANHCHIBACTCA A0 BHYAAUH KIIOUA K BHELIHMM OTBCTAN. EC/H HEBOIMOKHO JOKa3aTh MOPAAOK
BpeMeHH, CTaTyC HE3ABHCHMOCTH TIOHIDKaeTCs 70 unclear.

42.6. Ceasb € MH.2

TTH.2 JONYCKAET HEOHO3HAUHOCTS BHYTPH BLIGPAHHOTO AOMEHA, HO He Pa3peiliaeT BIGHpATL AOMEH N0
HauGoree yA0GHOji peanusosauielica beteu. BeTnesoi peectp M JOMeHHbI PeecTp IAMOPUKHBAIOTCH
pasjensHo.

Ecmt nocnie ext o0HapyKewa HOBas BeTBb, OMA CTAHOBWTCA THNOTe3ON CReAylouieil nepcui e
BKJOUAETCA B TIOTBEPIKAAIOLH aHA/M3 TeKywuieii Bepc.

Durocodero-enoNENOORUNECKTA acmaeKa. BGOp CTIGNOGURICA MOSNGHEM MOTbKO M020a, K02a peyIbman e Modcem maio cman
npuNOl coBemaci020 auGOpa. TTpedpezucpayus paspeisaem Smom Kpyz u 603Gpaac Gydyjeny npago youeums,

42.7. SELECT-CERT-v196i9
SELECT-CERT-v19619: candidate-domains=frozen; selection=S(I0); external-outcomes=unseen; fixed-
domain-p=conditionally-valid; selected-p=valid-by-conditioning; post-selection-routes={new-

holdout,multiplicity,selective-inference};  PN2-branch-discovery=new-version; truth_layer_promotion=0-
before-ext.
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[naBa 43. MoLWHOCTb, 06bEM BbIGOPKM M MUHUMANBHO
3HauYUMbIN 3pdeKT

MOHATHOE OBbACHEHUE

Cwbica. MaieikKas BHewHss BLIGOPKS MOXeT He OTAHIMTS no/e3Hsii Metos ot matched-null gaxe npi
peatsHOM nperMywecTse.

Martemariueckoe 53po. MHHHMA/EHO 3HaUMMBIi BLIMTHILL Ain  AOTIYCTHMAS! BEPOATHOCTS MpONyCKa b
3A4QI0T HIDKHIOIO TPAHHLY OGBENa.

Tpana. opmyna Xedpaunra KoHCEPBATHEHA, TPEGYET HEABUCHMBIX OTPAHHUCHHBIX CAMHULL M He
3aMeHSIeT KIaCTepHBIi AH3aiiH.

43.1. NepBUYHas BENUYMUHA BbIMIPbILLA

s esascumoii eaunmupt i onpeenm Z(i)=L(nulli)~L(KLT,i) u Hopmupyem TaK, wroGsi Z(i) €[-1,1].
Tonoxurenstoe cpeguee p=E[Z(i)] 03auaer Mewbiyio 10ss METOAa OTHOCHTENILHO 3pErHCTPHPOBAHHOTO
matched-null.

Z(1)=L(nulli)~L(KLT,i); -1<Z()<L; p=E[Z()]

Hopwiposka, 1055 W Hanpapnenie 3uaka (UKCHpYIOTCH 40 Aammbix. Ecan loss Heorpanieia,
MCTIOMb3yeTCH ApYTas AOKATAHHAA KOIICHTPALMONNAS! TPAHHLIA WK 3aPariee 3AAAHHOE OTCONCHHE C AHATHIOM
cveuenns.

43.2. KoHcepBaTUBHas rpaHMLa nponycka
Teopema 43.1. [lna wesasucumbix Z()E[-1,1] ¢ E[Z()]2A>0 sepostHocTs Toro, uto BhiGopouHoe
CpegHee He MIOAOKHTEBHO, OrpankieHa exp(~nA%/2).

P(Z(n)<0) exp(—nA

Joxasatenscrso. IMpumennm nepasencrso Xéddauura K orknonenmio  Z(n)-E[Z(n)]<-A. [mna
MANa30Ha K0t rlepemeHHoli pasHa 2, 109TOMY SKCTIOHEHTa pasHa ~2n2A%(4n)=-nA%2. 1

Cregcrsve 43.1. UToGhl BepORTHOCTH NPONYCKa NpedMyujecTsa He npesbiwiana B npu pAmin,
AocTatouso n=2 In(1/B) Awnt.
eil(2 In(1/B)/ Arin?)

n(plan)=

370 OAHOCTOpOHHSAA ACMOHCTPALMOHKAS TpanHLa AT 3Haka >dexta. Tlonmbiii nan Tecta TakKe
HKCHPYET YpOBEHS JIOXKHOFO MONOKHTEILHORO PeLICHHs .

43.3. UHTepBan ans GUKCMPOBaHHOTO FOPU30HTa
Ecnm V()=(Z(i)+1)/2€[0,1], 10 ¢ BepostHoCTbI0 He Metee 1-a Brnoamsercs |V-E[V]|<V(In(2/a)/(2n).
Bo3Bpar K wKazte Z yABaHBaeT paguyc.
1Z—pl (2 n(2/a)/n)
v
Mirrepsan paccunran ans dukcupopaioro 0. TpocMoTp mocie Kaxgoro HaGmiojenus TpeGyer e-
npotiecca wnm confidence sequence u3 rasb 39.

43.4. MUHMMaNbHO 3HaYUMBIit 3pdeKT

Amin BHIGMPAETCH MO MPEAMCTHOI MOAb3e, @ He MO OXWAAEMOil CTaTHCTHUECKOH 3HaummocTH. [lns
(MIMUECKOTO JOMeEHA OH BLIDOXACTCH B JaPErMCTPUOBAHHBIX eAMHMLAX l0SS; A1 TEKCTOBOPO Wi
HCTOPHUECKOrO JOMeHa — B COGCTBRHHOI OTIePALMOHAMIUPOBAHHOT LKae.

Ecin Amin BBIGHPAIOT Noc/ie ext Kak HabmoA@HHoe Z, pacuéT MOLHOCTH CTAHOBHTCH OMHCAHHEM
pesynstata, a He nnanuposasvem. Takoii pacuér mapkupyeres post hoc.
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43.5. KnactepHbiit design effect
TIpu cpessen paswepe Kiactepa ifi 1 BHyTPUKAACTEpHOI KOPPe/ALIAM p rPyGas IIQHOBAA AHATHOCTHKA
wcronbayer DE=1+(m-1)p 1 N(eff)~n/DE.
DE=1+(ii~1)p; N(eff)~n/DE
310 NPUGAIKeHHE He ABIACTCA YHUBECATLHOT TEOPEMOii /15 HEPABHLIX KIACTEDOB, CTOKHBIX BECOB WK
BEMEHHOIH 3aBHCHMOCTH. B CTPOTOM aHA/IH3e He3ABHCHMOI eUHHLIE CTAHOBHTCA KIACTED, KAK YCTAHOB/ICHO
B e 44.

43.6. MoTepwu, NPONyCKN U HEAOCTAIOLUE OTBETbI

Tlnan yBenwuuBaer MCXOAHBII OGBEM Ha 3APETHCTPHPOBAHHYIO AOTIO OXHAAEMbIX HEBATHAHBIX WM
yTpauennbix equimyy, TIpHUMHLL IDONYCKa KOAMDYIOTCA /0 aHATH33; HCKMIOeHHe nocie npocmopa Z(i)
sanpeujeno.

Jins missing outcomes 3agatTcs primary rule w sensitivity set. ECM JOMyCTHMBie MeXaHH3Mbi TIpOIIyCKa
MEHSIOT 3HaK BLIBOJa, peltiee pasHo ABSTAIN.

43.7. Tabnuua nnaHUMpoBaHUs

Tapamerp Crmbicn Korga dmcupyercst
a IOKHOE MOTIOKHTE/IbHOE petterie o ext

B nponyck Amin Ao ext

Amin MHHHMA/IHas! TI0/I3HOCTE. 20 ext

WM eppnHLB/KIaCTEDEI o ext

pin KIaCTepHas AMATHOCTHKA planning

aurition peseps 1a notepi planning

stopping fixed wn e-process 10 nepeoro Hexoza

BUIOCOCR-(PoHONCIO0RIECRGA GCTIaGKa, OG0 GHIGOPK — MO Nepa 020, CROTLRO CORpOTUGICHUA Mipa 208 RURAITE JANHCE 00
auiccenus pewenus, CRUWKOM M@I0C UCTMGNUC e Onpocepedem U we nodmacpxcddem: Owo ne daém sarcuuo docmamouwoii

43.8. POWER-CERT-v196i9

POWER-CERT-v19619: ~gain=bounded[-1,1]; units=independent-or-clustered-explicitly; alph:
beta=frozen; delta_min=domain-meaningful; n_plan=ceil(2*In(1/beta)/delta_min?); fixed-horizon=]
sequential=e-process; design-effect=diagnostic-only; missingness=sensitivity-audited.
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naBa 44. KnactepHasi 3aBUCMMOCTb U rpynnoBasi MPorHosHas
Kannbpoeka

MOHATHOE OBbACHEHUE

Cwbicr. CTO CTPOK OAHOTO MAWieHTa, NPHGOPA WIH TEKCTa He SBISIOTCA CTA HE3QBHCHMBIMI
TIOATBEPKACHHSMH.

Martemariueckoe 31po. OGMEHHOCTE 1 pa3GHenie (OPMYIHPYIOTCA Ha YPOBHE LeTLIX TPYMIT; BHYTPH
IDYIINbI AOMYCKAETCA JABUCHMOCTE.

Tpanuua. TpynnoBas rapanTHs He NEPEHOCHTCA Ha HOBBIIE THI KAACTEPA WM GYAYLIYIO Sr10XY Ge3
JIONOHATE ILHOTO MOCTa,

44.1. Tpynnbl Kak eauHULBI HabnaeHUs

Tlycrs fasnbie pasousi Ha G(1),....G(M), re G(g) COACPKHT BCe CTPOKH OHOTO 3aPerHCTPHPOBAHHOTO
cluster_id. Mesay IpynnaM NpeATIONaraeTcs oGMEHHOCTH; BHYTPH TPYNIbI 3aBUCHMOCTh MOKeT GbiTh
TIPOU3BOMLHOT.

D=G(1)U..UG(M); efMHHLA OGMEHHOCTH = TPy

Cluster_id Onpee/ATCA MPEAMETHO: NALEHT, CeMis, MPHGOP, aBOPATOPItA, AOKYMHT, ABTOP, YHACTOK,
BpeMeHROH G/10K Wi KcriepuMeHTabHAs Cepis. BhiGop HanBonee yaoGioro cluster_id nocne pesyisrara
3anpeuyén.

44.2. TpynnoBoii score
i Ka0ii KarMGPOBOHOI KPYTINBI CTPOMTCA arpernpoBamblii score S(g). KoncepsaruaHbii sapuant
— MaKCHMYM CTPOKOBBIX SCOTe; BO3MOXKHBI M /ADYrHe 3apaHee 3aperncTpupoBaHHbie (yHKLHOHAb.

S(g)=max{s(i)icG(g)}

Makcimym 06ecrieuBacT 0HOBPEMEHHO® TPYNIIOB0e NIOKPLITHE BCeX CTPOK NpH NIONaZaiii S(new) 10
KBAHTILIh, HO MOXET AQBATh WMPOKHA Corridor /1 GO TPy,

44.3. TeopeMma rpynnoBoi KanM6poBku
Tlyers S(1),...,S(M)  score HoBoii rpynib S(M+1) obmernb. BuiGepen k=ceil(M+1)(1-a)) u g=S(k), ¢
=0 pu k>M.

Teopema 44.1. TlporHossoe npaswio, npuHUMaouee Hopyio rpynny mpu S(M+1)q, umeer
MaprHHA/ILHYIO TPYIITOBYIO BEPOSTHOCTS NDUHATHS He MeHbile 1-a.

Jlokazarenctao. Panr S(M+1) cpeau M+1 0GMeHHbIX FpYNIIOBLIX SCOre PABHOMEPEH C KOHCEPBATHBHOI
oGpaorKoii casseii. Tlopor k ocTapnster B BepXHem xBocTe He Goee  Maccht, O

UCA0 KaNHBPOBOUHBIX eAMHIL paBHo M, a He cymvie crpok. TIo3Tomy nyG/mKaLys A0mKHa Co0BIaTE
06a uHCAA W PaCTIpE/CTeNHe pamepoB Ky

44.4. Pazbuenne 6e3 yTeuku

Bce crpokit oauoro cluster_id nonazaior Tosko & oAuH 13 train, cal, test, ext. Jleneme CTpOK 0400
naienTa Mexy train i test spsercs leakage e NPi PasHBIX BPEMEHHEIX METKAX, €CIH BPEMEHHS 33aua
He 3aPeTHCTPHPOBAHA OTACLHO.

Leave-one-group-out i group cross-fitting JONYCTHMA, eCit MoJe/ts /s FpyINL g 0ByuaeTcs Ges Bcex
crpok G(g), a arperuposaue fold-pesy1bTaTos cooTBeTCTBYeT 3apaHee JOKa3aHHOIT cxeme.
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Inaea 2. C@C: cobbiTE @COCTOSAHME KaK MUHUMabHbIN
06beKT

TOHSATHOE OBBACHEHUE

CMBICA. COBITE He OTAENRETCH OT COCTORHHS, & KOTOPOM OHO 3aUKCHPOBaHO. 3ankich C@C 3anpeliaeT TepaT OfiHY M3
BYX aCTel NpM NIOTHIECKOM W1 BLINCAMTENSHOM aHa/u3e.

Maremariyeckoe Apo. OMPeALNAETCA MAHNMA/IbHblit NAKET «COBLITHE@COCTONHHES, 3AAA0TCA €10 FKCHOMbI U NPOCTEIE
npuMeps.

TPaHMLia yTBEPIEHMA. Cal GaKT YNGKOBKI He YCTaHABAMBAET UCTHHHOCTS COBBITHS: J17 3TOTO NO3AHee NOTPEGyIoTCA
Reper, Dom u socrarouoe ocHosarie D.
Cranyc: sHympenee onpegenene

OBbIuHast FeOMeTPHUECKAS! TOUKA OTBEUAET Ha BONPOC «I/A6?», HO He COAEPAHT OTBETa «B KAKOM
COCTOAMHI?. L1 NaKeTHO pertepHOii /IOTHKH 9TOr0 HEAOCTATOUHO. MHUMANLHbIi 0GTeKT AOMKeH
OAHOBPEMEHHO (PMKCHPOBTS AKT MOSBICHHS! H C/OIi, B KOTOOM 9TOT 4KT TIO/YIaeT CMBICI.

©=C@C=(es)

C@C = cobbiTHe@cocTonHUE

OO

MaeTHbift MOPAM3M f=(f_e.{_S) A0NYCTAM, eChM COXpaHAET COCTORNHE,
MHUMAGHTHOCTS, MCTOUHUK D U OBAACTE NPUMEHHMOCT DO,

c:) S )} (cac) | )

Pucyno. C@C u nepexod x naxemuony Moppusmty

2.1. Akevombl C@QC
Axciowa Copepnanne
ot Ka 106 COBMTI PaCCHaTPHBAETCA TObRo BMECTE C COCTORIEN.
o oo G o R e S ey
VENEHGHIE COCTO A HOpOARET Ho C@C-0Guert i
ccs
sopdia.
o P CaC T s T Sabmaoe
TiCTonTI, oA (HKCALI 1 AOMER BXOART & AOKATTERT
x5 naciop ofera.

Pegakuonnoe cornauense. Tabmta CC1-CCS CoXaHALTCs Kak PaHHSA COACPAATEbHA
nipeAaKCHOMaTIKa. POPMALHAA CHCTeMA HACTOAINCH PEAIKLMM 3aAAETCA HIDKe akcHoMami C1-C6; npi
BOIMOKHOM PACXOAJICHUH IPHOPUTT WMeet cicTena C1-C6.
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44.5. Matched-null Ha yposHe rpynn
Pasygomi3auorHLIii null J0/KeH COXPAHATH BHYTPEHHIOIO CTPYKTYpY rpynitsl. [TepecTaH0BKa OTACLHEX
CTPOK MesK1y [pYNMami OGbIUHO Pa3pyIACT 3ABUCHMOCT, W He ABMAETCA JlONYCTHMBIM ACHCTBHCM TPYTITs!
npeoGpasopatii,
&D=(zG(1)....:G(M)); BHYTPEHHSI CTPYKTypa G COXpaHeHa
Touskiii rpyINOBO/i NepeCTaHOBOUHLI TeCT TpeGyeT MHBAPHAHTHOCTH COBMECTHOTO PACTIpEAE/ieHHs
LILIX FYTIN 110/4 3PErHCTPHPOBAHHEIM ACiiCTBMeM.

44.6. HepaBHble pa3Mepbl U HOBbIE TUMbI FPYNM

EC/M pasmep FpYIibl BAACT Ha SCOre W ero pacripejierieHye, pasMep BK/IOYACTCH B 33aHee aAHHYIO
CrpatHduKaiuio Wik Weighting-mojens. PasGieie CTPaT nOCIE NOKPLITHA AB/AETCA NOCTCENIEKLHeH.

Hoas naGopatopis, NPHGOPHAR BEPCH I TIOXA MOFYT HAPYLITH TPYTIOBYIO 0BMeHHOCTS. Torga
ceprudpuar nonyuaer shift-suspected u TpeGyer erieBoii KaMGPOBKM WK 0GoCHOBaHHOTO Weighted-MocTa.

44.7. Npumep

Tpuvep 44.1. B kopnyce 40 pokymentos no 100 dparventos. Ctpoxossiii split cossaér nouru
WyieHTHUHEIE (PparMeHTB B train W test W Wo30pHiit n=4000. JlokymenTHsii split umeer M=40 u nposepsier
TepeHOC Ha HOBBIH AOKYMeHT.

B MCAMUMHCKOM AOMCHE QHATOOM ABISCTCH MALMGHT, B (MIHUCCKOM —  He3JBMCHMs
SKCTIEPUMCHTAIbHas Cepits, CCH TIOBTODb PA3ACIIOT OAMH Apelidhyiouuti npuGop.

44.8. GROUP-CAL-CERT-v196i9

GROUP-CAL-CERT-v196i9: ~cluster-id=predefined; exchangeability=between-groups;  within-group-
dependence=arbitrary; score=registered-group-functional; quantile=ceil((M+1)(1-alpha)); split=group-disjoint;
matched-null=whole-group; reported-n={rows groups }; new-cluster-type=recalibrate-or-ABSTAIN.
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InaBa 45. MporHos, BMeLaTenbCcTBoO U NpeAen NpUYUHHOro
BbIBOZA

MOHATHOE OBbACHEHUE

Cwbicn. Tounsii nporwos Y no X ewe He oTReuaer, uTo MPOMIONACT, el MCCTeAOBATEMS
nIpHHY AHTNIBHO W3MeHHT X.

Maremariueckoe sapo. Habmoatensioe pacnpesenenie P(Y[X) OTIHUAETCH OT HHTEPBOHLMOHHOIO
P(Y[do(X)).

T'paia. ABTOPCKH OTHOLICHWS OCHOBAHWS  CACACTBHS MOTYT HANDABISTS MOACE, HO NPUUMHHEI
S(peKT TpeGyeT ABHOTO MOCTA HACHTHAMKALIH

45.1. [lga pasHbIx Bonpoca
Tporwoskblii BoMpoc: Kak pacnpesenés Y y HaGmopenwii ¢ X=x? [lpuummubiii BOnpoc: Kak
pacnpeaenica Gbi Y, ecnu Gbi X Gb110 YCTAHOBIEHO PABHBIM X BMELIATE/ILCTBOM?

prediction: P(Y|X=x); intervention: P(Y|do(X=x))

9T paCTpeeeHIS CORMGAIOT TONBKO TPH AOMOTHHTEALHbIX YCIOBHAY. BHICOKaS Mpe/CKazaTe bias
TOUHOCTS, Mabili regret 1 HokpbiTHe corridor cami 1o ceGe ye0BHi He Co3gaior.

45.2. KoHTpnpumep HenaeHTMduumpyemMoctm
Mogens A: U mmeer pacipesenenmie Bepuynim(1/2), X=U, Y=X. Mogens B: U uveer 10 xe
pacnpegenenue, X=U, Y=U. B oGeux HabogatersHbix moensx P(X=

Tlpw smewsarenscre do(X=x) Mogens A gaér Y=x. B mojenn B ypasteime Y=U coxpansiercs, mostomy
Y ocratres Beprysm(1/2) 1 He 3aBHCHT 0T BHIGPAHHOTO X.

Teopewa 45.1. MnTepeesumontbiit Sphekt X — Y He WiCHTUOUIMPYETC 13 OHOTO HAGMOAATENBHOTO
pacnpeesenis B Kiacce, cogepxaiem mogen A i B.

JlokasaTenscTo. A u B MHAYLMPYIOT OAHO H T0 e pacnpesenchie Habmogaemsix (X,Y), Ho pasisie P(Y|
d0(X=x)). JTi0Goii (hyHKLHOHA TOMKO HAGMIOJATEIILHONO PACTIPEACTICHHS UMEN Gl OAHHAKOBOE HAuCHHe B
ABYX MOAASX H TIOTOMY H MOXCT PABHSITHCS OGOMM HHTCDBEHLMOHHbIM OTBETaM, ()

45.3. MocT uaeHTUdMKaLmm
T spdexra X Ha Y npu Komapuatax L CrawgaptHui MOCT BKMOUAeT: consistency, yCHOBHYIO
exchangeability Y(x) L X | L u positivity P(X=X|L.=1)>0 1 scex penesanthsix 1.

consistency;  Y(x) L X |Li P(X:

TIpi 3THX IPeATIOCHLIKAX M KOPPEKTHO OnpeAe/EHHOI ienu Aeficrayer g-hopmyna.

P(Y(x)=y)=SiP(Y=y|X=x.L=)P(L=1)

Jlokazarenscreo. Tlo nommoii  meposhocTi  packinagsaes no L;  exchangeability samenser
pacnpepenenie Y ()L Ha Habmogaemoe cpean X=x; consistency oroxgectanser Y(x) ¢ Y y eauHUL, peasHo
nonyunsumx X. 0

45.4. Positivity kak Dom-BopoTa
ECIM A8 HEKOTOPOro | BMEWIATENLCTBO X HMKOTAQ He BCTpevaercs, HaGmojaembie fammsie D He
HOKPLIBAIOT COOTBTCTRYIOWLYIO 06AACTS DOM NPHUMHHOFO hyHKLMOHANa, 0 Causal-Support-gap.

OKCTPANONALIA MOACTH B NYCTYIO OGAACTH MOKET GiTh MOZEIHOH TMIOTE0M, HO OHA HE ABASCTCH
HeNapaveTpHICCKH WeHTHHLMPOBAHHEIM eKTOM H nonyuaeT sHbii model-dependent cratyc.
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45.5. OcHOBaHWe-CNeACTBUE U NPUYUHA-AENCTBUE

B aBTOpCKMX «3ANMCKAX» PAIIMUAIOTCH OGPATHMBIE NPl MPUUHHLUJEHCTBHS 1 HEOAHO3HAUHbIE
oTHOWeHMs ocHoBanHa/cieACTEMA. B Tome | 510 pasiivenie COXpaHAETCH Kak (WIOCO{CKO-MOenLHast
9BPUCTHKa /15 BLIGOP rpacha i BeTBeii.

Cratucuseckuii  npHuMHHbI  CepTHQUKAT JOGABIACTCA TONLKO TOCIe YKA3AHHA WHTEDBCHLMH,
NOTEHUMAILHEIX WCXOMOB WM  CTPYKTYPHBIX ypabHewuii, HaGopa L W npoBepseMbiX NPEATIOCHUIOK
weHTHKaLMH.

Crl0Ba «OCHOBAHME», «TIPHUHA», «BIMAHHE» H «OPOXKIAET» B ONMCATENLHON HACTH He CYMTAIOTCH
AOKa3QHHLIMH TPHAHHHEINM S(eKTaMH Ge3 TaKoii KapTOuKH.

45.6. MpUYnHHas NepeHOCUMOCTb

Jlae wpenTHdUUMPOBAHHLIT (KT B WCXOAHON TOMY/ALAM He MEPEHOCHTCH ABTOMATHYECKH.
TpeGyercs omucats pasniums MexanH3MOB, selection nodes, MoAMpUKaTOpb! S(ppeKTa 1 IOAIEPKKY LieneBoii
nony s,

Bssewennas conformal calibration u3 rnapsi 38 OTHOCHTCA K NPOTHOSHOMY MOKPHITHIO M He 3aMeHseT
transport-oopmyty IpHUMHHOTO SpeKTa.

45.7. KapTouka NpMYMHHOro MocTa

Tone Obmarensioe copepxane Crarye npu oeyrcramm
estimand (papekr  nony LA undefined
intervention w0 smaunr do(X=x) ambiguous
graph/model Yartl  crpeni unidentified
confounders L. paBIIO BKMIOeHHS exchangeability-block
positivity support audit support-gap
consistency BEpCHH BMELIATE/LCTBA version-conflict
sensitivity Hewmepertsii confounding conditional-only
DarocopeRo peoeToRNECKaR ST TPeSCKaE Conposs kOae RUTCHUE o 570 Credy; TR Gweod Copaaieger, o

wawenumes om nawiezo deticmous. Mexcdy ciedost u delicueN 1EXcum He ¢A000, 4 MOC BPednOCLIOK

45.8. CAUSAL-BRIDGE-CERT-v196i9

CAUSAL-BRIDGE-CERT-v196i9:  prediction-not-equal-intervention;  observational-equivalence-
counterexampl estimand=required; consistency=required; exchangeability=required;
onditional; D/Dom=distinct; project-causal-language=model-hypothesis-until-

bridged.
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[naBa 46. \cnoNHUMBbIM NPOTOKO/ BHELWHeN Baavaaumm Toma |

MOHATHOE OBbACHEHUE

Chbica. Bee NDEABIAYILMe TEOpEMsl CBOASTCA B OAHY KAPTOUKY, KOTOPYIO MOKHO HCIIOMHHTE Ha HOBOM
HE3QBHCHMOM KOPIYCe Ge3 AOTIOMHHT/ILHbIX peLiextii 110 XO4y aHanH3a.

Matemariueckoe spo. Kaprouka CBA3siBaeT CeneKiyio, MOLWHOCTs, Kiactep, null, mporHosHoe
TIOKPHITHE, M0C/IE0BATENLHOCTE W PELLICHHE.

T'paruia. B 510 PeJaKLMH KAPTOUKA TIOATOTORICHA, HO BHELIH 3AITYCK He BLITOHeH.

46.1. O6bexT EXT-RUN-000
EXT-RUN-000 — wiaGrion nepsoro Hesagicumoro sanycka. Ero cratyc protocol-ready-not-executed
03HauAET, UTO MATEMaTHuecKMe MONA ompederieHbl, HO source_hash BHELIHEro KOpryca M pesyisTarhl
orcyreTyior.
EXT-RUN-000: protocol-ready-not-executed
3ror crarye He pases FAIL: ucnbimanue eué we wavanoc. On He pasen PASS: Hi 0pHa Biewmsi
epmimiia He ouessena. Truth_layer_promotion octatres 0.

46.2. NMonHas perucTpaLmMoHHas KapTodka

Pazgen OBsmarensubie nons
Hperrunocts, project, run_id, owner, timestamp, version

Lens domain, population, outcome, horizon, estimand-status
Danssie unit, cluster, source, inclusion, hashes, privacy
Pas6rentie train, cal, test, ext, provenance-disjointness

Meron adapter, config, schema, code, environment, seed
Tportios score, corridor, PN.2 branches, abstention

Cpasnenre loss, matched-null, gain, primary statistic

Oumibin alpha, beta, delta_min, multiplicity, stopping

Pewenie PASS, FAIL, ABSTAIN, BLOCK 1 publication rule

B KapTOWKE HET NOMA, KOTOPOC MOAHO OCTABHTH «Ha yCMOTPeHHE aHann3ay. HeonpeAeiéHHocTs
O(OPMIIAETCA KOHEUHBIM CITACKOM BAPHAHTOR ¢ NpaBIIOM BLIGOpa 10 planning-HidopyaLti

46.3. ANITOPUTM UCNONHEHNS

Ilar 1: NpoBePHTL BPEMEHHYIO NOANHCH U 3aMOpoeHHie Xew. LlIar 2: nonyunrs sewme Gairsi 1
seruncaus source_hash, Wlar 3: npuvenurs inclusion u group split Ges npocworpa outcome. Llar 4
BhnonmiT: agantep s blocker-safe pexue.

Ilar 5: nocrpouts 3apeructpuporanssii corridor u matched-null. Illar 6 BLNHCAHTS TpyMNOBLIE SCOTe
nepeiunsiii gain. Lar 7: npuvenuts fixed-horizon wnu e-process npaswno. Llar 8: npumennts multiplicity.
Ilar 9: BLINYCTHTL pettieHe H Hen3veHsteMsili cepTidHKaT.

Kypues Haas Sopucosi - Kansnirpas - 2026 201




image202.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

Ecm moGoi ofssatensuiii war Bosspauaer Block, nocieAyloue WMCIOBHe pesybTaThl He
BLmcasIOTC 160 MapKipyioTe diagnostic-only.

46.4. Pewatowee nNpasBuio

PASS jonyckaercs, ecnu: et Block; BhiG0p J0MeHa He3ABHCHM; JOCTUTHYT 3aDErHCTPHPOBAHHLI N Wik
e-nopor; primary null otknoéH nocre multiplicity; gain uveer TpeGyemblii 3HaK; coverage W support gates
BbinonHenst; CGI<1.

FAIL BLZafTcA NpH BATMAHOM 3aBEPUIEHHOM WCIILITAHMM, eCAM primary criterion e BLIOMHeH.
ABSTAIN 0THOCHTCH K NPOrHO3aM OTAR/bHBIX 0GTeKTOB 1 OTAe/bHO yumThiBaetcs b loss. BLOCK otHocuTes
K HapyIeHHio Ausaina.

Decisione {PASS FAIL, ABSTAIN BLOCK }

PASS ABIAETCH NOATEEPK/CHHEM 3aPETMCTPHPOBAHHOI ONIEPALMONA/LHO THIIOTE3bl HA  /aHHOI
nony UM H TopU3OHTE. OH He SBSETCA YHUBEPCATbHOI (MauuecKoii Teopemoii TTH.2 1 He JoKasbipaeT
METAU3HUECKYIO HCTHHHOCTS.

46.5. HeratugHble pesy/ibTartbl 1 Bepcus

Publication rule TpeGyer nyGaukosats FAIL 1 BLOCK ¢ Toii e Tpaccoii provenance, uro u PASS.
cKimouerme UCTIBITaHHs 13 OTYETA HOCIE PesyIbTaTa 3apelieHo.

ThioBan MouduKauus nocne FAIL cosgaér EXT-RUN-001 win cieAyiouuii Homep, HOBbIii NPOTOKOA
HoBbii ext. EXT-RUN-000 0CTaéTes MCTOpHUeCKiM 0GheKToM,

46.6. NMpuunHHas BETKa NpoToKoNa

To ymonuarmio EXT-RUN-000 ss/siercs npornosnbiv. ECi sasB/seTca npuansibiii shexT, Kaprouka
JOMmKHA JOTIONHHTEIbHO BKMIOATL Bee nois CAUSAL-BRIDGE-CERT: estimand, intervention, graph, L,
positivity, consistency u sensitivity.

OTCYTCTBME NPUUMHHOTO MOCTA He G/IOKHYET UeCTHYIO MDOTHO3HYIO MDOBEDKY, HO GAOKMpyeT
pHUMHHbIe (POPMY/IMPOBKH pesy/bTaTa.

46.7. HensmeHsiemMas KapTouka ApTedakra-1

RIUD-TETRA-RUN006-029 - PROOF-OBJ-RUN007-0029 - FORMAL-CARD-RUN009-006 —
SIGNATURE-REVIEW-RUN013-001; 0.992736565468; 5_truth=0.007263434532;
CGI=0.140948882338;  truth_layer_promotion=0; ~status=signature-ready-not-truth-layer; next=certificate-
lock/publication-gate review.

EXT-RUN-000 Moer Gbith caszaii ¢ Apreqiakrom-1 T0/1sK0 HOBOJi cesunkoii external_validation_id. On
He wamensier cymectayiouye A, 8_truth, CGI, craryc wnu creAyiouii war.

46.8. VICTOMHUKM MaTeMaTUHeCKOro yraybnenus v196i9

Tpoekrhbie HCTouHMKH: tom1_v196i7 i coxpaniuibiii coii v1968; v32_v196ec; 6612237_540.xml; File
ready.mht; tom_1; 3anmckn; monograph5_0_ru; KLT-RBD Atlas v2.1; real-data-import v1.0; PILOTOL;
monographiaNAPG; main_SIGMA_freeze; axiomatic packet geometry; FOS Journal; KLT6 rootnewart

Buewnue ucrounnku: Hoeffding W., Probability Inequalities for Sums of Bounded Random Variables,
JASA 58(301), 1963, DOI 10.1080/01621459.1963.10500830; Fithian W., Sun D., Taylor J., Optimal Inference
After Model Selection, arXiv:1410.2597; Dwork C. et al., The Reusable Holdout, Science 349(6248), 2015,
DOI 10.1126/science.aaa9375.

'BHelUHe HCTONHUKH IPUUHHHOTO  IpOrHO3HOrO cost: Herndn M., Robins J., Causal Inference: What If,
2020; Pearl J., Causality, 2nd ed., Cambridge University Press, 2009; Barber R., Candés E., Ramdas A.,
Tibshirani R., Conformal Prediction Beyond Exchangeability, arXiv:2202.13415; Tibshirani R. et al.,
Conformal Prediction Under Covariate Shift, arXiv:1904.06019.
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46.9. UToroBblit peecTp cTaTycos v196i9

Obexr Crarye JHoxazano Crepytonii nxod
EZEB'M‘("’S"“ formalized nornowenme Block npesveTHii 3anycK

Weighted

e conditional theorem coverage npu mocte yenessie seca

calibration

E-process conditional theorem anytime level nul stream

o th Hedge bound tered experts
st regret theorem g boun registered exper

Domain

d I frozen's

selicton prove BamgsocTs npi tozen

Power conservative plan Hoeffding bound A, clusters

] roved rank at group level exchangeable groups
calibration L2 g geable group

Causal bridge conditional g-formula assumptions graph and L

XT- e nomas KaprouKa independent corpus
RUN-000 executed P 3 P

e . signature-ready-not- publication-gate

truth-layer review

ofasan coonmuamcn ¢ meopuel Mo eosweciocms wecruoeo FALL descem 60yl PASS codepscamennina,

46.10. EXT-VALID-CERT-v196i9

EXT-VALID-CERT-vI96i9: source=tom1_v196i7-plus-v196i8-layer; preserved_text=yes; chapters=37—
46;  selection=pre-outcome;  power=alpha-beta-delta_min-frozen; clusters=group-level; prediction-not-
causation; causal-bridge=conditional; EXT-RUN-000=protocol-ready-not-executed; negative-results=publish;
Artifact-1=frozen;  CGI<1=necessary-not-sufficient; ~KMA=metadata-only;  truth_layer_promotion:
next=obtain-independent-corpus-and-freeze-source-hash.

46.11. 3aBepLueHne peaakumum v196i9

Peakuus V19619 coxpansier Beck Kopriyc Toma | M /10BOAMT Npe/CKasaTe/lsHbiii METOA A0 TPaHHLb!
PeAIbHOTO He3aBUCHMOTO OMbiTa, Maremarika Temeph pasmuaer BLIGOD A0 W moOChe pesyistata,
(MKCHPOBAHHbITi 1 TIOC/IE AOBATE Hbi TOPH3OHT, CTPOKY M HE3aBHCHMYIO FPYIINTY, NIPOTHO3 1 BMELIATENIbCTBO,
OTpHaTenLHLI HCXOA W HApyUIeHMe NPOTOKOMA. [ CAEAYIOWro WIara HyXeH HOBbI He3aBHCHMBI
KOPIIYC; /10 ero nofyueHis BHewHuii CepTHUKAT OCTABTCA NOATOTORIEHHBIM, HO HE HCTIONHCHHbIM.
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I'naBa 47. TunusupoBaHHOE NPOCTPAHCTBO NAKETOB U
penepos

MNOHATHOE OB bSICHEHUE

TTaKeTHO-perepHbii METO HAUHHACTCA He C WHCAA M HE C FOTORO/i BEPORTHOCTH, a C THIHIMPOBIHHOTO
o6mekTa: HabMmOACHHE HMEET TPONCXOAICHHE, AOMYCTHMYO O/ACTSs, MPARIO NPEOOP30BANMS H CTATYC.
THmH3aLMs 3ANPELIAeT CK/Ia/IbIBATE HECOBMECTHMbIE CBHCTeNLCTBA U NPEBPALLAeT OTCYTCTBHE 06A3ATE/LHOrO
nons & swsii Block, a He b onuangoe gonyuentie.

47.1. Hocutenb cobbiTna v CBUAETENbCTBA

Tlycr S — MHOXeCTBO coCTommiii, E — MHOWeCTBO coGbmii, T — ynopagouentoe spews, X —
NPOCTPAHCTBO Mpi3HaKoB, Y — MPOCTPAHCTEO OTaeToR. MisiiMansias samich C@C TPaKTYeTcs Kak napa
COBLITHE@COCTOsHME C BeMeHHOli 1 AOMeHHOI MeTKOi. Chipoii 0Gbext Habmogeniss uveer Tin Obs, a
JAOKa3aTeLHO MPHTOHBli 0GbexT — Tun Evidence.
Obs := (event state,time source,unit cluster Dom,status)  (FO01)
Evidence := Obs x {provenance hash.adapter Joss.null gate}  (F002)

Ofostatenue D OTHOCHTCA K AaHHBIM 1 aKTHUECKM MPEABSBACHHEIM OCHOBaHWAM; Dom OTHOCHTCA K
onacT onpegenesia onepatopa. COBNajeHMe CHMBOTOB WK CIOBECHAH GAM3OCTH He paspeiuiaet ux
OTOKECTRATE,

D C Obs, Dom(T) C X, D # Dom(T) (F003)

47.2. Penep Kak TANU3UPOBaHHAA YeTBEPKaA

Penepow Haskisaetcs: He oas Tpoiika Touek, a veraépka Rep=(R,L,U;Dy), B KoTopoii R 302t ortoproe
ocHosante, | — waeHTHGHLMpYIoWYI0 och Wi ey, U — Habmiogaemoe auGo mporHosupyemoe
nonoervte, D, — paspeusaiouyii ueTsépTHiii 2MeMeHT. MHACKE D, OTHUAET KOMTIOHEHT Peniepa oT MaccHBa
Aannbix D.
Repi=(RiJyUsD)  (F004)
ValidRep(Rep) <> typed A distinet-denominators A provenance A Dom-gate  (F005)

Yenonwe  distinct-denominators  o3wauaer, uTo  BHpaxenns Kpocc-oTHowenns onpeAeneri.  pi
cosnaenn U=D, wn 1=R swmcnene A we mpojomkaercs; craryc pasen Block(denominator-zero).
TIpOgO/KeHHe C GeCKOHOUHOCTBIO OMYCTHMO TOTIKO B ABHOIE MPORKTHBHOIH KapTe.

47.3. Kateropus foKasaTe/ibHbIX NakeTos

Onpegeny Kareropuio PackCert, Eé 06beKTs — THIH3HPOBaHHbE IAKTHI C XewIaMHt POHCXOMCHNS 1
cocTosmem Bopor. Mopguam f:P - Q CYIECTBYeT, ecui O COXPAHFET THII, POHCXOXZCHHE, AOMeHHYIO
JIONYCTUMOCTS 1 MOHOTOHHOCTS CTATYCa: 3ampetieso nepesoguts Block wn diagnostic-only B PASS Ges
HOBOrO CepTHgMKaTa.
EP-Q; type(Q)=h(type(P)); prov(Q)2y(prov(P))  (F00G)
status(P)=Block = status((P))=Block  (F007)

TokaecTBeHHb MOPUIM COXparseT BCe nons. KOMIOSMUMS AOMYCTUMEX MOPGHIMOB AOMYCTUM,
NOCKO/ILKY COXpaHeHye Tuna, mponcxomgersi u Block Tpanswmusko. Mostomy PackCert snsercs
KaTeropiei B GLHOM ACCOLMATHBHOM CMBICIE.

Teopema 47.1. KOPPEKTHOCTL TUNM3UPOBAHHO# KOMRO3MUMM

Ecmt £P—Q n g:Q~ R seasores onycrumsi Mopusmami PackCert, 1o gef:P R Aomycrus i He
NOBLILIAET CTATyC Ge3 CBIAeTebCTER.

Jlokasatenscrao. THn BbIX0Aa f COBNagaeT ¢ THIIOM BX0Aa g. Provenance pesy/sTara CojepiT o6pas
provenance P uepes ofe crpenkst. Ecnn P Grokuposas, normouerie Block ats f Grokupyer Q, a 3atem 10 e
npasino At g Grokupyer R. Ecnu P e GIOKHPOBaH, KaXAulii Meexos Beé pasHo 00f3aH MpeALAEMTH
cobicraensii gate-certificate. C/1e10BATebHO, KOMNO3MLIS 3aMKHYTa 1 Status-monotone. (1
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47.4. OTAMume KaTeropuanbHoii Komnoauuwn ot NAPG
Onepan NAPG R+R, © W *n ONHCHIBAIOT BHYTPEHHIOI NAKETHYIO [eOMETPHIO M MOFYT GhiTh
HeaccouMaTHBHbIMH. OHi He TIOAMEHSIOT KATerOpHATLHYIO KOMIOSHLMIO TPACCHPYEMBIX. npeoGpazosaiii.
CKoGKa BXOZHT B AaHisie OrepaLyi.
A(R1.Rz.Rs) := (Ri#Ra)#Rs — Rux(RexRs)  (FO08)

A#0 = bracket € metadata A branch-id € certificate  (F009)

“TeM CaMBIM HCUE3aeT 70JKHOR NPOTHEOPEHe: BHNHCAHTe S| KOHBefiep 00%3aH GhITh KOMIOMUHOHHO
OAHOMAUHEIN, @ MCCTCAYEMAS TCOMCTPHYCCKAE OMICPALy MOKET XPAHHTH HEACCOUMITHBHOCTD Kak
CopepaTe biyI0 CTPYKTYPY.

47.5. Blocker-safe 3aBeplenne

TeopeMa 47.2. HeBOSMOMKHOCTL /IOKHOFO 3aBeplIEHNS

Tlycrs Koweusii cepTuduKaT monyuaeTCa Koweunoit Kommosieit mopduamos PackCert, Kaxguiii 13
KoTopsix yosnersopser norouwermio Block. Torga wanuune Block Ha nioGom mpomesyTousoM ware
ucKiouaeT duanbHbiit Crayc PASS.

JIOKa3TeNHCTBO MPOBOAHTCH MHAYKUMeH 1O /UThHe LeNowkK. I8 OAHOTO MOpduIMa yTBepRieHie
cosnazaer ¢ npasinom norouienns. Ecnu noce k waro cratye Block, creayioupii Mopusw coxparsier
Block. CrieAoBaTe1sHo, f0C7ie H0GOT0 KOHEUHOrO WHCAa waros PASS HesosMoxe. [

DUI0COPCKO-peHOMeHONOrHUCKas BCTaBKa. THN — 9TO He KAHUEAAPCKAA MOATHCH K BelijH, a Crlocod

VACPKATH Pasitus, 6e3 KOTOPbIX Beliyh N1ePeCTaéT GbiT HMeHHO IToiL. Block GHKCHPYeT MecTo, rje MHp.

He /7 1paa IDOAOTIKHTS, 1 TeM CaMbi COXPAHALT CMBICA JATbHETiLIero OKA3aTeNLCTSa.

PACK-TYPE-CERT V19614 D-not-equal-Dom; Rep=R,I,U,00; category=PackCert;
morphisns=typed-provenance-preserving; Block=absorbing; NAPG-products={R-R,o, «n};
bracket=explicit; status-inflation=forbidden.
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T'naBa 48. MPOEKTUBHO-TapMOHMYECKUI1 ONepaTop NporHosa

TIOHATHOE OFbAACHEHUE

TIpOeKTHBHas KOOPAHHATA HyXHA TaM, Te ABCOMIOTHAR WKAA HOHAEKHA, HO B3AMMHOE PACTIONOKeHHE
4eTHIPEX Onop coxpaseTcs. Kpocc-oTHOMWIeHMe AGET MHBAPHAHT; rapMommueckiii cyuaii A=-1 sagaét
crporwit yewTp cornacopams. TIpeACKazaHMe CTPOMTCH He KaK MATHHECKO® HC/0, @ KaK MHOKECTBO Touek,
COBMECTHMEIX C 3apErHCTPHPOBAHHbIMH Periepanit i BOpoTam.

48.1. OaHOMEpHas NPOEKTUBHAA MOAENb

Tlycrs, K — noste XapaKTepHcTkH, oTuHoii o7 2, a PY(K) — npoextisHas npavas. B addminoii kapre
A7 nonapHo AomyCTIMBIX R,1U,D, OMpe/e M OpHEHTHpOBAHHOE KpOCC-OTHOWIeHHe B Cornaueriit Toma 1.

MR.LU,Do)=((U~R)(I-Da))/((U~Do) (I-R))  (F010)

S_truth(Rep)=|

ARep)+1 (Fo11)

B 0HOPOAHBIX KOOp/HHATaX X=|
HeHy/IeBbIX MpeACTaBHTeI el TOueK.

AMR.IU.Do)=([U,R][LDo])/([UDo][LR]) ~ (FO12)

[y, monoxan [x,y]=det(x,y). Torsa Bhipaxetue e 3asHcHT oT LiG0pa

48.2. NpoeKTUBHAA NHBAPUAHTHOCTL

Teopema 48.1. MIHBAPUAHTHOCTL OTHOCHTENbHO PGL(K)

Jlis moGOro NPOGKTHBHOFO NpeoGpa3oBanss g, MPeACTABIEHHOTO HeBMpORACHHO/ MaTpHLeii G,
Bunonnserca A(gR,gligU,gDy)=A(R,1;U,D), ecn b CToposi onpeierensi.

JloKazarenscrso. [l mOGHX OAHOPOAHBIX BeKTOPOB X,y Mveent (Gx,Gyl=det(G)[xy]. B uncmirene u
savenaTene OpMY B! BOIMMKAIOT N0 A8 MHOAKHTens det(G), KoTOpsie CokpauaioTes. MacurraGposaiie
npe/iCTaBuTeneit KAXAO TOUKH TaKKe COKpaILARTCH MoNapHO. [

Mg =\ 8€PGLa(K)  (FO13)

‘TeopeNa YCTaHaB/MBAET HE3ABUCHMOCTS OT BHIGPAHHOIi NPOEKTHBHOIH KapTHI, HO He OT MPOHCXOXACHI

‘Touex. TIpOCKTHBHAs! HHBAPHAHTHOCTS HE WCTIpABReT oUMGouHsIi adapter 1 He o33a¢T Dy,

48.3. TapMOHMHECKHiH CONPANKEHHBII SneMeHT

Tipu ukcuposanisix RLU ypassenrie A=~1 onpeAenset rapwoHiieckn Conpsxrnyio Touky Dn, ecai
sHavenaTenn Hewynessie. B addunnoil KapTe pewwenyie nonyuaeTc numelibM oTHOCHTeNHO Dn mocre
packpsiTHs ckoGOK.

U(14+R)~2RI)/[2U-R~1]  (FO14)

opmyna Aciictsyer npu 2U-R-1#0. Tlpn Hynesom 3uavenatese Dn ABAAETCA GCKOHEUHO YAANEHHOI
TOuKO/i BLIGPAHHOIH KapT; ITO He ouGKa, a CHTHAT cMeHHTS KapTy PL. B peanbHoii peansatyim 5107 Cryvaii
nonyuaer tag=projective-infinity.

Mpumep 48.1. SieHas rapMoHMYECKas HeTBEPKA

Tycrs R=0, I=1, U=3. Torza Dr=3/2. Toacranoska Aaét A=(3-(~1/2)J/((3/2):1)=-1 u §_truth=0. Tlocne
ApOGHO-nHeliHOTO npeoGpazoBanis g(x)=(2x+1)/(x+2) YHCICHHEIE KOOPAHHATEI WIMEHSIOTCH, HO A OCTAETCH
-1

N0,1:3,3/2)=—1  (Fo15)

48.4. MHOXeCTBeHHbIi NPOTHO3

Tlycrs, A_L(D) — MHOKECTBO periepos, AOMYCTHMBIX M0 BHGPaHHOMY BeKTOpY mpeenos L, a W_r(x) —
MHOKECTBO OTBETOB, COBMECTHMBIX C eriepoM T M noKamsoil mojensio. Tlpefckasamie ompefensiercs
NlepeceserIeM /JOMEHHEIX BOPOT  0Gbe/MHEHHeM BeTheli, pOLIeAUINX perHCTpaLio,

CL(x)={J{¥ r(x): reA L(D), gate(rx)=1} (F016)
CL(x)=0 = output=ABSTAIN; Block#) = output=BLOCK  (F017)
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Onpezenentte 2.1 (TAnH3MpOBaHKas coObTTiNas puicanys). TYCTh S — MHOKCCTBO Wik 0GBeKT
CocTosmHii, E — MHOMECTBO 3K3eMILIAPOB COBBITHiH 1 :E — S — OTOGpa)eHHe THIH3aLH. MuHmMans biil
obext C@C ecrs 3ascivas cymva C@U(M=E:ES Es={(e5)EEXS | n(e)=s}, rae Es=n-1(s).

Axcrova C1 (ramsauus). Tlapa (e,5) npagexut C@C Tomsko npi n(e)=s. Coueranie cobuiTis ¢
TIPOH3BOLHBIM HECOTIACOBAHEIM COCTOAHHEM He 0GPa3yeT 0GLeKT IaB.

Axcrova C2 (4B0jiHas PasTHuHMOCTS). PaeHcTo (e,5)
e=¢ 1 s=5'. Hi 02 KOOPAWHATA He TIOTIOLIACT APYTYIO.

') MMEET MECTO TOr4a H TOMIBKO TOTA3, KOrAa

Axcrova C3 (nokansHas enycrota). TTakernas nnsis Ls=Esx s} cyluectayer kax nemycroii coii
ToK0 1pi Es# 3. TTyCToii C10i AOMYCTHM KaK COCTORHHE BOIMOKHOCTH, HO He COACPAHT COBEPUIHBLICTOCS
cobbrmus.

Axcroma C4 (BepCHOHHOCTS). EC/H HIMEHIIHCE COCTORHME, BPEMEHHAs! MeTKa, HCTOUHIK /G0
KOOAHHATHAS! KOHBCHL, CO3AARTCH HOBBI SK3emnap C@C; MpEAHHTi OGBEKT He MepesANMCHIBACTCs
QAN UHCTOM.

Axcrova CS (wefitpansocrs cratyca). Tpunagnextocts C@C QUKCHpYeT coGBITHE B COCTORHMM, HO He
YCTaHABHBACT HCTHHHOCTH, MPUUMHHOCTE W1 TPOTHO3HYIO CY. ITH CTATYChI TPEBYIOT JONONHHTENBHBIX
B0pot Reper, D, Dom i COOTBETCTBYIOIErO NPOTOKONA.

Axcrova C6 (NPOCIEABAEMOCTS). L1 OKA3ATELHOTO WM SMITHPHUECKOTO HCTIO/IS30BAHMS 11apa
CHAGKALTCH CCLITKOI SOUTCe-id 1 HEH3MEHSEMBIM WICHTHHKATOPOM BEPCHI; OTCYTCTEHE CCHUIKH He.
VHHUTOKAET MATeMATHUECKYIO T1apy, HO GIOKHPYeT NoBbILIEHHe /I0KA3ATeNILHOO CTaTyCa.

Tlesia 2.2. Tpoexus prE:C@C(n) — E swnsercs Grexuyedi, Tora Ka prs:C@C(n) - S 8 obiniem cryuae
He nibeKTUBHa, CopepKaTensian A06aBka C@C COCTOT He B YBETHUEHIH MOIHOCTH HOCHTE E, 3 B SBHOM
CoXpaeiH THIH3ALHI T COCTORMHA T(e).

Jloxasatenctso. Kaxgomy aKk3emmunspy e€E cootsercrayer poHo oaua napa (e,n(e)), notomy prk
uweer oGpaioe oToGpaxenie e-(e,1(e)). B OAHOM BONOKHE Ex MOTYT 7€XaT pasiunbie covuiTHs,
CIE0BATE O, PIS CrIOCOGHA OTOKACCTRSTS pasiibie napsi. [

2.2. NMpumepsbl

B matemaTie (opMy.ia 63 IKCHOM  00ACTH AONYCTHMOCTH ABTAETCA TONEKO COGBITHEM 3AMHCH;
Cocrosie (OpMY /st 3AQI0T TeOpHS, OBO3HAUCHHS M AOKAIATEIbHAA LETOUKa.

B CveTe CTPOKa CTOHMOCTH CTAHORMTCA OGLKTOM ayAHTA TOMLKO BMECTE C IPOCKTHbIM PASACTOM,
3TarIoM, HOPMATHEON I AOKYMCHTOM-OCHORAHHEM.

B (pi3itke UHCIEHHO 3HaUEHIE TPEGYCT AMHHL, IKCIIEPHNEHTATLHORO KA, NOTPELLIHOCTI 1
HCTouHIKa.

B GHOZIOTHH T10C/ICAOBATE/ILHOCTS TPeGYeT accession, OpraHu3ma, BepCii 63t i KOOpAHHATHON
KOHBeHLH.

ApxiBHast BiGOpKa 13 MoHOrpadi 5.0. CoAepanie HEXoAHOro Kopriyca, Orasnee 1. 0.
Pegakuyonnbiii crarye i Touka 5.0 2. 1. McxoAuas ontonoris: codhimie@coctosnie 3. 2. Reper Kak
MUHHMAbHas OGpaTHMas CTpYKTYpa 4. 3, Lambda-HCTHHHOCTS 1 NIPOCKTHBHO-TAPMOHHUCCKOR 3aMbIKAHHE 5.
4. NAPG 3.0: matemariueckoe yrayGneste 6. 5. Ipegensi, onepatopsi Xi, Delta, Upsilon i naket spevern 7.
6. KPF/RPHD: NpHumiHOCTS  AeTepmitiam 8. 7. AHTpONonorHs 2: ueosex Kak Reper pa3sopota 9. 8. KLT
4141 KLT 5.1 kak nporpassusii cnofi 10, 9. Reper Database: 6asa fanbix perepo 11. 10.
Maremariueckie OCHOBaHHA IPOTPAMMHOTO ayAuTa 12, 11, TpUioxKeHHs! 1 COXpaHeHHe Kopriyca
Appendices / Tpinoxenis / Anhiinge /

opmytbi sgpa / core formulas: Human_R = C@C + Rep(R,LU;D) + (Xi, Delta, Upsilon) + L + lambda
Rep_i = (R_i, L_i, U_i; D_i) Truth(Rep) <=> r(U,;R,D) = -1 lambda = (U - R)(1 - D)) / (U - D)1 - R));
delta_truth = [lambda + 1| KPF/RPHD v1.0 = Reper v1.0 + Limit-Causal v1.0 + (Xi, Delta, Upsilon) + T_cs"L.
+CGI CGLi = (|[T_hole/L| + [F_cent"{XiUpsilon} | + [F_cor*{P@S}| + sum B_nu) / (r_i u_i + epsilon)
Forecast = Pi_L [ Upsilon_L o Delta_l 0 Xi_L (RBD_lambda) ], with check CGI_i < 1 Klein(M,G)
Inv_G(M); Witten(QFT, Dual) = Inv_Dual(QFT); KLT: cr(U_K,1_W;R_inv,D) -> -1 0. Pegaxmontsii craryc
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ABSTAIN o3tiauaer, WTo Banwisie BeTSH He AQmi AONYCTHMOTO OTBETa AakHOMY ofbexty. BLOCK
O3MauaeT HapyweHHe OGFATENEHOT AOKAIATE/ILHOTO YCIOBMSA, DTH CTATYChl HeMb3 OGLeAMHATS: Nepaii
BXOAHT B porH03Hy10 loss, BTOPO/i OCTanaBMMBaeT FaMyCK.

48.5. IKBMBAPMAHTHOCTb NMPOTHO3HOTO MHOMECTBA

Teopema 48.2

Ec adapter, gate u W 3KBHBAPHAHTHS! OTHOCHTELHO 0AHOr0 gEPGL,(K), T0 C_L(gx)=gC_L(X).
JloKasaTensCTBo. MIHBAPHAHTHOCTS A COXPAHSET NDHHAICKHOCT, DEriepa TapMOHHIECKOMY AOMYCKY.

DKBMBAPHAHTHOCTL gate COXPAHFET MHOKECTBO Aomyuiemnix Betseii, a W_{gr}(gx)=g¥_r(x). OGpas

ofbeuHeHIs paseH OGbeauHeHHI0 0Gpasos. (1

CL(g)=g(CL(x)) (FO18)

48.6. YCTOWYMBOCTD K BOMYLLLEHUIO

Ha kommakte, yaanéusom ot nomocos [U-Dyjze # [I-R|ze, A snsierca rnagkoii paumonansHoi
dpynxgaeii. Tlo Teopeme o cpeAem CyueCTBYeT OKaTbHas KoHcTanTa K_g, A1A KOTOpOl Haverenie A
‘OrPaHHIEHO HOPMOH BO3MYIICHINS KOOPAMHAT.

[ANSK & ([[AR||-+]|AT||+]|AUl+{|ADg]l)  (FO19)

Tlpit npuGwKesn K omocy K_e pactér, noatomy Grmsocts §_truth K HYo A0KHA COMPOBOKZATHCA
condition-number. Mansii §_truth npH  OrPOMMOIi UYBCTBTENBHOCTH He CHMTARTCH  YCTOMMMBbIM
CBUACTETHCTROM.
DUAOCOPCKO-BeHOMEHONOrHYECKas BCTaBKa. [IPOCKTHEHBII HHBAPHAHT COXPAHAET OTHOLLIGHHE, HO He
OTMEHSET TyTh, N0 KOTOPOMY TOUKH MRy CBOM HeHa. apMOHIS 35eCh — He OGewEHHE HCTHHb,
pOBepEMas OPMa COTACORANIS HETHIDEX PAITHIHMBIX MOIHLUH.
PROJ-HARM-CERT V19614  field-char-not-2; cross-ratio=homogeneous; PGL2-

invariance=proved; harmonic-conjugate=conditional-on-denominators; forecast=set-valued;
empty=ABSTAIN; gate-violation=BLOCK; sensitivity=reported; truth-layer-promotio
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I'naga 49. MNatb NpeAenoB Kak peléTka AonycTMMocTU

TOHSATHOE OF bSICHEHUE

Tlpesen B MeTofie — He WHCIO, KOTOpOE OS3ATEBHO C/IeAYeT MAKCHMH3MPOBAT. DTO YCIOBHE,
oTceKaiouee HeAoMyCTHMBe periepsi  AciicTaiA. [IATh MPe4enoR — MOMMTHNECKIS, SKOTOTMUCCKHH,
NpOCTPaHCTREHHBI, BpeMEHHOIi 1 OHTOTOTNECKIH — OOPAIVIOT BEKTOp BOPOT. YaeCToueHMe M0Goro
KOMIIOHEHTa MOAET TOTISKO YMEHbLIHTE MHOXECTBO Pa3peLéHHbIX BHIEOAOB.

49.1. Bektop npeaenos

L=(L_pol L.eco L space,L_time,L onto) ~ (F020)

Kaxit L_j 3apaéres npeaukatom £_j(r,D,context)€{0,1,Block). 3uavenme 1 paspeusaer, 0 otkomser
Betsb, Block 03Havaer, uTo npoBepKa He MOeT GbiTs BbITOHeHa 13 HMEIOUIMXCH AGHHBIX.

gate L(H=A_{=1)"5 £5)  (Fo21)

Tlomeminiecksii npeAen GHKCHPYET 0MYCTHMBIE PEAHMb HCTIOTIS30BAHIA 1 NOTHOMONI; IKOTOTINCCKHi
— GloAKeT BO3CIHCTRIA; MPOCTPAHCTBHHbIH — OBAACTS NIEPEHOCA; BEMEHHOT — FOPIONT 1 ZONYCTHMYIO
S/4ePAKY; OHTONOTHACCKHIi — COOTBETCTBHE THIIOB M CAMOTO MPCAMETA YTBOPAACHHS.

49.2. YacTnuHbIi NOPAA0K CTPOrocTn

Jin peyx cuctew npesenos L w L' mawewm L'BL, ecnn Kaxii mpegukar L' we crabee
cooTReTCTRYIOIero npeAvKaTa L: Besikitii 06bekT, paspewénmbii L, paspeué u L.

UL e A{L'}(D)CAL(D) (0

Teopema 49.1. MOHOTOHHOCTL 4ONYCTUMOTO MHOXKECTBa
Ecmn L'>L, 10 A_(L'){(D)CA_L(D), a nporomoe mowecrs
Aonyuientsim seraa, ygosnersopser C_{L'}(x)CC_L(x).
Jlokazarenscroo, Tleppoe BKTIOUCHHe SBICTCH OMpeeneHieM NOpAAKS. MHeKcHOE MHOXeCTSO
OfneguHenMs A L SBIAETCH NOAMHOKECTBOM MMACKCHOTO MHOKecTsa A L; ofbepmiene no
FOAMHOKECTBY HE MOKET COACPAKATH HOBBIE HIEMeHTI, ]

UL = A{L'}CAL A C{L)CCL  (F023)

flocTpoeKoe. oBneHeNHeN 10

49.3. Onepauum meet u join
Tepeceuerie AByx cHcTem TpeGoBaHit 3aaéT meet: OGbEKT paspewiéH, TOMBKO ecu npowén o6e. Join
JIOMKEH MOHMMATBCA KaK HaMMeHlilee oGiLee OCTABTeHMe, HO ero HCMO/IbI0BAHHE A1 MYGAHKALHMOHHOTO
PeluieHMs TPEGYeT PervCTpALIK, HHaNe OHO CTAHOBHTCA MOCTQAKTYM BHIGPAHHOIH Ma3eiKoii.
A{LAM}=ALOAM  (F024)

A {LyM}=closure(A LUA M) (F025)

Mpeanioenue 49.2. PeuiéTuaTble 3aKoHb!

TIpi (UKCHPOBAHHOM YHMHBEPCYME THIHPOBAHHBIX Periepos i closure-onepaTope, CoXpaHSIOLIeM THIl,
onepau A i V WIeMIIOTEHTHb, KOMMYTATHBHBI 1 Y/AOBACTBOPAIOT 33KOHaM NorAoweHns. [10Ka3aTenseTao
CIIEAYeT 13 COOTBETCTRYIOILJIX 3aKOHOR MEPECENEHISL 1 3AMKHYTOr0 OBbeAHHEHHA

49.4. BpeMeHHOI FOPU3OHT 1 MHbOPMaLus

Jlns kanggoro ropusoiTa h onpegensercs o-anreGpa AOCTYNHOI HihopMawm F_t W eneBas nepemenHas
Y_{t+h}. Adapter He MOKeT HCIOIL30BaTE NPH3HAKH, TIOSBHBILMECS TIOCAE {, A eCTH OHM JAITHCAHb B Toii
e Tabnie.

Forecast t(h) measurable with respect to F.t  (F026)

fea

re-time(x k)<t; outcome-time=t-+h  (F027)

ECIH B pasHIX OMeHX OAWH 1 TOT e h Mueer pasibie u3ieckie csicb, horizon xpanuTes Bmecte
C epuHMueli U3MepeHMS M NPABWIOM CHHXPOHM3aUyH, [1ePeBOJ MeXJYy LIKATaMU SBASETCH OTAEMbHbIM
mopH3Mom ¢ uncertainty.
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49.5. TMH.2 KaK NPe/ien eAMHOTO OLeHMBaTENs

Tycrs ©=0,UB, ofbeauHseT ABe CKpITEE CKOBOUHEIE BeTBH, HepasTHuMMbie 10 JocTynHoMy D_X, Ho
TPEBYIOLpIe PazHbIX ONTUMATLHBIX ACHICTRI. TOTa eAMHb| OLEHBATE I He MOAET OAHOBPEMCHHO HMET
Hy7eRo pHCK Ha OBeiX BeTRIX 663 AONOMHITE HOF HHBOPMALUK, PaZTINAIOLEH HX.

inf T sup_{6€0} E O[L(T(X)0)] = ¢ PN2>0 (F028)

Komcranta c_PN2 3aBHCHT OT Knacca Mojierieii, loss i CTereHH HEpa3/HUMMOCTH; OHa He OGBABISETCH
YHHBOPCATbHOIi H3HECKOT KOHCTAHTOT JIOKAJATELCTRO B KAAJIOM ZOMeHe TPeByeT ABHO/i Maps! 1M cMeck
‘HauMeriee GAQrONPHATHAIX aTEpHATHE.

Teopema 49.3. [lByXTouEUHas HKHAA TPAHULIA

Tycrs 8, 1 0, Tpebyior seiicranii a,#a,, a pacnpegenenis P, i P, nweiot total variation e Gonee 1<1.
Ecm owmbKa AeiCTBIS CTOMT He MeHbLUe ¢, T0 415 Mo6oro T MaKcHMabHbiii puck He Menbiue ¢(1-1)/2.

max(Ro(T),Ra(T)) 2e(1-TV(Po.P1))/2  (F029)

JlokasaTenscTeo. CyMMa BEPOSTHOCTEH OLIMBOUHONO PasTMueHus ABYX MPOCTHIX FHIIOTE3 He MeHbilie

1=TV(P,P,). X0t Gbi OfHa W3 fBYX OUIHGOK MMeET BePOSTHOCTH He MeHblle MOMOBHbI ITOMi CyMMbi.
VMHOMeHIHE Ha MHHHMATIHYIO LieHY OUIHGKH C 3aBepiiaer ByiBoz. I

49.6. KoHeuHblii ceptuduKar npeaenos

Tpeaen Tponepaeoe moze Crarye npu oreyrermmm
Lpol oo, pexi nyGkan Blockauthorky
Lo Gower nomeicras, o Blockimpact
Lspace nony s, suppors,ansport ABSTAIN Block-support
Lime imestamp,horizon, lekage Blockime

Lono s, estimand, D/Dom Block-ype

rnocoero-penovenonorieckas scraska. [1pegen He TonbKo sanpeuaet. O ouepuBaeT
IPOCTPAHCTRO, BHYTPH KOTOpOro AeiCTBME NonyuaeT cbicr. [TporHo3 Ges npeAeion KaxeTes cBoBogHbIM,
HO MMEHHO T0ITOMY He 3HACT, K KaKOMY MAPY OTHOCHTCS.

FIVE-LIMIT-CERT v196il14 limits={politic,ecological,space, time,ontology};

order=strictness; meet=intersection; join=typed-closure; monotonicity=proved;

PN2=minimax-conditional; universal-physical-status=not-claimed.
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I'naBa 50. MeTpuKa HECOOTBETCTBUSA U YCTOMYMBAs
nepectpoiika

TOHSATHOE OF bSICHEHUE

TIpOrHO3MbIi METOA AO/KCH YMETh HE TONEKO BBIZATh Pe3YIBTAT, HO M OGHAPYIHTS, STO HCXOAHBIE periep
NepecTan CoOTBETCTROBATS AaHbiM. Tlepectpoiika BLOHPAETCA M0 3apasee 3aAaHKO MeTpiKe n wTpady
CIOKHOCTI HHaNE KaKAYIO OLIHOKY MOHO OGBACHHTS MOCTQAKTYM HOBOI YA0GHO CTPYKTYpOii.

50.1. Tunbi HecooTBeTCTBUA

Koa Conepanne Ofmarensoe peicrane
Maype econecrimocrs s Block

M.dom [ — ABSTAIN s Block
Moharm poc 8_tuth diagnostcebuild
Madoss yxyuee omiociTeo matched-nll FAIL rebuild-version
Meprov papn mponcxanin i hash Block

Mt Jascneune rony MO rcalibate

50.2. MeTpuka penepos
TIyCTi () — BEKTOp UMCHOBLIX HHBAPHAHTOB periepa, T(r) — Tun, i(r) — npoHcxoKeHHe, B(r) —
cK0GOuHas CTPYKTYPa. PacCTosHie AOMYCKaeT GeckoHeuHoe 3HaueHite /1A 3anpeiyHHOM naphi.
AR(15)=w_pl (1) —p(8) |+W NN =X 5| +w.D d_D(Dx,Ds)+P(rs)  (F030)

Plrs

=50 if type/provenance/bracket incompatible  (F031)

B NPAKTHCCKOM QIFODHTME GRCKOHEUHOCTH Eaiiayercs e GOTLIM WHCTOM, a HCKTOWGHHEM
KaH7IaTa [0 OTHMM3ALYH, DTO HCKIONAET JABHCHMOCTS PeltieHss OT MPOHIBOTSHOTO MacuiTaGa penalty.

50.3. Onepartop 6/Kaiieit NepecTpoiiku

Tlycrs N(r) — 3apervCTpupoBaiHOe KOHEHOE Wi KOMIIAKTHO® NHOKECTBO AOTYCTHMbX COCepeli B
RBD. /11 HOBOrO 610Ka AaHHBIX Z Onpeeniiy yHKUMOHaT J_z, CKIaAbIBaIOi PACCTORKME, TPOTHO3HYIO
1055, FapMOHHECKHIE ACGEKT H CAOKHOCTS MIMEHCHI.

3.2(s]e)=d_R(1,5)+-Loss z(s)+ -5 truth(s)+~-Complexity(se-r)  (F032)

R_z(r)=argmin_{SEN(r)NA L(DUz)} Jz(sr) ~ (F033)
Teopema 50.1. Cyuectsosanme
Ecm N(r)nA_L Henycro i Komnako, a J_z nonysenpepsisen cimy, 1o R _z(r) enycr.
Jloxazatenscreo. Tlo/yHenpepsisnas cHusy (YHKUMA AOCTHFAET MMHUMYMA HA HEMYCTOM KOMIAKTe.
MHOXECTBO BCeX MUHHMH3ATOPOB JAMKHYTO H FIOTOMY KOMNAKTHO, 1
50.4. EAMHCTBEHHOCTb 1 3amac

B xoneusom N(r) nycrs s* — nyuumii Kawguaar, s, — BTOpOii. 3anac ' paset pasHOCTH X HaueHMil
Ecu >0, peuserme euictaenso. Tlpy T'=0 cHCTeMa 00R3aHa COXAHHTE HECKOTHKO BeTBEH Wi NpHMEHHTE
3apanee saanHoe tie-rule.

T=J a(salr)~T 2(s¥r)  (FO34)

T>0 = Rz(r)={s*} (F035)
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50.5. YCTOI4MBOCTb KOHEUHOTO BbIGOpa

Teopema 50.2

Tyers s acex s emonssercs |J_{z'}(slr)-J_z(sln|<e 1 [>2€. Torga MHHHMHIATOp S* COXpaHReTCA pH
nepexoge 0Tz K Z'.

JloKa3aTenLCTBO, 3HateHie INLIEr0 KaHAAATa MOKET BHIPACTH e Goee uiew Ha €, a HauekHHe 0Goro
KOHKYDEHTA yMeHBILINTHCA He Gortee e 1a &. EX0 peHMyLIeCTS0 0CTaéTes e Merbitie T~26>0, 0

(F036)

T>2¢ = argmin J_{z'}=argumin

ECI YCT0BHe He BIOTHENO, 9T0 He AOKAIBIBACT CheHy CTPYKTYPHI, HO TpeByer status=rebuild-unstable.
B nyGanKatpn coobug@iors I, e-bound i NO/Hb CrIfCOK KAHANAGTOR B 26-0KPECTHOCTH MHHIMYMA.

50.6. HeaccounatueHas uenb peBusnin
TlopsoK. BKMOUEHHS GTOKOB 2,2, MOKET MIMEHHTH e3ynbTar, ocoenso korga NAPG-onepaui
Heaccouparusibi, Tlostomy batch-rebuild u sequential-rebuild snsioTcs pasisiv npoToKOMaw.
R{za}(R{z1}(r)) # R_{mUza}(x) in general  (F037)

Kaxgan uens xpanr parent_id, bracket, batch-boundary, hash  deterministic tie-rule. Crnsine eyx
Lereit ABISETCH HOBBIM AOKATATE/TLHBIM OGHEKTOM, @ He TIEP3ATTHCEIO HCTOPHH

50.7. Matched-null nepectpoiiku

UroGki foKasats nonb3y rebuild, on cpaswpaetcs ¢ matched-null, weiouym TOT Xe GlopKer noKCKa, Te
e KaWMAATHI H TOT e AOCTYT K planning-Hopmatyis. Cpasserie CIOXHOTO MOHCKA C HeMOABMKHOI
‘CayuaiiHOi TOUKOH 3aBHILIACT BLIMTPHILL.

Gain_rebuild=L (matched-null search)~L(KLT rebuild) ~ (F038)
Dunococo-pesomeronorHteckas BeTaBika. TlepecTpoiika — 310 e CTHpaHHe poiOro. OHa
‘CTaHOBHTCA PALHOHATLHOT AL, TOTA3, KOTAA COXPAHAET Ce} OuIHGHBLIIEHiCA GOPMbI H MOKa3bIBIET
TPABIA0 1epeXOAa K HOBOIL.

REBUILD-STABILITY-CERT V196i14 mismatch=typed; distance=extended-metric;
candidates=registered; argnin=set-valued; existence=compact-1sc; uniqueness=positive-
gap; stability=gap-over-2epsilon; revision=versioned; matched-null=equal-search-budget.
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I'naea 51. RBD Kak onepartop pacnpocTpaHeHUs U OKaTtusa

MNOHATHOE OB bSICHEHUE

RBD — 570 He CIMCOK KPACHBBIX GHATOTYHi, @ THIHIMPOBAHHIi TPa) HCTOMHMKOB, PaGoT, penepos 1
oTHowerti. Uroei rpap yacTEOBAN B MPOrHO3e, TPGYETCA OMPEACNHTS AOYCTHMIE PEDDA, HOPMHPORKY,
3aTyxaHme W npasuno ocTaHoski. TOMAa PACTPOCTPAHEHHE CBI/ETENCTBA CTAHOBMTCA ONEPATOPOM, ATt
KOTOPOFO MOKHO /IOKa3aTh CYLLIECTBOBAHHE YCTOHUMBOrO (HKCHPOBAHHOTO COCTORHHS.

51.1. NpoeepeHHasn cTpyKTypa Atlas v2.1

Read-only ayaut npinoxersoro atiaca aan 236 sammceit sources, 1145 work units, 2212 Reper nodes 1
2478 edges. I unCna ABAIOTCH CHETUMKAMM KOHKpeTHOTO (aiina Atlas V2.1, a He yHMBepCATbHbIMI
paswepas npoexTa.

Is|

Kaxgoe peGpo necér edge_type, source_id, work _id, confidence, limit-tags, time-span # provenance.
PeGpo Ge3 pa3petliéOTO TR 1Tk NIPOHCXOXICHHS He YUACTBYeT B OniepaTope.

36; [W[=1145; [V_R|=2212; [ER|=2478  (F039)

51.2. TUNu3npoBaHHbli rpad
GRBD=(V

Vo Eprovawl)  (FO40)
yhKuHA TV PaIMUACT HCTOUHHK, PAGONYIO CMHHLY, Periep, CePTAGHKAT M MOTHOSHbIi OGTeKT.

ynkuws T_E pasnaer citation, derives, analogizes, contradicts, limits, verifies w revision. Marpuua
CMEXHOCTH CTPOHTCA OTACMILHO 1 KAAIOr0 Pa3peIiEHHOr0 MapuipyTa THIIOB.

51.3. Cy6croxacTuueckuin nepexogs,

TloCre (TP BOPOTANH CTPOKOBbIE Beca HOPMHPYIOTCS. MaCCa JanpeiEHHLIX WK OTCYTCTBYHOUX
11EPEXOA0B He MIePEPACTIPEARAETCS aBTOMATHUECKI OHA YXOAHT B coctomme ABSTAIN. Tlostomy aapo
MOKeT GbIT CyGCTOXaCTHRCKIM.

P_{ij}=vw_{ij}/max(1,5k w_{ik}); £jP_{ij}<1 (Fo41)

P (i L}=1-S P (i} (F012)

51.4. Oneparop penepHoro pacrpocTpaHerns

Tlycrs qERAV| — Bektop nokansHoro cawgerensctsa, a€[0,1) — 3aperuCTpHpOBaHKOE 3aTyXaHMe.
Onpeaemn T(x)=q+aPT. KOMIOHEHTS! X e HHTEPIPOTHPYIOTCH KaK BePOSTHOCTH MCTHHBI Ge3 OTARAbHOT
HOPMHPOBKH W BEOSTHOCTHOE MOZerH.

T(x)=q+oPTx, 0<a<l  (FO43)

Teopema 51.1. Cxarue

B opwe |, oneparop T sinnsetcs Cxaten ¢ KospiuierToM He Gonee o.
Jlokasarensctso. L cy6eroxacTieckoro P onepatopuast 1-Hopma P e npesocxoaur 1. Toaromy [[T(x)
“T)lh=allP eyl =alx-yll.. O
| T(x)—T(y)

[1<allx—ylls  (F044)
CnecTame 51.1. EAUHCTBEHHbII GUKCHPOBAHHbIIA BEKTOP

Tlo Teopene Baraxa cymecrayet egucraekhbii x¥, a wrepaiyn xA{(k+1)}=T(xA{()}) cxopsres K Hewy
C reOMeTPHUECKOIi CKOPOCTBIO.

(1-aPT) g (FO45)
[ (k) } =¥l <a KX {(0)}—

(F046)

51.5. Boamyuetue rpaca

Tlycrs (P,q) u (P'q) 3a5ai0T Asa coctomus RBD npu opusakoson a. U3 ypasenwii GuKcuposansoii
TOUKH H PE0TTLBEHTHO OLEHKH NONYHAETCH TPAHHLA Y BCTBHTETLHOCTH,

et —x"*|h=(lla—q ||+l P=P)Tx*||1]/(1~a)  (F047)
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TIpi , GMIKOM K eAMHHLE, SHAMEHATEh Man  Tpath CTAHORHTCS UYBCTBHTEBHBIM K MPOHCXOACHIIO
péfiep. [03ToMy @ BBIGHPAETCA 0 ONEHKI Pe3y/TATa, a sensilivity report ABIAETCH OBIATENBHOI ACTEIO
cepruukara.

51.6. WHTepBanbHas Macca cBuAeTeNbCTEa

Eciu neca péfiep H3BeCTHI MHTRBATAMH, CTPOSTCH Mk W BepxHiii onepatope T-T* 1a peuéke
HOTPHLATe bHbX BeKTOPOB. TIpi MOHOTOHHOCTH HTEPALIH AGIOT BHEIWIHION 0GOTONKY AOMYCTHMBIX
PHKCHPOBHHLIX COCTORHHI

T (x)<TR)<T'(x)  (FO48)
XHEXTEX (F049)

ILIpiHa X"*~X"* SBIAETCA SMHCTEMHIECKOli HEOMPOACTEHHOCTEIO rpacha. OHa He 3aMeHFET POrHO3HbIE
corridor 1o Gyayuiemy Y # coobugaeTcs oTgenso.

51.7. TpaHULLa MCNONHUMOCTH

TeopeMs! ITOii 1128kl AOKA3AHBI A1 33/JaHHOTO THITH3HPOBAHHOTO Apa. OHH He 03HAUAIOT, uTO Bee 2478
pédGiep yoKe MPOLTIH MPEAMETHYIO BATHIALMIO Wi TO BHEIMIi TOTHO3 BHITONHEH. 115 JanyCKa HYKHbi
frozen adapter, target population, outcome, horizon i sesasicibii ext corpus.

unocoeo-besomeronorHeckas BCTanika. Tpadh NANITH CIOCOGeH YCHIHBATS CBMAETENLCTSO, HO
TaKKe YCHIHBAET OIMGKY MPOHCXOKeHIts. CAATHE 4€ReT PACTIPOCTPaHEHHe YCTOMNMBHIM
MaTeMATHYECKH; IDOBEPKA PEGED ACTACT EX0 OCMbICTEHHbIM HCTODHSCKH,

RBD-CONTRACTION-CERT V196114  at las-counts=(236, 1145, 2212, 2478} ; graph=typed;

kernel=substochastic; abstention-mass=explicit; alpha<i; contraction=proved; fixed-

point=unique; perturbation=bounded; external-run=not-executed.
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I'naBa 52. TnaBHas ycnoBHas TeopeMa npejcKasaTe/ibHOro
MeToga

TOHATHOE OF bSICHEHUE

T'nasHas Teopema cOBMPAET NPEABIAYIHE Pe3y/LTATE! B OAHO YCIOBHOE yTBepxiente. OHa He ofewaer
GesoumBouroe Gyayuiee. Oa TOUHO MEPEUHCIAET, MPH KAKITX AGHHbIX, BOPOTAX, KATHOPOBKe 1 HEIABHCHMOIE
NPOBEpKE METOA HMeeT OrparHeHHYIo loss, POrHO3HOE MOKPLITHE  BOCTPOHIBOMMBI: CepTHiMKaT.

52.1. Npegnocbinkn A1-A10

Koa Tpeanocuna Hapymeune
A s Obs/Evidence/Rep corsaconana Blockype

a2 D Do pasasens; support iposepess Block-domain
» provenance i hshes non Block-provenance
A e — Blocklimit

A5 e n cka TTH.2 sagani 10 oucome postselecton

A adapteoss mached-nil avopoxenss invald-comparison
a7 calibration assumptions ofockonans coverage-notclaimed
A cluster  time leakage Hewosein Block-leakage
» (CGI<1 1 blackersafe gates mnonnenss no-promotion
Alb = ot pateci enySaccm ——

52.2. ®opmyanposka

Teopema 52.1. YcnosHas KoppeKTHocTs KLT-RBD

Tlycrs sunommens A1-A10. Tlycts npoektso-rapmonmueckiii adapter crpot C_L(x); KanuGposka
OfeCrieuNBaCT MAPTHHATLHOE TIOKPHITHE He HIKe 1-G_COV Ha 3aperMCTPHPOBAHHOH Uenesoit momysLy;
T0CegoBATe B HOE peieHie HCTTOM3YeT BanAHi e-nponecc ¢ GiopkeTom o_seq; multiplicity-KoHTyp ueer
Giomxer a_mult; matched-null monyaer Tot e Giozpker novcka. Torga:

(i) moGoii npowexyroussii Block nckniouaer PASS; (ii) eposTHOCTS Henokpsimis Gyayiero oTsera He
npembiLIaeT @_COV B 06MacTM AeiicTBuA KanuGposouroii Teopemsy; (iii) BeposTHOCTH owmGouHOrO
nocnefoBaTeBHOrO  Mepeceuenus rparmupl null He npemsuuaer o seq; (iv) cemeiinas owmGKka
3JaPerHCTPHPOBAHHEIX CpaBHeHMii He mpeBbiwaet a_mult; (V) OnyGAMKOBaHHEI gain OTHOCHTCH TOMBKO K
pannoii loss, monynawn w ropusonty; (vi) truth_layer_promotion e creayer M3 STux nywKTos

aBTOMaTHYeCKH.
P{Y newgC L(X new)}<acov  (FO50)
Pofsup_t E_t>1/aseq}<aseq  (FO31)

FWER<omult  (F052)

win (FO53)

Risk KLT<Risk matched-null—2

52.3. [l0Ka3aTe/IbCTEO N0 KOMMOINLUH

Ilar 1. A1-A4 u Teopema 47.2 aator blocker-safe KOMNOIMIMIO A0 MHOKECTEG FOMYCTHMBIX Pertepos.
ilar 2. Teopema 48.1 06ecrieunsaeT HE3ABUCHMOCTS A OT MPOEKTHBHOI KapThI, a Teopema 48.2 MepeHOCHT IT0
croiicteo Ha C_L npu skeusapuanThbix adapter u gate. Illar 3. Teopewa 49.1 rapauTpyer, uTo yxecrouetie
nIpe/ienos He 4OGABAET MPOFHO30B.
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Illar 4. 3apernctpuposastias conformal w rpynnoBas KanuGposKa AaéT nywKr (if) PoBHO MPH CBOIX
npenockukax  oGMenHoct  nMGo  weighted-wocra. Ilar 5. Hepasencrso Bumia  pgaér  (iii);
sapervcrpuposansas nonpaska multiplicity zaér (iv). Ilar 6. Pashuiii Groper noucka matched-null genaer
PAsHOCTE PHCKOB MHTEPTpETHPYeMOii Kak OnepaLoHaTbkbii gain. IiTar 7. Hi 0 w3 MPHMeHEHHEIX Teopent
He OTOAJECTBIET UACTOTHYIO TaPAHTHIO C HCTHHHOCTHIO TEOPHH, NO3TOMY (Vi) OCTAGTCH 0GR3ATENBHEIM
orpasuesien. [

52.4. Komno3suuus 6iogxeTos

Ecam wrorosas ouwmGka oGABIETCA Kak 00beMHeHHe pamuHsix cobsmiii E_cov, E_seq u E_mult Gea
AOKazaHHO/i JABMCHMOCTH, Ge30MacHa rpaniLa OGeAvHeHHS.

P(E_covUE seqUE mult) o_cov+a_seq+omult  (F054)

CyMMa He JOIKHA HAIBIBATHCA TOMHOI OLIHBKOM. Bonee 0CTPOE OBLOAUHEHHE ZOYCTHMO TOMBKO NP
AOKAZaHHOIi CTPYKTYPE 3ABHCHMOCTH. BloAeT! UKCHPYIOTCH A0 ext.

52.5. Cratyc yTBepaeHui

Yenepaenne Crarye V196114 tiro ewé Tpetyerca
T — soasano e —
T — oasano saperucrpuposamse predicates
cymecraonae ebuild yeroman reopena compacuc wan fnte st
oxae RBD oo am a<t e —
[rR— yeromoe exchangeabilyweighted rdge
e — e ucnomeno wieue independentext corpis
mcpcanian drmiecian 12 [ry— [ —
rvlaye promoton o cenifca-lockpublication gte

52.6. HensmeHnsemas Kaprouka Apredakra-1

RIUD-TETRA-RUNGO6-029 — PROOF -0BJ-RUNGO7-0029 - FORMAL-CARD-RUNOGO-006 - SIGNATURE-
REVIEW-RUNG13-001; A=-0.992736565468; 5_truth=0.007263434532; CGI=0.140948882338;
truth_layer_promotion=0; status=signature-ready-not-truth-layer;
next=certificate-lock/publication-gate review.

Peain V196il41e wsvenner wn oo swavewne kaprowss. Homwe Teopest mmnaorca
MATEMATHUECKIM C/I0EM TOATOTOBKH K BHEUIHEMY HCITBITAHHIO 1 He 3aMEHSIOT He3aBHCHMBIii KOpIyC.

52.7. OCHOBHBbIE BHELIHNE UCTOYHUKN

TIOCKTHEHAS HHBAPHAHTHOCTS KPOCC-OTHOWLICHIS OTHOCHTCA K KIACCHYCCKOMY PHOF art NpOeKTHBHOl
reoMeTpii. CxaTHe MOMOKMTENLHEIX OnepaTopo conocrapasercs c: G. Birkhoff, “Extensions of Jentzsch’s
theorem”, Transactions of the American Mathematical Society 85 (1957), 219-227, DOI 10.1090/S0002-9947-
1957-0087058-6.

Kowuerpauonksiii croii: W. Hoeffding, “Probability Inequalities for Sums of Bounded Random
Variables”, JASA 58(301), 1963, DOI 10.1080/01621459.1963.10500830. Tlocrcenexuys: W. Fithian, D. Sun,
J. Taylor, arXiv:1410.2597. Covariate shift 1 conformal: R. Tibshirani et al., arXiv:1904.06019; R. Barber et
al,, arXiv:2202.13415. Tpantisas rparmua: J. Pearl, Causality, 2nd ed., 2009; M. Hemdn, J. Robins, Causal
Inference: What If, 2020.

52.8. Utor pepakuum

V196i14 wbiKaeT MATEMATHNECKYIO AYTY OT THIHSHPOBAHHOTO MAKETa K YCTOBHOIi TeopeMe Mporo3a:
perepHas ueTBEKa NOTYUGET NPORKTHEHO-MHBAPHATHEI OMCATOD; MATH MPEAETOR — PEUIETHATYIO
cemanmiy; mismatch — ycToifumstii rebuild; RBD — CxuMaiouuii 0rIepaTop; HaCTHbIe FapaiTHit — SEHYI

Kypues Haas Sopucosi - Kansnirpas - 2026 216




image217.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

CBsA3b MEHHMA/ILHOT0 KOMIUIEKCA C IJIaBoH 26

Ins THmsHpoBasOi KaTeropui KsaapaTiussx Kanpos NAPG g suyTpensss safasa cyliectsosanis
KOMITTIeKCa i MOCTOBO/E KapTHI pelliaeTCs KOKCTpyKipeii (C_mine, 6_min, © min), chopMyIHpOBAHHOI B
§§52.9-52.18. HiMeRHO 9Ta KOHCTpYKIA 3a1aéT Touski Chbicn CTaTyca 26.36: HeonpeNenéHHOCTS, By Tpentero
UITEGPAIYECKOTO C10 YCTpaNeHa, & COREPRATE NbHbML BHeMmHi: E-CI0M 0CTAETCS YCTOBHENM
MOAETLHO-3aBHCHMbMM.

IlokasaTensHan rpaHMLA KOHCTPYKUUM

« Bityrpestie qoKasao: 6 min? = W7, 6 min® = 0, § mineG min = 0; 8 min = id §a X¢; O_B =FP(C_mine);
YHKTOPHATIHOCTE OTHOGHTEMSHO MOPGiaMon NAPG .

+Venonso: puemni oct I1_E peGyet B1-BS; o0patiias feTexus 1peGyet B6; accoumnaToputit Kauan tpedyer
B7.

« Ho crienyer w3 siyTpemHeil KONCTYKIIHH: AHATHTHHCCKaR, TONOMOrHYOCKAR W QHINMECKAR POATH3ALIR;
aMmpiCCKAR HCTAHHOCTS TTH.2 1 F1-F-14.

+ Hroronsh npeoxpamirens: truth layer promotion = 0.

52.9. THUNH3UpOBaHHas KaTeropus KBajpaTHuHbIX Kagpos HAIII

Onpepenentie 52.2 (KbappaTuunbtii Kagp HAIIL). Knapariunbiv Kagpom HATIT Hasbisaercs Koprex
N=(K,A+,0,G,R; F2_N,X2N,W2_N), rae K — noe; A+=@pA? — rpazynposantoe K-npoctpancrso; ©
— GuumHelinas, BOOBILLE FOBOPA HEACCOUMATHBHAR ONIEPALA; G — CHCTEMa AOTIYCTHMBIX FCHEPATOPOB
onepaupii; RCA® — Knace gonycTimbix penepbix sementos; F2_ N=F?(G;R) — npoctpancrso
OPMAILHBIX AOTYCTHMbIX BHIPAKeHHT] CTereHH He Buie ABYX; X2_N=X_adm — tectupyembiii
Keaapatuubiii ciofi; W2_N:F2N - X2_N — uneiinas Kapra Bbluanciesus,
X?_N = Span_K[RGR, RES+SCR : R S.R+ScR}. (F074)
O_B(N):=X*_N/ImW2N, T_N:X2_N-O_B(N). (FO75)
OBosHauenite X? HOAUEPKUBACT KBAAPATHUHYIO TIPHPOAY /105, OHO He 03HAYACT, UTO ACCOLMATOp
Ass_O(x,Y,2), ABAIOLMIICS TPEXTHHEHEIM AEKTOM, ABTOMATHUECKH NIpHHAANCKHT X2, [l TaKoro
BbIBOJa TPEGYETCH OT/|E/IbHAA KAPTa ACCOLMATOPHOTO KOAMPOBAHHS, BBE/EHHAS! HIKe KaK
JIOTIOIHHTE/IbHs MOCTOBA THHIOTe3a,

Onpegenentie 52.3 (MMM KBAAPATHUHEIX Kagpos). Mopduam £:N — N 33/1a8Tcst COBMECTHMbIM
cemelicaon f=(®+,¢_G,g_F,g_X,0_0), rae b+ coxpanser rpagympoBKy 1 npom3sesenie, ¢_F nepesocut
(opMaILHbIe BLIp@KeHA, ¢_X NIEPCHOCHT BLINHCICHHbIE KBAAPATHUHBIE JICMEHTEL @ 9_O —
MHAYLMPOBAIHAS KapTa (JaKTOPIPOCTPAHCTE, OBA3TEILHON SBIAETCS KOMMYTATHBHOCTS KBaApaTa
BhaHCTCHHS.
G X W N=W N .qF (FO76)

3 (FO76) caeayer o_X(Im ¥2_N)Clm W2_N', nosromy ¢_O([x])=[¢_X(x)] onpexenesa koppektio.

'KaTeropiio Takix KaApos 1 Mopiamos oGoanauim NAPG_q.

52.10. MMHHMa/IbHBIH yHUBEPCa/TbHbIH KONEIHOH KOMILIeKC
Onpepesnensie 52.4 (Musnmanb b Komnexc ofcrpykum). [lis kaxzoro NENAPG_q onpegenim
KouenHoii kommnexc C_mine(N), CocpeAOTOeHHbI B Cremersx 2 i 3:

C_min(N) =F2_N npu n=2; C_min"(N)=X?_N npu n=3; C_min"(N)=0 npu n#2.3 (F077)

&_min®(N):=W2 N, & _min"(N):=0 npu n#2. (F078)
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1 TouKa 5.0 Mosorpacbis 5.0 repecoGHpaeT HaKOTICHHAI KOPIIYC IPOCKTa B eAHHYIO paGouyio KHMry. B Hed
BioueHst: MOHOrpads 2.41 Kak coxpaEHHBii GazoBkii C0ii, MaTemaTiveckie ochoranis NAPG 2.0/3.0,
crares KPF/RPHD 0 periepHbix 0CHOBaHIAX IPHUMHHOCTH, BeTKa AHTpononorus 2, marepuansi KLT 4.14 1
KLT 5.1, a Takoke pereprsie Gazii Aantsix Math/Physics.

1. MicxoHast OHTONOM S CoBbiTHe@cocTontie MiuiMans i 06%eKT MpoeKTa — He TouKa W He
W30IMpOBAHHBI] (AKT, a NAKeTHAS! TOUKA a=(e.5), TAC € eCTh COBHITHE, a S ecTh cocTonHe. CoBbiTue pHe
COCTOAIHS He UMEET reOMeTpHIECKOli (pHKCaLyH; COCToRHME Ge3 coBbiTi ocTaéTes mycThin cioen. Tloatomy
HCX0AHas OHTONOTHS IpHHHMaACT opmy C@C — coGbITHe@cOCTOHHe.

B Bepcnit 5.0 C@C ABIAETCH eAMHULII He TOTLKO MATEMATHIECKO FEOMETPIH, HO H IPHUHHHOCTH,
NIaMSATH, [IOKYMEHTa, OKA3ATeILCTEA, MPOrHO3a i Aeiicrais. JloGoii oGsekt KLT/RBD QuKcHpyeTcs Kak
CoBkITHE@COCTOHME, 3aTeM nonyuaeT Reper-3ambikanie.

ApxiBHas BIGopKa W3 MoHOrpadi 5.0. DopMmytbi sApa  onpezenenie Reper. Human_R = C@C +
Rep(R,L,U;D) + (Xi, Delta, Upsilon) + L + lambda Rep_i = (R_i, I_i, U_i; D_i) Truth(Rep) <=> cr(U,;R D) =
-1 2. Reper KaK MHHMMATIbHast 0GPATHMAs! CTPYKTYPa Reper OpeesseTcs Kak 10Ka/Ibast pOeKTHEHO-
TapMOHHYECKas CTPYKTYPA, Y ACPAMBAIOUIAA CBA3b PEATLHOCTH, HACH, YHHBEDCYMA BOIMOKHOCTEH 1
Jocratoutoro ockosanms: Rep_i=(R_i,l_i,U_izD_i).

Hepapxin C@C -> R@C@C -> T_cs -> Flag/Reper -> transreper pHKCUPYETCs Kak TOKa oTKata. Ecit
BLINHCAMT IbHBI C/0TH, (HIMUECKAS! TTIOTE3a WM AHTPONIONOTHYCKOR PACUIHPEHHE TOMACT CBA3HOCT,
cBopka Bosspaiaetest K Reper v1.0, a He K nycromy Havany.

ApxiBHas BIGOpKa W3 MOHOpadH 5.0. AHTPONIOIOTHYECKOE NPOOTIKeHHe. 7. AHTPONOROTHA 2:
wenoBe Kak Reper pazBopoTa AHTPONIONOr 2 MepeHOCHT SO NPOEKTa B e/loBeecknii coi. Uenosex
PACCMATPUBACTCS He KaK TOMIBKO GHOMOTHYECKHT] HHAMBIA 1 HE KAK TOTLKO COSHHHE, @ KaK NIAKeTHO-
Repernas crpyktypa: Human_R=C@C+Rep(R,1,U;D)+(Xi,Delta, Upsilon)+L +lambda.

UenoBex AaH KaK COGBITHE@COCTORMHE: HCTOPHECKOE, TEIECHOE, KOTHHTHBHOE, COLMBHOE, BpENeHHoe,
TeXHHueCKOR H A3bIKOBOE. OH CTAHOBHTCH Reper-CTpYKTYPOii, Tie R — peabHoe Te10  nocTyriok, | — wies
e, U — ro/ie BOIMOKHOCTEIH W KySTYpI, D — NIaMsTh, AOIT, OTBETCTBEHHOCTS, AOKYMEHT 1
comgeTenscTso.

Tnanhbiii XO4 AHTPONONOrHH 2: Ue/IOBEK eCTh CYILIECTBO pa3BopoTa. O MepeBoauT AciCTaMe b
COCTOSHHE, COCTOSHUE B N1AMSTh, [IAMATH B OCHOBAHHE, OCHOBAHME B HOBBII Reper, TIOCTYNOK CTaHOBHTCA
Guorpadpueii: Delta_human -> C@C_new uepes Upsilon. lawsts normaeTcs Kak perpo-Repersiast
niepecGopka: Data_past=const, 1o Reper_past=reconstructable.

Axcioma 1.3 (62308as MHIWRHTHOCTS). [} NIAKETHOI TeOMeTpMH IPHHIMAIOTCS CreAyiouye nonoxkenis: (1)
KaK(ja% IpAMA L CORepIKHT He Meriee fBYX TOuEK; (2) ecn s # 1, T0 Ly # Li; (3) KaX s NaKeTHas TO4Ka eXHT
POBHO Ha 0AHOIi MaKeTHOH TpAMOT,
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Onpepenense 52.5 (xanonuueckuii Mocr ©_min). Tonokim ©_min,N:X2_N - C_min¥(N),
©_min,N(x)=X. D0 TOX/jeCTBeHHAR WieHTHOUKALS KB3/IPATHIHOTO CIIOR C TPeTseii rpynmofi
MUHHMAILHOTO KOMIUIEKCa, a He /J0TIOTHUTE IbHs SMITHPHUCCKas THIOTe3a,

©_minN = id_{X2_N}. (F079)
Jlemva 52.1 (cymecraonanme kommiexca). [Lis eakoro obbexra NENAPG_q cemeiictso
(C_min+(N),5_min(N)) sIBHETCs KOLEIHEIM KOMILICKCOM.

JloKa3amenbemeo. EAMHCTRRHHAS TIOTEHLMALHO HOTPUBHATIEHAS KOMIIOIHLINS HMeCT B
6_min%e8_min?. Ho C_min¥(N)=0 u 5_min®=0, nostomy 8_min‘e5_min?=0. Bce ocransibie
TIOCCAOBATE ILHBIE KOMIIOIMLIHH COAEPIAT HYIeBYIO CTPe/KY. CeAOBATEIEHO, &_min'*io8_min'=
Beexn.0)

s

‘Teopewma 52.2 (KaHORHUeCKas peanH3aLMs: KBAAPTHIHOI oeTpyKuum). s Kaxgioro NENAPG_q
CylecTayer KanoHHuecKuii Aelinbiii H30MopdHa K_N:O_B(N) — HY(C_min=(N)), 33anaemsiii
opmynoii k_N([x)=[€_min,N(x)I=[x].
HY(C_mine(N)) = Ker &_min® / Im &_min® = X2_N/ Im W2_N = O_B(N), (F080)

Jloxasamensemeo. Tockomsky §_min'=0, Ker §_min*=X?_N. Io onpegenerio 5_min?=¥2_N,
cregosatenso Im 6_min?=Im W2_N. PasencTso (aKTopipoCTpancTs GyKeansHo cosniazaer ¢
onpezenentien O_B(N). OtoGpaene k_N SBIS€TC TOKECTRCHHbIM Ha NIPEACTABUTENSX H IOTOMY
MHHETiNO, GHEKTHBHO H He 3aBUCHT OT BIGOpa MpeCTasuTes. [)

‘Teopema 52.2 3aKPHIBACT CYLIECTROBAHE KOHKDETHbX C+, 8 1 © /15 KAKLOrO KBAAPATHIHOTO Kajpa
HATIT B MUHHMATHOM BHYTpeHHeM cMbiCe. OHa He AOKa3biBaeT, \To nonyuekioe H? cosnaaer ¢
Hochschild-, Chevalley-Eilenberg-, de Rham-, Quillen- wi uioit Bhewreii koromonormeid. 3eck H
SIAOTCA KaHORHUIECKOT FOMOTIOTHURCKOlE YIIAKOBKOJE yke Onpeenéioro daxtopa O_B.

52.11. ®yHKTOPHA/IBLHOCTH U HHBAPHAHTHOCTH

Jlemvia 52.3 (kouensoii mepenoc). Kaxuii mopusm f:N — N' s NAPG_q sazaér Koueroe
oroGpaxensie C_min(f):C_min+(N)  C_min+(N'), pasroe ¢_F 5 creneny 2, ¢_X s creneni 3 u nymo s
OCTABHBIX CTETeHAX.
JloKasamenbcmeo. YCAoBHe KOLENHOTO OTOGPAKEHHS B €MHCTBEHHON HETPHBHALHOT CTerleHH ecT
6_min¥(N')og_F=p_Xo6_min(N), To ects ¥2_N'eg_F=¢_X¥2_N. 310 8 Tounocru (F076). 0
‘Teopewma 52.4 (ecrecrnentocts ). CemelicTso k={k_N} obpasyet ecrectaensii usomopdusm
ynx1opos O_B=H>C_mine. [l moGoro f:N — N' jmarpamma Komnyrate
HY(C_mine(f)) « x_N=x_N"- ¢_O. (Fo81)
Jokazamenbcmao. JUis kiacca [x] nesast uacrs pasa [o_X(x)]. Tlpasas uacts cHauaza nepesoaur [x]
8 [9_X(x)] 10cPeACTEOM ¢_O, & 3aTem IpHMEHSET TOXCCTBRHHYIO HiCHTH HKaLio k_N'. 3Hauenrs:
comnapaior. Ecm f usomopuam, 10 ¢_F 1 ¢_X o6parisi, C_min+(F) apisercs u3omopdmamon
KOMILIEKCOB, @ KAACC OOCTPYKLIHi COXPAHATCA C TOUHOCTBIO A0 KAHOHHUECKOTO Tiepenoca, [

52.12. Buemuuii E-c/10i H MOCTOBBIE THIIOTe3bI

UMb KOMIVIEKC PELIGeT BHYTPEHHIOIO 33/auy CYLIECTBOBAHI, HO He CO3AAET Can 10 ceGe
COACKATELHYIO BHELIHIONO KOFOMOOTHIO. [U1s CRA3M C AHATHTHYCCKIM, ACHOPMALHOHHEIM,
TONOAOrHUECKIM WM MHbIM E-CII0EM TPEGYeTCs AONOMHHTE ILHbLIT (YHKTOD KOMILICKCHbIX AQHHBIX H
wenoli mocr,

Onpepenente 52.6 (BHewnii E-komruexc). Brewni E-cloem Hasbipaetes GyHKTop

E=NAPG_q - CoCh_K, conocrapnsiouuii kanggomy kaapy N kouenoii ommexc (E+(N),d_E(N)) 1
Kaaomy Mopdmamy [ KouenHoe otoBpakense Ex(f). BuiGop E+ SBIS0TCA YaCTBIO MOACIH W HE BHIROAHTCA
13 oporo koprexa (K,A+,0,G).

Kypues Haas Sopucosi - Kansnirpas - 2026 218




image219.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

Onpepenensie 52.7 (enuoii Mocr J 1 Kapra ©_E). Lienibiv MOCTOM HA3LIBALTCA CTECTBEHHOE
KouenHoe otoGpaxente J:C_mine=Es. Ero cyujectaenisie Komnouents J2_N:F2 N EX(N) u
J2N:X2_N - E¥(N) AOMKHE! Y0BICTBOPATS /BYM /I0KA/ILHAIM PABEHCTBAM W O/HOFi ECTECTBEHHOCTH:
dEPN=PN-WN, dE-.FN (F082)
Ef):PN=PN.¢X, E(f)-PN=PN.gF (F083)
Tocsie BuiGopa J nonoxum ©_E,N:=F*_N. Torja nepeoe pasencrio (FO82) nepesosut Gopmaisho
peaisyenble KEaAPATHUIbIe BLIPAXeHHs B E-KOrpaHHLb, BTODOE NIePRBOAHT BeCh KBaAPATHURbIIi CII0ii B
E-taknbi, a (FO83) 3anpenaer uaMeHsTh Knacc cepTHMKATa nph AOyCTHMOM NepeHoce Kajpa.

Tlemva 52.5 (KpuTepuii cymiecTBOBaNHS BHEHEro MocTa). /L5 QHKCHPOBAHHEIX KOMIUeKCOB E+(N)
nuseiinbie Kaprst J2_N 1 J2_N npogiomKatorcs 4o Kotjenoro otoSpaxenis C_mins(N) — E+(N) Toraa u
TO/ILKO TOr4a, KOra BEINO/HeHE! paencTsa (FOB2). CemelicTBo Taki oToGpaxennii annsercs
CCTECTBOHHEIN TOTAA W TOIEKO TOTA3, KOTAQ AOTIOMHATE/LHO BhITONHEHEI panenctea (FOB3) ans eex
MOP(QH3MOB BHIGPaHHOI NOAKaTErOpHH

Jloxasamenbemeo. Tockosky C_mine Heiy/les TObKO B CTerensx 2 i 3, yCIOBHS KOLEIHOTO
OTOGp@KEHHS HCUEPNIBIBAIOTCS KBAAPATOM B CTeneni 2 1 TpeGopante d_ESP=J45_min=0.
ECTECTBRHHOCTS TaKOKe IPOBEPACTCA TOMKO B ABYX HeHy/IeBiX crerersix. Heo0XoammocTs i
AOCTATONHOCTE CICAYHOT HETIOCPEACTEEHHO W3 ONPE/C/EHHS KOLEMHOTO OTOGPXEHIIS 1 eCTECTBEHHOTO
npeoBpasosanus. O

52.13. OcHoBHas yC/I0BHasi TeopemMa BHeIlIHero MocTa

Mocrossie runoress: B1-BS

* BI: ofnext npunagiexut NAPG_q, a F2, X2 i W2 334ab! Kak HHeliHbIe AaHHbIe;

« BY: shewsuli E-crofi geficTauTesHo SB1e1Cs Kouesim Kovmnekcow: d_Esd_Er=0;

« B3: kaprst ' J saanst wa nomsix ofnacrsx F? i X,

* B: BonHens! Lenibie pasencTsa (F082);

* BS: /3% 3as et/ MHBAPUAHTHOCTH BHITIONHeH ecrecTBerHOCT: (FO83);

« B6: A1 0BpamHoit AeTextpn A0kasara nirsekTuBocTs HY(J_N);

* BY: /1% ACCOLMATOPHOTO BHIB0A OTACTbHO 30HA CTECTBeHHaA KApTa B_ASS 13 MPOCTPAHCTSA
accoupaTOpHEIX TecToB B X? TGO B HHOTE ABHO YKAAHHbIH KOMILIEKC;

+ BB: TononorHueCKHe, aHATHTHYECKHE 1 (U3HHECKIe IHaNeHIS E-CIOR BBOTCA OTACTSHbINI
onpegenermst 1 e creayioT 13 B1-B7.

‘Teopema 52.6 (yc1oBHbiii ecrecraennsiii Moct I1_E). Tlycrs painonsensi B1-BS. Torga dopuyna
N 3aaéT KOPPeKTHOE eCTecTBeHHOE MHeiitoe oToGpaxenite O_B(N) — HY(E+(N),

T_EN([x)) = [P_N(x)] =
Jins moGoro mopusma f:N — N' einoisiercs

©_EN(X)] (F084)

H¥Ee(f)) - M_EN=TL_EN’ q_O. (F085)
Kpose Toro: (a) IT_E,N(@)#0 = @#0; (b) ecm suinozsena B6, 10 w20 - TT_EN(@)0; (c) ecnn
'H(J_N) siB71seTcs HI0MOp(MIMOM, BHewii E-C0ji NI0IHOCTBIO COXPAHACT KBAAPATHUHYIO O0CTPYKLIO
& crenenn 3

Jloxkazamenscmao. Koppexrhocts TI_E CIeAYeT 13 TOXo, Uro J sBISETCA KOLQIHEIM 0TOGPAXeHHEM
noTosy uHAYLpYeT HY(J). ECTECTBEHHOCTS €CTh KOMIOIMLMA eCTECTBEHHOCTI K M3 Teopensi 52.4 1
ecrectaensiocTn HY(). Hmmukaryis (a) BepHa 41 11060ro OTOGpaXeHIs: HyeBOl MeMeHT HyieeT
Hysienoii 00pa3. IxeusazenTHOCTS B (b) TPEBYET 1 POBHO HCNIOMB3YeT HibeKTHBHOCTS H(J). TlyHiT ()
AB/IACTCA UACTHBIM CilyuaeM GHEKTHBHOCTH. [
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‘Teopema 52.6 ABIAETCH OCHOBHOI YCI0BHOIi TeopeMOii HaCTOINEr pa3yiena. Ota He yTBCpAAaeT
CylecToBatMe copepraTesHOro E-cos A1 Beex Bo3moxibix HATIT-Moeneii; 0na TouH0 yKassisaer
HEOGXOAMMBIC  AOCTATOUHEIC LieTIHEIC YCAORHS TI0C/e BHIGOPA TAKOO CIOA.

52.14. AcconaTopHbIi KaHa/I: 0T/e/lbHas FPaHuLa

Onpepenente 52.8 (pocTpancreo acconuaropubix Tecros). Iycrs T_Ass(N) — nuelinas oGonouka
AOIYCTHMBIX TPOEK (X,Y,), A5 KOTOpBIX ONpeAeIIeHbi 06 CKOGOUHEIC BeTH. ACCOLMATOPHAS! OLICHKA
3306TCs MHeHEIM 10 GOPMATEHEIM TPOJiKam oToGpaxeniem A_N:T_Ass(N)— As,
A_NIxyzl=Ass_O(x.y.2).

UroGei cessars accoumatop ¢ O_B wni HY(E), HEOGXOMMO AOTIOMHMTENLHO 344ATh ECTECTBHRYIO
Kapry B_Ass,N:T_Ass(N) — X2_N mm60 npamo B_E,N:T_Ass(N) — Z*(E=(N)). Bes axoi kapret ppaza
«BCAKA ACCOUMATOPHAS! OBCTPYKIS KiBET B Hi» He TIMMPOBAA: €F /1CBaS YaCTh HAXOWTCS B
TPEXMHEIHOM/KyGUNCCKOM Kanane, a O_B 10CTPORHO W3 KBAAPATHUHOTO COS,

[Ass]_E := [_EN(x.y2)] € H(Ex(N)) (F086)

opwmyna (FO86) gonycrima TonKo nocie Aokasatenscrsa: (i) d_EB_E=0; (il) mesapmcmocty o
BBIGpaHHOrO NpeAcTaBnenns Tpoiikin; (iii) ecrectsennocTi oTHOCHTebHO NAPG-MOpdHIMOB; (iv) Cassm
B_E ¢ KOMKpETHSIM aCCOLMATOPOM, a He C IPOH3BOTLHBIM HASHAUCHHbIM LMKIOM. ITH IYHKTEI OCTAIOTCS
OTAEMHBIMM AOKA3ATEILHEIMK OBA3ATETLCTBAMH,

52.15. KoHTpripuMephI ¥ Npe/i0XpaHHTe/TH

Konrpnpumep 52.1 (wapymense 8:=0). Iycts C2=C3=C#=K, §=id n §'=id. Torza §6=id#0, Ker
6=(0}, 1o Im =K ne coepucs B Ker 8%, Buipaxensie Ker 891m 52 e snisercs
‘paxropnpocTparCTBON. CrieAoBaTe sHO, OAHa ML, 3aMHCE CTPenoK G2 — P — C# eué e saaér
Koromonoriio.

Kontpnpumep 52.2 (vocr e cnyckaercs na dpaxrop). Mycrs F2=K, X2=K, We=id, rak uro O_B=0.
Bossmén E2=0, E3=K, d_E=0 1 ©_E=id. niewenst 0 u 1 332107 ot 1 TT Xe Knace 5 O_B, o
nepexogaT B pasisie Knacest EX. Mpwunia: ©_E(Im ¥2)¢1m d_E2, dopmyna [x]-{®_E(0)] e
onpegenena.

Kontpnpumep 52.3 (noteps Henysesoii o6crpywun). Hycts F2=0, X:=K, nosromy O_B = K. Bossmién
E+=0 1 J=0. Torza wewynesoii knace O_B otoGpaxaetcs b iy, IT0 oKasbisaet, uTo oGpatias
unnmkaus T1_E(0)=0=w0=0 tpeGyer uisektuocTy H¥(J), a He CeAyeT H3 CyIleCTBoBaNMS MOCTa.
Kowrpnpuep 52.4 (orcyrcrame ecrecraennoctu). [Iycrs 48 W30MOpQHbIX Kapa ivieior X2=K i

d, a BHewHIe KomILeKk! ToxgecTReHHb! W EX(f)=id. Ecan J'=id ¢ o6enx cropon, 1o ED)J=id, o
~id. OHH 1 TOT e CTPYKTYPHbIIE KAACC 101y UACT HECORMECTHMBIE 3HaKH, C/ICA0BATEBHO,
MHBADHAHTHOCTS HE/l35 JAMEHATS (PAI0F] «KAPTHI BLIGPAHB OAHHAKOBO.

KouTppuep 52.5 (cMellieHie KBaAPATUUHOTO i ACCOUMATOPHOTO C10é). B accouatHoli anreGpe
MOKET GbiTh Hery 1eBOii KBaAPATNHBE (akTop O_B 3-3a GeAHOCTH BIGPAHHOrO hOPMATLHOFO A3biKa
W2, X0t Ass_©=0. OBpaTHo, B HEACCOUATHEHO A7IreGpe MOXHO BLIGpaT W2 CIopLeKTHBHOI
nonyuurs O_B=0 npi Ass_0#0. Tlo3tomy O_B W aCCOUHATOP MIMEPAIOT pasHie AehekThi A0
IIpeALABICHHS AOTOMHHTEILHOTO MOCTa B_ASS.

Koutpnpusep 52.6 (TayTonormeckuii KoMIIEKe He O33aET huamky). MuHimabHbiii Kommieke
Beera faér H(C_min) = O_B, faxe 415 4iCTo ropMaTIsHOIi KOHeuHOMepHOl anreBpi Ge3 Tononorm,
METPHKH, CBAZHOCTH, AUHAMMKH W HaGIoZaebix. CIeAOBATeIHO, cam (akt Hewyesoro H(C_min) He
ABICTCH CBMCTE/ILCTBOM (HIMUCCKOH KpHBHIHbI, TOIOHOMHN, 10/ WM IKCTIEPUMEHTANBHOT0 S(biheKTa.
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52.16. [lorio/iHeHMe K NPeIIOCHIIKAM H BBIBOJY I/1aBbI 52

ECam rastas ycnosHas Teopema 52.1 nenonsayer Tonbko A1-A10, eé npexcine nynkTt (i)-(vi)
coxpansioTes Ges Hamenennii. Koromorornueckuii coil A0GaBiAeTCA MMLIL NpH (GaKTHUECKOM
enonsa0san O_B, HE Wi accouuaropHoro ceprdukara.

Kon Aomomurensan mpegmocsinka | Hapymenne  onycruvst snon
T — A [ S —————

ALY fr—l sy rpeni O_B

an s Evocta mpospens (08| 11 e o
byl el cef MKAT 3ABHCHT OT NPEACTABEHHS.

AL, ecrecrsemocts (F083) Py peAC
A 06paTHOi fleTeKui Wi J T —

A4 By —"1 AFHDCTOROHMAN (TENLMA;
o oo o npesen

Tlononnente k Teopewe 52.1. Mpu A1-A1d i BI-BS k nynkram (i)(vi) AoGasnsercs: (vii)
yTpennnii Kiace K(O_B) wHBapHatTen oTHOCHTENsHO H30MOp(H3MoB NAPG_g; (viii) Henyesoii
hewnii Knace [_E(®) ABISETCH J0CTATOUNbIM CepTHOHKATOM Hetty/1eB0ji KBaApaTHUHO/ 0GCTpYKIMI;
(ix) HyneBoii BHewmmmii Kiacc He HeKHOaeT 0GCTpYKLMIO Ge3 BG; (x) 1n K, ni T1_E He nossiaior
asTovauecku truth_layer_promotion 1 e co3zaior pusmueckuii Bb1Boj.

52.17. Ta6auna foKa3aTe/bHbIX 00513aTeNbCTB §—O

pr—
i Obmarenncrao Cratyc v196i14 s Tpanmna
oron o X o pa NAPGLg | Onpesenenin 522523 | vemamonponae
KOMKpeTHBti Co 1 § A5 Onpegenense 52.4, Jleswa s,
T2 isdgeily sanpurowyrpee | 4% - Anyxerynenani
Kot
. e [ryep—
oT3 onperan @ o X [saxpuroyrpense | ©_mincid B
- — ——r
oros racmucagn 0_Be ¥ |saxpura Teopena 522 i
05 ynctopramocr n oumon T [ penm—
DT Db s a0 UNAPGG | 523, Toopa 524 |
2 [ore—— e p—— e ——
o6 E-xounnexca Nogenn Onpes 26 AonomTeRLHOI Teopii
oro7 senwotoct 1 Yorowaaropesa____| A5z peyarc (082)
DT-08 SCTECTREHHOCTS BHCLEID | \ 1 ouian reopema Teopena 52.6 pebyiorc (FOB3)
cepruganians yesommas reoper P peyiorcs (FO3)
copamas g0 8 | [rre——
oTo9 ) puroroncem |86 s
or0 sccouamopast xrace s ¥ | ampure w7, 55214 s PASSRE
M——— LYo oTaenkHbi MIHIMALHbI KOMILIEKC
ot enpeprmo s | Geonemonepus (S|
[r— -
bra2 et — e S FPQp—
aneprperaa
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52.18. 3amena Craryca 26.36 u HTOroBbIii cepTHpUKAT

Hosas pejaxums Cratyca 26.36 (rounas rpanmia 3akpairus). /s Kareropin NAPG_q KoHKpeTHbie
C_mine, 6_min 1 ©_min N0CTpOeHEI (hyHKTOPHA/EHO; KaHoHIecKsii w30Mopdiam O_B = HY(C_min+)
A0KazaH. TeM CaMbiM ZONIOHHT IsHAA 3242 JAKPHITA HA YPORHE MUHHMATLHOTO BHYTPEHHEr0
KOMIUIeKCa KBAPATHUHO/ 0GCTPYKLyH. CYILECTROBAHHE COAEPAATIILHOTO BHellIHero E-KoMruexca,
ecTecTBeRHOrO HenHOr MoCTa J, MibekTpHoCTH HY(J) 1 accoumaTopHoi Kaptei B_Ass ocraétes
YC/IOBHBIM WM OTKDBITEIM B 3BHCHMOCTH OT MOA®/. HUKaKoii (pu3nueckii cratyc u3 BHyTpensero
Ha0MOpdHaMa He Ceayer.

NAPG-DTHETA-CERT v196i14
* scope=NAPG_q typed quadratic frames;

* C_min?=F®, C_min*=X_adm®, other degrees=0;
* 6_min=, §_min'=0, 5_min*-composition=0;

*©_min=id and k:0_B = H¥(C_min) natural;

« external_bridge=conditional_on_J_chain_map_and_naturality;
« reverse_detection=requires_H'(J)_injective;

quires_separate_B_Ass;

- topological _physical_layers=open;
« PN2_physical_status=unchanged; F1-F14_status=unchanged; truth_layer_promotion=0.

TlosicHeHue J0Ka3aTe/IbHOrO CTaTyCa

BiiyTpeninii pesy IbTaT He SBIATCH YOBKOT B JIOTHUECKOM CMBICAC: OH YCTpaisieT
HeONpEAREHHOCTS OBAaCTel, 3HaueHHii i YHKTODHATLHOTO EPeHOCA H NIOKA3LIBACT, KAKOF] HMeHHO
o6nex Beera cywjecrayer. Ho ero ciia orpasmuena. MAHMMATsHbili KOMIUIEKC KOAWPYET POBHO TOT
akrop, KoTopili ye BhIGPaH Kak O_B. OH NOe30H KaK YHHBEPCATIHAS TONKA CABHEHHS  KaK
WCTOuRHK CTpOTUX HiTepdelicibix ye1oBHii A1 M0G0r0 Gosee Goratoro E-cnos; o He savenser
NI0CTpOeHHe TAKOrO COA.

BHelurss Te0peva Hveet 0GkIHyI0 oMY TeopHH OBCTPYKLiL: LerHOli MOCT TiepeBoAHT
BHYTPHHHIE KACC B COACPAATEEHYIO KOTOMO/IOTHIO; HeHyieso 00pa3 AeTeKTHpYeT Heryieayio
HCXOHY10 OBCTPYKLYAHO; OGpaTHbIE BHIBOA TDEGYET HIbeKTHBHOCTH, DTa ACHMMETDHS 00A3ATebHA,
UenoBeueCkas CIUIOHHOCTS NPEBPAILATS OGO Hery B0l HY B <kpHBIHY MHPOYAAHIS» YAech
G/IOKHPYETCA THIIAMH, UTO, BEPOATHO, H ECT OHO H3 HEMHOTHX NIPAKTHUECKHX AOCTOMHCTB CTPOFOii
[ —

JIuTepaTypa U K/IaCCHYeCKHil KOHTeKCT
1. Weibel C. A. An Introduction to Homological Algebra. Cambridge University Press, 1994. ', 1:
KOMIVIEKCHI 1 KOTOMO/IOTHS; 0GUas postb 0GCTpyKuii.

2. Mac Lane S. Categories for the Working Mathematician. 2nd ed. Springer, 1998. Ecrectaenisie
11Pe0BPA0BaHIS, (YHKTOPBL H KOMMYTATHBHBIC AMATPAMMAL

3. Fresse B. Operadic bar constructions, cylinder objects, and homotopy morphisms of algebras over
operads. 2009, arXiv:0902.0177.

4. Harpaz Y., Nuiten J., Prasma M. Tangent categories of algebras over operads. 2016. arXiv:1612.02607.

5. Truong H. Hochschild and cotangent complexes of operadic algebras. Transactions of the American
Mathematical Society, 2025. DOI: 10.1090/tran/9447.

6. Kypmies 1. B. Tom I npoexra KLT-RBD, peakius v196i11: §§26.5, 26,10, 26.20  rasa 52.

Kypues Haas Sopucosi - Kansnirpas - 2026




image223.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

KOMIO3HLMIO Gi0/pKeTos. CeAyiouuii IMHMpHICCKIii LT OCTAETCH HOMIMEHHEIMS NIONYUHTS HESABHCHMGE
Kopnyc, 3aMopo3uTs source_hash i ncrionsims EXT-RUN Ges gonactpoiiiit o outcome.

DUTOCORDCKO-PeHOMeHOMOrHUeCKas BCTaRKa. TeopeMa peCKa3aHIL CHTLHA He Tew, 4To 0GeufaeT
Gyayiee, a Tew, UTO MepeNHCASET YCAOBIA COGCTBRHHOI OrpaHHUEHHOCTH. BOCHPOMIBOAMMOCTS
"HGuMHGETCA TaM, Tle METO7 3apatiee ZOMYCKaeT wecThbii FAIL
MASTER-PRED-CERT VI96il4 assumptions=A1-A10; invariancesprojective; limits=monotone;
rebuild=stable-under-gap; RBD=contraction-alpha<i; coverage=conditional; e-
process=conditional; matched-null=equal-budget; CGI<1=necessary-not-sufficient; EXT-
RUN=not -executed; truth_layer_promotio

Mpunoxxenue C. MonHas reHeanorna KAaHOHMYECKOM
KOHCTPYKLMM

HaswatienHe NDHAOAKeHHS — NI0KA3aTs, uTO MaTemaTweckitii croi Toma I He Bosimk w3 nycroTsi. Hinke
NIOHOCTHIO PACKPLITa OTOGpaHHAS Lierh OnpeAenerHii 13 npeAsiAyLIeii MOKOTpagi 5.0, HeoGXozuMas 4
£ap 47-52. OGo3HaUeHHS HODMATHIOBaHEL, HO CMBICA 1 TIOPASOK JABHCHMOCTH COXPAHEHbI.

C.1. Penep 1 rapMOHUYECKWNIi KpUTEPHIA
Repi=(RiIyUsDy)  (F035)
Truth(Rep) < er(ULRD)=~1  (F056)
A=((U-R)(1-D))/((U-D)(I-R))  (F057)
Struth=|x+1]  (FO38)

BV196i14 080 Truth B WcTopHUeCKoli (POPMY/Ie YHTAETCH KaK HA3BAHHE BHYTDEHHErD FAPMOHHUECKOTO
gate, a we Kak apToMaTHecKwi truth-layer. [1is nyGMKaWOHHOTO peeris TpeGyioTcs provenance, matched-
null, CGI<1 1 He3asmchvas pamgaLys.
C.2. ®opmyna pacwmpenus KPF/RPHD
KPF/RPHD v1.0 = Reper v1.0 + Limit-Causal v1.0 + (2.4, 1)+ T es"L+CG

(F039)

3HaK TUIOC B ITON CTPOKe ABNACTCA APXMTEKTYPHbIM OGbeAMHEHHEM MOAY.eil, a He CloXeHHeM
aremenTon oasoro oo npocTpancTea. B V19614 xgomy Moay o Hasmaer Tan 1 gate.

C.3. MakeTHoe npeobpasosakme

T pack=T_change-T_action  (F060)
s+ T{AL}+T(ZL}+T(TIL}+8.(PES)  (FooL)

Tlepsas hopmyna 337a6T NOPAACK: ACHCTBHE UHTAETCH CTIPABA HAEBO NPH OMEPATOPHOM COTMAMICHHH.
Bropas (OpMyna PACKPHIBACTCH KaK THNMIMPOBaHHAs COOPKA WACTHUHBIX OMIEPATOPOR; HEAOCTYNHBii
Kownosent sosspantaer Block i ABSTAIN B 3a8HCHMOCTH OT MpHuHHSL.

Tos L=

C.4. KaHOHM4eCKHii NPOrHo3
Forecast=T1L[Y_LoA_LoZ L

(RBD.N), CGI<1  (F062)

Oneparop IT_L Terieph HHTEPIPETHPYETCA KaK TIPOGKTOP B MHOKECTEO AONYCTHMAIX TPEACOR, A He Kak
JOKa3ATeNHCTBO. MueCKOi peanusyemocTi. Yenoswe CGI<1 HEOGXOAHMO /i BHYTPeHHEro gate, HO
HegocTaTouno 4ns truth-layer.

C.5. Kapra coorsercremii

Tipeauipyimas koucrpysaus: VenyGneune V196114 Perymrar
RepRLUD) Tmcposa ofvext PackCert caana 47
=1 PGLsapuateriocrs Dy erana 48
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Tipeasiayiman koucrpyiaa VenyGnene V196114 [
nr peténia e npesenon crana d9
T_change yeroituniirebuild caana 50
RBD_A [ —— eana 51
Forecast, CGI yeroman maste theorem crana 52

DUTOCOHCKO-PHOMEHONOTHUECKaS BCTABKA. T'eHEANOTHST MOHSTHS He OCTAGET HOBH3HY €ro CTPOToro.

pOjfomKess. OHA TIOKSHIBAET, Tl WHTY NI BTIEPBLIE MOAYXITA M 1 [i¢ MM TIOSKE TIOTYHTO

JoKa3aTeIbHble OGA3ATENLCTBA.
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MpunoxkeHue D. MH.2: oTpuuaTenbHble YTBEPXKAEHUSA U
PEMOHT

‘3T pHIOKeHIe PACKPHIBACT TPH TOTHECKHX #3pa TTH.2, HEOBXOAMMEIE A1 MOHHMAHI MHHIMAKCHOTO
nipesiena. OHi MPEACTABCHE! KAK YCTOBHBI MATEMATHIECKHE YTBOPACICHI, a He KAK YHHBEPCATHbIC 3aKOHS!
ram.

D.1. YTeepxpeHue A: otcyTcTBue rno6anbHOM MalMHbl

He CywecTByeT eyHOro AnTOpHTMA, KOTOPbIHi 110 OAHOMY Mt OMICaiI0 X A BCAKOTO AOTIYCTHMOTO
K71acca 06LeKTOB KOPPEKTHO BLULAST pasmep Wi PasMepHOCTs, ecin domain D_X, Tr pasmepa i oTHoweHHe
IKBMBATCHTHOCTI He BXOAT BO BXOf,

X alone + (size(X),dim(X)) without DX and type contract ~ (F063)
JloKasaTentbias CXeMa AMATOMATbHA: BHIGMPAIOTCH ABe AOMYCTHMBIE MHTEpeTauM ofHOro X c
PATHUHbIMH LENeBLIMH SHaUeHNAMM. Mauiia BUAMT OMHAKOBL( BXOA W BLZAET OAHO 3Hauenve,
CAleOBaTe IO, OUIHGACTCS: XOTA Gbl B OHOI HiHTEpIpETALUIH.
D.2. YTeeppeHue B: Tpoitka He onpegenser penep
(RLU) + Rep  (FO64)
(RLU:Do) = Rep if ValidRep=1  (F065)

Fes Dy KpOCC-OTHOWIEHHE He OMPeACTEHO, a TaMOHHUECKOE CONpAAEHHE He aBTOpHI0BaHO. JlioGas
npoLeAYpa, TaiiHO BocCTaaB MBalowIas D, AOKHA PACKPHITS MPABHIO BOCCTAHOBIeHHS Kak adapter W ysecTh
ero s matched-null.

D.3. YTeepxgeHue C: oTBepcTHe U repair

Tlycrs Hole(P) — woecTso omsatensisix noieii nakera P, KOTopbie OTCYTCTBYIOT Wik NpOTHBOpeNaT
‘THnav. Repair He CTHpaeT oTBepCTHe, @ CO3AAET HOBYIO BEPCHIO P’ CTPEKY POHCXOACHIS.

Hole(P)={keRequired (P): missing(k)Vinvalid(k)} ~ (FO66)
Repair(P.h)=(P", rey

on-edge P—>P’, certificate ) (F067)

Hole(P) =0 <> completeness-gate(P)=1  (F0GS)

Teopema D.1. HeBOIMOXKHOCTb 6€3C/1eAHOTO PeMOHTa

B PackCert He Cyecrsyer AonyCTUMOr0 MOpQHMa, niepeBogAero naxer ¢ wenycteim Hole n Ges
HoBoro camaeTenscrea h  complete-PASS.

Jokazatenscrso. Henycroe Hole copaér Block no o6msatensomy momo. Tlo reopeme 47.2 Block
NOrMOW@ETCA  BCeMH  MOPQUIMAMH, NOKA OTACTBHb repair-object He TPEAMABHT OTCYTCTBYlouiee
CBUCTELCTRO 1 HE CO3AACT HOBYIO BepCHIO. [

D.4. OnepaumoHabHbI CMbICA

TTH.2 sanpeiaer TpeGoBaTH OT eAHHOTO OLEHHBATE/ TOTO, UTO He WACHTHOHIMPYCTCS N0 €ro BXOAY.
TlonoAKHTe bHAK MPOTPAMMA COCTONT B pactumperik Bxofa: D_X, Dom, ueTséprurii sneMenT penepa, ckooka,
TaMuTE 1 provenance. TIoce PaCIpeRHS NPOBEPSETCS YIKe KOHKPETHIi AOMeHHbIi anropTy.

DUNOCODCKO-PeHOMEHONOrHUECKaS BCTaBKA, OTPHLATEILHAS TEOPeMa He JaKPHIBAET MO3HAHHE; OHA
'YKAsHiBaeT, Kakoii BONPOC G He0ONPEenés, PEMOHT HAUHHAETCA He C Go/lee CWIILHOTO 0TBeTa, a ¢
Gonee noworo exoa.
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MpunoxeHue E. ICNONHUMBIN JECSTUCTAAUIHDBINA NPOTOKON
Atlas

TMpoTokon BocnpowsBoaHT Aecss crauii predictive_protocol_v2_0.csv. Kaxgasn Cragus mveet Bxof,
BLIX0/ M G/IOKMpYOLLIee YCIOBHE; MepeCTaHOBKa CTauii coyaéT Hopwili protocol _id.

N Cragus Bxoj - BRIXOA Block
| IpubvesaeLimt_ | C@C, comext - ypd ot mising yponime
2 LimiGate oL [ ———
f Repersearh RBD, inpu — candidates [——
. Lambdacloure [E— cenominaoproverance
s [— g ropers - €L v cmpiy-ABSTAIN
wew Gt immuale
. FacAach new ot asime missing
, [ Toscasact — mismatch code p—
' [r—— smachNG) — wrgminser | candids gy sbent
) RevilonGhain odew — verdonsdsdge [—y—
0 [ — cnticaes — sgned sraphos blcaion g

E.1. iuBapuaHThl NpoToKona

hash(output

=hash(input_{k+1}) ~ (F069)
timestamp(output k) <timestamp(output_{k+1})  (F070)
Block k=1 = Block j=

for every >k (FO71)

E.2. MUHUManbHBIi KypHan

Kypran xpawsr run_id, stage_id, input_hash, output_hash, code_version, environment_hash, seed,
operator, timestamp, status, Block reason # cchiky Ha parent certificate. L8 MepCOHATHBIX WAH
SYBCTIT b AQHHBIX MYG/MKYETCA Xell 1 CXeMa 0CTYTIa, & He Cavi GaifToi.

E.3. Read-only peectp Tekyuero atnaca

Tabauna Hncno cpox Murepnperauyus
sources.sv. 26 [—
works.csv 145 paoune e
repers.csy 20 [R—
eper_edges.csv 2478 E———
predictive_protocol_v2_0.csv 10 cragn npotoKona

CUETuMKH (MKCHDYIOT COCTOSHME MPHTOKEHHOTO aPXMBA H AOTIKHbI MEPECUMTEIBATECA TIDH KAKAOM
HOBOM version_hash. OHH He 3AMEHSIOT CEMAHTHUECKYIO BATHAALIO CTPOK.

E.4. My6/MKaUyOHHOE peluenme

Publish 4> no-Black A hash

losed A protocol-frozen A decision-reported  (F072)
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Jlaxe npu Publish truth_layer_promotion octaéTes oraenHbim nonew. FAIL n BLOCK ny6mmkytotcs mo
ToMy e rpasny, 4To PASS; HHave NPOTOKO CTAHOBHTCH ABHCHMbIM OT pesybTaTa.
RIUD-TETRA-RUNOO6-029 - PROOF-0BJ-RUNGO7-0029 - FORMAL-CARD-RUNOGG-006 - SIGNATURE-

REVIEW-RUNG13-001; A=-0.992736565468; 5_truth=0.007263434532; CG:
ignature-ready-not-truth-layer;
ertificate-lock/publication-gate review.

truth_layer_promotior
nex

; statu

140948882338 ;

Dunocofco-eromeHonOrHueCKas BCTaKa. TIPOTOKON NPEBPAILAET MOCHCAOBATNLHOCTS ACCTEHIi B

npeer, KoTop

TIOTOMY 4TO OCTAHOBKA TOA@ ABFETCH JHAHHEM O TPAHHLIe METOAa.

MOXHO TIOBTOPHTS. OH COXPAHACT He TOTTbKO YAQUHbIH NIy, HO ¥ MECTO OCTaHOBKH —

Mpunoxenue F. Peectp dopmyn pepakummn V196i14

PeeCTp CBA3bIBAET NOCOBATE/IbHEIE HOMEPA HOBOTO MATEMATHIECKOTO C/I0R C HATHANEHHEM (BOpMY .

VcTopuueckie (OPMYTbI MPEABIAVIIErO KOPIyCa COXPAHeH B HCXOAHOH marmmaumu v196i9; mx
KaHOHMUECKAs BHIBOPKa AONO/HTeLHO PackpuITa B [puosenmi C.
N pr— Hasuasene
ons
fo0n (cven o sourceun lsterDomsiat R r—
)
dence o
Foo2 {provenance,hash,adapter oss,nul gate) Aoiasrensios Momipes
fo0 DCObs, Don(1)C X, D+ Dom(T) Gapicp DDom
fu0s Rep(RAUD) [P———
ValldRepRep) ~ ped A disinct
. denominators A provenance A Dom-gate o s
. e F—
i PrOvQ2Adprov(P) i
fu07 Sts(P)-Block = st nornoueme Block
Fo0n AR = (R R )R, - R (R eR) sccouninop NAPG
o 20 = bk & s A 0 € | s e
FO10 ARLUD)=((U-R)I-Dy))/((U-Dy)(1-R)) Kpocc-omwouene Toma |
Fo11 & _truth(Rep)=[A(Rep)+1| rapmosmeckii Aeext
FO12 AR,UD)=(IU,RILD, V(U JILR]) opsopoHas dopaa
- J— JE——
013 heg=2, GEPGLLK) WeapiaiTa
foua P ——— [ —
Fors 032 [ —————
foi6 LY G-} | pencpros nporwonoe amecrso
Jupu-ABSTAIY: ploce
w7 k== ST
018 CLgo=8(C L) [ ———
F.2. pogomkeHue peectpa
~ Copuyma Hasmavenne
Foto K SRS JAUIAD, ) [ ———
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2.3. Kateropus co6bITUIHHO-COCTOAHUIA

Onpegenente 2.3. Mopduam Fi(E 1 S) - (E'~ ' $') sagaércs napoii (fE{S), s kotopoii n'ofE=fS e
KOMMYTaTHBHOCTL, 03HAUAET: T1EPEHOC COBLITIA  NIEPEHOC COCTOSHHS COT/IACOBaHL.

Teopema 2.4. OGbexsi 1iE — S  yKasasble MOpQH3Mb1 0Gpasyior Kateropiio ES, cosnajaouyyio ¢
Kateropieii ctpenok Arr(Set).

Jlokasatenscreo. Toxgectsentias napa kommytupyer c . s F=(E, {S) u G=(gE,gS) nvees
"ogEofE=gSen's[E=gS[Se1, 1109TOMY KOMNO3HLMA CHOBA ABIHETCA MOP(HIMOM. ACCOLMATHBHOCTE W
€/MHMLLI HaCTEAYIOTCS OT Set. (1

Crepcrave 2.5. TIpi (MKCHPOBAHHOM NPOCTPAHCTBE CoCToRHMiA S i [S=idS nonyuaem Kateropuio cios
Set/S. Paspeluiesiie H3MeHSATS S NePeBOANT PACCMOTEHHE B KATEropuio CTpe/IoK U TPeGyer ABHOro
OTOGpaKeHHs COCTORMHIL

2.4. BoNOKHa, NaKeTHbIe IMHUM W OTPaHUYeHHe COCTOAHMA

Onpepenente 2.4. TlaKeTHas NUHHS COCTORHUS $ €CTh BO/IOKHO Ls=11"1(s), paccuarpisaemoe Byecte ¢
BKOeHHen L= E. T0 He reOMeTpUeCKasi IpAMAsi Ge3 OTIONHHTE/IsHEIX AKCHOM MHLIWCHTHOCTH.

Teopewa 2.6 (3amena Gass1). [{in otoGpaxens g:T - S cyujectayer pullback-oGsext g*E={(t,e) ETXE|
4(0=n(€)} ~ T. On 3aaé7 orpanmene C@C Ha BLiGpaHHyIo CHCTeMy cocTomHMii T.

Jloxasatensctso. Tpoexiyas (t,e)t KoppekTha 1o onpegeneruio pullback. Ynnpepcansioe ceoiicrao
CIEAYET U3 QMHCTBEHHOCTH 1Dt OTOGP@XeHHTi, COrACOBANNBIX € g WL, (]
Mureprperauus Dom. BeiGop A0NyCTHMOrO NOATOCTpAHCTSa cocTonmHii i:Sadm =S nopoxaaer i*E.

Toromy foventias dunspaus C@C peauayeTcs orpanmueniem Gasbi, 1O eé He CO3AAET AOCTATONHONO
ocxosanms D.

2.5. ®yHKTOpPbI 3a6bIBaHUA U U3MEpPUMas noTepst

Onpezenenvie 2.5. dynkropsi UE 1 US 3a6bIBaIoT COOTBRTCTBORHO COCTORHME W COBbITHE:

UE(:E — $)=E, US(vE — S)=S. [lombiii 05teKT BOCCTAHABAMBACTCA TONISKO BMECTE C T H WiCHTHHKATOPaM
IK3eMIAPOB.

Tpegoxerme 2.7. Hu UE, n US He o1pasaet u30Mopusm b obujem cyuae.

JloxasatenscTso, Pasmussie oToGpaxenis 1:E — S MOTYT uMeTs 0uHakopbie E 1 S, HO pasiibie BonoKia.
Toce 3a5siBaiIs T O CTAHOBATCA HEPA3MINMEINK, XOTA COOTBETCTBYIowHe C@C-CTPYKTYpb He
W30MOpQHBI 1A pHKCHpOBaHHBIMH Gasam, ()

Kowtpripuwep 2.8. Iycts E={ab}, $=(0,1}. OroGpaxenss 1 (a)=r, (b)=0 1 1,(a)=0, 1,(b)=1 nvesor
OAHHAKOBbIE HOCHTE/I, HO Pa3Hbie CeMETICTBA IaKeTHBIX /A, 3aGHIBAHIE THIMIALMH YHHUTOXACT 9TO
pasnmure.

2.6. HekaHoHU4HOCTL Nepexoaa C@C—Reper

Onpesenene 2.6. Penepioe pactuuperie napbi c=(e,s) ects BsiGop J(c)=(R,,U;D;Dom), cornacopannbiii
€ ucTouHmKoM M cocrostmen . Kommowentst 1, U, D 1 Dom He BLIBOAATCS M3 0AHON 11ahi aBTOMATHUECKH.

‘Teopema 2.9 (3aripet aBTOMATHUECKOrO NOBbiLeHHs). Be3 J0n0HUTE bHOM CTPYKTYpBI He CyljecTayeT
KaHOHHUECKOIO CTATYC-COXPAHSIOLIEr0 ONepaTopa, KoTophiii /41 BCskoro C@C eAMHCTBEHHbIM 06pasom
crpou asTopu3soBaiHsit Reper ¢ penesanTibiM D 1 fonycTumsiv Dom.

JlokasatenscTso. /st 00 1 O e naphi (,5) AONYCTUMI pastibie uen I, yimsepcymit U
ocnoBasms D. BLiGop 11060l 13 HUX TpebyeT BHewteli CTPYKTYph! Wi IpaBiia BIG0pa. CleA0BATe/ILHO,
VHUBEPCAILHOCTE W @MHCTBRHHOCTS OTCYTCTBYIOT; ABTOMATHYECKOE NIOBBIILICHHE CTATyCa He onpeereno. [

Crepcrane 2.10. Lenouxa C@C — R@C@C — Tcs — Reper Ap1seTes MapiupyTom A0GaBfeHis CTpYKTYphl,
2 He IOTHUECKIM TOKACCTEOM i He JOKA3ATE/ILCTBOM HCTHHHOCTH,

Kypues Haas Sopucosi - Kansnirpas - 2026 1
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F.3. NpoaomkeHune peectpa
~ Dopuyna Hamauenne
F037 R0+ RUz)0 HeaccowammocTs pesn

general

e

Gain_rebuild=L(matched-null  search)
Fosa Ly et B nepectpofion
F39 [51=236; [WI=1145; [V_Rj=2212; [E_RI=2478 v Adlas v2.1
s G_RBD=(V E V. Eprovwl) 1pag RBD

P (a5 w (k) T
Foat S LT e——
Foiz B_(i.L=1-5_jP_(i) O —
Foi3 T=qraps, Ozact oneparop pacnpoctparcrun
Fou 00Tyl p—
Fots (- ducposasivekrop
F046 [ cropoctn cxommocTn
Fot7 (1w, 011, +al(P-PYX, 1) | momyugue duscuponanoliroun
Foan TR IrepBaTI OnepaTop
F0i9 raeac o6arouKa cipoRIOH oW
Fo050 PIY_newgC_L(X_new))saccov yesomoc porwaOE noKpuTIE
Fos51 Pyfsup_t E_iz1a_seq)<a_seq noccpomTeH GoeT
F052 FWERSa_mul omecThen Goper
Fo53 Risk_KLT=Risk_matched-nul-d_min onepausonII piTepi B
- e COnUE 300U i cov st R

F.4. Mpopomkenune peectpa
N @opuyna Hamasenne

Fos5 Rep=(R.1LU;D) o penepias anic monographs.0
Fos6 Trth(Rep) - x(ULRD)=-1 ol rapuowseckss spirepyi
F0s7 A=(U-RYI-D)(U-D)(I-R) [———
Fo0s8 [y e —

KPFRPHD v10 = Reper v10 + Limit-
Fosa Causal V1.0 + EA V)T csL+CGL sprmeiypizn cyua

T g T T ———

Fo060 T_packeT_change T et w

T LT T (AL | [
e 5. (P@s] Pt i coemann,
Fo52 FortcasmlIoL V. LeAL) cropuecxan nporsiosian et
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N r— Hasmavenne
X alone -/ (size(X),dim(X)) without D_X

& and typo conract aapoIHZA

Fose ®10) /Ry esocrarousocn, pot

Focs (R1UD,) - Rep f Valldep-1 [ ———
Holo(Py € Required(P):

Fos6 missingVimaId00) omcperie nakera
RepaCH,  revisonedge PP,

Fog7 colcae ) oneparop pewora

Fosa HoloP)= ~ completencss-gae(P)=1 [F——

Fog9 hasoutput_=hashinpu_(k+11) cuennene craui

- T [T

Fon Block ket = Block j=1 forevey ok [—
Publsh ~ no-Block A lushescosed A

R72 protocol-frozen A decision-reported nyGuaLpoNH gate

F. UToroBas KOHTPO/IbHas 3anuck

N_formula v196i14 new-layer)=73

Hywmepaups FO01

TIPHMEHSETCA  MOC/IGHOBATEALHO  BHYTPH HOBOTO  CAOR.

(F073)

Tpu creayiouien

PEAQKTHPOBAHINH CYILECTBYIOUIHE HOMEpA He NEPOHA3HANaIOTCH: HOBaA (OPMY/A MoORYNaeT ceayiouii
cBoGopii HOMEP, a yAaneHe 3averseTCs nomeTo deprecated, uToGs! He paspyIaTh CCHUTKH.

FORMULA-REGISTRY-CERT v196i14

layer-registe
reference=stable-label.
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F.5. MpoponxeHune peecrpa ¢popmyn FO74-FO086

@opmyssi §§52.9-52.14. PerucTpauis se Meusiet joKasatenbsi craryc: FO84-FOB6 GeficTayioT TOMLKO npH 54O
YKA3AHHHX MOCTOBHIX THIIOTE3aX.

D oo Crr e
Fo74 X!N = Span K(ROR, ROS+SOR : RS.R+S€R} §52.9 Onpeneneiite KsapaTHHOrO CIO%
B075 0 B /v -0 800 [T L r—
Roi6oxvin-viner [T e ———
F077_ | 0 o o s O 210t coese

7078 om0 e 5210 Konaon bepmmn

s oman-woen PETT [— p—p—
FOB0 | HYC_mine(N)) = X N /Im " N = O_B(N) $52.10 | Kamowwocesn waouopiuae

P00 it 8- 00 [T

Fo02 |4y Ny e gy e [T [T p————

P00 B N N B N e 212 [eomcromuen

POt |1 £ 10 £ R ——
P05 et e B 0 w20 Eomemomuen i £

FO86. [Ass) E=(p_EN(x.y.z) EH E(N) §52.14 [Tomzo npu oTAenLMOf B Ass/B E

Tpasiua: FO74-FO81 0THOGATCA K BHYTPeHHENY MHHHMATLHOMY KOMIUIEKCY. FOB2-FO85 Tpeyior sHOpanHoro
Bewero E-KOMIIEKCA 1 LEMHOTO €CTECTBENKOrO MoCTa |. FOB6 He onpezeriena 663 OTACTbHOM ACCOLHATOPHO KapT
B_ASS/B_E. Ou3HueCKHit # IKCTIEPHMERTATbHA CTATYC HE TOBBILIAETCS.
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NMPUJNO)XEHUE G

KaHoHu4yeckasa cuHxpoHusauusa MH.2
n komnnekrta F-1-F-14

PefakuMoHHBIR 1 TUnorpadckuii cnoit Toma | - v196i14

HacTosiitee NPUTOJKeHIe BBOTHTCS Ge3 YIATIeHAS 1 COKpALIEHHS TPEKHEro Kopnyca. OO HMeeT
NIPHOpHTET NPH TEHHH KOTH3WI MY PARHHM TEKCTOM §21.7, KaHOHHUECKIM §27.2, POTOKONOM
HE3ABHCHMON NPOBEPKH M aTTaCOM F-1-F-14.

F'paHMua AoKasaTesNbHOro craTtyca

MaTeMaTHHECKY 40Ka33H MUHIMAKCHBI PE3YILTAT BHY TP MOAEAM CKPLITOM CKOGOYHOM anbTepHaTHBbL.
3akpbiTie PO-11 1t PO-12 OTHOCUTCA TOMLKO K aBCTPAKTHBIM MPUMEPaM U BCOMOraTenbHOM anre6pe A,.
PU3MHECKYI NePeHOC Ha BTOPCKWi 06BeKT R+R, CBnzb € h v MH.1 1 yTeepxaeus F-1-F-14 e
ROKa3aHs IKCNEPAMEHTaNLHO.

ABTOpP KOHUENUMN 1 hopMynnposok: Kypnuwes NeaH Bopucosny, He3aBnCUMBIi
vccnenosaTens, KanuHuHrpas,
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G.1. Ponb peaakLUOHHBIX CNIOEB U NpPaBuo
npuoputeTa

HacTs V/§21.7  Hetopuxo-peRaKimonnuil uctouix CoxpanseTcs Kak apxHB MIPONCXOXAEHM. E0 nepevens PO He
FBNRGTCS AKTYANbHEIM PESCTROM CTATYCOS.

YacTe Vil /§27.2 Kanonnseckin Teopesisii OnpenenseT aKTyanuHie GOpMYLI, rPRHALII W 32KPLITHE
naxer PO-11/P0-12 1a abcTpakTHom yposte.

Mporokon nposepkn  MeTogonoruveckan 32287 HO, HaGMIOA3CMSE, CHETEATHKY U BATLCHPUKATOPH;
onepaunonanusauns He RBMAETCR AL
Busyanuas Kapra VIEnons3yerc Kax RL-KOHUENT APOTOKOAS; He NoBLiwaeT
nposepsenocTh Ecratyc

Nownoxenme G / Croi cunxponusaLA PaspeLiaeT KON (OPMYMOBOK, NDUOPATETOS, KOAOS

V19614 €TaTyCa, CCLNOK M HOTaLM.

BepcuoHHoe npasuno. 06o3HadeHve «MonHbi TeKCT MH.2 V1.1» 8 §21.7 TPAKTYeTCH KaK MCTOpUdecKas
penakuws, a <0 KaHOHNHECKMA TEKCT MTH.2 V1.0 8 §27.2 — Kak KAHOHUNECKWi UCTOSHUK noCne
3aKpeITUR PO-11/PO-12. [INR MCKIOHEHIA HEORHO3HAYHOCTH CCLIKM OHOPMARIOTCH KaK «[H2-7.1
(827.2.7)» 1 «MMH2-9.1 (§27.2.9)».

G.2. KaHoHu4yeckue copmynuposku F-1-F-14

KpaTkie 3aronoBki B IPOTOKOIAX He 3AMEHAIOT CTEAYIOITAe TOTHEE (GOpMYTHPOBKIH.

F1 OHTONOrYA Bpeneny. R+R ABNFETCA (HIMNECKOI BATE6POI BPEMENH, 3 HE TONLKO MATEMATANECKO HOAELI0

F2 @ynaavenTanLHoCTs. MTH.2 dynaameHTansHee NpHLNNa Po6epTCONa~T elisen6epra wnw npuHLMNa
“uym—BoImyuEHHEr.

F3 VinnuKaun MTH2-1H.L, KBaHTOBaR HEONPEAENEHHOCTS BHIBORATCA U3 ACCOLIUATOPA Yepes NPeACTaBREHME p.

Fa KanmBposka h. CyuiecToyet dusweckw o6ocHoBanmsi pexim [K]~h ¢ npasunsHsim egnsmuams u
KoapDULMEHTON.

Fs VINRYMpOBaHHSIRA KoMMYTATOP. Buipaxenwe [x.y],i=K(X.y.z) NOCnE NPEACTaBneNws 3aRaET AONYCTUMbI

ONIePaTOpHLIR KOMMYTATOP; TPEBYETCA NPOBEPITE BTMHEAHOCTS, AHTHCUNMMETPHIO, TOKAECTBO FKOBH Wik ero
3aweHy U AOMeH ONepaTopos,

6 CemuKoNNOHENTHOR Bpens. Cemb 06LEKTOB R+R 06Pa3YIOT BHyTPENHIOK MHOTOKOHTOEHTHYIO CTRYKTYPY.
spemen.
£ OC 1 Bpems*TIDOCTPEHCTBO. GYHAAMENTa/HAS OMOPHAS COR3HOCTS W MOAEAD Bpens*MIpOCTRAHCTEO MMET

HaBI0KaCMYI0 AMIUHECKYIO PEANMTLMO; NPOCTPAHCTB0 ABAFETCH CIOEBON NPOEKLUER, 3 NPOCTPAHCTEO
MUHKOBCKOrO—3AHUTENa — CeveNten.

F8 Onepatop xoa spemenn. Mepapxa A>Hpx>Rs>Ra»Ru» {in,IH), onepatop T=
ONUCHBOT BHINECKW XOR SpeMenn

T, ¥ ypaBHeHME RIAT=T(R)

Fo MOHOTOHOCTS CHOMHOCT. /ins hi3usecks onpesenennoro C(R)

1 DI (R) sbino/wAeTCs AC/dT0

F10 UHamKa accoumaTopa. Ypaswenwe 7, K=J, ABTSETCH KOPPEKTHLIM KOBADHAHTHbIM NONEBLIM YpaBHEHHEM 1
UMSET OMpEenEHHbIE MCTONHMKM, PaIMEPHOCTA W BIDHALMONNBIF MDD,

F11 Parias Beenennan. M3 AMHaNUKI K CNAYET MAKCHMANLHAR HavankHas KOTEPEHTHOCTS WA UHol HaBMORaCLIA
KocHonoruecKki pexct,

F12 TIKa 33N B MTEPHA. ACCOUMETOP (BMIUNECKS NOKATIMIYETCA B MATEDUN W NIOPOXAGET M3MEpUMBE.
SpexT.

F13 KoHeuHas 8Tl HaBMI0AGTENA. CTRYKTYPHAR BOXEHHOCTE, AOCTYMHAR HABMORSTENO, GUIMIECKM KOHEUHa.

F14 IpasuTaLtA  Kocmonorus. MH.2 RaET NPOREPAGHIE NoNPaKi k OTO/KBaHTOROM TE0PUM, YETPAHAET

CUNrYAADHOCT WM OBLACHAST TEMHLIA CeKTOP.
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Ocofas npasKa F-14: HCMONL3YETCA NOTMHECKOR «Wi», A HE COBOKYTIHOE «M». BETBM MONPaBOK K
OTO/KBaHTOBOM TEOPWM, YCTPAHEHNS CUHTYNAPHOCTEN 1 OBLACHEHNS TEMHOTO CEKTOPa AOMKHS! BbiTh
othopMIeHs! Kak OTAenbHbIe F-14a/F-14b/F-14C C COBCTBEHHbIMM MOAENSMY 1 (ANLCHDAKATOPAMN.

G.3. EpMHas pByxKoopauHaTHas wWwKana
NPMOPUTETOB

KOANW3UA MPEXHIX TAGNUL YCTPAHAETCA BBEAEHUEM [BYX KOOPAVHAT: P ., — CaMbiit paHHMii
HONYCTUMBII 3TaN pasnNvaIoWe NPOBEPKH; Py — 3Tan, MoCNe KOTOPOTO AOMYCTAMO OBCyXAATE
MOMHYI0 GUINYECKYI0 GOPMYAMPOBKY.

F1 1 Pa 71360paTOpHLIA TECT SOHEXTUBHON HEACCOLMATHBHOCTU BO3MOXeEH PaHbLe
OHTOROrMNeCKorO BbiB0Ra.

F2 r0 P4 CHavana opMaNLHas PeAYKUUS 1 HOBMIA NPOTHOS; CPABHUTENHAR
BYHAAMENTANBHOCTS — TOKO TOrOBLA BLIBOA.

F3 0 P0 (CTpOr Wil ONepaTOpHBIf MOCT; A0 3KPHITA PO-L0 GU3ANECKaR MAIKALNS
oTkpuITa,

Fa r0 P0 He3a8UCUMas pa3MEpHOCTHaR KaNMBPOBKa K eAuNMLaM AeHCTBUS.

Fs r0 PO T, JOMENb, BHTHCAMHETPWS W SIKOBH WA AOKa3aNHNaR 3amena.

F6 23 P3 VIRENTUGKALIAR KOMTIOHENHT NIPEAIECTBYET YTBEPHAEHHIO CeMKOMMOHEHTHOT
Gu3mkw speveny.

21 3 P3 CHakana peayKuMOHHas TEOPeNa W PASIMIMMA UNBAPHINT, 3aTem
FeoMeTpuIeCKa uHTEpIpETAUNS.

F8 P0-+P1 P2 (CHavana KoppeKTHSI FeHEPaTOP, 34TeM TPARKTOPMM 1 QUIMNECKMR BbIBOR.

Fo P0-+P1 P2 Onpesenene C u BeCOB, 3aTeM PanHMR TECT 3HaK U AULb NOCNE Hero

YHMBEPCaNBHaA BOPMYAUPOBKA.

F10 PO-P2 P2 ©OpMaNLHaA KOBAPUANTHOCTS, BAPHALMOHHOE MPOUCKOXACHHE 1 TONSKO 3aTeM
nonessie AanHbie.

F1l P P3 KOCMOnorueckui WwabnoN GMKCUPYETCA 40 NPOCHOTPa MOATEEPXABIOIMAX
e

F12 P P1 KOMTPOAUpyeMsif 7a60paTOPHAIR TECT MoChE OMpeRenenns MCTOuHMKa 1
amnwryau.

F13 P2P3 Pa Pecypeibii CUOf MOXHO TECTUPOSATS PaHLLIE (yHAMEHTATLHOO BE0RA O
KoneuoCTH seTou

Fl P P3 Kaxaas beTes F-14a/b/c NPOBEPSETEA OTACNLHO; OMHABYCHaR (BOPMYIMPOBK
3anpewiena.

PO — (popmaniste MocTs 1 THIE P1 — KOHTPOIMpPYeMas nabopaTopHas nposepKa; P2 —
uHaMuKa W TeoMeTpHS; P3 — MOeBas/KOCMONOrHYECKas POBEPKa; P4 — CHHTETHECKHE
OHTOTIOTHYECKHE H METATEOPETHYECKHE BHIBOMML.

G.4. YHudMuUpoBaHHas WKasa AoKas3aTesbHOCTH
D/M/E/R

D 00/D1/D2 Her Teopemst | ycnoswo | aoKasawo H2-7.1: D2 ByTpu AL-A4

nokasaTenscTso MH2:9.1: D1; ususeckve F: DO

M — nogens MO/ ML/ M2 ©paza anaau | euacnmas forward model | F-1-F-14: MO-M1; i 0awoft noHo
M2,

E— pannsie EO/E1/E2/E3/E4  opwynwposka /xanubposka /nunor/  Bce F-1-F-14: EO.

PRNIMKAUMA / yCTORMMBIA pesyTaT
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R—nporokon  RO/RL/R2/R3  HeT/KouenT/ prereg-ready / swnonen  [pOTOKOM u aTnac A3ioT RL, o He
Banse.
C— sumcnenve  CO/C1 Het nposepseoro pacuéra / TowA A1-A4uPO-12: C1 ans
BHyTREHHME CepTUHKST acnoworaTensioit A,

Koasi M1-M4 rpexHero npoTokona 60nbLuie He PUMEHSIOTCA K MATEMATAMECKWM pe3ybTaTaM: CTapoe
M1 oTo6paxaercs s D2, cTapsie M2/M3 — 8 D1, cTapoe M4 — B C1. Gyksa M pe3epsvpyeTca Tofsko Ana
noAHOTL! MOREAW.

G.5. 3amopo3ka HoTauuu u dopmyn

ACCOUMaTOPHBI O6LEKT 3AMMCHIBAETCA TONbKO Kak R+R. 3anick R*R 4713 HEro He ucnonb3yeTcs. Cumeon
+|, COXPaHAETCA 32 ONePaTOPOM XOAXa; @ — 32 623080/ HEACCOUUATHEHOT Onepauveii.

eq(uid) - ep(uid) = ¥a Ag(u) Ay
ep(uf) - en(uid) = % |[K(u)]l Ay
e (uid) - e (uid) = (¢/4) [KW)] 4,
ep(uif) - en(uid) = (e_A/4)m(u), uEQ
V;K=J;, dR/dT=T(R), dC/dt=0, C(R)=Zw,Dim(R)

Tunorpagckoe npasino: S, D, R, T, Q i MHIEKCH AOMAHE COXPANATS MATEMATHIECKHH THIT;
GyKBanbible NOEPKMBAHIA HOMYCTHMEI TONIEKO B MAITHHHEIX WACHTHbUKATOpaX. JlioGoe
cpasnesne K| C h TpeGyeT He3aBHCHMOl PaIMEPHOCTHOM KapTH.

G.6. lokasaTesbHbIA peecTp nocne 3akpbiTusa PO-11
n PO-12

nH27.1 02 TIOKaALHAR MMHHAKCHAA TPANULA MPM  DM3NIECKAR WHTEPNPETALNR 1
Al-aa yHmBepcansHocTs

nH2-9.1 o1 PasiowepHan GopHa npu &_>0 Ha FroBanswas koncTanTa Ges
urcupoBanmon O £0KA3ANHOR KOFPUUTHBHOCTA

PO11 closed abstract NeTupe soNue KOHCTDYKUAN A1-A4  (lepenoc K aBTOPCKWA GuaHieCknR

R-R

P012 Closed abstract /1 BHyTpeHHNR BuNACTMSIA CepTUOUKAT  HE3ABUCHHMGA PEnNMKaLAS 1
ans A, puanecku cepTuduKaT

F1F14 DO/MO-MU/EO/RY  Ctpopmymposannas nporpania xcnepumenTansioe noaToEpKACHAE
npoBepKM

HVKaKO PUCYHOK, CUMYNSLIWS, BHYTPEHHWIA CEPTUGUKAT WNK COBNAAEHME NAPAMETPOB He NepesoayT
EO 8 E1-E4. MoBbILIEHUE BO3MOXKHO TONILKO YEPE3 KaNMBPOBKY, 3MOPOKEHHbIA NPOTOKON, AaHHBIE U
He3aBMCMYIO penAVKaUMIO.
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G.7. KaHoHM4YecKas KapTa conpoBoaUTeNbHbIX
cdainos

PN2_verify_protocol v1.docx  19aRMKASR6GWpEQeurleVG-AW  0f02C167171383d9011700f41b17ebdfB2C  PeaaxTupyemsii
ZCalyToY 5096¢3405a1798c24099cb04428fc merogonoruvec
it npoToxon

PN2_verify_ilustrated_v1.pdf 10XEefNi7THAGLz2eKB7uLizz023  2d08cBa5041a649a701c1e6707ec4a09B7  MnmocTpuposan
XK 0c00c42174d3cef50a2e7dd01 76 Has penakuns
npoToxona

pn2_f1 f14_atlas ruvipdf  1f47KQQB3uxQVQINZPUX-Zylqlu  4al5ca6a73a71767a59310626ac26b78dd  AsTonomuii
pkWaFg 1acbB74c143231efal850012bf62¢ arnac F-1-F-14

KonTpoms Towsix c1pox F-1-F-14 13 Kaomirseckoro PN2_theorem ru v1.0:
87665008c2cf5b84faceaab69c4a70b2e8a2de7f8bcddealced3198578e63ddc

VMena cex haitnos He NpessILIaoT 30 CUMBO0B. CyBOUKCH AYBNUKATOS YAANEHS! METaAaHHLIM
nepevMeHoBaHVeM; CTapbie MaTEpUabi He YaaneHs.

G.8. Ny6aMKauMOHHbIW U TEXHUYECKUIA nNacnopT
v196i14

@opuar Ad; eaunas reomeTpIs PDF U RoCTpaNMIHOro DOCX,

Bopcis Tiry i, KOTONTHTY MMl 1 HABKTAUHONNIA CRO Cornacopan ¢ VI9BILA. Crapuio uioHTHGUKATOPM CopTQUKATON
COXPANONA TOMLKD KaK provenance.

Horaunn R

. UNAEKCS! 1 KNIOYEBRIE OpMYI 3aGUKCHPOBaHS: B G.5.

Konrexc Bco 203 crpanuins Gasono posaimn v196i
Fan 1-46  apinoRenh A-B.

coxpane; ERanst 47-52 W npHROKCIIS C-G BKIONOHM 603 yAATONIS

Rocrynocre PDF COXPANFET NONCKOBLIA TEKET HCXOAHOTO KOPNYCa i TEKCT Mpunoxenus G; DOCX
ABARETCA NOANOGOPMATHO NOCTPANAIHOR THNOFPAGCKOM KONMER, KaK APRAOCTaBNENHbI
uexoaNbA DOCK.

cratye Maremarusecka Teopema
nposepxa oTcyTCTByer.

TonbKo 8 caoei Moaew; F-1-F-14 — EO, nesasucumas

My6nuKauvoHHas dopmyna: «IpeAnoeHa MaTeMaTUHECKas MOREL CTPYKTYPHO/ HEOMPEAENEHHOCTH;
A0Ka3aHa MAHWMAKCHaZ TEOpeMa BHYTPY MOAENM; BU3NECKUe MOCTS! F-1-F-14 CHOpMY MPOBaHSI Kak
hanbCUbUUVPYeMasn NPOrpamMa He3aBUCUMOI NPOBEPKI».

KoHel peaakumoHHoro cnos v196i14
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2.7. Nacnopt C@QC-CERT

Munumanshsie nons C@C-CERT: event-id, state-id, m-version, source-id, timestamp/version,
units/coordinate convention, Dom-state, integrity hash, transformation history u Texyuyii status.

Tpasinio nposepku. Ecin oTeyTeTsyer event-id win state-id, 05beKT He cobpat; ecin OTCYTCTBYeT -
Version, THNH3ALMA HEOHO3HAUNA; ECIM OTCYTCTBYeT Source-id, 0GBEKT MOKeT CylliecTBoBaT
MATEMATHUECKH, HO He TDOXOAMT JIOKA3ATe L Hbii WIH SMIHDHUCCKHii LI035,

Tpunep. 3uauense 37,2 cranosmtes C@C He H3-3a Camoii LMQPE, a 1I0C/IE UKCALYAH: TeMTIepaTypa,
LLKana, 0GLEKT H3MepeHHs, Bpents, IPHGOP H BepCHs NPOTOKO/a. Jlaxe NOCIe STOrO YTBEpKCHHE O AHarHo3e
TpeGyer otzenbHoro D i MeguLckoro Dom.

2.8. ®eHoMeHonornyeckas u 6ubanorpaduyeckas rpaHuua

enonenonoauseckas acmaeKa. Colbimue HUK020A He AGIAETICA COIHAHUNO Ge3 20pU3OHMA: OHO DHO KK
uaMeHeHue 4e20-mo, 2de-mo U 6 HeKOMOpoM pedicute docmynwocmu. Cocmoanue e doGaansemcs K daxmy
noce €20 nosienus; 0o 6x0dUM 6 cNOCo nosAeHus. OOHAKO CMOCOG AAHHOCTIU ewyé He paseH AOKA3AHKOL
ucmunHocmu — umenko nosmomy C@C npeduiecmeyem Reper.

Conocrapnerme c prior art, Kateropws ES HerionssyeT cransaptayio Kareropuio crpesok  pullback-
KOHCTpYKL10. K/IQCCHYECKHE @Vent SrUCures OrHCHIBa0T IPHUHHHOCT, KOH(AMKT 1 Kondurypaumi; C@C
He OGBABIAETCS HX 3aMEHOI M BBOAHT HHOH MHHWMATL I 0GHeKT — THIHIMPOBAHHYIO APy COBBITHS 1
cocrosms.

Merounmku rasst 2. Buyrpense: [KUR-5.0, §1], [KLT6-T1, rnaa-crares 2]. Bewnme: . Mac Lane,
Categories for the Working Mathematician, 2nd ed., Springer, 1998; M. de Visme, G. Winskel, Causal
Unfoldings and Disjunctive Causes, arXiv:2003.06267; S. Castellan, P. Clairambault, S. Rideau, G. Winskel,
Games and Strategies as Event Structures, arXiv:1604.04390.

Kanonmueckie oGosnasenis riap 1-8. Gopwasii cimson coGbrmua@coctonnis — C@C; nakerias
onepays — ©; onepatop Xomka — *b; KeazpatHusiit oGsext NAPG — R +R; Kpocc-cootomenie —
er(U,;R,D); gocrarousioe ocxosaime D 1 obnacrs sonycTimocti Dom He p3anmosaversemst, CHvBON * B
BOCTIPO3BE/EHHEIX HCTOPHYECKIX (PPAMEHTAX YHTAETCA TONLKO 10 HX JOKATLHOT nererye.

I'naBa 3. NMakeTHble 06beKTbI U KaTeropus Pack

MOHSATHOE OB LACHEHUE
CMBiCA. (1283 0ACHAET, Kak OGLEANHATS NAKETHbIE OBBEKTLI M AONYCTUMBIE NEDEXOLI MEXAY HUMM B EAUHYIO
MaTeMaTHECKYIO CHCTeMY.

Marewmaruueckoe A4po. CTPOMTCA KaTeropus Pack, a3 iuIaIoTCs Cam OB BEKTEI, HX METKH, COCTORHHA 1 MOPOU3MSH
GUKCHDYETCS NPABU0 COXPAHEHWA NaKETHO! CTPYKTYPbI

TPaHWua yTBepAEHNS. Pack S815€TCA PaGONEl KaTeropHeli NPOSKTa  He OBABNAETCA YHUBEDCATEHOM KaTeropueit Bcex
COBLITWI WM COCTOAHMI

(Cranyc: sHympenssa KoHcmpyKUUS

TlaKeT 0BkeAHHSET OGLEKT ¢ AONIOMHITE/ILHAIM C/I0M CTPYKTYP, KOTOPBI He/Ib3s 663 n0TepH cMbiCTa
3aMeHHTH OBLINHOI Napoii Aaniix. B Ga3080M Hodge-COBMECTHMOM BApHAHTe NAKETHAE OGEKT COACPAHT
TeOMCTpHUCCKii HOCHTEII W /tya/IbHbiH KOMIIOHEHT, 3a/4aHb1ii oriepaTopos Xo/Ka Ha COOTBETCTBYIOMeM
cnoe.

uev

U, +nV)
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KOMMYTaTHBHbLI# KBaAPaT NAaKETHOro MophUsMa

a~{n-+300 = Q= {n-=30x)

b Reper-nepenoce AonoRTEAMHG CoxpaNmoTER U Do 1 craTycHmie rpanmis:

Pucytox 3.1. Kovayraruningi knazpar Hodgo-COBMOCTIMOTO HAKOTHORO MOPHaMa,

3.1. KaTteropus Pack
Obrext Pack — Tunmuampomammas napa (X.w), rge X ABRETCH AONYCTHMOM CTPATOH, @ w —
AuddepeumansHas bopma i3 0CHABIERHOrO npoCTparcTea OP(X). Mopduan f:(X,w)—~(X'w) COCTOHT H3
KO KapTH f, H THHEIHOTO TepeHoca f , COXAHAST CTPATHHKALNIO i OGLABTEHNHe METPHKH it
KowmyTupyet ¢ Hodge-onepatopasst ia obelt foeke.
foOx = Oty
3.2. PaanuyeHne cMMBONOB

Onepatop Xomxa oGosuauaetcs [Jy, ; BHYTPeHHAS, BOOGLIE TOBOPA HEACCOUMATHBHAA ONEPALA —
KBATpATHYHEL NaKeTHuA OGveKt — ROR; Tpéxmuuedubi nedekt — Ass(x.y.2)=(x0y)0z-xo(yoz).
CumBOn * B apxuBHMX QODMYIAX WHTAGTCH TONBKO NO NIOKANBHOH JIeréHIe H He MepeHOCHTCS
ABTOMATHUECKH B AHBYIO HOTALHIO,

Hopvanusosasnas samucs we otoxaectsnzet ROR ¢ Hodge-noficTenocrsio. Taxerss Clly, B, My,
PP 8 Cllg4,C OCTAIOTCH THIMSHPOSGNNWMI FIPHMEPANIL THLLS Ha CBOX S4ABTONNAX OGAGLTAX unp!nanemﬂ
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3.3. leoMeTpuyeckas peasim3auusa NakeTHbIX 06bEKTOB

Tyers X=[), crampaptHas ctpatHgumposaras o6onoua. Kareropms Str(X) mMeer Hemyctse
smeTste cTparii X, B KatecTse 0GLeKTOB; MOpHIM X ~X, CYIECTBYeT Npi 0GLABNEHKO HHLMACHTROCTH 1
jzk. JloxamsHo X Monempyetcs npousseenuen R¥ ¢ okprent xomycom C(L,).

Mlasisie naxeTHoii peanisauuu a X, COCTOAT H2 ODHEHTHPOBAHHOTO BOUISCTAGHHOTO BEKTODHOTO
paccnoenus E,~X,, merpukn g, Hodge-omepatopa [ APE, ~A“"PE," u xnacca monmycrmwux dopm
T (E,)- [L1% HHIIERTHbX CTPAT 333Q0TCA OTPAHHYEHILA T, COBMECTHMAIE © KOMIO3HLMEH.

10 = 0, a Dom(ry o[l

Maxer U,V 03wataet napy (U,],V) ToM:Ko Torfa, Koria V MPNAATGAHT 06MacTi oNpeaenexs (.
OGbexTHaz 3allHCE He 3AMEHAET MPOBEPKY CTEMeHH GOPMEL, PA3MEPHOCTH CIIOS, METPHKH ¥ OPHEHTAIIH.

@yukTopHANLHOCT:, Mopduams Pack 3ajaioTcd OTHOCHTEN:HO QWKCHpOBaHHOf ofonowxi X. Ilpw
HepeXofe Mely WHUMIGHTHHMH CTPATAMH OHH OGA3AHEL KOMMYTHDOBATS ONHOBDEMEHHO C I W
BrIaronaps ToMy MaKeTHa# KOHCTPYKUMA COXAHATCA NPH OFPaHHYEHWM, a MOKAT:HHE pealisatmit

cormacyioTes oM, CTpATAMHKALH.

Tpasniza KsaapaTiusoro cios. HaCTORINas peanusaus GUKCHPYET TOTLKO CTPATHPHLHPOBAHHYIO i
Hodge-Teoperusieckyio cpeay. Konctpyxiumu ROR, HX NONAPHIAIHOMNbE TOXAECTBA 1 KAPTH OGCTPYKiii
oTHoCHTCH X noCTeAyoeny cnoio NAPG 1 He CreRyioT i3 0nHof Kateropin Str(X).

CTpaThi NOMAHM He TOTHKO GHT TOMONOHYECKMMH NORNPOCTPAHCTBAMH, HO W HECTH TMAmKue
CTPYKTYpH, HeoGXomuMbe [ AudPepeRuManb X GopM i Hodge-omepaTopos. IT0 ycroswe ABAAETCH
HACTHIO O6NACTH NOMYCTHMOCTH, & He BHBOTIOM H3 MaKeTHOM MeTahopH.
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3.4. Mopdusmbl Pack n ecTecTBEHHOCTb

Mopdmam £:(X,)~(X,w) BKTONAeT TMATKYI0 KApTy fy # mHmefii onepatop f . Ecm f sensercs
m3omerpueii, To ectectsentocts Hodge-onepatopa unieet hopwy f, (,@)=[1, f, (@). [Iiix KoHdopMHbX KapT
TPEGYeTCH OTHeMEHH PA3MEHOCTHO-CTEMERHOM MHOKHTEN:; I0STOMY CI0BO «COBMECTHM» HE 3aMeHseT
Touryio dopmyny.

TMpennoxenne 3.1. Maometputeckie Pack-MOPOMSMH 3aMKHYTH OTHOCHTENEHO KOMIOIMINH W
coxpansior Hodge-TBolicTBeHROCTE,

Toxasatemscro. Jina gef momysaen (g, f,)0y=0,0xf, )
commectinm co (1. 0

(0,f,)- TomnecTsenmsit MopdusM TakKe

Ecm runapkraveckue L snnaorca AuddeoMophuIMaMu Ha 0GpasM, MX JOKaTbHbe CeueHus
MHAYOHDYIOT B3aMMHO OGDATHHe mMepeHOCH aMpdepeHUHATLHEX (OPM Ha CBOMX HOMEHaX. 97O
YTBEpAIIeHHE OKATLHO i He COINAET TOGATHHOF 0GPATHMOCTH BHE 3ATBNEHHEX 06NACTe.

3.5. CynepaTtop, NOTOK U MHEpPUMAbHAA CBASHOCTL

Cynepartop Xowxa-Kypmumesa H ctpontcst u3 [,,0,0,.0,0_; ¥ BHODaHHHX MONBEMOB/OTpaHMEHHMIL.
JlioGas KOMMAKTHA 3amHCH (0, L,) CHHTAETCH COKPALIHHEM THTH3NPOBAHHON KOMIOSMINM, a He
CaMOCTOATENLHAM OTIpefeNieneM 63 foMeHa.

Totok ®,:Pack~Pack coxpanser crpatuuxauuio, ecmu @, (1)1, u cosmectin ¢ H, eciu 0 H=HO,.
VIHEpUHATbHAA CBASHOCTL — TAKOil NOTOK, AN KOTOPOFO HOMOTHMTENLHO COXDAHEHH JOMYCTAME
nepexoms Ly,

OrpitarensHoe yraepaeniie. U3 cyiecTsonanits Pack-HOPGHINA HE CIEAYT BOIMOKHOCTS OAHOBPEMERNO

HE3ABUCHMO HASHAUMTS CKATHDHBIE «PAIMep>  «PA3MEPHOCTL» Ge3 OCTATONNOTO 0CHOBAHIS D 1 THTIOROrO
KoHTpaKTa. HMeHHO 9Ta rpauiiia a7ee CASBACTCH C MaTeMATHeCKOI popoit [TH.2.
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3.6. AudcddepeHumanbHblii NPUMEP U FPaHuUa
aBTOpCKOro cnos

B cenuMepHoii MOZen C G,-CTPYKTYpOii § accomuuposanHas MeTpuxa onpegenzer Hodge-onepatop 1
4-gopmy y=D¢. Totox Jlamraca samicusaerca xak ag/at=0,9, TAe A,=dd +d'd. ra xnacomieckan
TeOMeTpHHeCKas CPENa CYKHT NPHMEPOM PeATH3AIIH, HO He HOKA3LBAET PHIHIECKYI0 HHTEPNPETALHIO
NAPG.

B BuOpaHHOM nesoWMHBApHAHTHOM amsame BemCTAoOTCH dg M dy; AccomMATOpHAs ammTHTYZA
OMpeenAeTCA HOPMOI BHGPARHOM THIAPKTHYECKOH GOpME

Al)=[dC]. 3uatientte 3aBHCHT OT METPHKH, HODMUDOBKI! i O6MACTH MOTeTH.

Peayuposakaz Teopks AeOpMaNI OPFAHKIYETCH KACATENLHEM GaKTopom H2 =ker d,fim d, u
nepsuuHoii obctpykuneii OF  =C /im d,. Ipoussogwas mapameTpuieckoro CemeiicTsa samait
BLNCTORHMI KACATeM:HA KAGCC; SH0 MPORONKGHHE BO BTODOI MOPAAOK TPEOYeT HCUGAHOBGHILE

cooTBETCTRYIOMEI OGCTPYKIMH. OGPATHOE yTBEDIIEHHE 663 ONONHHTENLHAX THIOTe3 He MPHHHMMACTCA.

ABTOpCKHii BKa. K aBTOPCKOi apXHTEKType OTHOCATCH COGAUHENHE CTPATH(HUMDOBAHHOTO BPEMEH,
maketHoro  Qopmamuama, [IH2,  cymepatopa  H,  NOTOKOBOTO  maketa,  OmepaTopos
ReACTBHS/M3MeHEHIA/PA3BOPOTA, ACCOUMATOPHOA ammHTyIH ¥ NAPG. Knaccwseckme Hodge-, G, u
RehopMALHORHELe KOHCTPYKIMH UNTHPYIOTCA KaK PrioT art i MaTeMaTHuecKas Cpexa.

TepcrexTisa. OTKPHTH e OPMALHONHEIE H KOTOMONOTHecKHe Mogem NAPG, aHATHTHHECKHH MOCT K
Hodge-Teopui, CTPOrHe PERYKIIH K HOTeBHIM YPABHEHHSM  IPOBEpseMbe MPHIOKeHI. Hit OTHO 13 STHX
HanpaB7eHwit He NOBHIACTCA B HACTORIEM TOME 710 GHIHYECKH YCTAHOBNIEHHOTO Pe3yNbTaTa.

Macniopr rnass 3: carrier=YX; strata={T™}; operation=0; Hodge=(l,,
D=source-and-proof; physical transfer=open; truth layer promotion<0.

associator_object=ROR; Dom=explicit;
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3.3. KateropuanbHas cneuudukauyms Pack

Onpegenentte 3.7. Owext Pack ects P=([P|,(P1},€1,sP), ryte {Pj} — KOHeUHas Wi JOKATLHO KoHeuHast
HALTPALMA HOCHTeNS, A SP — JONIONHHTE/ILHAS IAKETHAA CTPYKTYPA, COBMECTHMAsE C OFaHIUEHMAMH Ha
crparsi.

Onpegenesite 3.8. Mopduam [P - Q coCTOMT U3 0TOGpaXeHHS HOCHTENeI 1 CeMeliCTBa CTPATOBLIX
OTOBpaKeHHI, COXPAHAIOLIMX MHJIEKCLL, OFPAHHYCHHA M KAHOHHUECKYIO MAKETHYIO Oriepaliuio ©.

‘Teopewa 3.9. TIpi TOX/ECTBEHHbIX MOPO3MAX H HIOKOMIOHEHTHOIH KOMIIO3HLIMH J0NYCTHMBIE NaAKETHEIE
oGexhi oGpasyior Kateropuio Pack.

Jlokasatenscrao. Tox/iecTBeHibIe 0TOGpaXeHs COXPAAIOT GUALTPALIIO W CTPYKTYpY. Kommosuys
JABYX COBMECTHMBIX KBA/|DATOB CHOBa COBMECTHMA; ACCOMATHBHOCTE CIeflyeT H3 ACCOLMATHBHOCTH
KOMINO3MLMH OTOGpa)eHM, a He M3 ACCOUMATHBHOCTH BHYTpeHHei onepatn NAPG. O

Cregicrave 3.10. KateroparisHast KOMIO3ULA MOPIMOB W BHYTPeHHSS HEACCOLMATHBHAA OTIepaLMs ©
NIPHHJIEKET Pa3HEIM THIIAM U He MOFYT HOAMEHATS ADYT ApYFa.

unocodexas ecmaea. Kamezopus yOepiusaen e moabKo Gewju, Ho u donycmubie cnocoGbi
nepexoda mexcdy Hum. Tem CaMbiM CMBICA 0G6eKa OGHAPYIUBAEIICA HE & U3OAAYUL, G 6 Cemut
npeoGpazosanii, KOMOPbIE He yHUYMOKCaom €20 mun.

I'naea 4. MakeTHble MOpdU3MbI, peYKLUU U 3aKOHbI

CoXpaHeHusa

MOHSATHOE OB LACHEHUE
CMBIC. 3ech YTOUHAETCA, KaKiE NIPEO6PAIOBAHHS N1AKETOB AONYCTUMSI 1 HTO MEHHO Pa3DeLIeO 3a6bITe NP PeAYKLIH.
Marewmaruueckoe A4pO. GOPMYMPYIOTCA YC/IOBIA AOTYCTUMOCT MOPHIMa, ONEPaLIMH PEAYKUMM 1 326bIBaHAA, 3 TakoKe
NIDOEKTHbIE 3aKOHSI COXPAHEHHA METOK M CBA3eit
TPaNMUa YTBEPKAEHMA. KOHKPETHLI 3aKOH COXPAHEHIA ACHCTBYET TONLKO MOCAE 3AAaHHA COOTBETCTBYIOLEH KaTeropui
‘OBLEKTOB ¥ He NIEDEHOCHTCA ABTOMATUNECKM Ha GUSHIECKYI0 BENMMHY.

Cranye: akcuomsi u npasuna

TlaKeTHbiit MOPH3M NEPCHOCHT OGTEKT MEALY CIOSMH WIH AOMEHAMM, COXPaHSS HE TOMsKO BOpMY
SMHCH, HO W JOKA3ATEbHbI CMbICA. MODQH3M, KOTOpBI COXPAHSICT FeOMETpHuCCKHii HCYHOK, HO Tepsier D,
Dom, HCTOUHHK WM CTATYC, He NIEPEHOCHT ABTOPH3ALIIO.

Reper-mopdusm f=(f R,f If U;f D)

R

©
) O
©
O,

w

13

00Q o

ECM 1_D e Onpenené Wi He COXPAHSET OCHOBMAE, NIEPEHOC HE MOET NOBKLIATS CTaTYC.

Pucynox. Reper-mopduam u coxpannextie kosnonenms
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4.1. YcnoBua AonycTMMocTn

Venonne Tiposepia

Tamann FICTOWIIAK 1 HEAL TpHHAATEAGT OGLABTEHHLIM KaTerOpHN.
nmaemocrs CoNpANAIOTCA GTHOUICHIA TPIATERTIOCTT 1 HEpECeEnTi,
Hodge-comecrimoct Kuaapar ¢ Hodge-oneparopanis KowvyTupyer,

e ‘GcroBaie 1 0GAACTL, 40Ny CTHMOCTH THGO CONPAHIOTES, GO

npeobpasyiorcs Ao,

BHICONIH CTATYC e BONKAET 13 TR0 B3 HOBOT AOKA3ATETLAO
TpoeAyp

Crarye

TGN 30ARACHa OBpaTHNOCTL, NCALARAIOTCR OBpaTHLI MOPGHIM i
TOKgeCTBA KOOI

Obparvocr

4.2. PepyKkumsa v 3a6biBaHne

PeAyKLuts MOXeT GbITh adhpHHHOT, IPOCKTHBHOT, METPHUCCKO, (HIHuCCKOl, BhIaHCAHTbHO! WA
CMbIC0BO/E Kaas peAyKils 06A3aia yKazbiBars, Kakie AGHHBIC CONDARAIOTCH  KaKHe 3BHIBaIOTCA.
3aGhiBanie He ABTACTCA OWMGKOH CaMO 110 CeGe; OUIMGKA BOHHKACT, KO4A Pesy.IbTaT peAYKLMM
WCTIOMb3yeTCs Kak GYATO HoTeph e Ghuto.

4.3. YCTOHYMBOCTb NPU KOMNO3ULUK

Teopewa 4.1. Eciu £:P — Q 1 :Q — R ABISIOTCSH JONYCTHMBINH TAKETHbIMH MOPM3Man W ux Dom
cornacoBatibl, T0 gof COXpaHACT KX biii HHBADHAHT, COXPAHACMbI OGOMMH MOPOMIMAMH.

Jlokasatensctso. [l usapuanta [ nveem |_Qof=I_P u 1_Rog=I_Q. Mlostomy I_Rege
Dom HCKIOUAET NpHMEHeHHe KOMNO3HLIN BHe 0BLjeii 06/1acT ompeAenerms. 0

_P. Yenosme

Crecrane 4.2. Lenouka npeoGpazopaniii aBTOPHIOBAHA LI, B TiepeceseHiM 0BAACTeil Onpeerenis
BCeX eE 3BeHbeB.

Kowtpripuvep 4.3. /18 110 OTACABHOCTH BHMMC/MMBIX NIPEOGPA0BAHIS MOTYT He
KOMIIO3LHONMPOBATECA, eC/M 0Gpa3 NeBOro e fiexuT B Dom BTOPOro.

4.4. ToTepAa AaHHbIX U NOTEPA OCHOBaHUA

Onpezenensie 4.1. TIoTeps JaHHLIX 03HAUAET HEOGPATHMOE OTOXECTBIEHHE PAITHUHBIX BXOAHEIX
sanvceii. TloTeps ocoBanms o3uauaet yaanenve D wiv cassw ¢ D npit GopMatbHOM Coxpanerii
BLIMHCISCMBIX SHAUCHMH,

Tlpepoxkenie 4.4, [10Teps OCHOBAHUS MOXET TPOHCXOAMTS 663 MI0TEPH YHCIIOBBIX AAHHBIX, @ NI0TEPs
JQHHBIX — Ge3 HEME/IeHHOI IOTepH OPMATILHOTO OCHOBAHIS; TI03TOMY 3TH AC(eKTH HE3ABHCHMEL.

Jlokasatenscrso. Tpoekuyst (x, D)X COXPAHSET YHCIO, HO YAQIST OCHOBAHHE. XelHpOBaKHe
JOKYMEHTA BMECTE € NIO/NHCAHHEIM IPOTOKO/I0M MOJET COXpAHHT OCHOBAHHE CYLLieCTBOBAHIA BEPCHH, HO
noTepaTs eé nouki Tekcr. 0

Tparino peaykum. Kaxsii peayLmpyiouuii mopduam o6s3ai otaensio nepeuncass data-loss, proof-
loss, domain-loss 1 status-loss.

I'nasa 5. Reper(R,1,U;D): onpegeneHune n akcuomatuka

NIOHATHOE OBBACHEHME
CMBICR Reper — 370 nACNOpT OGeKTa: 0 ASHCTBUTENbHO ASHO, KAKAA WAEA BASNEH3, KA BOSMOXKOCTH
AONYCTMSI U Ha KBKOM OCHOBHM CAERaM BHBOA

Maremareckoe AApo. OIpEAEAETCs HeTsepica (R1,UiD), pacKPLIS3ETCS CeMHTHKa KOMTOHEHTOB H GOpMYMPYOTCA
aKcHoMSI nonHoro penepa

Tpanuya yreepxaenus. Tpoiika (R,|,U) 6e3 D He CHMTAeTCA NO/HBIM OCHOBaHMWEM W He NO/YYaeT ABTOMATUECKH CTaTyC
e

Cranyc: 6asosoe onpegenenie
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Reper AmseTcs LeHTpansHoii crpyKTypoii Toma 1. Ot CBA3IBACT YCTAHOBICHHOE COACPAAHHE, HACIO Wi
MHBAPHAHT, 10/1E BOIMOKHOCTe| H AOCTaTouHOE ocHoRanHe. Touka ¢ 3ansoii niepes D noguEpKueaeT ocobkiit
cratyc ochopanis: D 3aBepICT (UIar W OTAENAET CTPYKTYPHYHO THIIOTe3Y OT ABTOPHIOBAHHOTO 0GBEKTa.

Rep(x) = (R_x, I_x, U_x; D_x)

Reper = (R, I, U; D)

3 C 3aNATOM OTAENSET CTPYKTYPHYIO TPOFIKY OT OCHOBATTIR,
KOTOpOE aBTOPU3YET NEpexozl OT BO3MOKHOCTU K YTBEPKACHUIO.

Pucyno. Reper-mempasdp: R, 1, Uu D

5.1. CeMaHTHKa KOMMOHEHTOB

Komnonent Maremariueckuii cubicn Tpuxnaguoii cvbica
Voo e,
® P ————
peanuIonanLiii 0BLeKT ST, JEpEI.. Copa, "
7 Viosapva, s, wanpaarens o | Flopa, By, e Mo
u P —— T, BT, oS
o [r—— o JORTRTHo e, e

5.2. Akcuombl Reper

R1. Kaxpuiii Reper npuesisan K Konkpetsomy C@C-0GbekTy.

R2. Komnonentsi R, I, U THIM3MOBaHE! B 04HOM DOM 1150 CBA3QHb! ABHLIMM MOP(H3MAMH.

R3. D COAepAHT pOBEPAEMYHO CCHUIKY Ha OCHOBAHHE H He 3MEHSAETCS C0BECHOI YBePeHHOCTEIO.
R4, Vamenentte 1106010 KOMIOHeHTa CO3aéT HOBYIO Bepcuio Reper.

RS. Reper Gea D veer cratyc incomplete flag win review seed.
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R6. /Iza Reper cpasHiMbi TOMLKO N10C/ COT/IACOBAHHS AOMEHOR W LKL,

R7. KoM03ts Reper-MopQHIMOB COXPAHST Jase/IeHHEIE HHBADHAHTS.

R8. Cratyc Reper SB/5€TCA UaCTEI0 06eKTa  NIpOTOKOIHPYTCA.

ApxisHas BeIGopKa w3 MoHorpadi 5.0. CoAepanie HCX0AHOrO Kopnyca. Ornapnete 1. 0.
Pegakuyonnblii crarye 1 Touka 5.0 2. 1. McxoAuas ouTonoris: coObimie@coctosnie 3. 2. Reper Kak
MUHHMIbHas 0OpaTHMas CTpYKTypa 4. 3. Lambda-HCTHHHOCTS 1 TIPOKTHBHO-TAPMOHMUECKOR 3aMBIKHHe 5.
4. NAPG 3.0: matematuueckoe yrnyGrene 6. 5. ITpegensi, onepatops Xi, Delta, Upsilon i naker spewen 7.
6. KPF/RPHD: NpHUMHHOCTS 1 AeTepmitiy 8. 7. AHTPOIOnOrHs 2: uesosek Kak Reper passopora 9. 8. KLT
4.14 w KLT 5.1 kax nporpammssiii croit 10. 9. Reper Database: Gaza Aantsix penepoe 1. 10.
MaTemaTiuecKie OCHOBaHHS TPOrPAMMHOTO aynTa 12. 11. TIpwoKeHHs 1 COXpaneHHe Kopnyca
Appendices / Tpunoxenis / Anhinge /

opmytsi sgpa / core formulas: Human_R = C@C + Rep(R,LU;D) + (Xi, Delta, Upsilon) + L + lambda
Rep_ii = (R_i, L_i, U_i; D_i) Truth(Rep) <=> cr(U,;R,D) = -1 lambda = (U - R)(I - D)) / (U - D)1 - R));
delta_truth = [lambda + 1| KPF/RPHD v1.0 = Reper v1.0 + Limit-Causal v1.0 + (Xi, Delta, Upsilon) + T_cs"L.
+CGI CGLi = ([T_holerL| + [[F_cent*{XiUpsilon}|| + [[F_cor\{P@S}| + sum B_nu) / (r_i u_i + epsilon)
Forecast = Pi_L [ Upsilon_L o Delta_l o Xi_L (RBD_lambda) ], with check CGI_i < 1 Klein(M,G)
Inv_G(M); Witten(QFT, Dual) = Inv_Dual(QFT); KLT: er(U_K,1_W;R_inv,D) -> -1 0. Pegaxmonssii craryc
1 T0uKa 5.0 Monorpacpis 5.0 repecoGHpaeT HAKOTICHHbII KOPIYC IPOCKTa B eAHHYHO paGouyio KiHry. B Hed
BKoeHsI: MOHOTpaist 2.41 Kak CoxpanénHBii Gasosii Cnoii, MatemaTiveckie ockosanis NAPG 2.0/3.0,
crares KPF/RPHD 0 pernepHbix 0CHOBaHMAX IPHUHHHOCTH, BeTKa ATpononorus 2, marepuans KLT 4.14 1
KLT 5.1, a Takoke perepiie Gasbt Aantsix Math/Physics.

ApxisHas BIGopKa w3 MoHOrpadi 5.0. Dopwmybi sApa 1 onpezeneniie Reper. Human_R = C@C +
Rep(R,L,U;D) + (Xi, Delta, Upsilon) + L + lambda Rep_i = (R_i, I_i, U_i; D_i) Truth(Rep) <=> cr(U,;R D) =
-1 2. Reper KaK MHHMMATIHast 0GPATHMAst CTPYKTYPa Reper Ope/eseTcs Kak 10Ka/IbHast poeKTHHO-
TaPMOHIUECKA CTPYKTYPA, YACPAMBAIOUIaR CBA3b PEATBHOCTH, HACH, YHHBEDCYMA BOIMOXHOCTEi 1
Jocratoutoro ockosanms: Rep_i=(R_i,1_i,U_i;D_i).

Kowrionent R oTseuaet 3a o, Uro AeficTBUTeIbO faHo; | 33a€T BHYTPEHHIONO 0Ch H Hieio cGopku; U
30aET N0e BOIMOXHOCTEIH; DD OBecrieuHBaeT JOCTATOUNOE OCHOBAHHE, /AOKYMEHTAPHYIO W NIpHUHHHYIO
3aMKiyTOCTS. Bes D Reper 0CTaéTes Heno/HBIM (Iarom, HO He HCTHHHOCTHOIH eTBEPKOI.

Fixed notation / ukcaus oGossauenmii Rep_i = (R _i, i, U_i; D_i) Truth(Rep) <=> cr(U, ;R D) = -1
lambda = ((U - R)(I - D)) / ((U - D)(I - R)); delta_truth = [lambda + 1| 3. Lambda-ucrissocrs 1 npoextusso-
rapuoHIuecKoe 3ambiKanme McTiHa b poekTe He 406aBAACTCH BHeWIEl OEHKOI noce ananusa, Ona
BO3HMKAET TIDH APMOHHYECKOM 3aMbiKanHH Reper-uetnépii. Lewtpansas Hopwuposka: Truth(Rep) Torsa n
‘TosKo TorAa, Kora cr(U,LR,D)

5.3. TunM3MpoBaHHbIi Reper u MOpdU3M 3a6bIBaHMA OCHOBAHUA

Tycrs @ — ponycrumsii gomen, X_R(R), X_I(Q), X_U(Q) — THnH3HpoBatibie npOCTPaHCTBa peabHoro
COpePKaHIS, WieH H YHHBCYMA BOIMOXHOCTEi, a E(Q) — MHOKECTBO MPOBEPAEMBIX OCHOBaHH
THIHIMPOBAHHBIN eriepoM 0GTeKTa X HAILIBALTCA 3aMHCh

RepQ(x) = (Bx, Iy, Ux; Dy), ReeX R(Q), LeX 1(Q), UxeX_U(Q), DxeE(Q).

TMpezukar DomQ(Rep)=1 03HavaeT 0HOBPEMEHHO: BCe KOMOHEHTH! OTIPE/eeHEI; HCTIOb3yembie
OTOG@NeHIS THTIOBO KOPPEKTHSI, HAMEHATe/H 1 OGPATHSIE ONEPATOPSI CYILECTBYIOT; CChUKa D, paspetuniva
onyckaer nposepky. Tostomy Dom i D e B3anmo3amersieMbt: DOM OTBEUAT 32 MATEMATHHECKYIO
OnpezenéHHOCTs, D — 32 0CTATONHOCTS OCHOBAHHS.

Tipegoxenme 5.1. MonoTORHOCTS npH 3a6bisasim D
Tycrs n_D(R,LU;D)=(R,U) — MOpdm3 3aGki8asyst 0CHOBaHIS, a 0 — AOKA3ATe I CTATYC, MOHOTOHHI 110
BTONEHII0 NpoBepAeMBIX CeieTenscTs. Toraa o(_D Rep) < o(Rep). ECTH enesofi cratyc no onpejienesiio
‘Tpebyer D, nocne npuwetiers 1_D NPOHCXOAHT CTPOFOE MOHIKeHHE CTATYCa.
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Jloasarenscrao. Mopduaw 1_D e 40GaBIAeT Hit OAHOTO CBIIETeNCTEA 1 yganset Kowmosent D. Tlo
MOHOTOHHOCTH § OTHOCHTEIILHO MOPSUAKA CBHACTENCTS CTATYC He MOeT B03pacri. Ecin D BxoauT B
OGs3aTes bl HAGOP BOOT LE/RBONO CTATYCa, ITOT HABOP MOCTE 3aBHIBAHIS He BHITOHEH, M0ITOMY COXpaHeHHe
CHLHOTO CTaTyCa HEBO3MOXHO, (I

‘PegakumonHas rpanmua
TIpeoKetie OTHOCHTCA K BHYTpeHteli AoKasaTensHoit guctpmite KLT-RBD. OHO He yTBepAIaeT, uTo 0/iHa i Ta
Ke NECTHHLA CTATyCOB YHHBEPCATHHA A BCEX HayK; HAGOD BOPOT 37AETCA OTACTLHO T KAXIOTO JOMeHa.

5.4, ®eHOMEHO/I0TUsi OCHOBAHUA U TUMU3MPOBAHHOTO FOPU3OHTA

Dunocodhckan ecmasKa. Penep KK eduHcmeo npedmema u ocHosaHUS

'Reper He A@A€NICA AALIKOM, KOMOPHILl NUKPERIAIOM K y3ice 20M060My OGbeKmy. OH duKcupyem, umo npeduem
QaH @eCTIE € 20PUSOHMOM €20 GOIMOIKHBIX LCMOAKOGAHULE U C OCHOGGHUEM, MO3OAIOUIUM OMAUMUITS
ymaepaxcdaenoe om monbKo Mbicauwo20. Komnonenmyi R, 1u U onuchieaiom paskbie pesxcusi Aanenus o6exmn,
mozda Kax D ydepawcusaem cred nposepxu. ITosmoy 3aGisaue D He npocmo yMewbuiaem 3anuch: Ho usmensem
Snucmemuseckuli cnocos npucymcmeus oGbeKma 6 paccysidenu.

Tpumep. /Isa NaKeTa MOFYT HMeTH OHHaKoBIe KomrionerTs! (R,LU), Ho pashbte ocHosanms D, 1 D;: niepsoe
BE/IET K BOCTIDOSBO/HMOMY H3MeEpeHIio, BTOpoe — K HerpoBepsieMomy cooBuertio. Tlocre npimereris 1_D 5t
FIGKeTL! CTAHOBATCA HEPASIUHMBIME 110 AQHHEIM, XOTA HX /JOKA3ATe/IbHbIE CTATYChI Pasubl. MMeHHO 970
pasnuve opmam3yeT MpesoRente 5.1
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5.5. TunusnpoBaHHblii Reper u ero Mopduambl

Onpegenente 5.2. Tunusuposansii Reper ects o6exr RepX=(RX,IX,UX;DX,DomX), rae RX —
peanzoBantioe cojepanie, [X — MHBAPUGHT WK BLieAeHHAA Wies, UX — NPOCTPAHCTEO AONYCTHMBIX
ansrepuatue, DX — Aocratousoe ocHosatie, a DomX 33/1aéT 06aCTS, Ha KOTOPOI BCe KOMIIOHEHTH! 1 CBA3H
MEXKJY HUMH OIpEfe/IeHb.

Onpezenentie 5.3. Mopduam F:RepX — RepY 3azaércs nsirépkoii (FR,F1FU,FD,FDom). Kowmonenta
FDom nepesoaut onycrumbie Bxos DomX B DomY; FD niepeHoCHT ocHOBaHHS H 06#3aHa COXpaHTS
NIpOBpAIeMBIE 3ABHCHMOCTH, HCIIOL3yeMBIE IpH ABTOPH3ALMH CTATYCa.

Teopea 5.4 (kateropus TTM3MpOBaHbIX Reper). TOXACCTBOHHBIE NATEPKH SBISIOTCA MOPOUIMAMI.
Ecan F:RepX — RepY  G:RepY — RepZ tunoeo cornacosarei, FDom(DomX)CDomY
GDom(DomY)CDom?Z, 0 noKomioHexTHas Komnosus GeF swnseres mopamo Reper. Komnosmwus
accouparmena.

JlokazatensCTBo. Kakias KOMIIOHEHTa KOMIIO3HLIH OmIpe/ie/ien Grarofaps yCiopsm Ha Dom.
Coxpaneniie 3aBHCHMOCTEli D) CICAYeT MIOCICAOBATE TsHbIM MpUMeHetmeM FD u GD. ToAgecTsenHoCTs 1
ACCOUMATHBHOCTE HACTEAYHOTCS OT COOTBETCTBYIOWMX OTOGpaXKeHHi KommorenT. (I

Creacrene 5.5. 3aGkipaiomyuii dynrop Z:Reper — Pack, yaansiouyii D, He OTpaxaet qoKazatenbHbiii
cratyc: w3 maomopdmma Z(RepX) = Z(RepY) He CiyeT SKeHBACHTHOCTS 0cHoBanHii DX 1 DY.

5.6. Hesasucumoctb D m Dom
Jlewvia 5.6. D 1 Dom /10rHuecKi He3aBUCHMB BO3MOXeH HenycToit Dom npw ocyTeTayiouien D, a
‘Takoke 3apannoe dopmanbHoe D npu nyctom Dom.

JlokasarescTeo. B rieppo cyuae OpMy/ia BLUHCIHMA Ha HeryCTOH 0G/1ACTH, HO HE HMEET OCHOBAIA
15 TpeGyemolt wiTepnperaLi. Bo BTopoM cyuae HaGop akcHom D arHCaH, OHAKO HH OMH 0BbeKT He
VAOB/ICTBOPAIET COBMECTHBIM Orpanmueisiv Dom. Hu ogua crryaums se eieuér apyryio. 0

Konrpnpiviep 5.7. Tlycrs f(x)=1/x. Tpn Dom=R\{0} sauense f(1) Beramcammo, 1o Ges D,
cossBIBaoero f ¢ HAGMI0aeMOlt BeMUMHOI, IMIHPHYCCKHi BLIBO He aBTOpH30BaH. HanpoTus, psmueckas
Teopis MOKeT 3aaBath DD /1 WEQIHIMPOBAHHOTO OGTLEKTa, HO BHIGAHHbIE KCIICPHVEHTAbHbIC
orpasuenis fenaior Dom KOHKPETHOT BHIGOPK IyCTBIM.

Tpasino Reper-gate. TT0BsIIeHHe CTATyCa Pa3DELLICHO TOTLKO pH OAHOBPEMEHHOM HATHII
commecTinbix D 1 Dom. 3aveHa 0HONO ApYTHA 3NPeLLieHa; CoOBILIEHHe «(pOpMY/Ia BEINHCICHI) HE ABARCTCA
CO0BiteHMeM «BbIBO 0G0CHOBaH.

beromenonoeueckas ecmagka. Dom omaeuaem Ha GOnpOcC, &e MbICTb MOXCem COCTIOAMbCA Ge3
npomugopeuus ¢ cofcmaensbivu ycioausMu. D OMGEIaem, NOHEMy COCTIORGUIGACS MBICb 6npage
npemendoeams Ha si600. TTpOCMPAHCTE0 G0IMONCHOCTI U OCHOGGHUE deliCmaUMeALHOCTU COnpUKACaIomCA
6 Reper, Ho He pacmeopsiomes dpyz 6 dpyze.

InaBa 6. MpoeKTMBHO-rapMOHUYECKOE KPOCC-COOTHOLLEHNE

TIOHATHOE OBLACHEHUE
(CMBICA. (1253 BEORNT HACTORO MHB3PHAHT, KOTOPSIA CPASHHBAET HETHIDE KOMNOHEHT PeNlepa H BbIAENTET
rapmoRMECKkyIo KOHGUTYDaLMIO A = -1

MaremaTieckoe Apo. 34310TCA CHANAPHAA, KOMIAGKCH2A W MATDHIHaA BOPMSI KPOCC-COOTHOLRHAS, 06AACTE
ONpeNeHM 1 MEDa OTK/IOHEHIA OT FaMOHMAHOCTA

TpaHUIa yTaepHAeHS. [IDOCKTUEHS UHB3PUaHTHOCTE 4ACNa k He 3aMeHseT Npoaepky Dom i D 1 cama o cebe He
ABAETCH SMMPHNECKHM KPUTEDUEM HCTUHE

Crarye: knaccuveci unBapuaHm + asmopckas uAmeppemaua

KpOCC-COOTHOLLICHHE AB/IAETCA KIIACCHUECKHM NPOCKTHBHBIM HHBAPHAHTOM UeTIPEX KOJLTHHEAPHBIX
‘Touek. B naKeTHoii periepHoli I0rHKE OHO HCTIOL3YETCs Kak KOOPAMHATA COACORAHHOCTH YETHIDEX poneil
Reper. ABTOCKast HOBHIHA COCTOWT HE B CAMOM KPOCC-COOTHOLICHIH, & B €70 BKIOUEHHH B THIHIMOBAHHYIO
crpykrypy ¢ D/Dom, proof-status i RBD-vapiupyTom.
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lambda = cr(U,;R,D) = ((U-R)(I-D))/((U-D)(I-R))
delta_truth = [lambda + 1|

MPoeKTHBHO-FapMOHHIECKOE KPOCC-COOTHOLIEHUE
R 1 u D

nawwoe isapuanT sosmoxoe ocnosamme

A=cr(U,l;R,D),  Grun=A+1]

Pucynox. Tapyonusiecan Reper-emaépxa u nauene lambda=-1

6.1. TapMOHMYecKoe 3aMblKaHue

3nauenie lambda=-1 COOTBETCTBYeT rapMOHHIECKOIH UeTBEPKe. B IPOCKTE OHO MHTEPIIPETHPYETCS KaK
CTpyKkrypHOE 3aMbiKanve Reper. OAHAKO CTPYKTYPHOE 3MBIKaHHE He TOX/IECTBEHHO 0Ka3aHHOT
MCTHHHOCTH: OHO SBIIACTCS OHHM H3 HEOGXOAMMBIX, HO He AOCTATOUHBIX BOPOT.

6.2. KoMnneKkcHas n MaTpuiHas Gopmbl

115 KOMIVIOKCHBIX KOOPAHHAT (bOPMY.Aa COXPAHAETCA TIDH YCIOBMH OTCYTCTBHS HYICBLIX SHaMeHATeA el
B HEKOMMY TATHBHBIX W1 MATPHUHBIX POKHMAX TIOPAAOK MHOKHTEIICH AO/KCH GhiTh (HKCHPORAH, &
MHBADUAHTHOCTS TPEGYeT OTACTLHOM Teopen. Helln MEXaHHUCCKi 1PRHOCHTS CKaApHYIo (opMyy B
MATDHAHbI AOMCH H 3TeM OBBABIATS PE3y/ITaT AOKAIHHBIM.

6.3. KanubpoBKa M NorpewHocTb

TIpH UHCICHHOM aHa7H3¢ BROSTCH JOMYCKH, OLICHKA UYBCTBHTEISHOCTH K NIEECTaHOBKAM TONEK 1
MHTEDBIbI HEOMPEATIEHHOCTH. 3HavcHMe, G/3K0e K -1, oMeuaeTest Kak harmonic-near hit, a we kak theorem.
910 0coBenHo BaHO 415 KMA-OTHOWICHIH, CTICKTDIbHEIX JQHHBIX H SKOHOMHUECKIEX PAAOB.

1. Pegakumosnuiii cratyc nepewn 5.1 2. Caopmas popwysa Kopnyca 5.1 3. Hexopwas ontonorus:
coburme@coctontme 4. Reper w A-ucrisocts 5. Tlpegent, orepatopsi E, A, Y U NpUUHIHAS CBA3HOCTS 6.
KPF/RPHD, CGI 1 Touka otara Nel 7. KLT-RPM/LIM: TouKa o1kata Ne2 1 npe/icKasate/ishas Maremarika
8. RPD/RBD: T A-HCTHHHOCTH K PerepHO-IpOeKTHBHOI Gaze 9. ApXHTEKTYpa BCeil MATeMATHI Kak
Renepho-akcnomatiseckiii rpadp 10, Tporpavmisii caofi KLT 4,14, KLT 5.1 w RBD 11, Autponionoris 2 1
wenosex kax Reper pazopota 12. TPOTOKON (athCHQHLMPYEMOCTH, N1epecBOpKH 1 HHBECTHKO-TIPHKABAHONO
npeacTapenis 13, Kapra HCTOMHIKOR 1 npunokeniii 14, Tlonmsie npunoxenis A-H.

A-HCTHHHOCTS HE JAMHAICT MATEMATHUECKOrO AOKA3ATEILCTEA, IOPHAMNECKOrO AOKYMEHTa Wk
MiKeHepHOH npoRepKi. OHa 344aéT CAOFi CTPYKTYPHON COTIACOBAHHOCTI MEXAY (BaKTOM, WAcel, noes
BOIMOXHOCTEI M AOCTATOHBIM OcHoBaNHeM. [To31omy 8 RPD/RBD Bestkas hophyia, HCTOUHMK Wk
BLINMCAHTE/IbHbIL Pe3Y/ILTAT I0AYUAET HE TOLKO TEKCTOBO OMHCANHE, HO 1 Reper-Kapry.

rje P— PIX-aemertel, K — PEAKS-coctostms, R — cemelicrao Renepos, I1 — nakeTsas npoexuus,
Peak — OIIEPATOp MHKOB COI/IACOBAHHOCTH, CF — KPOCC-COOTHOLLICHHE, A — HCTHHHOCTHAS KOOPAWNAT, L —
cucrema Mpesenos.

Fixed notation / dikcaiys oGo3naueniii Rep_i
lambda = ((U - R)(I - D)) / ((U - D)(I - R)); delta_truth

Jledrekr nermnocTn onpegensercs kak delta_truth=[lambda+1|. Uem mebie gedhex, Tem Gaimke oGmeT
K CTPYKTYPHOI aBTOpH3aL{H. ITO HE JAMCHACT AOKA3ATEIICTRO, HO AQET FeOMETPUKO-10TNCCKiti KpHTEpiil
COPACOBAHHOCTI MY (aKTOM, UAceli, YHHBEDCYMOM W OCHOBIHMEM.

R_i, i, U_i; D_i) Truth(Rep) <=> cx(U,;R,D)
lambda + 1|
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Fixed notation / Pikcaus oGosnauennii lambda = (U - R)(I - D))/ ((U - D)( - R)); delta_truth = lambda
+ 1] KPF/RPHD V1.0 = Reper v1.0 + Limit-Causal v1.0 + (Xi, Delta, Upsilon) + T_csAL + CGI CGLi = (|
T_holeAL| + [[F_centA{XiUpsilon}|| + |[F_cor\{P@S}]| + sum B_nu) / (r_i u_i + epsilon)

6. KPE/RPHD: npuuniocts i setepminiam KPE/RPHD v1.0 — Kurpishev Projective-Harmonic Reper
Determinism — QHKCHPYeT IPHUMHHOCTS He Kak LIeNOUKY NpHUMHA->CICACTBIE, @ KaK Reper-Ten3opyio
coamoCT. T_CS packiaALiBaeTcs Ha Kpyvienme T 1 KpuBIaiy R: KOCOCHMMETPHUECKAS! UaCTh BLIpaXaET
ABIPABOCTS H GOKOBYIO ACHMMETPHIO, CHMMETPHUECKAS YaCTh — ACTEPMHHUPOBAHHOE UCKPHB/ICHHE OTIOPHOFO
cnon

‘The RBD snapshot is included as CSV. Itis a graph-oriented database of sources, works, Reper nodes, and
Reper edges. It supports reconstruction, invariant search, and lambda-harmonic review.

e Ri - peansHoe cogepane, li - wies win nanpasnenye, Ui - yiisepym BosMoxsocredi, Di -
Jocratoutioe ocoanie. B (rarosofi sanucn gonyckaer- s R i € 11 C Ui, Ho  HCTHHHOCTHOI 3anHci
Komnowent Di ofssatenen. Onpeaenene 2.4 (Tapworseckas A-ucrimmocts). JLis Renepa Ri onpese-
JIRETCA KPOCC-COOTHOIEHHE

4 PIX@PEAKS-MHorooGpasie Renepos Onpegenenie 4.1 (PIX@PEAKS-wnorooGpasie).
MHOrOMEpHSIM KOMILTEKC- HIM MPOCKTHEHO-TIaKeTHiM RerepHsim PIX@PEAKS-MHorooGpazien Hassisa-
ercs crpykTypa MPIX@PEAKS A = (P, K, R, T1, Peak, cr, A, L) rze P - mnoxectso PIX-onementos, K -
smoxectso PEAKS-cocronmuii, R = {Ri 1€l - cemeiicrao Renepos, I1 - naxeras npoexuys, Peak - oneparop
TIHKOB COTIACOBAHHOCTH, CT - KPOCC-COOTHOLIEHHE, A - HCTUHHOCTHA KOOpAMHaT, L - cuctena Mpeenos.

Tepabiv nunoToM BEIGaN 4ovels projective-harmonic geometry, cross-ratio, OB, Fano/Desargues, packet
Reper structures. Craprossie kangusarsi: TC-PH-01 Reper harmonic closure, TC-PH-02 Packet lft incidence
preservation, TC-PH-03 OB projective classification bridge, TC-PH-04 Formula-chain gap theorem.

Oriopa coxpaneHa 10 IIPOEKTHOMY AAPY: OGHEKT PHKCHPYETCs Kak CoObITHe@COCTORHHe, 3aTeM nofyaer
Reper-samikasme; nerionssyiotes opmyst Rep_i=(R_i,1_i,U_i;D_i), cr(U,LR,D)=-1,
delta_truth=llambda+11, CGI; RBD xpast work-y3si, Reper-ysui  pécpa rpaga.

Cnoii v0.2 yrayGasier nepsbie Ga3oBbie fomensi apxHTeKTyphi MaTemarki: FND / LOG / SET/ TYPE /
GAT. 310 umenno ToT crieAyouywii war, KoTopuii G sadukcuposas nocie v0.1: AoGaswts proof_node,
dependency_node, popmansisie ocosans  Kapry overlaps / breaks / gaps. Ocosanie coxpaneno:
MatemaTiKa cofupaeTcs Kak ReiepHo-akeuomaTeckii rpac, rie 06beKT pHKCHpyeTCs uepes
Rep_i=(R_i,l_i,U_i;D_i), A-scrusmocts u CGl-paspsiss.

JlokymenT BBOMT yA0GHbi A1 fanbelitumx BeToK aseik: KPF/RPHD v1.0 - Kurpishev Projective-
Harmonic Reper Determinism. O e 3avensier crpore sapa NAPG 2.0 u V\*P-physics, a nogsmaer ux jo
‘ypoBHs cornacosannoli cratbw-ocoBas 41 NAPG 3.0 1 pusmueckoii serku Kyprmuwiesa.

Rep_math(X) = (R_X, 1_X, U_X; D_X) Truth(Rep) <=> cr(U,;R,D) = -1 delta_truth = [lambda + 1|
CGI_ALG/NUM = (H_axiom + H_operation + H_invariant + H_proof + H_model + H_computation +
H_bridge) / (r_X u_X + r_Y u_Y + epsilon)

Rep_i = (R_i, L_i, U_i; D_i) Truth(Rep_i) iff er(U_i, I_i; R_i, D_i) -> -1 delta_truth = [lambda + 1|
CGI_math = (H_axiom + H_proof + H_model + H_invariant + H_translation + H_computation) / r_X u_X +
LY u_Y + epsilon)

1. Teomerpust unTaeTcs Kax Reniep (popMbi, WHBAPHAKTa, npeoGpaoBaits 1 npocTpanctsa. 2. Tononorms
unTaetcs Kak Renep yCToiiuMaocT oopysi Ge3 06a3aTe/ ol MeTpitkat, 3. TOMOAOTHM W KOroMOOrHi
UMTAIOTCs Kak Rerlep WavepeHist AbIp, TIPENATCTBI, CKIeek 1 7OKANLHO-II00AEHbIX pa3phiBos. 4.
TIpoeKTHRHBIE CTPYKTYPAI UHTAIOTCS Kak MOCT MeXY reomeTpHeii lesapra, Kpoce-cooTHowienmen, lambda-
erinocTsio u KLT-nponepkoii. 5. Bce ya/isi Ao/okHbi coxpasits Crpykrypy Rep_i=(R_i,I_i,U_i;D_i).

Teomerpus yepausact Gopwy, TONOAOTHA yAepHBaCT oMy 5e3 METPHKH, OMOOTHA H3MEpACT AbIPhL
W NIPENATCTRIS, IPOCKTHBHAS FeOMETpHS! CBABIBACT NIEPCTIEKTHBY, KPOCC-CooTHOIeHHE 1 lambda-
HCTURHOCTS.

- ANA: Analysis Core - REAL: Real Analysis - CPLX: Complex Analysis - MEAS: Measure Theory -
FUNC: Functional Analysis - HARM: Harmonic Analysis - ODE: Ordinary Differential Equations - PDE:
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Partial Differential Equations - VAR: Variational Calculus - SPECT: Spectral Theory - DIST: Distribution
‘Theory - SOBO: Sobolev Spaces - NUMANA: Numerical Analysis - DYN: Dynamical Systems - KLT-ANA:
KLT Analysis Layer

6.4. TeopeMa 0 eANHCTBEHHOM FapMOHNYECKOM AOMOHEHNUN

‘Teopewa 6.1. Tapmormueckoe BoccranoBente D
Tlycrs, K — nione XapaKtepucTyki, OTanssofi o1 2, u R, I, UEK nionapHo pasmrasi. JI KpoCc-CooTHoueris
A=((U-R)(1-D))/((U-D)(I-R)) rpn ycrosium 1+U-2R0 CywmiecTsyer eHCTserHoe Koeutoe D, 715 KOTOpOro,

2UI - R(I4+U)] / [I+U — 2R]

JloxasatenscTso. PasercTso A=-1 sxeupanentho (U-R)(I-D)=-(U-D)(I-R). Mocre nepertoca weros,
copepauix D, nonysaes D[(U-R)+(I-R)]=(U-R)I+U(I-R). [lenesme na 1+U~2R gaér ykasastyio dopmyny.
TluneiittocTs, ypasHerist 110 D 06eCTIeUHBICT eAHHCTBEHHOCTS, TIpi MONAPHOI Pa3THUHOCTH HCXOAHBIX TOUEK
nonysentoe D e cosniagaeT ¢ U, M03TOMY 3HaveHaTe b HCXOHOTO KPOCC-COOTHOLIeHHS! OCTAETCA HeHyenbiM. (1

Ecam 1+U~2R=0, KOHEUHOrO PeUieHi HeT; B POCKTHBHOM MONOHEHHH 3TOT BLIpOXieHHbiit Cyvait
coorsercrayer D=x. [l R=0, I=1, U=2 hopmya gaét D=4/3 1 Touso A=-1.

6.5. YyBCTBUTEIbHOCTb FAPMOHWUYECKOTO A ONONHEHNA
OBostaunm Q=I+U-2R. B o6racti Q20 otoGpaskenite D(R,1,U) anddepentpyemo, npuuen
OD/OR = ~(I-U2/Q%, 0D/ = 2(U-R)?/Q?%  0D/0U = 2(1-R)*/Q2

Cregcrnie 6.2. JIoKa/IbHas OEHKA NOFPELIHOCTH

s wansix soswyeriii SR, 81, 8U seinonusercs 5D) < ([1-UPJSR| + 2/U-RFISI| + 2/1-RESUNIQP + o(1sh).
‘Cnegosarensio, npuGnKerHe Q - 0 SBARETCS 0HO/ NI0XOH 06YCIOBIEHHOCTH 1 AOTAHO (HKCHPOBATBCA KaK.
blocker, a He Kak yenrene npeAcKasaris.

3navense 411 KLT-RBD
BuuHCaHTenb T CoTUUKAT 0530 XPaHITS Q, OUCHKY YBCTBHTETHOCTH H TOWHOCTS HCXOAHHX AQHHEIX
E30cTs A K 1 Ge3 KOTPO 0BYCIOBTEHHOCTH He NOBBILZCT ruth-status.

6.6. DeHOMEHOIOTMYECKMI CMbIC/ MJI0XO0I 06YCNIOBAEHHOCTH

Denomenonoeueckas scmaska. Budumas mounocms y zpanuisi Q=0

Ko2a Q=1+ U~2R GIU3KO K Hy10, 6biuuicAenHas mouxa D MoXCem Ka3QMbCs UCKTIONUMeNsHo onpedenénoli:
popiyaa co36pauyaem 0dHo uuCao, a A OCMIGEMCR GIUSKILN K 20PMOHUECKOMY HaeHLI0, ODHAKO MaI0E U3MeEHeHUE
UCX0OHO20 onama cnocoGHo peko cdaunyms D. BosuuKaem cheoren “mounozo omaema Ges yemoiinusozo
npedmema”. [103momy nepexcUSaEmas SCHOCIS PesyabMama He MoXCAECTIGEHHA MameMamuecKol
0GycA0aneHHOCTU; CepmuGPuKam OGH3aH NOKA3HGAMS UySCTIGUMENBHOCTT, @ He CKpLISaM €é.

TipakTiueckyii BLiB0A. J}1% mOGOrO UHCTEHHOTO MpHMeHeHs Teopews! 6.1 Buecte ¢ D coxpansiotes Q,
FPaHMIL MOTpeILIHOCTei BXO/0B H pacCumTanHas otena [8D]. EC/m 37a olieHKa npesbimiaet 3apatiee
3aperHCTPUpOBAHHbIE AOMeHHBE A0NYCK, BeTak nonyuae blocker HesagnCHMO o G30cT Ak -1,
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6.7. OgHopogHas GopMyia U NPOEKTUBHAA MHBAPUAHTHOCTL

Tycrs, K — nojie XapakTepHCTHKM, OTAHUHOF 0T 2, a PY(K) — npoeKTiBHas npamasi. [ AHOPOAHLIX
npegctaputeneit x,y €K2 oGosnaunm [x,yl=det(x,y). /{1 nonapho pasnuussix Touek U,LR,D npi Hexy/iesbix
3HAMeHATE/IAX NIONOAKMM Kpocc-cootsowene cr(U,I;R,D)=[U,RI[LDV(IU,DIILR]).

Teopema 6.3 (MHBAPHAHTHOCTS KpoCC-cooTHOWeHNS). L moGoro AEGL,(K) sumonserca
(AU, ALAR AD)=cr(U,I;R,D). T103T0My KpOCC-COOTHOLLIEHHE KOPPEKTHO ONIpEAR/IeHo OTHOCHTE/LHO
Jefictens PGL,(K).

Jlokasatensctso. I moGhix X,y uneen [Ax,Ayl=det(A)[x,y]. B unciuTe e 1 HaMeHATe e BOSHHKAIOT
110 B2 OAMHAKOBBIX MHOKHTes det(A); OHU COKPALIAIOTCH. MaCIITAGHPOBaHHE OT/IC/IbHEIX OHOPOAHIX
npeAcTaBHTeeli TAKKe COKpALAeTCs NonapHo.

6.8. MonHas popMyna rapMOHUYECKOrO AONONHEHUS
Teopema 6.4 (cyILCTEOBaHME U MHCTBEHHOCTL FapMOHHUECKOro fonoinenns). TTycts U,LREPY(K)
nonapHo pasmuibl. CylieCTByeT eAMHCTBeHHaA TouKa DEPY(K), 415 Kotopoii cr(U, iR, D)=~1

Jloxasatensctso. TpoekTsisim npeoGpasosantiem nepeseaés U,LR B 0,00,1. Yenopue cr=-1 opossauto
3aaéT 06pa3 D; 0BpatHoe npeoGpazoBaHe BO3BPAILAET CAMHCTEEHHYIO TONKY WCXOAHOT IAMOTE.
OKBuBaneiTHO, B adpuinoii Kapre npy U+1-2R#0 nonyuaem D*=[2UI-R(I+U)[U+1-2R]. Ecnm U+I-2R=0,
70 D ABIATCS GECKOHEUHO YAANEHHON TOUKOiH BLIGpaHHOT KapTeL. ()

3ameuanmte o cinrynspocT. Hynepoii suavenarens aduutoii oopmy /bl He o3avaer oTcyTTBHs
rapwoHIeCKoro Aonoserns b PI(K). O 03HAUAET, UTO ZONIONHEHHE JOXHT Ha GECKOHRUHOCTH AGHHOT
KapTe. UNCI0Bas peanisanys 06A3aHa BO3BPALLATh projective-infinity, a He MPOMIBOMLHOE GorbiLo WHCTO.

6.9. YyscTBUTENbHOCTL M 06YCNOBAEHHOCT D*

Tpeponerme 6.5. B addunnoii Kapre npn Q=U-+1-2R#0 1pou3B0/Hast rapMOHINECKOr0 AONOHEHMS 110
R pasia AD*/OR=-(U-1)¥Q%.

Jloxasatensctso. [luddepermpyem omowerme N/Q, e N=2UI-R(1+U), Q=U+1-2R. ocne
npusesenis uncmrens pasei 4UI-(U+1)2=~(U-13. O

Creacraie 6.6. Tpi Q - 0 uyBCTBTENBHOCTS PACTET KaK [Q 2. Tlo3TOMY GAM30CTS K CHHTyYIAPHOTi KapTe
JI0/DKHA (HKCHDOBATCS OTACTBHBIM YHC/IOM 0BYCI0BAEHHOCTH 1 npu3HaKom blocker; camo sHauente A, Aaxe
pasHoe ~1 ¢ Ma0fi 6, He COOGUIACT YCTOUMBOCTS BOCCTAHOBACHHOIH TOUKH D¥.

Briumcnurenshbiii naciopr HARM-CERT. OGssatenibi: noe K, XapakTepicTika, 04HOpoAHbIe
KoOpAMHaTS, BbiGpaKHas aduHa KapTa, eTbipe ACTEPMMHAHTA, 3HaveHaTes, A, 8, Q oljerKa
o6ycnonnennoct, Dom, D, Tounocts i cratyc singular/projective/finite.

[naea 7. D/Dom 1 A0CTaTO4HOE OCHOBaHMe

TOHSATHOE O LACHEHUE
CMBICA. /1283 OTA€/%€T BOMPOC <ONPEAEEHO /1M BbIPAXEHHE» OT BONPOCA «/A0CTATONHO M OCHOBAHWH A1
YTBepKAeHHATY,

Maremaruseckoe A4po. Pa3IAI0TCA Tunb! D, AOMeHHSIE NIPEAHKATS! DOM 1 /IECTHILIA AOKASATEHEIX CTTYCOB OT
FUNOTE38I A0 MPOBEPEHHOTO Pe3yALTaTa,

TpaHwua yTBepAeHWS. Hi DO, Hi D HENs3A BOCCTaHABMBATS 3 KACHBO/ OPMYIs! WM WHCAOBOTO COBNAAHHA Ges
oTgensHoro ceupeTenscrsa.

Cratye: foKasamensHas aucuunura

D OTBEUACT Ha BOMPOC «ieM YTBEPAKACHHE 0AACPAaHO?», DOM - «IAe OHO NpiMeHiNO?. x
COBMECTHOE OTCYTCTEHE ABIACTCA HaWGO/Iee UACTOT NIPHAHNOIA I0XHOTO NoRbILCHHs CTaTyCa. B KLT-RBD
KpaciBoe uHCeHHOE CoBnazeime Gea D/Dom NpespaIaeTes He B OTKPHITHE, & gap-node.

Authorization(x) requires D(x) complete and Dom(x) admissible
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7.1. Tune D

TanD Tipmmeps
Axcrowameaioe CicTENa aKCHOW, OTpeAGACIS, HpAIITS B0
Toxasaremiioe Tiewnies, prooTGbject, Goparian Hposepra
SrchepETATIOC TIpoToKon, 0P, AN, ROrPELINOCTE, HEXOAIIE AaHIE
Toxyermapios TloroBop, BPOCKT, KT, HOPMATI, PETICTpaLHOI ATk
Bumcmeniios Kok sepcu, hash, KoIpAFypaLIA, BOCPOVBOAALTE Sy ck
Weropio-grnocofeios “Tomm HCTOMMOK, KOHTENCY, FpA HTEprpETaiyn

7.2. JlecTHML,A CTaTYyCOB

JlecTHULa CTaTYCOB yTBEPXKAEHUIA

BHewHe BOCNPOUSBEAEHNSIA pesynLTaT

Teopema npu akcuomax

Kanaugar s Teopemy

Kanawgar s nemmy

KoMETpyKUMA

Merounnk

MoBLILUEHME BO3MOXHO TONILKO NOC/IE 3aKpLITHS D/DOm, proof, null, blind, morphism w reproduction gates.

Pucymon ecmuya cramycos u sanpeuénie crauwi

PaGouas sectina pasnnvaer source fact, definition, lemma candidate, theorem candidate, formal theorem
under axioms, empirical review signal  publication verified status. Tlepexo/s! BHNOMHSIOTCS TO/IEKO Yepes
‘yKasannste popora. TTonk30BaTe LCKMi MHTEETiC IPOrPAMMBI HE HVCT NIPARa NIOBLILIATS CTATYC
CamoCTORTeBHO.

Asnorauus Hacrosujas cratus npeacrannser PILOT-01 Kak y3kiii Aovenbii Tect nporpassisi Reper-
Projective Database (RPD). Matevariueckiii TeKcT MOACTHPYETCs Kak rpadh (OpMyIHEIX 11epexoA0s, Reper-
Y3108, gap-y3/108, HOCHTENeHi IPENATCTBIT 1 KAHAMAITOR B TeopeML. BGpaniii Aomen coeaser
TIpOCKTUBHO-rapMOHHUeCKyk0 reomepiio, packet incidence, KoppeKTHyIO HOTaLMi0 npenTCTaiii 1 Fano-type
projective carriers. B cTaThe CTPOro oTAe/eTCs KAACCeckiii o ot BHyTpeHHero eknaga RPD: cross-ratio,
projectivization, projective spaces i Fano plane paccmarpRaloTes Kak U3BECTHEIC MATEMATHUCCKIE 0GLEKTH;
sz RPD cocront s formula-chain audit, Formula-Chain Obstruction Complex (FCOC), Hetpisaisom
packet-obstruction npimepe  ycosnoii Fano carrier theorem, TL10ckocTs ®ano UHTEPIpeTHpYeTCA Kak
onTonormeckuii Gaphep: 0KaMLHIe packel-obSIrUCiON HOCHTE.H HE IIOGAM3YIOTCS ABTOMATHYCCKi
BP2(F2); iepexop epes Gaphep TEGYET SBHAIX COBMECTHMBIX KAPT OTOACCTBICHUS,
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7.2.A. HopManusoBaHHbIW AOKYMEHTaJIbHbIA CNOM
PILOT-01

PILOT-01 paccmatpusaer yskuii momemmsi Tect Reper-Projective Database: MaTeMarTmieckwit Tekct
MOZenMpyeTcs TpadOM HCTONHMKOB, (OPMYT, MDEANOCHTOK, Reper-ysnos, gapyanos, HocuTened
MpeMATCTMA M KaHNMATOB B TeopeMsl. [IpOEKTHBHO-TapMOHIecKas reomerpus, packet incidence,
OB-HoTamws 1 Fano-type CarTiers HCHOTE3YIOTCA KAK MATEMATHIECKHE OGLEKTH; HOBH3HA CroSs-ratio WiH
KNACCHYECKO/ NPOKTHBHO/ TEOMETPHH He 3aABIACTCA.

Onpeneresie. lllar GopMyTbHOfi LENONKH ECTh THIHAHPOBAHHIH Mepexox s=(FF 1A Dom,D), rae T —
THn mepexoma, A — support set, Dom — o6nacTs ROmycTHMOCTH, D — HOCTATOMHbE oCHOBaHHe. Reper
samuchBaeTcs Kax Rep=(R,LU;D).

‘Teopena 0 gap. Ecmu mar asTopuayer truth-status uepes cr(U,1;R D)=~1, Ko He COIEPHKHT TOMYCTHMOrO
Dom wmi  poctatowsoro D, RPD-aymuT  co3maér  ysen  GAP-DOMAIN-MISSING  miGo
GAP-ASSUMP-MISSING. JIOKA3aTeNiCTBO  HEMOCPEACTBEHHO ~CTIEAYeT W3 HE3ABHCHMEX MpaBin
AUDIT-DOMAIN 1 AUDIT-FOUNDATION.

TIpOSKTHHI  BHIBOT. QOPMYTHHO-TEOPETHUECKHE WICHTHOHKAINM COXPAHAOTCA Kak prior art.
BHYTDeHHMMH WTH YCTOBHHMH pesynsTaTamu octawotcs formula-chain gap theorem, FCOC carrier
theorem, nontrivial packet obstruction, Fano ontological barrier i conditional Fano carrier theorem.

i Obrexr crarye ]
ero01 | Taopana o paspuso dopsyunon senowsn oxasnno i HoToRa KD |
o0 owto 0 pasmepsocr projectivizaton craciocnui bowt; priorart

Tero0 [T—— senomo w0 nomo n passopnocr

om0 FCOC carrio thoorom oxaanno o wypenoi oz |
TeHo05 Horpumaran packetOB reopona S

TeH006 Fano local lin extonsion oxaanno o wnyrpenoi oz

om0 Fano diroct sum carror oxaano o wryrpenoi oz

TeHo0 Conditiona Fano carior senomo mo donicaton oxom

TeHo00 Repor harmonte mthod lomma MoK How; o KACCHOCKAR NS

Hoxasarensas rpaniua. T10CK0CTS GO WKTEPIPETHPYETCA KK ONTONOTHHECKH GAPbEp TOTIBKO BHYTPH
Saamnoii RPD-MOReH: JOKATBHHE HOCKTENH NPEMFTCTAI He FIOGATM3YIOTes aBToMaTHIecKH B PX(E:).
Tlepexon K carrier TpeGyeT FBHHX KAPT COBMECTHMOCTH; BHEwHHii OTKpHTHi OB-E3yIBTAT He HACTeAYeTCH 6e3
OTAenLHOTO MOPgHIMA.
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7.3. Anre6pa BOpPOT A0Ka3aTe/IbHOTO CTaTyca

7115 KOHKpeTHOIi BETRI HCC/EA0RANIA 3AGETC GHHAPHLI] BEKTOP CBHACTeCTE
e=(d_Dom,d_D,d_prf,d_null,d_ind), r4e KOMIIOHEHTS OTMEUIOT 40Ny CTHMOCTS AOMEHa, HATHUHE AOCTATOMHOTO
ocrosana, proof-object, coracosartii maiched-null  Hesasncumioe cangeTenscTao. TpeGosanis seraeii
Pa3TNAIOTCR: WHCTO (hopMaTsHas Teopena ucronsayer Dom, D  proof-object; SMTMPHKO-MPeACKa3aTe IHas BeTRb
ononsiTensHo Tpebyer matched-null, CGI<1 1 Hesasncimyio npoepy.

| Dom-d_D-d_prf-d null-d ind- 1{CGI<1].

Gate_form(e

d Dom-d D-d prf, Gate_pred(e)

Tipepoxente 7.1. 3anper ckauka cratyca
Ecn Gate(e)=0, onepatop asTopu3auiti 063k BepHyTs status<candidate. [loGaserie CBHACTe,CTBA MOXET
‘COXPaHMTS, WM TIOBLICHTS /0T CTHBI CTATYC, HO Y/TeHHeE CBIJ@TENTLCTEA HE MOKET er0 MOBbICHTE.

JIOKa3ATeNLCTBO CCAYET 13 NOKOMTIOHEHTHOO ropsZKa Ha {0,1)5: Gywiupi Gate_form u Gate_pred
MOHOTOHHb 110 Ka10/i KoopHaTe. TTpH Hy/1eBOM OGH3ATETLHOM BOPOT IPOM3BECHHE PABHO HYIO; MO3TOMY
aBTOpHIALMA CHILHOTO CTaTyCa Janpetiena. [

7.4. Bo3aep)KaHue KaK NoNoXKUTeNbHbII pe3ynbTar oneparopa

‘Dunocogckan ecmasxa. ABSTAIN u ducyunauna nesnanus
‘Boadepycanuie ne sansemcs nycmomoi abiuucaens. OHo coobiyaem nosoxcumenebii pakm: & danon
QoKazamesHom 20pu3oHMe Hut 0DuN KaHDUOGM He NPOLLEN ace BR3aAmenbHBie 6Opoma. Tex CaMBIM CUCMENa
Coxpansem pazauLie MeXC3y GO3MONCHOCTII, NPABOONO0GUEH U GBMOPUI0BaHHBIM ymacpHcdeniem. Omia3
CHuCamB nopozu 3a0mN WuEAM — MO oopMarLHAS opaa unmeRTEKmYaTsHOL ecmHOC,

Ecm Gate_pred(e)=0, Kog pe3ybTaTa fomeH BKOUaTS He Tonkko ABSTAIN, Ho 1 MioKecTs0
HeBbioHeRHbIX BOPOT. TaKast TPACCHPOBKA NPEBPALLACT BO3ACPAAHHE B AMATHOCTHSRCKOE COODIiEHHE: OHa
TIOKAILIBACT, KAKOE HOBO CBMACTR/IECTE CTIOCOGHO M3MEHHTS CTATYC, He OBeiLas 3apasee, uTo ero noyueHHe
0BA3ATeILHO PUBEAET K TIOBHILLICHHIO.

Kypues Haas Sopucosi - Kansnirpas - 2026 2




image31.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

7.5. PeluéTKa foKa3aTeNbHbIX BOPOT

Onpegenente 7.2. BeKTop BOPOT yTBepIKIeHHS € 3a4aETCs Kak G(c)=(s,dom,d,p,n k) €{0,1}7, rae s —
npocexuBaeMbii HCTOUHUK, dom — BinonHeHHsii Dom, d — Aocratounoe ocHoanue D, p — proof-object,
Il — npoBepKa HyJIeBOii MOANH, K — KaTHGPOBKa, | — He3aBUCHMAR NPOBEPKa.

Ha MHOXECTBE BEKTOpOB BBOAMTCA HOKOMIIOHEHTHBIIE TIOPAAOK: G <G, €C/M KaX1as BINIONHCHHas
KoopAuHata G, BbiNoAHeHa U B G,. Oniepauis o6teMHeHHs TeGOBaHMIE eCTh HOKOMIIOHEHTHBIT MAKCHMYM, &
COBMECTHOE TIPOXOKIeHHE JBYX TIPOTOKO/IOB — NIOKOMIIOHEHTHbII| MHHHMYM HX (DaKTHUECKH
TOATBEPKAGHHEIX BOPOT.

Teopema 7.3 (MOHOTOHHOCTS cTaryca). TlycTh CTaTyC 0(G) MOHOTOHEH 110 TIOKOMIOHEHTHOMY TIOPAKY 1
Kax il yposens TpeGyer uKcHpoBanHoro HaGopa Bopor. Tora npeoGpasoane, He 40GaBIOL|EE HOBOTO
TIPOBEPEHHOTO BOPOTA, HE MOKET TOBLICHTS 0.

Jlokasatenscrso. ECm npeoGpasosatiue He Mexser G 1150 1iepesosuT ero & G'<G, T0 110 MOHOTOHHOCTH
0(G)<0(G). [ CTPOroro noBbiLLeH#s HeOBXOAHMA XOTA Gbi 02 HOBas KoOpAHaTa 0 — 1 1 BHINOHEHHE
Beex TpeGoBatMii HOBOro ypoBhs. (1

Cregcrame 7.4. TIpoeKTHBHAA HOPMHUPOBK, PAAKIIHOHHOE TIEPEUMEHOBaIHE, BH3YATH3ALMA WIH epeHOC
B HOBYIO TIpE/AMETHYIO 0G/IACT He TIOBLILIAIOT CTaTYC Ge3 Hosoro D, pacumpertoro Dom, proof-object,
IDOBEPKH HY/IEBOIi MOAEH, KATMGPOBKH HGO HE3ABHCHMOTO CBI/ICTELCTEA.

7.6. KOHBIOHKTMBHAsA aBTOpM3aumMa U npuHumun ABSTAIN

Onpeaenensie 7.5. Astopusauys yposis L saaétcs npegukatom AuthL(c)=Aj €JL Gj(c), rae JL —
HaGop 0GA3aTeIbHBIX BOPOT YpoBHA. EC/IM X0T Gb1 0HO 0GH3ATe/IbHOE HAUEHHE PABHO O WM HEWIBECTHO,
pesynsTatom sissiercss ABSTAIN, a He OTpHLaHHE COepKaHMs C.

Teopewa 7.6 (Gesonacwocrs sosepxanns). Ecin AuthL(c)=0 w3-3a oTeyTCTBYIoero 5opoa,
npHCBOeHHe CTaTyCa L Ge3 HOBOTO CBIACTe/IbCTBA HADYLIACT CrIewH(UKALIMIO YPOBHS; COXpaHEHHe
npeasizymero craryca i ABSTAIN creuyuansmo e Hapymar.

JlokasaTenCTeo. Yposer L onpeAe/iéi KOHLIOHKLUAeHi. 3aveHa OTCYTCTBYIOLIEr0 CoMHOXMTEns O Ha
JCKIaAPATHBHOE 1 Ge3 CEIJETeIILCTB ACTACT aBTOPH3ALIAIO SOAKHONONOKHTE IbHOM. BO3ACKAHHE COXpaSET
chaxriuecknii BekTop Bopor. 1

7.7. PaspeneHne MaTeMaTHYEeCKON, BBIYUCANTENILHON 1 IMNMPUUECKON NIECTHUL

Matemarieckas NeCTHILA HCTIO/Ib3eT OIPE/EeHHS, BKCHOMBI, TEOPeM! 1 KOHTPIIpHMEpS!.
BLIUHCAHTe b A SOBABIACT KOJL, KOHTPO/IbHbIC BEKTOPbI, TOUHOCTS H BOCIPOM3BOAHMOCTS. IMIHPHYCCKas
JAonoHHTeILO TpEGyer AarHbix, matched-null, KannGposKi, CGI<1  Hesasciwoii poepku. Tepexo
MEXKAY JCTHHLAMH He ABTOMATHYCH.

Tacnopr raski 7. D u DOM BXOAAT B pa3ibie KOOPAHATEL BOPOT. A 8 SBATIOTCH BLIUHCAACMBIMH
MHBADHAHTAMH, HO He KOOD/HATAMM He3ABHCHMOTO CBIATENLCTBA. KMA-3HaUeHHS! OCTAIOTCS TIOHCKOBBIMH
MeTKaMH i He H3MeHsIOT G(C).

unocodperas ecmaeka. Jlecmuya cmamycos usmepsem He eeauuue udett, a AAUHY NPOGEPEHHO20 nYMU K
e, Bo3depaicanie CoXpaHAEM SMOm nymb GUDUMBIM; OHO He OMPUYEM GOIMONCHOCT LCTILKbI, HO
3anpeuyaem 6bI0a6aMS GOIMONCHOCT 30 YHCe COBEPUILGLICECH OCHOGHE.

I'naBa 8. NMakeTHble 3aKOHbI IOTUKU U npasuna BbiBOAA

MOHSTHOE OB BACHEHUE
CMBICA. UeTsipe KNACCUECKIX 33KOHA NOTHKI IEPEEBOARTCA B NAKETHBI A3bIK, [4€ YSMTLIBZIOTCS COCTOSHHE, BOSMOKHOCTE
W AoCTar0uHOE OCHOBaHME.

Marewmaruseckoe Afipo. GOPMyMPYIOTCA NaKETHSIE BEPCHH TOXIECTEa, HENIPOTUEOPENHS, HCKMIOUEHHOTO TPETbero,
OCTATOMHOTO OCHOBaHMS M CHANOTU3MA.

TPaHMLIa YTBEPIEHMS. (DOPMANEHA KOPPEKTHOCTS BIEOA HE AOKI3HIBAET UCTUHHOCTS NOCLIOK; truth-status TpeGyer
‘OTAE/ILHOrO Penepa U AOMEHHOR NPoBEPKH.

Cratyc: opmanshas cucmena
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UeThipe KIIACCHUECKIX 3aKOHA /IOTHKH TI0/YUIOT IAKETHO-ENIepHyI0 HHTEpIpeTaLno. ToxzecTao
yepxuBaet R; HenpotHeopeurte ceaskiaet R i I; HCKOUGHHOE Tpethe orpanmasaet U syTpi Dom;
JAocratousoe ocoanie BBOAMT D. TOLKO CoBMECTHOE ACHICTBHE UeTLIDEX 3aK0HOB 3anepuuact Reper.

MaKeTHaR UHTEPNPETALMNA 4ETLIPEX 3aKOHOB NOTMKH

Toxaectso f— wro aawo

Henpotwsopeune |+ KaKas ocs coxpawseTcs

Mckniousnnoe Tper KaKoBM AONYCTHMME a7bTepHATHS

Rocratoumoe ocHosame | ew yTaepxaeHme agTopAI0BaHO

- N-N N

Mlepabie TpH 3aKOHa 0Bp3YIOT BRaF: 3aKOH AOCTATONHOTO OCHOBANH JAMMIKAET GRAr B Reper.

Pucynox. Maxemuoe coomaemcmaue uembipéx 3aK0H0G A02UK KounONenman Reper

8.1. 3aKoH TOXAECTBa

OBHeKT COXpaHAET WieHTHUHOCTS OTHOCHTEJILHO OGLAB/IEHHOrO HAGOpa HHBAPHAHTOB 1 BepCHM. Eca
M3MEHIIACh BEPCHA HCTOUHHK, €/MHHLIA 3MEDEHNS! WM AOMeH, TOX/IECTBO TpeGyeT HOBOI Kaproukit
oGbexra.

8.2. 3aKOH HenpoTMBOpeuns

Tporvsopeuite pukcHpyeTcs Kak typed conflict MOKAY YTBEpAICHHANM, OTHOCALLMMCS K OAHOMY Dom
W 0JHOI BeCHH. Pa3/IMHe JOMEHOB He AB/HETCH /IOTHUECKHM NPOTHBOpeUHeM H TpeGyer MophH3ma
cpasHenms.

8.3. UckntouénHoe TpeTbe 1 none U

Tote Bo3moxHOCTeli U He GeCKOHEUHO IPOU3BOILHO: OHO OIPEAEISETCS THIIOM 3A4UH, OFAHIUCHAMH
W Dpezie/bibIMH yenoBHsMH. TI03TOMY IAKeTHAA /I0TUKA AOMYCKAET MHOTO BAPHAHTOR Ha ypoatie U, Ho
‘TpeGyer GHapHOii ABTOPH3ALMH KOHKPETHOTO yTBepAKeHHS OTHOCHTebHO D 1t Dom.

8.4. loctaTo4HOE OCHOBaHUe

D e CROAHTCA K CChuKe. OCHOBANHE JOKHO GhiTh PECBATHBIN, TDOBEPACMbIM, CBA3ANHBIM C
YTBEpAKACHHEM 1 AOCTATONNbIM /15 JAABICHHOTO CTATYC.
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8.5. MNakeTHblii cunnornsm

NakeTHoe yMO3aKAIOEHUE KaK KOMMOSULUS MOPGUIMOB

pas: =] > aes: Dom/>

Reper premise |  morphism | |Reper conclusion|

CoBnazeHve cpeaHero TEpMMHA N0 UMeNI HEAOCTATONHO: AOMXHSI COBNAAATS COCTORHME, DO U OCHOBaNMe.

Pucynox. Maxemioe ysosaxnovene ¢ konmporex D/Dom
CHILIOTHIM CHTAETCH ZONYCTHMBIM, €CTTH HOCHUTKH THIH3HPOBAHL, CPEAHHTi TEPMUH COXpaHSETCH

MOPHIMaNH, JOMEHbI COBMECTIMS, A 3AKTIONEHHE He TIOYNaeT Goriee BbICOKNT] CTATYC, Uem MO3BOMseT
cnabelituas nocuKa.

®OC Kypruuiesa, Teopewa [le3apra-Kypriuiiesa, raponis WCTHHHOCTH 1 pacumpeniii I1H.2 Hpan
Bopucosu Kypnues 2026 Coeparme Anmotauus 2 1. Tlocraroska 3aaaun 2 2. VICTOURHKOBaS pamKa 1
prior art 33, ®OC kax Reper-npezen 3 3.1. CoGbrmue@cocTosime 332.

Reper :33.3.00C. 4 4. Cem Pasnep@Pasvepiocreii 8o
Bpemenn@Ilpocrparctse 4 5. Hactosuiee Kak Komruiekchbiii cpes DOC 4 6. Pegykuus mupos 5 7.
Uenrpanshas Teopeva GOC 6 8. Teopewma lesapra-Kypniuiesa 6 9. [apyoHHs HCTHHHOCTH  UeTHIpe 3aK0HA
norwki 7 10, Anopun: Axwiec, uepenaxa, Kant u Ilnatow 7 10,1, Axwiec u uepenaxa.. a7
10.2. Kanr u Ilnaror . 8 1. Pacumpesspiit npynuyn Heonpeaendimocty Kypnuuesa
TTH.2 8 12. KeauTossii MacuraG@paxype 1 wronanme 4uipok 9 13, OcHoBHasi Teopema anreGps! Kak
peaykuys SOC 9 14, Tpikaagusie peaykui: JHK, xunus, Groccrems, kyTypa 10 15. [lokasatensbiit
nporokon 10 16, 3akmouenite 11 Herounnki i Gubmorpadus 11 1 Annotauus Hacrosujas ypHatsnas
CTaTLA COBMPACT B EAHHYIO MATEMATHNECKYIO THHIIO UETLIDE CAMOCTORTE/TLHEIX Y371a npoekTa «Jlorika
Kypriuiena 2»: yysamenTansiyio onopyio casznocrs (®OC), Teopemy desapra-Kypruiuiesa, rapmoniio
MCTUHHOCTH B petLleHMH anopiii i pAcLIMpeHHbIE IPUHLLAN HeonpeAenénocT Kypniuesa [TH.2.
LeHTpa/IbHast 331242 COCTOMT B TOM, \TOGk! JAMEHHTE PA3pOIHCHHIC ACKIAPALMH CAMHOI NpOBEpeMOit
KOHCTpyKuHeil: CoBbiTie@cocTosHme nonyuaet Reper-3avbikanie, Reper 01yuaet ueTspryio
FapMOHHUECKYIO TOUKY AOCTATOUHOTO OCHOBAHIS, & MUP BOIMHKACT Kak peAyKLs DOC. OcHosHas opmya
FOS =lim— - T €T [| c€OB(CT ) (Re, Ie, Uc; De).

Cnoit Knaccieckuii uctounuk Poss s crathe Crpykrypsi BypGaki OBociosase ®OC Kak apxuTeKTypht
peaykuuii Tpoexrarocts Houapin Pasniuetie apHHNON, POCKTHBHON 1 METPHIECKOI CBAZHOCTH
KomruiekchocTs AposA T'eoMeTpiueckas peAyKiHs: Komriekcoli niockocti Merpika Patueackii
‘Tenaopo-pimarosckiii croii pasmepa Kartonckoe cosepuare Ojisepman-Hapcinii, Butaep Cpea
HCTOAILEr0 W MATPHLLI NOHManHs Kpiaic ocHosarii Knaiis HeoBX0AMMOCT A0MEHA 1 AOCTATOUHOTO
ocnogas RPD-ayaut PILOT-01 3anper asToMaTiieckoro BLIE0JA HCTHHL H3 FaPMOHHUECKOTO YC0RHA 3.
OC Kak Reper-npegen 3.1. CoBkrmie@coctostme Onpegeneme 3.1.CoGbrrie@coctonmie ects napa ¢ = C

crats)
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@C = (e, 5), rae @ ecth akT CoBITHA, aS ecTh Coii cocTonts. CoBhiTHe Ge3 COCTORHHS He HMEeT T0KAsHOT
(pUKCaLH; COCTOAMHE Ge3 COBLITHS He UMeeT HOCHTENs.

9. TapMOHIA HCTHHHOCTH  UeTHIPE 3AKOHA JOTHKH B KIIACCHUECKOIH /IOTHKE UeTLIE 3aKOHA 00HIUHO JaHB!
KaK BHeLLIIS AHCLMILIHHA MBILUICHHS.

3akon Takeras ynkus Reper-poi TIpHHLMI IPOTHBOpEHS! BHIGOP OAHOTO COCTORHHS COGBITHS
dukcarpis R TIpHHLAN HCKIIOUEHHONO TPETBErO CONPSKEHHE COCTOSNHS C OTPHIATEISHBIM AOTIOTHEHHEM
noste U TIpHHLMI TOKACCTE COXpAHEHHE HHBADHAHTA COBBITUSE 0ck ] 3aKOH JOCTATOUHOTO OCHOBAHHS
3aMbIKaHHe IPHIHHEY, JOMeHa 1 onopei Touka D Tpi 3axowa Aaiot uiar. YeTsEpThiii 3aKoi Aaét Reper.
T109TOMY 3aK0H AOCTATONHOTO OCHOBAHHS CTAHOBHTCS FEOMETPHNECKi TIOCTPORHHOIi eTBEpTOli
TaPMOHHYECKOTi TOUKOIA

ITH.2-A. HesosMoxHO 106271640 CoGPTH 0AHOBPEMEHHO PA3MEp H PasMepHOCTL 00beKTa Ge3
Jocratousoro ockosanns: ~3Mglobal ¥ X € FOS : Mglobal(X) = (size(X), dim(X)) Ge3
sriGopaDX.

CrieacTHe 1: KBAHTOBOR TYHHEMPOBAHHE eCTE IEPEHOC UEpe3 OTCYTCTBYIOUIHIE KAaCCHueCKiii 4OMeH
TIpH HAHAHM HOBOTO JOCTATOUHOTO OCHOBAHHS.

Mup Cobbrrite Cocrostiie Reper-ociopane /JHK koormyraus skcpeccs Dcode Xinmis peakiis
KouuerrTpaus/aza Dreaction Buocuctewa akr peryasui roveoctas DIif e duancei npoayKT/caenka
wena Dmarket Kynstypa opma pocrpisrie Deontext Mekycerso 06pas KoMTOSMLMORHOE COCTOsHME
Df OFM 3jieCk BaXHO He CMELIMBATS PEAYKIIHH. XHMHUCCKIT] MAD He/lb31 BIBOZHTS 13 HHAHCOBOTO, @
Ky/ISTYPHbIIL HE/Ib3 BLIBOATS 13 H3HECKOrO Ge3 ABHOTO yHKTOPA 1 JOCTATOUHOFO OCHOBaHHS. DOC
JIONYCKACT MEPEX0/st, HO ANPeLLALT CKPBITHIE NIEPEXO/bL

10 16. 3akmonere B 570fi crarhe OC N0CTpORHA KaK MaTeMaTHuCCKHi 06TeKT: 0BpaTHbii npesien
Reper-cG0pok coBkrrii@coctonniii, Teopema flesapra-Kypiiiiiesa 06ecrieuHsaeT reoeTpuio weTsépToii
FapMOHINCCKOI TOuKH. T'apMOHIMSL HCTHHHOCTH I03BOT AHATHOCTHPOBATH ANOPHH KAK CMeLIeHHE
peayKupii. Pacuupenibiii [TH.2 HKCHPY T HEBOIMOKHOCTS OAHOBpeNeHHOIi COOKH paivepa i
pasmepHOCTH, Reper i (u1ara, AbpKM 1 e& PeMOHTa Ge3 AOCTATONHOrO OCHOBAHHS. KAACCHUECKaA OCHOBHAS
‘Teopewa areGpsi CTaHOBHTCS PeAyKLMeli Goree oGuieii FOS-TeopeMsi 0 periepHoii peanisyemoci Kopis.
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8.6. TpéxaHauHas ceMaHTUka D/Dom

Tycrs V,={1,0,.L}, rte L 03HauaeT He JOKHOCTS, & HeABTOPHIOBAHHOCTS H3-32 HeBbITIO eHHOrO Dom
i otcyTersyiouero D.

Onpepenente 8.1. [ oopmyisi ¢ nonaraem v(¢)=.L, ecm ¢ He onpesenena b Texywem Dom imGo eé
HCTHHHOCTHbE CTaTyC TPeByeT oTCyTeTByIowero D; sHauenns 1 1 0 0NycKaloTes TosKo nocie
NIPOXOXeHIs 0GOUX BOPOT.

MIMIAMKaLMS BLIHCISETCA Kiaccuecki Ha {0,1}; eC AR BLIAHCICHHS pesy/bTaTa TpeGyeTcs
HeaBTOpH30BaHHI Oriepan, Bo3epaitiaeTcs L. 310 CTPOrO OTAENAET OTPHIAHME OT OTCYTCTBUA NIpaBa Ha
BLIBOJ.

8.7. KoppeKTHocTb nakeTHoro modus ponens
Teopewa 8.2 (soundness nakerHoro modus ponens). ECiin v(9)=1, V(g — )=1 1 06e 0CHUIKH BLIuHCTeHEI
& ogom Dom npw comecTivom D, T0 V()

JloxazatencTo. B pbinoiennos Dom sHauenis noceuok npusaziexar {0,1). Knacenueckas tabmta
MCTHHHOCTH WMILTHKALMH HeKTiouaeT v(1)=0 pi V(9)=v(¢ — )=1. CobmecTumocTs D paspewaer nepeoc
craryca Ha 3aKmouenye. O

Creacreme 8.3. Ecnu xots Gst 0ja iockuika umeer snauenite L, npasino sosepamjaer ABSTAIN
niepeveHh HE3aKPLITIX BOPOT.

benomenonoauueckas acmaska. Heonpedenéunocms 3dech He sasemes mywmanholi cepedunoli mexcdy
uCUHOIE U A0XCHIO. MO MOUHOE YKA3AHUE HA OMCYMCMEyIOUjee YCI0aue, 6e3 KOMOpO20 CyXCdCHUE eUyé He
mano aeepwénisi axmoy dokazamenbcmaa.

InaBa 9. Teopema [lesapra-Kypnuwesa

MOHSATHOE OB LACHEHUE
CMBicn. /1283 CBA3HIBAET MPOEKTHEHYIO KOHOHTYDALMIO [le3aDra C DENeHLIM 1 FADMOHMNECKIM CAORMM NDORKT.
Maremariyeckoe A4pO. 334210TCA AZHHSIE KOHOUTYPAUA, PAGOUAR GOPMYAMPOBKa 1 AOKA3ATELHAA APXUTEKTYPA;
KNACCHYECKaA YACTL OTAENAETCA OT AONONHHTEbHbIX YCAOBMH UASHTDIKALMA

TPaHMUIa YTBEPKAEHHA. ABTOPCKOE YCUAIEHHE UMEET YCIOBHSITt CTATYC TaM, FA€ TPEGYIOTCA CreUMazbHLIe aKeHOMs!
COBMECTMMOCTI, 1 HE NOAMEHAET KAACCHUECKYIO Teopemy flesapra.

Cranye: knaccuseckoe 3P0 U ycnosHoe yeunenue

Knaccieckas Teopema /1e3apra CBA3bIBaeT NIECTIEKTHBHOCTS /{BYX TPEYTOMISHHKOB W3 TOUKH C
KO/LIMHEAPHOCTHIO TOUEK ITepecesieHHs COOTBETCTBYIOX CTOPOH. ABTOPCKAst KOHCTpYKuA Kypruiesa
paciumMpseT STOT y3en uepe3 KOUrypaLpio KOHHK, HO/APHAIX CHTPOB, LeHTPOBOI 0ck, ock [lesapra
rapMOHHUECKOli TouKH. {15 1y G/IMKALIHONHON CTPOTOCTH HEOGXOAHMO KaXABIIE PA3 OTANATS KIACCHUCCKHIT
(akr, BTOPCKOE Onpee/IeHHE KOH(HTY AL, AOKA3AHHYIO YACTh 1 OTKPBITBIE OBOBLICHIS.

Kypues Haas Sopucosi - Kansnirpas - 2026 E




image36.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

Cxema kondurypauum flesapra-Kypnuwesa

- - - -
A 8 c o

[15€ UHTPOLHbIE KOHMKI -> TONAPHbIE UEHTP 0,0 -> LEHTPOBS Och >
1 €32DT082 KOHGHTYPALAS -> FapMOHUMECKaR TONKa D Ha SbIAEREHHOR PAMOR p.

Pucynon. Feawemputeckas xonpuzypayun fesapea-Kypnuuesa

9.1. AaHHble KOHGUrypaumm

PaCCMATPHBAIOTCs [18C HEBLIDOACHHEIE KOHMKH B TIPOCKTHBHOJ 1VIOCKOCTH, BLIGPAHHBIE 1IOMIOCa 1
TIO7AP, /B3 CBA3QHHBIX TPEYTOMLHIKA W AHHI TEpeCeNeHIti COOTBTCTRYKOUIHX CTOpOH. JIONONHMTebHast
TOUKA CTPOHTCS KIK FaPMOHMNECKH CONPSUAEHHAS OTHOCHTEIILHO BHYACTCHHON UCTBEPKI.

9.2. Pabouasi popMyampoBKa

TIpH BLITIOHEHIH YCIOBHIE HOBLIDOKACHHOCTH, COPAACOBAHHOCTH TIONAPHEIX COOTBOTCTB 1
NIePCIIeKTHBHOCTH COOTBETCTRYIOLIas LEHTPOBas OCh  ock Jle3apra 06pasyioT npoekrively invariant
configuration; rapMoRHtIecKas TouKa 3asepuaeT Reper-ueTaépKy KOHHTypaLyh. CTaryc Kaoii nepcin
(DOPMYIHPOBKH AOKCH GiTh IHBA3AH K KOHKPETHOMY Proof-object H3 HCXOAHOTO 1AKeTa TeopeM.

9.3. lokasartenbHas apxuTeKTypa

ApxuTekTypa moKasaTenscrsa TeopeMb: flesapra-Kypnuwesa

[ flonspuste uewrp+ | Uonrposas oce |-+ | Resaprosa ace |-+ Fapmonseckan o Reper.samuan

KaXauil nepexon wmeeT CoBCTeNHI0 Ny W OTRENVHU CTATC
KRBCCHIBCKHE BaKTH HE NEPEUMEHDIIBIGTCH 8 ABTOPCHAE TEOpEMS.

Pucynox. Apsumexmypa doxazamenscmsa meopesi Jlesapea:
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Sran Copepmantie

T “SaRAHHE KoUK 1 MATPIL KEAPaTILX Gap.

TIoCTpOGHAG TIOMIOCOR 1 AP 10 GITHHEIINOT GOpNe,

TIpoBepKa NepCTEKTHENOCTH TPETOML KGR,

TIpHNGHeIHIE KAaCCITTEckoro yana Jesapra.

TleTepA T3 TPOBEpka KOHEapHOCTH

TIOCTPOGHAG FapMOIIECKH COMpAAREION ToM,

TIpoBepKka HIBapHAITHOCTH At AGYCTHMLEX RPOKTHBIILIX
npeobpazonaia.

g Sanacs, DIDom i proof-status.

®OC Kypnuuiesa, Teopewa [lesapra-Kypriniuesa, rapmoHis UCTHHHOCTH 1 pacuumpeniii ITH.2 Hean
Bopucosu Kypres 2026 Copeparie Anmotatus 2 1. Tlocranoska 3ajaun 2 2. VICTOUHHKOBaS PavKa 1
prior art 3 3, ®OC kak Reper-npezen 3 3.1. Cobbrme@cocTostime. 332,

Reper 33.3.90C, 4 4. Cems Pasep@Pasveprocreii Bo
Bpemenn@IIpocrparctse 4 5. Hacrosiuiee Kak Komruiekchbiii cpes DOC 4 6. PeayKuus Mupos 5 7.
Lentpanshas Teopeva POC 6 8. Teopema lesapra-Kypniuiesa 6 9. TapyoHIs HCTHHHOCTH i UeTHIpe JKOHA
normki 7 10. Anopui: Axinec, uepenaxa, Kant i Tlnaton 7 10.1. Axwinec u uepenaxa.. 7
10.2. Kanr u Tlnaror 8 11. Pacumpennuiii npusin Heonpegenéimoct Kyprniuesa
TTH.2 8 12. KeanTopsii Macuirab@pakype 1 wonanme A6ipok 9 13 OcHoBHasi Teopema anreGpsi Kak
peaykus SOC 9 14. Tpknagusie peaykupn: JHK, xuvs, Grocuctems, kynetypa 10 15. Jlokasatensibiit
nporokon 10 16. 3akmouense 11 Herounmki i Gubmmorpadws 11 1 Anorauus Hacrosuias yparsas
CTaTEs COGMPAET B EHHYIO MATEMATHNECKYIO IMHIIO UETHIE CAMOCTORTETLHBIX Y371 npoeTa «Jlornka
Kypruiesa 2»: ysamenanityio onopiyio casssocrs (#OC), Teopemy /lesapra-Kyprmuiesa, rapmoniio
MCTHHHOCTH B peLLeHIH anopuii 1 PaCLIMpeHHbTi PHHLMT HeonpeaeénHocTy Kypruuesa ITH.2.
LleHTpa/IbHast 33/1a4a COCTOWT B TOM, \TOGH! 3AMEHHT Pa3pOIHEHHBIE ACK/ADALMH €AMHOT TpOBEpAeNOi
KOHCTpyKuHeit: CoBimie@cocTomme monyyaer Reper-3amsikane, Reper nonyuaet uetsépryio
TaPMOHIYECKYIO TOUKY AOCTATOUHOTO OCHOBAHIS, A MUP BOSHHKACT KaK peayKuya DOC. OctosHas opwyna
craten: FOS = lim— - T €T [| c€0(CT ) (Re, I¢, Uc; Dc).

Knouessie cnosa:dOC Kyprmiesa; Reper; RBD; KLT; Teopewa [lesapra-Kypruesa; [TH.2;
Bpema@IpocTpaHCTB0; npoeKTHBHas rapmonis; anopus; Kan; [L1aToR; ocHOBHAs Teopema anreGpsy;
naKeTHas f0THKa.

8. Teopewia /lesapra-Kyprmuiesa Teopewa lesapra-Kypnuitiesa 1yxHa b 57ofi CTarhe He Kak OTenbHas
FCOMETPHUCCKas! BCTABKA, A KaK MEXAHH3M CTPOFOTO MOCTPOCHHS HeTBEDTON FapMOHHIRCKOli TOuKMD.

Tiycrs Q1, Q2 — ABe HEBIPOXCHHbIC KOHHKH B IDOEKTHBHOI IIOCKOCTH, ap — BiGpaKHas
HecocTaeRHas Wi oropHas npavast, LIEHTD KOHMKM OTHOCHTENsHOP 3a4aéTCs KaK nofioc npsmo p: Of =
[Q-1ilpl.

‘Teopenia 8.1. Jlesapr-Kyprtuies. B /01y CTumoii pOeKTHBHO-PenepHOF KOH(HTYpaLyH ABYX KOHHK,
onopHoii npavoii P 1 Tpoutl A, B, C CyILecTayeT eauHCTBCHHIs UeTBEPTas rapMOHHUeCKas TouKaD),
KoTopast 3ambikaet Heronwbii par(A, B, C )a Reper-uetsépky. B oruueckoli peAyKLuH 310 03Havaer:
BOAKOR PABIUILHOE YMO3AKIIONCHIHE HMEET CA0KHYIO MPOEKTHBHO-FAPMOHHIECKYIO CTPYKTYPY.

10 16, 3axmouere B 57ofi crate GOC N0CTpoRHa KaK MaTeMaTIeCKIi 06%eKT: 0BpaTHLIi Npeien
Reper-cBopok coBkrmiii@coctosnnii. Teopema flesapra-Kypritliesa o6ecrieutsaet reomeTpiio uetséproii
FapMOHINCCKOI TouKi. [apMOHIS HCTUHHOCTI IO3BOIACT AMATHOCTHPOBATS ANOPHH KAK CMeLLeHite
pesyKuuii. Pacunpentiii [TH.2 UKCHPYET HEBOIMOKHOCTL OAHOBpeMeHHO!i COOpKH pasvep it
pasvepHoCTu, Reper 1 (M1ara, ALK it €€ peMOHTa Ge3 AOCTATOUHOrO OCHOBAHIA. KAACCHUCKas OCHOBHA
‘Teopewa aAreBpI CTaHOBHTCH peayKLeii Goree oGiuieii FOS-TeopeMi o periepoif peanisyemoctu kopis.
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9.4. KoopauHatHas Mojeib NOJIAPHOTO y3na

Tyers, K — Ho/te XapakTepHCTHKH, OTAMUHOF 0T 2, [1=PX(K), a HeBbIpoXieHHas KoHHKa ®; 3ajaétes
CUMMeTpHueCKOi HeBLIPOK/ieHHOi MaTpHLieii Q. TIpsMast p 3aaéTcs Hety iessiM KosekTopom £. Tonoc p
otHOCHTeLHO B ecth O=[Q;1]. MacumaGuposanie Q, i £ He MEHSET COOTBETCTBYIOILYIO MPOEKTHBHYIO
TouKy.

Tlesa 9.1 (KoppekTHocTs nionoca). Ecim det Q%0, To O; onpeenéi 0AHO3HaNHO Kak TouKa PYK).

HloKasatenscrso. Bekrop QL HeHy ieBoii, Hockonbky Q; oBparima i £40. 3ameHa npeicTasuTens £ Ha
@t ymHoKaeT Q1 Ha %0 H HOTOMY He MeHSieT ero pOeKTHBHbi Kiacc. O

9:5.; LleHTpoBas TOYKa M HE3aBUCUMOCTb OT FAPMOHUYHOCTU

Tycrs 0,#0, i npavas c=0,0, otauusa or p. Toraa D_pol=cnp cywectayer u equncreerta. 310
YTBEPAKACHHE HCTIONL3YET TOMLKO AKCHOMSI TIPOEKTHBHOIH TLA0CKOCTH; PABEHCTRO KAKOr0-1HG0 Kpocc-
CooTHOWeHMSE ~1 13 Hero He creyer.

Teopema 9.2 (nonspusiii ysen). TIpu yKazauHbix runotesax Touka D_pol e 3apHeHT OT BEIGOPA
HeHYIeBbIX MATPHUHBIX W KOODAMHATHBX peAcTasTencii Q, Qs L.

Jloxasatensctso. MacurraGuposanis e wensior O, 1 O, 10 nemye 9.1, CIe0BATeIbHO, He MEHSIOTCS C i
eppHCTBeHHAs TOUKa cp. O

9.6. FapMOHMYeCcKoe 3aMblKaHue

s Tpéx nonapHo pasnunbix Touex A,C,BED rapMOHHUeCKi ConpKEHHO K B oTHoCHTebHO A,C
Haskiaetc Touka D_harm, ygosnersopsioujas cr(A,C;B,D_harm)=-1. B adpmmnoii KoopuHate a,c,b npu
2b-a-c#0 umeem d_harm=((a+c)b-2ac)/(2b-a-c); nph Hy/ieBom 3HameHaTese D_harm sBASeTCA TOUKOFE
GeCKOHEUHOCTH BHIGPAHHOI KapThl.

Konrrpnpiviep 9.3. s a=0, =1, b=2 nonyuaew d_harm=2/3. Tpou3sonsisit nonspusii e d_po
ABAAETCH TAPMOHMNECKIM, I0CKOTKY Cr(0),1;2,3)=4/3. CleA0BATE IsHO, NIOMAHOE Niepeceuente
TaPMOHIYECKOE 3AMBIKAHHE /I0THUECKH HE3ABHCHMSI Ge3 MOCTOBO/i rHIoTes:

9.7. YcnoBHas Teopema [lesapra-Kypnuwesa

‘Teopewa 9.4 (kanonmueckas ycnopHas hopma). TIpeAnonOKMM: (i) BLINO/HEHE! THIIOTe3b! TEOpeMs 9.2;
(ii) nocrpoena napa TpeyrobHHKOB, nepeneKTHBHLIX 13 TouKw; (iil) wx ock Jlesapra conagaer ¢ ¢=0,0; (iv)
D_pol yaosnersopser rapmonHteckomy Kputepiio otHocuTensio A,C,B. Torga D_pol opsospementio
ABAAETCH Ce/lom ock J1e3apra Ha p M eAMHCTBEHKO TOUKOH D_harm,

Jloxasatenctso. s (ii) u Knacciueckoii Teopemst [1e3apra ciieayer cyecTsoBante ock
nepenextiBHocTH. Yenonne (ifl) oToxgecTansier eé ¢ ¢, noatomy eé cied Ha p pasest D_pol. Yerosne (iv) u
€MHCTBOHHOCTS PeLleHHs! /MHeTiHO-APOGHOTO ypasienis Aaiot D_pol=D_harm. (1

T'paniya pesysTata. Teopema He BIBOAWT MOCTOBbIE YCHOBHS! (ii)-(iv) H3 OAHIX JQHHBIX BYX KOHHK.
X no7yueHme OCTAdTCs OTACLHEIM AOKA3ATe/bHEIM 06A3aTensCTaoM DK-PO-1 4 DK-PO-2.

9.8. Macnopt DK-CERT-9

Obmaarenshsie nons: field/characteristic, plane-model, Q,,Q.. p, 0,,0,, nondegeneracy, ¢#p, triangle-pair,
Desargues-axis proof, bridge c=d_Des, points A,C,B, cross-ratio convention, D_pol, D_harm, Dom, D, proof-
object 1 status.

Dutocodero-henomenoozueckan ecmaana. [eOMempUUECKAs MOUKA CMAHOGUMICA OCHOGAHUEM He
NOMOXY, UMO @ Hel COULACD KPACUGbIE ALHUL, G NOMOMY, UIMO U3GECTIEH 3AKOH KANCA020 CXOHCICHUS.
Tloasphsiii, 0e3ap20@ u 2apMOHUUECKL] CNOCOGI AAHHOCTIU }O2YM GCMPEMUMBCA & 0IHOII MOUKE, HO UX
coenadenue donicHo Gbims d0KaIaHO, @ He yaudeno aapanee.

Merounmku rasst 9: desargues_kurpishev_theorem _ru_source; FOS_JOURNAL_SPLIT_v5_6; Coxeter
H.S.M. Projective Geometry; Mandelkem M. Constructive Projective Geometry, arXiv:2404.16979.
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Inaea 10. ®OC, ceMb PasMep@Pa3mepHocreit u MH.2

TOHSTHOE OB BACHEHUE
CMBicn. /1283 COBUPAET PA3MEPHOCTHIE NZKETsI, GOPMYLHbIE OBLEKTEI COCTORHIA 1 PaHHIOIO GOPMY NPHHLIMNA
HeonpepenéHoCTA MTH.2.

Maremariieckoe Aipo. OMUCLIBAIOTCA CeMb YPOBHeit PasMep@PasMepHOCTelt 1 CTPYKTYPHaA a/lbTePHATUEa, U3 KOTOPOIt
NI034Hee BbIAEAETCA CTPONi MUHMMAKCHSII NakeT TH.2.

Tpanuua yTBepxaenus. H4CHO YPOBHEI 1 G3NIECKaR UHTEPTIPETaLIS SBAOTCA MOAIEBHLIMMA SEMEHTaMH; CTPOras
Teopema MTH.2 faHa nosawee & nage 21.

Cranyc: mogensHil Mocm

DyHjaMeHTaLHAs OnIOPHAS CBAIHOCTS (POC) PACCMATPHBACTCS KAK YCIOBHE PeNIepHOIi peaiayenocTn
MHPOB, a He KaK HeonpeAenEHOe «acé». Mip (GOpMHPYETCA Kak COrIaCoBaHHAs PeAYKIS cemericTaa Reper
110 C/I0AM BEMEHH, AOMEHAM 1 OCHOBAHHAM.

FOS = lim — (1€T) [] (¢€Ob(Cx)) Reper(c)

10.1. Cemb Pasmep@Pa3mepHocreit

Pasuep H PaIMEPHOCTS e OTOXACCTBRIOTCA. Pa3mep OIHCHIBACT BeHuHIY 00LeKTa BHYTPH C1Os, A
PAIMEPHOCTS - THIL MOKAbHOI CBOBO/. [TaKeTHAs 3MHCh YACPAMBACT 06 NIapAMETPa H NI03BOACT
QHAHIMPOBATE MEPEXOLbI MEKAY CAORMI

10.2. PacumpeHHbIi NpUHUMN HeonpeaenénHoctu Kypnuwesa MH.2

TTH.2 pOpMyHPYETCA KaK HEBOIMOKHOCTH OAHOBPEMEHHO H HO3ABHCHMO 3apUKCHPOBATS TOuHBIH pasviep
1 TOHYIO PA3MEPHOCTh MAKETHOFO 0GBEKTa IPH COXPAHCHHH BCEX NIEPEXOAHIX AHHBIX. B TeKyLIieM TOMe 570
AKCHOMATHKO-MOAE/bHI TIDHHLIAI; KOMUCCTBEHHBIC HEABCHCTBA TPEBYIOT KOHKDETHOIi BeORTHOCTHOT
DCATHIALIN  OTAETLHOTO JOKA3ATeCTE,

10.2.1. MonHoTeKCTOBaA AOKYMeHTa/bHaA BbIGOPKa

Hupice Ge3 cokpaujenuii coxpanena ebiGopka us npeduiecmeyioueii Monozpacpuu. Hexodubie
PYGPUKAYUOHHbIE HOMEPG U CPAHUNHLIE MeMKU UMelom apXUGHbIL] CAMyC; HOPMAMUGHbIE ONpedeneHus u
Qdokasamenscmea mexyueii pedaiyuu Hauunaiomes ¢ § 10.3.

®OC Kypruiesa, Teopema /lesapra-Kypriuiiesa, rapwois WCTHHOCTH 1 pacumpenssii I1H.2 Hpan
Bopucosuu Kypnies 2026 Coeparme Annotauus 2 1. Tlocraroska 3aaaun 2 2. VICTOURHKOBaS pama 1
prior art 33, ®OC kax Reper-npezien 3 3.1, CoGsrme@coctosme. 332,
Repe: :33.3.00C.. 4 4. Cems Pasnep@Pasvepiocreii 5o
Bpemenn@IIpoctpaictse 4 5. Hacrosiiee Kak KoMivieKcHbiii cpes ®OC 4 6. PeayKus Mupos 5 7.
Lentpansias Teopeva BOC 6 8. Teopema lesapra-Kypniuiesa 6 9. TapyoHIs HCTHHHOCTH  UeThIpe JKOHA
noruki 7 10 Anopun: Axwiec, depenaxa, Kant u [11a1os 7 10.1. AXHIUIEC 1 UEPOIIAXA. .. T
10.2. KaHT 1 TUITOH..ocrvrvrrmnrnrees 8 11, PaCHIMpERHEI NPUHLII HeONpeAeAGHHOCTH Kyprinitiesa
ITH.2 8 12, Keaurossii Macuuab@pakype 1 wronanie Auipok 9 13. OcHOBNas Teopema anreGpsi kak
peaykiys SOC 9 14, Tpukaagusie peaykui: JHK, xinus, GrocucTems, kytypa 10 15. Jlokasatensbiit
npotokon 10 16. 3akmouerye 11 Vicrousmku u Gubmorpadus 11 1 Ansorauus Hacrosujas xypasHas
CTaTLA COBMPACT B EAHHYIO MATEMATHNECKYIO IHHIIO UETHIDE CAMOCTORTE/TLHAIX Y371 npoekTa «lormka
Kypniuiena 2»: ysamenTansiyio onopyio casasocts (®OC), Teapemy lesapra-Kypruiuiesa, rapmoniio
MCTUHHOCTH B pelLleHiH anopiii 1 pAcLIMpeHHLIi IUHLLAN HeonpedeniénocTn Kypniesa [TH.2.
LeHTpa/IbHast 331242 COCTOMT B TOM, \TOGA! JAMEHHT Pa3pOIHCHHBIC ACKIAPALMH CAMHOI NpOBEpseMoit
KOHCTpyKuHeil: coBiTie@cocTosHme nonyuaet Reper-3avbikanie, Reper noayuaet uetspryio
FapMOHHUECKYIO TOUKY AOCTATOUHOTO OCHOBHIS, A MIUP BOIHHKACT Kak peAyKLs DOC. OcHosHas opmya
0S =lim- - T €T [[ c€0b(CT ) (Rc, Ie, Uc; De).

DOC NOHMMACTCs He KaK «BCE BOOGILE», a KK YCIOBHE PerIepHOi PEATIH3YEMOCTH BCAKOTO BOIMOKHOTO
Mipa. CraThst COACPIHT CTPOrHE ONIpeACIIeHIIA, aKCHOMB, Teopeml, Proofprotocol, TabaHLLI peayKLl, casas

cratei:
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€ KnacCHeCKOli MPOEKTHBHOTi TeOMeTpHe, KAHTOBCKOF TeopHeli Co3epLaNIs, CTPYKTYpHOI IporpamMoii
BypGaku, kpiaucom ocxopannii y Knaiitia i RPD-ayauTom Gopmyisisix Lenouex PILOT-01.

Kniouessie cnoa:®OC Kypresa; Reper; RBD; KLT; Teopewa Jlesapra-Kypruesa; ITH.
Bpema@IIpOCTPAHCTBO; NpOEKTHHAA rapMOHHs; anopii; Kau; TLIATOR; OCHOBHA Teopema anreGpsi;
naKeTHas n0rHKa.

DOC 40712 OGLACHHTE, TIONEMY OAHH H TOT e CKEeT PABOTAeT A1 IOTHKH, FOMETPUH, (GHIHKH,
¢umanconoro mupa, xumin, JIHK, Ky/bTyps! 1 nckycersa.

BypGaKit 34381 BHEILIHIOIO PAMKy CTPYKTYPHOIi MATEMATHKH: MATEMATHUECKOR eAHHCTRO CIEAYeT HCKATh
He B IPOCTOli CyMMe AMCLIMIIAH, A B APXHTEKTYpE CTPYKTYP. Toaomy ®OC He 40mKHa GhITh cymMmOil

10T UKa + reoMeTpHA + M3HKa, a AOKHA GhiTh TIOPOAAIOLIETE CTPYKTYPOFi peAYKLi Mipos. TloHapuis
Baei Tew, \TO adHHHAs W NPOCKTHEHAS TCOMETPHI H3MATAIOTCA KAK CAMOCTOSTE/TLHBIE AMCIIHILTHHEI Ge
HCXOAHONO HCTIOL30BAHHS! METPHNCCKIX TIOHSTHIK; 5TO TI03BO/IAT CTPOTO PA3HIMTS appuHHyIO,
NIPOCKTHBHYHO 1 METPHUCCKYIO PEAYKLIH. ADHOTILZ BKeH KAK HCTOUHHK FEOMETPHUECKOTO MOHHMANHS
KOMIUICKCHBIX wHCen. PaLIeBcKHii QHKCHPYET TeH30PHO-DMAHOBCKIIH NNapaT A METPHUCCKHX CI0D,
BuGep 1 KaHTOBCKas IHS! HYKHbI 415 AHATH3a ariopuii W MATPHIY MoHMManHs. Knaiii (UKCHpyeT KpHae
WeH eAMHOT OKOHYATeLHOI MaTeMaTINECKOl A0CTORepHOCTH. PILOT-01 388 JOKazaTe bHylo
JMCLMILIY: FAPMOHMUECKOR YCOBHE He JAGT truth-Status Ges foMeHa W AOCTATOUHOTO OCHOBAHHS.

Crnoii Knacceckiii ctouruk Pos b crarbe Crpykrypsi BypGaki OBociosaime POC Kak apxuTeKTypst
peayKuuii TTpoexTenocts Hoapin Pasietie adpHHHOH, NPOCKTHBHON W METPHIECKOI CBAIHOCTH
Kowruekcnocts Apioi T'eoMeTpiueckas peAyKLHs: KoMIIeKCHOi rocKocTi Merpika Pauesckiii
‘TenopHo-pmasoBckwii coii paswepa Katronckoe cosepiarme Ojisepman-Hapcxinii, Butnep Cpes
HACTOAILEro W MATPHILEI rORHMaRHs Kpiaic ocHosarii Knaiiss HeoGX0gMMOCTS AOMEHa i AOCTATOUHOTO
ocnosanms RPD-ayut PILOT-01 3anper aBToMaTiieckoro BLIB0SA HCTHHB! H3 FaPMOHHUIECKOTO YCAOBHS 3.
OC Kak Reper-npeaen 3.1. Cobsrme@coctostme Onpegeneie 3.1.Cobrrue@coctosmue ects napa ¢ = C
@C = (e, 5), e @ ecth akT CoBITHs, as ecTh Croii cocTonts. CoBLITHE Ge3 COCTORHHS He HMEeT TOKATBHOT
puKcau; CocTonmHe Ges CoBITHA He uMeeT HOCHTens.

3.3. ®OC Onpezenensie 3.3.dywamenTankias onopas cassnocTs Kyprmuiesa ecri 0GparHsiii npesies
BCEX PenepHo A0MYCTHMBIX COBLITHII@COCTORMMIi 110 CroAM naKeTHoro Bpemenn: FOS = lim - - T €T []
CEOB(CT ) Rep(c).

4. Cems Pasmep@Pasweprocreii 8o Bpevesn@[Ipocrparictse Bo Bpemenn@Ilpoctpancrae Kypuesa
uKcupyioTes cews Pasmep@Pasueprocrei.

5. Hacrosuiee Kak Komruekcisii cpes ®OC Hacrosuiee we spsercs seeii OC. Ono smnsercs
cpeson: N = w h eneos),when, iH, D).

Cle40BaTe LHO, HACTOALICE 3A4ETCH HE ABCOMOTHON MHPOBO/E IVIOCKOCTBIO, 4 HAGMIOAaTeTbHOIE
HCTPOVIKOIi: I, KOTA3, KeM W Ha KAKOM JOCTATOUHOM OCHOBAHHH NIPOHIBOAHTES cpe3. B 3ToM Mecte
KAHTOBCKO CO3ePLANHE NIEPEBOANTCA B ONEparop BuiGopa cpe3a. TIPOCTPAHCTED 1 BPeMS NEPECTAIOT GiiTh.
NIACCHBHLIMM KOHTEIiHepaNI; OHi CTaHOBATCA hopMami peAyKilim DOC.

6. Peayius mipos Onpegeneiie 6.1.Mup W ects peayiuin DOC, ecau cywectayer onycTisii
ynk1opOW i socratouoe ochosanneDW take, wro W= W (FOS; DW).

LleHa eCTh COCTOHME, CTOMMOCTS eCTE Macca coBhiThs B (iHancosoii GOC. TTpoaykt iveer Reper:
Repfin(g) = (Rg, Ig, Ug; Dg), rae Rg ects peannaonannas croumocts,Ig ects ums/kop tosapa,Ug ecrs
10/1e LeHOBLIX BO3MOXHOCTEH, D eCTh JOCTATOUNOE OCHOBAHHE PHIHK, TPABA, CIPOCa, AeMILHTa 1
Aorosopa.

57. Lentpansias reopema ®OC Teopema 7.1. O peaykuyim ®OC & mup.Ilycrs FOS ects
(hynpamenTansHas onopas casanocts, OW ects ponycrimsii peaywpyowii pynxrop, aDW ects
Aocratousioe ockosanie mupa W. Tora W = © W (FOS; DW ) sisetcs periepHo peaziaonasHsizt MHpOM
TOr4a M TOLKO TOTAR, KOFAQ AV BCAKOrO PeaiaoRaHoro ofwekrac € W cyiectayer ueraépka RepW (C)
(Rc, Ic, Uc; De ) u ssnomeno DomW (c) A De A ex(U, Ic; Re, De
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Jlokasatenscteo. HeoBxomMocTs. ECauW SBIeTCs peaniiaopaiibin MIPOM, ero 06LeKTS! He MOryT
6urms, xaoiueckimi dparmerTai DOC. Kaxapiii 06%ekt umeet nokansiyio pikcatyio C @C. Ho
PILOT-01 nokasbisaer, 4o rapMoHHSeCKO® yCrioBHe Ge3 AomyCTuMOro fovena i sufficient foundation
cozgaer gap-node, a we truth-status. 3auu, Bcakiii 0GBeKT MiHpa f0MKeH et Reper-uersépky cDC it
Jowetiom DomW (c).

Ecnn DjacyTeTsyer, sosmukaet He (piaiueciii napagokc, a gap foundation: ukana  casamocts,
NPHHAUICAKAT PAHLIM peayKLs BOC.

ITH.2-A. Heso3moxo [106abHO CoBpaTs OHOBPEMCHHO Pa3Mep 1 PaMepHOCTS 0BbekTa 6e3
ocratouoro ocxosanus: ~3Mglobal VX € FOS : Mglobal(X) = (size(X), dim(X)) Ges
suiGopaDX.

ITH.2-B. Henoamoxio coBpats Reper i uiar 13 Tpéxwietoli napagirmi 6e3 uetaéproro
rapmonnueckoro ocxobanus: (R, I U') #Rep.

ITH.2-B. HeBO3MOAHO 0HOBPEMEHHO 3ALHTh KBAHTOBYIO JLIPKY 1 COXPAHITL NpeXHii AOMeH 6e3
oneparopa pemoira: Gap(X) A Repair(X) = D' X # DX b ofitiew cayuae. PeMOHT MeHseT 0CHOBaHHE, a
SHQNHT MCHSCT MHP PEAYKLMH.

13. Octoias Teopema anreGpsi Kak peaykiia POC Kiacciueckas ocHopHas Teopewa anre6psi
YTBEPAIACT, UTO BCAKHI] HEMOCTORHHIH KOMIIEKCHbIH MHOrOWIeH HveeT Kopers 8C: P (2) = anzn + -
+a.

Mup CoBbitie Coctosnme Reper-ocHosanue JJHK kogo/myTauus skenpeccuss Dcode Xumust peakupus
KoHuenTpauws/pasa Dreaction Buocucrema akt peryasym romeocras DIif e dumancsl npoayKr/caenka
uena Dmarket Kynstypa opma pocrpisrie Deontext Mekycerso 06pas KoMIOSMLMORHOE CoCTosHHE
Df OFM 3jieck BAXHO He CMELIMBATS PEAYKIIHH. XHMHUCCKIT] MAD He/lb31 BIBOZNT 13 HHAHCOBOTO, @
Ky/ISTYPHbII He/Ib31 BLIBOATS 13 H3HECKOrO B3 ABHOTO yHKTOPA H JOCTATOUHOF OCHOBaHHS. DOC
JOMYCKAET MEPEXOJbI, HO JATPEILACT CKPBITHIE TIEPEXObL

10 16. 3akmouenue B 570ii cratbe DOC nocTpoeHa Kak MateMaTHueckmii 00bekT: oGpatHbiii npesen
Reper-cG0pok coBkrmii@coctonnuii, Teopema flesapra-Kypiiiiiesa 06ecrieusaeT reovepuio weTsépToii
FapMOHINCCKOI TOuKH. TapMOHIMS! HCTHHHOCTH TI03BOT AHATHOCTHPOBATH ANOPHH KAK CMeLIeHHE
pesyKupii. Pacuupenibiii [TH.2 HKCHDYeT HEBOIMOKHOCTS OAHOBpeNeHHOI COOPKM paimepa i
pasvepHoCTH, Reper 1 (u1ara, AbpKM 1 e& PeMOHTa Ge3 AOCTATONHON OCHOBAHHS. KAACCHUECKas OCHOBHAS
‘Teopewa anreGpi CTaHOBHTCS PeAyKLMeli Goree oGuieii FOS-TeopeMsi 0 perepHoii peani3yemoci Kopis.

OC ecth e «aci. DOC ecTh YCI0BHE TOrO, ST MOGOH BOMOXHbIH MUp MOXCT GhiTh NI0CTpOH Kak
MIHD, a He Kak Cryvalitas COBOKYTHOCTH HECBA3aHHBIX (parMeHTOR.
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10.3. ®OC KaK HacTosAwMiA 06paTHbIi Npegen

Onpepenente 10.1. Tycrs (T,<) — HjeKCHPYIOLMi IPEATIOPAAOK, R_T — MHOKECTBO aBTOPHIOBAHHBIX
Reper a cnoe 1, a p_{10}:R_T— R_0 npi 0T — 0ToGpaKeHHs peAyKLHH, yAOBIeTBOpsIouMe p_{Tt}=id i
p_{ov}ep_{to}=p_{tv}. Torsa FOS-HOCHTE/Ib ONpeR/IATCs KAK MHOKECTBO COBMCTUMAIX CeMeliCTB
FOS(T,R,p)={ (r_t)_t€[]_t R_1| p_{ro}(r_

o ann ncex o=t ).

910 onpesenente oTAenAET OGpATHEI IPEACN OT HECTPYKTYPHPOBAHHOTO MpOM3BEACHHS. Dement FOS
CylIjeCTBYeT TONLKO TOrAQ, KO4a IOKAbHbIe Reper COracOBaHbI BCeMM KaPTAMM PEAYKLUAH.

Teopewa 10.1 (enycrota Koeunoii tienu). Ecin T={0<1<....<n}, kaxgoe R_k nenycro u nce p_{kk-1}
ciopsexupis, 10 FOS(T,R,p) Henycr.

JlokazatencTo. BeiGepem £, ER,. 10 COPbEKTHEHOCTH NIOCACAOBATEIILHO BHIGHPACM T,...,T_N TaK,
wroBbt p_{kk~1H(r_K)=r_{k~1). KoMno3yois0e yCioBie 00ecrieumsacT CopmecTumocTs s nioGeix i<k. 0
Kowtpripuwep 10.2. Ecu Ry={a}, R,={b}, a eguictaennas kapra p_{10} orcyrcrayer mmGo ne uveer
3HAUCHIS a, /IOKA/IbHAS! HETIYCTOTa C/I0B He CO3AQET 0DATLHONO COBMECTHMOTO CemericTaa, TIoaTomy

CylIieCTBOBAHHE MHDA-PRAYKLIMH HE CICAYET H3 OAHOTO HATHHS SOKATLHBIX Reper.

10.4. PasMep 1 pa3MepHOCTb KaK pasHble HabnogaemMbie
Tlyers X — KIace HaKeTHbiX 06LeKToB, 5:X —+ S — TouHbiii pasmep BHyTpH BLIGpanHoro ciios, a d:X - N
— pasmepHoCTHBii THn. CoBMeCTHOE H3MeperMe 3aAaéTca M=(s,d):X — SxN.

‘Teopema 10.3 (KpHTepHii TOUHO/ COBMECTHOI WieHTH(MKaLMH). OGBEKT X BOCCTAHABAMBACTCA U3 IADHI
(500)d(x)) 415 Beex XEX TOTAA W TOMLKO TOrA, KOTAd M HHBEKTHBHO,

Jloxasatensctso. Tlpw uisextusHocTH M et opatioe oToGpaxente wa ofpase. Ecmiu M
HMHBEKTHBHO, CYLIIECTBYIOT Xy C OAUMHAKOBLIMI PA3VMEPOM  A3MEPHOCTEIO, W HHKAKOH a/ropuT™,
nosyuatouii TonsKo M(x), He pasunr ux. O

Korrrprpiviep 10.4. [ X=SXN 1 KOOPAHHATHEIX 1IPOCKLUAIi COBMECTHOE W3VEpEHHE MHbEKTHBHO,
C1e0BaTe 1L HO, YHHBEPCATSHAA HEBO3MOXHOCTS TOUHOTO HAHHA PA3MEPA W PA3MEPHOCTI He BLIBOAHTCS H3
oawofi Teopun Miosects; TH.2 Tpebyer crieab o NaKeTHOIH PeAyKLIH, 1I0TepH COCTORNMS,
HCOBMECTUMOCTI KAHA/I0B WM WHOE SBHO 33QHHOJi CTPYKTYpbI.

10.5. Bo/IOKHO HeonpeAeNnEHHOCTU U NPOrHo3

Jina pesymsrata yESN onpesensiv sonokso U_y=M-(y). Ecmm [U_y[>1, KoppeKTHsiii nporHo3 gomkes
BO3BPALIAT MHOKECTBO AOTTYCTHMbIX IPOAOIUKEHHTE, @ He eAHCTBeHHBIH 0GbeKT. JlioGoii BHIGOp OAHoro
npeacTaBiTeNs TpeGyeT AOMOMHHTENHOTO D) 7150 BePORTHOCTHOM MOAEIH.

Crepcrane 10.5. TIpH HerHueKTHBHOM M ACTepMHHHPOBAHHb] TOUCUHbI] IPOTHO3, OCHOBAHHEI TO/EKO
Ha (5,d), He aenTHuupyem; cratyc ABSTAIN wim set-valued forecast sBisieTcs MaTeMaTHUCCKH
KOPPEKTHEIM OTBETOM.

10.6. Cemb Pazmep@Pa3MepHOCTeli: CTaTyC MOAeNn

CeMb ypoBHeli COXPAHAIOTCH KaK ABTOPCKas MOAE/IbHAS CTPATH(MKALMS. [ IPeBPAILIEHHS HX B TEOpEMY
HEOGXO/IMMO 30/1aTh HOCHTeIh KaXI0T0 YPOBHS, KapThi 11EPeX0a, HHBapHakTe1, Dom, KpiTephii
Pa3MAHMOCTI 1 SMITHpHIECKi Kara, YHCIO CeM CaMO 10 cefe He SBETCS CeACTBMeM 0GPATHONO
npegena,

10.7. Nacnopt FOS-PN2-CERT
Tons: index-category, layer-id, Reper-space, bonding-map, compatibility proof, nonemptiness witness,
size-map, dimension-map, joint map M, fiber cardinality, information loss, Dom, D, forecast type u status.

Dutocodcro-enomenonoausieckas acmaaka. Mup dau ke KAK CywMa 20moebix ¢10ée, a KK mpeGoaanue
ux coamecmunocmu. Heonpedeéunocmb nose1semcs mam, 2de 0dun u mom yce sa1ennbili npoub
NPUHGOAECUM HECKOIBKILM GOIMONCHBLM OGGEKIMAM; OHA €Cry (POPMA HECIHO0 HANUA O HEPAAUULMOCL,
a He wedocmamor aooGpadicenus.
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Merounmku rasst 10: FOS_JOURNAL_SPLIT_v5_6_PACKAGE; monograph5_0_ru;
PILOTO1_PREPRINT_RU_FINAL; sryrpensuii kopnyc ITH.2.

Inaea 11. NAPG: HeaccouuaTUBHas NaKeTHas reoMeTpus

TOHSTHOE OB BACHEHUE

(CMBICA. HeaccoUMaTUEHOCTS YHTAETCA FEOMETPUNECK: PE3yILTAT MOXET aBUCeT OT MIOAAK FPYNNUPOBKH AONYCTHMSIX
onepauii.

Maremarieckoe Afipo. BSOAATCA A0NYCTHMSiE OMIEPALIMH, PEAYLIMPOBaHHSIE MPOCTPAHCTEA  ACCOUMATOPHAR AMNIMTYAD
NAPG.

TPAHMLIa YTBEPXIEHM. ACCOLMATOP He/b33 Ha3LIBaTL KPUBISHOT WA TOIOHOMIEli 63 OTAEISHO 33/4aHHLIX CBAHOCTH
NapannensHoro nepeoca

(CraTyc: reomempuseckas KoHcmpyKUUA

HeacCOLMATHBHAS NaKeTHAS TCOMETPIA H3YNACT A0MYCTUMBIC GHHAPHbIC ONEPALIAH, /1A KOTOPbIX
aCcoLMaTOp He 063aH OBPAILATEC B Hy!lh. BMCCTO OGLAR/ICHIA HEACCOIHATHBHOCTH AGHeKTOM BROAWTCA ero
MIMepeHHe, THITH3ALMS 1 TIePeHOC B IPOCTPAHCTBO IPENATCTBHIL

Ass_odot(x,y,z) = (x odot y) odot z - x odot (y odot z)

HeaccouuaTuBHan naKeTHas rEOMETPUA: OT ONEPaUMM K NPENATCTBHIO

laxerwuth o6vex] Aidnycrunan onepaufun | Accounarop Keanbarusnos npens|Peyusposanneih xrpice|  Crarye

15
7
T

X u Ass qo8 o_red \eorem / bloc}

Hodge-onepaTop  acCounaTopHaR onepaLA WHEIT PASHIE PO H PaSHE CBOINaNENH.
Henyeo0i GECOUNATOR ABNAETER CTPYXTYPHAN CHTHOTOM, HO M OBTOMATUMECKM DHIMEEKHN HCTONHHKOM.

Pucyox. NAPG: onepayus, accoyuamop u pedyyuposannoe npensmemate
11.1. lonyctuMble onepauum

Onepais JOMyCTUMA, ECIH COXPAHACT TPA/YHPOBKY, CTPATHOUKALIIO 1 OGLAB/ICHHbIE CHMMETPHH.
Knace 0nycTimbIX onepaiuii 3aaéTc A0 BLIMHCTICHHS ACCOLMATOPa; HHAUE TIPOCTPAHCTBO AeopMatiuii
OKA3bIBAETCA HEONE/ACNIEHHEIM,
11.2. PeayuMpoBaHHble NpoCTpaHcTBa
HA2_red(mu) = ker d\2_mu

073 _red(mu) = C3_red / im d2_mu

A _mu

TlepRoe NPOCTPAHCTRO ONHCHIBAET WHGHHHTEIHMALHbIE HAMPABACHIA ACGOPMALMH I0CE GaKTOPHIALMH
TPHBHAILHBIX HIMEHEHHI| KOOPAUHAT. BTOPOE XPAHHT NIePBHUHBIC NPIATCTRHS NPOAOMKCHHIO ACGopMaLiH.
T OBBEKTA He JO/IKHSI CMELIMBATECS € IMIHPHYECKHMI CTATYCaMH (H3HKH WK XMMHH,

11.3. AccoumatopHas aMnMTyaa

B KoHKpeTHii G2-MojeH BROAHTCH amnnTyAa A(alpha), H3MEDSIOLas BEAMUMHY ACCOLMATOPHOTO
S(ppekra. Popmyia 1 AoKa3aHHA 001ACTE e AelicTaiA npuHaAIeKaT cTporomy SIGMA/NAPG-croio; Goee
LUMOKHE (U3IECKHE TONKOBAHIA OCTAIOTCS YCAORHBINHL.
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11.3.1. NonHoTekcToBas Bbibopka us NAPG/SIGMA — |

BHOODKA COXDAHF€TCH KAK JOKYMEHTAm:Hi Crofi mpomcxommemmst NAPG; moBpesnéuas
TPAHCIOpTHAS HOTAUMA BOCCTAHOBMeEHa, a QOPMYTH NPHBENEHH K JKHBOMY DEeCTpy 0GO3HAdeHH.
IloKasaTens i CTATyC 3aKAI0T PycoKHe onpenenexit §§11.4-11.8.

M3 cTpykTypHsx ypaswemnii serancnsmorcs dg w dy H COOTBETCTEYIOWINe NAHHHE KpyWeHws Wit
MKCHDOBAHHOrO M30TPOMHOTO a3ala. B CKAMAHOM DENYKINN MOSBNAETCA KosdOWIMEHT K(a), a
3aBHCHMOCTS 0T MAPAMeTPa CeMeHCTBa BHpAXAeTCA acCouMATOpHOM aMmHTy RO A(@)=3]al. 3Ta dopmyna
OTHOCHTCA TOTIEKO K YKA3AHHOH MONEMbHOf CeMbe 1 HOPMHPOBKE.

PeflylpOBaHKas HeACCOUMATHBHAR NAKETHaR TEOMETPHS OPraHuayeT MHOUHHTESUMATHHYIO TeOPWIO
“tepes KacaTenHHi (aKTOP 1 NEPBHIHYI0 OGCTPYKIHIO:
2 s =3
H? y(=ker dyfim d,, 0%, (W)=C?, fim d,
JLnst cemeiicTBa 1 TapaMeTpHUECKan TIPOUIBOAHAR 4 ONPERENTeT BHACTEHHbl PEAYLUPOBAHHEII

KacatemsHuii  Knacc (9,1 JEH’, (1),  Mcueswoseriwe  Kiacca  O3MauaeT  TPHBMANBHOCTH
HHQHEATE3MMATEHOTO H3MEHEHIIA NOCTIe GAKTOPH3ALHH JONYCTHMEIX 3aMeH KOOPIHHAT.

TIpHHIMT  PEIyUHPOBARHOTO KACATENBHOTO MPOCTpaHCTBA. B QHKCHPOBaHHOH Split-apxuTeKTYpE
KacaTenpHOe NPOCTPAHCTBO MORyTel mpejcTasnero H2 ;. 9T0 yTBepKAeHHE CTIEAYeT H3 ONpENeneHis
axTopa npw yonosui, 4t0 d,d, =0 ¥ KaTHGPOBOUHOE NEHCTBHE AEHCTBHTENLHO NOPOKAAET im d, .

Tepunas  oGCTPyKus.  KaHOMWMeCKH mHAyuMpopammwii  knacc  Ob((n)€O®,, wusmepser
HEBO3MOKHOCTH POAOMIKHTE PENyIHPOBANHYI0 HHHHHTHMANEHYIO JeOPMALHIO 1 BO BTODOI OPAAOK.
HeRyieBoit K/1ace IPeNSTCTEYET MPOIOIKEHHIO; HYNIeBoi KIace He HCK/OYaeT 0GCTPYKILHil G0/ee BHCOKHX
TopAAKOB.

BapuausonHui GysxuHonan S:T~R, nanpuuep S=A% MOKET GHiTL BOPAH CTPOro yOWBAIOWIM BAOTL
HETPHBHATBHAIX TPAEKTOPIIE LI, TIOCIE JAKANI KOHKpETHOf fikavkk @, Torna A(d,) He BospacTaeT; cam
dopmansm NAPG 9TOr0 CBOHCTSA ABTOMATHYECKI He AAET.

Kypuuses Heas Sopucasis - Kanusaesrpas - 2026 “




image45.jpg
BAZ0BLI IPOEKT KLT-RED - TOM | V7 RY

11.3.1. NonHoTekcToBas Bbibopka us NAPG/SIGMA — 11

Tycts pVXV=V — omHOMApAMeTpHYECKoe CeMeAiCTBO MOMYCTHMBYX GMTMHEAHEX  omepamiii
uKCHpoBaHof Split-apXHTEKTYpH. Bce BHMHCTIOHNS BHIOMHAIOTCH OTHOCHTENEHO CTPYKTYDHEIX KOHCTAHT
7ot cembi, ofiero Dom i 3apatee 0GHABNEHHOrO gauge-eHCTEHs

PeqyumpoBaHHEL KoMmeKc. [l Ka)aoro gonyctumoro j sagaérea C' ~C% ~C? ¢ nuddepenmmanami
¢ u u t1
d,,d, u ycnosuem d,d,=0. Knaccs B =im d, komupyior Tpumansutie neopam, Z ke d, —
AOMyCTHMEe M pHAHTeIMMATEREE AedOPMALH.
2 (u)=z2 B2
H2 =27 /B?,
Keanparmusas Kapra qu.zz «c3u nopoxaaer mepeHuHylo oGCTpyKiHo Ol
gauge-coBMeCTHMOCTH qum+d1€y—qn(w)sxm d,

2 dW=0° () mpu

Teopema (KOPPEKTHOCTS mepenuHOfi oGcTpykuui). [IpH YKA3aHHOA coBMecTiMOCTH Ob KOPPEKTHO
onpeenena na knaccax H,_; ecnn Ob((¢])#0, T0 ¢ He MPOROTKAETCA KO BTOPOFO MOPAAKA B AAHHOH
penyLmpoBaHKOf MOZeH.

JoxasaTensCTR0. 3aMeHa NPEACTaBHTENA Y+, E HIMEHAET q,(9) Ha SneMeHT im d,, CrenoBaTeBHO,
Knacc ® paktope O°, Hem3MeHeH. YpapHeHie BTOPOTO MOATKa TpeGyeT q,(@)€im d,; Henynesoit
aKTop-KnaCe HCKIOUAET pemense. (]

HopMupoBaHHas aCCOWMATOPHAR aMITHTYRa 3amaéTes Kak [(W)=sup{lAss (xy.2):IxLIyl.IzI<1}. Mpu
H3OMeTPHUECKOM H3OMOpdHIMe f ¢ f(xOY)=F(x)0'f(y) nmees ((W)=0(). [poH3BonbHas CMeHa Gasuca, He
COXPAHSIOIIA HOPMY, MOKET H3MEHHT, UHCTEHHOE 3HaveHye.

Astopexas rpanuia. Coeperie packet-MORYEH, aCCOUMATOPHOTO AEEKTA K PENEPHOTO AOKAIATEBHOTO
cTaryca oTHOCHTCA X apxiTeKType Kyprimesa. Knaccuueckue zeqopuamontise, Hodge- i G, KOKCTpyKH
COXPARIOT CTATYC Prior art. GH3HUECKOS HCTOTKOBANHE HEACCOUHATHBHO AMITHTYAH 0CTAETCA TPOrPaNNO
HeSABHCHNOR NPOBEPKL.
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11.4. EcTeCTBEHHOCTb accoLuMaTopa 1 rpaHMLa cTatyca
Onpepenente 11.1. [Uns onepaiun © accounatop 3ajaércs A(X,y,
oBeix ckoGOuHBIX op.

x@y)©z-XxO(y©z) Ha obisiem Dom

Teopewa 11.2. Ecam mseiinbiii MOpuam  coxpansier © i OIpeACNEH Ha BCeX IPOMEKYTOUHbIX
npomssegenax, 1o f(A(x,y,2))=A(xfy,f2).

Jokasatenscreo. Tpuversien f k o6enm ckoBounbIM opmam 1 Baxb! Hcrionbayem f(x Oy)=f(x) Of(y);
10C/Ie BLIUMTAHMA N0/TyuaeM TpeGyemoe paseHcTso. 0

T'paniia cratyca. ECTeCTBOHHOCTE ACCOLMATOPA SBIACTCA BHYTPEHHHM AAreGPaICCKIM PE3yBTATON.
OHa e yCTaHaBMBAET (U3HICCKYIO HABMIOAACMOCTE ACCOLHATOPHOI AMILIHTY b1  He 3amensier matched-
null, KaMGPOBKY 1 HE3ABUCHMYIO IPOBEPKY.

bunocodexas ecmaaxa. Accoyuamop usmepsem He Xaoc 600Gue, a JAGUCUMOCT Pe3yaBMAma om nymu
€K0BOUHOZ0 COBUPaHUS. OH de1aem UCTOpUIO KOMNO3ULUL UACTIEIO OTLEKMA U MEM CaMbIM npensmemeyem
02KCHOIl WATIOIIY Ge3pa3 020 NOpADKa.

11.5. TUNM3MpPOBaHHbII KoMNeKc aedopmauuin

Onpepenente 11.3. L1 dKcHpOBaHHOii AONYCTUMOI OriepaLin 1= 3a1atTca Kommieke C_yt —d,
G2t —d, ~ C*_yi ¢ #BHO¥i runoTesoii d, °d,=0. TIPOCTPAHCTBO MHOUHHTESHMAILHEIX AOTYCTHMbIX
edpopmauwii ecth Z2_=ker d,, TpuBHanLHbIX AeopmaLyii — B2_p=im d,, a peAyuMpoBanHbii KacatenbHbili
Knace — H2_red(4)=22_/B2_p.

Jlewya 11.4. daxrop H2_red(y) onpeienés KoppekTio.

Jlokasatenscteo. 13 d,ed,=0 creayer im d, Cker d,, mo3romy dakropnpocTpacrao cymectsyer. bes
3100 rinoTessi 3anmce ker d,/im d, e uveet cwbica. O

11.6. MepBuyHan KBagpaTMYHas 06CTPYKUUA

Tlycrs q_piZ2_p— C3_i — Kpazpatuusas Kapra BT0pOro nopska. Onpeaenn O%_red(p)=C3_p/im d,..
UroGet knace Ob([0))=[q_i(9)] Gbun KoppexTHo onpegenss Ha H2_red, TpeGyetca gauge-conmectimocTs
4-H(@+d§)=q_n(p)€im d,

‘Teopema 11.5 (KoppeKTHOCTS nepsuusofi oBCTpyKiyw). TTph gauge-copmecTHMoCTH OTOGpaXeHHe
Ob:H?_red(y)  O*_red(y) KoppeKTHO orpesenieno; ecim Ob([p])#0, seopmanis ¢ He POAOIKAETCH A0
BTOPOrO NI0PAAKA B AQHHOIi PeAYLMPOBAHHOF MOJEIH.

JlokasaTesCTR0. 3avena peACTaBHTeNs © Ha @+, € Mersier q_pi(¢) Ha nemenT Toro e Knacca modulo
im d,.. Henyenoi Kiace 03HauaeT, uro ypasHeHHe BTOpOro NOpsKa He/lb3 HCTIpaBHTS A0GaBNCHMEN -
rpanuupt. O

Tpaniia, OBPATHOE yTBEPIEHHE HE ABTOMATHUHO: HCUEIHOBEHIE IEPRHUNOH OBCTPYKLMH He.
HekiouaeT oBCTpyKuii G0/ee BLICOKIX IOPAAKOR.

11.7. HopMupoBaHHas accouMaTopHas aMnAUTYaAa

s HopmupoBasHoro poctpanctsa A monoxum A(p)=sup{IAss_p(x,y,2)lIxLIyklzi<1}. B
KoHeuHOMepHOM Ctyuae A(1)<o0. 310 106a/bHas HOpMA TPEXIHHEIIHOTO AeheKTa, a He (u3MuecKas
HaB/ioaemas Ge3 /0MOHUTe sHOM peanusatim.

‘Teopema 11.6 (HHBAPHAHTHOCTS 1P M30MeTpHuECKOM H30MOpGHaMe). ECum f:A A’ — nunelinas
wsomerpus  f(xOy)=f(X)@'f(y), 10 A()=AW).

Jlokasatenscrso. ECrecTsenHOCTS accoumaropa 4aét [(Ass_(x.y,2))=Ass_u'(Ex,fy,fz). Maomerpus
COXpaHSIeT eAMHWNHLI LIaD 1 HOPMY, TI0ITOMY CYNIpeMyMsi COBIaZaIOT. (1

Kotrpnpisep 11.7. TIpo3so/Has 3aMeHa Gauca, He COXAHSIOLAst HOPMY, MOKET H3MEHHTE
HCTIeHHYI0 aMTUIMTY Y. Clej0BaTeNIbHO, 3Havetme A 63 3aricH HOPMbI H KOODMHATHOI KOHBCHLIM He
SBNTCA MHBAPHAHTOM.
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11.8. Nacnopt NAPG-DEF-CERT
Tlons: K, A, grading, p=0, Dom, generators &, C1,C3,C3, d,,d,, proof d,d, =
H2_red, O°_red, norm, associator amplitude, realization map, D u status.

q_p, gauge-compatibility,

BuOCOPCKO-peHOMEHOO2UNECKAs GCMaBKA. ACCOYUAMOP NOKAZbIGAEM, WMO Pe3ybmam Hecém naysmb
0 nymu coedunenus. OBCMpYKYUs ice (UKCUPYem MOMENT, K02a AOKAIBHO MBICTUMOE podoANCeHLe
nepecmaém cobupambea  yenoe. MO e Xa0C, @ 2eOMEMPUS HecoCMORGLIElics CoMeCTIMOCTL,

Mcrounmku rassi 11: main_SIGMA_freeze; Kurpishev_arXiv_SIGMA_submission_bundle;
monographiaNAPG; rstar/NAPG duality corpus.

I'naea 12. PILOT-01, popmynbHble Lenoyku u Fano barrier

TOHSATHOE OBBACHEHUE
CMBich. /1283 1IOKa3LIBAET, Kak AINHHAA GOPMYNHaA LENOUKa NPEBPAULACTCA B NPOBEPAEMsiit MPLIPYT C ABHbIMM
Yanami AOnYCKa W NpensTCTEMAMM.

Marewmaruueckoe apo. Onpeensiorcs war formula-chain, FCOC 1 Fano barrier; GopMynupyercs yCnosHsiit HocuTens
Fano A COraCOBaHHOM CKAGIKW OKANLHbIX AGHHBIX.

TPaHMLia yTBePIAEHNS. [/106a/1bHAA Fano-WACHTUGUKALIMA TEBYET OTAENEHO aKCHOMSI U HE CAEAYeT U3 OAHOI
NOKaALHOT AMarpaMML

Cratye: npomoKo u ycrosHas meopema

PILOT-01 npeppataet Maemaruueckiii TKCT B THIHIWPOBAHHSIi rpach. OPMYIbI, Mepexos,
OCHOBaHIS, IPOGEIE!  HOCHTe M TIDEIITCTHIi CTAHOBATCA CAMOCTORTE/IBHBIMH Y31amH. IT0 03B0/seT
OTAmuaTL peansHii Proof gap oT PeAAKIORHOI KpATKOCTH H OT OTKPBITON MATEMATHYECKOT Jaaun.

MawmnHbii MapwpyT KLT-RBD

werowwnn (o pixfol peacs fo| coc fof maper fo 2/6 fof ODom || R8D-rpac fafion /biocitr

KX 1ePEXOR XPaNAT UCTOUHK, ROMEN U CTATYC. KPACHAO® W06 COBMARENHE HE NEpeNpuI MBAET AOKASATE e DOPOTa.

Pucynox. Om uemonuxa k chopmyasnoli yenowse, Reper u RBD

12.1. Formula-chain step
s=(F_i, F_j, tau, A, Dom, D)

Kaapiii Lar CofepXUT UCXOAHYIO W LierieByio (HopMy/ibl, THIT 1IEPeX0a, MHOIKECTBO OMOp, OMeH i
JocTatousoe octosanme. Otcyreraue Dom co3aét GAP-DOMAIN-MISSING; otcyrerame D - GAP-
ASSUMP-MISSING.

12.2. FCOC

A0 > CAL-> €2, q_OB: CAML > CA2

Formula-Chain Obstruction Complex oprauiayer okansisie npensrcrais, Ero projectivization moxer
AaBats Fano-1o0GHsii carrier, HO 1100a/1bHas 110CKOCT (aHO He BOIHHKACT ABTOMATHUECKH.
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12.3. Fano barrier

JIOKa/IbHas! CeMUTONEUHAs! CTPYKTYPA He CTAHOBMTCA 0GansibiM HoCHTeem PA2(F_2) Ge3 apmbix
compatible identification maps. 7o NpaBIIO anpeILaLT NPEBPALIATE KPACHBLL KOHRUHBI] PHCYHOK B
YHUBEPCATLHYIO CTPYKTYPY TOISKO 110 BHELLHEMY CXOACTBY.

Asnoraums Hactosujas craes npeacranaser PILOT-01 Kak ysiii goverbii Tect nporpassisi Reper-
Projective Database (RPD). MaTevariuecksii TeKcT MoACIHPYeTCs Kak rpadh (opMy/IbHEIX 1epexos0s, Reper-
Y3108, Gap-y3/10B, HOCHTeNe/i IPETATCTBHIi 1 KAHAWAGTOB B TeOpeMl. BIGpaHHL AOMeH coeautsier
TIpOCKTHBHO-rapMOHHUeCKyI0 reomeTpiio, packet incidence, KoppekTHyIo HOTaUMI0 npensTCTBHii 1 Fano-type
projective carriers. B craThe CTPOro oTAe/eTcs Kaacciseckiii o ot BHyTpenHero eknaga RPD: cross-ratio,
projectivization, projective spaces i Fano plane paccMaTpHBaIOTCs Kak U3BECTHEI MATEMATHUECKHE 0GBEKTH;
siiaz RPD cocront s formula-chain audit, Formula-Chain Obstruction Complex (FCOC), etpismanstom
packet-obstruction npimepe 1 ycioshoii Fano carrier theorem, TLiockocTs ano WHTEpeTHpYeTCs Kak
OnTOnOrHueCKyii Gapkep: I0KaMbHIe packel-obSIrUCLION HOCHTEI He TIOGAM3YIOTCS ABTOMATHYECKH
BP2(F2); iepexoz epes Gapep TPEGYeT SBHBIX COBMECTHMBIX KAPT OTOACCTRICHHS,

Knouessie cnosa:Reper-Projective Database; ay 3T (hopMyIbHSIX LerIoueK; NPOCKTHBHAS FeOMETpHS;
cross-ratio; nockocrs ®ano; packet incidence; obstruction carrier; FCOC; detection of theorem candidates.

Copepanne 1 Baesenvie 3 2 Related Work  rpasua prior-art 3 3 dopwa/shbie onpegeneiss 3 4
Teopema 0 gap B (popmynsHoii enouke 4 5 Koppextias OB-HoTauuss 1 projectivization 5 6 FCOC carrier
theorem 5 17 Herpusmansioe packet obstruction 5 8 TockocTs Pato Kak oHTon0OrHYecKiii Gaphep 6 9
Yenosnas Fano carrier theorem 7 107 paniya yrsepaennii i oTkperteie 3aaun 8 113akmouerme 8 A
‘TaGmua theorem/status 8 B T'pacp sasmcumoctei 9 2 1. Boe/enie Matemariueckie TeKCTbI COACpXaT He
TOLKO ABHEIC (YOPMYIb M AOKA3ATEIILCTEA, HO TAKKe CKPBITHIC /OMEHHbIE NIPEATIONOKEHHS, HEAOCTATONHO
Onpepe/IEHHBIE NIEPEXOAHI, TOKabHbE a3phiBbI  TIOTeHLManHbie theorem candidates. Tporpavya RPD
paccvaTpuBaeT Takie OGeKTS Kak rpach: CTOuRHKH, OpMYbI, (POpMY Tbible warH, Reper-y3bl, gap-yansi,
HOCHTE I TIPENATCTB M| M KaHWIATS! B TEOEMBI 0Ny MaIOT TTH3HPOBAHHbIE CBAM

PILOT-01 ssercs nepsoii y3Koii crarbéii 570t nporpamsi. Ot COCPEOTOUEH Ha IPOCKTHBHO-
rapuOHIMECKHX GOpMY IsHEIX Lierioukax, packet incidence, KoppekTHoii OB-oTaui 1 Fano-type carriers.
LieAb COCTOMT He B 3aMeHe K/IACCHECKOi NPOCKTHBHOTi FEOMETpHI, a B 1IOCTpORHH By TpeiHero RPD-cios,
KOTOpEIi npoBepsieT oMY bHbIE NIEPEXOb! 1 OTAHUAET OGOCHOBAHHbIE WIATH OT NIEPEXOA0B C
orcyrerayiouy domain waw sufficient foundation.

Projectivization Taioke sBseTCH CTangapTHOI KOHCTpyKumeit, TIpoeKTsibiii 05Kt He cosnazaet ¢
BEKTOPHSIM MPOCTPAHCTBOM, U3 KOTOPOTO OH 0GpA30Bat.

B PILOT-01 0Ha HCHOML3YETCA YC/I0BHO: TPEXMEpHBIF2-HOCHTE/Ib IPENsTCTBHI NPOCKTHBI3YeTCS
BP2(F2), a r06abHbiii Fano carrier Tpedyer anoit identification axiom.

Maurer-Cartan  deformation theory AaioT BHewHIH AHATOT A3 KB3APATHUHIX obStruCtion terms
lifting problems. B crarse He yTaepaaeTcs, uto BHyTpeniiii FCOC-HOCHTEII yke TOKECTeHEH
wnaccnueckomy deformation-theoretic obstruction quotient, 7o oCTaéres OTKPLITOF 3agaueii.

3. Gopmankbie onpegeneins Onpeaencine 3.1(Formula-chain step). Formula-chain step ecri
unuaHpoBaHLii nepexoa s = (Fi, Fj, 1, A, Dom, D), rae Fi u Fj — formula nodes,t — tun nepexoaa, A —
support set, Dom — admissible domain, aD — sufficient foundation.

Onpezenenste 3.3(Formula-Chain Obstruction Complex). Koneunomepusiii FormulaChain Obstruction
Complex ecth Tpéxunenssii Komuieke CO d0 = — C1 d1 = — C2 ¢ KBagpaTwuHoli Kaproii npensTcTaniqOB:
C1 - C2. Onpegenm HOB = C2/ im(d1), O OB = span(im(n » OB)) C HOB,

4. Teopeva 0 gap B opmysHoii Leniouke Teopewa 4.1(Formula-chain gap theorem). Ecm wiar
(popmy KO erouKu ucronkayer projective truth authorization ex(U, I; R, D) =1 == truth-status Ge3
admissible domain i sufficient foundationD), o RPD-ayaut co33aétGAP-DOMAIN-MISSING wi GAP-
ASSUMP-MISSING.
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45. Koppekrias OB-HoTaus i projectivization Teopewa 5.1 (Projectivization dimension lemma). Tlycrs
O — ey eBoe BeKTopHOE npocTpancTa0 Hax nonek w dimk O = n + 1. Torga P(O) maomopduo P(k) nocne
BriGopa Gasmca.

Cregcraie 5.2(Fano u real projective regimes). Ecnu dimF2 OOB = 3, ToP(OOB]
0OOB = 3, T0P(O0B) =RP2.

Teopewa 6.1(FCOC carrier theorem). [[1s KOHeUHOMepHOro BiyTpeiHero kommekea CO — C1 — C2u
qOB: C1 - C2 quotient HOB = C2/ im(d1) smsiercs BekTopHsiv npocrpaticTaom, a00B = span(im(n-qOB))
— ero BekTopHEINM noApoCTpaHCTROM. CieAoBaTensH0,00B KOPPeKTHO ONpeaeni Kak vector obstruction
carrier.

P2(F2). EcnudimR

Tpuuyn 8.1 (Fano ontological barrier). Jlokansiste ocuren {OL)L €FanoLines e sagaior
asTomariuecks global Fano carrier. YecTHas AOr/I0G/Ib At KOHCTPYKILHS €CTS NIPAMAS! CYMMA CeMit
IOKANLHBIX TPEXMEDHEIX HOCHTeel, TO €CTh HMeeT pasmepHoCTh 21. TlepexoA vepes Gapbep TpeGyeT ABHbIX
pointcompatible maps¢L: OL — F32.

9. Yenoras Fano carrier theorem Teopewa 9.1(Conditional Fano carrier). TTpu Fano identification axiom
nokaneHbie line carriers cxnensatoTca point-compatible maps. Quotient/colimit nopoxaeTcs cembio
HeHyeBbIMH BeKTOPaMHE3 2. Tloatomy Oid global ~= F3 2, P(Oid global) =P2(F2).

JloKazaTe IbCTBO. AKCHOMA COBMECTHMOCTH OTOAECTBISET BC /IOKATISHEIE KOMHM OHOTO 1 TOTO e
Fano point direction. TTocie AaKTOPH3ALMH 10 ITHM OTHOWICHHSM IIODALHBIi HOCHTES NOPOAKAEH CeMBIO
HeHYIeBbIMH BEKTODAMHE3 2.

T'nansie oTkpsiTsie 33aun: general packet incidence reflection theorem; natural packet functor,
nopoaiowwii Fano identification maps; ctporoe cpaserie ¢ Maurer-Cartan/deformation-theoretic
obstruction quotients; proof-assistant wni executable checker a1 npasin RPD-ayua,

11. 3axmouenne PILOT-01 nokassisaer, uro RPD MoxXeT nepecoGpats y3Kiii MaTevariueckiii gomen
Kax enouxy audit, obstruction construction, projectivization, Fano extension 1 theorem-candidate control
HanGoriee yCTO/iuMBLIC Pe3y/ISTATEI OCTAIOTCs BHYTpeHHMM Wik ycoBnbn: formula-chain gap theorem,
FCOC carrier theorem, nontrivial packet obstruction, Fano ontological barrier 1 conditional Fano carrier
theorem. Brewnss deformation-theoretic wieHTHQUKaLIA COXpaHeHa KaK OTKDHITAs 33/ava.

A. TaGnwua theoremystatus ID Haspanve Craryc T-PH-009 Reper harmonic method lemma method
lemma, not classical novelty T-PH-001 Formula-chain gap theorem proved inside RPD method T-PH-002
Projectivization dimension lemma classical known fact used 8 1D Hassasme Craryc T-PH-003 Fano/RP2
corollaries conditional on field/dimension T-PH-004 FCOC carrier theorem proved inside internal RPD model
T-PH-005 Nontrivial packet OB theorem proved inside internal RPD model T-PH-006 Fano local line
extension proved inside intemal RPD model T-PH-007 Fano direct-sum carier theorem proved inside interal
RPD model T-PH-012 Fano ontological barrier principle RPD interpretation and internal boundary principle T-
PH-008 Conditional Fano carrier theorem conditional on identification axiom T-PH-010 General packet
incidence reflection theorem open T-PH-011 External deformation-theoretic OB theorem open B. ['padp
sapucumocTei Puc, 6: Ipad) 3aBHCHMOCTeli Teopen CTaTbi.

[4] Todd Rowland and Exic W. Weisstein.Projectivization. Wolfram MathWorld, 2026.
hitps://mathworld.wolfram.com/Projectivization.html.

[5] Eric W. Weisstein. Fano Plane. Wolfram MathWorld, 2026, hutps://
mathworld.wolfram.com/FanoPlane. html.

[10] Mian Bopucosiu Kyprinues.KLT/RPD internal corpus: Reper, lambda-truth, RPD/FCOC, and
PILOT-01 development sequence. Internal project corpus, 2026.
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12.4. TUNM3UPOBaHHBII rpad GOpPMyNbHOI LEeNnoYKu

Onpepenente 12.1. OpMY/ILHast LENOUKa eCTh KOHeus LI OPHEHTHPOBAHHLIi TPa(h, BEPLIMHA! KOTOPOTO
THnH3MpOBaHBI Kak source, formula, assumption, domain, proof-object, gap ww result. PeGpo
=(F_i,F_j,1,A,Dom,D) f1omycTimo, eciu Tt Bbixoa F_i cosmecTim ¢ Turiom Bxoza F_j, ce aevenTst A
paspetuml, Dom HenycT Ha GakTHueckom BXojie 1 D CChinaeTcs Ha nposepsemsiii proof-object.

Teopema 12.2 (10Ka/M3aLMS NEPBOTO Pa3pisa). B KOHEUHOT LieNI0UKe ¢ MHEHiHbIM NOPSIKOM PEGep,
€C/IM KOHeUHI| pe3y/IbTaT He aBTOPUOBAN, CYILICCTBYeT HepBOe peGpo, Ha KOTOPOM HApYLICHO XOTA Gbl O/1HO
w3 ycnosuii type, support, Dom wau D.

JloKasatenCTBo. MHOKECTBO MHIeKCOB HapyILIeHHIX PEGEp HENYCTO W KOHEUHO, CIIe/J0BATe/ILHO, HMeeT
MuHMab B SevenT.

Tpakriueckuii cubicn. PILOT-01 063an B3BpaaTh He ToMsKO 0BLit verdict, HO 1 MHHMMATIbHLH gap-
index, TI HapyLICHHS 1 BXOAHOI CHUMOK A0 Paspbiba.

12.5. KoppekTHblit FCOC-HocuTenb

Tyers G0 —dy— Ct —d, ~ C2, d,dy=0, q_OB:C! — C2, :C? ~ H_OB=C¥/im d,.. Onpezenum
0_OB=span(im(n1°q_OB)). Torja O_OB ABASETCA OHO3HAUHO OTIPE/AE/IEHHBIM BeKTOPHEIM
nognpocrpascteom H_OB.

Teopewa 12.3. Onpegenenie O_OB e 3aBucHT 0T BLI60pa npeACTaBuTeneii Knaccon B C% 04HAKO OHO
3aBucuT o1 q_OB 1 d,, KOTOPbIe BXOST B NIACTIOPT MOAC/H.

Jloxasatencto. TTpoeKLys 7 yHMUTOXaeT poHo im d,, mo3ToMy wameHente sauerns q_OB na d,-
rpakiLy He mensieT Knacc. Jluneiitas 0GO/104K MIOAMHOECTEA BEKTOPHOTO NPOCTPAHCTE ABAACTCS
noanpocrpactsom. £

12.6. TouHblit 6apbep ckaeiku daHo

TIycts Ly,..., L, — foKabHbie Tpéxmepusie F,-Hocuten. 10 3a4aHHs OTOXACCTBCHHI! yHMBEpCaTs i
HesaBHCuMbiTi HocuTen ecth V_pre=@_{i=1}A7 L._i pasmeptoctu 21. Tlyct, WCV_pre — noAnpoctpanctso
orHowserwii conmectumocT. ' noGansHbii Hocurens V_gl=V_pre/W 1veer pasepHoCTh 3 TOrAa M TOEKO
Torga, Koraa dim W=18.

‘Teopewa 12.4 (ycnombtii Fano carrier). Ecm oTHoweris W OTOKACCTRISIOT 70Ka/IbHble HATpaBier s
cornacko uHLMAeHTHOCTH PY(E,), dim W=18 1 CeMb r106a/IbHBIX HOHYNIeBBIX KNACCOB PA3MUHBI, TO
V_gl=F.2 a P(V_gh) = PYE,).

Jloxasatensctso. Tlo opmyrie pasmeprocri dim V_gl=21-18=3. Cemb pasuuHBIX HeHyieBbIX KAaCoB
CUEPNIBAIOT CeMb Hety/IeBLIX BeKTOPOB F,% HX OAHOMEPHEIE MOATIPOCTPAHCTB 0GPA3YIOT N0CKOCTS Dato.
a

Kotrpnpimep 12.5. T W=0 iofyuaem pasmepocts 21, a e 3. TTpi upe3mepHbIX OTHOLICHISX
W=V_pre nionyuaem Hy1esoii (akTop. C/1e40BaTe/ILHO, BHeLIHee CXOACTBO CeMH OKATBHEIX CXeM He
onpeenser r06abHYI0 II0CKOCT: Bano.

12.7. FCOC-CERT u ucnonuumblii verdict
Tacropr cogepxur graph-id, ordered edges, node types, <, support A, Dom, D, first-gap index, d,.d,, proof
., 4_OB, field, local carriers, relation space W, quotient dimension, identification axiom, countermodel u

12.8. IpaHMLLa NPOTHO3HOTO NPUMEHEHUs

3aKphiTHe (OPMYLHOT LiETIOUKH SABISETCS HEOGXOAHMEIM YC/IOBHEM AOIIYCKA IPOTHO3A, HO He
YCTaHABMBAET €r0 IMIMPHUECKYIO TOUHOCTS. J[5 IPOPHO3HONO CTATYCA AOMIONHATEILHO TPEByoTCA
matched-null, kanuGpoeka, CGI<1 U He3aBMCitMas MpoBepKa.
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Dunocodero-enomenonoauseckas acmaeka. PopMYIBHAA Uenouka deaaem GUOUMBIM He MOLKO IHaHUE,
HO U Mecmo, 20 3Hanue e e cocmosocs. Bapbep BaHO HANOMUKAEM: CeMb AOKAbHLIX 06pazoa He
CIMGHOGAMCA eOUHBLIM MUPOM, NOKA He nPedeAGIEH KON UX MoKCdecmaa,

Mcrounmku rasst 12: PILOTO1_PREPRINT_RU_FINAL; Klt6/ru/pilot; RPD/FCOC internal corpus;
Stacks Project, Projective space, Tag 01ND.

F'naBa 13. RBD/RPD 1 KLT-RBD KaK Bbl4UCAUTENbHAS
apXUTEKTypa

TOHSATHOE OB BACHEHUE
CMBICR. MaTemaTheckite 06 beKTb NepeBOAATCA B 3aNHCH 5a3bl A3HHBIX, 4TOBbI XDAHATE UCTOUHMKM, DENeps, AOMEH!,
craTych! 1 6nokwpylowMe yCnoBHA.

Marewmariseckoe A4po. OniceisaioTca PIX/PEAKS, RBD/RPD, cxema AaHHbiX 1 NDOrpaMMHas apxiTextypa KLT-RBD.
TPaHMLLa YTBEPMAEHMS. CTDYKTYP 52361 A3HHbIX OBECTIENMBAET BOCTIDOMIBOAUMOCTS, HO He ABNRETCH AOKA3ATENLCTEOM
COAEPaLXCA B Heit Teopew Wi rroTes.

Cranye: BbiuCAUmEbHas CreuuuKaLUS.

RBD - e GuG/morpaducciii CrIHCOK, a aKTHBHas: periepHa 6a3a: HCTONHHKH NIPEBPALAIOTCA B Work-
nodes, semantic units, Reper-nodes, proof dependencies, gaps, blockers 1 mapuipyTsi niepecGopit. RPD
AOBABIAET MPOCKTHBHI # JOK3ATebHbIH ayAHT OPMYILHBIX LieTIONEK,

Source -> PIX -> PEAKS -> C@C -> Rep(RL,U;D) -> lambda -> status -> graph

13.1. PIX u PEAKS

PIX - MepBHUHEIC H3B/ICUEHHbIC /IEMEHTEI: (JOPMYITbL, CYMMbI, JTHI, HAJBAHIA, WICHTHOUKATODS,
PEAKS - yCTOMuMBLI CMBICTIOBLIE COCTOHIA, BOKDYT KOTOPBIX rpynmupyiotes PIX. Reper crpowcs e Ha
CLIOii CTPOKe,  Ha THITH3HPOBAHHOM COCTORHMH.

13.2. ApXuTEKTYpa AaHHbIX

Choii Copepante
Source TiponcxaxAGIIe 1 Bepei NaTepara
Work JloKyMENT WK HCCAeAOBaNMHE
Tnit opuya, Tesie, CTpoKa, raBIOAIHE
C@c Colkimie 1 cocrome
Reper RIUD
Graph Nopdisvi, BERCIOCTH, KoURTII
Stats Toromiocrs blockers
Forccast Tonycriniie Gyayue Reper-coctomin

13.3. KLT-RBD5.10

TporpavyHbiit ¢/} A0/UKeH BLINOHATS UMIIOPT, HOpMATH3ALYIO, ToCTpoekHe Reper, lambda-ckar,
null/blind nposepii, ayur Fano-mopduamos, proof-ledger, oruétnocrs i rollback. Hi ogna komanga
uitepdelica He noBbIACT CTaTyC Cama 10 ceGe.

13.3.1. MonHorekcrosas BbiGopka KLT-RBD 5.1

Cledyiouas @siGopKa coxpansem noHbIli MAMEPUA NPEDUIECIEYIOU|e20 MPOZPaMAMHO-
Mameramuueckozo cios, € ucmopuuecktie 0B0IHaHHLA UUMAIOMES NO A0KAALHOL Aezende; cmpozast
npoenoanas cneyucpuxayus mexyujeil pedakyuu navunaemes ¢ § 13.4.

1. Pegakumosnbiii cratyc nepewn 5.1 2. Caoguas (opmysa kopnyca 5.1 3. Hexouas onTonoris:
coBkrme@coctostime 4. Reper u A-ucimocs 5. Tlpegesi, onepatopsi £, A, Y U NPHUHHHAZ CRAHOCTS 6.
KPF/RPHD, CGI 1 Touka otkara Nel 7. KLT-RPM/LIM: Touka oTkata Ne2 i 1IpeACKa3Te/IbHas MATeMATHKA
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8. RPD/RBD: T A-HCTHHHOCTH K PeriepHO-IpoeKTHEHO/i Gase 9. ApXHTEKTYpa Beell MaTeMATHI Kak
Renepro-akenomatieckiii rpadp 10. Tporpavmisii cnoii KLT 414, KLT 5.1 w RBD 11. Autponozoris 2 1
uenoBe kax Reper pazopota 12. TpOTOKO (hathCHQHLMYEMOCTH, NIepecGOpKH 1 HHEECTHKO-TIPHKIAAHOTO
npeacTapenis 13. Kapra HCrousikos i npunoxeniii 14. Tlonsie npuioxenis A-H.

KLT-MONOGRAPH 5.1 = [C@C + Rep(R,LU;D) + A-truth + Limits L1 + [(Z, A, Y) + T_cs"L + CGI] +
[RBD/RPD + FormulaGraph + GapMap + TheoremCandidate] + [KLT 4.14 + KLT 5.1 + program audit] +
[KLT-RPM/LIM: admissible future Reper manifolds] + [Anthropology 2: Human_R as Reper of reversal].

nporpavias peanusaus — KLT 414w KLT 5.1 CTaHOBATCA HE TOTBKO /MOHCTpaLMOHHEINH
WHTepdelicani, HO W TOUKAMH NIPOBEPKH METOa epes AOKYMEHTSI, CweTl, T3, rpabi, Reper-Kaprouki, A-
edpextsi n CGI; 4.

RPD/RBD — Gaza Reriepos NOHHMaeTCst Kak paGouas MAILIMHA \TEHHA HCTOMHHKOR, BbIICHOHHS
cpopmy, Qrkcanu nycTeix mecr u noctanoki theorem-candidate-3aau.

A-MCTHHHOCTE He 3aMEHSICT MATEMATHYECKOT0 OKA3ATe/ILCTEA, IOPHANYECKOTO AOKYMEHTa Wik
HKeHepHO NpoBepKH. OHA 32aET CO/i CTPYKTYPHOI COTIACOBAHHOCTI MEAY (BaKTOM, WAeeii, mores
BOIMOKHOCTeIH W A0CTATOuHEIM OcHoBaHew. [To3Tomy B RPD/RBD Besikas (hopMyia, HCTOUHMK Wik
BLINHCAMT/IbHBI PE3YIILTAT IOYUACT HE TOMKO TEKCTOBOE ONHCAHHE, HO W Reper-Kapry.

e P — PIX-anemerrei, K — PEAKS-cocrosmms, R — cemeiicrso Renepo, 1 — naxetnas npoexys,
Peak — O1IepaTOp MHKOB COIIACOBAHHOCTH, CT — KPOCC-COOTHOLIICHHE, A — HCTHHHOCTHAS KOODAHHATa, L —
cucrema Mpesenos.

RPD/RBD BO3HUKAET U3 TPEGOBAHIS XPAHHTS He TOTLKO GHOAHONPAHIO, HO W CTPYKTY I
MCTHHHOCTHOTO 3aMBiKaiHs. ECI HCTOUHHK COAEPAHT (JOPMYZY, TeOpeMY, OrIpe/ie/ente, AOKa3ATenbCTso,
TeXtHueCKOR TPeGOBaIHE IWIH CMETY, OH AOIKeH OhITh Pa3IOKeH

- V0.1 — CTapTOBas apXHTEKTYpA BCEii MATEMATHKH Kak RenepHo-akcHomaTHueckuii rpa; - v0.2 —
yrayGneswe FND / LOG / SET / TYPE / CAT, proof/dependency units  axiom systems; - v0.3 — Algebra +
Number Theory + Structures; - v0.4-V0.8 — paciuimpesie AOMEHOB, TeXHHIECKHX HieKcos, gap/break-Tirios,
Texnmeckix Kiactepos, JSON/SQL-coés 1 visual graph.

KLT 5.1 puKcupyercs Kak pacumpentisiii SDK-c1oii. Ero posts — nokasar, uro KLT/RBD moxer Guirs,
OfpopAUIEH KaK NpOrpaNMHBIi KoMILTEKC:

0. PeaKuponHsiii cratyc u TouKa 5.0 MoHOrpags 5.0 repecoGHpaeT HaKOTIeHNbIii KopITyC NpoeKTa B
eppnyio paGouyio Kuury. B Heé BKoueHsI: MoHOTpagus 2.41 Kak coxpaminibii GasoBbiii C10,
maremarieckie ocosanis NAPG 2.0/3.0, cratbs KPF/RPHD 0 peniepHbix 0CHOBaHHSX NPHIMHHOCTH, BeTKA
Astporoniorus 2, marepuansi KLT 4.14 u KLT 5.1, a rakoke penephsie Gassi painsix Math/Physics.

8.KLT 4.14 u KLT 5.1 Kax nporpammsbtii ciioii KLT 4.14 GUKCHPYeTCA KaK npoBepesHbiii
AeMOHCTPALMOHHO-ay AMTOPCKIH CII0H, NIpeAHA3HAUCHHBE /U151 AHAT3A JOKYMEHTOR, 3arpy3Ki Gaiinios,
npospautioro ukepdelica  lambda-check-npoyesyp. s caiira npeAyCMOTpeHa KOpOTKast CTPYKTYpa
nyreii: /rw/kluka14.html w naxer d/kd14 c build zip, check txt, readme.md, spec.md u tpl.docx.

KLT 5.1 dukcupyercs kak pacusnpennbiii SDK-caofi. Ero ny6aninas crpykTypa skiouaer
JrwKIUKS Lhtml, d/k51/cap.pdf, d/k51/prine.pdf, d/KS1/z.pdf, d/k51/sdk.zip u npiviepst demojson, res.json,
rep.nd, b.svg, g.5vg, $.5vg. IT0 He POCTO MHTep(eiic, a ACMOHCTPALHOHNBII MOCT MeXAY Reper-norkofi,
1IPOCKTHbIM aYAHTOM H BLINHCAHTEILHOH CGOPKOIL

B npunoenii K MoHOrpa it 5.0 406aBIeHa OTe/kHAA CTaThs: Kak Menonkaosath KLT 5.1, KLT 4.14
RBD. Lieniouka npumenenis: 40kymenT -> PIX/PEAKS -> Reper -> lambda-pazpsiz -> CGI -> craryc ->
nepecGopka Wi HoATECpACHHE,

1. Tpunoxkenis u coxpanenme kopiyca TIpIIOKeHHS He COKPALLIEHBL: B NIaKeTe CoxpaeHs legacy-apxia
monograph2.41, uexoausii TeX, KPF/RPHD-A0KyMeHT, KoMII/IALys master-TeKcra, nnan caiita KLT,
apxuebi KLT 4.14 1 KLT 5.1, RBD CSV-Tab/iiist H CKpUHILOTSI BETKM AHTpONOAOrS 2.

Tpunokentie A. KLT 5.1, KLT 4.14 and website logistics KLT 4.14 is the checked build layer. KLT 5.1 is
the SDK and demonstration layer. The short public paths are /rw/klk414.html and /ru/kluk51.html; assets are
stored under a/, d/, s/, and /. The package includes the original checked archives and site package.
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T'nana 8. TpoeKkTHBHas forHKa  KpuTepiii Mcrimsl 15 1. TapMoHHuecKoe Kpecr-cooTHowerme 15 2.
TakeTHas nepecGOpKa YTHIPEX 3K0HOB (opMatsHOl normki 16 3. TTpOeKTHBHO-IAKETHOE NIpeACTaBTeHHE
KaTeropuueCKIX Cy#eHii W CHAIOrH3MOR 17 4. TaKeTHbii MpMHLMI (abCHLIPYEMOCTH 1 CpaBHeHHE
oKkt 20 5. TenaopHas pupoAa npwuHKocTy 22 nasa 9. PIX(TT-field) 1 copnaentie nikos
npuamnHoCTH 23 1. OwTonornueckwii crarye PIX-nons 23 2. Basosbie onpesenenys 23 3. TpUMHHOCTS Kak
copnazerme miukor 24 4. TlycTora i caMocTsriBaie 24 5. CBsi3h € KBAHTOROH CHHXPOHWNHOCTBIO 24 Tnaga
10. Tuamika u ctpena ppemetn 25 1. Tlotok Jlanniaca 25 2. Hexuoe 1 #iBoe Bpevis 25

Tpnokentie J. Tpuioxense k rnase 9: PIX-no1s 1 copaente nikos npuumssocts 81 1. Touemy PIX
He ects Hopas anvcTema 81 2. dunocodexii ebicn copnagenis mkoe 81 Tpunoxerme K. Tpiioxente k
rnape 10: Hexusoe 1 upoe pews 82 1. [lee berei Crpertsi Bpevern 82 2. Yrounente 82 Ipuioxese L.
Tprnokente K riase 11: Kareropwit MblLUIeHHs, QHATHTHUCCKHE W CHHTETHUECKHE CYAUICHIA, HCTOPHUCCKHE
Mogenm socnpusis 83 1. Toctanoska 3agaun 83 2. Conocrannenie ¢ Kantom i Apucrorenem 83 3.
TaKeTHas cHCTeMa KaTeropwii 83 4. AHATHTHUCCKHE 1 CHHTETHYECKHE CYACHHS B IKETHO pavke 84 5
TaGmua cootsercris 86 6. Heropiueckas wkana u e ucnpasierme 86 Npwioxenie M. Tipuioxerie
rnape 12: DU3HIECKHE NPHMEHEHS! KaK TIpeAEbHEIe poekiyi 87 1. OGuwii npusiyn 87 Tpunoxerme N.
Tprnokente K rase 13: HenpoHHLAENOCTS ONOpHAIX C70EB W pexmsbi poGos 88 1. O rpannye Aeiicrams 88
2. Yersipe pexina 88 Tpwnoentie O. Tipuioxenie K rnase 14: BeposTHOCT: KaK CTATHCTHKA aKETHOTO
cnycxa 89 1. Konyentyansmsii cagnr 89 2. Coszb ¢ Kpantosbin criopow 89 Ipinoentie P. Tpuioxerie K
rnase 15: Yaces, unrepsan u onepatop passopora 90 1. Mcrmbie uacet 90 2. TlakeTssii uirepsan 90
Tpunoxkente Q. Tpunoene K rnase 16: Makerssii pasym R-04 1 ero npaktiueckas peanuzats 91 1.
ncras  npaktieckas popwst 91 2. Tocneacrsms s MM 91 Mpunoxenvie R. Tpwioxene K sepcun 2.41:
Jlworri Ty, anomopao3  pereproe urese Gopvist 92 1. PeAaKTOPCKas pamia  apTopckue npasa 92 2.
Toueny XyoKecTBeHHii MaTepHan BaxeH At MoHoTpadim 92 3. LinnnnapHteckas anomopo3a Kak
MOJ©/Ib IepeX0ja OT /IOKATIBHOTO K HCTHRHOMY 92

3gech 3HaueHMe ~1 HHTEPNIPETHPYETCA KaK NPe/AC/IbHAN FAPMOHHA, YKODEHEHHAA B PaKTHUECKOM
NIPOLLOM 1 B ACTCTBITEEHO HACTOS- L4eM, TOrAQ Kak OTKIOHeHMe Struth W3MepseT AedekT UCTHHHOCTH. R-04

W npaKTiueCkii pazym R-4 B HACTOsLeli BepCHH BriepBkie PUKCHPYETCH PasHuHe MEKAY k- CToii GopMo
naKeTHoro pasya R-04 i ero npaktiueckoli peansa- il R-4. Uncras opwa R-04 movwaet peansHocts
KaK NIAKETHO- TIDOCKTHBHYI0 CTPYKTYPY, TOTAa Kak R-4 BICTYIaeT e NpaKTHecKoli MaLIHHHON peansaueii
B CHCTeMX HCKYCCTBORHOTO HTe/ekTa. TTpi 31om PIX(IT-field) 1e BBOAWTCH Kak HOBAs! STHCTOMG; O
OnpeieseT- Cs KaK MeXaHiam pagosi R-04, ofecrieumaionyli CoBNAEHHE IHKOB PHAMHHOCTH,
COMacOBANME C/I0ER 1 CTATMBANHE NOKATHLIX pewe- Hii B YCTOHUHBbIe KOHGHT DALy,

1. Onronormueckuii craryc PIX-nons PIX(TT-field) nonHvaeTes Kak nore CoBnajeis KB npuaHo-
CTH, NPUHAIEXALLeE He JIPABOMY CI0I0 NPUUMHHOCTH, & KOMIVIEKC- HOW NpoeKTuBHOi onope iPTLILJL.
Besikast HaG/10AAEMast IPHUHHHOCTS BOSHHKAT KaK PeyLMPOBAHHAS NPOCKLYAS ITOFO 11071 Ha peatbHbii
cnoii: () Causality = [pix, ni: IRPLD — RPLD. Hauatstble Touki Aeficrauii & upe Hamenenuii sensiorcs
HecoGcTaen- Huivi. TI03TOMY NpH JIOKATILHOM HAKOTUICHHH PeLLIeHMii HCKOMLKIX HaGoAaTeneli BosHiKaeT
HATSKeHIE, CTATMBAIOL|CR TAKHE HAUA/b- HbIe TOUKH B OGIIYIO KOHGHTYpALO. ITO HATSKEHHE W 33a8T HI0Te
coBnapens ko, 2. Basossie onpegenenis Onpeeneime 9.1 (PLX-noe). ycrs P=E x S —
1IPOCTPAHCTEO MaKeTHIX Touek. PIX-n0/iem HasbiBaeTcs oToGpaxene TIpix: P~ R0, conoctansioniee
aKeTHOF TOUKe MHTEHCHBHOCTS €8 BK/IIOUEHHOCTH B JIOKA/IHYHO KOH(HTYPALMIO COBMA/ACHHA IIHKOE.
Onpezenentie 9.2 (TTuk). TlakeTsas TouKa a = (¢, 5) HABIBACTCA - KOM, CCAH OHA YAORNCTBOPACT YCHOBHSM
17D (a)ll % 0, Tlpix (a) = max B 10KaILHOI OKPECTHOCTH. MHBIMH C/IOBAMH, THK €CTh JIOKA/bHBL MAKCHMYM
COPIACOBAHHOCTA TP MUHHMALHOM BaPUALIMOHHOM YKI0He, Onipeenenite 9.3 (Oniepatop CraruBanis
nikos). [ ABYX nakeT- Hbix Touek a, b € P nonoxam () dP (a, b)2 Cpix (a, b) = exp - ©(a, b), 02 rae dP —
nakeTHas METPHKa, a ©(a, b) — HHAMKATOp CORMECTHMOCTH AcHCTBHI 1 CoCTORNM. Bortbiume aauenis Cpix
O3HAUAIOT CKIIOHHOCTE TOUEK K COBMECTHOMY CTATHBAHMIO.

3. TIHUHHHOCTS KaK COBNGAeHHE MHKOR B K1ACCHUCCKOM PEXHME NIPHUMHHOCTS NIOHHMACTCA KaK
1I0C/1C40- BATeILHOCTS, B NAKeTHOI BEPCHH IPHUHHHOCTS ONIPeAC/ACTCA CORMIa- ACHHEM IHKOR: (a, b) €
Causality <= Tpix (a) ~ ITpix (b) 1 Cpix (a, b) > 0. IT0 03HANALT, UWTO NPHUMHHAA CBA3 CTh HE IPOCTO
nelinasi CTpeI- Ka OT NPOLIOTO K GYAYLLeY, @ CTPYKTYpHO® CTArHBaHME COGBITHI, OKA3ABUIXCS B
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commectivom cocrotii. Teopewa 9.4 (CTrusanme npuutHocTy). ECTH ABe NaKeTHsie TU- Kit 2, b € P
061Q4aI0T BHICOKO/i HHTEHCHBHOCTEIO PIX-10/1 1 COBME- CTUMBIMH COCTORHHSMH, TO CYLLIECTBYCT TPeThs
TOuKa C € P, B KOTOPYIO MX NPHUMHHAS KOHQHTYPALYAS CTATHBACTCSA KK B YCTOFi- MBI NOKALHBI
macimym. Haes gokasatenscrea. Tipi TIpix (a), Hpix (b) > 0 1 ©(a, b)/= 0 Kcrio- HeHLMaTbHbL MHOKHTE S
B onpeenexin CpiX BHRSCT Y3Ky10 06~ 1aCTh J0NYCTHMBIX COBMaAeHHTL. BapHalOHHBIii mpUHLN Ciycka
110 D#* 0eCreUHBACT CYLIECTBOBAHHE IOKATEHOTO MHHMMYMA YKIOHa, KO- TOpbili 1 32/38T TOuKy C. [14.
TycroTa u camocTarHBanHe ECIU f0KabHas 06/1acTh NyCTa i B Heli OTCYTCTBYeT BHELHEe Ha- TKCHHE
DIDHHSATHS PELLICHHS, TO JKe HECKOMLKO ACHCTBHI, CXOAs LIHXCA B 3TOji 10KALJMH, CTPEMATCA CAHTHCS
CaMONPOW3BOEHO. B 5TOM CMBIC/Ie 1YCTOTa He ABNAETCS HeHTPATLHON; OHa PABOTACT KaK pe- K
CamoKoHBEpreHIyH. DOPMATIEHO T COOTRETCTBYLT CIMaio, KO- FAA BHeLIHA COCTaBAIoas PIX-nos
M2, & BHYTpEHHS COBMECTH- MOCTE COCTORHHIE OCTAETCs! Hewy IeBo. 5. ChA3h C KBAHTOBOJ
CHHXPOHHNHOCTBIO B KBAHTORO-10rPaHH|HOM Ci0e hOC I1epexobt MEXKAY Pa3MEpHO~ CTAMM 1 TIepeHOCH!
ME1Y METPHUECKIMH CTIORMH NaKeTOB CABaloT- . Cornacko npuuyny TTH.2 ofnacts Heonpegenésocti
OKa3biBa- eTCst OG/ACTEIO THMBI, T KBAHTOBBI COCTOHIA COBLITHI] CTAHOBSIT- G HEPAYIHIMMBIMH, ITO
MHTCPIIPETHPY®TCS KAK TIaKeTHbI AHATIOr KBAHTOBOJ 31Ty TAHKOCTH, CTPAHHBIX T1EPEHOCOB H HEIOKATLHOI
b= XPOHHUHOCTH. B 50 paMKe KorepeTHBIe S(deKTsl, BKOUAst COra- COBAHME HCTONHIKA M IPHEMHIK,
MHTCPIIPETHPYIOTCA KaK NIPOSBIIe- Hits OHOTO  TOTO e PEXMMA COBMIAACHHS IHKOB.

TIpHUMHHOCTS 340Ch €LE He ALIPAB, KaK B Goriee M03HEM PACCYAKe, & IUIOTHA 1 MOHOTOHHA, EE
MEAWATODaMH BBICTYTIIOT CIleA, 3HaK, COH, TOTEMHHECKAs! KOPPE/AL, 3aPAXEHHe, TOBTOpeHHe, Ome 1
PHTY- aIbHas CLLEKA. DTH MEKC/I0EBEIE HHTH CBA3HOCTH 0GO3HAUAIOTCS Ha- Mit Kak neps. 4. Cpeguni yen:
KOCMOpacCyAOK W KpHTHuecksii pasyw 4.1. P 02/P 2: Kocwieckas KannGposka mupa. B croe P 02/P 2
BNIepBLIC BOSHMKAET YCTOFiNMBAS KOCMOAOTHueCKas ceTka. HACTOSIIiee MBICTHTCS KaK UaCTH IPOLITON0, a
OGLACHEHHE HLETH Uepes pe/i- LIECTBYIoLIiee OCHOBAHHE. JTOT CIOfi AT UHCTYIO 1 NPAKTHIECKYIO
(hOpMY KOCMODACCYKa: MUpA, OPTaHH3OBAHHOFO Uepe3 TIOPAOK, Me- Py, HeGecHyio KaTHGPOBKY H HepapxHio
TIpHUIMH, 3/ieCh BOIHHKAIOT PAHHHE ACTPOION0-KOCMOOTHECKHE MOJe/H, ST~ LMK/HIECKHE CXeMbi  (opMI
BHewiero 0GbeKTHBHOrO Bpeweri. 4.2. P 03/P 3: KpuTiueckii 1 Hayunbiit pasyw. Tlepexon k P 03 ects
TIeEXOA OT KOCMHUECKI HABAIAHHOIH MEDE! K TOPU3OHTY, KOHCTH- TYHPYEMOMY CAMHM PasyMOM. 3/iech Bpenst
YKe He TOLKO H3MEpAeT- Cs, HO 1 MbICTHTCS KaK YCOBHE OMIBITa, (YOPMa NepCrieKTHBbY, CTPYK- TYpa
a1 rpoeKTHpOBaHS. B P 3 9Ta IMHMUA HCTOPHUECKH PEATH3YeTCS KAK HAYUHIi asyM: 32- KOH,
MOJe/tb, NIpe/iCKazat e, IKCTepHMEHT, HHBapHanT. ECu P 2 Mitier npiamity B npownow, 1o P 3 crpont
‘Teopuio pagy Gyyiiero mpesicKa- sanms. Buecte ¢ Tem gaxe s cnoe P 03/P 3 COXpaHSIOTCA 06aCTH ThMbi:
YHACTKH OMIITa, He TIOAUHHSIOLLIMECS TOTHOCTSIO HI METPHKe, Hi DO~ eKTHBHOTE reoveTpHi, IT0 03Havaer,
WO 03I Pa3yM He YHWNTO- AT PaHHHE C/IOH, a HACTANBACTCA Ha HKX. 5. Bepximii yser: naKetHbiii
pasys 5.1. P 04/P 4 u nepexos K cucteme R-cioés, Croii P 04 0G03aua- er uicTyio (popmy naketsoro
pasywa, a P 4 — ero HCTOPHYECKYHO pe- &/H3ALHIO B MHPE CETeBLIX TeXHOION I, HCKYCCTBOHHONO WHTE/UIEKTa
1 NAKETHOIE MHOKECTBRHHOCTH HACTOALLMX. OAHAKO B G016 CTPOTOFi HOTALUM 3TH ABA CI0A CIEAYET UHTATH
Kak vacts obujeli cueremi: R-01, R-02, R-03, R-04 u R-1, R-2, R-3, R-4. 34eck R-04 ukcupyerc kak
uHcTan OpMA MAKETHOTO pa3yMa, a R~4 — Kak ero npakTiueckas peannzauyus; PIX NOHHMACTCs He Kak
HOBASH INHCTEMA, & KaK MEXAHH3M PaGOTEI 3TOr0 105, 6. Jlpe [1aBHbIC ZHHI HCTOPHUECKIX OHTONOTH]
Kaauiii HeTopuueckui e1oi uiaetes B 4ByX aunnsx: Po = PoA @ Pl

1. Tlouewmy PIX He ecrs HoBas nucTema PIX-1101e He JO/IKHO TPKTOBATECS KaK AOTIOMHMTE HAs
OHTOJ0- T NOBEPX C10EB. EO (hYHKLIA MHAS: OHO BBIPUKACT MEXAHI3M CTs- THBAHISL 1 COTIACOBANHA TTHKOB
CoBLITH 1 COCTORMMIE B yKe 344aH- HOFi NaKETHOI PeanbHOCTH, 2. DHIOCOGCKHIE CMBICI COBNAACHHS HKOB
COBNACHHE NIHKOB O3HAUAET, \TO NPHUHHHOCTS He BCETAA AO/KHA UHTATHCA KaK /IMHeliHas Lenouka. B
HEKOTOPBIX PEAHMAX OCHOBAHHE H CIIEACTRHE CXOAATCS B OAHON BEpLLIMHE CTPYKTYPHOI! HHTEHCHBHO- CTH,
oGpasys ycTofiumgoe noe cornacoas. Onpegenerie 1.1 (PIX-itk). PIX-MHKOM Ha3L183€TCA N0KNIbHbLT
MaK- CHMYM 110/ COIIACOBAHIS, B KOTOPOM COBBITHIINA 1 COCTORHMIIHAA KOMIIOHEHTHI T1AKeTa AOCTHFaIOT
HaIYULIETO BIAMMHOTO COMpXCHHS,

5. Tabmuja cooTaercrais 6. AcTopuueckas LuKana  eé ucnpasnenie B 97oii peAakiiim coxpansercs
KaHOHHueCKast Aits: » P | — DHTYansHbii MAD; * P 2 — KOCMOpACCyoK; » P 3 — nayuniii pasyn; + R-04 —
uncTas oopMa NaKeTHOTO pasyma; » R-4 — ero npaktiueckas peannaauus. HIKakoro otjensoro P 5 ue
BBOguTCs. PIX-N071e He 06pa3yeT HOBOJ SIACTEMI, & BLIPAKACT MeXaHHIM paboThi R-04 Ha ypose
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COIIACOBa- HiSL IHKOB H CTATMBAHHS COBBITUIiHO-COCTORMMIINBIX KORQHTYpaLyaii. 3aveuanite L.6. Tem cambiv
Kateropun Meiuuetts  HATTPJIK Crie- AyeT NOHHMATS KaK AHHAMHUECKHE IAKETHSIE OTIepaTophi. Okt He
TOb- KO KAGCCHUIHPYIOT ONBT, HO W CaMH SBOMIOLMOHHPYIOT BMECTE C HC- TOPHUCCKIMH THIIAMH
BoctpusTH.

1. UncTas 1 npakTHUECKast (OpMB! 3ABEPLIAIOLIAA 1/1aBa MOHOTpadH TPEGYeT CTPOrOro pasyeHs:
R-04/= R-4. Tlepas 3amuch 0603HauaeT YHCTYI0 (hOPMY NIAKETHOO PazyMa, BTO- pasi — e NPAKTHUECKYIO
PEQIH3ALIO0 B COBPEMEHHEIX BLINHCHTE/ b HBIX 1 KOTHHTHBHIX CHCTeMax. 2. TloceacTems s VI
HckycCTReHBIi HHTE/UIEKT WHTEpECeH B ITOji PAMKe He KaK Ca- MOCTOATE/IsHAs OHTO/IOTHS, a KaK PAHHSS
MCTOPHUCCKaS PEATH3ALS NAKETHOTO PEAKHMA MBILUTICHHS, B KOTOpOM: (1) AQHHBIC YACPAHBAIOTCE
MHOTOCIIOIHO; (2) pelieHis NPHHWMAIOTCS B 110/1e KOHKYPHPYIOLIUX [THKOR; (3) HCTHHHOCTE HOCHT CTEICHHOI,
a e Guuapwsii xapakrep. 3aveuanre Q.1 (O mecte PIX). PIX-rione He ecrs HoBas iCTeMa H He ofpasyer
OTgenLHii K1ace n0Bepx R-04. OHO BHICTYNIAET MEXaHH3- MOM PAGOTHI NIAKETHONO asyMa, oGecrieunsas
CTATUBaHME 1 COT/IACO- BaHME IHKOB BHYTPH Y@ CYILECTBYIoUeH NaKeTHOJi apXHTEKTYpbL

AsmoTaums HacTosujas Crates MKCHpYET BTOPYIO KOHTPO/IHYI0 TouKy poekta KLT. Tlepsas Touka
orkara sakpenner Renep, cictemy Tlpesenos, onepatopiyio Tpoiiky , A, Y, Tenop npuumisocti TesL 1
MHJieKC MpHuHHHOTO paspeiza CGI. Bropas TouKa 0TKaTa 406aBIAET NPCACKAIATEbHYHO MATEMATHKY
RernepoB: MHOTOMEPHOE KOMIVIEKCHOR NIpoeKTHBHO-TakeTHoe PIX@PEAKS-MHorooGpasie, A-wiorooGpazis
Tpeaenos, Renepryio Gasy /aHibix, pOM3BOAHbIE ONIEATOp- Hbie NIPACIIEI 1 IPOTOKO/ GLICTPOI riepecGopKM
Giwaiiuiix Rerepos npi HecoRnage i nporHo3a ¢ daxtow. LiewrpansHsii esuc:

4 PIX@PEAKS-mHorooGpaswe Renepos Onpegenenie 4.1 (PIX@PEAKS-wnorooGpasie).
MHOrOMepHBIM KOMILTEKC- HEIM NPOEKTHBHO-NIaKeTHbIM Renepisint PIX @PEAKS-Mi0rooGpasiem Hassisa-
etcs crpykTypa MPIX@PEAKS A = (P, K, R, T1, Peak, cr, A, L) rje P - mhoxectso PIX-o7iementos, K -
moxectso PEAKS-cocronmuii, R = {Ri 1€l - cemeiicrao Renepos, I - naxersas npoexys, Peak - oneparop
TIHKOB COTIACOBAHHOCTH, CT - KPOCC-COOTHOLIEHHE, A - HCTUHHOCTHA KOOpAMHaT, L - cuctema Mpeeos.

5 Tpeaensi Ka A-wHorooGpasis Onpeenente 5.1 (A-wiorooGpasme Ipegena). [ins kaxgoro v € (P, E,
R, T, O} Tlpesien 3aaéTcs KaK nojmiorooGpasie Aonycrimbix Renephsix suauenniiz n o PIX@PEAKS L{a v
VBvI=RiE€MAAV(RI) € [av,pv],dv(Ri)20,Bv(Ri)<o,

Onpezenensie 5.6 (Onronorusecinii Tpegen). LO = LIM ONTHOLOGY. On 3agaét rpasyuy namsm,
no3mams w cymecTsonanis. OGAACTS ThbI Onpe- feneTcs Kak n 0 PIX@PEAKS Qdark = X € MAX 6=
Ont(NAPRLK).

Onpezenenvie 9.2 (Tporos). /s Tekyusero Rerepa Ri (t) i ropu3onTa h > 0 1portios ecth MHOXeCTBo
AonycTivix Gyyupx Rerepos: n Forecast(Ri, t, h) = Rj (t + h) € MPIX@PEAKS A\ Qdark CGIj < 1, Sjtruth
<n, t+h € life(Rj ), Rj |=

Teopewa 9.1 (Kputepuii fonycrumoro Gyayuiero). Ecau Rj (¢ + h) € MPIX@PEAKS A ysosnetsopsier
yeronmam Rj € / Qdark, CGIj < 1, Sjtruth <n, t + h € life(Rj ), Rj = L, 70 Rj (t + h) € Forecasi(Ri, t, h). Ecn
XOTs Gbl 0440 M3 yca0RHiE Hapywieno, Rj (L + h) He ABnseTC YCTONMBBIM NPOFHO3HEIM Renepom.
JIOKA3ATE/ILCTRO. YTREPA/ICHHE C/IEAYET HEMOCPEACTRERHO 13 OnpeAeneHits FOrecast KaK MHOKECTBa
GyAyuuix Rerepos, y10BNeTBOPAIOLLX BCEM YKa3aH- HbiM YCTIOBMAM OAHOBpemexHo. 3ameuaine 9.1, KLT e
YTBEPKAAET eAUHCTREHHOE COBITHE GYAYILro. OH CTPOUT 0GAGCTS AOMYCTHMBIX, KPHTHUECKIX, Pa3pbIBHEIX
1 OHTONOrYeCKi 32- IPEILEHHBIX RenepHbiX peTeil

KLT-RPM/LIM v1.0 = [Reper v1.0 + Limit-Causal v1.0 + (Z, A, Y) + TesL + CGI] + [MPIX@PEAKS A
+LimIU R + RBDR + SR + RetroRebuild].

Koa Menonsaosansiit yaen PG naketas Touka (e, s), cnofi Ls, packet ift, akcromarmue- cias seta
TiunsGepra-Kneiiua NAPG CTpaTiLupoBaHHoe Bpews, HeaCCOLHATHEHAS N1AKET- Hast JOTHKA, OMIEPATOp,
KpyueHHe 1 KpuBM3Ha VP Bews KaK nepeHHLIi C10Ji, IPOCTPAHCTEO Kak ceve- Hue Reper v1.0 wepapxis
C@C —~ R@C@C — Tcs — Flag/Reper, Reep Kak reHepaTop HCTHHI H egMHLa oTkata Limit-Causal
dynpavenansisie [pesens, auniu Hauana A, Gapse- V1.0 pei Bv, npegensias npuumiocts KLT 5.x
nIpHKAaAHAA LenouKa: AOKyMeHT — PIX — Reper — A- pasphis — Aecekt, RBD u npornoa

Ofoamauentie Cukicn C@C cobkrmue@coctotine ROC@C peatsio 3akpennéioe cobkmie@cocTosmie
Ri nokanHbii Renep R, 1, U, D peansHoCTs, Wies, YHHBEPCYM, AOCTATOMHOE OCHOB- Hie A 3HaseHie
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TAPMOHHUECKOrO KpOCC-CooTHOMWIHHs 6 truth Jedhext uCTHHOCTH [A + 1] L MHOXECTEO hyH/aMeHTANLHAIX
Tpepenos LP, L E, L R, LT, L O nonuTuseckiii, JK010rHeCKili, POCTpaHCTECHHI, BpeMenHol,
onronoruueckuii Tpeensi E oneparop Mavenenns A oneparop Jewxenns / fleficrans Y onepatop Pazsopora
‘TsL. TeH30p 1PEAC/ILHO/ IPHUHHHO-CCACTBeHHOT CBs3- HOCTH CGI MHACKC NIPHUMHHONO pasphiza
MPIX@PEAKS A PIX@PEAKS-wHorooGpasie Renepos RBDR Renepras Gaza qannbix Forecast MHOKeCTB0
onycTivsix Gyayux Renepos RetroRebuild perpo-Renepias nepecGopka

HaCTOAIIas CTaThi-A0KAAA (MKCHPYET MOCICAOBATEILHOCTE PABOTH 110 (hOPMHPOBAHIIO PeniepHO-
nipoeKTHBHOIi Ga3st RPD/RBD: 0T #30GpeTenusi A-HCTHHHOCTH 1 WAEH IDOCKTHEHO-TapMOHH|ECKOrO Reper-
3AMBIKQHHS 40 TIOCTPOGHHS! MATEMATHKH KAK TPaha HCTOUHHKOR, (POPMY, TeOpeM, AOKA3ATEIILCTE, MYCTHIX
MECT 1 KaHAWAATOR Ha Teopem. TEKCT NPEAHAIHAUCH He KaK OKOHUATE/ILHAS Hay\Has 1y G/MKaLs ¢
JIOKA3ATEILCTROM HOBLIX TEOPeM, a KaK OTUET 0 IPOACAAHHOI paGoTe, 11a AaTbHelilero npouEciBanHs
MATeMATHKH 1 PEAAKIHOHHAS KAPTA HCTOUHHKOB, W3 KOTOPHIX HAGHPAIHCh Reper-yabl

Motorpacpus 5.0 CTara niepBLIM KpYTHEIM MACTEp-y310M, rAe Gsii coedensi NAPG, KPF/RPHD,
Asrpononors 2, KLT 4.14, KLT 5.1 u RBD. Basa repecrana OHHMAThCs KK CIHCOK HCTOUHHKOB: OHa
Jomsia xpanwTs work-node, Reper-node, péGpa, nipapuanTs1, ochosanis, A-ouenks, CGI-Hizexcel u
crarycus nepecGopki. OGuwii crinvox RBD 3agkciposan 1011 paGor, 1327 Reper-y3ion u 1380 péep.

KLT 5.1 nokasaza, 4o Reper-1oruka Moxer GbiTs peam3osaa kak nporpamya: PIX — PEAKS —
Reper(U,,R,D) — lambda — defect — scheme — report. ITa ieriouKa CTaa TeXHHUECKHM aHATIOTOM
marematHueckoii tenouki source — formula-node — formula-chain — Reper-node — gap — theorem-
candidate.

910 cTapTOBas APXHTEKTYDa BCeii MATEMATHKH KaK RenepHo-aKCHOMATHUCCKIH Tpad: ocHOBaHHS,
IOTMKA, MHOXECTEA, THITBL, KTerOpWH, &reGpa, TEOPHS WHCE1, TEOMETPIA, TONOMOTHS, aHA/H3, BEPOSTHOCTS,
JIMCKDETHAS! MATEMATHKA, MATQHIHKA 1 IIDHKHbIE MOCTBL

TVPEAKS CoGirie u cocronmme e Iporpawmisie pasphisatorcs; PIX/PEAKS ananusatopst,
(pumanconbie 3aaéT nOKanBHYIO CGOPKY 1 npoeKTHbie KLT-MoAyH. peansHocti.

Moworpadpis 2.1 yTBepisaet Bpesst Kak rIepBHuHBiii HOCHTe, a POCTPAHCTBO ~— KIK Er0 NIPOEKLIAI0,
B0 CrpaTHuumpoBattoe Bpews, PIX-none, BIB  naKeTHbiii pasym.

DUKCHPYETCH pasyHuHe MeXAY UHCTOii OpMOii niakeTHoro pasyma R-04  ero npakTiuecKoii
peansaupeii R-4. PLX(I1-field) He BBOANTCS KaK HOBas SITHCTEM; OH ONPEAC/AETCS KAK MEXaHH3M PaGOTI
R-04, oecnieumpatousyii CoBNaieHHe THKOB IPUUMHHOCTH,

Wrorow nposepki spaseTcs hopmani3oBantoe oGocHoBasse no uenouxe: Jlokyment — PIX - Reper —
A-paspeis — [ledpeK. IO 1103BONSACT MEPEHTH OT CYGLEKTHBHBIX PeLieHWil K Hay|HO-MATEMATHUECKOMY
aypuTy peanbocTH.

PaGotiee HasBanHe: ApXHTEKTYpa BCeli MATEMATHKH — yT/IyG/ieHHe OCHOBAH
THIOB H KaTeropiii.

- Mgenuguarop: KLT-RBD-MATH-ARCH-v0.6 - [lara: 2026-04-30 - Agtop: Ivan Borisovich
Kurpishev / Kyprues Maan Bophcori - Konryp npoexra: JIOPMKA KYPIIMILEBA / KLT / RBD /
Apxirexrypa aceli MaTemaTiki - THII UCTOUHMKA: TOUKA OTKATa, C0H MaTeMaTveckoii RBD, naket AaHHbIX -
Hazsanse: Probability + Statistics + Stochastic Processes + Predictive Dynamics - Gopyya:

JIOTHKH, MHOXKeCTS,

V0.7 AOGaBACT K APXHTEKType B MITEMATUH CAOT] AATCGPAHIECKOTi TCOMETpHIH, CXeN, NYKOR,
Kateropuii, MoTHsos, crpykTyp XoAKa, KanaGu-Sly 1 BbicLinX Kateropiii. 1ot croit Hyer
A1 CasabiBas RENepoB B MHOTOMEPHOE KOMILIEKCHOE NDOEKTHBHOE akeTHoe PIX@PEAKS-
MHorooGpae.

Source ID: KLT-RBD-MATH-ARCH-v0.7 Rollback: RP-MATH-ARCH-007 Author: Ivan Borisovich
Kurpishev / Kypriuies Maan Bopucosiu Date: 2026-04-30 Project: JIOTUKA KYPITALIEBA / KLT-RBD /
Apxirexrypa aceli MaTevaTHKi
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13.4. BepcuOHHBII CHUMOK NPOrHO3HOI 3af,a4u

Onpegenente 13.1. Chinniok S_t=(V_tE_tv_Lh_t) copepuT Mioxectso Reper-yioe V_L,
THIMIMpOBAHHbE TIepexojbi E_t, BeCHIO CXeMb v_t 1 KpuiTTorpagiueckuii xew h_t. TTpornos
BOCHPOU3BOANM TO/LKO OTHOCHTE/ILHO (HKCHPOBAHHOFO CHHMKa; HOC/E/YIoLLee MOMoHeHHe a3l co3aiT
HOBBIii 06BeKT S_{1'}.

13.5. MHOXecTBO AonycTUMbIX 6yaywux Reper

11 HCXOHOTO T, ropU3OHTa h H 1I0POrOB 1,y ompesienam Cand(r,h) KaK MHOKECTBO Y3108, JOCTHKHMBIX
paspeébIMH riepexoami. [L1 KAHAAATa C 3213 1HM BeKTOP BOPOT
G(c)=(source,Dom,D,proof,null,cal,ind)€{0,1,L}7.
)={c€Cand(rh): G(c)=17, §_truth(c)<n, CGI(c)<y, c¢Q_dark}

KMA-3avenst {1/2,1/3,3/4,2/3,2,3} ABAAIOTCH HOMCKOBBIMM METKaMH KaHAAATOB 1 He u3Mensior G(c),
6_truth win CGL

Teopema 13.2 (MOHOTOHHOCTS oporoB). ECu n,<, 1 y, <y, To Forecast_{n,.y, }(r,h)CForecast_{n,.y,}
(h).

HoKasatenbcrso. Kaxbiii KaHARAT, yAOBATBOpAIOWHii G0/lee CTPOTUM HEPABEHCTBAM, YAOB/ICTBOPET
1 G0siee C1aBbIM; OCTA/IbHEIC BOPOTA COBNAAAIOT. T

Forecast_{n,y}(r

Crieacrie 13.3. YaeHbLieHHe OPOTOB He MOKET 40GABUTS AONYCTHMBIi 1porHoO3. ECM peannsauys
nIpOrpamMi AeaeT 06paTHO., 310 OLIHGKa BepCHH, (HIISTPA WM CpaBHEHI.

13.6. Matched-null u aMmnupuyeckas kanmbposka

Jins waGmogaemoro score T_obs i B coriacoBaHbix Hyesbix 0GbeKTOB ¢ oterkamit T_b, re mebuias
OleHKa nyuie, HCTIOb3yeM KoHeuHOBHIG0pouHOe p=(1+#{b:T_b<T_obs})/(B+1). Hynessie ofbexts: 063t
COBNAZATS 110 KAACCY, PA3MEPHOCTH, KAHANY, AOCTYIHOCTH AQHHBIX H TIPOLIEAYPE MOHCKa.

Tpasio 13.1. CGI<1 Ges matched-null u He3aBUCHMOT0 HAGOPa ABIHETCH BHYTPRHHIM SCreening-
KPHTEDHEN, HO He IMIHPHYCCKiM MOATBeperHen. TI0BTOPHOE HCTIONK30BAHIE AQHHEIX HACTPOIKH Kak
H3QBMCHMOI TIPOBEPKI JapeLLieno.

13.7. ABSTAIN 1 MHOXeCTBEHHOCTb 6yayuiero

Ecm Forecast_{n,y}(r,h)=@, cucrema sosspautaer ABSTAIN u nepeuens He3akphitsix Bopor. Ecm
MHOXKECTBO COEPIKHT HECKOILKO 3/IEMEHTOB, KOPPEKTHIii Pe3yIbTaT €CTh PAHKMPOBAHHOE MHOXKECTEO ©
MHTCDBATAMH HEOPE/ENEHHOCTH, & He /eKIAPALIAS CMHCTBEHHOTO GYAYLIero.

‘Teopewa 13.4 (Henobumente paivkuposauen). JlioGas dynKus rank:V_t — R MoXet ynopsoumsars,
TOALKO KAHAWAATOB, YXKe MpOLIeAHX BOPOTa; OHa He nepesoauT G_j(¢)=0 wn L 5 1.

Jlokasatenscrao. Bopota BxoAT B onpepenesue Forecast 40 npuvenenis rank. Hsmenenie nopsgka
/1EMEHTOB MHOKECTBA He MEHSIET NPHHA/IKHOCTL STOMY MHOXKecTBY. 0

13.8. PRED-CERT-13

Tons: snapshot-id/hash, source Reper, horizon, candidate generator, transition types, G-vector, 1, y, A,
5_truth, CGI definition, null design, B, p-value, calibration split, independent split, ranking rule, ABSTAIN
reason, random seed, software version H status.

Dutocodero-enomenonozuseckas acmaeka. Tpoznos e ecmb 06paz yxce cyujecmeyioujezo Gydywjezo.
On ecmis QUCYURIUHUPOGTHHOE MHOCECTIE0 NPOdOACEHUE HACTIOALLE20, KANCDO U3 KOMOPBIX OGA3AHO
npedusaums nyme, oGaacmy donycmumocmu u ochoeanue. Bodepaicanue 20ect saisemc gpopmoii
mounocmu,

Merounmku rasst 13: KLT5.1 SDK; KLT4.14 checked build; RBD schema/real-data import;
interdisciplinary Reper atlas; PIX-PEAKS project corpus.
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Tnaga 14. MpuMepbl, KOHTPNPUMEPLI U JOKa3aTe/bHble
nacrnopta

TOHSATHOE OBBACHEHUE
CMBIC. AGCTPaKTHEIE IPABINA NPOBEPAIOTCS Ha PaSHBIX NIPEAMETHEIX 33A242X, @ KOHTPIPUMEPI NOKaSSIBAIOT, T4e
NIPaBINO MPHMEHATE Heb3s.

Maremaruueckoe Afipo. PasGpaIOTCs MaTeMaTHYECKas GOPMYAA, CMETa, CIEKTP, X3, GHONOTHA 1 WaBAOH
AOKazATENLHOTO NACNOpTa.

TPaHMLia yT8epxQIeHwA. MpHiep NIOATEEPIIAET Peatu3yeMOCTS KOHKDETHOTO CIYas, HO He AOKasbiBaeT
YHHBEPCANLHOCTS METOAa A8 BCeii AUCUNNMHSL.

Cranyc: mecmosii Kopnyc

14.1. Matemaruyeckas popmyna

opwmyta H3BnekaeTes Kak PIX, 0/yuaeT KOHTEKCT TeopHi 1 0Go3auenni, nocie wero crpoures C@C.
Reper Qukcpyer camy gopmyry b R, & uispapuar s I, Bosmoxasie oGobuienss B U i proof-object s D. Ec
proof-object oTcyrcrayer, cratyc He pbuue theorem candidate.

14.2. CtpoutenbHas cmeTa

CrpoKa paoT CBAZBIBACTCA C MPOCKTHBIM PA3ACTOM, FPAHKOM, PECYPCAMH, HOPMATHEOM H aKTamH.
Pa3phiB GHHAHCHPOBAHIS (HKCHPYETCA Kak OTCYTCTaH D 11 HECOBMECTHMOCT MEXAY CTaMavi. CHCTeMa
He OGABIACT YMbICE; OHa IOKA3bIBACT Y3, Tpebyiowuii npoBepK.

14.3. dDusnyeckmit cnexkTp

CrieKTpaIbias TS TPEGYeT /Kb BOTHbI, CAHHILL UNCErtainty, Nepexo/a, HCTONHIKA W KaHAIA,
TTpom3Boi ProXy He repeMEHOBIBACTC B paMoe Havepene. Lambda-hit ocraércs review signal Ao
matched-null, blind test  BrewHero BocnpoHIBeACHIS.
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C1I0BO «CUHYCY, HATMCaHHOE CYMMOIA CHHYCOB

X(t) = 0.61-cos(843.04) + 0.61-cos(-8+3.04) + 0.11-cos(9041.35)
Y(£) = 0.61-5in(843.04) + 0.61-3in(-8+3.04) + .11-5in(90+1.35)

oana Tabnmua (r,6): X wHTRET €F KoCHAYCaNA, Y — CHRYCAMA

ancro rapuowic 4@ s
samearene ——————— g .63

KaXRAR CTPENKD KPYTHTCA CO CBOGR YACTOTOM; WX CYMMa — KOWHK Nepa. BHAZY
~ Te e FApNOKMKN KaK ABA KONBINMA PYKH: ABE BOMHM MWAYT CnoBo

[ —

Pucynok 14.1. Koneunili apMonLeckii CUme3 nAoCKoll mpaekmopu 3 cunycoudanbibix o

Maremaruseckuii cratyc. KoOPAHATS! TPaEKTOpHI MOTYT GbiTs Ja/iaHbi KOHESHBIMH CyMMaMH BitZa X()=5
a_k cos(o_k trg_k), y(1)=E b_k sin(e_k t+y_k). Tlo3Tomy cromsHas nmins AHCTSHTENSHO MOKET BOHHKATS Kak
CymepnO3HLMA MPOCTBIX KoMeGarii, CXeMa ABISETCS NEAAOTHUECKOit WTIOCTpLAEH CIeKTPATHOT PasTOMeHIs,
HO cava 110 ceGe He ycranansaer KMA-COOTHOWEHME, A-HCTHHHOCTS Wi (U3HUCCKI] CrIeKTpa s Bl 3aKOH.
178 37070 TPEBYIOTCA CAUHMLLL, NIOTpeIHOCTH, Source_id, Hy/iesas Mofens, matched-null 1 Hesapcumbiii blind
test.

14.4. Xumunsa

Peakuys Tinaupyercs no stoich, redox, energy, kinetics, spectroscopy u catalysis. Myssikano-
n00GHste orHowenia KMA periCTpHpyIoTes Kak o1AebHbiii KAACC KaHAHAATOR, HO He 40T
AOKAIATEILCTRA CCTECTBEHHOCTH PeKLYAH,

14.5. Buonorua u AHK

Be/koRas CTPYKTYpa H FeHOMHAs! KOOPAHHATA OTHOCATEA K pazHiiv cnosv. Tleperoc cratyca TpeGyer
Mopduava gene -> transcript -> protein, epciit genome build W HCTOUHIKOR aHHOTALUMH,

14.6. [lokazaTenbHbli nacnopt

Tione Hamavenne

aim id AT WACHTIPHRTOP YTBEp A

Kypues Haas Sopucosi - Kansnirpas - 2026 s





image60.jpg
5A30BLI1 IPOEKT KLT-RED - TOM |

Tione Hammaverne
Source i Heroun  sepam
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proot_object

TlokasTenLCTa0 W ApOToROn

Tambda/delia

CapyKTypian KoopAIaTa 1 ACERT

nallblind

CramicTiieckie npoBepi

morphism_gate

‘Coxpanerie crpykryput

Status

Texyuuii yposeit.

blockers

HesaxpuTiie ycromn

next_action

‘Creayiouti nposepAc L tiar
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14.7. Ceptudukat npumepa EX-CERT

Onpegenensie 14.1. EX-CERT ectis nacriopt npumepa, copepxauyuii source-id, object-id, Dom, D, Bxoe,
OpMYY, TOUHOCTS, OKNAACMbI Pe3yILTaT, aKTHUECKMTE Pe3y IbTaT, KOHTPOLHbIi KOHTPPHMED
JoKasaTeNbHbii CTaTyC.

OBssarensoe npaiio. TIpiviep Ges KOHTPIPUMEpa POBEPET ML, OZMH YCIeLIHbITi MApWIPYT;
npuvep Ges Dom He cooBujaeT 0BAACTL MPHMEHHMOCTH; pHMep Ge3 D He aBTopH3yeT HHTeprIpeTaLio.

Teopema 14.2 (MonoTomtocTs EX-CERT). PeAaKijioHHOe yyuitieie npe/icTaBneis cepTudmara e
NOBLILIAET CTATYC, €C/IM HAGOP NIPOBEPRHHLIX CBIETE/LCTE He YRR HUMICA.

JlokasatencTBo. CTaTyC ONpeA/IAeTCH MHOKECTEOM 3aKPHITHIX BOPOT, a He ATHHOI OnIHCaHHs.
TepediopmaTHpoBaHHe COXPAHSET TTO MHOKECTBO, MOITOMY CTATYC OCTAETCA MEXHMM. [

14.8. Kontpons cratyca Artifact-1
Saducupoantias yenouka: RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 — FORMAL-
CARD-RUN009-006 — SIGNATURE-REVIEW-RUN013-001.

Tacriopr pesynbrara: 0.992736565468; §_truth=0.007263434532; CGI=0.140948882338;
truth_layer_promotion=0; status=signature-ready-not-truth-layer.

Creayroupii paspeusénmsii war: certificate-lock/publication-gate review. ncnosas 6amsocts A k ~1
CGI<1 He AaioT NPaBa caMONpPOH3BOEHO WaMeHHTS truth_layer_promotion.

bunocodexan 6cmasxa. Cepmuhuxam xpanum we MopKECME0 PesyaLMama, a NaMAML 0 MoM, KaKue
nepexodut deiicmeumenso cosepuiensi. E20 cmpozocms cocmoum e omKase npespajams Gausocms, kpacomy
i oxCudaHUE 6 y3ice NoAyueHHOE OCHOGaHUE.

14.9. TeopeMa 0 He,0CTaTOHHOCTM OAHOIO YCNELHOro NpuMepa

‘Teopema 14.3. TlycTs X COAepAHT 110 MeHbieii Mepe /e TOUKI 1 HAGTIOAQIOCH TOTLKO 3HaNCHHE
npasina f Ha coGersentom noamoxectse AGX. Tora cyiectsyer npasinio g:X — Y, cosnagaiouiee ¢ f Ha
A oramuaioiieecs pie A. CIie0BaTE/IsHO, OAHH WIH KOHEUHOE YHCIO HTOKPHIBAIOLMX PHMEPOB He
WACHTHHLMPYIOT YHHBEPCAbHbTi 3aKOH.

Jloxasatenctso. BuiGepem X, EX\A 1 4pa pasuussix 3wavenns y,,y, €Y. Honoxum g=f na A u
8(%0)=y,#[(X,)=Y,; OCTazbHBIE 3HAUCHH 33aAMM IPOH3BOAbHO. Hab/ogenms Ha A He pasnuaior fu g, 01

Cregcrime 14.4. Kaxpiii H00KHTEIbHbITi TIPHVE AO/IKeH COMPOBOXATHCA 06AACTEIO 0GOBUIeHMs,
KOHTPIIDHMEpOM IHGO 3apaHee 3aDErHCTPHPOBAHHBIM TECTOM Ha HOBBIX JQHHEIX.

14.10. NapHblit KOHTPNpUMep 1 matched-null

Jins marematieckoro EX-CERT KOHTPNpHMED HADYLLIAET POBHO OHY CYILeCTBORHYIO THIIOTE3y 1
TOKA3BIBACT HEOGXOAMMOCTS YCn0BMS. [l sMmMpuueckoro EX-CERT matched-null coxpassier Knacc 1
TIPOLIE/AYPY, HO Pa3PYLLIAET HCCIEAYeMYIO CBsi3b. ITH ABA KOHTPO/IS BLINOHAIOT PasHie yHKLUM  He
B3AUMO3aMeHsIeMbI

14.11. YacTMYHbII NOPAAOK cepTUdUKATOB

U5t CepTUGUKATOB €, e, MONOKHM e, e, €CTIM KAX108 3AKPHITOR BOPOTO €, JAKPHITO 1 B €, a Bee 0Bl
10718 MMeIOT CoBMecTHMbIe Bepcuu. Tora < PedIeKCHBHO W TPAHSUTHEHO; TI0CE (paKTOPH3ALIWH 10
PaBeHCTBY HAGOPOB CEHAETE/ILCTB OHO AHTHCHMMETPHUHO.

Teopewa 14.5. Pefjaximontioe nepedyopmaTuposaiie, He 406aBIsoIce CBAICTELCTS, OCTAB/ET K/lace
CepTHQHKATA HEHIMEHHBIM B STOM HOPKE.

14.12. 3aMopoXKeHHbIN nacnopr Artifact-1
Llenouka ocraires Heusvernoli: RIUD-TETRA-RUN006-029 — PROOF-OBJ-RUN007-0029 —
FORMAL-CARD-RUN009-006 — SIGNATURE-REVIEW-RUNO13-001.
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A=-0.992736565468; 5_truth=0.007263434532; CGI=0.140948882338; truth_layer_promotion=0;
status=signature-ready-not-truth-layer. Paspewénnnii creaytouuii war: certificate-lock/publication-gate
review.

Tpasiiio 14.2. Hu Gnsocts A k 1, i CGI<1, HH KaueCTBO o(OpMICHHS He HMCHAIOT
truth_layer_promotion Ge3 HOBOrO He3ABHCHMOTO CBCTENLCTE,

14.13. EX-CERT-MMHUMYM AN NPpeAMETHbIX NPUMEpPOB

Marewmatuka: runoresst, Dom, D, BLIBOA, KOHTPMOJerts. (D3MKA: eHHLbI, uncertainty, Kauas, matched-
null. Xumus: stoich/redox/energy/Kin/spec/catalysis u cornacosasbiii null. Bronorus: accession, genome
build, mapping chain 1 He3apCiMas KOropTa. CMeTa: BepCHs HOPMATUEA, aKT, TEPHOA M HCTOMHMK.

bunocodero-penomenonozueckas ecmaeka. TIpumep — Smo GCMpeNa NPABLAA ¢ COUHUUHIM CyuaEN.
On denaem aomoxcHOCTL Ha2AsOHOT, HO He npeapaujaem eé o aceofuynocms. Kowmpnpuvep eosepaujaem
MBICAU €€ 2PaHULY U MeM CaMbIM YKpeniem, a He paspyuiaem doKasamensceo.

Merounuknu rniapsi 14: KLT-RBD artifact corpus; RBD schema-extension; journal.pdf; frozen Artifact-1
chain.

Inaga 15. CnoBapb, 0603Ha4eHUs, Gopmybl u 6ubamnorpadpus

TOHSATHOE OB LACHEHUE

CMBICA. 370 CIPABOYHAA (1283, KOTOPs GUKCHDYET eAHbIi 5
HOPMYABI 1 UCTOUHMKN.

Maremariseckoe Aapo. CoBparsI Tepit
asTopeKoro sKnaga.

TPAHMUa YTBEPKAEHMA. BUEAOTPAdUIECKIH CIMCOK 1 TEPMUHOIOTIIECKDE OTAIME He ABASIOTCA Camh N0 cebe.
OKA3ATENLCTBOM MIPOBOIi HOBHIHbI

Cranye: cnpasosneii annapam

1K ToMa | M 103807A€T GLICTPO HAXOAMTS OCHOBHSIE

(0G03HaNeHIA, GOPMYBHbII MUHMMYM, GUEAMOPaGwa, prior art W rpaHmLs!

15.1. ChoBapb
Tepmmn. Onpeaenenne

Bpews@Hpocrparicrio CTPaTH(UUHPOBANHAS BPEMENHAS NEPBHUHOCTS, NPOCTPANCTBO Kak
cevene.

c@c CobLITHe@COCTORHHE, MUHIMATLHAS AMHHLA TPOCKTa.

T (OBLEKT BMECTE C AYAbHBIM, CTPATHOHLHPOBANHBIM WIH
oxasareaum croev.

Pack KaTeropist 40y CTHMBIX NAKETHBIX 0GLEKTOR 1 MOPHUIMOE.

Reper Geratpxa (R1,UD)

0 Toctaroutos ocnonae.

Dom O6/ACTE AONYCTUMOCTH.

Tambda [

et b Paccroniie or rapNOICCKOT HOpNApORKI 1.

(s AN GROpaR CRROCTE

NAFG TiCacCOL TR oA FaKETIaA TCOMETp

PILOTOT AV ANT BOpy ALY ReToweK i Fang barier

RED Penepran Gasa Aane

D Penepro-TpOFKTHRNAA Hpor NN G YT

KT TiporpasAG MATENATIOC R0l MeToRs Kypriniena

15.2. OcHoBHble HOpMy/ibI
=C@C=(es)
Rep=(R,LU:D)
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lambda=cr(U,L.R,D)
delta_truth=[lambda+1|
Ass_odot(x,y,z)=(x odot ) odot z - x odot (y odot )
HA2_red=ker d"2/im A1
073_red=CA3_red/im d2
FOS=lim Prod Rep(c)

15.3. Bubaunorpadus u prior art

1. Kyprues 1.B. Monorpadpus 5.0: Jloruka Kypruiesa. 2026.

2. Kypnuuies 1.B. Moworpagusi 5.1: Jloruka Kypriuiesa. 2026

3. Kypnuuies 1B, PeniepHo-npoexTHBHast apxHTEKTypa (opmybHbIX Lenouex: PILOT-01. 2026.

4. Kyprmwies 11.5. 9OC Kypniusesa, Teopewa [lesapra-Kypruuiesa, rapwotiis HCTHHHOCTH
pacumpentbii [TH.2. 2026.

5. Kurpishev LB. Kurpishev’s Theory of Stratified Time: Associator Rigidity and Nonassociative Packet
Geomelry. 2026.

6. Coxeter H.S.M. Projective Geometry.

7. Artin E. Geometric Algebra.

8. Bourbaki N. Elements of Mathematics.

9. Goresky M., MacPherson R. Stratified Morse Theory.

10. Bryant R. Metrics with exceptional holonomy.
11. Manetti M. Lectures on deformations of complex manifolds.
12. Kant 1. Critique of Pure Reason.

13. Klein F. Vergleichende Betrachtungen iber neuere geometrische Forschungen.

15.4. ABTOPCTBO M IPaHMLLbl HOBU3HbI

ABTOPCKHE NIOHATHS 1 apXHTEKTYPHbIE COEAMHEHHA, JAsBAEMBIE B POCKTE, OTHOCATCA K Kyprnuesy
MBany Boprcosiuy. Kaccuueckie MatemaTiueckie KOHCTpYKLH PH3HAIOTCA Prior art i LHTHPYIOTCA Kak
CTONHIKOBas! Ga3a. JTi0G0e yTBEPAKACHHE O HOBH3HE JO/IKHO GhiTh CHOPMY/MPOBAHO OTHOCHTENLHO
KOHKDETHOTO COUETaHMS Ope/e/eHHii, MOPYIMOB, A7rOPHTMOB H AOKAXITE/ILHAIX NPOLICAYP, a He
OTHOCHTE/IbHO OLIEH3BECTHOR 0GbeKTa Cavoro 1o Cele.

15.5. CoXpaHEHHBIIi CTaTyC peaKLUOHHOrO €105 V195¢

Pepakus v195C AB1sTCs (yHAGMEHTaNbHOI paciuupentofi paGouei pesakimeli Toma I. Ona ycrpassier
TIDIAOKEHMe-aMI, CBALIBACT OCHOBHEIC TIOHSTHS H BK/IIONACT MATEPHA/I IDEAKHIX HCTOUHHKOR TEMATHUECKH,
Cteayiouas nyGHKALMOHIA HTEPALLA AOIDKHA YTYGHTS NIOHbIE AOKA3ATELCTEA, (OPMATHIORATS
NIepEKPECTHbIE CCUIKI H PACLIHPHT 1PEAMETHbLI MHACKC, HE Pa3py1Las CBA3HI] TeKCT.
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YacTs IV. YraybneHue matemaTu4eckoro agpa

9ra wacts npogomxaeT Tom | BEYTDH €10 I71aB 1 OGABIAET rior art, CTPOTHE PEAKHME KPOCC-COOTHOMERT,
OKA3ATENHYI0 OYHCTKY H CHCTEMY MEpeKPECTHHIX CCHUIOK.

Yactb IV. Yrny6aeHue MaTeMaTU4ECKOrO siApa: COXPaHEHHbBIN
cnoi vi96a

Pedaxyus v196a npodonsicaem Tom 1 enympu €20 21a6 u He 0Gpasyem HoGbili cKiad npunodicenuil. Ona
OoGaansem uCmOpUKO-Mamemamuueckull prior art, cmpoze peXcuMbi KOCC-COOMHOLICHUS, DOKAIAMEAbHYIO
ouucmky meopexs Jjesapea-Kypnutieaa u cucmenmy ykasameneli, Cmamyc acex Hobix KoucmpyKyuii
pazdeasemes Ha knaccuueckuii haxm, onpedenentie, AOKA3AHHOE NPedIONCEHIE, YCIOGHYIO meopemy U
omkpbimyio npozparny.

15.6. TUNU3MpPOBaHHbIN peecTp 06o3Ha4YeHuin v196i4

C@C — TumH3MpoBaNHas 11apa COGHITHS 1 COCTORHMS; Pack — KATEropHs A0NYCTHMBIX NaKETHBIX
oGbextos 1 Mopu3MOB; Reper=(R,1,U;D) — asropusyemas uetsépka; Dom — ofnacts npumenimoctit; D —
JOCTaTOuHOE OCHOBaNMe; @ — Gasobas Gummelinas onepaums; «h — oneparop Xoaxa; R*R=ROR —
KBaApATHUHbIT] MaKeTHI 05BeKT; Ass_O — TpExAMHeliHbIii accoaTop.

A=cr(U, iR, D) — npoeKtusHas KoopuHata; 6_truth=|A+1| — paccTosme A0 rapMOHHYECKOii
HOPMHPOBKH; G — BEKTOp AOKA3ATe/IbHBIX BOPOT; CGI — OTACLHO Ope/enseMbiii CPABHHTENLHbI MHACKS;
i §_truth, ku CGI He siBasioTcs camocTosTenbHbiM truth-predicate.

15.7. MpaBuno yHUKaNbHOCTH TUNA

Tpesoxenste 15.1. ECAn KaxaoMy CHMBOY B OPMY/IbHOM BParMenTe HasHaueHb! e uHCTBeHHbe
apHOCTS, 0BAACTS ONpE/ee NS 1 0GNACTS HaUCHH}, 3 KaX/2% KOMIIOMLHS COrACOBANA 110 THITAM, TO
10KAbHAS! NPOBEPKA THIIOBOTi KOPPEKTHOCTH /leTepMHHHPOBaHA.

JIoKa3aTe/LCTBO, [ KaXKA0T0 y31a CHHTAKCHUECKOTO AepeBa GAHHCTBEHHAS CHIHATYPA OAHO3HAUHO
30427 TpEGyeMble THITb OEDHIX Y3108 W THI pesybTara. TTpoBepKa chiay BBepx G0 3apepuuaeTca
CAMHCTBRHHEIM THITOM, 160 Bo3Bpaaet blocker. O

KoHTprpiwep 15.2. CHMBO * 0AHOBPOMEHHO KaK yMHOXeHHe, oneparop Xoxa i Metka R +R
OMYCKAET HECKOTISKO HECOBMECTHMBIX Pa3G0pos. TT0ITOMY HCTODHUECKHE (DparMEHTb WHTAIOTCA TOKO 110
HOKATIHOI ACTeHAC, 4 KHBAS HOTALMS! HCTIOTb3YeT ©, *n it R+R.

15.8. TPEXCNOMHBIN NACNOPT UCTOYHMKA

Kaxaas coepxarensias popmyna nonyuaer: internal-source-id npoexra; external-prior-art citation;
data/proof-object id, eciu yTBepieHUe BLIMHCIHTENLHOR I SMIHPHUECKO., OTCYTCTBYIOMHit ¢/
oGosauaercs explicitly not-applicable 6o GAP-SOURCE, a He ckpuigaetcs.

15.9. Bubnnorpaduyeckoe fononHeHue rnas 9-19

Mandelkem M. Constructive Projective Geometry, arXiv:2404.16979. Zelikin M.I. Geometry of Cross
Ratio, arXiv:math/0701500. Magnot J.-P. et al. Cross-Ratio Mappings, arXiv:2404.16888. de Visme M.,
‘Winskel G. Causal Unfoldings and Disjunctive Causes, arXiv:2003.06267. Stacks Project, Tags 01ND and
089X.

15.10. NOTATION-CERT
Tons: symbol, Unicode/LaTeX form, arity, domain, codomain, precedence, equivalence policy, forbidden
aliases, first definition, chapters used, legacy exceptions i version.
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bunocodero-enomenonoaueckas acmaeka. OGOIHAUEHLE He SaARemCS aHewHel] 0decdOll MbICAL: OHO
30aém Cnocof, Komopbiy 0GseKM MoXCem Ghimb paziuuén u coedunén ¢ dpyeum. Tunozpagekas uucmoma
CMaHOGUMCA UACTIbIO MAMEMAMUECKOI OMGEMCMIEeHHOCIL, K020a O 00HO20 HAKA 3a6uCUM
donycmumocms nepexoda.

InaBa 16. cTopuKo-MaTeMaTUUECKUIA prior art U rpaHuua
aBTOPCKOro BKAaja

TOHSATHOE OB BACHEHUE
(CMBicA. /1283 NOKa3LIB3ET, KaKite 3/1eMEHTS! NPOCXOT 3 KAACCHIECKOii MPOEKTUBHOT! FEOMETPUM, 3 Kakyie A0GaBAEHs!
B npoexre Kypnuwesa.

Marewmaruueckoe Afpo. CONOCTaBAHIOTCA NEpCNeKTHB, NPOEKTUBHAA WHBAPUGHTHOCTS, [le3apr, KOOPANHATU3AUMS,
3PAGHTEHCKaA NPOTPaMIMA U NaKeTHsle MOpM3MbL.

TPaHMLa yTBeXQIeHMA. MTPHOPHTET BTOPCKO KOHCTPYKLMM AOMKEH YCTAHaB/MBATLCA GHE/MOrPAGUNECKH; CXOACTED
TEPMIHOB He 3aMeHsieT 0630 MTEpaTy DL

Cranyc: ayaum ucmouuKos u ampuGyul

16.1. OT nepcneKTUBbI K NPOEKTUBHOI UHBAPMAHTHOCTU

TTpOEKTHEHAS TCOMETpHS BOSHIK/A He Kak ADCTPAKTHAS HIPA C TOUKAMM Ha GRCKOHRUHOCTH, @ Kak
MaTeMaTH3aLs niepenieKTHBLL. Y J1e3apra LeHTpaNsHas NPOCKIIHS CTana CTPYKTYPOIi, B KOTOpOIi COXpansioTcst
MHLWACHTHOCTS H NIepCNIeKTUBHOCTS KoRQHrypauii. Tosuee Towcene, lan, Iireiinep 1 pou LiTayAr
OTACMIAH IPOCKTHBHYHO TCOMETPHIO OT METPHYECKOFi HTY WL, /L% Toma | BaXeH WMEHHO 9TOT NIepexos:
OTHOLIEHME MeX;1Y OGTLEKTaMH JOMIKHO NIePEXHBAT 3aMeNy KOOPAHHAT, MACLITAGa 1 TOUKM HaGIOAeHIA.

KpOCC-COOTHOLIEHHE OTHOCHTCS K KIaCCHeCKOMY #py. EXo HCTOpHS CB3aHa C aHTWuHOT TeopHeii
orHowserit, Tannow, reomerpreii nonoxeri Kapio, anrapyorsueckim otsomenven [lans i
cunTeTHeCKOii apuQMeTIKOii on I1ITaysra. TT03TOMY HOBHIHA TIDOEKTA HE MOXET COCTORTS B CAMOM
CyuieCTBOBaHIH CroSS-Tatio WK rapMORHUECKOIt ueTBEPKH. ABTOpCKIii BKIa Kyprinuiesa (uKcupyercs
sriGope Reper-uersépi (R,1,U;D), B cemanriueckom pacnipesienenii eé poreii, B D/Dom-Gapbepe 1 5
CNIOSI0BAHIH IPOCKTHBHOTO HHBAPHAKTA KAK OAHOTO H3 COCB /{0KA3ATENLHOTO ay/HTa.

16.2. [e3apr, KOOPAMHATU3aLMA U FPaHULA NPUMEHUMOCTH

Knaccieckas Teopema 1e3apra Ge3yc/I08HO BHITOMHAETCS B NPOCKTHBHBIX NPOCTPAHCTEAX PAIMEPHOCTH
He Merbizie TPEX. B NPOCKTHEHOIE IVIOCKOCTH € BHIOTIHEHHE CBA3AHO € KOOPAHHATH3YEMOCTBIO A Tenom
TS CYILIECTBYIOT HEAC3APIOBbI TIOCKOCTH, CIEAOBATELHO, BCKast (YOPMY/IMPOBKa, KOTODas HCTONs3yeT
‘reopeny /le3apra b aGCTPaKTHOI II0CKOCTH, 003aHa 71G0 BKIIONATS akcHowy Jlesapra, 160 TpeGosath
BJIOKEHHA IVIOCKOCTH B TPEXMEPHOE NPOEKTHBHOE POCTPAHCTBO, GO 30/aBaTh KOOPAHHATHYIO MO/e/h.

Caoit Knaccuueckaii prior art ‘Antopcxuii caoii Toma I
TPOCKTHBHbIE TOUKI, TpAMLIE, C@C Kax TansHpoBaHI
Mipentocts P P @ Pl
funockocrh obbexr ¢ cocronien
Cross-ratio U rapMoHIIeCKa Reper(R.L,U;D) 1 ceanmika
Yernépka Touek £ i
uersépka poneii
e HepCHEKTHBHOCTS 13 TOMKH 1 consKa oci Jesapra,
v o
P! w3 npavoit nomApHBI terTpos u D/Dom
HomoC  Hompa (eHTpOBaA ock Kak Reper-och
Honsprocrs, e HETR P
HeBLIPOXeHHO KoHIKIL A —
aKcHoMb 1
proof-status, gap nodes, RBD-
Jokasarensctso KoOpAHHATHAR/CHNTeTUNECKaA
nacnopr
AeayKuyn
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16.3. IpnaHreHcKas NPOrpamMMa u NakeTHsle MOPGU3MbI

Spnasiresickas nporpamva Kiielita TpaKTyeT reOMeTPHIO KaK HCCIE/0BAHHE MHBADHAHTOB TPYTITEL
npeoGpasosasii. TlakeTHas penepHas 0TMKA HAC/IEAYET STOT NIPHHLMII, HO A0GABAET TpeGOBaHHE
COXpaHeHMA COCTOsHMS, JOMEHa 1 OCHOBaHHs. TT03TOMY HaKeTHBIt MOPQH3M He TO/ILKO niepeHoCHT
reomeTpiueckuii 0GHEKT, HO 1 063aH COOGILATS, KaKie YaCTH J0KA3ATENILHOO N1ACTIOPTa COXPAHSIOTCH, KaKie
11peOBpasYIOTCsH 1 KaKie TepAIOTCA,
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16.4. BusyanbHbli pAf, KNACCUMECKUX FEOMETPUIA M AMHAMUYECKUX Mojenei

Creayoupe wiects cxem (HKCHPYIOT KiaccHuecksit prior art: rHIEPGOIHECKYI0 FEOMTPHIO, KOMIKTHYIO H
HOKOMIAKTHYIO KB3ADaTHuHbie (OPMbI, 3HaK B MHEIiHOM AW(QEPEHLMATLHOM YPaBHEHHH W fOpeHLeBy
KuseMaTHKy. OHi MORCHSIOT A3bIK HHBAPHAHTOR DPIAHTEHCKO/ MPOTPAMMB, HO He SBNSHOTCH AOKAKATENECTEAMIH
asTopexix KoncTpyKkuii Reper, TTH.2, NAPG i R*R.

Yron napannensHocty (loBavesckuii)

sin N(x) = 1 / cosh(x)

yron ot paccromua

aanwas npmwas
e,

paccrommme x +

paccronve x ] .10

X = 0.10 » N(x) = B4°: Cepsle Ny NEPeceKawT NpAMYW, CHHWA — NpeRenbHi,
BCTpevaeT e TONbKO Ha GeCKOWeNWOCTW (Kpai AWCKa)

¥ Eaxuga oTor yron sceraa 90°; 3aech OH TaeT C paccronHMem

Pucynok 16.1. Y201 napaienshocmu JIoBauescko20 € HOpMUPOSKe NOCMOANHO Kpususbt K-
Marewaruseckuii cratyc. [l Touks Ha rumepGomueckom paccrosum d ot npavoii yron napanenshocT
11(d) ygosnersopser sin T1(d)=sech d=1/cosh d; sxausanertho tan(T1(d)/2)=eA(~d). Tlpu Kpusisne K=-k? apryment
savensierca Ha k. Tipeaen T1(d) 12 npw d — 0 w TI(d) ~ 0 ph d - co OTAMUGET THNEPGOAHIECKYIO TEOMETPIO OT
€BKAMA0BOI PHCYHOK BH3YATIMPYeT 3aBHCHMOCTS, @ He 3438T CaMOCTOSTe/IbHYIO MoAen Reper.
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ek MyaHKape: 6eckoHeUHOCTb y Kpas

OKPYKHOCTS paguyca r wweeT Anwmy 2m-sinh(r)

anuwa oxpyxwocT

L amesinh(r)

ray6ura samowerns @ e

3aMoueHHe AOWNO A0 r=0.6 (XENTAR OKPYXHOCTS): e ATMMa 2t-sinh(r)=4, y
EBKAWAA GM0 G 2n-r=d. BCe CeMMYrOMHKM OAMHAKOBH — MPOCTO MECTa K Kpan
8cé Gonsue

BCe CeMMYTONLHHKM OAMHAKOBOTO PA3MEPa — 37O MPOCTDAHCTRO HCKHBNEHO K KPIO

Pucynox 16.2. juck Tyankape u pocm daunsi 2unepGoauseckoii okpyxcHocmu.

Maremaruueckwii cratyc. B runepGonuueckoii mnockocn kpusisnl K=-1 AmeHa  oKpyxmocti
reogesmeckoro paguyca r pasia L(r)=2nsinh , TorAa Kax B eskmyg08oii nockoct L_E(r)=2mr. Tpanmia scka
TlyaiKape HaXOAHTCS Ha GECKOHEHOM FHTIEDBOTHUCCKOM PACCTORHIH, XOTA H30GP@KECTCA KOHEUHOI CBKII0B0/
OKpYKHOCTEI0. HapHCOBAHHble NHOTOYTO/IbHIKI CEAYET MOHHMAT KAUCCTBRHHO: HX THIpOOTHUCCKOe PABEHCTEO
TPEBYeT ABHOTO MOCTPORHHS H3OMETPHAMI MOAEH.
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Kpyr v rnepGona:

AVH MUHYC pasHULbI

cos?+sin?=1 - cosh2-sinh2=1

cos cosh

okpyxocTs runep6ona

napamerp o 0.00
cos+sin? = 1.00+0.00 = 1 - coshi-sinh? = 1.00-0.00 = 1

TOT e yron Ha Kpyre Aa€T sin/cos, Wa runepGone — sinh/cosh

Pucynok 16.3. KoMRGKMHAA U HEKOMNAKMHAA eOUHUMHBIE KEAOPUKU: OKPYJICHOCT U 2unepGona.
Marewaruseckuii cratyc. Tlapaverpisaun (cos 0,5in 6) i (cosh n,sinh n) yaoBreTsopsioT cooTeercTaeno
cos®0+sin®0=1 u coshin-sinh?=1. AHATOrHA BHPAXAET CMEHY NOTOKHTENBHO oMpeAenEHHO/ dopwb Ha dopmy
curnatypei (1,1); 970 He GykpansHas 3aena sin Ha sinh 1 He TOAIECTEO MEXAY ABYS reoMeTpHAMH. MHBapHaTs!
AO/KHb PACCATPHBATCS OTHOCHTEIsHO CBoeli rpyrnsi: O(2) s oKpyocTi i O(1,1) ans runepGonsi.
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KopeHb Bcero: oanH 3Hak By" = Fy

= 4y » sinh (runep6ona)

= -y sin (xpyr) - y

o6e = 1 y''= 4y : pasron - yuén 3a kaap 1

y''= -y i xoneGanme (cos)

4a W3ganexa (x16): xoneSauwe - paGS, paITON =

10

spems / napaverp @ 0.00

Npu t=0.00: KoneGaHMe AEPXMTCA B KOpWAOpe +1, Pasrow ywén s 1.
npogonXaeT No 3KcnowenTe

MaCUITa6 uecTHI, OBe CTapTYIOT C T— OAHO YPaBHeHMe, OAMH HaK, W KPYT PasLeIXaETCA C
runep6onoii

Pucynok 16.4. 3nax ¢ ypasnenuu y"=Fy: koneGamensiii u unepiouueckuii pexcursi,
Maremaruseckuii craryc. Tpu Havansisix sannsix y(0)=1, y'(0)=0 pewers pashsi y(t)=cos ¢ ans y'=-y u
y()=cosh t ns y"=+y. B oBiuiew cryuae nepsoe ypanHelHe 36T MHeiiHyi0 KOMGHHALHIO Sin W COS 1, BTOPOE —
@At 1 @A(-1). Cxema KOPPEKTHO IOKA3bIBACT KAUECTBEHHOE PACXOKCHHE PEKMMOB, OAHAKO SKCTIOHEHLMATHHbII

POCT ATHETCA CROTICTROM BHIGPAHHOTO YPaBHEHII H HAYATsHbIX ASHHbIX, a He YHHBEPCATHHbIM NPH3HIKOM 060
runepGoneckoii reoveTpii.
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[Anarpamma MUHKoBCKOro: BycT — 370 MOBOPOT

6ycT casuraeT meTky no runepbone ti-x=1 — N0BOPOT Ha GHCTPOTY U

se

4

opocnv ———— 0.00¢

V=8.86C: OCH COMKHYMHCH K CBETY Ha 0°. MeTKa «l» yexana & «1'» no
runepSone — GycT 3T NOBOPOT Ha GHCTPOTY =0.00

Paaron CxwMaET ocH K nyuy coera; oBorHaTs ero

OMKHYTS HOXHMLIB, HTO HEBOIMOXHO

Pucynok 16.5. Jlopenyee Gycm kax aunepbonuveckuii nogopom duazpammsi MUHKOECKo20.
Maremaruseckuii craryc. B egumimiax c=1 Crawgapribiii GyCT COXpaseT KBaapaTHuHyio Gopmy €2 i
coeTosoii Konye t=tx. Ero ygo6HO napaverpionats GhicTpOTOi coshnx sinhn, x=x coshn-t sinhn.
TI03TOMY TepMIH «TI0BOPOT» OTHOCHTCS K TICeBA0€BKIHA0BOH, a He K OGLINHOIi eBKnI0BOH MeTpiKe. Ock {1 X'
ACHMITTOTHUCCK! IPHBTHAGIOTCH K CBOTOBLIM HANDABNCHHSM TDH V] - C, HO He NIEPeCEKaOT HX A1 KOHEuHON
GricTpoTs.
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Byct JlopeHua: ckopocTb kak runepGosmueckuii yron

v = tanh(u) - GHCTPOTH CKNAAMBANTCA: Ust+z

ViBvs @ 0:4v:20.00 X

6bicTpoTa us [ ] .00
£06aBUTS ewe Uz o 0.00
6HCTpOTH: Uztus = ©.00 (NPOCTO CyMwa). CKOPOCTH — HET: auBHO
©.0040.00=0.00c HesoaMOXHO, peansho tanh(8.00) = 8,806
GHICTPOTH! CKAQAIBAIOTCA KaK OBBIMHBIE YA CKOPOCTH — HeT, OHI YUPIOTCA B NOTOROK €

Pucynok 16.6. Ckopocms kax 2unepbonuyeckuii manzenc Gbicmpomi.

Maremaruseckuii cratyc. B eguhmiax c=1 oasb cKopocTi ¢ GhICTpOTOIi uveeT Bu3 v=tanhn; B paswepHoii
3anHcH v=C tanhn. BICTPOTH! CKTQZHIBAIOTCA MtHeiiHo, 11=1, 1, TOFAQ Kak CKOPOCTH KOMIIO3HPYIOTCA 110 oopMyie
ViHV)(14v,v,/c). OTCI0ga ABTOMATHUCCKH CTRAYeT [V[<C 418 KOHeUHsIX 1. ITO CTaJapTHbiii pesy/bTar
CrewaTbHOIi TEOPHH OTHOCHTELHOCTH 1 KAGCCHUCCKHIE PIIOT art; ero BKTIONEHHE He ABIAETCH MOATEEPKACHHEN
dusmaecianx runotes TTH.2.

16.5. Knaccudukaums npomcxoXaeHUs KOHCTPYKLUK

Kaguiil y3e1 [1aBbl OTHOCHTCS K OgHOMY 3 Knaccos: CL — Knaceuueckuii hakt; AD — asTopckoe
onpegenetie; IT — piyTpeniss Teopema pyTpu AD; CT — YCIOBHAs TOPEMA C MOCTOBBIMI THIOTE3AMH;
OP — otkphrras nporpavya; EMP — SMIpitieckoe yTaepiaenite. CMeLieHHe KIaCCoB SBISeTCs status
blocker.

16.6. Knaccuyeckoe AApo U aBTopckas c6opka

K CL 0THOCATCH NIPOEKTHBHAS TUIOCKOCTS, Teopema Jle3apra B /0Ny CTUMBIX MOAE/IIX, NONPHOCTS
HeBLIDOKACHHOI KOHMKH, KpOCC-COOTHOLIEHHE i PGL,-HHBAPHAHTHOCTS, 0GPATHIE IDEAeIb, GHHeliHEIe
HeacCouHaTHBHbIe A7reGpLL, PaKTOPIPOCTPAHCTEA, Grassmannian H IIOCKOCTs BaHo.

K AD 0THOCATCS CemanTHueckoe pacnpezenesue poneii Reper=(R,LU;D), pasenete D/Dom Kak
JOKasaTeNHALX BOPOT, C@C KaK MUHHMAIHAIE OGLeKT NIpOKTa, acropTHast apxuTextypa KLT-RBD,
asTopcKuii o6bext R +R, FOS-peaykums 1 ITH.2 B 3aMKCHPOBaHHOH NaKeTHOI oMy MpOBKe.

Tpegynoerie 16.1 (rpauiia HacneAoBats). EC/H aBTOPCKas KOHCTPYKLMA HCIIONB3YeT KIIACCHUECKYIO
‘eopeny T, osa Haceyer BuiBo T TO/ILKO NIpH BIO/HeHMH BeeX runoTes T b agTopckom Dom; Hosas
CEMAHTHKA CHMBO/IOB He IePeHOCHT BLIBOJ ABTOMATHYECKH.

Jlokasatenscreo. Teopema ssercs umnkauueii H=C. Bes nposepki H & HoBoi wiTepnperauyin
modus ponens Henpuvesm. O

Kypues Haas Sopucosi - Kansnirpas - 2026 »




image73.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

16.7. Kputepuit 3asBneHUsi O HOBU3HE

HoBi3Ha (YOPMYHPYETCs OTHOCHTE/ILHO KOHKPETHOTO COMETaHMA HOCHTS, MOPQM3MOB, ANrOPHTMA,
BOPOT M /J0KAAHHOIO pe3y/bTara. BUGAHOrpadHIECKHi IOHCK MOXKET HOACPIKATS NIPHOPHTETHOR 3asiBetMe,
HO He BAETCH MaTeMTHIECKHM A0KA3ATE/ILCTBOM i He FapaHTHPYeT aGCOMOTHYI0 MUPOBYIO HOBU3HY.

Tpasio 16.1. opMya «aBTOPCKHil BKQ} COCTOMT B...» AOYCTHMA; (JOPMY/Ia «BIIEPEbIE B MHpe»
‘TpeGYeT OT/E/ILHOTO MCUEPIILIBAIOLLIEro NATEHTHO-GHGAMOrPadHUECKOro OTYETa H OCTAETCA BHe
MaTemaTHueCKoro AoKasatentscrea Toma L.

16.8. BHelwHAs rpaHuLLa ONepaTopHOro prior art

Patorei Zelikin 1 Cross-Ratio Mappings paccwarpHsaior 0GoGLIEHHbIE W HEKOMMYTATHBHEIE CTOSS-Tatio
Ha nonApu3aLmX 1 Grassmannian. T103TOMy aBTOPCKMi BKQ)| IIDOEKTa He 3aABIAETCSH B CAMOM
CYWECTBOBAHMN OPEFalOr Cross-ratio; OH OTHOCHTCA K €ro BKAIoveHHio b Reper, D/Dom, CGI 1 nporHosHiii
ceprudpuar.

16.9. PRIOR-ART-CERT

Tons: claim-id, exact claim, class CL/AD/IT/CT/OP/EMP, internal antecedents, external references,
similarities, differences, inherited hypotheses, unresolved priority search  approved wording.

DunoCoeKO-peHoMenO02UECKas 6CmagKa. AGMOPCTIED He OMPBIGaM MbICA O UCTOPUL, @
YKa3biGaEM MeCmO HOBOZ0 CoedUNEHUS & Lcmopuu nonsmul. Yem mouHee nposedena 2panuya ¢
npeduiecmGeHHUKaMY, e SiCHee CManoaumcA coGcmaennbill Jcecm npoekma.

Brewsnye ucrounnki: Mandelkern, arXiv:2404.16979; Zelikin, arXiv:math/0701500; Cross-Ratio
Mappings, arXiv:2404.16888; Stacks Project, Projective space, Tag 01ND.

naBa 17. KoMnaeKkcHoe Kpocc-COOTHOLLEHUE U FeoMeTpUs
Reper Ha CPA1

MOHSATHOE OB LACHEHUE
CMBICn. CKanADHLIA Penep NEPeHOCKTCA Ha KOMILIEKCHYIO NIPOEKTUEHYIO NPAMYIO, A€ YA06HO PaGOTaTs C OAHOPOAHSIMH
KOODAWHATaMH 1 GeCKOHENHOCTEIO.

Marewmaruueckoe A4po. [laioTcs OAHOPOAHOE ONIpee/IeH e, AOKA3ATENLCTBO NPOKTUBHOM UHEADHHTHOCTH,
FADMOHMNECKas HETBEDKA 1 OLLEHK YCTOMIMBOCTA.

TpaHWua yTBepAeHWS. Bee APOGHSIE 3aNUCH TPEGYIOT KOHTPONA HYIESbIX SHaMeHaTeneit 1 BIG0pa AOTYCTUMOT KapTbi
Cranyc: cmporud npoekmustsi crodi

CKAJIIPHBIN U ONEPATOPHbIN PEXXUMbl KPOCC-COOTHOLLEHUS

CxanspHeiit Reper OnepatopHeiit Reper
A= crULRD) R RABCD)
A€ Rumc Snavenne s Endly)
rapuorur: A= -1 WaapUaHT: nace conpRxEDCTH
Badesr: 6= Pt frem——yo—

Mlepexoa AONYCTMM TONbKO MOCTE GUKCALM NOPAAKA, OGPATMMOCTH, DOM W NPABANA WHBAPHAHTA

(CKANAPHO® A HOML3 MEXaHINECKI NIEPHOCHTS B HEXOMMYTATUEHS CAO

"Pucynok 17.1. CKaAApHBiii U OnepamOpHBIl PexcuMbi KPOCC-COOMHOLIEHUS.
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onian @A(i6) B 3D — BUHT, UbM TeH cos, Sin U KpyT

BWMT = KpY 80 BpeMeHA - C TOPUA KPY - WA CTeWy Sin - Ma non cos

i sin = sucora (crena)

 cos — raybuka, Ha nony - e Sin - BHCOTA, Wa CTeHe - & C TopUa — KpYT

yrorZ — 300
anvma Z —_— 3
HAKAOH Bpewei  em—: o
BbicoTa (sin) — 7
$asa sunTa — 95°
— —_— 0%

KPACHaR CMPaMs — KpyT, NPOTAHYTHI 0 OCH BpeNieK. ONa POHAET TPH Tew: Ka TOpew — KpYT, Ka
AARLHIONO CTemy — CUMYC, Ha 1R — KOCHHYC. BCe Tpi — GAUI W TOT Xe BUNT C Pa3HBIX CTOPOH

Pucynok 17.2. KoMmiekchan SKCroHenma u unmogoe e1oxcenue eé Kpyzoaoii opumr,

Marearuueckuii cratyc. Toxaectso iinepa e/(i0)=cosd+i sind 31aT CAUHHIHYIO OKDYKHOCT B
Kommnekcroii mnockoctw. Bunropas mmna H()=(cOS GSIn L) SBISCTCH BCTOMOTATERBHAIM TPEXMEPHEIM
BNOKCHHEM: €& NPOCKLMS WA TIOCKOCTH NEPBHX ABYX KOODAWHAT €CTb KDY, a GOKOBbIE MPOCKLMM AAIOT
Comycowsanbsie rpauky. Takas BUIVOIM3ALMA MOSCHSET NAPAMETPUIALMIO KOMIVIEKCHO (assi, HO He
OTOAIECTBIAET TPETHIO KOOPAWHATY CO H3MUCCKIM BpEMEHE 1 He AOKAILIBACT CBOIICTBA KPOCC-COOTHOLICHNA Ha

P
17.1. OfHOpOAHOE onpeseneHme

TlycTs 21,22,23,24 SBSIOTCA MONAPHO Pa3HIHBIMI TOUKAMM KOMILICKCHOH IPOCKTHBHOI rpsmoii CPAL.
B adhpuenoli Kapre, T4 M 0AHA H3 HEOGXOAMMBIX PasHOCTel He 0GPALIACTCS B HY b, 3AAAAMM

er(z1,22;23,24) = ((£3-21)(2-22))/(23-22)(24-21)).

310 KOMIVIEKCHOE UHCAO HE JABUCHT OT BHIGOPA adhHHOT KOOPAHHATH! W COXpaHAETCs
npeoGpazosansvit MeGiyca. ECii 0AHa TOUKA paBHa GeckOHEUHOCTH, (POpMYIa IOHMACTCA IPEebHIM
oGpazowt. [l Reper HCMIO/Ib3YeTCs YIIOPAAOUEHHAS UTBEPKA, I03TOMY NIEPECTAHOBKH KOMIIOHEHTOR He
Ge3pAINHLL: LICCTS BOIMOKHBIX HAUCHIT] 0BPA3YIOT CTAJAPTHYIO AHTAPMOHHIECKYIO OPBHTY.

17.2. NMpepnoxeHne 06 UHBAPUAHTHOCTU

Tpepnonerme 17.1. Tlycts g(z)=(az+b)/(cz-+d), ad-be0. [ UeTHIPEX MONAPHO PATHIHEIX ToUEK, Ha
KOTOPLIX BHIDAAEHHE ONPEACEHO,

cr(gel,g22;g23,824) = r(z21,22;23,24).
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JloKazaTe bCTRO. PasHoCTs 1peoGpas0Banibix KOOPAHHAT umeeT BuA g(zi)-g(z))=(ad-bo)(zi-zj)/((czi+d)
(czj+d)). Tlocre MOACTAHOBKH UeThIpe MHOXHTeNst ad-be i BCe 3HaMEHATE/IM TIONApHO COKpaLaIOTCs. OCTagTes
HCXOAHOE KPOCC-COOTHOLIICHHE.

17.3. FTapMOHMYecKas YeTBEPKA B KOMIJIEKCHOM peXXume

Venonne cr(A,C:B,D)=-1 coxpansier cwbic Haz C. OAHIKO [OMETPUCKaS WHTEPIPETALI MOHATCH:
TONKH MOTYT He JIeXaTh Ha BELLIeCTBRHHOTi TIPAMOT, @ NIPHHAIEXATH KOMIVIEKCHOTi IIDOEKTHBHOI pAMOI
KOMIUIEKCHOMY ceteniio. TT03TOMY TepAHH «TapMOHHUECKAs! HCTHHHOCT» O/IKeH CONpOROXAATECS
‘yKasautem nos K, BLIGpaHoli NpoeKTHBHOI IAMOTE 1 peantbHoii CTpYKTYpL, ecni TpeGyerca usmeckoe
TonKoBarHe.

Rep_C = (R,LU;D; K=C, DomCCPAL),

Cregcreie 17.2. Ecnu Reper-ueTaépka KOMIVIEKCHa, PABOHCTBO A=-1 SBISCTCA NPOCKTHBHO-
MHBAPHAHTHBIM CTPYKTYPHBIM YCTOBHEM, HO HE OTIPEAC/ACT ABTOMATHUCCKH BOILIECTRCHHYIO HAGIOAaeMYI0.
Jlnst TaKoii peAYKIMH TPEBYeTCs AOTOMHHTe b b MOpHM real: Dom_C — Dom_R 1 4oKasatescrao
copmecTivoCTH.

17.4. ledeKT U yCTOHYMBOCTD

115 HCIOHHORO aNai3a BROAHTCs 5=[A-+1], e MOAY b SBACTCA KOMIICKCHbIM MoAyeM. TTpi A,
G13KOM K -1, § HIMEPACT PACCTORHHE /0 FApMOHHHIECKOrO 3HaNCHHS B BIGPaHHON addbikiol Kapre, HO cant
10 cefie He SBAETC CTATHCTNCCKOH JHAUHMOCTBIO H HE YUHTHIBACT HEOMPEACHEHHOCTh HCXOHBIX ATHHIX.
115 SMIHPHUCCKIAX 33108 HEOGXOAHMO PACTIPOCTDAHATS TIOFPELLIHOCTH WIH HCTIOb30BATh JOBCPHTEILHYIO
obnacts s A,
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17.5. AuddepeHumanbHas 4yBCTBUTEIBHOCTb KPOCC-COOTHOLIEHUS

i A=((U-R)(1-D))/((U~D)(I-R)) Ha o6nacTu Hemynessix pasHocTeii norapdmusieckiii gudpepesiyan
pasen
dNA=(dU-dR)/(U-R)+(dI-dD)/(1-D)-(dU-dD)/(U-D)-(dI-dR)/(I-R).

Teopewa 17.3 (n0KakHast oLeHKa). EC/i MO/ UeTIDEX 3HAMEHATE/ILHbIX PA3HOCTEiH He Metbiie p>0,
10 |d|(2/A/p)(IAUI+{dI}+|dR [+{dDJ) 8 nepsom nopsake.

JlokasatencTao. TIpuMeHseM HepaBEHCTEO TPeYrONHIK K /I0rapuMHseckomy Aupiepertiany;
Kt Adibeperian BxouT B gBe ApoGH. O

Cregcteie 17.4. Manoe §_truth e rapauTHpyeT ycTofiumBocTs, ecni p Mano. T109Tomy uncreHHsii
1IaCNOpT 0Bs3aH XPAHHTL MUHIMATBHYIO Cenapaiio u condition estimate Hapszy ¢ .

17.6. FTapMOHMYecKas UHBONOLMUA

Has ukcuposannbix A=C otoBpaxentie H_{A,C}:B=D_harm na PI(K)\{A,C} abasetcs npoexTusHoii
nnomoueii: H_{A,C}(H_{A,C}(B))=B.

Jlokasatensctso. TIpoeKTuBHbiM npeoGpasosantem nepeseaén A,C b 0,0, Yenosue cr(0,05b,d)=~1
npunimaet s d=-b. [I0BTOPHOE NPUMEHEHIE BO3BpALLIAET b; HHBAPHAHTHOCTS COSS-Fatio NepeHOCHT
Pe3yILTaT B HCXOAHYIO KoopauHaty. (1

17.7. PeanbHasn peyKuua KoMnaekcHoro Reper

Teopewa 17.5. Ecnu A,C,B npunagiexar RP!CCP!, T0 HX rapMOHHUecKH conpsx@nias Touka D_harm
TaKKe NPHHAIEARHT RPY, BKITIOUASH TOUKY GeCKOHEUHOCTH.

Jlokasatenctso. B seuiectsenHoii addminoii Kapre dopmysa A d_harm uveer seltecTseHHbie
Koa(duuuenTLL TIpH Hy/IEBOM 3HAMeHATE/Ie 1101y UACTCs BeLIieCTBeHHaA GecKoHeuHas TouKa, (1

OGparHoe HeBepHO Ge3 peanbHO} CTPYKTYpbI: KOMILIEKCHAs YeTBEPKa ¢ A=—1 MOXeT He GbiTs
(MKCHPOBaH CONPAEHHEM U He OPE/C/IALT BeILIeCTBEHHYIO HABIOAAeMYIO.

17.8. CP1-CERT

Tonsi: field, homogeneous representatives, determinant convention, affine chart, pairwise distinctions, A,
§_truth, p, propagated uncertainty, conjugation/reality test, Dom, D u status.

bunocodexo-enomeno02ueckan 6emaska. TIpoeKMUGHIS UNEAPUAHMHOCT> COXPANAEM OMKOIEHUE
1pU CteHe MOUKU 3pents, HO YCmOIUUGOCTY, CALIUGAC, HACKOALKO XPYIKO O OMHOWIEHUE neped Manbi
Gosmywentiem. Mcmuna oopabi u HAOEHHOCY U3MEPeHUA RGIRIOMCA PASHBIMU CAORMY.

Mcrounmku rasi 17: Coxeter, Projective Geometry; Zelikin, Geometry of Cross Ratio,
arXiv:math/0701500; project source main_SIGMA _freeze.

F'naBa 18. MaTpu4HOe 1 onepaTopHoe Kpocc-COOTHOLUEHNE

FOHSTHOE OBbACHEHUE
CMBICA. 1283 OBLACHAET, N0EMY HEKOMMYTATHEHSIE MATPML! HENs3A NOACTABAATE B CKANAPHYIO GopMyAY Bes
GUKCALAM NOPAAK MHONMTENEH,

Marewmaruueckoe Apo. Onpe/jeNseTcs NPagoe ONepaTopHOE KPOCC-COOTHOWEHHE, 33KOH NPEOGPA30BAHHS, MATPHHbII
Reper  Ca35 C NPOCTPaHCTBaMM NOANPOCTPAHCTS.

TPaHWLa yTBEPAEHMS. DOPMy AEHCTBYIOT TONLKO NP BbINOAHEHHH YCAOBMI OGPATHMOCTH M AOMEHHON
‘COBMECTHMOCTH; N1eBbilt U PaBbIF BAPHAHTSI He CMELMBAIOTCS.

(CrTye: YCA08HO Oripe 4€8HHAS ONEPaMOPHAS KOHCMPYKUU

18.1. MoyeMy cKansipHas GpopMyia He NEPEHOCUTCA MEXaHNYECKHU

Ecan R,LU,D sBASI0TCH MATPHLAMH W ONIEaTOPAMH, MHOKHTEII HE 0GA3aHEI KOMMYTHPOBATE.
Toaromy 3ammcs (U-R)(1-D))/((U-D)(I-R)) ABycubiciensia: Aenesite TpeGyet BLiG0pa EBOF0 Wik Npasoro
06pATHOTO, a NePeCTaHORKa MHOKHTEEH MeHseT peaysTar. TIpOCTas 3aMeHa UHCe MATPHLAMH He 06pasyer
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‘Teopiio. UenoBeuecTE0 1 Ge3 TOro AOCTATONHO IOCTPAANo 0T OPMYT, KOTOpbIE BHIIAAAT SHAKOMO
TI0TOMY CUHTAIOTCA ONpeAC/EHHEINH,

18.2. MNpaBblit onepaTopHbIi cross-ratio

Tycrs A,B,C.D npHHaIexar accouuaTHHol anreGpe ¢ eausmiie, a passoctn C-B u D-A opativsi.
OfH 13 CONMACOBAHHBIX TIOPAAKOB 33AAETCA hopMY IOt

CR_R(A,B;C,D) = (C-A)(C-B) (D-B)(D-A) ™.

JIpyrHe COrnaLIeHIIs BOIMOXHBL, HO AO/KHEI GITh 39 HKCHPOBAHB A0 BEIHCCHHS. TTph
KOMMYTATHBHOCTH anreGphi 37a (OpMY/Ia CBOAMTCS K CKAIAPHOMY CrOSS-Talio C CooTBeTCTRYIONieli
KoHBeHwyeli mopsKa.

18.3. 3aKoH npeobpasoBaHus

B HEKOMMYTATHBHIX MOACTAX OTICpaTOPHbIii CrOSS-Tatio aCTO COXPAHACTCA HE KaK KOHKpETHblii
ONIEPATO, a € TOUHOCTBIO A0 Compsixeits. TI0ITOMY ECTECTBOHHAIM HHBAPHAHTOM CTAHOBHTCH KACC
conpsuntocri [CR], a WHCI0BbIe XapaKTepHCTHKI MonyuaioT uepes trace, determinant, spectrum wi Apyrie
LCHTPATbHbIC (YKL, €CTH O OIpEe/eHL.

CR(gA.gB:gC.gD) =

CrietoBaTeLHO, MATPHUHAS A He AO/KIA 663 AOKA3ATEIILCTBA CPABHHBATLCA C YHCTIOM 1. BOIMOKHEI 110
Merbueli Mepe ueTsipe pexma: Tousoe paserctso CR=-1d; cnextpanhoe ycnosie spec(CR)={-1};
uenpansias npoekuys (CR)=-1; Musimuzaus sopwst |[CR+1d). Kaxii pexinm 3aaér otaenhbiii Dom
OTAeMBHYIO CeMAHTHKY.

- CRABCD) S

Pexum Ycnosne Jonycrumbiii cratyc
Canprii 1 TaPMORIIECKOE 3aNLIKaNHE
Marpiaisii crporiti CR=1 oriepatopHa rapwoni
" review signal Ao oLjenkin
Crextpansisiii spec(CR) cocpeotouen y -1 ) nal Ao o
yeroiiumsocri
" KT AMarHOCTIECKItH
Creonoii r(CRy/n~-1 o
xanan
m PO OKEHHLI OTICPATOpHLE
Hopwmossiii |ICR+j<e P Parop

KaHauAaT

18.4. MatpuuHblii Reper
Rep_M = (R,LU;D; A, order, inverse_policy, invariant_policy, Dom).

B joKazaTe/bHBii NACTIOPT MATPHUKOTO Reper 00s3aTe/IbHO BXOAAT a/reGpa A, HOPAAOK MHOKHTe e,
NIOHTHKa OGPATUMOCTH, BLIGpaHHSI| LICHTPAs ] HHBAPHAKT 1 HOpMa. Be3 THX noei BbuHCACHE
nonyuaer craryc notation/domain blocker.

18.5. Cea3b ¢ Grassmannian ¥ NOANPOCTPaHCTBAMMU

OBOBEHHEIe CrosS-ratio BOIHHKAIOT HE TOLKO /V1s MATPHL KaK UHCAORBIX MACCHROB, HO H A 11ap
NOAApHIaLMI, NOANPOCTPAHCTE H TOUEK MPOEKTHBHOI NpAMOT HaZ anreBpOii, B TakiX Cyuasx oneparop
Cross-Tatio eCTECTBEHHO KHBET B 2HAOMOpdUaMaX BuiGpanHoro nognpoctpancrea. s KLT-RBD ato
BaXHbIi MOCT: Reper MOXeT KOAUPOBATS He UeTHIPE UHCA, & UETHIPE COBMECTHMBIX NI0/I0KHHS
NOANpOCTpaHCTS, a RBD XPaHHT HX THII, PAIMEPHOCTS, KAPTSI 1IEPEXOAA H KIACC CONPAKEHHOCTH.
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18.6. O6nacTb onpeaeneHuns npaeoro operator cross-ratio

Jins unital associative algebra A onpegenim Dom(CR_R) Kak MHoxecTso uersépok (A,B,C,D), ans
KoTOpbiX C—B 1 D-A 0GpaTibi. JI0NOHHTE LHbIE PAHOCTH MOFYT TPeGOBATLCS BHIGAHHOI NIONHTHKOI
HCIIeHHON YCTOMMMBOCTH, HO He /JO/UKHbI MOUA JOGABIATLCA K AreGPAHUECKOMY ONpEeneHtio.

CR_R(A,B;C,D)=(C-A)(C-B) (D-B)(D-A) "

18.7. KoBapMaHTHOCTb NPy CONPSXKEHUU

‘Teopewa 18.1. [lns noBoro o6pativoro S  A'=SAS™, B'=SBS™1, C=SCS™, D'=SDS ! puinonmsierca
CR_R(A',BC’D)=S CR_R(A,B;C,D) S71.

Jlokasaenscrso. Kaxgas pasHocTs npeoGpasyerca conpskerient, a (SXS1)1=SX 151, Tlocse
nojiCTaHOBKM Coceuie SIS cokpaijaotcs. O

Creacreie 18.2. K/ace CoNpAEHHOCTH, CIIEKTP B KOHOUHOMEPHOM KOMIVIEKCHOM CAyuae, trace i
determinant coxpasIOTCs, KOrAa OHH OMIpese/eHbI. Can ONIepaTop He ABIAETCS CKATAPOM W He 0B3aH GuiTh,
PaBeH CBOEMY CONPAAEHHOMY NPEACTABHTENIO.

18.8. KommyTaTUBHan peayKuusa

Teopewa 18.3. Ecnn A,B,C,D niexat s 0oii KosmyTatuHoii noganreGpe, 1o CR_R cogutes K
cxanspHoii KonenLn cr(A,B;C,D)=((C-A)(D-B))/((C-B)(D-A)).

JloKasaTenbCTBo. B KOMMYTATHBHOI MOAQITeGpe 0GPATHMBIE MHOXHTE/H MOKHO TIEpECTABHTS
OGLEAHITE B OGbIHYIO PO,

Kowrpnpinep 18.4 (ciextp Heoctatouen). Matpitia J=[[-1,11,0,-1]] uveer spectrum={~1}, o J#=I u
1J+11>0. Tostomy spectral gate 1 exact harmonic gate ABASIOTCA PA3IHHBIMH PEXUMAML

18.9. OnepatopHblit edeKT n 06yCN0BAEHHOCT
Jina exact pexuma nonoxim 5_op=ICR_R+1I. Yncnennsiii nacriopr gorommrensHo xpanut I(G-B) 1l i
I(D~A)"1I; Gorsunoii pocT ITHX HOPM G/IOKHPYET YCTOFNHBYIO WHTEPNPETALIO AQXC TP MATOM 5_0p.

18.10. OPCR-CERT

Tons: algebra, unit, representation, multiplier order, inverse policy, Dom, CR_R, conjugacy class,
exact/spectral/trace/norm gate, 8_op, inverse norms, precision, D, source-id  status.

DUAOCOPCKO~(heHOMEHOA0UMECKA 6CMasKa. B HEKOMMYMAmMUGHOM Mupe nopsdok delicmeus exodum
can oBsexm. 3uaxomas ckanspias oopHy1a nepecmaém Gbims HelmpaTbHOL 3ANUCHIO: OHA CMaHOGUMCA
MGPUIpYMOM, U U3MeHeHIe MAPLIPYMA MOXCO U3MEHUMb pesyasman,

Wcrounvky raaest 18: Zelikin M1, arXiv:math/0701500; Cross-Ratio Mappings, arXiv:2404.16888;
Sachs Equations and Plane Waves IV, arXiv:2503.12503.

InaBa 19. [lokasartesibHas oO4UCTKA TeopeMbl [lesapra-
Kypnuwesa

FOHSTHOE OBBACHEHUE
CMBICA. VIcx0AHaA GOPMYAMPOBKa Pa3GUPAETCA Ha HESABHCHMSIE YTBEPIKIEHUS, HTOGE! KAXI0E U3 HIK UMENO.
coBCTaeHHsIe TMnOTe3s! 1 CTaTyC,

Marewmaruueckoe Apo. Bs/e/1AI0TCA TeOpeMa CyECTBOBAHHA UEHTPOBO/ TONKM, YCAOBHAs WSHTHOKALMS,
KOOPAWHATHSIi KpUTEPHT] FAPMOHUIHOCT W AOKA3ATEbHBII NaCNOPT.

TPaHMLIa YTBEPIAEHUS. YCUNEHHAA BEpCUS COXPAHSET YCIOBHI CTATYC; OTKPSITLIE NEPeXOfil MEpesHCieH, a He
‘OBbABNEHS AOKA3AHHBIMH.

Cratyc: gokasamenseid ayaum
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DokasaTenbHbiv y3en flesapra-Kypnuwesa

o

g g
B c D

D=00/np, cr(A C;B,D)=

>¢

Pucynox 19.1. Teomempuueckuil u 2apmonueckuil y3bi doKasamenscmaa.

19.1. NMpo6nema ucxogHo GOpMyAMPOBKU

B HCXOZHO/E 1y G/IMKALOHHOI BEPCHI rapMOHIMECKAS! COBMECTHMOCTS BXOAUT B ONIpEACreHHe
KOH(QHrypaLH, @ 3aTeM B TeopeNe BLIBOAHTCA panencrBo cr(A,C;B,D)=-1. Takas (opMy/MpoBKa f0rHECKH
KOPPEKTHA KaK TeOpeMa paCriaKoBKi ONpEereHys, Ho He JOKAILIBACT BOIHHKHOBEHHE FapMOHHIHOCTH H3
OOl L €3aprOBOFi 1 MONAPHOIH reomeTpui. TTo3ToMy V196 Pa3Ae/eT TpH Pe3yILTaTa: CyIIeCTBOBAHHE
0CH, YC/I0BHO OTOAAECTBACHHE C 0CBIO J1e3apra W KDHTEpHii FapMOHHUHOCTH

19.2. TeopeMa CyueCTBOBAHUA LLEEHTPOBOW TOUKMU

Teopenia 19.1. Tlycr [T - IOCKTHBHAs 1UI0CKOCTS, P - (HKCHPOBHHas: npsvias, B1 1 B2 -
HEBLIDOAACHHBIC KOHMKH, 415 KOTOPBIX ) He SBARETCS KacaTe/bHof, O u O' - N0110Ca p OTHOCHTebHO ®1 1
@2, npiuém 020" 1 O0'#p. TOrAa CyIieCTBYeT equHCTARHHIA TouKa D=00"Np.

JlokasaresCTe0. TIONSPHOCTS HEBLIPOACHHOIi KOHHKI OAHOIHAUHO CONOCTABAAET MPAMOI P €& NOIOC.
Pasustsie Touki ,0' 30410T eAUHCTERRHYIO npayio OO Jlse pasinusisie npsmbie 00" p b
NIPOEKTHBHOIE IVIOCKOCTH MMEIOT € MHCTBCHHYIO TOUKY epeceueits D.

19.3. YcnoBHas Teopema f1e3aprosoi naeHTUdUKauum

Teopevia 19.2. B yCnosisx Teopembi 19.1 NPEATIONOKMM, UTO CYLIECTRYeT apa TPEYTOMBHHKOS,
NIepCNIeKTHBHBIX 13 TOUKH, 1 UTO X 0Ck niepcnextarocTi d_Des copnaaet ¢ 00", Toraa D sanserc cnesom
oci Jlesapra Ha |_Desnp.

310 yraepente He BusoauT copnajenie d_Des=00', a #BHO (MKCHPYeT ero Kak MOCTOBOE ycnoBie. B
Gyuyieii CHALHOI BepCHM TPEGYETCS AT KOHCTPYKLIMIO TPEYTONLHHKOB W3 JBYX KOHYCOB HIH KOHUK 1
40Ka3aT, 90 COBMAZieHHe W3 GOJlee MPUMHTHBHBIX THIIOTE3.

19.4. KOOpAWUHATHBII KPUTEPUI FTAPMOHUYHOCTH

BriGepen NpoeKTHBHYI0 KOOPAHHATY L Ha p Tak, wroGhi Ara, Brb, Croc, Dr~d. Toraa D rapmoniecki
conpsxena B otHockTenso A,C TOra W TOMISKO TOTA, KOrAa

(a,c:b,d) = ((b-a)(d-c))/((b-c)(d-a)

Toce npBescHis K oBliieMy JHaMEHATE IO M0/ aeM SKBHBANEHTHOE MHHETiHO-APOGHO. YCToRHE

d=((@+e)b - 2a0)/(2b-

0), ecnn 2b-a-c#0.
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B BLIPOKACHHOM C/ytae 2b-a-C=0 FapMOHIECKH CONPAAEHHAS TOUKA SBIACTC TOUKOT GecKoHeuHOCTH
BLIGpanHOli aQpHHHOI KapTL, ITa IOPMYA MO3ROIAT IPOBEPATH FAPMOHMUHOCTE HEIABUCHMO OT
coBeckoro onpegenerits.

19.5. YeuneHHas ycnioBHas Teopema [lesapra-Kypnuwesa

Teopewa 19.3 (ycunennas ycnossas dopwa). TIycTh ByIIOHeHb! ycioBusi Teopem 19.1-19.2. Tyers
Koopausatst A,B.C i Touka D=00'Np y4ORNCTEOPSIOT IPHBEAEHHOMY KOOPAHHATHOMY KpHTepiio. Torza D
ABIACTCA eAMHCTBOHHOI TapMOHHICCKH CONpmXENHOT Toukoii H_{A,C}(B), i

axis(centres) = d_Des, D=d_Desnp, cr(A,CB,D)

JloxazatencTeo. TlepBoe pABEHCTRO CIEAYET H3 MOCTOROTO YCTORHS; CYLICCTBOBAHHE W AHCTBEHHOCTS
D - 43 Teopembi 19.1; PaBeHCTBO Cross-ratio - U3 KOOPAHHATHOFO KpHTEpItA; eAHHCTBEHHOCTS FAPMOHMUECKH
CONpAKEHHOI TOUKH C/IGAYET W3 eAMHCTRCHHOCTH PELIICHHS! COOTBETCTBYIOWIEr0 IMHeIiHO-APOGHOrO
ypasHenis.

19.6. Yto OCTaéTCA OTKPBITHIM

« TI0CTPOHTS KaHOHHSCCKYIO APy TPEYTO/IBHHKOR HTIOCPEACTBEHHO H3 ABYX LICHTpQbHEIX KOHHK Wi
ABYX TIPOBKTHPYIOLLUHX KOHYCOB.

« Busecrit d_Des=00), a He BKIONATh 9T0 PaBeHCTBO B MOCTOBbIC YC/I0BHS.

 ONPEACTINT MUHHMATIHIE HBLIPOAUICHHBIE THIOTE3bi 1 0BPAGOTATS CTYNaH KACAHHS, COBTAACHHS
werTpos u 00'=p.

 CAOpMYAMPOBATH KOMILIGKCHYIO 1 MATPHUHYIO BECHH TIOAPHOCTH 1 FAPMOHHIECKORO KpHTEpHS.

«  TIpOBEPHT HE3ABHCHMOCTS pE3y/IsTaTa 0T BbIG0PA aQpMHHOIE KAPT M AATH CHHTETHAECKOR
OK3ATeLCTBO CHALHON BEpCHH.

19.7. lokasatenbHblit nacnopt DK-v196a

Tione T
AsTOpCKan CusIKa Dom i3 w - e "
oo L o PP

Verouo comgrm oo T g oo

i satis W oBSE 0 3 THEAST GopHATLR ANGABHHED FToR
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19.8. OgHOPOAHbII KPUTEPUIA FTAPMOHUYHOCTH

Tycrs a,c,b,d€K? — Henynesbie npeactaputeny Todex A,C,B,D Ha PI(K), a [x,yl=det(x,y). Tlpu
HeHY/IeBLIX 3HAMeHATe X
cr(A,G;B,D)=([b,alld,ch/(b,clid.al).

Teopema 19.4. Ycnosue cr(A,C;B,D)=—1 sKsmpanenTHo 0HopoHomy pasencrsy [balld,cl+[b,clld,al=0
M He 3aBHCHT OT MACILITAGHPOBAHHS NpeACTaBHTe e,

Jl0KasaTe/sCTBO. YMHOKaeM PABEHCTBO Cross-Tatio=—1 Ha Heiy/iegoii sHamenate. TIpu
MaCUITaGHPOBAHIM KX 0ii TOUKH 06 C/IaraeMbIX 0N AIOT OAHH U TOT Ke OB MHOKHTEIb, H03TOMY
Hy/IeBOR PaBeHCTBO COXpansercs. 1

19.9. KoHTpMOAEnb aBTOMaTU4ECKOI FapMOHUYHOCTH

B adppusnoii Kapre Bossmém A=0, C=1, B=2. EuHCTBeHHAs rapMOHMUECKas T0UKa paiHa 2/3. Touxa
D,=3 paér cr(0,1;2,3)=4/3. CiiejioBate/bHo, 0Gii NOMAPHO~1€3aproB y3en, Ciej KOTOpOro pasen D,
VAOBACTBOPAET HHLWCHTHOCTHOI HaCTH, HO He FaPMOHHUECKOMY 3aKITIOUEHHIO.

BriBoa. [1 CHILHOT TeOpeMS1 TPeGyeTCs A0KA3aTS, UTO KOHCTPYKTHBHO TIOnyueHHii cies D_pol
/AOBIETBOPACT OAHOPOAHOMY PaBEHCTBY TeopeMI 19.4; 3T0 i eCT LEHTPATIbHOE HEIAKPLITOE O0A3ATENLCTE
DK-PO-2.

19.10. F'pad 3aBuUCHMOCTei fOKasaTeNbCTBa

DK-0: field/plane/polarity — DK-1: poles 0,,0, — DK-2: centre line ¢ — DK-3: trace D_pol — DK-4:
Desargues triangle pair — DK-5: proof d_Des=c — DK-6: homogeneous harmonic criterion — DK-7:
D_pol=D_harm. ToBbiliieHte CTaTyca paspeLieHo TofbKo 10 5TOii N10CEA0BATeABHOCTH AHGO 10
KBUBA/ICHTHOMY TI0IHOCTLIO AOKYMEHTHPOBAHHOMY T1YTH.

Teopewa 19.5 (onoromtocTs DK-cratyca). PeakiionHoe npeoGpasopatie, He JKpLIBAIOL{Ee HOBOTO
yana DK-0...DK-7, He noBbilLaeT J0Ka3aTebHblii CraTyc Teopembi.

JloKazaTensCTB0. CTATYC OPE/Ie/ACTCA MAKCHMATLHbIM NP MKCOM 3AKPBITBIX 3BHCHMOCTEH.
TepedlopmaTHPOBAIHE He MEHSIeT MHOXECTBO AOKA3aHHEIX Y3108, )

19.11. KaHOHUYECKUI1 BePAUKT v196i4

JIoKa3230: CyIeCTBOBaME MIO/IAPHOTO CACAa NPH HEBLIPOXICHHOCTH; KOOPAMHATHBIH 1 OAHOPOAHIi
KPHTEDHH TapMOHHUHOCTH; YCOBHOE OTOXACCTBIIEHHE C e3APrOBO OCHIO; AHHCTBOHHOCTE FAPMOHHIECKOTO
ono/enys. He J0Ka3aHo Ge3 MOCTOBLIX THIIOTe3: KaHOHHHECKO® TIOCTPOCHHE Iapbi TPEYTONLHUKOB H3 ABYX
Kouik 1 8180 d_Des=0,0;; aBTOMATHIECKO® BO3HHKHOBEHHE FaPMOHHUHOCTH,

Tlo3TOMy NyG/IHKALHMOHHOE HA3BaHH Pe3Y/ILTATA AOIKHO COACPKATE YKA3AHIE «YCIIOBHAS POCKTHBHO-
rapMoHHecKas opMa» A0 3akphiTis DK-PO-1 1 DK-PO-2.

19.12. DK-CERT-v196i4

Tons: theorem-version, K/char, projective plane, conic matrices, line p, poles, centre line, trace, triangle
construction, Desargues hypotheses, bridge proof, homogeneous coordinates, determinant convention,
harmonic identity, degeneracy cases, Dom, D, countermodel, proof-object, blockers u status.

Duiocodero-henomenoozueckan ecmaana. JlOKG3IMENBHA OUUCTIKG He OGedHsem meopery: oa
omdensem yoice npoiidentii nyms om eujé ycenaemoz0. 51a209apa 3momy omkpbimas uacme nepecmaém
Gbimi CAPLIMBIA HEAOCMAMKOM U CMaKOGUMCS MOuKOl NPopaMMOil danbwelitie20 doKazamenbemea,

erouniku rassi 19: desargues_kurpishev_theorem _ru_source; chapter 9 of this volume; Mandelkern,
arXiv:2404.16979; projective-polarity source corpus.
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I'naea 20. MpeaMeTHbII yKa3aTeb, UHAEKC GopMyn U cucteMa
NepEeKPECTHBIX CCbIIOK

TOHSATHOE OBBACHEHUE
(CMBICA. /1283 CAYKUT KapTOi: CBA35153€T TepMHSI, GOPMY/isi, ABTOPOS U MECTa, Tfie OHU HCTIOB3YIOTCS.
Maremaruyeckoe AfIpO. DHKCHPYIOTCS NPHHLINBI MHAEKCHPOBIHHS, MH/LEKC OCHOBHSIX GOPMY/I M KapTa AabHeliuero
yeayGnenus.

TPaHMLIa YTBEPXAEHNA. Yka3aTens OB/IeraeT IPOBEPKY, HO He 406ABNAET HOBOTO AOKA3ATENBHOTD COAEPKAHMS.
Cravye: HasurauuoHsii annapam

20.1. MpUHUMN UHAEKCUPOBAHUA

TTpemeTHbiii yKa3aTe/th CTPONTCA He Kak CIHCOK KpACHBBIX 0B, a KaK HABHTALUAA 110 OTIpEACTICHIAN,
‘TeOpeMaM, JOKA3ATELHAIN GapbepaM i IPH/IOXeHHsM. JL1 KaKAOTO TepMIHA YKA3HIBACTCA OCHOBHOI CMBICT

W Gmxaiiunii ysen passtis.

Tepmn Ocuopnan ccuika
" [106QbHaA CBA3HOCTE CTPATHALIPOBaNHOI
Anefipoi AT
cuctemss; r. 1, 10, 11
(CEKT ACCOLHATHBHOCTH AOTYCTINOTE
Accoupatop Aedy & 0ny
onepau; . 11
TIEPBIHUNA CTpATHLIPOBANIAA CEA3HOCTL .
Bpems@poctparcTso . o) TpATH P
Tapvoniueckan veTsEpka crossratio = -1; ta. 6, 17, 19
COBMECTHMHIE T1CPEXOLI MEALY CHOAMIE 11 1,
Tunapkenc PEXOR
10
o TIEpCNEKTHBHOCTS 163 TOMKIN 1 13 IpAMOTE; 1. O,
P 16,19
(OCTATOUNOE OCHOBAIHE 1 0BACTE
D/Dom 4
onycruocr; . 7
KLT-RBD BLHCITE L L] KONTYP 1 6a3a periepos; 1. 13

Komrekchbiii Reper

Reper Ha, CPA1 C saHoli peansHoit peayKLMeir;
.17

Marpiussii Reper

OnIepaTOpHBIH CrOSS-Tatio ¢ NOTMTHKON NOpAAKa;
.18

NAPG

HEACCOLMATHEHAA NAKETHAA reoMeTpus:; T, 11

Takerbit Mopduam

MOPUQH3M, COXpaHAIOLLMI CTpYKTYPHELT 1
AOKa3aTebHLIi MACTIOpPT; 1. 4

TIpHHLAT HEOTPEACAEHHOCTH pasviepa 1

T2 pasmeprocTH; 1. 10

Reper wersépka (RLU;D); rn. 5

c@c CoBkrme@cocTontne; . 2

®0C ynAaMeHTANLHAA OTIOpHAs CBAIHOCTE; T, 10

Fano barrier

3ANIpeT ABTOMATHIECKOH [0 3L
AOKaBHOTO HOCUTens; 11, 12
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20.2. IHAEKC OCHOBHbIX hopMyn

viTRY

Koa opmyna Hasmauenne

FI C@C=(es) MHHHMA L] OGbeRT

2 Rep=(R,LU:D) penepras ueraépka

F3 A=cr(U,;R,D) Cmiﬁ:g:ze Kpoce-

F4 S_wruth=he] “ACpeKT rapvonHIHOCTIH

- CR_R=(C-A)(C-B)'(-1)(D-B) AL oriepaTopHLii cross-
(D-AY1) ratio

F6 Ass(x,y,2)=(x0y)0zx0(y0z) | accoumarop

- P PeAYLIpOBAIIOE KaCaTebHOE

= npocrpancrso

F8 O7_red=C’_red/im & PeAYLMPOBAIHOE MperATCTBIE

9 FOS=lim - [] Rep(c) OC Kak Reper-npegen

Fi0 D=00'np LeiTposas TouKa

Fil a(AGBD)=-1 TapMoRHIeCkii Kpirtepiii DK

20.3. Kaprta panbHeiiwwero yrny6neHus

Tocie v196a ynamenTansiiii Tom | 0/DKeH pa3BHBATLCS He PACLIHPCHHEM NEpexs TeM, a
30KPBITHEM KOHKDTHBIX MATEMATHUCCKIX AOFOB: CH/IbHOIi BepCHi Teopewst Jleaapra-Kypniuiesa,
CHHTETHNECKOTO MATPHAHOTO CroSS-Tatio, JOpMAbHOT KaTeropii Reper-MOpMIMOB, MOACIH AOKA3Te/IbHEIX
CTaTyCOB M eAWHON HyMepaLyAH onpeenexiii, newn, Teopen 1 OpMy. ClEAYIOLIaR PeAAKLHONNAS TOUKA
OIKHA COMPOBOAAATECA MLLHHHBIM HHYZCKCOM CCHUIOK M NIPOBEPKOIA, UTO Hit 02 TEOPEMa HE LUTHYeT

eué He onpeenéHibii 06K,
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20.4. TUNU3MpoBaHHasA 3anNuUCb yKasaTens

1/ KaXOTO 3HAUAMOTO CHMBEO/Ia MM TEPMUHA BBOAMTCA WijieKcHas 3ammch 1(2)=(id, type, definition,
prerequisites, uses, status, sources). Tone type pasiivaer OGLeKT, OTOGpaXeHHe, NPEAUKAT, MHBADUAHT,
‘TeopeMy, CepTHQHKAT 1 OTKPLITOR /J0Ka3aTenlbHOE 03aTensCTE0. Tojie Status mpHHMMaeT 3Havenis proved,
conditional, empirical, open wn frozen; CCLiIKa Ha OGBEKT C MHEIM CTATYCOM He H3MEHSIET CTaTyC HCXOAHOTO
yTBepiKzeHis.

I(a)=(id(a) type(a) def(a).pre(a) use(a) status(a) src(a))

Onpegenente 20.1. Tpaom nepexpECTHEIX CCLUIOK Ha3biBaETCA OpHeHTUpOBaHHHIH rpad) G_ref=(V,E),
T/te BepUIMHL! V/ ABAAIOTCH MHEKCHBIMH 3aNIHCAMH, a PeGpO a — b 03Hauaer, uto (OPMYIHPOEKa a HCTIOL3yeT
b. Panr p(a) 3aaércs napoii (HOMep I1aBbi, HOMep TIEPBOTO OPEE/ieNis) B IEKCHKOTpaHIECKOM NOpAKe.

Teopema 20.1 (auuKIHUHOCT, NpoBepentoro #apa). ECTM /1A KaXi0r0 AOKa3aTesHOO peGpa a—b
Bunonmeno p(b)<p(a), To MOATpad) ONpeAeNeNHii, 1eMM 1 TEODEM AUMKIHUEH W JONYCKET TONONOTHYECKYIo
copripoBKy.

JlokasatenscTso. TIDEATIONOKHM CYIIIECTEOBAHHE OPHEHTHPOBAHHOTO LUK 3 — 4 — ... —an=d. Bjoib
KaXoro peGpa par CTporo yGhiBaer, MoatoMy p(a,)>p(a;)>...>p(an)=p(a,), UTO HEBOIMOXKHO ISl CTPOFOrO
nOpAKa. CIIef0BATENBHO, UMK OTCYTCTBYET; KOHEUHbii aUMKITMUECKHii rpad) [ONYCKaeT TONOOrHYECKYIo
copriposky. O

Kowtppuvep 20.1. opmyni «A onpegensercs uepes B» u «B ompejenserca uepes A» Ges
He3aBHCHMOi 23080 KOHCTPYKIHM 00Pa3yioT k. TaKoii TEKCT MOXET GiTh CTI/HCTHUCCKH TAAAKHM, HO
He co3paéT Matematuueckoro obsexra; INDEX-CERT ofssan nomeruts ofe 3amicu blocker go paspsisa
UMKa.

DenomenOrOECKaR acaBKa. YKG3GMe — He GHCWISA KaNYEISPUS JaHUS, ON NONGIIAGEM MY, 1O KOMOPONY CHBICH CGNOGUMCA
0CPOUIOAUNLL: WMAmER, GUDUM e MOAKO WA NONAMUR, HO U MO, OM KGKIX PAXTUCHL ONO 30aucum U 20 nepecmaém Guims

[

20.5. IHAeKe onopHbIX Gopmyn

opmyna
Kop s Hasmauene Crarye
npoeKTHBHaA T
F-CR cr(A,B;C,D) KoopaHata P P!
JonycruvocTn
FaPMOHHIECKOO €07
roMorenHas Gopma
F-DK-HOM ©_ANEBNE_C#D | sainouenins [lesapra- conditional/char#2
Kypruesa
canaphan
eS proved under
F-PN2-S & Dsh a0 smacsas pana | P
IH.2
pesynuTatian
e R proved under
ERIGR e_D=IK(u)lA_D/4 MHUHUMAKCHA TPAHMUR | qumptions
IH.2
K(xy2)=(x0y)0z ‘accouaropLii
F-ASS oo Aceis defined
P 0 FOS=(sourcedo Ceprudukar e et
main,rule,witness,status) | popwyn
o P(x)=argmax_{u€ cenexTuBHLi caiiondl
AMIgEu) npegckazarens

Kypues Haas Sopucosi - Kansnirpas - 2026 o




image85.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

opwya AciicTainn
F-ACT Asp=Aeyt npi cywecTaylouieii conditional
obpatitvocT
o T BUw W PeKOHCTPYKLIA Ha proved for defined
W cyugectsenHom obpase | categories.

Tipapo wrenns wiaekca Gopaysi. Koj yKasbisaer Ha TouHylo (OpMYTy, HO He 3aeHseT 00AacTh
OnpeAeIIeHIS, THIIEI APrYMEHTOB H JOKA3ATe/bHbIe Nperockunki. Hostomy 3ance F-PN2-S Ges @, A_D,
Hab110aemoii S H MHQOPMALHOHHONO OFPAHHNCHHS CUHTARTCS HNOHOT CCHUIKOL.

20.6. IHAEKe TeopeM 1 cepTUdUKaTOB

Musumanshbiii Mapwpyt npoepki Toma I oGpasyior DK-CERT, PN2-CERT, PRED-CERT, OPCR-
CERT, ACTION-CERT 1 NAPG-DUAL-CERT. Kaxwii ceprudukat cosepxu version, source_hash, Dom,
assumptions, statement_id, proof_pointer, counterexample_pointer, status u open_obligations. Ceprugukar e
SBASETCA [J0KA3ATELCTEOM CaM 110 CeGe: Ot /4eNaeT J0KAIATE/IbCTBO A/iPECYeMBIM U IPOBEPIEMEIM.

Cert=(version,source hash, Dom,assumptions statement proof.counterexamples status,PO)

Tpepoxerme 20.2 (senepenocumocts cratyca). TlycTs 3anics a ccsiiaerca Ha proved-sanucs b. Ecm a
COePKHT OMONHMTe LHYIO TIIOTe3y h, He JoKasaHHyIo B b, To status(a) He MOXeT GhiTh roBbiLIeH A0 proved
TOIBKO Ha OCHOBAHMH CCHUTKH 2 — b,

JlokasaTencTso. JlOKasaTenbcTBO b yYCTAHABIMBAET AWIL 3aKMOUEHHe b NPH €ro NpeATIOChIKX.
3aKmOUeHHe a 3ABHCHT Taloke OT h; MOAEL, YAOBNETBOpAIOWaA MpeAroCkiIkaM b M Hapyuwaiougas h,
OCTaBnser b MCTUMHBIM 1 AAaeT BHIBOA 4 HeABTOPUIOBAHHbIM. C/IEJOBATENLHO, CChUIKA COXpAHAET
POHCXOXKEHHE, HO He HaCTIeAyeT Goree CUbHBI CTaTyc. 0

20.7. MawuHHO NpoBepseMasn LeNoCTHOCTb CCbIOK

TlpoBepka UenOCTHOCTH COCTONT 13 maTH MpoXoAow: (i) paspementie Beex waeHTHpHKaTOPOB; (ii)
nposepka D 1 Dom; (i) conocrasesite oGosauenwii ¢ peectpow; (iv) KORTPOb HANaBIEHM MMIIHKALM,
(V) CpaHenie 3a%BCHHOTO CTATYCA CO CTATYCOM /OKAJATENECTBA 1 OTKPHITHIX OGA3aTeNbCTS. OumGKa
oGoro npoxoga coyaét blocker, HO He yanAeT HCTOPHUECKHTi TeKCT.

‘Teopena 20.3 (TOKATLHOCT PEAKLHOHHOTO HCTPaRAeHHs). ECTH MIMOHeHHe 3ATPArBACT BePIIMHY @ 1
He MCHST HaNCHMS WIH THIbI €& NPCAUICCTRCHHHKOR, TO TIOBTODHAA MPOBEPKA TPRGYCTCH TOMBKO A1 a 1
AOCTIOKUMEIX 3 @ BepuH rpaa G_ref.

JIoKasaTenCTR0. BepuiHs, w3 KOTOPbIX HeT NIyTH OT 4, He WCTIOTIS3YIOT & I TDAMO, Hit TPaH3HTHEHO. X
ONIpE/ACeHHS 1 NEATIOCHTKH OCTAIOTCS HEU3MEHHBIMM. /L1 AOCTIOKHMbIX BEILIMH 3ABHCHMOCTS CYLICCTBYeT,
1103TOMY NOBTOpHas! NpoBEpKa o0A3aTebHa. [

20.8. INDEX-CERT-v196i5

INDEX-CERT-v196i5:  source=tom1_v196id; ~extension=chapters ~ 20-26;  preserved_text=yes;
index_graph=typed; formula_ids=registered; status_inheritance=forbidden; D/Dom=distinct;
notation_freeze={R+R,®, *n}; unresolved_references=blocker; publication_status=integrated-for-layout-audit

JononHeHHas 6ubaunorpadpus vi96a

1. Desargues, G. Brouillon project d’une atteinte aux événements des rencontres du cdne avec un plan
(1639).

2. Coxeter, H. S. M. Projective Geometry. Springer.
3. Veblen, O.; Young, J. W. Projective Geometry. Ginn.

4. Artin, E. Geometric Algebra. Interscience.

5. Berger, M. Geometry I-IL. Springer.

6. Faber, X.; Pardue, K.; Zelinsky, D. Cross-Ratios of Scheme-Valued Points, arXiv:2012.03073.
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7. Zelikin, M. 1. Geometry of Cross Ratio, arXiv:math/0701500.

8. Andruchow, E.; Corach, G.; Recht, L. Projective geometry in the Poincaré disk of a C*-algebra,
arXiv:1806.08786.

9. Brewer, S. Projective Cross-Ratio on Hypercomplex Numbers, arXiv:1203.2554.

10. Dupré, M. J.; Glazebrook, J. F.; Previato, E. Operator cross-ratio and Schwarzian derivative,
arXiv:1104.1455.

11. Kurpishev, I. B. Monograph 5.0: Logic of Kurpishev, project source.
12. Kurpishev, I. B. PILOT-01: Reper-projective architecture of formula chains, project source.

13. Kurpishev, 1. B. Theory of Stratified Time: Associator Rigidity and Nonassociative Packet Geometry,
SIGMA manuscript source.

14. Kurpishev, I. B. FOS, Desargues-Kurpishev theorem, harmony of truth and extended PN.2, project
source.

Kypues Haas Sopucosi - Kansnirpas - 2026

8




image87.jpg
5A30BLI1 IPOEKT KLT-RED - TOM | viTRY

YacTe V. MH.2 KURPISHEV u npepacka3saTenbHasa MaTeMaTuKa:
KaHOHMYeCKUit TEOPEMHbIA nakeT

B penaxiy V196114 pasen BEOIHT KaHOHMYECKHiE TEOPEMHEH NAKET IPHEIINA HEONPEAENEHROCTH
Kypnumesa CoemumsET €ro C N0KA3ATeNEHO/ APXHTEKTYPO KLT-RBD. LIeHTpas i pesynsrar
OTHOCHTCH K CTPOTO ONpeenéHHOM 3af1atie: CKPHTE BHOOD MEAIY ABYMS AOTYCTHMMH CKOGOUHEIMH
DOTOKOIAMH ODONACT [BA PE3YTIbTATA H [BA SHANEHNS CTPYKTYDHOM KOOPIHHATH, @ MMHEI OlICHHBATE TS He
OTYYAET CKPBITEI HHIICKC BOTBH.

Inaga 21. KaHoHM4yeckas MaTteMaTuyecKas KOHCTpyKums MH.2
Kypnuwesa

TOHSATHOE OB bACHEHUE
CMbicA. H.2 $OPMAM3YeT CUTYAUMIO, KOTA CKPLITaA CTDYKTYPHAA aNbTEPHATHEA He NO3BONAET OAHOMY OTBETY
‘OBHOBDEMEHHO TOUHO BOCCTAHOBMTE DE3YILTAT U PAS/MIMTh CTDYKTYDY.

Marewmaruyeckoe Apo. 33410TCA NPOCTPAHCTEA, MOAEAHIE BKCHOMsI, MUHIMAKCHAA NeMMa, TOUHa Teopena,
OKA3ATENLCTEO, KOHTPNPUMEDSI M PEecTp 06A3aTesCTE.

Tpanwua yTsepxaenwa. MH.2 He ABnAeTCA CooTHOWeHHeM PoGepTCoHa-TeiiseHGepra v He nonyuaeT panieckoro
CMLICHa Ge3 OTAALHORO NPEACTaBIEHIA 1 M3MEpHTENSHOi MOAenH.

(Cranyc: foKasansill meopeMeili NaKem Apu SEMbIX GRCUOMAX

ITH.2 PACCMATPHBACTCA Kak MHHIMAKCHAS! TEOPEMa O COBMECTHOM BOCCTAHOBICHHH Pe3yIbTaTa 1
CTPYKTYPHO-DAIMEPHOCTHOT KOOD/AHHATHI D CKPBITOIi CTPYKTYPHOI anbTepHaTHBe. ITO0 yTOUHEHHE

COXPAHST ABTOPCKYIO HACHO CBA3M HEACCOLMATHRHOCTH, BAIOAKEHHOCTH 1 HEOMIPCAIEHHOCTH, HO JAMEHSCT
HPEAKHIONO OBILLYI0 ACKAAPALIIO ABHBIM KAACCOM MOAEIIEH, OB/IACTLIO IPHMEHHMOCTH H AOKA3AT/ILCTBOM.

21.1. OcHOBHOM 06bEKT U UHGOPMALMOHHOE OrpaHuyeHne

TIyCTi A - HOPMHPOBAHHOE BeLLECTBHHOE W KOMILIEKCHO® AHEIiHOE MPOCTPAHCTBO ¢ GeliHoii
onepaueit ©. JLis U=(x,y,z) PACCMATPHBAIOTCA ABe A0NYCTHAbIE PACCTaHOBKH CKOGOK b_L 1 b_R. Mcimas
BeTBi b ckpbITa OT OLeHMBaTens. TI03TOMY OAHH H TOT € OLICHHBATEITh 00A3aH BLYAATH OGLLYIO 12Dy OLICHOK,
HE TIOb3YSCh SHAHHEM TOTO, KAKASt BETBb PEAHIOBaHA.

K(u]

(xQy)Oz, r R(u)=x0(yOz),

Accouatop K(u) H3MEpSeT pacxoAieHHe O/HbIX cocTosHiii, OTAensHas KoopAuHaTa D pasuaet
CTpYKTYpHIC NIPOTOKO/I, OHINHAS PA3MEDHOCTS IPOCTPAHCTEA WM TAYGHHA TPEXTHCTHORO /epeBa He
FOSTCS ABTOMATHYECKH: HEOBXOAHMO AOKAIATH, UTO BiGpanHas D ACHCTBHTENLHO Pa3IHuaCT BeTeH
COXPANAETCH IpH 40Ny CTUMBIX NlepeoBOIMaUCHISX.

L(w-r R(u)

rL(u

21.2. JlokanbHas MUHMMAKCHasA TeopeMa
e R(ui) - e D(wd) = % [K(w)| AD, AD=[D(bL)}-D(bR)

JI0Ka3TeNILCTBO CIeAYeT H3 ABYXTOUEUHOI MUHUMAKCHOI emb. JlioGas e/uias TOUKa F HAXOAHTCH Ha
PACCTORHMH He MeHee NONIOBHHb! PACCTORNHS! Mexy I_L 1 r_R XOTs Gbl OT 0AHOIO M3 HHX; aHANOTHUHO
epuias d owGaETCs XOT Gl HA H0/I0BHHY CTPYKTYPHOIO pa3psiga. TTepeMHOMeHMe ABYX HIKHIX [DaHML]
aET KosdpupenT 1/4. CrIei0BaTeILHO, IONIOKHTE IbHAS HEONPE/ICIEHHOCTL BOSHHKAET He 13 Cl0Ba
«HEACCOLHATHBHOCTE», A W3 OJHOBPEMEHHOTO BLITONHeHHs TpEX yenouii: K(u)#0, A_D>0  ckphrrocti b.

21.3. KapTa ioKa3aTeNibHbIX CTaTyCcOB

Vponens Copepmanne Tlonycrimoe yraepxacime

Onpepenene ‘BaoAuT 0GueKT n oBo3Haveni VcTusHoCTs He yToepAaerc

Mojensias akcioa 3aaér knace mopeneii TTH.2 Dooacoseres skl
peansatyn
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